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Abstract

Soil is a finite natural resource. Land and soils deliver key ecosystem services and are pillars of the
green economy. They support human well-being and provide sustenance for all including the poor,
and are a source of new employment and economic progress. Unfortunately, their degradation is a
serious global problem because of its adverse impact on their properties, on agricultural
productivity, on food security, climate change, and sustainability of the ecosystem. In the Republic
of Macedonia there has not been established monitoring of soil properties and soil degradation and
therefore monitoring of the condition and changes of soil properties is necessary for soil protection,
preservation of its natural functions and prevention of degradation processes. Soil monitoring
implies continual monitoring of certain parameters of soil with purpose of gathering information on
changes of the condition and characteristics of soil, and identifying the form and intensity of soil
degradation. Without the development of the system by which information on negative changes in
the soil would be continually gathered, there can be no timely response to prevent or alleviate such
changes.

Key words: soil, monitoring, soil properties, soil degradation, soil protection.

Introduction

“Because it’s everywhere, we tend to overlook the fact that soil is a limited natural resource” (Rio
+ 20: Goals for Healthy Soils and the Role of the Global Soil Partnership). All soil researchers
emphasize that soil is a finite natural resource. Technically, the soil is a renewable natural resource,
because its formation goes on perpetually. However, due to the fact that pedogenesis is a very slow
process, the soil is non-renewable for all practical purposes, which is why according to (Varallyay
2000 and Montanarella 2007), cit. Li¢ina V. et. al. (2011), scientists classify it as a conditionally
renewable resource. Soil formation and restoration on the geological substrate take thousands of
years, whereas the processes of soil degradation and soil loss are sometimes much more rapid and
might occur in a matter of seconds or minutes, such as is the case with soil erosion or other kinds of
natural or anthropogenic accidents.

As a dynamic polydisperse system with its many functions, the soil provides support for the entire
ecosystem. It is a reactor, transformer and integrator of material and energy from other natural
resources (solar radiation, atmosphere, surface and subsurface waters, biological resources). Soil is
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the foundation of agricultural development and ecological sustainability, provide the basis for food,
feed, fuel and fiber production, clean water availability, nutrient cycling, organic carbon stocks, one
quarter of global biodiversity, and serve as a platform for construction and construction material.
These functions are performed on different levels and are determined by inherent soil characteristics
(e.g. texture, organic matter content, pH, cation exchange capacity, porosity etc.) and external
environmental (climate, terrain, hydrological, biological) and anthropogenic (soil-use and
management) factors (Georgely T. et.al 2007).

"The Father of India's Green Revolution”, M. S. Swaminathan said that "Soil anaemia also breeds
human anaemia. Micronutrient deficiency in the soil results in micronutrient malnutrition in people,
since crops grown on such soils tend to be deficient in the nutrients needed to fight hidden hunger.
(...) Managing our soil and water resources in a sustainable and equitable manner needs a new
political vision."

However, despite the essential role that soil plays in the life of people, there is increasing
degradation of soil resources due to inappropriate practices, burgeoning population pressures and
inadequate governance over this essential resource. These include: decline in biodiversity and
organic matter, erosion, compaction, floods and landslides, contamination (local and diffuse),
sealing and salinization (Margareta Cvetkovska, Tatjana Mitkova.et.al 2007, Tarjana MuTtkoBa et.al
2009). Therefore, the issue of the maintenance of soil resources is not merely an academic question,
it is also an obligation owed to nature by both the individual and society as a whole.

Soils are often perceived as a second-tier priority and no international governance body to support
coordinated global action on their management exists. For these reasons, FAO and a group of
partners have launched the Global Soil Partnership (GSP) to improve global governance of the
world’s soil resources in order to guarantee healthy, productive soils for a food secure world - and
to work together to sustain other essential ecosystem services on which our livelihoods and societies
depend. Soil monitoring is an integral part of environment protection system and a major instrument
of decision-making for the sustainable management and cost-efficient utilization of this resource
(Sekulic et al. 2011).

Monitoring is the process of repeated observing, for defined purposes, of one or more elements of
the environment according to pre-arranged schedules in space and time and using comparable
methodologies for environmental sensing and data collection. It provides information concerning
the present state and past trends in behaviour of the soil, or according to Basi¢ (2002), the soil
protection strategy can be represented as shown below:

4M + 2P or 4M = Monitoring + Measuring + Mapping + Modeling + 2P = Predicting + Prevention

The significance of soil monitoring was emphasized by the European Union which, by Decision No
1600/2002/EC, raised the significance of soil protection to the level of water and air protection. In
2006, the European Commission gave a Proposal for a Directive of European Parliament and of the
Council establishing a framework for the protection of soil and amending Directive 2004/35/EC,
COM (2006)232) whose goal is to ensure soil protection based on principles of protection of soil
functions, prevention of soil degradation, alleviation of effects of degradation and repair of
degraded soils.

Where we are?

Macedonia has a long tradition of monitoring environmental quality, particularly in the fields of
water and ambient air. Monitoring of biosphere, waste and noise are in the initial stages. The most
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important institutions involved in monitoring are the Ministry of Environment and Physical
Planning (MEPP), the Hydrometeorological Administration (HMA), Institute for Public Health of
the Republic of Macedonia (IPHRM) and the corresponding regional bodies (Environmental
Monitoring Strategy, 2004).

Due to the fact that R. Macedonia is an agricultural country, it is important understand the role of
the soil as an indispensably resource for this practice. However, in our country the process of
monitoring soil properties and soil degradation has not been implemented yet, i.e. the current
legislation does not cover soil monitoring. According to the Law on Agricultural Land, the Ministry
for Agriculture, Forestry and Water Supply should define the substances that are harmful to the
agricultural land and their maximum allowed concentration in the soil. However, the corresponding
book of regulation has not been prepared. Soil monitoring is done within different projects, but
without coordination between the projects. That is why establishing a monitoring system for the soil
properties conditions and changes is more than necessary for their protection, as well as for
protection of the natural functions of the soil and prevention of the degradation processes. Total area
of the Republic of Macedonia (25,713 km?), 44,04% is still an important agricultural area (source:
map CORINE Land COVER, Environmental Indicators of the Republic of Macedonia, 2008). Land
use distribution in the R Macedonia (in %) and land distribution by bonity classes in % are given in
Table 1 and Figure 2.

Following trends can be distinguished: around 17,35% of the territory is classified as unproductive
land; only one-half of agriculture land is arable land. This represents one-fourth of the territory;
only 8 % of the arable land belongs to the higher land use classes. The reduction of the arable
surfaces continues in its most fertile sections as the result of different types of degradation.

Figure 1. Map CORINE Land COVER, source: Environmental Indicators of the Republic of
Macedonia, 2008
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Table 1. Land use distribution (ha and %)
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Figure 2. Land distribution by bonity classes in %

What we have to do

Following the Stabilization and Association Agreement between the Republic of Macedonia and the
European Communities and their Member States, Macedonia is contract-bound to approximate its
national legislation to the relevant EC legislation. This process of approximation includes
approximation to a large number of EC legal obligations in the environmental sphere. Monitoring,
in the comprehensive EC sense of the word, plays an important role in most of the relevant
environment-related EC directives as well as the transposed Macedonian draft laws.
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Structural changes in the Republic of Macedonia in the recent decade have given rise to overlaps
concerning the responsibilities for monitoring and the activities of different institutions. Many
activities are regulated by laws that are more than 30 years old. The monitoring responsibilities have
varied for different environmental media. Since there was no overall national strategy or institution
that integrated and coordinated the monitoring activities, the responsibilities and activities have
been split between different Ministries or other institutions. There are overlaps regarding the
institutional responsibilities and activities for some of the environmental media and gaps for others.
For successful and efficient management with its natural resources, each country must prepare its
inventory by preparing appropriate maps (foundation) in a modern digital format, as well as
establish adequate databases where the graphic (charts, maps, satellite images etc.) will be stored
and interconnected with the appropriate tables where numerical data are contained defining and
quantifying the natural resources (attributive data).

The preparation and printing of the Soil Map of the Republic of Macedonia will represent not only a
sublimation of the efforts that have been put in the course of several decades by a pleiad of experts
in the field of the study of soils, but also creation of a powerful toll in the country’s economic
development planning process especially in agriculture, forestry, rural development, protection of
the environment (especially soils under degradation), prevention of any changing of the agricultural
soils’ application, realization of land consolidation and arrondation, preparation of the agricultural
bases of certain areas, spatial planning, organization of the organic agricultural production etc.
Establishment of soil monitoring system

Soil quality varies with site conditions and management practices. Soil quality monitoring may be
performed at several levels, from global estimates for the entire country or its parts to estimates for
a single production plot.

Monitoring programmes, as part of the entire concept, must be agreed upon beforehand by the
monitoring partners. Data, information and decisions constitute part of a strategy. Such monitoring
programmes are the outcome of communication between the experts involved in designing such
systems together with the decision-makers (or the population) making use of the information.
Monitoring programmes aim to yield relevant information at reasonable costs. The monitoring
should be viewed and implemented as:

—monitoring and protection of agricultural land (systemic control of the soil fertility, testing the
soil’s heavy metal content and other hazardous substances, examining the effect of fertilizers on
crop quality and yield and examining the changes in the soil’s chemical properties as well as the
irrigation water quality) and

—soil monitoring for environmental protection and sustainable development (systemic observation
of soil quality through observing the soil degradation assessment indicators, as well as undertaking
and implementing remedial measures to eliminate the consequences of soil contamination and
degradation regardless of whether they occur naturally or as a result of anthropogenic degradation).
Technical aspects of monitoring (networks, parameters and methods). The soil monitoring will be
realized in 3 phases:

—field survey including collection of soil samples for laboratory analysis (ISO 10381-1:2002 and
ISO 11464:2006);

—laboratory analysis (chemical, physical, physical-mechanical, biological, productive properties,
etc.) are in accordance with the 1SO standards
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—statistical processing of the results.

Surface of 750m?

weELz

2739m

Soil sampling sheme Soil sampling of the profile in undisturbed condition

Figure 3. Soil sampling sheme and soil sampling of the profile in undisturbed condition

As a conclusion

Why monitoring?

Set up one single monitoring system at the state level.

Manage and maintain the data base for soil quality.

Provide information for the management of soil quality regarding soil quality control, identification
of priorities, information of the public about soil quality and alert situations

Fulfill international obligations.

Such system will enable the different applications regarding food security, climate change
mitigation and adaptation, provision of ecosystem services, soil suitability analysis, soil degradation
assessment, etc.

The system will also allow the integration of soils with other disciplines and will be fundamental for
monitoring the status of soils as per human interventions though land use changes and climate
change impacts.
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BOCIIOCTABYBAIbE HA MOHUTOPHUHI' CUCTEM HA IIOYBHUTE BO PEITYBJIUKA
MAKE/IOHHNJA

Tatjana MutkoBa, Mune Mapkocku

AncTpakr

[TouBaTa e orpaHudYeH HPUPOJACH pecypc. Bo ekocHCTeMOT, 3eMjUIITETO U IMOYBUTE 00e30eayBaaT
KITy4HH (YHKIUH U ce CTOJIOOBH Ha 3eJCHaTa eKOHOMHja. THe ce MoApIIKa 3a 6Jarococtojoara Ha
YyoBeuKaTa IMBWIIM3allMja BO Hacoka Ja ce o0e30ean XpaHa 3a CUTe, BKIYYHTENHO M 3a
CHUpOMAIIIHUTE, M CE pecypc 3a HOBHM BpabOTyBama M EKOHOMCKHM HAaIpeloK. 3a jkall, HUBHATa
Jerpajanmja ¢ Kiy4deH rodaneH mpoodiaeM OWejKu MMa HEeraTHBHO BIIMjaHHWE HA HUBHHUTE CBOjCTBA,
BP3 MPOAYKTHBHOCTA Ha 3€MjOJICJICKOTO MPOMU3BOJICTBO, BP3 Oe30eJHOCTa HAa XpaHaTa, KIMMATCKUTE
MPOMEHH U OJPXKJIMBOCTa Ha €KOCHCTeMOT. Bo PemyOimka Makenonuja He ce CIpOBEayBa
MOHHUTOPHHI Ha MMOYBEHHUTE CBOjCTBA, HUTY 3a MOYBEHATA JErpajanyja. 3aToa, BOCIIOCTABYBAHETO
Ha MOHHTOPHHT Ha cocToj0aTa W NPOMEHHUTE Ha IMOYBEHHTE CBOjCTBA € IMOBEKE O] MOTPEOHO 3a
HUBHATA 3aIITHTA, 32 3aITUTA HA HEj3MHAUTE MPUPOTHU (PYHKINH U 32 TIPEBEHIINja O] IPOIIECUTE Ha
nerpaganyja. MOHHTOPHHTOT Ha ITOYBaTa IMOJApa30Mpa KOHTUHYHPAHO CielIeHhe Ha OJpeACHU
mapaMeTpd Ha II04BaTa CO IeN coOWpame WHPOpPMalWU 3a MPOMEHHTE Ha cocTojdara u
KapakTepUCTUKUTE Ha TMO4YBaTa, W WICHTH(UKYBame Ha QopMara M CTENEHOT Ha HEj3UHATa
nerpaganuja. be3 pa3Boj Ha CHCTeM CO KOj TOCTOjaHO Ke ce coOmpaaT WHGOPMAIUUTE 3a
HEeraTHBHHUTE IIPOMEHHU BO I0YBaTa, HE MOXKE Ha BPEMeE Jia Ce OJrOBOPH OJHOCHO Jia Ce Ipe3emMar
MEpKH 32 Ja Ce CIIpeyar Wik HamajaT BAKBUTE MMPOMEHH.

Kityynu 300poBHU: TO4YBa, MOHUTOPHHT, ITOYBEHH CBOjCTBA, TMOYBEHA JeTpajaiyja, 3allTUTa Ha
IoYBaTa.
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Abstract

Tobacco stalks as agricultural waste are renewable raw material that can be converted into useful
products and energy. It is noteworthy that, at 40 % moisture content, about 5 tons of tobacco stalks
per hectare and year are produced only in six months duration. The objective of this study was to
determine the morphological properties and chemical composition of stalks of Burley tobacco,
variety B 98/N (cellulose, Klason lignin and acid soluble lignin, ash, total nitrogen and dry matter)
and to evaluate its suitability for agro-industrial utilization. After harvesting of the leaves, part of
the stalks were collected and air-dried in greenhouse and the rest were left to dry in field, under
atmospheric conditions. The stalks were analyzed according to ASTM standard methods for the
determination of moisture, ash, and lignin. The Kurshner-Hoffer method was used for determination
of cellulose. The average values of length, diameter, and weight of dried tobacco stalks were
determined as 170 cm, 8.5 cm, and 210 g, respectively. Content of cellulose was found to be 38.5 %
in air-dried stalks and 36.4 % in field dried stalks. Contents of total lignin, Klason lignin and acid
soluble lignin in air-dried stalks were 22.5 %, 20.7 % and 1.80 %, respectively. The results indicate
that cellulose and lignin content in air-dried stalks are slightly higher, compared to those dried in
field. It was found that 30 % of the nitrogen, 18 % of the ash, and 35 % of the organic matter may
be lost from tobacco stalks if they are dried in field.

Key words: tobacco, stalks, cellulose, lignin, utilization.

Introduction

Tobacco (Nicotiana tabaccum L.) is an annual plant of 0.8-2.5 meters in height depending on the
variety. It is grown and culturally managed for high quality grade leaf for manufacturing a number
of tobacco products. Every year, large amounts of tobacco stalks are produced, most of them being
disposed of as wastes, incorporated into soil or burned in the field (Agrupis and Maekawa, 1999).
This agricultural waste from harvesting of tobacco farms are useful substitute for traditional wood
raw materials in the pulp and paper industry and xylose (Shakhes et al., 2011; Akpinar et al., 2011).
Agricultural residues such as tobacco stem are renewable sources of energy (Sun and Cheng, 2002;
Martin, et al., 2008). Tobacco waste presents an alternative to inorganic fertilizer. It is possible to
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use tobacco stalk as a soil amendment due to its high organic matter and low toxic element content
(Okur, et al., 2008; Chaturvedi et al., 2008).

Tobacco stalk is composed largely of cellulose, a polymer of glucose; hemicellulose, a complex
polymer of which the main chain consists primarily of xylans or glucomannans; and lignin, a
complex phenolic polymer (Agrupis et al., 2000; Kajita et al., 2002). They are consisting of phloem
and xylem cells and its hardening begins as floral initiation occurs. Delaying topping till full bloom
allows the stalks to harden and accumulated lignin, cellulose and hemicellulose (Palmer and Perace,
1999; Flower, 1999). Cellulose and lignin are crucial for structural integrity of the cell wall and
stiffness and strength of the tobacco stalk and root. In addition, lignin waterproof the wall enabling
transport of water and solutes through the vascular system, and they play a role in protecting plants
against pathogens. The secondary cell wall thickenings that form the spiral rings of the tobacco
xylem elements are rich in lignin in addition to cell wall materials. Lignin is concentrated in the
xylem elements of the vascular bundle in the leaf tissue and xylem elements of the stalk tissues.
Cellulose along with hemicellulose and pectin are deposited in the primary and secondary cell walls
of the various cell types (Esau, 1967; Hepworth and Vincent, 1998). Commonly used method for
the quantitative determination of cellulose in hardwood and softwood materials is Kurshner-Hoffer
method. This gravimetric method involves multi step extraction of noncellulosic compounds from
plant material (Browning, 1967, ASTM, 1993).

Unlike the other cell wall components of tobacco plant, the lignin is mostly insoluble in mineral
acids. A method developed by the ASTM is the most commonly employed method for
determination of the lignin in wood and non wood samples (Agrupis and Maekawa, 1999). The
approach, a modification of the Klason process consists of treating the stalk samples with 72%
sulphuric acid, followed by a dilute acid step, to hydrolyze the polysaccharides, extracting of the
majority of the lignin as an insoluble residue. This acid insoluble lignin is quantified gravimetrically
after extraction and filtration. This value, however, does not represent the total lignin content of the
sample. A small portion of the lignin is solubilized during the hydrolysis and its remaining
dissolved in the filtrate from insoluble lignin preparation. This lignin fraction is referred to as acid
soluble lignin and may be quantified by ultraviolet spectroscopy, which relies on the acid soluble
lignin’s adherence to Beer’s law (Agrupis and Maekawa, 1999, Akpinar et al., 2011). An
absorptivity (extinction coefficient) value of 110 L/mol™*cm™ is used to calculate the amount of
acid-soluble lignin present in the hydrolysate. The 205 nm absorptivity reported for most woods fall
in the range of 88 to 113 L/mol*cm™. (Kaar and Brink, 1991). Together, the acid insoluble and
soluble determination quantify the total lignin content of a sample.

Tobacco is an important crop in the Republic of Macedonia and significant efforts are made to
restart production of Burley tobacco. About 5 tons of stalks from this tobacco type per hectare in
year are produced in only six months duration. The literature findings showed that stalks and other
tobacco waste could be used in various products, in the production of pulp and paper, bio-ethanol,
as well as, inorganic fertilizer (Sun and Cheng, 2002; Chaturvedi et al., 2008; Martin, et al., 2008;
Shakhes et al., 2011).

The objective of present work was to determine the usability of dried tobacco stalks. The
morphological properties and chemical composition of stalks of Burley tobacco type (B 98/N
variety) were investigated to evaluate its agro-industrial usability. Also, considered the influence of
the manner of drying on chemical composition of stalks was evaluated.
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Material and methods

Plant Material. The field and laboratory research was set up in Scientific Tobacco Institute-Prilep in
2010 and 2011 years. Tobacco variety B 98/N was grown according to the standard agriculture
practice for tobacco type Burley, on plant spacing of 50 cm within and 90 cm between rows, i.e. at
planting density of about 22 000 plants per ha. Six tobacco harvests were harvested according to the
conventional regime. The morphological traits of forty stalks of the middle plot row, i.e. length,
diameter, and weight, as well chemical composition of stalks were determined.

Stalk Drying Treatments. After harvesting the leaves, forty stalks were marked. Twenty of marked
stalks were air-dried in greenhouse until achieving moisture content of 15-20 %. Other twenty
tobacco stalks were left to dry in field one month, under atmospheric conditions. Ten stalks from the
two manner of drying were analyzed whole and ten were cut into upper, medium and lower leaf
position. First, stalks were cut into smaller pieces to about 3-5 cm length and then ground by a
Retsch ZM1 mill (Germany) to pass a 110 mm screen. Final sizing of powdered samples was done
through the use of a sieve of 0.5 mm.

Chemicals. For cellulose and total nitrogen determination of stalks reagent grade 96 % ethanol,
sodium hydroxide, Kjeldahl catalyst (Cu-Se), 0.1 mol/L hydrochloric acid, 65% nitric and boric acid
(Merck, Germany) were used. Determination of acid insoluble and acid soluble lignin was done
with analytical grade 72% sulphuric acid purchased from Merck (Germany).

Characterization of stalk. The moisture content was determined by drying at 105 °C till constant
mass. The ash content in stalk was determined by dry oxidation at 575 °C till constant mass
achievement. The nitrogen content (N) was determined by Kjeldahl method (Veverka et al., 1993).
The nitrogen was quantified by mineralization within a strong acid medium, containing 98%
sulphuric acid, followed by steam distillation and titrimetric determination of NH**/NHs.
Determination of cellulose. The cellulose content was determined following the Kurshner-Hoffer
approach, by treating 2 g of sample with 50 mL of alcoholic nitric acid solution under reflux, during
four cycles per 1h. After each cycle, the alcoholic nitric acid solution was removed and a fresh
amount was added. At the end of the four cycles, the cellulose was filtered, washed, dried and
weighed.

Determination of Klason acid insoluble lignin. The mixture of ground tobacco stalk (0.3 g) was
mixed with 72% sulphuric acid (3 mL) was heated at 30 °C, 1h with stirring. After adjusting of acid
concentration to 4 % w/w by adding deionised water, the mixture was autoclaved at 125 °C and 15
psi pressure, for 1h. Acid insoluble lignin was defined as the residue corrected for acid-insoluble
ash, retained on a medium porosity filter crucible after the primary 72% and secondary 4% H,SO,
hydrolysis steps.

Determination of acid soluble lignin. Acid soluble lignin was determined by measuring the
absorbance of the hydrolysate at 205 nm wavelength on a Varian Cary Scan 50 spectrophotometer
(Switzerland) in 1cm quartz cells, at 25 °C. Acid soluble lignin content was calculated using the
extinction coefficient of 110 L/mol*cm™ (Kaar and Brink, 1991). The total lignin content was
obtained by the addition of acid insoluble or Klason lignin and soluble lignin obtained by both
methods.

Statistical analysis. Statistical analysis was performed using STATISTICA 8 software (StaSoft,
Inc., Tulsa, USA).
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Results and discussion

The dried stalks of Burley tobacco type (B 98/N variety) were characterized with 179 c¢cm length,
diameter of 8.5 cm and 210 g weight (mean values). The air dried stalks were with good shape and
free from fungal attack or other degradation. Darker color and signs of degradation caused by
exposure to water and wind were determined at the stalks left to dry in the field.

The chemical analysis of whole tobacco stalks, air and field dried stalks, is presented in Table 1.
Each presented data stands for the average values of the two years survey. The cellulose was
determined as major component, followed by acid insoluble lignin.

Table 1. Chemical composition* of the air dried (A) and field dried (F) tobacco stalks.

Acid insoluble Acid insoluble

Cellulose Total lignin - Lo
lignin lignin

A F A F A F A F

Average value

(%) 38.53 | 36.38 | 2247 | 21.32 20.72 19.43 1.77 1.90

Standard

. 0.12 0.15 0.16 0.12 0.12 0.15 0.05 0.06
deviation

Relative standard

deviation (%) 0.31 0.40 0.73 0.55 0.56 0.77 2.92 3.33

*Calculated to the corresponding dry matter weight.

The average cellulose content of 38.53% determined in air dried stalks was higher than cellulose
content of 36.38% found in field dried stalks. The air dried and field dried stalk were characterized
with the total lignin content of 22.47% and 21.32%, respectively. The acid insoluble content in air
dried stalks (20.72%) was more than eleven times higher that soluble lignin content in it (1.77%).
Content of acid soluble lignin content in field dried stalks was found to be 1.90%, which was
slightly higher than of air dried.

The published data highlighted that the genetic makeup and cultural management conditions have
the primarily influence on morphological characteristics and chemical composition of tobacco plant
(Flower, 1999). The cellulose content in the tobacco stalk, stem and mid-rib portion of the leaf is
higher than its content determined in the lamina portion of leaf. In the process of drying the absolute
content of cell wall polymers does not change. Due to the reduction of the content of the other
organic materials in the stalk and steam, the content of cell wall polymers increases (Tso, 1990;
Agrupis and Maekawa, 1999).

In Table 2 is presented the quantity of cellulose, lignin and ash determined in the air dried and filed
dried tobacco stalks.
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Table 2. Comparison of chemical composition of tobacco stalks.

Constituent Tobacco stalk Tobacco stalks Tobacco stalks
A F (Shakhes et al., (Akpinar et al.,
2011) 2011)
Cellulose (%) 38.53 36.38 39.20 not analyzed
Total Lignin 22.47 21.32 18.90 24,50
(%)
Acid insoluble
lignin (%) 20.72 19.43 not analyzed 23.00
Acid soluble
lignin (%) 1.77 1.90 not analyzed 1.50
Ash (%) 5.90 4.84 6.86 6.40

The cellulose contents determined in B 98/N tobacco variety were slightly lower than cellulose
content established by Shakhes et al. (2011). In relation to the content of lignin in stalks, Akpinar et
al. (2011) determined content of acid insoluble lignin of 24.50% and 23.00 % acid soluble lignin.
The total lignin content of 18.90% confirmed by Shakhes et al. (2011) was lower, compared with
the data obtained from this research and from Akpinar et al. (2011). The ash content of 5.90 % and
4.84 % determined in air and field dried stalks was lower that ash content published in literature
(Akpinar et al., 2011; Shakhes et al., 2011). According to the obtained results for cellulose content
determined in the different parts of stalks, exactly, in the lower, the middle and in the upper part,
can be concluded that the cellulose content is highest in the lower part of the stalk, 39.3% in air
dried and 37.9% on field dried stalks (Figure 1). In both variants of stalks, in the upper part quantity
of cellulose content is the lowest, compared with the cellulose quantity in lower and middle part of
stalks. The differences in the determined quantities of lignin in the examined parts of the stalks, in
air dried and filed dried stalks, were insignificant. The biggest quantities of lignin of 23.00 and
21.80% were determined in the upper part of air dried and field dried stalks, respectively. In relation
to the content of lignin in different part of Burley stalk, Agrupis and Maekawa (1999) determined
higher content of acid insoluble lignin of 17.9% in lower and 17.2% in upper part. The content of
acid soluble lignin in lower part was 3.1% and 3.3% in upper. They found higher cellulose content
in lower and upper part of stalk (40.1% and 39.5%, respectively) in comparison to our results
(39.30% and 37.90%, respectively).

