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FOREWORD

Agricultural production is realized in the use of limited resources,
land and water, which are not maximally used, in which there is a
slowdown in the increase in productivity of agricultural edible plant
species, a decrease in biodiversity, an increase in environmental
pollution and the degradation of biological, chemical and physical
properties of the soil. Natural resources, soil and water are exposed to
the pressure of unreasonable depletion in agriculture, the application
of inappropriate cultivation technology, enormous amounts of
fertilizers, pesticides, climate change, intensive blocking of arable
land with the formation of urban and industrial settlements, roads, wind farms, solar
electric screens, which lead to insecurity production and food supply.

It is necessary to include the hitherto unused capacities of land and water and improve
agricultural production based on ecological principles and increasing adaptability to
changed climatic conditions with the introduction of new varieties and hybrids and new
cultivation technologies. The state of the world's land and water resources for food and
agriculture is an important subject for scientific consideration of the implications for
agriculture and finding solutions for the transformation of the combined role of land and
water in providing food, preserving the environment, improving energy efficiency as well
as improving socioeconomic development, which is central topic in the program of the
11th International Scientific Agribusiness Conference " Food for the future - a vision of
Serbia, the region and Southeast Europe".

Conference participants presented the latest knowledge, which is in the function of public
policy to increase care for the future of natural resources, soil and water conservation,
increase biodiversity, food security, improvement of nutrition and human health and
development of compatible sources of clean energy, as well as ensuring fair trade. In
addition, the Conference created an opportunity for the exchange of innovative research,
methodologies and practices in various fields of agriculture, economy, education, for
encouraging dialogue, interdisciplinary connection, and promotion of modern trends in
education, marketing, excellence and innovation.

The results presented in the papers indicate the need and possibility of joint projects in the
region, the Balkans, Europe and beyond in the field of socio-economic cultural and
political life. How significant this is, it is not difficult to conclude based on the visible laws
in the nature that surrounds us. The content of the papers and the results at this conference
confirm the importance and potential of scientific, professional, cultural, economic and
political cooperation in preserving the integrity, independent coexistence, respect and
friendship of the Republic of Serbia in the European and world frameworks.

We express our heartfelt gratitude and respect to the meeting participants, board members,
authors, reviewers, co-organizing institutions, sponsors and everyone who contributed to
the realization of the Conference.

Kopaonik,
02-04. February 2024. Editors

MSc Milan Jovici¢



PREDGOVOR

Poljoprivredna proizvodnja se ostvaruje u koriséenju ogranicenih resursa, zemljiSta i vode,
koji nisu maksimalno iskori$¢eni, u kojima se ispoljava usporavanje povecéanja
produktivnosti poljoprivrednih jestivih biljnih vrsta, smanjenje biodiverziteta, povecanja
zagadenja zivotne sredine i degradacije bioloskih, hemijskih i fizickih osobina zemljista.
Prirodni resursi, zemljiSte i voda su izlozeni pritisku nerazumnog iscrpljivanja u
poljoprivredi, primenom neodgovarajuce tehnologije gajenja, enormne koli¢ine dubriva,
pesticida, klimatskih promena, intenzivnog blokiranja obradivog zemljista sa formiranjem
urbanih i industrijskih naselja, saobracajnica, vetroparkova, solarnih elekrana, $to void u
nesigurnost proizvodnje i snabdevanja hranom.

Neophodno je ukljuéiti do sada neiskoris¢ene kapacitete zemljista i vode i unaprediti
polljoprivrednu proizvodnju na ekolo$kim principima i poveéanju adaprivnosti na
promenjene klimatske uslove sa uvodenjem novih sorti i hibrida i novih tehnologija
gajenja. Stanje svetskih zemljisnih i vodnih resursa za hranu i poljoprivredu predstavljaju
znacajan predmet za nau¢no sagledavanje implikacije na poljoprivredu i iznalaZenje reSenja
za transformaciju kombinovane uloge zemljista i vode u obezbedenju hrane, ocuvanju
zivotne sredine, unapredenju energetske efikasnosti kao i unapredenju socioekonomskog
razvoja, a S§to je centralna tema u programu 11. Medunarodne nau¢ne agrobiznis
konferencije "Hrana za buduénost - vizija Srbije, regiona i Jugoistocne Evrope".

Ucesnici Konferencije su prezentovali najnovija znanja, koja su u funkciji javne politike
za povecanje brige za buduénost prirodnih resursa, ocuvanja zemljista i vode, povecanja
biodiverziteta, obezbedenja hrane, unapredenja ishrane i zdravlja ljudi i razvoja
kompatibilnih izvora Ciste energije, kao i1 obezbedenje fer trzista. Pored toga na
Konferenciji je stvorena moguénost za razmenu inovativnih istrazivanja, metodologija i
praksi u razli¢itim oblastima poljoprivrede, ekonomije, obrazovanja, za podsticanje
dijaloga, interdisciplinarnog povezivanja, i promociju savremenih trendova u obrazovanja,
marketingu, izvrsnosti i inovacija.

Predstavljeni rezultati u radovima, ukazuju na potrebu i moguénost ostvarivanja
zajednickih projekata u regionu, Balkanu, Evropi i Sire u oblasti socio-ekonomskog
kulturnog 1 politickog zivota. Koliko je to znacajno, nije teSko zakljuciti na osnovu
vidljivih zakonitosti u prirodi koja nas okruzuje. Sadrzaj radova i rezultati na ovoj
konferenciji potvrdjuju znacaj i potencijal nauc¢no-strucne, kulture, privredne i politicke
saradnje u ocuvanju integriteta, nezavisne koegzistencije, uvaZavanja i prijateljstva
Republike Srbije u evropskim i svetskim okvirima.

Ucesnicima skupa, clanovima odbora, autorima radova, recenzentima, institucijama
suorganizatorima, pokroviteljima i svima koji su doprineli realizaciji Konferencije
izrazavamo srdacnu zahvalnost i postovanje.

Kopaonik,
02-04. February 2024,
Urednik

MSc Milan Jovicic¢
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Abstract: Climate change has made its effects are manifested in different ways all over the world after the
Industrial Revolution. Climate change sometimes are manifested through heavy rains and storms, sometimes
causes serious production losses through long-term droughts. Turkey is a country close to Europe, the
Mediterranean, and the Middle East, due to its location and large surface area. Both Turkiye and Iraq are
suffering from climate change effects.. Drought events, which have increased in frequency, especially in recent
years, negatively affect agricultural production. The increasing frequency of drought events constitutes a risk
factor not only for Turkiye but also for most countries that have a semi—arid climate in the south of Turkiye.
Different seasons and climates can be experienced at the same time in Tlrkiye. However, when examined
across the country, a semi-arid climate prevails in most parts of the country. Especially in the summer months,
increasing temperatures, decreasing or absent precipitation, low relative humidity, and strong wind speed
increase plant water consumption. For this reason, in most semi-arid regions of Tirkiye, crop production
cannot be carried out without irrigation during the summer months. For this purpose, the government has
made significant irrigation investments, especially in semi-arid regions. For example, the Turkish Ministry of
Agriculture and Forestry has been offering 50% grant support to pressurized irrigation systems that use water
efficiently since 2007. Despite this, water resources are often insufficient or limited. In this study, the level of
impact of climate change in recent years in semi-arid regions, especially in Turkey, and adaptation strategies
against climate change are discussed.