In terms of chemical composition (Figurel) the lower part of the stalks contains higher cellulose and
lignin than the middle and upper part which is expected since the latter is less mature, hence, less
fibrous and less lignified.

On the other hand, the upper part of the stalks contains more ash and total nitrogen than the lower
one. Ash content increasing from the lower to the upper part of the air dried stalk and was 5.13%,
5.88% and 6.69%, respectively (Figure 2).

Identical dynamics of ash content is noted in field dried stalk, but that variant has smaller values. In
relation to the content of ash, Agrupis and Maekawa (1999) determined higher content (7.9% and
10.2%, respectively) in comparison to our results.

The nitrogen content determined in field dried stalk (low, middle and upper part) differed
significantly from the air dried stalk (Figure 2). In the low and medium part of air dried stalks, total
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nitrogen quantities of 0.84% and 0.92% was established. In upper part the ash content in the highest
and reaches 1.25%.

m Cellulose un air-dried stalks (20)

m Cellulose in field dried stallks (20)

= Total lignin in amwr-dried stalles (2a)
m Total lignin in field dried stalles (2a)

39.30 35.40 37.90

L ow MLhiddle Tpper

Stalk part

Figure 1. Cellulose and total lignin dynamics in relation to the stalk position
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Figure 2. Total nitrogen and ash dynamics in relation to the stalk position

Method for lignin determination is optimized for tobacco stalks, and consists of two steps. The first
step performs the determination of acid-insoluble lignin, and the filtrate is used to determine acid
soluble lignin. This enables the content of insoluble and soluble lignin to be determined in the same
sample. A reliable analysis of total lignin can be accomplished on as little as 300 mg of sample with
a relative standard deviation of 0.73 and 0.55.

High cellulose content and lignin are considered desirable for pulp and paper industry because it
have been correlated with high pulp yield (Agrupis et al., 2000; Shakhes et al., 2011). For bio-
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ethanol production, the efficiency of cellulose hydrolysis had been found to be positively correlated
with materials which have high cellulose and low lignin content (Martin, et al., 2008; Sun and
Sheng, 2002). This means that due to the higher value of lignin and lower cellulose field dried stalks
have lower usability for pulp production. The higher ash content has negative impact to pulp yield
(Shakhes et al., 2011). Increasing the rate of nitrogen fertilizer (up of 300kg N/ha) increases the
amount of ash, and concentration of nicotine, total and protein nitrogen (Pospisil et al., 1998).
Although the content of the ash was sufficiently high, because the lower nitrogen content the stalks
haven’t potential for application as soil fertilizer.

Conclusions

The results of this work show that the analyzed components in dried stalks of tobacco variety B
98/N are present in quantities comparable with the literature data.

The proposed analytical methods are suitable for the reliable characterization and quantification of
cellulose and lignin in tobacco stalks.

Tobacco stalks posses high cellulose content and lignin are considered desirable for pulp and paper
industry.

Although the content of the ash was sufficiently high, because the lower nitrogen content the stalks
haven’t potential for application as soil fertilizer.

The utilization of this material for pulp and ethanol production does not only solve the proper
disposal of these wastes, but also provides an opportunity to use tobacco for unconventional
purposes.
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TYTYHCKHUTE CTPAKOBU KAKO OBHOBJINBA CYPOBHUHA 3A
ATPO-UHJAYCTPUCKO HCKOPUCTYBAIBE

Mapuja Cpbunocka, Kupun @ununocku, Mnuja Pucreckn, Banentuna [lenuBanocka, BecHa
Padajnodceka, Becna Kpcrescka

AncTpakr

TyTyHCcKHTE cTeO1a KaKO 36MjOIEJICKH OTIIaJ IIPETCTaByBaaT OOHOBINBA CYpPOBHHA LITO MOXE J1a CE
mpepaboTH BO KOPHCHU IPOHM3BOIAM W BO eHepruja. Moske ma ce 3aberexe Jeka OKOIY 5 TOHH
TYTYHCKH cTebina 1o xektap co 40% coapkuHa Ha Biara ce IpoM3BeAyBaaT 3a CaMo IIECT MECEIH.
Ienrta Ha OBOj TPYA € Ja ce yTBPAAT MOP(OJIOIIKUTE CBOjCTBA M XEMHUCKHOT COCTaB Ha cTedaTa o
TyTyHOT o THHoT bepnej, copra b 98/ N (uenynosa, Klason nurHuH, JUrHUH pacTBOPJIUMB BO
KHCEIMHA, TIeTiell, BKYIeH a30T M CyBa MaTepHja) U Ja ce OLCHM HUBHATa COOABETHOCT 3a arpo-
uHIycTpucka ymorpeda. Ilo Oepbara Ha nucroBute, Nea o crediiata ce coOpaHM M BO3IYIIHO
CyLIEeHH BO CTakjiapa, a OCTaHATHTE Ce OCTaBeHH Ja Ce Ccylmar BO Ioje, MOJ [AEjCTBO Ha
aTMocgepckure ycinoBHu. Bo crebnarta ce oapeseHn coapXKUHATA Ha BJara, Nemesl U JUTHUH CIIOpeN
ASTM crasgapoan meronu. Mertonq mo Kurshner-Hoffer e ymorpeben 3a yTBpayBame Ha
3acTanieHocTa Ha menmyio3aTta. [IpocedHuTe BpeIHOCTH 3a AOJDKMHA, IMjaMeTap M TEXHHA Ha
HCYIICHUTE TYTYHCKH cTeOna m3HecyBaaT 170 cm, 8,5 cm u 210 g, coometHo. CompkuHa Ha
nenysno3a u3HecyBa 38,5% Bo Bo3mymHO ucynieHure crebma u 36,4% Bo crebnara CymeHH BO
nosicku ycnoBu. CoapikuHata Ha BKYMHHOT JUTHHUH, Klason JTMUTHUHOT M BO JIMTHUHOT PacTBOPJIMB
BO KHCEJMHa BO BO3JAYIIHO HcylieHute crtebna m3HecyBa 22,5%, 20,7% wu 1,80%, cooaBeTHO.
PesynraTure mokakyBaaT JeKa BpPEIHOCTUTE 3a IIEJyJio3a M JIMTHHUH BO BO3JYIIHO HCYIICHUTE
cTeblia ce MaJIKy TIOBHCOKH, BO criope0a co CyIIEHHTE BO MOJICKH ycoBH. VIcTo Taka, Moxe Ja ce
KaXke JieKa Kora TyTYHCKUTE cTebJia ce CymaT BO MOJCKU YCIoBH UMa ryoutok oa 30% of a3otoT,
18% ox nenenta, u 35% o1 OpPraHCKUTE MAaTEPHUU.

Kayunu 300poBu: TyTyH, crebia, 11esry03a, JMTHAH, yroTpeoa.
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Abstract

The world’s water resources are under increasing pressure due to consumption and pollution
associated with different human activities. Around 70% of the current water withdrawals are for
agricultural production. This quantity refers to the volume of water withdrawn from various sources
and generally used for crop cultivation during dry periods of year. The water footprint is an
indicator that gives a new dimension to the analysis of the global water consumption and pollution
patterns. This is an indicator that incorporates not only the “traditional” water consumption as a
result of water withdrawals (blue water), but also consumption of water that is readily available in
the nature (green water), as well as the “consumption” of water that is required to assimilate the
pollution discharged (grey water). The total water footprint in agricultural production in the world is
8,363 km®/yr, out of which 7,404 km®/yr is the water footprint of crop production. The share of
animal production in the total agricultural water footprint is 29% or 2,422 km?®/yr. Considering the
total global water footprint of humanity of 9,087 km®/yr, agricultural production has the largest
share of 92.0%. The agricultural production consumes the entire green water component of the
global water footprint of humanity, whereas its share in the blue water component is 92.2%.
Because of its considerable share in the grey water footprint of humanity (65.6%), the agricultural
production can be considered the largest water polluter in the world.

Key words: water consumption, agriculture, water footprint.

Introduction

The available fresh water resources are distributed unevenly on the planet. The average global
renewable water resources, which are in most part comprised of the surface water flows, reach a
total of 42,780 km?/yr (Shiklomanov, 2000). The largest available quantities are found in Asia and
South America (13,510 and 12,030 km®/yr respectively), and the least in Australia and Oceania
(2,400 km®/yr) and Europe (2,900 km®/yr). The average global renewable water resources per capita
are around 7,600 m*/person/yr (Vudijak et al., 2011). Australia and Oceania have the largest
available volume (83,700) and in Asia water is the least available (3,920 m®person/yr). The
presented numbers are constantly changing due to the population growth in the world. Based on the
UN estimates, the global population of around 1.65 billion at the beginning of the 20th century
increased to over 6 billion by the end of the century (Vucijak et al., 2011). The UN predicts that the
population will reach 9 billion by 2050. The population growth between 1970 and 1994 caused
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diminution of available water resources from 12,900 to 7,600 m*/person/yr (Shiklomanov, 2000).
The largest decline rates were observed in Africa (around 2.8 times), Asia (2.0 times) and South
America (1.7 times), whereas in Europe the available water resources per capita declined by only
16%.

Data on the global water consumption indicate that the largest share (around 70%) is used in
agriculture (Appelgren, 2004) for the irrigation of approximately 250 million hectares of arable land
in the world. This is only 17% of the global arable land, but it provides more than 1/3 of the world’s
harvest. In order to provide food for increasing population, more and more land has to be cultivated
and irrigated. Livestock farming has been increasingly using water in the recent years as well. In
many countries over 90% of water withdrawn is used for irrigation, and in many European countries
(e.g. Spain, Portugal, Greece) this share is over 70% (Saejis and van Berkel, 1996). Irrigation is
essential particularly in developing countries, which strive to secure enough food for their
populations.

The afore-mentioned consumption is mostly related to water withdrawn from the environment and
delivered to crops in dry seasons in order to secure their growth and development. These
interventions offset the water deficit in the soil, which cannot be achieved by natural processes, e.g.
by precipitation, surface or ground water recharge, etc. The volume of water required for irrigation
is typically quantified based on the crop evapotranspiration rate ET. (e.g. Hoekstra and Hung,
2005), which is a complex process of transferring moisture by evaporation of water from wet
surfaces — soil and water, and transpiration from plants (Ceri¢ et al., 2003).

The volume of water used for irrigation is a typical indicator of the water consumption in
agriculture. Although this indicator gives some useful information, it does not provide full picture in
regard to the total water requirements for the production of agricultural products. This paper
presents the agricultural water consumption expressed as the water footprint, which is an indicator
introduced in 2002 with the aim to comprehensively assess the volume of water used in production
or in different human activities.

Material and methods

Numerous human activities consume or pollute water — e.g. irrigation, swimming, cleaning,
washing, cooling, processing, etc. Until recently, the total consumption or pollution of water were
considered as the sum of consumption or pollution from each individual activity. However,
Hoekstra (2003) introduced an idea that the consumption and pollution of water should be
considered in the entire production and consumption chain, and should be measured by the water
footprint.

The water footprint is defined as the total volume of freshwater that is used to produce the goods
and services consumed by an individual or community (Hoekstra and Chapagain, 2008). It is an
indicator that considers not only the volume of water that is directly used in a production or
consumption process, but indirect use of water as well. In this context, direct consumption refers to
the use of water in any particular process, whereas indirect (virtual) consumption is the volume of
water used for products or services that are inputs in the considered process (Figure 1). The water
footprint is therefore the total volume of water used in all phases of the production or consumption
of any product. For example it includes water consumed for the growth of crops that are used in a
production process, water used in all phases of the production chain, including the volume of water
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that is required to dilute the pollution discharged from the process to environmentally acceptable
level.

Virtual
water flow
Virtual
water flow
Virtual
water flow

Food
processer

Retailer

‘Water Water Water Water
consumption consumption consumption consumption

Figure 1.The virtual water chain

The concept of the water footprint is similar to the ecological footprint which was introduced in
1990's (Rees, 1992; Rees and Wackernagel, 1994; Rees, 1996) and which represents a surface of
land and water that is required for the production of resources necessary for the population and
reception of pollution being discharged. Thus, whereas the ecological footprint quantifies the
surface of the land required to sustain the human population, the water footprint indicates the
quantity of water used for the same purpose (Hoekstra, 2009). The water footprint considers three
components (Figure 2): (i) consumption of water available in soil and plants as moisture (green
water footprint), (ii) consumption of water withdrawn from surface and ground water bodies (blue
water footprint), and (iii) consumption of water required to receive the pollution discharged (grey
water footprint). Traditionally, only the blue water footprint is considered as the actual water
consumption. However, plants use available moisture in the soil and the green water footprint
should not be ignored in the global analysis of the water consumption. The grey water footprint is
also important as it refers to the pollution of water resources. This component, however, does not
represent the volume of discharged wastewater, but is rather defined as the volume of water
required to assimilate the pollution to the existing water quality standards (Hoekstra, 2009).
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Figure 2. Components of the water footprint (Source: Hoekstra et al., 2009)

745



SECTION 7: NATURAL RESOURCES MANAGEMENT AND ENVIROMENT PROTECTION

The water footprint can be assessed for any product, but also for any group of consumers (e.g.
person, family, city, country, etc.) or for a producer or group of producers in a sector, in which case
it is defined as the sum of the respective water footprints.

When the water footprint of a group of consumers in an area (e.g. country) is considered, a new
spatial dimension can be introduced in the analysis. Specifically, the import and export of products
lead to import and export of virtual water that is embedded into the product. In this case the
consumers of the products are spatially disconnected from the processes that produce the products
(e.g. Naylor et al., 2005). Countries that import the products are actually externalizing their water
footprint, thus creating pressure on exporting regions and not in the area of consumption. Cotton
clothes are an example of products that typically create the virtual water trade from one region to
another. The production of a cotton T-shirt has the water footprint of approximately 2,000 liters, and
this water footprint is generated by the final user. The water footprint however is transferred to
countries in which different stages of the production cycle are located — e.g. China, India and
Pakistan, which are cotton producing countries, and Malaysia where the T-shirts are produced
(Chapagain et al., 2006). If the cotton T-shirts are exported to Europe, it can be asserted that the
European consumers actually use the water resources from other countries.

Results and discussion

Water Footprint in Agriculture

The water footprint in agriculture depends on the type of agricultural product. For example, lattice
has the water footprint of 130 liters for a kilogram of the product, whereas the water footprint of 1
kg of chocolate is as much as 24,000 liters (Table 1). The numbers presented in Table 1 are the
global average, and they vary significantly in different regions in the world according to the type of
production process and some other factors (Hoekstra, 2008). If we consider the production of beef,
the water footprint is calculated based on the parameters of an industrial production system — an
animal is grown for three years before it is slaughtered to produce approximately 200 kg of boneless
meat. In this period the animal consumes around 1,300 kg of grains (wheat, barley, oats, corn,
soybean, and other grains), 7,200 kg of roughages (pasture, hay, silage and other roughages), 24 m*
of water for drinking and 7 m® for servicing (Hoekstra, 2008; Hoekstra, 2010). In order to produce 1
kg of boneless meat, 6.5 kg of grains is used, also 36 kg of roughages and 155 liters of water for
drinking and servicing of the animals. As 15,300 liters is used to produce the animal feed, the water
footprint of one kilogram of beef equals to 15,500 liters.

From the afore-mentioned example one can understand the difference between the assessment of the
traditional water consumption and the water footprint. The traditional calculation shows that 155
liters of water is used for the production of 1 kg of beef, which is actually the volume used in the
production process for drinking and maintenance of the animals and facilities. However, this is only
direct consumption which makes 1% of the total water consumption (the water footprint), whereas
the remaining 99% is virtual water.
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Table 1. Water footprint of some agricultural products™

Agricultural product | Unit Wate(rl:[(;tr))t print Agricultural product| Unit Wate(r“ft(;(r))t print
Apple, pear 1 kg 700 Maize 1 kg 900
Beef meat 1 kg 15,500 Milk 250 ml 250
Beer 250 ml 75 Olives 1kg 4,400
Wheat bread 1 kg 1,300 Orange 1kg 460
Cabbage 1 kg 200 Peach, nectarine 1kg 1,200
Cheese 1 kg 5,000 Pork 1kg 4,800
Chicken 1 kg 3,900 Potato 1kg 250
Chocolate 1kg 24,000 Rice 1kg 3,400
Coffee 125 ml 140 Sugar (sugar cane) 1kg 1,500
Cucumber, pumpkin| 1kg 240 Tea 250 ml 30
Dates 1 kg 3,000 Tomato 1kg 180
Lettuce 1kg 130 Wine 125 ml 120

*Source: Hoekstra, 2008

Water Footprint of Crop Production

The global water footprint of crop production is estimated at 7,404 km®/yr for the period from 1996-
2005 (Mekonnen and Hoekstra, 2010), which is around 17% of the renewable water resources in the
world. The largest water footprint comes from the production of wheat (1,087 km?®/yr), rice (992
km®/yr) and corn (770 km®/yr), so these three crops consume more than 38% of the global water
footprint of crop production. Other significant crops are fodder crops, soybeans, sugar cane, cotton,
barley, sorghum, oil palm, coconuts, millet and coffee, which consume another 34% of the global
water footprint of crop production. All other crops consume the remaining 28% of the water
footprint.

Around 78% of the global water footprint of crop production is the green water footprint, 12% is the
blue water footprint, and the remaining 10% the grey water footprint. For most of the crops the
share of the green water footprint in the total consumptive water footprint (green and blue) is more
than 80%. However, wheat and rice have large blue water footprints, and they contribute with more
than 45% in the global blue water footprint of crop production. The grey water footprint in the crop
production is related to the use of fertilizers. Wheat, rice and corn together account for about 56% of
the global grey water footprint. For most of the crops the consumptive water footprint (green and
blue) is smaller for irrigated crops than for rain-fed crops. The reason is that irrigated crops have
better yields than rain-fed crops. For example, the water footprint of apple produced in a rain-fed
farming system is 883 m® per ton (Table 2), as compared to 734 m*/t in an irrigated farming system.
It can also be observed that shifting from rain-fed to irrigation farming system will reduce the total
consumptive water footprint (green and blue) from 717 to 694 m*/t, which is also true for the grey
water footprint (reduced from 167 to 71 m%/t). For some crops, however, the introduction of an
irrigation farming system will increase the total water footprint per ton, which is the case e.g. with
soybeans, sugar cane and rapeseed (Table 2).
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Table 2. Water footprint of rain-fed and irrigated crops*

Crop | Farming system Yield | Global water footprint (km*/yr)| Unit water footprint (m%/t)

(t/ha) | Green | Blue | Grey | Total |Green| Blue | Grey | Total

Rain-fed 2.48 | 610 0 65 676 [1,629| O 175 | 1,805

Wheat Irrigated 331 | 150 | 204 58 411 | 679 | 926 | 263 | 1,868
Global average | 2.74 | 760 | 204 | 123 | 1,087 |1,278 | 342 | 208 | 1,828

Rain-fed 2.69 | 301 0 30 331 |1,912| O 190 | 2,102

Rice Irrigated 467 | 378 | 202 81 661 | 869 | 464 | 185 | 1,519

Global average | 3.90 | 679 | 202 | 111 | 992 (1,146 341 | 187 | 1,673

Rain-fed 8.93 24 0 6 30 717 0 167 | 883

Apple Irrigated 15.91 8 8 2 18 343 | 321 | 71 | 734

Global average | 10.92 | 33 8 7 48 561 | 133 | 127 | 822

Rain-fed 222 | 328 0 5 333 |2,079| O 33 2,112

Soybean Irrigated 2.48 24 12 1 37 |1590| 926 | 85 |2,600
Global average | 2.24 | 351 12 6 370 |2,037| 70 37 2,145

Rain-fed 1.63 62 0 12 74 |1,783| O 356 | 2,138

Rapeseed Irrigated 1.23 4 9 1 14 1,062 |2,150| 181 | 3,394
Global average | 1.57 66 9 13 88 (1,703 | 231 | 336 | 2,271

*Source: Mekonnen and Hoekstra, 2010

Although the yields are better with the irrigation systems, this happens because the actual
evapotranspiration increases and approaches potential evapotranspiration. The data suggest that the
irrigation apparently increases the water consumption; however, the consumption per ton of yield is
typically smaller. From this one can understand the significance of the irrigation farming systems,
which contribute not only to better crop yields, but also to more sustainable use of water resources.
Water Footprint of Animal Production

An increasing consumption of animal food, such as meat or milk, is present in the last decades as a
consequence of an economic development and the growth of the population income. The global
meat production doubled from 1980 to 2004, due to increase of the meat, milk or milk products
consumption of 5% annually in developing countries (FAO, 2005). These products have large unit
water footprints, which has caused an increase in the global water footprint of animal production.
For the period from 1996 to 2005 the global water footprint of animal production was 2,422 km*/yr
(Mekonnen and Hoekstra, 2010a). A major portion comes from the livestock feed, around 98% of
the total water footprint. The volume of water that is used for drinking, servicing or feed preparation
is relatively small and amounts to 1.1%, 0.8% and 0.03% respectively.

The water footprint by animal categories shows that the growth of beef cattle consumes 33% of the
global water footprint of animal production (Table 3). Another significant animal categories are
dairy cattle (19%), pig (19%) and broiler chicken (11%).

Dairy cow has the largest average annual water footprint per animal of 2,056 m*/yr, which is more
than for an average human (Mekonnen and Hoekstra, 2010a). On the other hand, the broiler chicken
generates an average annual water footprint of only 26 m® per animal. The distribution of the total
water footprint of animal production to green, blue and grey component greatly depends on the type
of production system (Table 4), and significantly varies across the countries. Table 4 also shows that
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the water footprint of meat increases from chicken (4,300 m*/t), goat (5,500 m%t), pork (6,000 m*#t),
and lamb (10,400 m*/t) to beef, which has the largest water footprint of 15,400 m*/t (Mekonnen and
Hoekstra, 2010a). The main cause of such variation is different feed conversion efficiency — beef
production requires eight times more feed per kg of meet produced than pork production and as
much as 11 times more feed than chicken production. Another significant reason is the feed
composition, particularly the share of concentrate feed that has a significantly larger water footprint
than roughages. The portion of the concentrate feed for chicken broiler is much higher (the global
average 73%) as compared to beef (only 5%).

Table 3. Total water footprint by livestock categories*

. . Average water Annual water footprint
Livestock No. of anlm_al_s n footprint 3
the world (millions) (m¥animalfyr) (km?/yr) (%)
Beef cattle 1,267 630 798 33
Dairy cattle 228 2,056 469 19
Pig 880 520 458 19
Broiler chicken 9,923 26 255 11
Horse 112 1,599 180 7
Layer chicken 5,046 33 167 7
Sheep 1,052 68 71 3
Goat 750 32 24 1
Total 19,258 2,422 100

* Source: Mekonnen and Hoekstra, 2010a

Dairy cow has the largest average annual water footprint per animal of 2,056 m*/yr, which is more
than for an average human (Mekonnen and Hoekstra, 2010a). On the other hand, the broiler chicken
generates an average annual water footprint of only 26 m* per animal. The distribution of the total
water footprint of animal production to green, blue and grey component greatly depends on the type
of production system (Table 4), and significantly varies across the countries. Table 4 also shows that
the water footprint of meat increases from chicken (4,300 m®/t), goat (5,500 m*/t), pork (6,000 m*ft),
and lamb (10,400 m®/t) to beef, which has the largest water footprint of 15,400 m*/t (Mekonnen and
Hoekstra, 2010a). The main cause of such variation is different feed conversion efficiency — beef
production requires eight times more feed per kg of meet produced than pork production and as
much as 11 times more feed than chicken production. Another significant reason is the feed
composition, particularly the share of concentrate feed that has a significantly larger water footprint
than roughages. The portion of the concentrate feed for chicken broiler is much higher (the global
average 73%) as compared to beef (only 5%).

Impact of Crop and Animal Production on the Global Water Footprint

The total global water footprint of agriculture amounts to 8,363 km®yr (Mekonnen and Hoekstra,
2010a), out of which 7,404 km?/yr is related to the water footprint of crop production (Table 5). As
explained earlier, the water footprint of animal production is composed of the water footprint of
animal feed (98%) and the volume of water consumed for drinking, livestock servicing and feed
preparation. Out of the water footprint of animal feed, which amounts to 2,376 km®/yr, the volume
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of 1,463 km®/yr is related to the cultivation of crops used for animal feed, and the remaining volume
to pasture. This shows that as much as 20% of the total water footprint of crop production (7,404
km?®/yr) is actually related to the animal feed. The share of the animal production in the total water
footprint of agriculture is 29%.

As the total global water footprint of humanity is estimated at 9,087 km/yr (Hoekstra and
Mekonnen, 2012), the share of agriculture is as much as 92.0%. The industrial sector contributes
with 4.4% to the global water footprint, while the remaining 3.6% is related to the population water
supply. The data show that the agriculture is the major contributor to the global water consumption.
The agriculture consumes the entire water from the global green water footprint (Figure 3), while its
share in the global blue water footprint is 92.2%.

According to this indicator, the agriculture is also the largest water polluter because of its share of
65.6% in the global gray footprint.