Key words: Climate change, semi-arid region, agriculture, irrigation, production

Apstrakt: Klimatske promene su ucinile da se njeni efekti ispoljavaju na razlicite nacine Sirom sveta nakon
industrijske revolucije. Klimatske promene se ponekad ispoljavaju kroz jake kise i oluje, ponekad izazivaju
ozbiljne gubitke u proizvodnji usled dugotrajnih susa. Turska je zemlja koja blizu Evrope, Mediterana i Bliskog
istoka, prema svom poloZaju i velikoj povrsini. I Turska i Irak stradaju od posledica klimatskih promena. Turska je
Jedna od zemalja koja je bila i bice najvise pogodena klimatskim promenama. Susne pojave, koje su sve ucestalije,
posebno poslednjih godina, negativno uticu na poljoprivrednu proizvodnju. Sve veca ucestalost susa predstavija
faktor rizika ne samo za Tursku, veé i za veéinu zemalja koje imaju polususnu klimu na jugu Turske. U Turskoj se
mogu istovremeno iskusiti razlicita godisnja doba i klime. Medutim, izuc¢cavanje klime Sirom zemlje pokazuje da u
vecem delu zemlje viada polususna klima. Narocito u letnjim mesecima, povecanje temperature, smanjenje ili
izostanak padavina, niska relativna viaznost i jaka brzina vetra povecavaju potrosnju vode u biljkama. 1z tog
razloga, u vecini polususnih regiona Turske, proizvodnja useva se ne moze obavljati bez navodnjavanja tokom
letnjih meseci. U tu svrhu, vlada je napravila znacajna ulaganja u navodnjavanje, posebno u polususnim
regionima. Na primer, tursko Ministarstvo poljoprivrede i Sumarstva nudi 50% bespovratne podrske sistemima za
navodnjavanje pod pritiskom koji efikasno koriste vodu od 2007. Uprkos tome, vodni resursi su cesto nedovoljni
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ili ograniceni. U ovoj studiji se razmatra nivo uticaja klimatskih promena poslednjih godina na polususne
regione, posebno u Turskoj, i strategije prilagodavanja na klimatske promene.

Kljuéne reci: klimatske promene, polususni region, poljoprivreda, navodnjavanje, proizvodnja
1. INTRODUCTION

Due to the intensive use of fossil fuels, energy production, agriculture, and other activities that are
not carried out according to sustainability principles, greenhouse gases in the atmosphere have
reached a dangerous level for the future of humanity. It is now a known fact that this increase in
greenhouse gases directly affects the temperature.

Climate change is an important global problem in terms of its effects and consequences that are
becoming more frequently observed today. Natural disasters such as floods, fires, and droughts that
have occurred on a global scale in recent years threaten the entire ecosystem and human life.
Increases in the frequency, impact, and duration of these disasters are observed. Climate change is
no longer an environmental problem, but rather a problem of ensuring the sustainability of human
life. It is now inevitable to take the necessary precautions against climate change to ensure the living
standards of future generations.

Climate model simulations for the 21st century are consistent in projecting precipitation increases in
high latitudes (very likely) and parts of the tropics, and decreases in some sub-tropical and lower
mid-latitude regions [1,2]

Combating climate change, which requires a multidimensional and systematic structural
transformation, is not an issue that can be reduced only to the ecological-environmental dimension.
Essentially, it is a struggle that aims to transition to a low-carbon economy and requires economic,
political, and strategic restructuring of countries.

In this context, the global fight against climate change officially started on 21 March 1994 with the
United Nations Framework Convention on Climate Change (UNFCCC). In the 6th Assessment
Report of the United Nations Intergovernmental Panel on Climate Change (IPCC), which is the
scientific body of this agreement, published on August 9, 2021, it was stated that the world's
average temperature has increased by 1.1°C since the Industrial Revolution [3] and the last 10 years
have been the hottest period of all time.

It is predicted that drought will be felt in large areas and the number of extremely hot days will
increase in Turkiye, Irag and neighbor countries, which is located in the Mediterranean Basin, one
of the regions expected to be most affected by climate change in the world. Therefore, this problem
needs to be addressed seriously at the national level.

As it is known, extreme temperature increases in the atmosphere cause global warming. Global
warming is caused by the greenhouse effect caused by greenhouse gases released into the
atmosphere as a result of some wrong practices. Energy consumption in the world is by far the
largest source of human-caused greenhouse gas emissions and is responsible for 73% of greenhouse
gas emissions worldwide. Other major areas that produce emissions outside the energy sector are
agricultural activities (12%), forestry activities such as land use, land use change, and deforestation
(6.5%), chemicals, cement, and different industrial processes (5.6%), and wastes including landfills
and wastewater (3.2%) [4]

The agricultural sector is one of the sectors most affected by and causing climate change in terms of
product productivity, product patterns, decreasing water resources, increasing temperature, and food
security. For this reason, today, new agricultural approaches are used in the agricultural sector to
ensure adaptation to changing climate conditions and to reduce carbon emissions caused by
agricultural activities.

18



The climate in Tarkiye varies by region. While the northern regions receive a lot of rainfall, the
Central Anatolia and Southeastern Anatolia regions are two regions where drought limits
agricultural production. For this reason, crop production cannot be done without irrigation in the
summer months.

This study focuses on climate change in Turkiye from past to present, changes in agricultural
production, and drought adaptation strategies. But in Iraq, the temperatures have risen clearly at the
last four decades, accompanied by a decrease in rainfall rates. It was observed that the rain isoline
moved about 100 km towards the north. [5].

2. CLIMATE CHANGE AND AGRICULTURE

In general, soil, water, sunlight, and temperature are needed for the growth of all agricultural
products. Climate is a dynamic component that affects all of the components listed. For this reason,
the risk it creates for the agricultural sector is very high due to the unknowns it involves. Climate is
one of the factors that directly affects agricultural production.

The effects and consequences of climate change noticeably affect our lives. This situation; We
encounter issues such as epidemics, drought, erosion, desertification, displacement of climate zones,
as the shifting of the rain isoline causing deformation in the land use/land cover of the region.
increase in severe weather events, rise in sea level, damage to wildlife species as a result of
disruption of natural balance, and deterioration of human health.

Agriculture is an important sector that affects and is affected by climate change. How agricultural
production systems will respond to changing climatic conditions is one of the issues that should be
revealed first. New agricultural practices and new agricultural technologies should be developed for
the changing climate. On the other hand, developing agricultural practices that reduce greenhouse
gas emissions is a serious mitigation item in the fight against climate change.

The combined effects of changes in temperature, precipitation, and atmospheric CO concentration
affect crop yield, and this effect varies by region. A decrease in crop yield and an increased risk for
livestock is predicted in most of the Mediterranean Basin [6]. Climate projections show that much
of Europe will experience higher levels of warming than the global average.

The 13th of the United Nations (UN) Sustainable Development Goals is climate action to prevent
the negative effects of climate change on agricultural production and to adapt agricultural
production to climate change. With this action, strengthening the resilience and adaptation capacity
against climate-related hazards and natural disasters in all countries, integrating measures related to
climate change into national policies, strategies, and plans, providing education, awareness raising,
and training on climate change mitigation, adaptation to climate change, impact reduction and early
warning. The development of human and institutional capacity has been determined as the main
objective [7].

In the agricultural sector, these targets are; Ending hunger, ensuring food security and promoting
sustainable agriculture, resilience of plant patterns and adaptation of production systems to climate
risks and natural disasters, an adaptation of agricultural systems to climate change, ensuring
sustainable food production systems, increasing production and protecting ecosystems are
highlighted as actions is coming out.

3. EFFECTS ON THE FOOD INDUSTRY
The agriculture and food sector, which is among the strategic sectors of the 21st century, is in
danger of being inadequate to feed the world population, which is estimated to reach 10 billion in

2050. Research indicates that to feed the world population in 2050, agricultural and food production
must be at least 50% more than today's level. IPCC's Assessment Reports predict that, due to the
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impact of climate change, water scarcity, and drought will increase in the world, agricultural
productivity will decrease, and food prices may increase by up to 85% worldwide [8]. It is known
that some agricultural areas have become arid due to the change in the precipitation regime, the
ripening times of agricultural products have changed, some agricultural areas have become unusable
by being flooded or become saline due to the rise of seawater and productivity has decreased. Rising
temperatures will also increase bacterial production in foods. In summary, climate change also
threatens food security.

In line with all these explanations, it is stated by different authorities that the cultivation area and
production pattern will change due to the effect of climate change, there will be a decrease in
productivity and the amount of production will decrease, and there will be a decrease of
approximately 25% in agricultural productivity in the next 30 years.

These reality forces researchers and farmers to improve the agriculture systems and irrigation
methods and may contribute to migration from the villages to the cities, causing various social and
economic problems.

4. EFFECTS OF CLIMATE CHANGE ON TURKIYE

Turkiye is located in the western part of the sub-tropical continents and in a climate zone called the
Mediterranean climate. There are many sub-climatic types in Turkiye, which is surrounded by seas
on three sides and has an average altitude of approximately 1,132 m. This diversity in climate types
is related to the fact that Tirkiye is located in a transition zone that is affected by various pressure
systems and weather types originating from the polar and tropical (equatorial) zones throughout the
year. This includes the complexity of topographic features and their variability over short distances,
etc. Physical-geographical features can also be added.

As with past climate changes, there may be regional and time differences. For example, while there
will be an increase in the severity and frequency of meteorological disasters such as hurricanes,
heavy rains, and related floods in some parts of the world in the future, long-term and severe
droughts and associated widespread desertification events may be more effective in some regions.

It is predicted that Turkiye may be affected by the negative aspects of global warming, especially
the weakening of water resources, forest fires, drought and desertification, and related ecological
disruptions. It is shown among the risk group countries in terms of the potential effects of global
warming in international publications and IPCC reports [9].

Climate change affects water resources most negatively. It has been proven in all scientific reports
that the most important impact of climate change will be on the water cycle. Research shows that
more than 3 billion people will experience water scarcity by 2025 [10]. Turkiye economic irrigable
land availability is 8.5 million hectares and the amount of land opened for irrigation (2020) is 6.7
million hectares [11]. The water resources of Tirkiye, which is experiencing water stress, are 98
Billion m® of surface water, and 14 Billion m® of groundwater, and the total usable (net) amount of
water is determined as 112 billion m3. The amount of usable water per person is 1,347 m3/year. This
situation shows us that Tirkiye is not a water-rich country and is even under water stress. In areas
opened to irrigation throughout the country, the irrigation rate is 65% and the irrigation efficiency is
45%. Because of the projects developed by public institutions and organizations responsible for the
development of water resources in Turkiye, as of the end of 2000, water consumption for various
purposes has reached 39.3 hillion m?, 6.0 billion m*® of which comes from groundwater and 33.3
billion m® from surface water. 29.3 billion m® (75%) of this water is for irrigation; 5.8 billion m?
(15%) is used to meet drinking water needs and 4.2 billion m® (10%) is used to meet industrial water
needs. Specifically, the sectoral distribution of groundwater is 2.1 billion m? in irrigation; 1.9 billion
m? is used for drinking, and 2.0 billion m? is used for industry [11].
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Another problem caused by climate change is drought. in Mediterranean countries, including
Tirkiye, with the negative effects of climate change being felt, the concepts of drought and
humanitarian interventions due to natural events are frequently encountered. Because of drought,
plant water needs cannot be met, and there is a decrease in product yield and quality along with an
increase in weeds and pests. To combat drought nationwide, short-, medium-, and long-term
measures are taken, and action plans are put in place to reduce the effects of drought on a
sustainable basis. Spring recharge of many groundwater reservoirs (aquifers) in the world because
of climate, shifts towards winter. Summer feeding is extremely reduced. Climate change has an
impact on both the quantity and quality of groundwater resources. The indirect effects of climate
change on the quantity of groundwater arise from changes in groundwater withdrawal and use
initiated by the climate. Decreasing trends in groundwater levels (especially in the Central Anatolia
region in Turkiye) are closely related to increasing drought trends. Climate change and variability
can significantly alter the recharge rates of large aquifer systems and thus the sustainable
groundwater supply in the region may change at a high rate. For shallow aquifers, air temperature
has a greater impact on groundwater levels than precipitation. Increasing the level of public
awareness, involving all stakeholders in the process, planning sustainable agricultural water use,
taking necessary precautions in periods when drought is not experienced, and effective combat in
times of crisis are managed within the scope of the "Agricultural Drought Combat Strategy Action
Plan" of Agriculture and Forestry Ministry.

Erosion is the rapid removal of soil, especially fertile topsoil, by natural processes such as water and
wind, as well as human activity. Temperature increases and soil cultivation increases the rate of soil
degradation. In this case, the danger of erosion increases and soil fertility decreases. According to
research, Turkiye's soil fertility has decreased by 23% in the last 10 years [4].

As soil fertility decreases, the organic structure in the soil weakens and therefore there is a decrease
in plant nutrients. The decrease in nutrients is tried to be compensated by using more chemical
fertilizers, which causes nitrate pollution and the release of N,O emissions, a greenhouse gas, into
the atmosphere.

Increasing climate change also causes changes in natural vegetation. It is considered that this
situation may cause the expansion of steppe areas and the decrease of pasture areas in Tirkiye.

With climate change, temperature increases or changes in precipitation regimes may create suitable
environments for plant diseases and pests. Product quantity and quality decrease due to this sudden
disease and pest infestation.

One of the important consequences of climate change is the negative effects it has on water
resources and the water cycle. The negative effects of climate change on water resources can be
listed as follows.