Table 4. Green, blue and grey water footprint of animal products (global average)*

Product Farming | Water footprint (m°/t) Product Farming | Water footprint (m®/t)
system | Green | Blue | Grey system | Green | Blue | Grey
Pasture | 21,121 | 465 243 Pasture | 7,919 | 734 718
Beef Mixed | 14,803 | 508 401 Chicken Mixed 4,065 | 348 574
Industrial | 8,849 | 683 712 Industrial | 2,337 | 210 325
Average | 14,414 | 550 451 Average | 3,545 | 313 467
Pasture | 15,870 | 421 20 Pasture | 6,781 | 418 446
Lamb Mixed 7,784 | 484 67 Eqgs Mixed 3,006 | 312 545
Industrial | 4,607 | 800 216 Industrial | 2,298 | 205 369
Average | 9,813 | 522 76 Average | 2,592 | 244 429
Pasture | 9,277 | 285 0 Pasture | 1,087 56 49
Goat Mixed 4,691 | 313 4 Milk Mixed 790 90 76
Industrial | 2,431 | 413 18 Industrial | 1,027 98 82
Average | 5,185 | 330 6 Average 863 86 72
Pasture | 7,660 | 431 632 Pasture | 5,371 | 293 241
Pork Mixed 5,210 | 435 582 Cheese Mixed 3,903 | 463 377
Industrial | 4,050 | 487 687 Industrial | 5,078 | 500 406
Average | 4,907 | 459 622 Average | 4,264 | 439 357

*Source: Mekonnen and Hoekstra, 2010a
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Table 5. The global water footprint of agriculture

Water footprint category Water footprint
Green Blue Grey Total
Water footprint of agricultural production
Water footprint of crop production 5,772 899 733 7,404
Water footprint of grazing 913 - - 913
Direct water footprint of livestock* - 46 - 46
Total 6,685 945 733 8,363
Water footprint of animal production
Water footprint of feed crop production 1,199 105 159 1,463
Water footprint of grazing 913 - - 913
Direct water footprint of livestock* - 46 - 46
Total 2,112 151 159 2,422
* drinking, servicing and feed mixing
Source: Mekonnen and Hoekstra, 2010a
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Figure 3. Distribution of the global water footprint per main categories

Water footprint (km3/yr)

Conclusions

The world’s water resources are under increasing pressure due to consumption and pollution
associated with different human activities. The total consumption or pollution of water are often
considered as the sum of consumption or pollution from different activities, and until recently little
attention has been paid to the consumption and pollution of water in the entire production or
consumption chain. The approach which takes into account the use of water in the entire production
and consumption chain has gained more attention after the concept of the water footprint was
introduced at the beginning of the century. The water footprint is a comprehensive, multi-
dimensional indicator of the water use, which covers not only the direct water consumption of a
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producer or consumer, but also indirect water consumption. The water footprint thereby
incorporates not only the “traditional” water consumption as a result of water withdrawals (blue
water), but also consumption of water that is readily available in the nature (green water), as well as
the “consumption” of water that is required to assimilate the pollution discharged (grey water).
Agriculture is a particularly significant water user at the global scale. Measured by the water
footprint, agriculture consumes about 92% of the water resources that mankind use for its needs. It
is commonly perceived that the reduction of the agricultural water footprint can be achieved by the
introduction of good agricultural practices, which is an approach that will for most part impact the
gray water footprint. This is accomplished by reducing the quantity of chemicals used, introducing
better techniques and taking care of the timing of their implementation. In theory the gray water
footprint can be reduced virtually to zero by switching to organic farming, but in reality this is
difficult if not impossible to achieve. The green and blue water footprint of agriculture (m*/t) can be
reduced by increasing the water use efficiency, e.g. by introducing more efficient irrigation
techniques (drip, sprinkler irrigation etc.) as compared to traditional ones (surface irrigation). One
possible way of reducing the global agricultural water footprint is to replace products that have large
water footprint with products of a similar nutritional value but smaller water footprint. In this
regard, a general conclusion can be made that it is more efficient to obtain calories, protein and fat
through crop than animal products, since the water footprint per calorie and gram of protein and fat
is larger for animal than crop products.

Regardless of the available options, reducing the global water footprint of agriculture will be a
major challenge in the future because of the rapid population growth on the planet and the growing
food demand. To achieve this goal it is necessary to involve not only farmers but also consumers of
agricultural products, as well as all other stakeholders.
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TPATH O] BOJA KAKO MEPKA 3A OIIPEJEJIYBAIBE HA IIOTPOIIIYBAUKATA HA
BOJA U 3ATAJYBAIBETO

Kepuk Anvup, Byunjak Bpanko

AncTpakr

BonmHute pecypcum BO CBETOT ce IOJA NOCTOjaH HPHUTUCOK, Ipe] C€ MOpaaud 3rojieMeHara
MOTPOIIYBauyKa M 3arajyBar-eé Ha WCTHTE MOBP3aHU IPEKy Pa3IMYHM aKTHBHOCTH Ha YOBEKOT.
Oxony 70% on neHemHara MoTpolryBayka Ha BOJa OTIara Ha 3€MjOJIeJICKOTO Mpou3BocTBO. OBa
KOJIMYECTBO CE€ OJHECYBa Ha BOJYMEHOT Ha BOJa IOTPOLICH OJ Pa3iMYHH W3BOPH M I'€HEPAIHO
KOPHUCTEH 3a OJIJIeAyBambe Ha 3eMjOICIICKUTE KYJITYPH BO CYIIHUTE TIEPHOIH O ToauHaTa. Tparure
Ol BOJA € €ACH BHJA WHIOMKATOp KOj JaBa €JHAa HOBa NUMCH3Hja BO aHalIM3aTa Ha IiodOaiHaTa
NOTpOIIyBayka Ha BOAa W 3aragyBamero. OBa € HWHIMKAaTOp KOj ja BKIy4yBa HE Camo
TpaJMLMOHATHATA NOTPOIIYBayKa Ha BoJa (CHHA BOJa), HO MCTO Taka W IIOTPOLIyBayKaTa HA BOJA
KOja € JIECHO JOCTallHa BO Npupojara (3elieHa BoJa), Kako M HOTPOINyBadykaTta Ha BoJa Koja ¢
HEOITXOJ(Ha 33 HCITyLITame U OCI000AyBame Ha 3aragyBameTo (CHBa Bona). BKymHUTE Tparw ox
BO/JIa BO 3€MjOMCICKOTO IPOU3BOJACTBO BO cBeroT ce 8,363 km3/ro;11/1mHo, on kou 7,404
Km®/roaumHo ce 01 PaCTHTEIHOTO MPOM3BOACTBO. YUECTBOTO HA AHHMANHOTO MPOH3BOACTBO BO
BKYITHHUTE Tpard on Boaa ¢ 29% wiu 2,422 km®/rozuuIso. 3eMajku T BKYIHHTE TPard Ha BOJA O]
9,087 km*/rouIEo 01 YOBEUKH AKTHBHOCTH, MOYE JIa CE BHJIM €K 36MjOICICKOTO IPOM3BOICTBO
ro MMa HajroJeMOTO y4ecTBO co 92%. 3eMjoAenCKOTO MPOU3BOJICTBO ja KOPUCTH IlejiaTa
KOMIIOHEHTA OJ1 3¢JIeHa BOJa OJ BKYITHUTE TParu Ha BoJa 3a JIy[eTo, OpaIy IITO HErOBOTO Y4ECTBO
BO KOMITOHEHTaTa cuHa Boja m3HecyBa 92%. Ilopaan 3HauajHOTO y4ecTBO BO cuBaTa Boja (65,6%),
3eMjOJIENICKOTO IIPOM3BOJICTBO MOXKE Jja ce BOOPH BO HAjIOJIEMHUTE 3arajyBadyd BO CBETOT.

Kay4ysu 300poBH: NOTpoIIyBayKa Ha BOJIa, 3¢MjOJICJICTBO, TPark 0/ BOJA.
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Abstract

The field experiment was conducted with green pepper crop Bela dolga grown in experimental
plastic house near by the Faculty of Agricultural Sciences and Food in Skopje, during the period of
May to October in 2005, 2006 and 2007. The main aim of this investigation was to determine
evapotranspiration (ETP) in two-stem pruned (“V”’system) green pepper crop under different
irrigation and fertilization techniques and regimes. Also, the evapotranspiration coefficient was
determined during this investigation, which can be used as parameter for indirect calculation of total
crop water requirements during the vegetation. Therefore, four experimental treatments were
applied in this study. Three treatments were irrigated by drip irrigation and drip fertigation (KKZ1,
KK2, KK3), while the last one was irrigated by furrow irrigation with conventional application of
fertilizer (control treatment @g). From the average results obtained in three years of investigation, it
can be concluded that there are negligible differences in ETP and ETk between the treatments KK1
and KK2 (drip fertigation every 2 and 4 days), what is result of closer irrigation interval of these
two treatments. As a result of longer frequencies between the irrigations, the treatment KK3 (drip
fertigation scheduled by tensiometers) showed 4,5-5,5% higher evapotrasnpiration in comparison
with KK2 and KK1, and from 24 to 25,5% higher ETk in comparison with KK1 and KK2. The
results for ETP and ETK in treatments KK1 and KK2 showed statistically significant differences in
comparison with treatment KK3. The effect of the irrigation and fertilization techniques on
evapotranspiration and ETk are presented by the results from the treatment KK3 and @ Namely,
the control treatment showed 15% higher ETP, or almost 30% ETk in comparison with KK3. The
results are statistically significant at 0,01 level of probability.

Key words: potential evapotranspiration, evapotranspiration coefficient, drip fertigation, furrow
irrigation, green pepper.

Introduction

Evapotranspiration represents the water loss from a combined surface of vegetation and soil
(Hatfield et al., 1990). Generally, evapotranspiration (ET) is referred as a combination of two
separate processes whereby water is lost from the soil surface by evaporation and from the crop by
transpiration. Evaporation and transpiration occur simultaneously and there is no easy way of
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distinguishing between the two processes. Apart from the water availability in the topsoil, the
evaporation from a cropped soil is mainly determined by the fraction of the solar radiation reaching
the soil surface. This fraction decreases over the growing period as the crop develops and the crop
canopy shades more and more of the ground area. When the crop is small, water is predominately
lost by soil evaporation, but once the crop is well developed and completely covers the soil,
transpiration becomes the main process (Allen et al., 1998).

The term potential evapotranspiration (ETP) was introduced by Thornthwaite in 1948, and was
defined as the maximum rate of water loss by crop through the transpiration and evaporation under
ideal conditions of soil moisture and vegetation. In natural conditions, evapotranspiration is
presented by ETa, or actual evapotranspiration (lljovski, 1992; lljovski and Cukaliev, 1994;
Bosnjak, 1999). The evapotranspiration rate from a reference surface, not short of water, is called
the reference crop evapotranspiration or reference evapotranspiration and is denoted as ETo. The
reference surface is a hypothetical grass reference crop with specific characteristics.

As is well known, the factors who affects of the evapotranspiration are: weather parameters, crop
characteristics, soil conditions, irrigation techniques, applied agro-technical measures, etc. Allen et
al., (1998) reported that the only factors affecting ETo are climatic parameters. Consequently, ETo
is a climatic parameter and can be computed from weather data. ETo expresses the evaporating
power of the atmosphere at a specific location and time of the year and does not consider the crop
characteristics and soil factors. The FAO Penman-Monteith method is recommended as the sole
method for determining ETo.

Crop evapotranspiration can be measured or calculated using a variety of approaches. Generally, in
irrigation practice, the methods for measuring and estimation of ET can be classified as direct and
indirect methods (Evett, 2007; Howell and Meron, 2007; Iljovski and Cukaliev, 2002; Dragovi¢,
2000; Bosnjak, 1999). The indirect methods are based on empirical and mathematical models,
where the climatic parameters are of primary importance, and most of them do not consider the crop
characteristics or soil factors. Therefore, for greater precision the direct methods are characterized,
because most of them simulate natural conditions or ET is determined directly in the field. The most
used direct methods in irrigation practice for measuring of ETP are lysimeters, soil water balance
method, method of field conditions with experimental trials and etc. (lljovski and Cukaliev, 2002;
Dragovi¢, 2000; Bosnjak, 1999). Therefore, the main objectives of this study were to determine and
compare evapotranspiration (ETP) under different techniques and regimes of irrigation and
fertilization in green pepper crop production in Skopje region and to evaluate evapotranspiration
coefficient as affected by methods of application of water and fertilizers. The determination of crop
evapotranspiration in our investigation was realized by soil water balance method.

Material and methods

The field experiment was conducted with two-stem pruned (“V” system) green pepper crop ‘Bela
dolga’ grown in experimental plastic house near by the Faculty of Agricultural Sciences and Food in
Skopje (42° 00" N, 21° 27' E), during the period of May to October in 2005, 2006 and 2007. The soil
type is coluvial (deluvial) soil (FAO Classification) disturbed with urban activities. The soil
chemical characteristics of the experimental field are presented in Table 1.
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Table 1. Soil chemical characteristics of the experimental field

Layer | CaCO, Organic oH ECe Available N Auvailable forms
cm % matter d4s/m mg/100 g mg/100 g soil
% H,O KClI soil P,Os K0
0-20 3,24 0,90 8,02 | 7,30 2,40 3,10 17,79 32,15
20-40 3,80 0,84 8,08 | 7,26 2,28 2,47 13,36 19,38
40-60 3,59 0,56 8,03 | 7,35 2,25 2,80 8,40 16,10

According to the recommendations and literature data for the region (Maksimovi¢, 2002; Lazi¢ et
al., 2001; Jankulovski, 1997), green pepper planted in our condition and yields up to 60 t/ha, needs
the following amount of nutrients: N 485 kg/ha, P,0Os 243 kg/ha and K,O 585 kg/ha. The application
of the fertilizer for the treatments was done in two portions (before planting and during the growing
season), what is common practice in our country. For all treatments, the first portions of the
fertilizers was done before planting of green pepper, while the rest of the fertilizers needed for
achieving the targeted yield was applied through the fertigation system for drip fertigation
treatments (Table 2) and conventional fertilization on soil for control treatments (spread in two
portions, flowering and fruit formation). All investigated treatments have received same amount of
fertilizers, but with the different methods and frequencies of application of water and fertilizers. The
idea was to investigate the influence of irrigation and fertilization method on ET and ETK in green
pepper crop production.

Table 2. Type and amount of fertilizers in drip fertigation

N 485 | P,0O5 243 K,0585 kg/ha N:P:K
48 318 kg/ha 15:15:15 before replanting
/ 195 128 375 kg/ha 0:52:34 drip fertigation
/ / 411 802 kg/ha 0:0:51+18S drip fertigation
437 / / 952 kg/ha 46:0:0 drip fertigation
485 243 585

Remark: the same amounts and quantity of fertilizers were used for furrow irrigation treatment

The fertigation equipment for drip fertigation treatments was Dosatron 16, with a plastic barrel as
reservoir for concentrated fertilizer. The whole amount of fertilizer was dissolved in the barrel and
barrel was sealed to avoid evaporation of the water. The source of water was the water supply
system for the city of Skopje (very high quality of water).The irrigation of the experiment
(treatment KK 1, KK2 and @) was scheduled according long-term average daily evapotranspiration
for green pepper crop for Skopje region (Table 3). Long term average evapotranspiration was
calculated by FAO software CROPWAT for Windows 4.3 using crop coefficient (kc) and stage
length adjusted for local condition by Faculty of Agricultural Sciences and Food. Because the use of
drip irrigation and application of the water was only on part of the total surface, the daily
evapotranspiration of drip irrigation treatments was decreased for 20% (coefficient of the coverage).
In each experimental year, the irrigation and fertigation regime have occurred from 20-25 May until
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10-15 October. The irrigation scheme used in the experiment was designed according to randomized
block design for experimental purposes with four treatments in three replications.

Table 3. Daily and monthly crop water requirements for green pepper crop for the Skopje region

Months \Y \ Vil VI IX X
mm/day 1.9 3.6 55 5.0 3.7 1.8
mm/monthly 59 108 171 155 111 54

Generally, the experimental treatments were set up according to the daily evapotranspiration rate.
The idea was to investigate not only irrigation and fertilization techniques, but also irrigation and
fertilization frequency and their effect on ETP and ETk.

Treatment 1 (KK1): Drip fertigation according to daily evapotranspiration with application of water
and fertilizer every two days;

Treatment 2 (KK2): Drip fertigation according to daily evapotranspiration with application of water
and fertilizer every four days;

Treatment 3 (KK3): Drip fertigation according to tensiometers measurements;

Treatment 4 (@g): Furrow irrigation according to daily evapotranspiration with application of water
every seven days and classic fertilization (spreading of fertilizer on soil).

The size of each plot (replication) was 6.6 m? (25 plants in 0.75 m of row spacing and 0.35 m plant
spacing in the row). Each plot (replication) was designed with five rows of crop. There were five
plants in each row.

The crop evapotranspiration was determined by direct measurement with soil water balance method
at soil layer 0-100 cm depth (Tanaskovic et al., 2006; Dragovi¢, 2000; Bosnjak, 1999; Allen et al.,
1998; Cukaliev, 1996). The method consists of assessing the incoming and outgoing water flux into
the crop root zone during the vegetation. In our investigation, the main parameters for estimation of
ETP were irrigation (1) and initial or active soil moisture at the beginning of vegetation (Wi) as
incoming water flux and active soil moisture on the end of vegetation (We) as potential outgoing
water flux. As was mentioned above, our investigation was realized in experimental plastic house,
where precipitations (P) were ignored. Also, as a result of controlled irrigation practice, surface
runoff (RO) and deep percolation (DP) were excluded from this estimation. The subsurface water
and water transported upward by capillary rise (CR) didn’t have influence on water income in the
root zone, and they were ignored. Therefore, crop evapotranspiration (ETP) was determinate under
equation ETP = (I+Wi)-We. The crop evapotranspiration coefficient ETk was estimated as ratio
between ETP and dry matter yield. Collected data were subjected to statistical analysis of variance
and means were compared using the least significant difference (LSD) at the 1 and 5% level of
probability (P<0.01 and P<0.05) test.

Results and discussion

The meteorological conditions during the research

The pepper crop has exceptional requirements according to the climatic conditions. If climatic
conditions are unfavorable or if they vary, the productivity and yield of the pepper crop can be
significantly decreased. The pepper crop needs a lot of heat during whole growing period, what is
connected with its native place of origin, the tropical zone (Gvozdenovi¢, 2004; Jankulovski, 1997).
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If the temperature is below 15°C, there are possibilities to increase the falling of flowers
(Gvozdenovi¢, 2004; Lazi¢ et al., 2001). Also, the flowers and fruits can fall if the temperature goes
up to 35°C (Purovka et al., 2006). The optimal temperature for growing of pepper in controlled
environment is 20-25°C during the day time and 18-20°C during the night (Purovka et al., 2006).
Bosland and Votava (2000) reported that the best pepper yields can be obtained when the air
temperature during the day time is between 18-32°C, especially in the stage of fruit formation. The
average seasonal temperature in our investigation for the experimental plastic house (average in the
growing period) during 2005, 2006 and 2007 was 22.83°C, 22.95°C and 24.1°C respectively (Table
4). During the period of the biggest fructification (June-August) the average temperature in all three
years was in the frame of the optimum values recommended by Bosland and Votava (2000).

Table 4. Monthly average air temperature (°C) in Skopje region (according to the National Hydro-
meteorological Service) and in the experimental plastic house (by our measurements), during the
green pepper vegetation

Average temperature (°C) in Skopje Average temperature (°C) in the

Year / region experimental plastic house
Months 2005 2006 2007 2005 2006 2007
V 18,0 17,8 18,6 20,9 20,5 21,6
VI 20,9 20,6 23,9 24,1 23,6 27,1
VIl 24,1 23,4 27,1 28,2 27,2 31,0
VIl 22,1 23,3 25,1 26,1 26,9 28,9
IX 19,1 19,5 17,7 22,2 22,7 20,6
X 12,7 14,0 12,7 15,5 16,8 154
Average 19,48 19,77 20,85 22,83 22,95 24,10

Generally, pepper crop has great crop water requirements during the vegetation period, which is the
result of the poorly developed root system and huge biomass exposure to strong transpiration (Lazi¢
et al., 2001; Jankulovski, 1997; Iljovski and Cukaliev, 1994). It is well known that pepper crop is
most sensitive to water shortage (drought) during the flowering and fruit formation. The Skopje area
in that period is characterized with highest temperatures and insolation, so the evapotranspiration is
at its highest rate. Usually rainfalls are down to a minimum in that period.

Data presented in Table 5 shows that all three years of testing were characterized as very wet years
with a lot of rainfall in the growing season. As was mentioned above, our testing was conducted in a
controlled environment (plastic house), where water income does not have any influence on the crop
evapotranspiration, which means that the total water income was presented by irrigation water
requirements (almost 75%) and initial or active soil moisture at the beginning of vegetation (almost
25%).

For normal pepper crop growing and for high and quality yields, the optimal relative humidity
should range from 60 to 70%. Gvozdenovi¢ (2004) reported that lower relative air humidity
followed by high temperature can affect flower and fruit falling. Jankulovski (1997) reported that
relative air humidity in plastic houses should be around the 70%.

With the exception of October, the average relative humidity during all three years of our
investigation was close to recommended values for the plastic houses.
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Data for relative air humidity during the investigation are shown in Table 6.

Table 5. Monthly precipitation (mm) in Skopje region

Year 2005 2006 2007
Months Precipitation (mm) Precipitation (mm) Precipitation (mm)
\% 72,4 19,2 96,2
VI 38,4 94,7 34,8
VII 36,9 39,0 1,2
VI 73,3 29,2 52,7
IX 34,2 43,3 27,2
X 50,1 56,9 140,0
Average 305,3 282,3 352,1

In any case, it should be pointed out that our investigation was realized in a controlled environment
of an elementary type (plastic house), where the temperature and relative air humidity were heavily
controlled and regulated, only with manual opening of side vents. In this relation, Jankulovski
(1997) reported that regulation of microclimate condition in plastic houses is harder than in green
houses.

Table 6. Monthly average relative humidity (%) in Skopje region (according to National Hydro-
meteorological Service) and in the experimental plastic house (by our measurements), during the
green pepper vegetation

Year / Average relati\{e humidity (%) in Average re.lative humid_ity (%) in the
Months Skopje region experimental plastic house
2005 2006 2007 2005 2006 2007
\% 63 59 65 72 74 73
VI 56 64 56 63 71 61
VI 55 59 38 60 63 53
VI 65 57 51 71 60 60
IX 68 60 58 74 66 68
X 71 70 75 81 80 83
Average 63 61,5 57,2 70,2 69 66,3

Influence of irrigation and fertilization techniques on ETP, ETk and green pepper yield

As was mentioned above, the crop evapotranspiration (ETP) was determined by direct measurement
with soil water balance method at soil layer 0-100 cm depth, under permanent content of soil
moisture and nutrients, as well as permanent agro-technical measures. The water balance method in
our investigation was realized by assessment of the water income and active soil moisture at the end
of vegetation into the crop root zone. The water income was estimated through the irrigation water
requirements and initial or active soil moisture at the beginning of vegetation. Irrigation water
requirement for the treatments KK1, KK2 and Qg is presented as water quantity applied during the
vegetation (read on the volumetric meter); with periodic soil samplings for controlling of
momentary soil moisture and realized irrigation regime. The irrigation water requirement for the
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treatment KK3 was obtained by tensiometers readings installed in the soil. The Initial or active soil
moisture at the beginning of vegetation is presented as the difference between field capacity (FC)
and permanent wilting point (PWP). Cukaliev (1996) has calculated initial or active soil moisture at
the beginning as a difference between momentary soil moisture and permanent wilting point, but in
our case we refilled the soil moisture up to field capacity before starting with the irrigation regime.
The active soil moisture at the end of vegetation is calculated as a difference between momentary
soil moisture at the end of vegetation and permanent wilting point. The difference between water
income (irrigation water requirements and active soil moisture at the beginning) and active soil
moisture at the end of vegetation is the potential evapotranspiration. The results for water balance
and ETP, separately by year of investigations are presented in Table 7, 8 and 9. From the results
shown in Table 7, it can be concluded that the content of active soil moisture at the end of
vegetation in the treatments KK1 and KK2 is from 53 to 71% higher in comparison with KK3.

Table 7. Water balance and ETP (m*/ha) for 2005

Total Comparison Comparison
Treatment | Wi | . We | ETP| withkk1 | -°OMP
income with KK2 (%)
(%)
KK1 1824 4882 6706 1903 4803 100 102,3
KK2 1824 4999 6823 2126 4697 / 100
KK3 1824 4510 6334 1242 5092 106,0 108,4
OB 1824 5819 7643 1829 5814 1211 123,8

The main reason for higher content of active soil moisture at the end of vegetation in the treatments
KK1 and KK2 is irrigation application rates scheduled according to the average daily
evapotranspiration with continuous keeping of soil moisture in the frame of field capacity (short
irrigation frequencies, 2 or 4 days). Tanaskovik et al., (2006) reported similar results in drip
fertigation treatments at two and four days in tomato crop production. On the other hand, the
treatment with tensiometers readings (KK3) and drip irrigation frequency every 8 or 10 days (which
is not the typical frequency for drip irrigation), presented lower active soil moisture at the end of
vegetation. Generally, it can be concluded that the final irrigation application rates (2-3 rates) at the
end of vegetation in the treatments KK1 and KK2 couldn’t be applied, in order to decrease the
participation of irrigation water requirement (l) in total water income, without negative effects on
the yields. If the results for ETP in 2005 are presented in comparative values, then potential
evapotranspiration in the treatments KK2 and KK1 is lower by 23,8 and 21,1 % in comparison with
g, While in comparison with KK3 ETP it is about 8,4 and 6% lower.

Table 8. Water balance and ETP (m®ha) for 2006

. Total Comparison Comparison

Treatment | Wi ! noome | We | ETP | )| with KK2 %
KK1 1824 4517 6341 1548 4793 100 102,3
KK2 1824 4543 6367 1680 4687 / 100
KK3 1824 4176 6000 1100 4900 102,2 104,5
s 1824 5328 7152 1512 5640 117,7 120,3
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In 2006, as result of proper controlling of the final irrigation application rates, the active soil
moisture at the end of vegetation in the treatments KK1 and KK2 was lower by 22,9 to 26,5% when
compared to the previous year. The potential evapotranspiration in treatments with drip fertigation
was lower by 15 to 20,3 % compared to the treatment with furrow irrigation and spreading of
fertilizers.

The decreasing trend of active soil moisture at the end of vegetation continued in following year,
which can be connected to a higher temperature in comparison with 2005 and 2006. Also, the
results for potential evapotranspiration in all treatments are connected with the temperature. Various
researchers indicate the direct influence of temperature on ET (Evett 2007; Iljovski and Cukaliev
2002; Allen et al., 1998; Doorenbos et al.,1986; Doorenbos et al., 1984). Namely, the results for
ETP in 2007 are almost for 275 to 543 m%ha higher compared with 2006, when the least
evapotranspiration was registered.