» Changes in the water cycle (increased atmospheric water vapor, change in precipitation regime,
extreme consequences such as drought and floods, large-scale melting of polar and mountain
glaciers, changes in soil moisture),

* High air temperatures affect water quantity and quality,

* High sea level causes salinization of estuarine and coastal groundwater, thus reducing the access
of people and ecosystems to fresh water in coastal areas.

With climate change, changes are observed in the intensity and distribution of precipitation.
Precipitation that should fall within a few months falls within a few hours, causing serious damage.
While a significant decrease is expected in precipitation in the Western and Southern regions, where
the Mediterranean climate prevails, precipitation is expected to increase in the Black Sea Region,
where a moderate mid-latitude climate prevails. Due to increasing temperature and decreasing
precipitation, an increase in the severity, frequency, and duration of drought events is expected.
Water resources are becoming one of the highest priority issues regarding climate change in many
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regions. Efforts should be made to balance water supply and demand, taking into account the effects
of future climate change.

Water management requires being responsible for the regulation, control, allocation, and
distribution of existing water resources and efficient use of stream-based uses such as irrigation and
energy cooling, taking into account the effects of future climate change. It is recommended that not
only the control of floods but also their predictions should be made based on climate change
principles.

On these issues, local governments and all units of government, as well as the private sector and
stakeholders, need to continue to deal with water management by regularly incorporating the effects
of climate change. In this regard, when it comes to water management, one should not expect a
magic wand to overcome problems by producing solutions only through scientific methods, because
water use also includes social, economic, and cultural aspects. Engineering structures such as dams,
levees, and drainage channels need to be sized and managed to adapt to climate change.

However, based on the research conducted, it has been concluded that this is not the case and that
the behavior of different geographical regions of TUrkiye against climate change should be revealed
through a national climate change study and future predictions should be made accordingly.

Mass tree drying and pest epidemics, etc., have increased in Tirkiye's forests in recent years. Strong
findings have been found that the main causes of disasters are drought, air pollution, and acid rain
[12] Between 1993 and 1994 alone, approximately 2 million m3 of trees were destroyed due to
insect destruction. In addition, visible tree drying, although not massive, is observed in the Aegean
and Mediterranean regions due to the drier-than-normal conditions that have been effective in the
Mediterranean Basin since the 1970s. In addition, the weakening of trees reduces the resistance of
forests to the effects of storms, snow, avalanches, and similar meteorological disasters. As a result,
the amount of fallen and broken trees increases. This makes the forest vulnerable to other pests.
These negative effects negatively affect the biodiversity, gene stores, and carbon retention
capacities of Tiirkiye’s forests. The effects of climate change on Tiirkiye’s forests also need to be
examined in detail.

5. NEW POLICIES PRODUCED FOR CLIMATE CHANGE IN TURKIYE AND
IRAQ

Turkiye has recently been creating its policies within the framework of sustainable development
principles in almost every field of combating climate change. It is progressing towards developing
its legal, institutional, and economic system in the context of the new climate economy. In the
international arena, joint efforts against climate change attract attention.

While climate change has the potential to affect natural ecosystems, especially water and carbon
cycles and the food chain, the agricultural sector is also considered the most vulnerable sector to
climate change. In other words, climate change is a global crisis that can easily affect agricultural
production. But this crisis also depends on how countries respond to climate variability.

Observed climate change affects food security with increasing temperatures, changing precipitation
patterns, and the increased frequency of some extreme weather events. Studies distinguishing
climate change from other factors affecting crop yields have shown that in many regions at higher
latitudes, the yields of some crops (corn, wheat, and sugar beet) have been positively affected in
recent years, while in many lower latitude regions, the yields of some crops (corn and wheat) have
been negatively affected by the observed climate changes.
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It is predicted that there will be decreases in yield and product suitability under higher temperatures,
especially in tropical and semi-tropical regions. Heat stress reduces fruit sets and accelerates the
development of annual vegetables, causing yield losses, deterioration of product quality, and
increased food loss and waste. Longer growing seasons allow for greater plantings and can
contribute to greater annual yields. However, some fruits and vegetables need a chilling period to
produce a viable crop, and warmer winters may pose a risk at this point [13].

For Turkiye, which is an agricultural paradise under current conditions, ecosystem-oriented
production should be continued by increasing the awareness of all stakeholders by international
conventions and agreements on adaptation and mitigation to climate change, keeping the
agricultural sector strong as a result of constantly changing climate conditions and protecting it from
the negative effects of climate change.

The negative effects of climate change on the agricultural sector are evaluated by both the Tirkiye
Agriculture and Forestry Ministry and research institutions; While determining the next short and
medium-term agricultural policies for Tirkiye, policies are developed by considering a 2-3°C
temperature increase and the effects of this increase on the climate as an assumption scenario.

Both Turkey and Iraq have large amount of moderate saline water that can be used to irrigate salt-
tolerant plants. In Turkey for example, the Menderes river downstream is affected by the salinity of
adjacent sea, its water used to irrigate cotton in Soce city. In Irag, Main Outfall Drain (MOD)
collecting the agricultural drainage water of the large fields in Iraq, its water used to irrigate the
palm orchards [14].

6. MITIGATION AND ADAPTATION IN THE AGRICULTURAL SECTOR

In the process of combating climate change, practices are handled under two main headings:
mitigation and adaptation, and are considered as two inseparable parts for result-oriented studies
against climate change. Mitigation, which means mitigating the negative consequences of climate
change, is used in the same sense as reducing greenhouse gas emissions.

A range of integrated farming systems are proposed to evaluate the synergies between mitigation
and adaptation and provide a low-carbon and climate-resilient path to sustainable food security and
ecosystem health. Integration here refers to the use of practices that enhance the mitigation,
resilience, and sustainability functions of an agricultural ecosystem. These systems follow holistic
approach methods to obtain biophysical, socio-cultural, and economic benefits from land
management systems. These integrated systems include nature-based solutions such as agro
ecology, climate-friendly smart agriculture, ecosystem-based agriculture, and protective agriculture.

Addressing the effects of climate change by reducing greenhouse gas emissions is possible by
protecting and improving the current conditions of forests, wetlands, marine, and coastal
ecosystems, meadows, agricultural areas, and peatlands, each of which can capture and store
carbon.

The main objectives of all these systems are increasing the soil organic amount, effective use of
water, land use planning, and practices aimed at increasing biodiversity. Below are some of the
common practices in Turkiye.

Rain Harvest: Rain harvesting is the whole of the methods developed to collect and use the water
that flows to the surface through rainfall for irrigation. Rain harvesting; In addition to the aims of
feeding groundwater, increasing agricultural production and productivity restricted due to lack of
water, it provides ecological and recreational benefits with side applications such as improving the
soil, increasing the ground cover and organic content in the soil, producing fish and suitable plants

23



in ponds, and creating habitats for water birds. Many small dams was constructed to harvest
rainwater in the large valleys in western desert of Iraq like Horan valley [5].