Table 9. Water balance and ETP (m%ha) for 2007

_ Total Comparison Comparison
Treatment Wi I income We ETP with KK1 with KK2
(%) (%)
KK1 1824 4550 6374 1306 5068 100 /
KK2 1824 4716 6540 1400 5140 101,5 100
KK3 1824 4489 6213 880 5333 105,2 103,6
Os 1824 5517 7331 1142 6189 122,1 120,4

Table 10. Average results for ETP, yield and ETK, for all three years of investigation

ETP ETk
ETP comparison Yield D.M. yield comparison
Treatment | | it k2 (t/ha) (Uhi) ETk | it K1
(%) (%)
KK1 4888 101 73,15 12,24 3993 100
KK2 4842 100 69,18 11,98 404,2 1012
KK3 5108 1055 63,42 10,19 501,3 1255
08 5881 1215 56,99 9,07 648.4 1624
LSD: 005 | 5645 1.80 0.72 34,09
LSD: 001 | 76,16 243 0,98 46,85

From the results presented in Table 10, it can be concluded that there are negligible differences in
ETP and ETk between the treatments KK1 and KK2 (drip fertigation every 2 and 4 days), what is a
result of closer irrigation interval of these two treatments. Statistically, there is no significant
difference in ETP and ETk between treatment KK1 and KK2. So, in this case, the decision for the
frequency of drip fertigation in a range of two to four days should be made according to the yield,
not according to the ETP and ETk. Drip fertigation frequency every two days achieves a yield that
is significantly higher than the yield if fertigation is applied with four day frequency (KK2). Bar
Yosef (2003) reported better pepper yields in treatment with drip fertigation 2 or 3 times a day (71
t/ha) compared with every day (68 t/ha) or every 2 day drip fertigation (66 t/ha). Also, various
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researches reported better yields in pepper and other crops by using of high-frequency surface drip
irrigation and fertigation in comparison with low frequency surface drip irrigation and fertigation
(Tanaskovik, 2011; Iljovski et al., 2003; Tekinel and Kanber, 2002; Phene, 1995; Oguzer et al.,
1991; Topgu 1988). On the other hand, as a result of longer intervals between the applications, the
treatment KK3 (drip fertigation scheduled by tensiometers) showed 4,5-55% higher
evapotrasnpiration in comparison with KK2 and KK1, and from 23,9 to 25,5% higher ETk in
comparison with KK1 and KK2. The results for ETP and ETK in treatments KK1 and KK2 showed
statistically significant differences in comparison with treatment KK3. According to the results of
the average green pepper crop Yyields presented in Table 10, it is clear that the high drip fertigation
frequency create better environment for increasing of yields in comparison with low drip fertigation
treatment (KK3). So, our results show that the time difference between two applications of water
and fertilizers higher than four days will significantly decrease the yield and increase ETP and ETk
of green pepper crop due to increased water stress. Metin Sezen et al., (2006) in their investigations
with different irrigation regime in pepper crop, reported the best yield in the treatment with drip
irrigation frequency of 3 to 6 days with average ET from 519,5 mm, while in the drip irrigation
treatment with irrigation frequency from 6 to 11 days and 9-15 days yield and water use efficiency
decrease. Doorenbos et al. (1986) reported that prolonged water deficit limits growth and reduces
yields in tomato crop.

The effect of irrigation and fertilization techniques on ETP is presented by the achieved results in
treatments KK3 (drip fertigation with tensiometers readings) and Og (furrow irrigation and
spreading of fertilizers). Namely, in almost the same irrigation intervals, the treatment KK3
obtained almost 15% lower ETP compared with @g, which is a result of the application of fertilizers
through the drip irrigation system. The results are statistically significant at 0,01 level of probability.
Also, the drip fertigation treatment showed a statistically significant higher yield compared with
furrow irrigation and spreading of fertilizer. The effect of the drip fertigation can be explained by
the fact that with drip fertigation the root zone is simultaneously supplied with water and readily
available nutrients. Haynes (1985) reported that if nutrients are applied outside the wetted soil
volume they are generally not available for crop use. Hagin et al., 2002 reported that in a fertigation
system, the timing, amounts, concentrations and ratios of the nutrients are easily controlled and
compared by a conventional fertilizer application and irrigation. Dasberg and Or (1999) reported
that increased yields using drip irrigation can be attributed to several factors: higher water use
efficiency because of precise application directly to the root zone and lower losses due to reduced
evaporation, runoff and deep percolation; reduced fluctuations in the soil water content resulting
with avoidance of water stress etc. A number of other investigators give reports with higher yields,
efficient use of water and fertilizers and lower ETP in different crops when fertilizers were injected
through the drip system in comparison with conventional application of fertilizers (Tanaskovik et
al., 2011; Cukaliev et al., 2008; Tanaskovik et al., 2006; Halitligil et al., 2002; Al-Wabel et al.,
2002; Castellanos et al., 1999; Petrevska K. J. 1999; Papadopoulos, 1996).

The total dry matter yield in drip fertigation treatments, show the same pattern as a fresh fruit yield.
The results are statistically significant at 0,01 level of probability. Halitligil et al., (2002) reported
that with the same quantity of fertilizer but different methods of application, drip fertigation shows
higher dry matter yield in comparison with treatment with spreading of fertilizers on soil.
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The positive effect of drip fertigation on ETKk is presented by the differences between the treatments
KK3 and @g. From the results, it can be concluded that the treatment KK3 has an almost 30% lower
ETk coefficient in comparison with furrow irrigation and spreading of fertilizers on the soil. The
average ETk coefficient achieved in treatments KK1 and KK2 are pretty close to average
transpiration coefficient of 330 presented by Lazi¢ et al., (2001). Tanaskovik (2005) and Petrevska
(1999) achieved a lower ETk coefficient in tomato crop with drip fertigation in comparison with
furrow irrigation and spreading of fertiliser.

Generally, the obtained results for ETP in our investigation are lower than those recommended by
lljovski and Cukaliev (1994), from 7000 to 8000 m*/ha and Doorenbos et al., (1986), from 600 to
900 mm. This is a result of the proper and controlled irrigation and fertilization regime during all
three years of investigation, especially in drip fertigation treatments. It is important to mention that
our results are connected to proper water management in agricultural production, especially in the
forthcoming period when the climate changes are expected to have an influence on water resources
in our country.

Conclusions

The least average potential evapotranspiration (ETP) is achieved in the treatments with drip
fertigation at 2 (4888 m*ha) and 4 days (4842 m’ha). Statistically, there is no significant
difference. On the other hand, as a result of longer intervals between the applications, the treatment
KK3 (drip fertigation scheduled by tensiometers) showed 4,5-5,5% higher evapotrasnpiration in
comparison with KK2 and KK1. The results for ETP in the treatments KK1 and KK2 showed
statistically significant differences in comparison with treatment KK3 (5108 m*/ha). The effect of
irrigation and fertilization techniques on ETP is presented by the achieved results in treatments KK3
and @g. Namely, in almost the same irrigation intervals, the treatment KK3 obtained almost 15%
lower ETP compared with @g (5881 m®ha), which is a result of the application of fertilizers through
the drip irrigation system. The results are statistically significant at 0,01 level of probability.

The highest average yields are achieved in treatments KK1 and KK2 with 71,11 t/ha and 68,40 t/ha,
while in treatment KK3 the average yield was almost 6-9 t/ha lower (62,61 t/ha). The results are
statistically significant at 0,01 level of probability. It is clear that the high drip fertigation frequency
creates a better environment for increasing of yields in comparison with low drip fertigation
treatment. The least average yield is achieved in treatment @g (54,74 t/ha). The treatments with drip
fertigation statistically showed a significantly higher yield compared with furrow irrigation and
spreading of fertilizer. Also, the total dry matter yield in drip fertigation treatments, show the same
pattern as a fresh fruit yield. The results are statistically significant at 0,01 level of probability.

The treatments KK1 and KK2 show the best ETk coefficient or 400 in average. The highest ETk
was achieved in treatment @g almost 650, which is a result of improper irrigation and fertilization
technique. The positive effect of drip fertigation on ETKk is presented by the differences between the
treatments KK3 and @g. From the results, it can be concluded that the treatment KK3 has an almost
30% lower ETk coefficient in comparison with @g. Statistically, the results are significant at 0,01
level of probability.

Generally, the obtained results for ETP and ETK in our investigation are lower than those
recommended by the literature. This is as result of the proper and controlled irrigation and
fertilization regime during all three years of investigation, especially in drip fertigation treatments. It
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is important to mention that our results are connected to proper water management in agricultural
production, especially in the forthcoming period when the climate changes are expected to have an
influence on water resources in our country.

Finally, from our research we can conclude that the optimal frequency for irrigation and fertigation
of green pepper crop in similar conditions is from two to four days. The final decision of the
frequency of drip fertigation in a range of two to four days should be done according to the yield,
not according to the ETP and ETKk.
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OIIPEJEJIYBAIE HA EBAIIOTPAHCIIMPAIIUJA KAJ ITUIIEPKA TTPU IIPUMEHA
HA PA3JIMYHU HAYWMHU HA HABOJIHYBAIGE U I'YBPEIHE

BjexocnaB TanackoBuk, Opnan Uykanues, JKuBko Jankynocku, Mune Mapkocku, Urop UspoBckH,
Crojandye HeukoBcku

AncTpakr

HctpaxyBamero Oemie CpoBeneHO BO MEPHOAOT O Maj mo okromBpu Bo 2005, 2006 u 2007
TOAMHA, Kaj MUIepKa o copTara bema nonra, oArieayBaHa BO 3aIITHTCH MPOCTOP-IUIACTEHHUK Ha
ONUTHUTE NMOBPUIMHU Ha PakynTeToT 3a 3eMjONEJICKH Hayku M XpaHa Bo Ckomje. ['maBHa men Ha
UCTpaXXyBameTO OellIe 1a ce ompeeNy norpomrysaykara Ha Boja (ETP) kaj nunepka oarienyBana
€O KOHTpoJIUpaH pact Ha crednoto (V-cucrem), IpH NMPUMEHa HA PA3IMYHU HAYWHHU U PEKUMU Ha
HaBOJHYBame W TIyOpeme. [lokpaj riaBHaTa Ied, BO HCTPaXyBameTo Oelle OmpelelieH |
Tparcnuparmonnotr koedwuimeHt (ETK), koj ucTo Taka kako mapamerep MOXe Ja TMOCTYKH 3a
WHIUPEKTHO YTBPAYBAalkE€ Ha MOTPOIIyBauykaTa Ha BOAA. 3a Taa I, YETUPU BapHjaHTH Oea
moctaBeHH Bo UcTpaxkyBameTo. Tpu Bapujantu (KK1, KK2, KK3) Gea 3aieBaHn co cucTeM Karmka
I10 KaIlka ¥ UCTOBPEMEHA aIlIMKaIlfja Ha XPaHJINBUTE MaTepUH NPEKY CHCTEMOT ((epTupurarmja),
JOJieKa eJHAa BapHjaHTa Oellle HABOJHYBaHA cO Opa3gWm M KIACHYHO TyOpeme (KOHTpOIJIHA
BapujanTta Q). O 1oOMEHNTE MPOCCUHH PE3yITATH 32 CUTE TPHU FOJUHU Ha UCTPAXKYBAHE, MOXKE
Ia ce 3akny4u jaeka pasiukute Bo ETP u ETK momery KK1 u KK2 (peprupuranuja Ha 2 u 4 neHa)
ce MHOTY Malli, IypH M HE3HAYMTENIHH, IITO Ce JO0JDKM Ha OJMCKUOT MHTEpPBaJ Ha 3ajieBame Ha
nsere BapujanTH. Bapujantarta KK3 (peprupuranyja co momour Ha TEH3MOMETPH), KAaKO pe3ysTaT
Ha TOJOJITMOT WHTEPBAJ Ha 3alicBame MOKaxka 4,5-5,5% MOBHCOKA €BalOTPAHCIHUpAIlHja BO
cnopenba co KK2 u KK1, ogrocHo ox 24 1o 25,5% nosucok ETK Bo ciopenda co KK1 u KK2, a
Pa3JIMKUTE Ce BUCOKO CTATHCTHYKH 3Ha4dajHU. EQEeKTOT Ha TeXHMKaTa HAa HABOJIHYBambe U I'yOpeme
Bp3 eBamnoTpaHcnupanujara 1 ETk, Moxxe na ce Buam npu criopenda Ha Bapujanture KK3 n Oy,
kage ETP u ETK ce 3a 15, ogHOcHO 30% MOBUCOKH Kaj KOHTpONHATa BapujaHTa. Pezynratute ce
BHCOKO CTaTHCTHYKH 3HA4ajHU Ha HUBO Ha BepojaTtHocT o1 0,01.

Knyunu 300poBHu: NOTEHIMjajdHA €BallOTpaHCHHMpaNja, €BalOTPAHCIIUPAIMOHEH KOC(HIIUEHT,
(bepTupHranyja, HABOJHyBambe co Opa3au, MUMepKa.
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Abstract

Use of water in agriculture is very important for agricultural production and decreasing the impacts
of drought. Global water use in agriculture is approximately 70% in not only Turkey but also in the
world. Due to the fact that there has been a competitive among domestic, industrial and agricultural
sectors in terms of water use, the most pressure is on the irrigated agriculture. Use of water in
agriculture plays the important role in terms of negative effects of climate change and inappropriate
irrigation applications. The amount of irrigation water of 5 000-6 000 m® per ha are used in the
modern irrigation systems while the amount of irrigation water more than 10 000 m® per ha are used
for conventional irrigation. Additionally to use a large amount of water causes risks of salinity and
erosion for irrigated lands. There has not been only one way to overcome these problems. These
could be technical and institutional approaches. The precautions must be applied as integrated with
all the applications. Technical precautions could be using modern irrigation systems, improving
irrigation scheduling for efficient water use, water harvesting, using wastewater, terracing, building
small dams, mulching and less soil ploughing. Institutional precautions are to improve the
functional structures of water user associations and irrigation cooperatives. In this article, due to risk
of climate change and drought especially in Southeastern Anatolia Region of Turkey, irrigation
problems and the precautions for the effective use of water in agriculture are discussed.

Key words: irrigation, efficient use of water, water management, Southeastern Anatolia Region,
Turkey.

Introduction

Agriculture has the greatest potential for solving the problems of global water scarcity and effective
use of water. Thus, irrigation is the most input in increasing crop production especially for arid and
semi arid regions. Considering food demand and human life, irrigation investments have become
more important in all over the world. Over 70% of available water in the irrigated areas is used for
agriculture; however competition for the limited water resources in the dry areas is increasing with
domestic and industrial demand reinforced by high population growth rates, improvements in living
conditions and changing expectations, depriving agriculture of substantial amounts. There will be
new water allocation between sectors and water currently available to agriculture is likely to
decrease further (Cetin et al., 2009).
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Water scarcity is a situation where there is insufficient water to satisfy normal requirements
(Winpenny, 2009). Many of the causes for water scarcity are inter-related and are not easily
distinguished. These may be population growth, food production, climate change and variability,
land use, water quality, water demand, sectoral resources and institutional capacity, poverty and
economic policy, water resource management, international waters, political realities and
sociological issues. Southeastern Anatolia Project (GAP), that is an integrated regional development
project was laid in 1980, in Turkey. GAP, was initially undertaken as a program to develop water
and land resources of the region and consequently planned as a package comprising 13 projects
envisaging irrigation schemes and hydraulic power plants in the basins of the Euphrates and the
Tigris. The surface area of the region is 75,358 square kilometers constituting 9.7 % of the total
surface area of the country (Figure 1). Turkey has 8.5 million hectares of irrigable land in near
future and about 20 % of this land is in Southeastern Anatolia. The GAP region has a share of about
10 % in both the total population and geographical area of Turkey.

() ECONOMICALLY IRRIGATED AREA

(a) LAND POTENTIAL

GAP Regon
9.7% GAP Rego:

OTHERS
OTHERS 80%

903%

Figure 1. Land potential of GAP Region (a), economically irrigated area of GAP Region (b)

GAP, is one of the world’s largest and most ambitious regional development projects, which
includes not only a giant water resources development plan, but also large-scale investment in a
wide range of development-related sectors such as agriculture, energy, transportation,
telecommunications, health care, education as well as urban and rural infrastructure. GAP as it is
presently conceived, is a US$32 billion multi-sectoral, integrated regional development program,
which primarily aims at strengthening economic, environmental, cultural, social, institutional
aspects of human development in this economically disadvantaged region by significantly raising
the prevailing living standards and quality of life.

GAP package included 22 dams, 19 hydraulic power plants and irrigation covering an area of 1.7
million hectares. The main components of the GAP project were the Atatiirk Dam, Sanliurfa
Tunnels, and Sanliurfa-Harran irrigation system. Presently, area of 189 951 ha are irrigated by
Ataturk Dam, in the near future, area of 882 000 ha will be irrigated (Cetin, 2011). With the
preparation of GAP Master Plan in 1989, the project transformed into an integrated regional
development effort also covering such diverse fields as rural and urban infrastructure, housing,
transportation, communication, agricultural and industrial development, tourism, education and
health. Later on, parallel to developments taking place in the world, the philosophy of sustainable
human development was adopted in the context of GAP activities upholding the principles of
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human development, participation, equality and fairness. At present, besides its water resources
development program, the GAP is implemented as an integrated regional development project based
on sustainable human development covering many other sectors as well.

Effects of Irrigation on Regional Development

In the GAP Region, 1.822 million hectares is planned to be irrigated. By the end of 2009, a total of
300 397 ha were irrigated in Euphrates and Tigris Basin. Almost 72 093 ha of irrigation network
construction is still underway while in the planning stages are 1,448,556 ha. Around 16,5% of
irrigation projects are operated. It has shown irrigated areas in the GAP Region on the Table 1.
Irrigation has changed crop pattern in GAP Region, and the farmers have started to use new
agricultural techniques. Considering development and increasing life standard in the region by
means of irrigation, the beneficial impacts of irrigation will be (i) increased crop production and
increased farm income, (ii) increased cropping intensity and crop diversification, (iii) increased
farm employment and (iv) increased farm consumption and increased permanent wealth (Cetin,
2011). Crop pattern before GAP and planned crop pattern in the part of named Lower Euphrates of
GAP including Harran Plain are given in Table 2 and 3. According to dry conditions, the highest
crop ratio is winter wheat and barley (51 %) and legumes (31 %). According to the crop pattern of
GAP Project, the ratio of cotton will have been the highest (34.3 %) and the second highest ratio of
the crops were winter wheat and barley (27,9%).

Table 1. Irrigated area in the GAP Region according to the years (Anonymous, 2012)

Years Irrigated Area (ha) Net irrigated area opened during the year (ha)
2002 198.854 4.758
2003 206.954 8.100
2004 224.604 17.650
2005 245.613 21.009
2006 262.335 16.722
2007 272.972 10.637
2008 287.295 14.323
2009 300.397 13.102

Realized crop pattern in the areas before GAP and starting irrigation of GAP is given in Table 4.
Cotton grown ratio was 50.0-69.0 % and 59.0-79.0 % in Ceylanpmar and Akgakale Irrigation
Schemes before GAP. Although there were no any cotton crops for the dry areas in Harran Plain,
the ratio of cotton has reached dramatically through 91-96%.

Table 2. Crop pattern before GAP in Harran Plain of GAP (Fakioglu, 1989)

Crops Area Sown (%)
Wheat + Barley 51
Lentil + Chick Pea 31
Sesame + Sun flower 3
Fallow 13
Others 2
Total 100
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Table 3. Planned crop pattern according to irrigation conditions of Harran Plain (Fakioglu, 1989)

Crops Area (%)
Cotton 34.3
Wheat + Barley 27.9
Tuber crops 8.1
Vegetables 7.5
Fruits 4.5
Forages 4.7
Grapes + Pistachio 2.5
Poplar tree 3.8
Others 6.7
Sub Total 100.0
Second crops 165
(Sesame, corn, groundnut and soybean)
Total 100.0+16.5

Table 4. Realized crop pattern in some of irrigations schemes in GAP (DSlI, 1997)

Crops Irrigation Schemes Name
Ceylanpiar* Akgakale* Harran

1994 1995 1994 1995 1995 1996

Cotton 50.0 69.0 59.0 79.0 96.0 91.0
Wheat + Barley 37.0 25.0 37.0 20.0 -- --
Horticultural crops 13.0 6.0 2.0 1.0 1.0 2.0
Corn -- -- -- -- -- 3.0
Others - - 2.0 - 3.0 4.0

Total 100.0 100.0 100.0 100.0 100.0 100.0

*Started irrigation projects by ground water (wells) before GAP

This situation has increased the incomes of the farmers. However, besides use of over irrigation,
undesired crop pattern applied on the contrary planned crop pattern is the most important problems.
These applications indicate that more irrigation water can be consumed or used.

Farmers’ incomes have increased with starting irrigation in this region. For example, the value
added per person was 596 USD in the region before irrigation in 1995; it was 1241 USD in 2008.
This is significantly increased for human life. Considering all the sectors development, especially
irrigation investments and increasing agricultural production will be play enormous role for the
development in near future (Anonymous, 2012).

Applications and Approaches for Irrigation on Efficient Water Use

When soil and water resources have not been managed considering the characteristics of soil and
water resources, it can not be stated on sustainability of soil and water resources. On the other hand,
many problems might occur; such as soil and water loss, soil and water pollution, soil erosion, soil
salinity. Considering different irrigation methods, surface irrigation methods are widely used in
Turkey. In this respect, the main problem is the use of excessive irrigation water. According to some
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of the research results, average 900-1000 mm irrigation water is enough to get maximum yield on
cotton in Harran Plain. At the beginning of irrigation years, the farmers have applied irrigation
water between 1200-1500 mm. Considering the last research result, the affected area by salinization
increased from 11 430 ha in 2000 to 17 767 ha within 10 years showing 55 of increment.
Salinization and high ground water levels increased by means of irrigation (Cullu et al., 2010). Also,
over irrigation has resulted drainage problems. There is no only one way to overcome these
problems. Efficient water use could be achieved using the integrated approaches or applications of
technical and institutional approaches.

Technical Approaches and Applications: Efficient water use might be considered as different
applications. These could be using modern irrigation systems for irrigated agriculture, improving
irrigation scheduling for efficient water use, water metering, water harvesting, using wastewater,
terracing, building small dams, mulching and less soil ploughing. The most important issue in terms
of irrigation is not to apply considering volumetric measurements per area. Thus, some sanctions
must be applied to the farmers who use exceed water and for other inappropriate applications. Some
precautions for preventing irrigation problems and inappropriate applications must offer to the
decision makers and the government. The precautions must be applied as integrated with all the
applications.

The sustainable use of water resources under aridity may imply effective adoption and
implementation of integrated land and water resources planning, improving of water distribution
and irrigation systems, valuing the water as an economic, social and environmental good, adoption
of appropriate water and irrigation technologies, the users participation in water resources and
system management and education and training of water managers, operators and users. For
example, there are no sanctions to provide irrigation water to farmers on the basis of volume. If it is
applied, the farmers and irrigation unions will have an effective and efficient use of irrigation water.
Institutional Approaches and Applications: In Turkey, allocation of irrigation water to the farmers
in irrigation schemes performed by means of Water User associations (WUAS) and Irrigation
Cooperatives (ICs). These establishments, WUAs and ICs, are directed by democratic rules under
the framework of the present laws. However, there are practically some mismanagement in these
establishments. There are many different reasons for this. These are habits and education level of
the farmers, local conditions, history, customs, local or national politicians, social structure of the
region. Thus, these authorities, WUAs and ICs, must be controlled by decision makers and/or
governments to get more appropriate in terms of efficient management. In this way, an effective
water management and water saving can be achieved. For that reason, the Law (Law No: 6172) for
Water User Associations has been enacted nowadays.

Conclusions

Use of micro-irrigation systems especially drip irrigation plays significant role on water saving for
irrigated agriculture. Thus, use of pressurized irrigation systems should be supported directly or
indirectly by governments. Fortunately, this was started by 2007 in Turkey initiated in our country
by the end of the year 2007. In addition, the present large-scale surface irrigation projects, and farm
irrigation networks must be converted to the pressurized irrigation systems.

Another main problem is not to use amount of irrigation water considering volumetric basis. For
that reason, over or exceed irrigation in Turkey is one of the major problems. These applications
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cause deterioration on soil conditions. The farmers have believed that the more water is equal to
more crop yield. Thus, they have not been considered the deterioration of soils, and particularly soil
salinization and alkalinity.

The sustainable use of water resources may imply with implementation of integrated land and water
resources planning, improving of water distribution and irrigation systems, considering the water as
an economical, social and environmental resource. In addition, use of appropriate water and
irrigation technologies, the participation of the users in water resources and system management,
and education and training of water managers, operators and users are the other factors affecting
irrigation management. On the other hand, there are many different direct or indirect ways to be
considered in use of efficient water. These may be surface water harvesting, terracing, building
small dams, using non-conventional water resources, water conservation and water saving practices
and management, water metering, water pricing, to develop new crop varieties resistant to water
stress, improving irrigation systems, improving irrigation scheduling and deficit irrigation.

As a result, there is no only one way to overcome this problems but an integrated management in
irrigated agriculture must be planned and implemented. Thus, regional, national and/or international
new approaches and mechanisms on water and irrigation management should be organized.
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IPUCTAII 3A EOUKACHO KOPUCTEILE HA BOJIATA 3A HABOJHYBAIBE BO
3EMJOJEJICKOTO MPOU3BOJACTBO BO GAP PETHOHOT BO TYPIIMJA

Hemte Y3en, Ouep Lerun, Mypar Kapaep

AncTpakr

Bomara uma roiemMo 3HaYeH-E 3a 3€MjOJCICKOTO MPOM3BOJICTBO W BJMjac HAa HaMajlyBame Ha
HeraTUBHHUTE e(eKkTuTe oja cymara. [700alHOTO KOPHCTCHE Ha BOJaTa BO CEKTOPOT
3eMjo/1eIcTBOTO BO Typiivja, HO U Ha CBETCKO HUBO ¢ npubmmkHo 70%. [Topanu GakToT neka aeHec
ITOCTOM MOCTOjaHa KOHKYPEHI[Hja BO MOTJIE]] HA KOPUCTCHE Ha BOJaTa MOMEly JJOMAIIHUOT CEKTOpP,
CEKTOPOT MHIYCTPHja U 3eMjOACICKOTO MPOU3BOJICTBO, OYHUIIICHO € JIeKa HajrOJEMHUOT MPUTHCOK
ce jaByBa TOKMY BO 3€MjOJICJICTBOTO, OJHOCHO HABOJHYBAHHETO HA 3eMjoJelcKuTe KynTypu. McTto
Taka, BOJAara BO 3€MjOJCJICTBOTO MMa Ba)KHA yJiora BO MOIJIe] HA HAMAalyBame HA HEraTHBHOTO
BJIMjaHHE HA KIMMATCKHUTE MPOMEHU M HEMPABHIHOTO HAaBOIHyBame. Kaj MoJepHHTE TEXHHKU Ha
HaBOJHYBamke, HOpMaTa Ha HaBOAHyBame u3HecyBa o 5 000 mo 6 000 m3/ha, JIoJleKa Kaj
TpamuIMOHATHATE TEXHUKHM Ha HABOJHyBamke Taa ce nBwkd aypu u Hag 10 000 m®/ha.
JlononHKUTENIEH TPo0IeM MPU KOPUCTEHETO Ha MOT0JIEMO KOJIMYECTBO HAa BOJA MPECTaByBa PU3UKOT
0J1 3aCOJIyBabe WM €po3dja Ha MOBPIIMHUTE KOW CE HAOraaT MoJ HaBOJAHYyBame. | eHepasaHo, BO
IpakcaTta He MOCTOjaT eAWHCYHH MEPKH 3a pelliaBame Ha OBHE MpoOsieMu. [1oTpeOeH € TeXHUYKH U
WHCTUTYIIMOHAJICH MpPHCTAll 3a pEIIaBalke HA HUCTUTE, MPEKYy HHTCTPUPAmEe HAa CUTC MEPKH.
TeXHUYKHOT MpHCTan MOTPeOHO € Ja omdaka MEPKHA KaKO MOJCPHH CHCTEMHU 3a HABOJHYBAaIbe,
oJI00pyBame Ha PEKUMOT Ha 3aJieBambe 332 MOe(UKACHO KOPHCTEHE Ha BOJATa, KOH3epBaluja Ha
BOJIaTa, KOPUCTEHhE HA OTIAJHU BOJH, Tepacuparme, M3rpajda Ha Majd BEIITAYKH aKyMyJailuH,
MyJuUpame U nomana o6paboTka Ha mouBaTa. MHCTHTYIHOHATHUOT MPHUCTAl omndaka MEepKu 3a
oJI00pyBame Ha CTPyKTypara Ha (DYHKIMOHHMPAe HA BOJHUTE 3a¢JHUIM U KOOIEPATHBUTE 32
HaBOAHYBame. OTTyKa, MOpaJd PU3UKOT OJl BIMjaHHETO HA KIMMATCKUTE MPOMEHH U CyIIaTa BO
JYTO-UCTOYHUOT PErvoH Ha AHaTojuja BO TypiHja, BO OBOj TPYA CE HM3JIOKCHH MPOOJIEMHUTE O]
IpakcaTta Ha HAaBOJHYBaWmEe, KAaKO M MEpPKHATE 3a TMOe(hUKACHO KOPHCTCHEC Ha BOJaTa BO
3€MjOJICIICKOTO IPOU3BOCTBO.

KiyuyHu 300poBM: HaBOIHYBambe, CPUKACHO KOPUCTCHE HA BOJATA, YIPABYBAWkHE CO BOJIUTE, jyro-
HCTOYCH peruoH Ha Anatonuja, Typuuja.
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Abstract

In this paper are presented the results of research conditions of formating, the genesis, evolution and
classification of calcomelanosols and calcocambisols on Jablanica mountain. On different localities
of the Jablanica mountain were excavated 18 basic pedological profiles of calcomelanosols with
subtypes: organogenic (5) organomineral (12) and brownized (1) and 4 profiles brown soils on
limestone and dolomites with a typical subtype. In addition, data were collected for conditions of
soil forming factor (parent material, relief, climate, vegetation and human impact). Surveyed soils
are formed only on pure limestones, dolomitised limestone and silicated limestone, mountainous
terrain at an altitude of 900-1990 m. Investigated soils are formatted under variety of oak and beech
communities, but in subalpine belt under alpine grassland communities. Examined soils on
Jablanica mountain are extend into four climate-vegetation belts. By cutting and burning the forest
erosion process is intensified. Calcomelanosols are the first stage in the evolution of soils on
compact limestone and dolomites. Jablanica mountain evolutionary series has following order:
organogenic —organomineral — brownized calcomelanosol - calcocambisol (brown soil on limestone
and dolomite).

Key words: soil, conditions for forming, genesis, evolution, classification.

Introduction

Calcomelanosols and calcocambisol formation on limestones and dolomites are highly spread out in
the Republic of Macedonia. By Filipovski (1996), calcomelanosols comprising 220 000 hectares
and occupy 8.6% of the territory of the Republic of Macedonia. According to the same author
Filipovski (1982) calcocambisols formation on limestones and dolomites cover about 92 944 ha of
the territory of the Republic. Taking into account highly spread out of calcomelanosols and
calcocambisols formation on limestones and dolomites as well as the possibility of greater use in
agriculture and forestry purpose of this paper came out. Mountain Jablanica, by its geological
structure is built around the same of silicate rocks and limestone.

The subject of this paper are soils formation only on pure limestones and dolomites. On Mountain
Jablanica we found two soil types formation on pure limestone: calcomelanosols and
calcocambisols. Soil cover is intermittent and is bordered by limestone and dolomite rocks. Depth
profile of these soils changed to the little distance. Calcomelanosols overgrown with grass and
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forest vegetation. Grassland vegetation is mainly used for grazing cattle, and the lower part is used
as meadows of which gets hay. Calcocambisols are deeper soils compared to calcomelanosols and
mainly are under forest vegetation, lower part under grassland vegetation and favorable habitats for
development forest and grassland vegetation.

Material and methods

On mount Jablanica were excavated, studied and described morphologically 22 profiles on
limestones and dolomites of which 18 calcomelanosols with subtypes: organogenic (5),
organomineral (12) and brownized (1) and 4 profiles brown soils on limestone and dolomite
(calcocambisols) with a typical subtype (Petkovski, et al., 1993). In addition, data were collected for
conditions of soil forming (parent material, relief, climate, vegetation and human impact). Since
these profiles were colected soil samples for laboratory analysis. Field trials are conducted
according to generally accepted methodology in our country (Filipovski, edit. 1967).

Results and discussion

Review of soil forming factors that affect the formation of calcomelanosols and calcocambisols on
Jablanica Mountain is shown in Table 1.

Geographical conditions and relief

Jablanica Mountain extends in a north-northwest and south-southeast. The mountain is widespread
in the region of 41°05 'to 41°30' north latitude and 20°30'to 20°40" eastern longitude. Morphological
notes with several tops over 2000 meters high. The highest of which is the Black Stone with 2257
m. Its eastern slopes cut through with more narrow and deep valleys and very steep down in Struga
field and valley of the Black Drim.

Investigated soils are formed in mountainous landscapes Jablanica mountain at an altitude of 900 -
1990 m. The highest parts of the investigated area extend organogenic calcomelanosols. In the
lower parts of the mountain extend organomineral and brownized calcomelanosols. Calcocambisols
are extend with previous, on flatly relief forms.

Geological composition

Jablanica is a silicate and carbonate mountain prevalence carbonate rock. Investigated soils are
mainly formed on pure limestone and less on silicated limestones and dolomitized limestones (Table
2).

Climate and vegetation

Investigated soils occur in more climate vegetation belts, because parent material is crucial soil
forming factor. Republic of Macedonia can be divided into 8 vertical climatic vegetation belts
(Filipovski et al.,1996). Investigated soils extend down into 4 climatic vegetation belts and because
it is inhabited by different plant communities. Calcocambisols of mountain Jablanica prevalent at an
altitude of 1000-1380 m. Warmer exposures and lower altitudes are found under plant communities
oak and hop hornbeam, and higher altitudes and colder exposures under community submountain
and mountain beech. Calcomelanosols encountered at an altitude of 900-1990 m. Organomineral
and brownized calcomelanosols extends on smaller altitude are covered under xerophilous plant
communities, while those at higher altitudes and colder expositions under mezophytic associations.
Organogenic calcomelanosols are spread out highest in investigated area and can be found under the
subalpine grassland associations and mesophytic forest communities.
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Human impact
In the past, the cutting and burning of the forest was particularly intense in the subalpine
region.With it's enhanced erosion and impact of forest vegetation is replaced by grass vegetation.
Also with excessive grazing and trampling causes erosion.

Table 1. Some Soil forming factor of soil forming on limestone and dolomites on Jablanica

mountain
i = o
= >
5| £ || 5 |s5|%/|S g
° c c £ © =] = 8 > @
Z R = g E g g |l |2 8
5| 5% & | = ¢ |5 |83 2
a T o o < L £ n o o
Calcomelanosol — Organogenic
9 A (0-25) |Limestone [1400 | Northeast 40-50 20-30 [30-40 js. Aceri obtusati-Ostryo-Fagetum Em at Riz.1988
Dolomite
with layers
38 | A(4-24) . 1300 | Northeast [>50 [60-70 [50-60 @s.Festuco heterophyllae-Fagetum Em 1965*
of limestone
8a | A(0-22) |Limestone [1550 | East >50 {0-50 [70-80 fas. Aceri obtusati-Ostryo-Fagetum Em at Riz.1988
60 | A(0-10) |Limestone [1950 | Northwest 45-50 [35-40 |45-50 fs. Onobrychi-Festucetum syllenicae Ht. 1936
61 | A(0-12) |Limestone (1970 | North > 50 [60-65 [50-60 @s. Onobrychi-Festucetum syllenicae Ht. 1936
Calcomelanosol — Organomineral
3 A (3-28) |Limestone (1200 | Northeast @0-50 [20-30 [30-40 fas.Querco-Ostryetum carpinifoliae Ht.1938
4 A (4-40) |Limestone (1350 | North 30-40 [20-30 [30-40 fas. Aceri obtusati-Ostryo-Fagetum Em at Riz.1988
5 A (3-26) |Limestone [1500 | Northeast [50-60 [10-20 [20-30 jas. Aceri obtusati-Ostryo-Fagetum Em at Riz.1988
7 A (0-21) :?;Lc)srtrz)l:esed 1500 | Northeast [50-60 [10-20 [20-30 fs. Aceri obtusati-Ostryo-Fagetum Em at Riz.1988
11 | A(0-27) |Limestone (1000 | North 30-40 [30-40 [30-40 @s.Querco-Ostryetum carpinifoliae Ht.1938
20 | A(0-18) [Limestone (1400 | East 30-40 |60-70 (50-60 fs. Juniperetum oxycedri-communis Riz.prov.
22 | A(0-30) |Limestone (1300 | Northeast [15-20 [20-25 [30-35 fas.Querco-Ostryetum carpinifoliae Ht.1938
30 | A(0-29) |Limestone [1250 | West [35-40 {40-45 [35-40 fs.Festuco heterophyllae-Fagetum Em 1965*
33 | A(0-36) [Limestone (900 North 40-50 [10-20 [10-20 f@s.Querco-Ostryetum carpinifoliae Ht.1938
35 | A(0-27) |Limestone [1500 | Southeast [50-60 (50-60 [20-30 fs.Pteridio-Asphodeletum albae Em 1976
4a | A(0-25) |[Limestone [1200 | North 30-35 [20-30 20-30 fs.Querco-Ostryetum carpinifoliae Ht.1938
62 | A(0-18) |Limestone (1990 | North 50-55 {40-45 [50-55 fas. Onobrychi-Festucetum syllenicae Ht. 1936
Calcomelanosol — Brouwnized
O (0-8)
8 A (8-36) Limestone 1500 | East 10-50 130-40 140-50 as. Calamintho grandiflorae-Fagetum Em.1965**
(B)rz36-52
Calcocambisols (typical)
1 g)zr_zzzll)-ss :?:g:;'::w 1000 | West  [30-40 [L0-20 [20-30 fas.Querco-Ostryetum carpinifoliae Ht.1938
A (3-20)
2 gzgg‘;’g ﬁ::g:ttsges 1140 | South  [30-35 [20-30 30-40 fas.Querco-Ostryetum carpinifoliae Ht.1938
IA (0-24 -
10 (Bgr224?58 S_lllcated las.Festuco heterophyllae-Fagetum Em 1965*
limestones ({1200 | Northeast @40-45 [20-25 [30-40
(B)rz58-70
A (2-21 Silicated . .
21 (Bgr221?73 limestones 1380 | North  50-60 0-30 po-go > Calamintho grandiflorae-Fagetum Em. 1965

*syn as. Fagetum submontanum macedonicum Em 1965** syn as.

Fagetum montanum macedonicum Em 1965
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Genesis

According to Filipovski (1996) influenced by the factors described in calcomelanosols occur
following three soil forming processes: 1. Dissolving CaCO; and MgCO; from limestone and
dolomite and their rinsing; 2. Accumulation organic matter and the formation of humus horizon and
3. Forming (B)rz horizon in brownized calcomelanosols.

The genesis of brown soils on limestone and dolomites (calcocambisols) are characterized by the
following processes: 1. Accumulation mull and half row humus; 2. Decarbonization; 3. Slight
acidification; 4. Slight chemical weathering by weak clay formation; 5. Fixation and hydratation
Fe,Os and 6. Releasingon the clay residuum of limestone (Filipovski 1984).

Evolution

Calcomelanosols are the first stage in the evolution of soils on compact limestone and dolomites.
Jablanica Mountain evolutionary series has following order: organogenic — organomineral —
brownized calcomelanosol - calcocambisol (brown soil on limestone and dolomite).

Classification

Investigated soils (Table 3) are classified according classification of Former Yougoslavia (Skorié¢ et
al., 1985)

Table 2. Parent material of investigated soils

Parent material Profile N°
Limestone 9,8a,60,61,3,4,5,11,20,22,30,33,35,4a,62,8
Dolomite with layers of limestone 38
Dolomitised limestone 7,1
Silicated limestone 2,10,21

Table 3 Classification of calcomelanosols and calcocambisols on Jablanica mountain

Soil types Subtypes Varieties Forms Profiles
Organogenic Lithic | Mollic horizon 9, 38, 84, 60, 61
Calcomelanosols | Organomineral . . . 34,5 7,11, 20, 22,
Lithic | Mollic horizon 30, 33, 35, 4a, 62
Brownized 8
Calcocambisols Typical Deep Clayey 1,2,10,21

Conclusions

Soils that are aim of investigation are formed in mountainous landscapes Jablanica mountain at an
altitude of 900 -1990 m. The highest parts of the investigated area extend organogenic
calcomelanosols. In the lower parts of the mountain extend organomineral and brownized
calcomelanosols. Calcocambisols are extend with previous, on flatly relief forms. Investigated soils
are formed predominantly on pure limestones, less on dolomitised limestone and silicated
limestone.

Calcomelanosols and calcocambisols of mountain Jablanica extend down into 4 climatic vegetation
belts and because it is inhabited by different plant communities. They are developed under various
oak and beech associations, while in the subalpic region under high-mountain grass associations.
The genesis of calcomelanosols are characterised three soil forming processes:
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1. Dissolving CaCO3; and MgCO; from limestone and dolomite and their rinsing; 2. Accumulation
organic matter and the formation of humus horizon and 3. Forming (B)rz horizon in brownized
calcomelanosols.

The genesis of calcocambisols are characterized by the following processes:

1. Accumulation mull and half row humus; 2. Decarbonization; 3. Slight acidification; 4. Slight
chemical weathering by weak clay formation; 5. Fixation and hydratation Fe,O3; and 6. Releasing on
the clay residuum of limestone.

Jablanica Mountain evolutionary series has following order: organogenic — organomineral —
brownized calcomelanosol — calcocambisol.

In our investigation we found three subtype calcomelanosols: organogenic, organomineral and
brownised, and one typical subtype calcocambisol.
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I'EHE3A, EBOJIYIIUJA U KITACU®PUKAIIUJA HA TIOYBUTE OBPA3YBAHU BP3
BAPOBHIIU U TOJIOMUTHU HA IIJTAHUHATA JABJIAHUIA

Mapjan Anapeescku, ymko MykaeroB, Mune Mapkocku

AncTpakr

Bo 0BOj Tpy ce M3HECEHH pe3yJITaTUTE O UCTPAKyBarmaTa Ha yCIOBUTE 3a 00pa3yBambe, reHes3ara,
eBOJNyIIMjaTa W KIacH(pHUKaI¥jaTa Ha BapOBHUYHO-JOJIOMUTHATE IPHUIM M KaeaBUTE IIOYBH BP3
BapOBHHK M JOJOMHT Ha IUlaHWHaTa JaOnaHuna. Ha pasnuyHu JOKaJMTETH Ha IUIAaHUHATA
Jabmanmnma G6ea nckomanu 18 OCHOBHM NEMOJIONIKH MPO(HIN Ha BapOBHIHYHO-TOJIOMUTHH LPHUAIU
co moTTHIIOBUTE:OpraHoreHu (5), opranomuHepainu(12) u Opaynusupanu (1) u 4 mpodunu Ha
kadeaBu MOYBHM Bp3 BapOBHHUIM M JIOJOMHTH CO €lIeH MOTTHI TUNW4HHU. [Ipurtoa, Oea coOpaHu
MOJIATOLM 33 YCJIOBHTE Ha MOYBOOOpa3zyBame (MaTWUueH CymcTpar, peijed, kiuma, Bererauuja u
BJIMjaHHE Ha YOBEKOT). McnuTanuTe nmousy ce oOpa3syBaar caMo Ha YACTH BApOBHUIMU M JOJOMMTH,
Ha IUIaHUHCKHU perjed Ha Hagmopcka BucounHa ox 900-1990 m. OOpasyBaHu ce 1moJ pa3Hu 1aboBH
1 OyKOBH 3aeIHHIHM a BO CYOaJNCKHOT IIOjac IOJ| BHCOKOIUIAHMHCKH TPEBHHM 3aemHuiu. Ha
IUIAaHUHATa JabJaHMIa MCIUTYBAaHHUTE MOYBU CE MPOCTUPAAT BO YETHPU KIMMATCKO- BErETALIHCKH
nojacu. Co ceueme M Najelke Ha ILIymMaTa 3aciiieHa € eposujata. BapoBHUYHO-IOJIOMHUTHHTE
LPHHALM TNPETCTAaByBaaT NpPB CTaAUYM BO €BOJYyLHWjaTa Ha MOYBHTE BP3 KOMIIAKTHH BapOBHHUIIH
u jonomutd. Ha mianmHara JaOnaHWIa €BONyLMOHATa cepHja o MMa CICIHHOT PEIOCIen:
OpraHoreHa — OpraHOMUHeEpajiHa — OpayHU3MpaHa BapOBHHYHO IOJIOMHUTHA LPHUIIA — KadeaBa
Tmo4YBa Bp3 BAPpOBHUK U TOJIOMHUT.

Kiy4yHu 300poBH: MI04Ba, YCIOBH 32 00pa3yBame, TeHEe3a, CBONYIIH]ja, KIIaCH(pHUKAIIH]a.
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Abstract

The goal of three-year investigations was to determine the influence of precipitation upon drainage
discharge and its duration, concentration of nitrates in drainage water, amount of nitrates leached
and yields of crops grown: winter wheat, oilseed rape and soybean, at four different pipe drainage
spacings (15 m, 20 m, 25 m and 30 m) on pseudogley-gley soil. Investigations were carried out at
the experimental amelioration site "Jelen$¢ak" near Popovaca, in the period from 1 October 2008 to
30 September 2011.Winter wheat (2008/09), oil seed rape (2009/10) and soybean (2011) were
grown at the experimental site. Identical agricultural management practices were applied in each
year in all pipe spacing variants. Total nitrogen rates applied amounted to 183.6 kg. ha™ (2008/09),
175.5 kg.ha™* (2009/10) and 130 kg.ha™ (2011).Research results show that drainage discharge and its
duration depended on the amount and distribution of precipitation during the study period. The
highest drainage discharge was determined at the narrowest pipe spacing (15 m), while its longest
duration was observed at the widest spacing (30 m). No drainage discharge was registered in the
growing season of the dry 2011. The highest nitrate concentration in drainage water, in all pipe
spacing variants, was recorded with the occurrence of the first drainage discharges and was higher
than MAC (10 mg.L™ NO; - N). It was only after the autumn crop harvest that nitrate concentration
was below MAC. The amount of nitrates leached, in each year and at each pipe spacing, depended
on the drainage discharge and nitrate concentration in drainage water. Crop yields in the production
year were statistically significant between the set pipe spacings (2008/09 and 2009/10), while they
were not statistically significant in 2011. Effect of pipe drainage in draining surplus water from soil
was positive in humid years while no effect of pipe drainage was recorded in the dry year.

Key words: precipitation, pipe spacing, drainage discharge, nitrate leaching, crop yield.

Introduction

In the Republic of Croatia, hydromorphic soils caver an area of 1,789,070 ha. Hydroameliorative
systems of surface drainage have been completed on 600,054 ha (33.5 %) of the said area, surface
drainage systems have been partially built on 518,830 ha (29.0 %), while there are no surface
drainage systems on 670,186 ha (37.5 %). Areas on which surface water had to be regulated by
subsurface drainage (pipes) amounted to 820,350 ha. Thus far, subsurface drainage has been
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installed at an area of 161,530 ha (19.7 %), so subsurface drainage still remains to be provided on
658,820 ha (80.3 %) (Marusi¢, 1992).

Agricultural production is very risky on such developed/undeveloped agricultural areas, especially
when surplus and/or deficit of precipitation occurs before or during the growing season. Such
conditions make production planning very difficult and/or almost impossible, because production,
and thereby also yield, depends on the weather conditions, making yields of field crops and their
quality highly variable. This is the reason why most agricultural producers and part of the general
public speak about the so called natural disasters, caused by floods or droughts.

Besides yields achieved and quality of agricultural products, we hear everyday discussions about the
environment and its protection, namely, how much agriculture with all its inputs (mineral fertilizers
and protection agents) influences the pollution of the natural resources soil and water, or about what
should be done to act according to the principles of sustainable management, which implies
production cost-effectiveness, environmental conservation, that is, its protection and prevention of
further excessive pollution of ground and drinking water, notably by nitrates. Due to easy leaching
of nitrates and its harmful consequences for people, the EU Nitrates Directive (91/676/EEC) was
issued on water protection against pollution caused by nitrates of agricultural provenance due to
inadequate and excessive nitrogen fertilization and incorrect storage of stable manure. The directive
defines the responsibilities of the EU member countries regarding introduction of protection and
supervision measures, and prescribes the conditions and measures for protection against nitrate
pollution to be applied at farms. As part of the EU accession process, the Republic of Croatia has
adopted this directive and incorporated it in its national legislation. Application of the Nitrates
Directive will start after Croatia becomes a full member of the EU.

The goal of three-year investigations was to determine the influence of precipitation upon drainage
discharge and its duration, concentration of nitrates in drainage water, amount of nitrates leached
and yields of crops grown: winter wheat, oilseed rape and soybean, at four different pipe drainage
spacings (15 m, 20 m, 25 m and 30 m) on pseudogley-gley soil.

Material and methods

Investigations were conducted from 1 October 2008 to 30 September 2011 at the experimental
amelioration site "Jelenscak" in the central Sava Valley (in the vicinity of Popovaca) on
hydroameliorated pseudogley-gley soil. The wider terrain area, including the experimental site, is
situated in an area of relatively flat relief (I<1%o) at the average height above sea-level of 95.0-96.0
m. Prior to the application of hydroamelioration, the terrain was utilized for extensive public
pastures, which were also covered by typical hydrophilic vegetation (Simunié, 1995). The terrain on
which the trial was set up is situated in the peripheral part of the Nature Park Lonjsko polje (Fig.1).
The shape of the terrain and the position of the experimental amelioration site (table) within it are
shown in Figure 2. The experimental amelioration site comprises four different pipe spacings (15 m,
20 m, 25 m and 30 m) laid out in four replications (Figure 3). Pipe length is 95 m in all spacing
variants, pipe diameter is 65 mm, average slope is 3 %y and average is depth 1 m. Drainage pipes
are combined with contact (hydraulic) material gravel and drain directly into an open detailed canal.
Pipe spacing of 25 m (with the said pipe length of 95 m) has an appertaining area of 1425 m? pipe
spacing of 20 m has an area of 1900 m?; pipe spacing of 25 m has an area of 2375 m? and pipe
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spacing of 30 m has an area of 2850 m” Drainage discharge in each pipe spacing variant was
continuously measured with the aid of a limnigraph, installed at the pipe outlet to the canal.

Climatic data used were provided by the weather station at Sisak, at ca. 15 km distance from the
experimental amelioration site.

10Km 20Km

S\ NOVAGRADISKA

- N > OsIEK
(2 HRVATSKADUBICA

BOSNA | HERCEGOVINA

Figure 1. Location of the experimental amelioration site

The same crop was grown in each year in all pipe spacing variants and identical agricultural
management practices were applied. Winter wheat was grown in the first year, oilseed rape in the
second year, while soybean was produced in the third year.

Winter wheat was sown in October 2008. Total nitrogen rate applied was 183.6 kg.ha™. The crop
was harvested at the beginning of July 2009. Oilseed rape was sown in mid-September 2009 and
total amount of nitrogen added with fertilization was 175.5 kg.ha™. The crop was harvested at the
beginning of July 2010. Soybean was sown at the beginning of April 2011 and a total of 135 kg.ha™
nitrogen was added with fertilization. Crop was harvested in mid-September 2011. Crop yield was
measured at each pipe spacing and was expressed at 13% grain moisture level. Drainage water was
sampled during drainage discharge, each ten days on average. Drainage water samples were taken
separately for each pipe at the pipe outlet to the canal. Concentration of nitrates in drainage water
was determined spectrophotometrically with 2.6-dimethylphenol (HRN 1SO 7890-1:1998).

The amount of nitrates leached (at each pipe spacing) was calculated from the data on average
monthly concentration of nitrates in drainage water and total monthly amount of drainage discharge.
The annual value was obtained by summing up the monthly values of nitrates leached at each
spacing.

ANOVA was applied for drainage discharge, its duration, nitrate concentration and crop yield in the
tested pipe spacing variants; in the case of p<0.05, Duncan's Multiple Range Test was performed.
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Figure 2. The terrain and the position of the experimental amelioration site (table) "Jelens¢ak" —
within the red frame (www.googlemaps.com)

To facilitate interpretation of research results, site factors (soil) and climate (precipitation) were
taken into consideration.