Economical Water Use: Droughts that have occurred in recent years have caused crop losses in
various parts of the country and increased the need for irrigation. Pressurized irrigation methods
should be used to meet the increasing water needs with limited water resources.

Reduced Tillage: Tillage is considered the oldest soil management system. In today's world,
agricultural techniques such as no-till farming or reduced tillage;

* Prevent erosion,

» To maintain moisture content in the soil,

« It is preferred for reasons such as increasing the organic matter content of the soil.

Studies conducted in recent years reveal that reduced tillage or no-tillage agricultural practices are
among the effective measures to reduce the amount of CO- in the atmosphere.

Direct Sowing Method: The direct sowing method is a method that allows planting in one go
without the need to cultivate the soil before planting, and planting is carried out with special drills
on the stubble-covered area of the previous crop.

Benefits of direct sowing;

« Increasing water retention in the soil,

* Preventing erosion,

* Improving the structure of the soil and carbon sequestration,

* Reducing fuel consumption significantly.

Green Belt and Wind Curtain: Live plants are used in wind curtains to prevent soil loss through
wind erosion. Wind curtains protect agricultural products, animals, wildlife, and people from the
effects of wind. Trees, shrubs, or herbaceous plants can be used to make windbreaks. These plants
are planted singly or in parallel rows, perpendicular to the prevailing wind direction. Some
Researchers have recommend the possibility of planting a Green Belt around the MOD stream in
Irag, its length is 526 Km and the average Green Belt Width is about 9.4 Km. This Belt will be
improving environmental conditions and reducing the dust storms harmful to plants and ecosystem
[14]

Fertilization: The main thing in fertilization is to provide the missing nutrients in the soil in a way
that will bring productivity and quality to the optimum point. Fertilizing in the appropriate amount,
at the appropriate time, and in the appropriate manner contributes to the reduction of N,O emissions
by ensuring that plant nutrients reach the plants. Effective fertilization methods include using slow-
emission fertilizers or nitrification inhibitors, applying nitrogen during the period when the loss will
be minimal, and fertilizing in a way that the roots of the crops can reach better. Using animal
fertilizer instead of chemical fertilizer, no-till cultivation method practices, and using plant residues
to increase the amount of organic matter are important measures in terms of adaptation and
reduction.

Combating Agricultural Drought: The "Agricultural Drought Combat Strategy Action Plan", which
was created to minimize the effects of drought by taking the necessary measures in periods when
drought is not experienced and by applying an effective combat program in crisis periods, is
implemented by our Ministry. In combating drought, it is important to plan sustainable agricultural
water use, increase public awareness, and include all stakeholders in the process. In this context;
Phenological observation results of cereals, meteorological data, and occupancy rates in Tiirkiye’s
dams are monitored and evaluated as a whole throughout the country and the necessary measures
are delivered to our farmers.
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Land Consolidation: Combining small and shapeless agricultural lands into neat and optimal parcels
provides significant benefits in agricultural production. Since small parcels will be brought together
through consolidation, the distance between the operation center and the parcels decreases and
accordingly, emission reduction and fuel savings are achieved in in-field transportation. In addition,
as the number of parcels decreases, their shapes improve and their sizes increase, productivity
increases and losses in agricultural inputs such as seeds, fertilizers, and pesticides decrease.
Reducing these losses means reducing the emissions generated during the production of each
agricultural input.

Organic Farming: The most important feature of organic agriculture is that it tends to reintroduce
the nutrients and organic carbon necessary for the soil into the soil. Therefore, practices include
direct recovery of animal manure to prevent erosion of fertile topsoil, effective composting
techniques for crop residues, and mixing crop waste with green manure. Improving soil structure
with these methods helps reduce greenhouse gas emissions. Within the framework of harmonization
with the European Union, the "Organic Agriculture Law No. 5262" was enacted in 2004 [15]

Agricultural Insurance: Reducing the fragility of the sector by ensuring agricultural activities
against natural disasters and ensuring that farmers stay in the sector by ensuring their income
balance is one of the important measures in adaptation to climate change. In 2020; With district-
based drought yield insurance, wheat, barley, rye, oats, triticale, chickpeas, red lentils, and green
lentils grown in dry agricultural areas and the certified seeds of these products (other than full
packages) will be protected against drought, frost, hot wind, heat wave, extreme weather conditions.
Covering productivity decreases due to humidity and excessive precipitation risks by the
Agricultural Insurance Pool is one of the important practices within the scope of adaptation to
climate change.

Bioenergy Resources: Bioenergy produces electricity, provides direct heat, and is used as fuel in the
transportation sector; It is a type of renewable energy produced from solid biomass, biogas, or liquid
biofuels, and its source is forestry, agriculture, organic waste, and residues. Energy crops such as
corn, sugar cane, or sugar beet, wood, wood residues, animal and agricultural wastes, urban solid
wastes, and organic elements in other waste piles are called biomass. Biomass is used directly to
produce electricity and heat or indirectly to produce fuels in liquid, solid, or gaseous form.
Bioenergy obtained from agriculture and forestry activities is used to combat climate change and
ensure energy supply security. Biomass, biogas, and biofuels can be stored.

Carbon Farming and Agroforestry: Agro-ecological farming, food forestry, cultivation without
tillage, the use of vegetated crops and perennials, improving crop rotation cycles, and the use of
permanent agricultural design techniques contribute significantly to increasing the amount of carbon
stored by the soil and reducing climate change. Farmers can be given incentives to adopt farming
techniques that increase carbon storage and reduce greenhouse gas emissions.

Changing lIrrigation Methods and Network Structures: The decrease in water potential that may
occur because of climate change and the increase in water demand due to population growth
necessitate the effective use of water resources. The use of approximately 75% of usable water
resources in the agricultural sector in Turkey, Irag and neighboring countries requires primarily
water savings, especially in agricultural irrigation applications. Recently, studies have been carried
out to popularize drip irrigation systems in agriculture for the effective use of water resources [16].
Irrigation methods applied in Turkey are 67% surface irrigation and 33% pressure irrigation [17]. If
sprinkler and drip irrigation methods are used instead of classical irrigation methods, the efficiency
can increase from 60% to 80% and 90% respectively. This means a water saving of 20% to 30%
[18].

25



New technique in drip irrigation named the sub-surface nanotechnology trickle irrigation will be
used in Turkey and Irag to minimize the evaporation losses according to increasing temperature due
to climate change effects [19].

Irrigation systems in Turkey are generally designed as open systems. Accordingly, surface irrigation
methods are used in most of the irrigation areas. This design style and irrigation methods used
increase water losses, especially evaporation, and endanger the environmental sustainability of
agricultural areas. Therefore, the dissemination of irrigation technologies that will increase the
efficiency of water use is the most important requirement for Turkey. With the efficient use of water
in agriculture, evaporation also decreases significantly. In addition, the effective use of water
resources and the negative effects that climate change has created or may have in the agricultural
sector can be reduced to a certain extent [20].