Pseudogley-gley and its characteristics

As per textural composition, hydroameliorated pseudogley-gley soil (Figure 4) is silty clay to 75 cm
depth, silty clay loam at 75 cm to 115 cm depth, and silty clay from 115 cm to 130 cm (Table 1). It
belongs to the class of porous soils (average porosity 49 vol.%), on the borderline between medium
and high water retention capacity (average water capacity 45 vol.%) and of very low air retention
capacity (average air capacity 4 vol.%), as well as of very low water permeability (average water
permeability 0.011 m/day). According to the MKCI reaction to 75 cm depth, the soil has acid
reaction; according to humus content to 35 cm depth, it is fairly humus-rich; according to the supply
of available phosphorus and potassium (to 35 cm depth), it is in the poor availability class.
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LEGEND
=== Way ® 1,23,.. Limnigraphs
[=———] Channel
1L, v Pipe drainage spacing 15,20,26,30 m

Figure 3. Scheme of the experimental amelioration site "Jelen$¢ak"

Climate (precipitation)

According to its general climatic characteristics, the Sisak region belongs to the central-European
temperate climate, warm climate zone, moderately rainy climate with expressly continental traits. In
the twenty-year period (1986 - 2005), an average of 925 mm of precipitation fell in the Sisak region,
which fluctuated from 614.8 mm to 1086.9 mm. The growing seasons had 523.4 mm or 56.6 %,
which is a characteristic of the continental precipitation regime. Monthly precipitation maxima were
recorded in late spring and late summer parts of the year (June and September). The multiyear
average and distribution of precipitation over the year allow the conclusion that the precipitation
regime is favourable for agricultural production. However, to get a better insight into monthly and
annual precipitation and its distribution, probability of its occurrence should be calculated (Table 1)
as well as the occurrence return period (Table 2).
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i

Figure 4. Pseudogley-gley soil proi‘ill

Based on the multiyear precipitation average, the Sisak region is on the borderline between semi-
humid and humid climate (Kf = 81.9) pursuant to Lang’s rain factor, whereas pursuant to the
monthly heat index of Gracanin, the region belongs to moderately warm climate (T=11.3°C).
Climatic and hydrological characteristics of the studied region are some of the indispensable
indicators for the planning and designing of drainage systems, since multiyear precipitation, its
monthly or seasonal distribution or maximum daily precipitation and its intensity define the key
characteristic of climate and determine the type of agriculture and management on ameliorated
areas.

Table 1 presents the probability of monthly precipitation occurrence for the weather station Sisak,
which was calculated according to the formula:

2n-1
Fa= 5 x 100 Fa - occurrence probability (%)

y

n - number of equivalent occurrences or observations
y — total number of occurrences or observations

Return period of precipitation occurrence was calculated according to the formula:

P= — P — Return period

It is evident from Table 1 that the probability of precipitation occurrence in 50 % cases was 948.3
mm (value taken from Fa=52.5 %), while the probability of precipitation occurrence was 1005.9
mm in 22.5 % cases. It is evident from Table 1 that the listed sums of annual precipitation (1005.9
mm and higher) were allocated to class | and that their occurrence can be expected every 4th year.
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Table 1. Occurrence probability of monthly and annul precipitation (Fa) (mm), WS Sisak, 1986-

2005
Entry | 1 " (v |v VI (vl (vl X | X Xl [ X | Sum Fa
(%)
1 90.7/114.1] 95.8| 151.9| 198.6| 190.4| 151.5| 182.3| 229.9| 178.2| 196.5| 136.4| 1086.9| 2.5
2 84.9/79.4 |84.4/125.8|176.5/178.6| 148.1| 160.6| 228.3| 147.2|172.5| 133.8/ 1038.7| 7.5
3 84.5/77.8 |80.8/91.2 |172.7|153.6|124.4|158.1| 147.3| 131.5|137.3| 129.7| 1023.4| 12.5
4 79.0| 71.7 |68.4/83.7 |107.0{152.7| 114.2| 150.3| 140.7| 123.9| 136.8| 104.3{ 1008.1| 17.5
5 73.4/69.6 |63.8/82.1 |98.9 [129.3/105.8/117.5/130.0|{114.9|134.8|103.7|{1005.9| 22.5
6 71.2/64.2 |63.1/79.9 |97.7 |127.9/105.1|105.9| 121.3/109.9|124.5|84.7 |992.8 |27.5
7 67.6/62.7 |63.0]78.3 |89.7 |127.3/103.6{93.0 |115.0{98.9 |122.4|76.2 |977.7 |32.5
8 66.8/57.3 |59.7/76.6 |83.4 |119.6/85.9 {92.9 |105.2{93.1 |121.9|70.4 |960.1 |37.5
9 66.6|48.4 |55.9/75.5 |81.4 |102.5/77.2 |83.2 |103.2|78.7 |104.5/69.9 |958.7 |42.5
10 |57.4/48.4 |54.9/73.7 |75.9 |102.5/73.3 |82.3 |95.4 |72.8 |89.3 |64.9 |948.5 (475
11 |55.9/47.7 |54.1]73.0 |75.8 |94.0 {64.4 |82.1 |86.0 |71.4 |88.3 |56.4 |948.3 |52.5
12 |55.9/43.3 |52.6/65.7 |65.0 |91.9 |63.8 |76.5 |83.5 [70.1 |85.9 |55.6 |938.8 |57.5
13 |55.1/36.5 [52.5/65.5 |63.9 |89.0 |51.3 |68.7 |82.5 [68.8 |72.2 |50.5 |925.1 |62.5
14 |42.8/34.8 |38.7/65.0 |{63.9 |81.9 [50.1 |65.6 |80.1 [61.8 |71.2 |44.5 |923.9 |67.5
15 |42.3/31.3 |37.6/61.3 |54.8 |63.7 [45.1 |60.6 |79.4 |60.9 |63.5 |43.8 |912.3 725
16 |41.6/30.7 |35.5/55.6 |44.1 |51.4 |44.6 |47.1 |58.8 |46.3 |57.7 |39.8 |879.5 |77.5
17 129.1/21.3 [29.6{46.9 |35.0 |47.4 |419 |249 |41.6 |35.6 |55.8 |32.1 |868.7 [82.5
18 |22.7/12.3 |27.6/46.7 |32.5 |47.4 |40.8 |22.7 |38.2 |30.0 |30.8 |28.1 |865.1 |87.5
19 |17.5/11.1 [26.7/46.2 |26.0 |42.5 |37.7 |20.3 |33.9 [20.3 |25.8 |24.8 |829.2 |92.5
20 |13.0(45 |51 |29.6 [25.8 |40.0 |30.5 (105|254 |12.8 |17.2 |18.7 |614.8 |97.5

Table 2. Return period of annual precipitation sums, WS Sisak

Precipitation

Number of equivalent

Return period

Class (mm) occurrences (n) (P)
| 1100-1000 5 :
T 1000-900 10 2
i 900-800 4 >
v 800-700 0 0
v 700-600 1 2

Results and discussion

Research results are presented in Tables and Graphs.
Drainage discharge and its duration
Table 4 provides monthly and total precipitation amounts during the studied period as well as
monthly and total drainage discharge in the growing seasons for the different pipe spacings.
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Table 3. Precipitation during the growing season (mm), Weather Station Sisak

Year | IX | X | XI | Xl I inm|jmjiv | v VI | VI |V X )
2008./09.| *** 188.1 | 86.1 [101.1 (113.2|40.4 |53.6 [31.3 | 44.2 |153.2 | *** | *** | **x*x | 7112
2009/10. |30.2 {88.4 {102.2 | 94.8 |105.4|88.6 |66.3 |59.0 [156.9 |146.2 |64.9 | *** | *** 11002.9
2010./11, | *** | Fkk | dekok | sk | k| ek | ke 131,21 31.7 |125.0 188.3 [42.0 |30.2 | 348.4
*** Non-growing season
Table 4. Monthly and total drainage discharge for different drainpipe spacings (mm)

Pipe =

Year | spacing | IX X X1 Xl | I i {1V | v | Vl| Vi Vil IX (m

| m)
(m)
15 *REL11 | 26 | 64 | 67 | 19 | 24 | 7 | O | 32 | FEx | x| R 250

2008/ 20 *H*0011 | 24 | 64 | 65 | 18 | 25 | 7 0 | 31 | *xx | *x | *xk | 245

09 25 Ak 012 | 25 | 63 | 66 | 20 | 24 | 8 0 | 29 | *xx | Hx | ek 247
30 *RE 1012 | 25 | 63 | 65 | 18 | 23 | 7 | O | 27 | k| ARx | R 240
15 0 0 25 | 63 | 67 | 56 | 28 | 5 | 33| 47 0 Fhx | xRk 324
2009/ 20 0 0 23 | 62 | 65 | 55 | 28 | 5 | 32| 47 0 FAx | k317
10 25 0 0 20 | 60 | 62 | 52 | 25 | 4 | 32| 47 0 FHE | xxx 302
30 0 0 20 | 59 | 60 | 52 | 25 | 4 |31 |46 | O FAk | Rk 297
15 *k*k *kk *kk *k*k *k*k *kk *kk 0 0 0 0 0 0 0
2010/ 20 FhA | FEE | k| KRk | Rkk | Rk ekx 1 0| 0] O 0 0 0 0
11 25 FAK | Ak ekk | ek | ke | ke | Rk ] 0 0 0 0 0 0 0
30 *Kkk *kk *kk *kk *kk *kk *kk 0 0 0 0 0 0 0

*** Non-growing season

Table 5. Total drainage discharge (mm), % of precipitation and duration of drainage discharge for
different drainpipe spacings (days) in winter wheat and oilseed rape production

Year Drainpipe Total drainage % of Duration of drainage
spacing (m) discharge (mm) precipitation discharge (days)
15 250 a 35.2 98 A
20 245 b 34.4 102 B
2008/09 25 247 bc 34.7 105 Bc
30 240 d 33.7 114 D
F=19. 38 c=3.49 F=25.42 ¢=3.49
15 324 a 32.3 118 A
20 317 b 31.6 124 B
2009/10 25 302 c 30.1 132 C
30 297 d 29.6 140 D
F=131.08 c=3.49 F=116.09 c=3.49

Values marked with different letters are statistically significant, according to Duncan’s Multiple Range Test
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Precipitation amount, distribution and time of precipitation occurrence during the investigation
period influenced the drainage discharge and its duration (Tables 4 and 5), both at the annual and
monthly levels, as well as the differences between the tested pipe spacings. No drainage discharge
was recorded in any pipe spacing variant in the growing season of 2011.

Precipitation and drainage discharge
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-60

drainage discharge (mm)

-80

Figure 1. Monthly precipitation values and monthly drainage discharge values, for the drainpipe
spacing of 15 m in winter wheat production (2008/09)

In winter wheat production in 2008/09, the first drainage discharges in all pipe spacing variants
were recorded in October (Graph 1 represents the graphic precipitation and drainage discharge
flowchart for pipe spacing of 15 m), whereas the first drainage discharges in 2009/10 were recorded
in November (Graph 2).

Drainage discharge was recorded after the soil water supply was filled up with precipitation from
the preceding months. In the winter-spring period, monthly drainage discharge in all pipe spacing
variants followed the monthly amounts of precipitation, that is, the higher the monthly amount of
precipitation, the higher was the drainage discharge, and vice versa. In the late spring and summer
months, due to intensified growth and development of plants, the amount of drainage discharge was
not proportional to precipitation. Namely, evapotranspiration was increased at later plant
development stages due to higher spring and summer air temperatures, so that lower drainage
discharge was recorded in all pipe spacing variants.

In years in which drainage discharges were registered, the highest drainage discharge was
determined at the narrowest pipe spacing (15 m), whereas the lowest was recorded at the widest
pipe spacing (30 m). As regards drainage discharge duration, Table 5 shows that the shortest
duration was determined at the narrowest pipe spacing (15 m), and the longest at the widest pipe
spacing (30 m). Thus, the discharge and its duration are inversely proportional values, which may
be attributed to the drainage system efficiency.
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According to the investigations conducted by Simuni¢ (1995), Petosi¢ et al. (1998) and Tomic¢ et al.
(2002), narrower pipe spacing is more efficient for draining surplus water from drained soils, since
larger amounts of water are drained in s shorter period of time and better water-air relationships in
soil are created faster, which is a prerequisite for timely application of agricultural management
practices on hydroameliorated arable areas.

Precipitation and drainage discharge
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D
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IX X | I 1\ Vil |
-20
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-40
-60
-80
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Figure 2. Monthly precipitation values and monthly drainage discharge values, for the drainpipe
spacing of 15 min oilseed rape production (2009/10)

Nitrate concentration in drainage water

Maximum and average concentrations of nitrates in drainage water were higher than MAC (10 mg.
L) in all pipe spacing variants while minimum values were below MAC (Table 6; Graphs 3 and 4).
The highest nitrate concentration was recorded in October (2008), and in November (2009), after
sowing and basic fertilization, when the first higher precipitation occurred and caused drainage
discharge, as seen in Graphs 3 and 4.

Nitrate concentration deceased in subsequent months in all pipe spacing variants, and then it
increased in March 2009 and in February 2010, also in all spacing variants (post fertilization—
topdressing of crops with 54 kg.ha™ nitrogen).
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Table 6. Maximum and average concentration of nitrogen (mg.dm™) in drainage water

o ) October 2008-June 2009 September 2009-June 2010
Drainpipe spacing (m)
Max Average Max Average
15 23.12 13.90 a 47.85 21.84 a
20 23.18 13.71 a 50.13 21.47 a
25 24.59 12.57 b 48.59 21.14 a
30 23.53 12.65 b 43.53 20.37 a
F=6.37 c=3.49 F=0.013 c=3.49

Values marked with the same letter are not statistically significant, according to Duncan’s Multiple

Range Test.
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Figure 3. Fluctuation of nitrogen concentration in drainage water, for the drainpipe spacing of 15 m
in winter wheat production (2008/09)
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Figure 4. Fluctuation of nitrogen concentration in drainage water, for the drainpipe spacing of 15 m
in oilseed rape production (2009/10)
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In subsequent months, nitrate concentration decreased despite the second nitrogen application (40.5
kg.ha™) (2010). This reduction in nitrogen concentration can be explained by the fact that in later
spring months crops have a well-developed habitus, which enables higher nitrate uptake, and
thereby its lower leaching. Nitrate concentration in May 2010 and June 2009 was still above MAC.
It was only in the autumn that nitrate concentration values were below MAC in all pipe spacing
variants. The difference in nitrate concentration between pipe spacings was statistically significant
in 2008/09, whereas it was not significant in 2009/10. Similar results for nitrate concentration in
drainage water were obtained by Rossi et al. (1991), Simunié¢ et al. (2002; 2011) and Bensa et al.
(2007).

Leaching of nitrates with drainage water

Amounts of nitrates leached at different pipe spacings are given in Table 7.

Table 7. Nitrate leached with drainage water (kg.ha™®) and percentage of nitrogen leached relative to
total N added with fertilization

Drainpipe October 2008- June 2009 September 2009-June 2010
spacing (m) Kg.ha' % Kg.ha %
15 34.8 19.0 70.8 40.3
20 33.6 18.3 68.1 38.8
25 31.0 16.9 63.8 36.4
30 304 16.6 60.5 345

As can be seen from Table 7, there are differences in the amount of nitrates leached both between
investigation years and pipe spacings. In both years, the highest amount of nitrates leached was
found at the pipe spacing of 15 m, while the least nitrates were leached at the pipe spacing of 30 m.
In fact, highest leaching occurred at the pipe spacing of 15 m, where the highest drainage discharge
was measured and vice versa, while leaching was the lowest at the pipe spacing of 30 m, where the
lowest drainage discharge was measured. According to Mesi¢ et al. (2007), the amount of nitrogen
leached is linearly correlated with the amount of drainage discharge. The difference in the amount
of nitrates leached in 2009/10 and 2008/2009 is also attributed to the above listed findings. As
already mentioned, there was only a small difference in the amount of nitrogen added with
fertilization, so the amount of nitrogen added could not affect the twice larger amount of nitrogen
leached. The lower impact on the amount of nitrogen leached could be ascribed to crop
requirements for nitrates at particular development stages.

Crop yields

Crop yields per pipe spacing are presented in Table 8.

Table 8. Winter wheat, oilseed rape and soybean yields (t.ha™)

Drainpipe spacing (m)| Winter wheat (t.ha™) | Oilseed rape (t.ha™) Soybean (t.ha™)
15 5.30 a 3.30 a 2.32 a
20 5.10 b 3.03 b 2.40 a
25 4.95 b 2.69 c 2.39 a
30 4.75 c 2.38 d 2.29 a
F=15.6 ¢=3.49 F=49.38 ¢=3.49 F=2.61 ¢=3.49
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Values marked with different letters are statistically significant, according to Duncan’s Multiple Range Test.
As can be seen from Table 8, there are differences in crop yields achieved in the tested pipe spacing
variants both between years and between pipe spacings. Highest wheat and oilseed rape yields were
achieved in the 15 m pipe spacing variant, while the highest soybean yield in 2011 was obtained at
the pipe spacing of 20 m. Lowest yield in all investigation years was that of the 30 m pipe spacing
variant. Differences in winter wheat yield determined in 2008/09 were statistically significant at the
tested spacings, except for the spacing of 20 m and 25 m. In the second investigation year, oilseed
rape yields were statistically significant in the tested pipe spacing variants, while no statistically
significant differences between pipe spacings were found for soybean production in the dry 2011.
Very similar results were reported by Tomi¢ et al. (2002) and Tomi¢ et al. (2007.a 2007.b ), Mesi¢
et al. (2008) and Simunié¢ et al. (2011), who maintain that the effect of the drainage system (pipe
spacing) influences the yield, since system functionality is reflected in hydrological parameters
such as drainage discharge and its duration. In the dry 2011, the different pipe spacings were not in
the function of drainage, so they had no influence on soybean yield. At the same experimental site,
Tomi¢ et al. (2002) and Simunié et al. (2011) determined statistically significant differences in
wheat and maize yields in some years, with the highest yields in the pipe spacing variants of 15 m
and 20 m. Further, these authors think that crop yield and differences between the pipe spacings
tested could also be caused by fertilizer rates and fertilization dynamics, weather conditions at
sowing and other agricultural management practices applied.

Conclusions

Three-year investigations of the influence of precipitation upon drainage discharge, concentration
and leaching of nitrates, and crop yields in different pipe spacing variants on hydroameliorated soil
in the central Sava Valley point to the following conclusions:

The highest drainage discharge and its longest duration were determined at all pipe spacings in the
oilseed rape growing season, i.e., in the period with the largest amount of precipitation (2009/10).
Lower drainage discharge was recorded in all pipe spacing variants in the winter wheat growing
season, i.e., in the period with less precipitation (2008/09), while drainage discharge was not
recorded in any pipe drainage variant in the growing season of soybean, i.e., in the period with the
lowest precipitation (2011).

The recorded maximum and calculated mean values of nitrate concentration in drainage water were
higher at all pipe spacings in the oilseed rape growing season, in the period with the highest
precipitation and highest drainage discharge (2009/10), compared to the wheat growing season,
when lower precipitation and lower drainage discharge were recorded (2008/09).

The calculated amount of nitrates leached in all pipe spacing variants was higher in 2009/10 than in
2008/09 (the amount of leached nitrates is the product of multiplication of monthly drainage
discharge at each pipe spacing by nitrate concentration at each pipe spacing).

The recorded winter wheat yield (2008/09) at each pipe spacing was statistically significant between
pipe spacings, except between 20 m and 25 m spacings. The oilseed rape yield recorded at the set
pipe spacings was statistically significant between all pipe spacings, whereas soybean yield was not
statistically significant at the tested pipe spacings.

The results indicate that the draining of hydromorphic pseudogley-gley soil by pipe drainage
(combined drainage) is justified, but also call for caution in the management of ameliorated areas
because of the altered pedophysical and pedochemical properties of hydroameliorated soil.
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BJIMJAHUE HA BPHEJKUTE BP3 HCIIMPAILETO HA HUTPATUTE U IPUHOCOT
HA OAIJIELYBAHUTE KYJTYPHU ITIPU PA3JIMUHUA PACTOJAHUJA IOMEIY
LEBKHUTE 3A OJIBOJIHYBAILE

Wean llmvmynnk, Mapuja Bykenuk-1llyrocka, iBan Mycrak, Bjekocnas TanackoBuk

AncTpakr

Lenta Ha TPUTOAWIIHOTO HCTpaKyBame Oemie na ce YTBPAW BIMjaHHETO Ha BPHEXKHUTE BpP3
JIPEHAKHOTO OTTEKYBal€ W HETOBOTO Tpacwme, KOHICHTpaldjaTa Ha HUTPATUTE BO JpPEHAKHATA
BOJIa, KOJIMYMHATA HA WMCIPAHUTEC HUTPATH U MPUHOCOT OJ IMUYCHMIA, MAcloJajHa pernka U coja
ONINICAyBAaHM HAa TIIOYBEH THII IICEBAOIJC] (MOTTUN TIJICjHA TMOYBA), MPU YCTHPH PA3ITUYHU
pactojanuja momMery apeHaxkuute ueBku (15 M, 20 m, 25 m u 30 m). McTpaxkyBamaTa ce CIPOBEICHU
Ha MEJHOPAIMCKOTO eKCIiepuMeHTanHo noJje "Jenennuak" Bo 6nu3uHa Ha [lomoBava, BO mepuooT
on 1 oxtomBpu 2008 mo 30 cemremBpu 2011 roauwna. ExcreprMeHTaTHUTE HCTpakKyBama CO
o3uMara maeHnmna 6ea mocraseHn Bo 2008/09 roxmHa, co MacionajHara pernka Bo 2009/10 roauHa,
J0JieKa eKCIEPUMCHTATHUTE UCTpaXKyBama co cojata O6ea m3sprieHd Bo 2011 rogmaa. Bo cexoja
eKCIIepUMCHTAIHA TOAWHA Oca IMOCTAaBEHW WCTH arpOTEeXHHUYKH MEPKH Kaj CHUTE BapHjaHTH CO
pa3IHYHM pacTojaHWja TOMery IeBKHTe. DBKymHaTa KONWYMHA HAa AIUIAIUpPaH  a30T
msnecyBanre183.6 kg.ha™ (2008/09), 175.5 kg.ha™ (2009/10) u 130 kg.ha™ (2011). Pesynrarure ox
HCTPAKYBAETO MOKAXKYBaaT Jeka IPCHAKHOTO OTTCKYBAaWke M HETOBOTO TPAaCH-E 3aBHCAT O]
KOJIMYMHATA U PACIIOPEIOT HA BPHEXKUTE BO MEPUOJIOT HAa UCTPakyBameTo. Hajromema konuyrHa Ha
JPEHaKHO OTTEKYyBarbe € 3a0eiexaHa Kaj HajTecHO mocraBeHuTe 1eBku (15 M), moneka Hajmoiaro
Tpacke Ha OTTEKYBAImbETO € YTBPACHO Kaj HajmmpokoTo pacrojanme (30 m). Bo cymHara 2011
roJMHA 3a BpPEME Ha BErETAIlMCKHOT MEPHOJ HE € PErrCTPUPAHO JPCHAXHO OTTCKYBAamE.
MaxkcuManHaTa KOHICHTpalKja Ha HUTPAaTH BO IpEHaKHATA BOJA, Kaj CEKOE pacTOjaHHEe IOMery
[IEBKATE € YTBpJCHA CO II0jaBaTa Ha MpPBHUTE APCHAXXHU OTTEKyBamka W Oelle TMOBHCOKA O]
MaKCHMAITHO J03BoJIeHaTa KoHleHrparuja - MK (10 mg.L'l NO; - N), a aypu Ha eceH 10 JKeTBaTa
Ha KyJITypuTe KoHIeHTpanujaTa O6mwra mog M/IK. KonmdynHata Ha MCpaHWTe HUTpPATH BO ceKoja
TOJMHA M Kaj CEKOoe pacTojaHHe MOMery IICBKUTE 3aBHCH Off IPEHAXHOTO OTTEKYBame W
KOHIICHTpAIljaTa Ha HUTPATUTE BO JPEHAXHATA BOJA. [[pHHOCOT O/ EKIIEPUMEHTHPAHHUTE KYJITYPH
Bo 2008/09 u 2009/10 rommna Gemie CTATHCTUYKK ONpABIAaH TOMEly pa3iWYHHTE PacTojaHHja Ha
neBkure, nojeka Bo 2011 roanHa, pa3nukure He Oea CTaTUCTUYKH onpaBAaHu. O UCTpaxKyBamara,
YTBPICHO € MO3MTHBHO BJIMjaHHC HA OIBOJHYBAIETO BO MOXYMHIHHTE TOJAMHH BO Cropeada co
MTOCYIITHUTE TOANHH.

Kayunu 300poBH: BpHEXH, pacTOjaHUE MOMErY IIEBKH, JPCHAXXHO OTTEKYBambe, UCIHpame Ha
HUTPATH.
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Abstract

Numerous chemical factors limit normal growth of plants on acid soils. Limited fertility of acid
soils is caused by a high concentration of H- and Al-ions, some organic acids and heavy metals, as
well as by a lower availability of significant group of nutritive elements (P, Ca, Mg, B, Zn, Mo).
Particularly harmful effect is expressed by aluminum. Liming, as acid soils remediation measure, is
successful in elimination of the above mentioned unfavorable soil properties. Field trials have been
done on soil type Dystric cambisol. The trial was established as random complete block design
(RCBD). The three doses of hydrated lime (CaO x H,0) have been applied in order to reduce
acidity: the one was on the level of partial liming (1/3 Y, CaO and 1/2 Y; Ca0), and the as full
liming (Y, CaO). Liming strongly affected the studied parameters. The major changes caused by
liming were observed in pH, hydrolytic acidity, level of base saturation percentage (V%), and
mobile aluminum content. Full liming eliminated soil acidity and improved significantly the all
properties of the soil adsorption complex. Partial liming gave a satisfactory result, especially in
decreasing of mobile aluminum content.

Key words: liming, pH, hydrolytic acidity, aluminium, Dystric cambisol.

Introduction

Primarily acidic soils create a number of difficulties in agriculture, especially in the production of
high quality and biologically valuable food. There are many factors that limit fertility of the land.
High concentrations of H and Al ions, and some organic acids and heavy metals, as well as a small
number of available nutrients (P, Ca, Mg, B, Zn, and particularly Mo) are just some of these factors.
At acid soils with pH < 5.5 Al-toxicity is the main stress factor for plants (Merino-Gergichevich et
al., 2010; Poschenrieder et al., 2008), and in such conditions it is linked to the prevailing pressure
for adaptation of cultivated plants (Ryan and Delhaize, 2010).

Harmful effects of mobile aluminum can be viewed from two aspects. First, its indirect impact
through the reduction of solubility is being noticed, as well as availability of nutrients. Namely,
aluminum ions, among other things, block the adsorption of phosphorus and potassium, and cause
disturbing crop growth and development (Zheng, 2010). In addition there are indirect and direct
effects, when Al ions act toxic on the plant. The acidic environment increase presence of trivalent
aluminum cations - AI* * (Lidon and Barreiro, 2002; Kochian et al., 2005), which is the most toxic
of all types Al (Delhaize and Ryan, 1995). The best recognized Al-toxicity effects have been
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noticed and are well described in the root (Barceldo and Poschenrider, 2002, Ma, 2007; Panda and
Matsumoto, 2007). A serious problem that appears at high concentrations of aluminum is the
inhibition of root growth. It has been noticed that aluminum influences the formation of immature
and poor root system, which has limited ability to adopt mineral nutrients and also increases the risk
of stress caused by drought (Marcshner, 1991). More precise, toxic effect is being caused by the
inhibition of lateral root and root hairs, interruption of feeding with P and Ca and inhibition of
growth of shoots (Fageria et al., 1988; Foy, 1988). However, the upper parts of the plants may be
damaged (Merino-Gergichevich et al., 2010), especially leaves, and about which is rarely known.
Today, there are more evidences of the negative effects of aluminum on the light absorption,
photosynthetic electron transport, gas exchange (Chen et al., 2005a, Chen et al., 2005b; Chen,
2006), photoprotective systems (Chen et al., 2005a; Ali et al., 2008), pigments (Chen et al., 2005a;
Mihailoovic et al., 2008; Milivojevi¢ et al., 2000), as well as other elements associated with the
structure or function of the photosynthetic apparatus. Calcification of acid soils is one of the key
factors which can keep or even improve their productivity (Mao et al., 2008; Repsiene and
Skuodiene, 2010). By using the materials containing Ca fundamentally are being changed: physical,
chemical and biological properties of the soil, which creates good preconditions for high efficiency
of agricultural practice. Therefore, this research has the aim to investigate use of different levels of
calcification in an acid soils, such as the Dystric cambisols, defines its effect on the degree of
change on acidity and content of mobile Al, as important factors which limit the fertility.

Material and methods

Studies were conducted on the soil Dystric cambisol near Leposavi¢ (Kosovska Mitrovica) during
two consecutive years (2009 and 2010 years). Test crop was wheat cultivar Pobeda.

Prior to the formation of experimental field, average samples of soil have been sampled for analysis
of chemical properties of Dystric cambisols: pH (H,O and KCI), hydrolytic acidity (H), total
adsorbed basic cations (S), cation exchange capacity (T), base saturation percentage ( V%) and
mobile Al. The obtained data are being used to determine the level of calcification in terms of
elimination of excess acidity and to evaluate the effect of pH on the improvement of mobile Al
content in the soil. For calcification has been used CaO with high degree of purity. The material is
applied in both years in September, precisely before primary treatment, so it has been properly
distributed over the surface and entered into the soil by plowing.

The quantities of CaO which have been applied, were calculated according to the value Y, in the
soil and the size of the experimental plots (50 m?). Three variants of calcification have been
determined and applied: 1/3 Y, CaO (V-3), 1/2 Y, CaO (V-4) and Y; CaO (V-5), and two variants
without calcification: variant with NPK (V-2) and the variant without liming and fertilization -
control (V-1). Fertilizers were applied with the variant performed with calcification. In all cases, the
dose of active nutrients: nitrogen, phosphorus and potassium were the 120 kg N/ha for P,Os and
K,O, 90 kg/ha (Ni,0PgoKgo). Fertilization has been done by the standard technology for the
production of wheat.

The experiment has been performed as a randomized complete block design (RCBD) with four
replications. The size of experimental plot was 50 m?.

In both years, during the stage of wheat tillering (TL), 5 months after liming and after the harvest
(AH), 10 months after liming, the pH was determined in distilled water and 1M KCI using a pH
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meter ISKRA MA 5740, and exchangeable Al or cell by the method of Sokolov in soil extract with
1M KCI, so it has been firstly determined by the total substitutional acidity, and then precipitation
of Al with NaF and influence of Al-ions in forming of substitutional acidity. The hydrolytic acidity -
H (by Kappen's method), total adsorbed basic cations - S (by Kappen's), cation exchange capacity -
T (mathematically as S + H), base saturation percentage - V% (mathematically as S/ T x 100) were
detected only after harvesting wheat.

Data were analyzed using standard statistical methods of analysis of variance (ANOVA) using
Microsoft Excel 2007 and Statistical Program 5.0. Data analysis has been used to interpret the
results and draw conclusions.

Results and discussion

The effects of different liming on active and substitutional acidity during these years are given in
Table 1. Results from the table clearly indicate the very significant effect of applied CaO. The
changes were evident in the first checking after 5 months of treatment (in the stage of wheat
tillering), and the variant with the lowest amount of the calcification materials. Differences between
treatments where no CaO has been applied (V-1 and V-2) and in which CaO has been applied (V-3,
V-4 and V-5) are statistically highly significant.

There were clear differences between varieties with the calcification done. All differences were
statistically significant, except for changes in the acidity of the active tillering stage (TL) 2009,
when the differences between first (V-3) and second level (V-4) partial calcification, were at the
level of statistical significance. Such changes of substitutional, as well as of the active acidity
support the necessity of calcification of acid soils (Busari et al., 2008; Jelic et al., 2011, Mao et al.,
2008; Repsiene and Skuodiene, 2010), in order to create favorable conditions for easy growth and
development of plants. In particular, it refers to a group of plants that are not sufficiently tolerant to
soil acidity.

It should be underlined changes of pH during one growing season. Specifically, during the period
between the first (tillering stage) and other checks (after harvest), there was a small decrease of pH.
This trend is expected since many processes in soil, above all, rinse, and the adoption of Ca by
plants lead to loss of calcification materials, which leads to a decrease of pH. Therefore, often is
being stated a time limited (temporality) effects of these measures (Brkovi¢ and Petrovi¢, 1995), so
because of these reasons it is necessary to repeat after a certain time. Since the problem of acidity
can not be definitively resolved, it is completely acceptable regular application of lime material that
would soil acidity maintain at an acceptable level (Garscho and Parker, 2001).

In this way benefits would be multilateral. Smaller quantities calcification materials would be on
one side, economically viable, and on the other side can ensure better availability of nutrients, as
well as a more favorable environment for the growth and development of crops.

The changes were noticed with hydrolytic acidity (H), total adsorbed basic cations (S), cation
exchange capacity (T), base saturation percentage ( V%), and the results of the influence of liming
on these properties of Dystric cambisols are given in Table 2.

The intensity of changes depended on the level of calcification (partial, half, full), and the amount of
applied Ca. As expected the highest changes have appeared in the treatment where full calcification
has been done. Here hydrolytic acidity (H) has been very significantly reduced, while base
saturation percentage (V%) has been increased compared to the variants where calcification has not
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been applied. Accordingly, with full calcification total adsorbed basic cations (S) has been
increased, and cation exchange capacity (T) has been decreased, but the differences are statistically
significant only related to V-1 and V-2. Changes of these calcification parameters on soil type —
pseudogley, noted Dugali¢ et al., 2002.

Table 1. The changes of pH in H,O and 1M KClI after liming

pH (H,0) pH (1M KCI)

2009 2010 2009 2010

Before the trial 5.45 5.52 4.85 4.87
In the trial TL AH TL AH TL AH TL AH
V-1 5.45 5.43 5.42 5.50 4.83 4.83 4.84 4,83
V-2 5.50 5,51 5.41 5.47 4,75 4,79 4.79 4.82
V-3 5.92 5.89 5.90 5.84 5.23 5.30 5.29 5.24
V-4 6.17 6.15 6.18 6.14 5.57 5.56 5.60 5.58
V-5 6.79 6.77 6.87 6.73 6.24 6.20 6.24 6.19
LSD (0.05) 0.24 0.08 0.10 0.09 0.12 010 0.14 0.09
LSD (0,01) 0.35 0.12 0.14 0.13 0.17 0.14 0.20 0.12

Table 2. Changes Y4, S, T and V (%) after liming

H S T \%
(m.eq - 100 7g) (m.eq - 100 *g) (m.eq - 100 *g) (%)

2009 2010 2009 2010 2009 2010 2009 2010

Before the trial 9.44 9.07 8.98 9.00 18.42 18.06 | 48.79 | 49.59

In the trial
V-1 10.61 9.12 9.20 8.60 19.81 17.77 46.33 48.25
V-2 9.31 9.46 8.62 9.42 17.94 18.89 47.81 49.87
V-3 5.01 4,98 11.75 10.92 16.85 15.91 70.24 68.66
V-4 3.39 3.50 11.60 11.54 14.77 15.12 77.82 73.54
V-5 1.95 2.25 11.93 12.77 13.55 14.02 85.77 87.09

LSD (0.05) 1.10 1.02 1.73 1.38 2.56 1.76 5.21 4.58
LSD (0,01) 1.58 1.46 2.49 1.98 3.68 2.53 7.49 6.57

Partial (V-3) and half (\V-4) calcification have also achieved satisfactory results, particularly in
reducing hydrolytic acidity and increasing base saturation percentage. However it should be noted
that the effect of both of these variants, when it comes to total adsorbed basic cations and cation
exchange capacity, was very close to those results which were achieved by using the biggest
quantity of CaO. This effect of small amounts of calcification material once again supports a
findings that in this way can be successfully improved the unfavorable properties of acid soils.
Mobile aluminum, as one of the limiting factors for crop production on acid soils, at the Dystric
cambisols was at the level which has been expected for depressing effect on crops. However,
calcification in all the years of research and at all levels of melioration, radically changed a picture
of mobile Al content, and the results are shown in Table 3.
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Table 3. Changes of mobile aluminium content (mg - 100 g™ after liming

2009 2010
Before the trial 12.26 13.86
In the trial TL AH TL AH
V-1 12.28 12.21 13.62 13.80
V-2 12.32 12.54 13.92 13.87
V-3 5.26 5.56 6.25 6.39
V-4 217 2.37 2.44 2.62
V-5 0.48 0.40 0.47 0.42
LSD (0.05) 0.35 0.28 0.35 0.07
LSD (0,01) 0.50 0.40 0.50 0.10

Contents of mobile AI* * in both years, strongly changed in the entire variant with CaO. Thus,
during the first phase of determining in the phase of tillering of wheat, in the variant with full
calcification, it has been found Al content in trace amounts. According to results of other authors
calcification had the same effect on other soil types, as pseudogley (Dugali¢ et al., 2002, Jelic et al.,
2011), Dystric albeluvisol (Repsiene and Skuodiene, 2010), rinsed pseudogley and cambisol (Pivi¢
et al., 2011). At the same time, at the partial variant (V-3), and in particular the partial calcification,
mobile aluminum content is reduced to a level when it significantly reduces the risk of its toxic
effects on crops. In the treatments V-3 and V-4 during the growing season it has been registered a
slight increase of the mobile Al content.

Conclusions

Based on the result of trials and laboratory investigation of the influence of liming on acidity and
aluminum content in soil type Dystric cambisols, the following conclusions can be drawn: applying
of CaO has quickly acted and maximum changes before a determination has been made in the
tillering phase of wheat. The biggest changes have been detected in the reduction of all forms of
acidity and content of mobile Al, and increasing the base saturation percentage. The degree of
reduction in content of mobile Al with partial (1/3 Y,) and in half calcification (1/2 Y,) justify and
affirm these levels in calcification of acid soil. Main benefits of lower levels of calcification were
lower investments in calcification material, and reducing the content of mobile Al below the level of
toxicity.
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HUBOTO HA KUCEJIOCT U U3MEHATA HA MOBUJIHHOT AJIYMHUHHUYM ITOCJIE
KAJIIA3ALIMIA

Heb6ojmra 'yyuk, Mupossry6 Akcuk, Anekcannap [Iukuk, Jacmuna KuaexeBuk, Muoppar Jenuk,
CrnaBumia I'yguk

AncTpakr

Tlomem 6poj Ha XeMHUCKH (aKTOpH TO OTrpaHMIyBaaT HOPMAJHHOT pacT Ha pacTeHHjaTa HA KUCEIH
noysy. OrpaHuYeHaTa IIIOAHOCT Ha KHUCEINTE MTOYBH € MPEIU3BUKaHa O]l BUCOKAa KOHIICHTPAIMja Ha
H u Al-joHu, HekOM OpraHCKH KHMCEIMHH W TEIIKH METallM, KHCEIOCTa BIHjac W Ha TIOHHCKATA
JOCTAIIHOCT Ha 3HayajHa rpymna Ha xparnusute enementu (P, Ca, Mg, B, Zn). OcobeHo mreTHO
JieTlyBa COApXKHMHATA Ha allyMHHHUYM. BHecyBameTo Ha BAPOBHHK Kaj KUCEIHUTE MOYBH KaKO MepKa
3a caHalyja € yCIHelIHa BO eMMMUHHPAIETO Ha FOPEHABEJICHHUTE HEMOBOJIHU ITOYBEHU CBOjCTBA.
TepeHckuTe UCTINTYBamka Ce HapaBeHW Ha MOYBEHUOT THN JuctpuueH kambucos. Omnutor Gemre
MOCTaBeH Kako ciydaeH KomiuieTeH Onok mu3aju (RCBD). Tpure mosu oxm CaO x H,O Gea
MIPUMEHETH CO LeN Ja ce HaMalll KHCcelocTa: eqHara Oelle Ha HUBO Ha JIelyMHa NPHMEHa Ha
BapoBauk (1/3 Y1 CaO u 1/2 Y1 Ca0O), u kako nemnocHa npumena Ha BapoBHuk (Y1 CaO).
I'maBHUTE TpPOMEHHM MNpEIW3BHKAaHM OJ alUIMKalWjaTa Ha BApOBHHUKOT Oea 3abenekann Bo PH
BPEAHOCTAa, XHAPOJUTUYKATA KHCENOCT, HHUBOTO HAa 3acuTeHocT co ©6asu (V%), U MoOWIHU
coIpKrHa Ha amyMHHUYM. llenocHara 1o3a on mpuMeHa Ha BapOBHUKOT ja EMMMUHHMpPA MOYBEHATa
KHCEJIOCT M 3HAYUTENHO TI'M MOJ000pHM M OCTaHAaTHTE CBOjCTBa Ha IOYBEHUOT aJICOPITHBHUOT
KoMIUIeke. JlenyMHaTa aruiMkaluja Ha BapOBHHUKOT Jajie 3aJOBOJIUTENIHU DPE3yJITaTH CcaMo BO
HaMaJlyBamkeTO Ha MOOMITHATA COJIPIKMHA HA ATlyMUHHYMOT BO [0YBATa.

Kay4Hu 300poBu: BapoBHUK, PH, XuapoauTHika KHCEIOCT, ATyMUHUYM, JlucTprueH kaMOuco.
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Abstract

The soil represents living and dynamic environment for different types of microorganisms. With
their enzyme activity microorganisms participate in the creation of plant nutrients. Thus,
microorganisms participate in the creation and maintenance of soil fertility and are considered as
biogenic indicators. In this paper, the total number of microorganisms, actinomyces, diazotrophs,
fungi and cellulolytic, denitrifying, ammonifying and nitrifying microorganisms was examined in
alluvial soil in Jurumleri locality, Skopje. The number of microorganisms was studied at three
different depths (0-10 cm, 10-20 cm and 20-30 cm). The examined soil has favorable physical and
chemical properties for growth and development of microorganisms. It was found that most of the
studied groups of organisms are present at a depth of 0-10 cm, while ammonifying bacteria are
mostly present at a depth of 20 - 30 cm.

Key words: soil, bacteria, actinomyces, diazotrophs, yeasts, cellulolytic, denitrifying, ammonifying,
nitrifying microorganisms, molds.

Introduction

Soil represents a complex system composed of solid, liquid and gaseous phase. The solid phase
consists of organic and mineral matters, liquid of water and substances dissolved in it, and the
gaseous phase consists of oxygen, carbon dioxide, nitrogen, hydrogen, ammonia, etc. All three
phases are interrelated and their relationship affects fertility and soil microbial activity (Filipovski
G, 1974). The quantitative and qualitative composition of soil microorganisms is different in
different types of soils and depends on abiotic (temperature, moisture, acidity, content of organic
and mineral substances) and biotic factors (microorganisms, plants, animals and humans and their
interaction). The number of microorganisms and their activities in the soil is an important indicator
of soil fertility since in the soils with formed profile they maintain its structure, the level of organic
matter and through the transformation of materials they provide plants with soil nutrients.
Microorganisms in the soil are deployed in horizontal and vertical direction, depending on the
latitude, climatic factors, soil type, type of microorganisms and according to the depth of the profile
and the altitude. Target of this research is to examine the number of different groups of
microorganisms by depth of the profile on alluvial soil in the region of Skopje.
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Material and methods

Research are made on alluvial soil in the vicinity of Skopje, particularly in Jurumleri with
geographical position of the soil profile on 41 © 5820, 84 "north and 21 °© 33'24, 44" east on 276 m
altitude. Soil analysis are made for the mechanical composition (Table 1) and chemical properties of
the soil (Table 2).

The mechanical composition of the soil depends from the subsoil and the processes that occur
during soil genesis and the evolution of soil (Mitrikeski J., Mitkova T, 2006).

In terms of mechanical composition of the soil dominates the fraction sand and dust, which reflects
very well on the physical properties of the soil. According to the classification of soils by Scheffer
and Schachtschabel, examined soil belongs to the group of loam.

Table 1. Mechanical composition of the soil

Cramp
Depth in | Coarse sand | (fine) Total Dust Clay Clay
cm 0,2-2 mm sand 0,02-0,002 | <0,002 + dust
0,02- 0,2
0-20 2.87 56.53 59.40 34.60 6,00 40.60
20-40 3.46 60.24 63.70 34.30 2.00 36.30
40-60 3.09 50.11 53.20 42.40 5.00 47.40
60-80 5.18 41.72 46.90 45.66 7.44 53.10
80-115 1.78 42.15 43.93 45.95 10.12
Table 2. Chemical composition of the soil
Depth in | pH Total Humus Rea(_jily . availgble
om N % % CaCO; nutrients in the soil
H,O n KCI P, Os K,0
0-20 8.1 7.2 0.1698 2.83 9.9 16.47 20.10
20-40 8.2 7.2 0.0708 1.18 10.83 15.29 18.10
40-60 8.7 7.3 0.066 1.10 11.66 431 18.20
60-80 8.7 7.3 0.051 0.85 9.99 5.29 20.40
80-115 8.7 7.3 0.0378 0.63 10.83 3.72 22.10

Based on the presented data about the chemical composition of the soil was determined that the soil
according to U.S. classification has neutral to moderately alkaline reaction of the soil solution and in
the deeper layers (strata) alkalinity increases. The presence of carbonates in the soil is important
because it strongly influences on the chemical composition of the soil, particularly on the reaction
of the soil solution, so according to Penkov (1996) the soil belongs to carbonate rich soils.

Examined soil is poor to moderately rich with humus; total N content is in correlation with the level
of humus in the soil and its presence decreases with increasing of the depth. The presence of P,Os
and K,O in the top layers shows that the soil is middle provided, and in the deeper layers these
values are declining.
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The samples for microbiological analysis of the soil are taken aseptically on depth of 0-30 cm. The
soil samples are taken in spring and are analyzed in the microbiological laboratory of the Faculty of
Natural Sciences and Mathematics.

In the soil are studied different groups of microorganisms according to standard methods (Jarak and
Govedarica, 1997).

Tests are made with the method of sowing on adequate dilution of soil on selective nutrient
substrates and incubation on temperature of 28 °C and the total number of microorganisms and
ammonia forming bacteria 3-4 days, nitrifying bacteria (nitric forming bacteria), nitrate forming
bacteria and nitrate reducing bacteria 5-7 days, fungi and actinomyces 2-3 days.

The total number of microorganisms in the soil is examined on substrate of soil agar (10 ©);
nitrifying bacteria (nitric forming bacteria) are grown on a substrate esbi agar (10°);

nitrate forming bacteria are determined on mineral substrate with composition: (NH,) ,SO, 2g,
K,HPO, 1g, MgSQO, 0,5 g, FeSO, 0,4 g, NaCl 0,4 g, CaCO; 1g, MgCO3 1 g, agar 1,5% ,distilled
water;

nitrate reducing bacteria are studied on mineral substrate with composition: KNO; 2g, K,HPO, 1g,
MgSO, 0,5 g, FeSO, 0,4 g, NaCl 0,4 g, CaCO3 1g, MgCO; 1 g, agar 1,5%, distilled water;
ammonia forming bacteria are examined by the method of titer on liquid substrate- nutrient broth,
using a reagent- leaves soaked with Krupov reactive which is prepared from one part 3% H,SO, and
two parts aqueous solution of fuchsin; cellulose splitting microorganisms are studied using carboxyl
methyl cellulose (10%); yeasts are tested on the substrate Czapek-Dox Agar with composition:
NaNO; 2g, KH,PO, 1g, MgS0, 0,5 g, KCI 0,5 g, FeSO, 0,1 gr, sucrose 300 g, agar 200 g) (10™);
molds are determined on the substrate Czapek-Dox Agar with composition: NaNO; 29, KH,PO,
1g, MgS0, 0,5 g, KCI 0,5 g, FeSO, 0,1 g, sucrose 300 g, agar 200 g) (10™); actinomyces are
determined on synthetic agar according to Krasiljnikov (composition: K,HPO, 5g, MgCOs 5g, NaCl
59, KNO; 10g, FeSO, 10 g, CaCO0, 150g, sucrose 200 g, agar 160 g), (10”).

Results and discussion

The results from the microbiological tests are shown in Table 3.

in the surface layer, and with increasing of the depth their number decreases.

Bacteria are prokaryotic organisms that have a key role in the process of circulation of matter.
Fertile soils contain between one hundred million and a billion bacteria in one gram of soil, their
biomass is between 300 - 3000 grams per m* of soil, their presence entirely depends on the amount
of organic matter, pH, the content of water, air, warmth, light, crop rotation and other agro-technical
measures.

The average number of bacteria in the examined soil at a depth of 0-10cm is 88 per gram of soil, at
a depth of 10-20cm is 132 per gram of soil and at depth of 20-30 cm is 64. Most bacteria per gram
of soil are noted at a depth of 10-20 cm.

Actinomyces are heterotrophic organisms; saprophytes with developed digestive system with ability
for decomposition of the organic complex such as humus, chitin, cellulose that for other organisms
is difficult to decompose (Waksman, 1945).

Environmental conditions in the soil are suitable for the development of actinomyces and they are
most numerous in the surface layer of 0-10 cm.
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Table 3. Number of microorganisms by depth in alluvial soil (10 /g soil)
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Physiological groups of microorganisms - ammonia forming bacteria, nitrate reducing bacteria,
nitrate forming bacteria and nitrifying bacteria (nitric forming bacteria) are important for the
circulation of nitrogen, carbon, sulfur, phosphorus and other elements. The ammonia forming
bacteria with a role to decompose organic nitrogen compounds are numerous in the examined soil,
so at a depth of 0-10 cm and 10-20 cm the number of ammonia forming bacteria is equal, and their
number is highest at a depth of 20-30 cm. Microorganisms that oxidize ammonia up to nitrates are
nitrate forming bacteria and they are most numerous in the surface layer, with increasing of the
depth their number declines. Nitrate reducing bacteria are microorganisms that reduce the nitrates
up to elemental nitrogen. They are most numerous in the surface layer of the soil.

Cellulose splitting microorganisms decompose the cellulose in the soil, thus creating oxy-acids that
enrich the soil with nitrogen substances. The number of cellulose splitting microorganisms is
greatest in the surface layer of 0-10 cm (up to 152 per gram of soil).

Molds grow better in acidic soils, because they are acid-fast, although they are numerous in soils
with neutral reaction. The number of molds in the examined soil is higher.

Conclusions

Based on the results of the research we concluded that:

The mechanical structure and chemical properties of the soil are favorable for development of all
studied groups of microorganisms.

The depth of the soil affects the number of microorganisms.

The total number of microorganisms is highest in the soil layer at a depth of 10-20 cm.

The ammonia forming bacteria are most frequent in the soil layer of 20-30 c¢cm, while all other
groups of microorganisms — actinomyces, nitrifying bacteria (nitric forming bacteria), nitrate
forming bacteria, nitrate reducing bacteria, yeasts, molds and cellulose splitting microorganisms are
most numerous in the surface layer of 0-10 cm.
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BPOJHOCTA HA MUKPOOPI'AHU3MMUTE HA PA3JIMYHA JJIABOYNHA BO
AJIYBUJAJIHA TIOYBA BO CKOIICKO

Omra Hajnenoscka, Jlanuena JlumoBcka, [loko Kyrrymoscku, Hatanmja Atanacosa [lanueBcka

AncTpakr

[ToyBarta mpercraByBa IKHBa, JWMHAMH4YHAa CpeAMHA BO KOja »JKMBEAaT pa3jIMYHU BUJOBU
MuKpoopranusmu. Ilpeky eH3WMcCKaTa aKTHBHOCT  MHKPOOPTaHM3MHTE  y4ecTByBaaT BO
CO3/1aBabETO Ha XPaHJIMBHUTE MaTepuy 3a pacteHujara. OTTyka, MEKPOOPTaHM3MHTE YUECTBYBaaT
BO CO3[aBamETO W OJPKyBAamETO Ha IUIOJHOCTA HA MOYBaTa W MPETCTaByBaaT WHAMKATOPH Ha
Hej3uHaTta OmoreHocT. Bo 0BOj Tpya ce HMCHHUTYBaHM BKYNHHOT Opoj HA MHKPOOPTaHU3MH,
aKTMHOMHIIETHTE,  a30TOUKCATOpUTE,  Tradure,  LENYJOJIMOTHYKATE  MUKPOOPTaHU3MH,
JECHUTpU(UKATOPUTE, aMOHM(UKATOpUTE, W HUTPU(UKATOPUTE BO AIyBHjaJIHA II0YBA, BO H.
Jypymnepn, Ckorcko. bpojHOocTa Ha MHKpPOOpraHM3MHTE € HCHHTYBaHa BO TPU Da3IM4YHU
amabounnu ( 0-10 cm, 10-20cm, n 20-30cm ). McnuryBanara moyBa MMa IOBOJIHH (U3HYKO -
XEMHCKH CBOjCTBA 32 )KMBOT M Pa3BUTOK Ha MHKpoopraHusmute. KoHCTaTHpaHO € Jieka Hajrojem
0poj HAa UCTIMTYBAHUTE TPy MHUKPOOPraHU3MHU € Ha juiabounHa on 0-10 cMm, a amoHuduKaTOpUTE
Ha madounHa ox 20 — 30 cMm.