Use of marginal water resources in agricultural irrigation: In many countries around the world,
wastewater is used for agricultural irrigation purposes, whether treated, untreated, partially treated
or diluted. For example, more than 85% of treated wastewater in Israel, approximately 71% in Spain
[21] and 65% in the State of California in the United States [22] are reused for agricultural
irrigation purposes. On the other hand, due to the scarcity of available clean water resources and the
high cost of collecting and purifying wastewater, in underdeveloped and developing countries,
wastewater can be used for agricultural irrigation purposes without any purification or by diluting it
with a clean water source such as rainwater. In the city of Diyarbakir in Turkey, the yield of cotton
plants irrigated with domestic wastewater was found to be 45.9% higher than the yield of plants
applied with commercial fertilizer and irrigated with fresh water [23]. For this reason, purified
wastewater with high nutritional value should be used for products that are not directly used in
human nutrition. Thus, less fertilizer and fresh water will be used for adaptation to climate change.
Wastewater and greywater for Ramadi city in Iraq can be expands the irrigated area at Ramadi
project by 26% of planted area [24].

Understanding The Relationship between Water Resources and Food Security: It is possible to
summarize food safety with four basic factors. These are stated below;

e Food accessibility

e Food use

¢ Food sufficiency

e Stability in the food

Food security can be expressed as the ability of societies to produce enough food to feed
themselves, the economic level to access the food produced, having a sustainable food system,
healthy storage methods, the quality of the food accessed, its nutritional value and hygiene
conditions [25]. Food accessibility, sufficiency, and stability are under threat due to the changes that
may occur because of climate change, especially with the contribution of the increasing population
because of the inability to meet irrigation needs due to increasing temperatures and decreasing
rainfall. According to studies, there are serious temperature increases observed especially in the
inner regions of Turkey until 2100. Accordingly, it is predicted that winter precipitation is observed
more as rain instead of snow, the snow cover melts much faster and mixes with surface waters, and
the intensity and frequency of precipitation throughout the year will change and shift [26]. The
melting of snow masses, as precipitation falls mostly in the form of rain, has the potential to cause
serious problems in domestic and irrigation water in regions that meet their urban and agricultural
water needs from snowmelt at high altitudes throughout the year. This change in the hydrological
cycle may cause serious changes in the quality and quantity of water resources and may affect many
climate-dependent sectors, especially food production, where water is of vital importance.

In addition, effects such as the increase in summer temperatures, decrease in winter precipitation
(especially in the western provinces), loss of surface water, increase in droughts, soil degradation,
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coastal erosion, floods, and floods resulting from climate change in Turkey directly affect the
existence of water resources [27].

7. CONCLUSION

Climate change is an anthropogenic event that occurs due to the increasing population and the
increasing needs of the population. Most countries feel climate change with climate parameters
deviating from normal. However, increasing consumption habits also increase the continuity of
production and therefore the amount of emissions. Solutions to climate change should start with
regulating individual consumption habits. However, increasing social communication with global
economies and industrialization is gradually increasing consumption habits. Decreasing rainfall
amounts and increasing temperatures are the most felt aspects of climate change. About 70% of
water is used for agricultural irrigation both in the world and in Tirkiye. In Iraq, this ratio increased
to 80% or more. Therefore, saving water in agricultural irrigation is a solution that will relieve other
sectors. The use of modern water-saving irrigation technologies in agricultural irrigation will allow
saving between 30-60% of water. In addition, the use of marginal water resources for irrigation will
ensure the preservation of clean water resources in quantity and quality. For this, decision-making
mechanisms at the government level must make decisions in this direction and take encouraging
approaches to farmers. Rainwater harvesting must be expanded and used locally in houses and
government building. The fight against climate change should start individually and be taken
seriously regionally and nationally. There are many agreements between countries to reduce
emission sources, and in this context, each country must fulfill its responsibilities.

Water scarcity is accompanied by many environmental impacts such as the dust storms. The
decrease in rainfall casing migration from villages which contribute to various social and economic
problems.
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Abstract: Wheat is the staple plant species for production food and end food products for nutrition of majority
world populations. The constraints of natural resources and an increase of human population, require increasing
arable land for plant cultivation and improving crop yield for security of food. Existing limitations present a
challenge to breeders to use classical and new biotechnological methods to create new varieties with higher
yield, better quality and greater resistance to stress conditions. In addition, during cultivation, it is necessary
to apply adequate crop nutrition and protection of crops from diseases and pests with mineral fertilizers in
order to increase crop resistance and reduce the negative impact of stress factors, thus increasing yields.
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Apstrakt: Psenica je osnovna biljna vrsta za proizvodnju hrane i krajnjih prehrambenih proizvoda za ishranu
vecine svetske populacije. Ogranicenja prirodnih resursa i povecanje ljudske populacije, zahtevaju povecanje
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obradivog zemljista za uzgoj biljaka i poboljSanje prinosa i kvaliteta za sigurnost hrane. Postojeca ogranicenja
predstavijaju izazov oplemenjivacima za koris¢enje klasicnih i novih biotehnoloskih metoda za stvaranje novih
Sorti sa vecim prinosom, boljim kvalitetom i ve¢om otpornosti na uslove stresa. Osim toga, u toku gajenja,
neophodno je primeniti adekvatnu ishranu useva i zastitu useva od bolesti i Stetocina mineralnim djubrivima u
cilju povecanja otpornosti useva i smanjenje negativnog uticaja faktora stresa, a na taj nacin i povecanje
prinosa.

Kljuéne redi: pSenica, oplemenjivanje, biotehnologija, Zivotna sredina, adaptacija
1. INTRODUCTION

Natural resources are exposed to the influence of dynamic phenomena on the earth, planet
(lithosphere, hydrosphere, and atmosphere), the cosmos, as well as the influence of human
activities. Some of the phenomena, the work of volcanoes, wind, earthquakes, hurricanes, glaciers,
heat waves as well climate changes are natural sources of pollution as a result of fires, floods,
erosion and degradation of soil and living communities (biocenosis) [1]. In addition, man, with his
historical socioeconomic development, and especially today, has a significant impact on the
impoverishment and degradation of the environment. Through this activities (industrialization,
urbanization, militarization), man contributes to the increase in environmental pollution (air, water,
soil), desertification, reduction of arable land and sources of drinking water, reduction of
biodiversity [2]. Together, natural dynamic processes and occurrences and anthropogenic activities
and changes disrupt the established balance in the biosphere, which hinders the production of the
necessary amount of food, healthy food, water and air, as well as living space.

The food security was serious task for governments of all world state, scientist, farmers in the past
when it took 102 years (1825-1927) to increase the population from one billion to two billion
people. Food safety is especially important these days when the number of the world's population is
increasing faster, which is confirmed by the fact that the increase in the number of inhabitants in the
world from 7 to 8 billion was registered in a period of 12 years (2010-2022).

The increasing demand for food and energy presents serious growing global concern, in conditions
when over a billion people are malnourished and when five million children under the age of five
die of hunger every year [3,4].

In today's conditions of reduction of usable land and water, the biggest challenge is how to provide
these resources in a sustainable way, which is acceptable and useful for
agriculture? Biotechnological methods of genome transformation and genetic engineering at the
molecular level are used in plant breeding. An efficient methods is markers-assisted selection in
creation of genotypes with the desired combination of genes [5, 6]. In growing plants, it is
necessary to apply new technologies of nutrition, care and protection that are more effective in order
to select plants more resilient to environmental stress factors which cause yield losses [7].

In agricultural production of edible cultivated plants, as well as wheat, characterized low yield until
the mid-1960s, what is linked with developing new plant architecture in wheat breeding. Genotypes
with a smaller height of stem were resistant to lodging and could be grown under conditions of
intensive nutrition and the application of a larger amount of fertilizer. Also, the industrial
production of agricultural machinery enabled the introduction of mechanization for more efficient
application of fertilizers, pesticides, soil cultivation, as well as for mechanical sowing and
harvesting of crops [8].

In permanent work plant breeders make arrangement of genes which contribute benefit for

expression of better resistance to disease, drought tolerance, efficiency of nutrient absorption and
increased yield and quality. The combination of favorable genes is the base for improving wheat
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production in different environment as well as in the future in climate change growing conditions

[9]-
2. AGRICULTURAL RESOURCES
2.1. DEPLETION OF LAND AND WATER

Due to industrialization, urbanization, illegal land use, and over-exploitation of cultivated land [10—
12], the cultivated land is gradually decreasing all over the world [13]. The industrialize in world
countries influenced on intensive migration of rural population to industrial centers and the
development of numerous urban places. In industrialize country, the agricultural land used more and
more for construction of factory, roads, highways and residential building etc. The left farming land
is fragmented and reduced agricultural area for profitable yield production. The labors in industrial
sectors lived in the cities and far away from farms. Farmers leave their plots mostly employed in
industrial sector led to a decrease in grain production, which led to higher demand and increased
prices, as well as dependence on the import of wheat seeds from other countries.

Increased incomes, especially in recent years, have contributed to a change in consumer demand for
food, which significantly influences farmers to focus on new production and grow new valuable
crops to meet consumer needs [14, 15].

Based on the current way of land use, it is estimated that by 20230, about 3.7% of farmland in the
world will disappear, and this will be especially pronounced in developing countries. Cultivated
land decreases and food crises continue to spread in many region of the world and global food
insecurity will increase, considering that in the recent 50 years global food demand increased
twofold [16], and demand for cultivated land increased. Also, the increasing in the production of
plant species for other purposes, such as for animal feed, biofuels and other industrial products [17],
contributes to the reduction of the production of crops for human consumption, whose share is about
62% in the total plant production, as and reducing the amount of food for people.

For the successful production of vegetable crops, soil moisture is needed, which is provided by
water deposits from the atmosphere and by irrigation from surface water. The amount and
distribution of rainfall are not synchronized with the critical stages of development of plant species,
which are important for achieving yields. This is the reason for using surface water for
irrigation. Irrigation is conducted for approximately 24% of croplands and have share for 34% of
agricultural production. Without irrigation the global production of cereals would be decreased up
to 20%, which require more land for production the same amount of food [18]. Thus, 70% of fresh
water in the world is used for irrigation. In areas with arid conditions, the lack of water for irrigation
affects yield reduction, so in the dry conditions of China, an 8% reduction in wheat production was
found. The lack of water significantly threatens the production of other essential crops that are
irrigated (rice), which represent the basic food for a large population of the world's population [19,
20].

The water scarcity occurs as physical lack of water where natural water resources are over-
exploited, and economic water scarcity where there is insufficient investment in and maintenance of
water distribution systems and infrastructures [21]. Both types of water shortage are uncertain in
climate change condition but they are influence to change and adapt agricultural land use for crop
production. Except that water scarcity affects the migration of people from rural to urban places
within country as well as migration to foreign country. People’s abandonment of property and land,
which creates additional problems in providing food, housing, as well as inclusion in any type of
business and work in other countries. Often at the home leave women and children and many of the
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difficulties associated with water scarcity tend to disproportionately burden women [22]. It’s
evident that water scarcity links rural and urban ecologies of vulnerability.

3. ABIOTIC AND BIOTIC STRESSES

Wheat is produced globally than any other crop because wheat is source of proteins and other
nutrients for more than 70% of world population. This is a reason that wheat is a plant species that
is grown in areas of different geographical latitudes and at different altitudes, on soils of different
types and fertility, and in conditions of different temperature variations as well as illumination (day
length). In these areas, is grown wheat that are adapted to different growing conditions and are
exposed to specific areal abiotic and biotic stress factors.

Wheat crops are exposed to numerous environmental stress conditions (abiotic and biotic). The
extremely high temperatures cause loss of wheat yield and other plant species [23]. In recent three
decade average temperature has increased in average about 0.7 °C and due to extreme temperature
with lethal consequence for several thousand people and high damages of crops [24]. If this trend
were to continue, by the end of the 21st century, there could be an increase in the average
temperature on Earth in the range of 1.4 °C to 5.8 °C, and there would be a greater increase in the
temperature of land and sea [25]. In agricultural production drought and water deficit affect yield
loss in wheat, as well in other crops. The yield loss is the highest when drought stresses occur at the
phase of heading, pollination [26, 27]. Drought is a quite often natural hazard in Serbia and dry
years were particularly frequent in the last two decades of the 20th century and beginning of 21
century [28, 29]. Drought is caused by climate variability, which cannot prevent, but its negative
effect can mitigate through determination and monitoring of various parameters as the amount of
available water, crop condition, the degree of degradation of land, the requirements for introduction
of irrigation. Also, water shortage with drought cause significant damages in numerous continents
including Europe [30]. To increase yield in abiotic stress conditions such as drought and salinity, it
is necessary select the best genotype grown in optimal condition and adjust scientific farming
measures in cultivation under stress conditions [31].

The effect of global warming on wheat yields is of prime concern worldwide. The extreme heat
waves have negative influence to yield in wheat, so that is an increase of 1 °C of seasonal
temperatures determines a decrease in yield depressed 3 to 4%, [32] and similar effect is in soybean
(3.1%) and maize (7.4%) [33].

The increase of atmospheric CO; has contrast effects on crops, so that may increase in plant
photosynthesis and growth an in contrary may negatively affects the nutritional quality of crops as
well as their health status (example: increase in barley yellow dwarf virus infections in wheat under
elevated CO2 levels) [34-35]. However, Intensive agriculture, during long-term period, may reduce
the carbon content in the soil, which level is possible reverse by dynamic process in in interaction of
plant roots, rhizosphere and soil [36].

Water deficit is a limiting factor of plant growth and development in each phase flowering,
pollination, and grain-filling, and in the end limiting factor for yield of crops worldwide [37]. In
case of abundant rainfall may have a positive effect on the formation of yields and quality.
However, abundant rainfall may have a negative effect on plants in different stages of development
(pollination, flowering, harvest) due to higher relative humidity, which represents favorable
conditions for the development and attack of pathogens, emergence diseases and damage due to
reduced pollination, intensive respiration and reduced yields [38, 39].