Kity4yHu 300poBH: MUKPOOPTaHU3MH, aTyBHjaJTHU TIOYBH.
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Abstract

This study shows the presence of high levels of hydrocarbon pollution on flora, biological diversity
and agricultural land in Fier area with an impact on agricultural development. Ecosystems in Fier
district provide resources and opportunities for the economic development of society, offering
natural wealth such as sea and land, tourism, biotic world such as forests, wetlands, etc.
Mediterranean climatic and specific conditions of the aquatic ecosystem have identified a covered
field and a diverse fauna. Flora is characterized by a long vegetation period, which may even exceed
10 months. Fauna is constantly shrinking as a result of vegetation cover damage due to hydrocarbon
concentration, both in land, air and surface water.

Key words: Fluorescence parameters, photosynthetic activity, Phragmites Australis, Eucaliptus
Camaldulensis, invasive species, vegetative stage.

Introduction

Referring to the phyto-climatic point of view, the region under study extends to Mediterranean
forests and shrub land belt and is characterized by a diversity of habitats and plant communities,
such as riverbed vegetation, freshwater wetland or different stages of their degradation, natural,
semi-natural and artificial or created by human activity. It is very rare to see pieces of natural
vegetation. More often one can notice considerable surfaces covered by Rubus ulmifolius (thorns)
and Paliurus spina-christi (bramble). Other indicators of this degradation are spread in a
considerable degree of species such as invasive species as Dittrichia viscosa, and anthropogenic
species, etc. Agricultural production provides 50% of all personal income in the region of Fier. Fier
district has 17.5% or 122,241 hectares of agricultural land in the country and exports many
agricultural and livestock products to other markets within Albania. Cultivation, including wheat,
maize, vegetables, industrial plants and forages, cover nearly 86% of the agricultural district area,
while forests cover 14%. Agriculture in Fier is more developed and there are more forests compared
to other districts.

Material and methods

Biological diversity is an indicator of environmental health in a certain area, including living beings
of plant and animal origin. The richer is the diversity of living beings, the more diverse is the
interaction between them and the fauna and flora world. Biologic balance degradation in the region
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under study is due to hydrocarbon pollution. The database collected in polluted areas is further
examined in laboratory conditions and results are compared to standard values.

Biological diversity assessment in agricultural environments due to hydrocarbon pollution
Hydrocarbon negative impact is manifested differently. However, the fumigant action and asphyxia
are probably the most serious. Field work has enabled an assessment of health and population
density of plants and animals in the two comparative areas: both in hydrocarbon polluted areas and
hydrocarbon-free areas. This has been achieved by:

1. Assessing wild plant populations, through remote observation and macro analyses, where
3-4 rectangular squares are assigned in the selected area, each square of 1000m2, with a
distance of more than 1000 meters from each other. After the square is checked by naked
eye, surfaces containing rare plants are marked. This is expressed in m2 per 1000m2;

2. Observing birds flying on the water, on trees or on the checked square, and indicating the
number of birds that the naked eye might catch;

3. Performing an analytical check, for instance, in a 1000m2 square are checked five
quadrates of 1m2 each, with regards to the plant species and their development;

4.  Checking for rain worm density under the context that rain worm is the most active
creature for earth hygiene. For this, 10 holes are dug in every 5 hectares, each with
dimensions 50 x 50 x 50cm2. The soil is carefully burrowed and the number of
earthworms and other creatures is recorded;

5. Checking water canals for living beings. To do this, some samples are taken from a liter of
water. After the water is drained through cheesecloth the living creatures are numbered;

6. Checking the health status of agricultural plants in the selected sector, where 100 plants per
5ha are examined for the presence of aphids, mycosis, red apple, and main illnesses.

The present study is focused, both in hill and field areas, in main plants, as well as in lands which
are distant from pollution sources.

Assessment of pollution in agricultural lands caused by oil extraction

Fier region is characterized by diversity in the cultivation of arable crops, like wheat, corn,
vegetables, industrial plants and forages and covers over 20% of the national necessities of the
country. Some industrial plants such as sunflowers and soy are concentrated in Fier and cover
respectively 83.5 and 72.5% of the area at national level. The soils of this area are considered as
problematic since they are often under the pressure of oil exploitation. One of the factors of such
degradation is oil exploitation in 23,000 ha. Such lands show a high variability of pH, whose values
range from 7.2 to 8.5, classifying them into lands of neutral to alkaline character. Furthermore, the
ratio of Ni content in all these soils is relatively high. Its content stands between values from 215.9
to 284 mg/kg; which is a proof of toxic levels of such element found in soil (Tablel).

With regards to Pb element content, it is found that such lands contain it in a significant level, but
not as high as those accepted by EU. Whereas Vanadium (\V/n) indicates values of high fluctuations
from 48 to 108 mg/kg dry land, thus being an indicator of land contaminated by Vanadium. With
regards to the content of hydrocarbon in soil, it is found that it appears at high values ranging from
117.2 to 454.3 mg/ per 100gr. We are of the opinion that the high content of heavy metals (Ni, Vn
and Pb) in oilfields affects soil pollution. Moreover, the analysis of hydrocarbons in the area that
result in high concentrations further reinforces the conclusion on oil extraction activity impact in
soil pollution in this area.
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Table 1. The contend of polluted elements in oilfields soil

The monitories points and Ni (mg/kg), | Pb (mg/kg), | Vn (mg/kg), Total

the sample site pH dry soil dry soil dry soil hydrocarbon
(mg/100gr)

Patos- Marinez P1 0-30cm | 7.2 250 114 92.1 246

Patos- Marinez P2 0-30cm | 7.2 215 114 48 129

Patos- Marinez P3 0-30cm | 8.5 284 126 108 454

Patos- Marinez P4 0-30cm | 8.1 215 137 83 117

Average 7.75 | 241 122.7 82.7 236.5

Assessment of pollution impact on agricultural land flora in oilfields
Albanian flora stands out for its high diversity which is thought to be as a result of the geographical

position of Albania, and that heavily depends on the topography and climate of the area. Such flora,
apart from being rich in species, shows high levels of native species in the study area. The presence
of high levels of pollution has serious consequences on the flora and fauna of this area. The analysis
of chlorophyll fluorescence parameters and the assessment of the photosynthetic leaf activity are
conducted through the appropriate fluorescence imaging equipment, namely FluorCam 700 MF, at
the Institute of Biological Research. Herb samples are taken in Patos-Marinéz area. (Table 2)*

Table 2. The analysis of chlorophyll fluorescence parameters

Place Herbs Fluorescence parameters Assessment of_the
spread photosynthetic
Fo Fm Fv Rfd gN NPQ

Zharrez | Phragmites australis 1-1 126.71(357.29 | 230.58 1.479| 0.855 | 1.087
Spring Phragmites australis 1-2 120.01[362.91 242.9 1.552| 0.834 | 1.124
Zharrez | Eucaliptus camaldulensis 159.941640.33 | 480.39 1.786| 0.856 | 1.718
Spring Eucaliptus camaldulensis 2-2 | 132.79 [601.69 468.9 3.072| 0.922 | 2.737
Gjanice Phragmites australis 3-1 110.99509.71 | 398.72 3.043| 0.914 | 2.583
River Phragmites australis 3-2 163.65(774.58 | 610.93 1.806| 0.793 | 1.639
Gjanice Eucaliptus camaldulensis 2-1 | 124.46459.3 334.84 1.557| 0.856 | 1.186
River Eucaliptus camaldulensis 2-2 | 122.59415.09 | 292.49 1.411| 0.822 | 0.995

Based on the table data, fluorescence images and on the fluorescence kinetics curves, it results that
the indicators of herb photosynthetic activity analyzed in such areas are low, expressed more clearly
in leaves being under a fully developed vegetative stage (approximately 3-4 months). Leaves which
indicate a higher photosynthetic activity (Eucaliptus camaldulensis 2-2, Phragmites australis 3-1)
are leaves under a new vegetative stage (of nearly one month old). The low values of photosynthetic
activity indicators as well as leaves chlorophyll fluorescence dispersion (gradient and non

! Analyzes were carried out in biological research institute, Academy of sciences during 2010
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uniformity) indicate the negative impact of oil hydrocarbon pollutants found in this area. (Fig
1,2,3,4)
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Figure 1. Fluorescence images and on the fluorescence Figure 2. Fluorescence images and on the
kinetics curves. Phragmites australis, Zharrez Spring luorescence kinetics curves. Eucaliptus
camaldulens, Zharréz Spring
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Figure 3. Fluorescence images and on the Figure 4. Fluorescence images and on the

fluorescence kinetics curves.  Phragmites fluorescence  kinetics curves.  Eucaliptus
australis, Gjanice river camaldulensis, Gjanica river
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Other indicators of such degradation are the considerate spread of such invasive species as
Dittrichia viscosa and anthropogenic species as Asphodelus aestivus, Andropogon ischaemum,
Erigeron sp. etc. Elements of Mediterranean forest and shrub belt in individual cases are
encountered nearby or within such areas such as Rubus ulmifolius (bush), Paliurus spina-christi
(shrub) or under areas covered by natural vegetation such as Phlomis fruticosa, Quercus coccifera,
Spartium junceum.

Conclusions
As a conclusion we can say that the entire area represents a stage of native vegetation degradation
(degradation that continues to this day) not in very high values in terms of biodiversity;
Oil extraction and processing activity in the region, besides anthropogenic activity, has caused a
high level of pollution and considerable loss of biodiversity values. The following two are the most
visible indicators of this activity:

1. Increase of morbidity from various diseases (Picture 1,2, 3, 4)

2. Higher morbidity by pests (Picture 5,6)

Picture 1. Pollution effects on Phragmites Picture 2. Pollution effects on Populus
australis leaves canadensis leaves

Picture 3. Pollution effects on Rubus Picture 4. Pollution effects on Calystegia
ulmifolius leaves (necrosis) sepium leave (necrosis
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Picture 5. High presence of pests Picture 6. High presence of pests

Hydrocarbon contamination consequences in the oil extraction area not only influence
environmental pollution (water, air, land), but also the biodiversity of the area, and then further the
food chain;

Arable agricultural lands, degraded and abandoned lands, occupy roughly more than half the area of
the region under study;

Biodiversity is affected more than in all other ecosystems;

Repeated plow activity in such lands without protective measures has led to irreparable scale
damage and currently a large part of the agricultural land area are abandoned,;

Regardless the extension in this belt, the flora of such environments has almost nothing in common
with the vegetation of this belt;

Degradation represents the highest stage of former primitive forest degradation (that may have
existed in the area) dominated by ilgja (Quercus ilex), as a result of anthropogenic abusive activity
through intensive deforestation, cutting, burning, grazing, repeated works and leaving such lands
fallow for a long period of time, and what is more important, as a result of the high level of
pollution caused by drilling and exploitation activities of the area for oil extraction purposes;

Soils of this area are physically eroded in large scale and in many cases has surfaced rock sole;
Recommendations

Improvement of infrastructure and technology in the oil extraction and processing industry;

Areas of highly oil hydrocarbon contamination must undergo a "Phyto-rehabilitation” process;
There is an urgent need for intervention for its improvement through forestation with native species;
Forestation intervention would rehabilitate the landscape, reduce the dust level and improve
somewhat air quality.
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BJIMJAHUE HA JATJIEBOAOPOAOT U HEI'OBUTE ITOCJIEAUIIA BP3
KUBOTHATA CPEAUHA N CUHIIMPOT HA HCXPAHA BO OKOJIMHATA HA
HA®TEHUTE IIOJINIBA

Amva Hlexy, Andpen Mymaj, Cent Hlanapu, Xazup I[Tonoxann, Mapjantu I'ypu

AncTpakr

Bo oBOj Tpyn ce aHanmM3umpa NPHCYCTBO HAa BHCOKO HHMBO Ha 3araJleHOCT O] jarJIeBOAOPOX BO
¢opata, OHMOJIOIIKAOT AWBEP3UTET M 3EMjOJNEIICKO 3eMjumre Bo obmacta duep M HETOBOTO
BIMjaHHE Bp3 pa3BOjOT Ha 3eMjojencTBoTo. Eko-cucremure Bo obmacta ®uep o00e30emyBaaT
peCypcH U MOXHOCTH 32 €KOHOMCKH Pa3B0j Ha OMIITECTBOTO, HY/CjKH MPUPOJHU OOraTCTBa Kako
IITO Ce MOPEe W KOIHO, Typu3aM, LIYMH, MOUYYPHUINTA, UTH. MEAUTEPAaHCKUTE KIMMATCKH U
cenMUYHA YCIOBH HA BOJHHUTE €KO-CHCTEMHM TO HIACHTH(PHUKYBaaT OMN(ATEHOTO IMOJEC U
pasHoBuHaTa QayHa. dnopara ce KapakTepuzupa CO JOJNT BEreTAlMCKU IEePHOJ, KOj MOXe Ja
HagMmuHe Oypd U 10 mecenu. dayHara NOCTOjaHO Ce HamalyBa Kako pe3yiNTaT Ha INTETa Bp3
BereTallMCKaTa IOKPHBKA INTOCE JOJDKM Ha KOHLCHTpalWjata Ha jarjieBOJOpOJ BO 3eMjarta,
BO3IYXOT U IIOBPIIMHCKUATE BOJU.

Kayunu 300poBu: ®ayopecieHTHr napamerpu, poTocHHTEeTCKa akTHBHOCT, Phragmites Australis,
Eucaliptus Camaldulensis, nHBa3uBHU BUAOBH, BETETAIIMCKU IEPUO/I.
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Abstract

Mitrovica a city that lies in northern part of Kosovo is recognized as the biggest center with the
largest metallurgic and mining complex Trep¢a in Europe. The Mining activities in Mitrovica
resulted with a dramatic environmental pollution. The ore processing until 2000 and the existence of
three tailing damps contribute to the dissemination of hazardous material in air, soil and water. As a
result of uncontrolled water discharge of industrial processes such as: discharged water from mining
and flotation in Stan Terg and First Tunnel, Metallurgy and zinc battery factory in Mitrovica, rain
waters from industrial landfills, water from drainage channels that flow directly into rivers without
prior treatment show serious problem regarding to pollution of Trepca and Sitnica rivers, adding a
high level of heavy metals concentration which exceed international standards. The main objective
of the present investigation was to evaluate and analyze the impact of these industrial processes in
the quality of water of Trepga and Sitnica rivers. The Atomic Absorption Spectrometry (Shimadzu
AA-6300) was applied for the determination of lead, zinc, cadmium, copper and iron levels in
Trepga Flotation Laboratory. It was found that the level of lead (0.6434 mg / L), zinc (2.08 mg / L),
copper (0.1374 mg / L), iron(0.7132 mg / L) and cadmium (0.015 mg / L) concentration is relatively
high. Pollution of rivers with heavy metals represents a permanent threat to flora, fauna and the
population living in the region. Therefore in the conclusion the study presents recommendations for
possibility of eliminating or reducing the concentration of heavy metals.

Key words: heavy metals, river pollution, Atomic Absorption Spectrometry.

Introduction

Beside the use of water in many different branches of industry, river water is a subject to
contamination from raw concentrated discharges of these industrial waters. (Dukovic, J, et al 2000).
By exploiting the natural resources man developed and diversified industrial production economy,
but it increases the content of chemicals in aquatic environments, especially the heavy metals and
organic micropollutants (pesticides, poliklor-difenilet, chlorinated organic substances, aromatic
hydrocarbonspoliciklike, etc..), by discharges of solid, liquid and gaseous, urban, industrial,
agricultural and mining. All these pose a threat to aquatic ecosystems, affecting the water quality.
(Cullaj, A.2005).
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Environmental pollution from industrial processes is great danger in the city of Mitrovica, although
the chemical industries today are not operating. However, these industrial processes continue to
have an impact on environmental pollution, especially in aquatic ecosystems where the problem is
pollution of river Sitnica and Trepca. Impact on the pollution of revers Sitnica and Trepca have the
dischargd and untreated water from the battery factory and chemical industry, drainage water from
the tailings of jarosite and phosophogips. Flotation factory for the production and processing of
ferrous metals in technological process uses the relatively large amounts of water. After completion
of these technological process the water is discharged into rivers without any pollution with
preliminary treatment. The main characteristics of Sitnica and Trepca river and Trepces is the
pollution contaminated with heavy metals that often exceeds the allowed values??.Heavy metals are
highly toxic in their compounds and some of them even in their basic form.

Heavy harmful metals are, mercury, arsenic, cadmium, kallai, chromium, zinc and copper.These
metals are widely used in industry especially in metal galvanic wardrobe and some products like
batteries and accumulators. These metals can be introduced into the environment wherever these
products are produced, used and disposed.Heavy metals are extreme toxic because their
corresponding compounds ions are soluble in water and can be absorbed immediately into the body.
It is clear that the earlier pollution in this area has been very heavy. 1980 Studies show that all
vegetables and wheat planted in the Mitrovica area containing large concentrations of lead.People
who feed on these plants are at risk to take the lead to three times more than the maximum allowed
by the OBSH. (Rozaje D. et al 1983). Concentrations of lead in the blood of residents of Mitrovica
were several times higher than the population of Pristina.

It is estimated that about 9,000 children in Mitrovica may have blood lead concentration of 40 ug /
dL.In this case the determination of heavy metal concentraton is made by atomic absorption
spectrometric method Shimadzu AA-6300, in the laboratory flotation Trepca tunnel first, and
analysis results show that the contamination level of lead and zinc is several times higher than the
allowed European standards.

Material and methods

First sample was taken in Frasher, approximately a mile and a half away from landfill.Second
sample was taken 500 m away from the new bridge of French KFOR called ,,Verdunit
Bridge”.Third sample was taken at the beginning of the dump and the fourth sample was taken at
the end of the industrial waste dump Mitrovica Industrial Park.While the first sample is picked in
river Trepca on the mine of Trepca, the second sample was taken after the discharge of industrial
wastewater from Flotation and the third sample was taken after Trepges and Sitnicas union.

Water samples were placed in polyethylene containers, which have been cleaned with same water
from which the sample was taken. (Korca,B. 2003). Samples are identified by serial number and
place of receipt.In the taken samples it is determined the concentration of heavy metals, Pb, Cd, Zn,
Cu and Fe, and pH.Ph-has been calculated with pH meter apparatus. 100 ml of sample of were
placed in erlenmeyer and previously they were filtered to remove the insoluble substances. In
every sample was added a 1 ml concentrated HNO3, and are placed in electrical roshon up to the
boiling point.Samples were then cooled, and as a result of evaporation the amount of sample is
reduced.Samples are placed in a normal container and are leveled with distilled water.
Ciriq,J.,Vajgan,Peshiq, Hemisko Tehnoloski Prirucnik.
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For each element after they optimized the respective conditions as wave length, lamp position, the
position of fuzed , type of flame and the fissure spectral width the absorbance of standard solvents
was measured and the calibration curves were constructed and parameters of lead,zinc, cadmium,
copper and iron have been calculated.(Atomic Absorption Spectrometry, Method Manual, ISSME
3-010101, Thermo electron Corporation, Cambridge, Solaar House),Institut za Nuklearne Nauke,
(1951).
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Figure 1. The topographic presentation of Sitnica River and Trepge samples

Results and discussion
The following Table 1 shows the aty metals in the samples that were taken in the Sitnica River.
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Table 1. Values of heavy metals and pH in Sitnica River

Europian
Union
Directive Sample 1 Sample 2 Sample 3 Sample 4
98/83/EC
pH 6-8.2 7.67 7.70 7.69 7.78
Cu mg/L 0.01-1.0 0.144 0.1145 0.0741 0.1145
mg/L
Cd mg/L 0.005-0.01 0.0049 0.0056 0.0055 0.0036
mg/L
Zn mg/L 0.2-1.0 mg/L 0.017 0.0367 0.5136 1.3536
Pb mg/L 0.005-0.01 0.0293 0.1746 0.0696 0.1467
mg/L
Fe mg/L 0.3-1.0 mg/L 0.0877 0.6922 0.077 0.0306

Table 2. Values of heavy metals and pH in river Trepca

Europian
Union
Directive Sample 1 Sample 2 Sample 3
98/83/EC
pH 6-8.2 7.07 8.1 7.85
Cu mg/L 0.01-1.0 mg/L 0.1276 0.1374 0.0549
Cd mg/L 0.005-0.01 0.0037 0.0048 0.0045
mg/L
Zn mg/L 0.2-1.0 mg/L 0.0546 2.08 1.2349
.005-0.01
Pb mg/L 0.005-0.0 0.1311 0.6434 0.3178
mg/L
Fe mg/L 0.3-1.0 mg/L 0.1956 0.7132 0.1089

Based on the results obtained from the samples and analysis is clear that contamination is evident.
Significant values of concentration of heavy metals mainly lead and zinc were observed in river
waters Trepges where comes the merging of river water and the discharging water that comes out
of Flotation.
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In the following figures it is shown the concentration of metals Cu, Cd, Zn, Pb and Fe.
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The pH values in all samples in Trepca and Sitnica rivers do not exceed the standard values. The
figure shows that copper in the third sample does not exceed the standard values of pollution,

otherwise the three other samples of the copper concentration exceeds the allowed values above 0.1
mg/ L.
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Based on the values obtained from the analysis no contamination with cadmium is present.
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Concetration Zn (mg/1)
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Based on the results obtained from sampling the contamination with heavy metals is evident.
Significant values of concentration of lead and zinc were observed in river waters and exceed the
standard values 0.2 mg / L, ie, 0.005 mg / L referred to by the European Union Directive 98/83/EC.
The contamination with lead and zinc is result of wastewater discharges from drainage and
industrial waste landfills (jarosite and phosphogyps). In the following figures it is shown the
concentration of metals Cu, Cd, Zn, Pb and Fe.
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Values which are obtained as a result of analyzing of water samples in Trepca River are very high
compared with the limited standard values. The sample taken in the discharged water from the
flotation process show very high values of heavy metal, mainly with lead and zinc. As result of
contamination with heavy metals this river is categorized in the fourth category.

Conclusions

Thanks to the research we conclude that contamination with heavy metals like lead, zinc is present
in River Trepge and Sitnica.The largest concentration of contaminants is observed in the vicinity of
the point discharge of industrial wastewater of flotation.Since there was no industrial waste
compacting and regular coverage of landfills in PIM, still these landfills continue to be a
environmental pollutants of Sitnica River.

By ending this paper, we came to the conclusion that there are some possibility that in the future
these pollutants can be removed or reduced to the allowable limit values:

1. Both industrial landfills should be covered with plastic fossils for reasons of environmental
protection from pollutants.

2. The coverage of landfills with soil layers and their vegetation.

3. The Treatment of sewage and that industrial waste before they are discharged into the water of
the river.

In recent times new technologies are discovered thanks to the scientific work and efficient processes
devices which allow the removal of contaminants from polluted waters of acid derived from the
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mining. This process of treatment is possible with the use of less hazardous chemicals in such
rechnology that will facilitate the application.

If we take proper handling of dumps, repairing the state of equipments in the cleaning facilities
waste water from industries and the preliminary treatment of sewage flowing into the river the
pollution will not exceed the allowed standard values of heavy metals pollution .
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BJIMJAHUETO HA PYJAPCKUTE HHAYCTPUCKHU ITPOLIECH HA ,, TPEITYA*
KOMIIIEKCOT BP3 KBAJIMTETOT HA PEKUTE TPEITYA 1 CUTHHUIIA

®rnopa Deparu, Muxone Kepomm-Mycrada, Apuana Kjapa-Jou

AncTpakr

MurtpoBuIia, TpaoT KOj ce Haora BO CeBepHHUOT Jiell Ha KOCoBO € mpH3HaT Kako HajrojieM LEeHTap Co
HAjTOJIEMUOT METAIYPIIKU U pyaapcku koMiuieke Tpenua Bo EBpoma. Pynapckute akTHBHOCTH BO
MurtpoBHIia pe3ynTHpaa co JPACTHYHO 3arajyBareTO Ha JKUBOTHATa cpenuna. [IpepaboTkarta Ha
pyzaa mo 2000 roauHa U MOCTOCHETO HA PYJAPCKH OTMAAX NPHAOHECETE BO LIMPEHE HA INITCTHU
MaTepry BO BO3YXOT, MOoYBaTa W Bojata. Kako pe3yirar Ha HEKOHTPOJIMPAHOTO HCIYIITAHE Ha
BOJIa OJ] HHAYCTPUCKHUTE MPOLIECH KaKO IITO Ce: UCIYLITEHH BOAW O] PYyJIapCTBOTO M (ioTanuja BO
Stan Terg u First Tunnel, ¢pabpuka 3a MeTanypruja u HMHK GaTepuu BO MUTPOBHIIA, TOXKIOBHUIIH
0]l MHIYCTPUCKH NCTIOHHMH, BOJA OJ OJBOJHH KaHAIM KOM HCTEKyBaaT JUPEKTHO BO peKkuTe Oe3
MPETXO0/HO YIpPaByBame, IPETCTaByBaaT CEPUO3CH MPOOIIEM BO OJHOC HA 3arajyBameTo HA PEKUTE
Tpenua u CurHuIa, J0AaBajKd BHCOKO HHBO HA TEHIKA METald KOM TI'M HaJMHUHYBaaT
MelyHapOJHHUTE CTaHAapAu. |JaBHaTa [ed Ha OBa HMCTPaXKyBame Oelle Ja ce OLCHH W JAa ce
aHaIM3Mpa BIHjaHUETO HAa OBUE WHIYCTPHCKU MPOIECH BP3 KBAJIUTETOT HA BOJATA HA DPEKUTE
Tpemrua um CutHnma. AToMcka arcoprimcka crekrpomerprja (Shimadzu AA- 6300) Oemre
NPUMEHETa 3a OJpeAyBame Ha HHBOTO Ha OJOBO, IMHK, KaaMHyMm, Oakap M »Keje3o BO
nabopatopujata 3a (iortanuja Bo Tpermua. Ce mokaxka Jeka HMBOTO Ha KOHIICHTpalldja Ha OJIOBO
(0,6434 mg/L), uuuk (2,08 mg/L), 6akap (0,1374 mg/L), xene3o (0,7132 mg/L) u kanmuym (0,015
mg/L) e peraTMBHO BHCOKA. 3arajyBame Ha PEKUTE CO TEIIKH METAIH MPETCTaByBa MOCTOjaHA
3akaHa 3a (opara, ayHaTa M HaceleHMETO KOE XXMBEE BO PErMOHOT. 3aToa BO 3aKIyYOKOT Ha
TPYIOT Ce MpPE3EHTUpPAaaT MPEernopakyd 3a MOXKHOCTA 32 CIUMHHUPAhEe I HaMallyBambe Ha
KOHIIEHTPAIMjaTa Ha TSIIKA METAJIH.

Kayunu 300poBH: TEIIKK METAJIH, 3ara/[yBambe Ha peKa, ATOMCKA ariCOPIIUCKA CIIEKTPOMETpHja.
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