The pests and diseases cause serious yield losses in average between 10-30% per year, depends of
type of pests and diseases and plant crops and their interaction with environmental conditions. The
yield losses related to each alone pest have share in average of 14-25% of the total global
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agricultural production [40, 41]. Insect such, aphids, stem borers (Sesamia inferens), Hessian flies
(Mayetiola destructor), wheat midges (Sitodiplosis mosellana), and cereal leaf beetle (Oulema
melanopus L.), are the serious harmful insects on cereals, which not only cause direct damage but
also transmit virus diseasess [42-46]. In study [47] was established that the bird cherry-oat aphid
(Rhopalosiphum padi) causes more damage to wheat than the green bug aphid (Schizaphis
graminum) during the seedling stage, but at the flowering stage greenbug aphid causes more
damage than bird cherry-oat aphid. The protection from insect pests in wheat production is essential
by application insecticides and can be profitable up to 10% of cereal crops. Considering the harmful
impact of insecticides on human health and the environment, other pest control methods are being
developed, such as biological control agents, cultural practices, and the use of resistant crop
varieties [48].

The losses of yield due to pests was established every year in average 26% of soybeans, 28% of
wheat, 31% of maize, 37% of rice, and 40% of potatoes [49] while in tomatoes, and sunflowers, was
in the range of 15-30%. Also, yield losses caused in average by pathogens (16%), animal pests
(18%), and weeds (34%) [50].

Crop diseases cause significant food and economic losses which vary depend of seasons and
geographical location. The risk of spreading crop infection of 80 pathogens to higher latitudes in the
future and harming crop production in the catches of climate change is predicted [51]. Diseases
cause great damage in wheat production, and the reasons are in reduced genetic variability, i.e.
increased uniformity, which resulted from the use in breeding of a small number of varieties with
high trait value, as well as the development of new pathogen strains in changing climate conditions
[52]. The diseases such as leaf and stripe rust, Fusarium head blight, Septoria leaf blotch, spot
blotch, tan spot and powdery mildew cause the significant economic losses [53]. In a study of
wheat production was estimated that one of next disease: leaf, stripe and stem rust, Septoria tritici
blotch and Fusarium head blight, caused annual losses more than 62 million tons, what is high
economic losses [54].

The system of growing plant species in monoculture created favorable conditions for the
development and harmful effects of phytopathogens (fungi, bacteria, viruses, nematodes). The
system of growing plant species in monoculture created favorable conditions for the development
and harmful effects of phytopathogens (fungi, bacteria, viruses, nematodes) which could be
prevented by applying the crop rotation system, as well as the combined sowing system, which
would increase the barrier to the spread of diseases [55].

4. BREEDING AND LIMITATION

Genetic uniformity as well as reduced genetic diversity is a limiting factor for successful breeding
and creation of varieties with greater adaptive capacity, as well as higher yield and better
quality. On the contrary, the great genetic variability of the genotype has an important role in
mitigating the impact of the limiting values of climatic factors and adaptations to climate change,
which contributes to the provision of food and the quality of life of people.

The strategy of developing adaptations directed to create genotypes, which are resistant to climate
changes, which achieve high yields in conditions of high humidity and extreme temperatures [56].
The creation of genotypes resistant to drought and heat makes it possible to maintain productivity
and reduce the risk of climate change in agricultural production [57, 58].

Plant breeding solves problems in agriculture related to climate change. Varieties are created that
are resistant to the effects of climate change, varieties that are more economical (less
investment/higher yield), which affects the reduction of greenhouse gas emissions from agriculture.
The genetic diversity of plants plays an important role in the maintenance of the species, which is
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the source of genes for various mechanisms of adaptation to biotic and abiotic stress factors and
new combinations of genes that increase the resistance of the genotype to changes in the ecosystem
[59].

To create varieties resistant to climate change, the breeding is necessary conduct on the based on
genetic variability. The sources of favorable genes for greater adaptability to climate change
condition are in wild relatives, local populations, old varieties of mutant lines [60]. Wild
germplasms, which contain resistance genes, were introduced in cultivated crops [61]. Effective
genetic improvement of yield varieties in breeding can be achieved using genetic variability,
modern biotechnological methods, molecular markers, gene transfer and manipulation [62, 9].

Molecular breeding, gene mapping, insertion and deletion of gene sequences in the genome of a
plant species is the basis for creating genotypes resistant to abiotic and biotic stress factors [63, 64].
Genotypes created by breeding are characterized by a combination of genetic traits, which
contribute to adaptation to climate changes (temperature, precipitation, wind) that vary in seasons
and regions [23, 65], and affect yield and quality variation [66-69].

Genome sequencing is a significant advance in the identification of genes and determination of
genetic control of traits that can be used in breeding and more efficient cultivar creation level. This
method made it possible to study molecular markers such simple sequence repeats (SSRs) single
nucleotide polymorphisms (SNP), and copy number variations (CNV) identification of genetic
variations such as insertions and deletions (INSDEL) translocations and inversions at the whole-
genome level [70].

Genome sequencing enables further study of gene functions and structures [71]. Comparative
analysis of genomes contributes to the identification of changes that have been conserved during
evolution roles [72]. The possibility of predicting gene function and gene manipulation,
i.e. insertion or deletion of genes in the process of creating varieties is a contribution to increasing
the yield and quality of the plant species and thereby increasing food production and quality of
nutrition [73]. The identification of the function of genes that control key stages of development
has a significant contribution in the creation of species tolerant to different biotic and abiotic
conditions [74]. Molecular breeding, using molecular markers, contributes to progress in the
selection of varieties with improved traits of interest using appropriate molecular markers [69].

5. CONCLUSION

Existing land and water resources are limited and decreasing due to degradation under the influence
of natural disasters, intensive construction of urban and industrial and transport facilities on fertile
land, as well as due to farmers’ improper processing and use in agricultural production. This
situation makes it difficult to produce wheat and other edible agricultural crops to ensure a sufficient
amount of food. In addition, the limiting factors for wheat production are abiotic stress factors (all
temperatures, low rainfall, soil salinity, UV radiation, elevated CO,) and biotic stress factors,
diseases and pests (insects, fungi, bacteria, viruses), which cause a decrease in yield every year on
average of 10-30% and in many cases the damage can be up to 100%. Also, in the future, the main
task must be combining integrated disease and pest management, increase adaptability to change
(warmer) climates and abiotic stresses, and sparing use of water and other resources. To reduce
yield losses of wheat and other crops, it is necessary to monitor changes over a longer period of
time, and invest in innovative research, which would be economically justified.

It is difficult to find a solution that would be generally applicable, efficient and economically
profitable due to the different bio-economic values of yield loss, which vary in seasons and regions.
The need to produce more food is imposed by the continuous increase in the population on world,
which is a challenge and a task for statesmen, scientists and producers to find solutions for more
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efficient production and increase of wheat yields and to ensure sufficient food for the human
population. Abiotic and biotic stress factors in some regions act long-term and in others short-term,
which is necessary to know in order to develop a strategy for creating adaptive wheat genotypes to
stress factors.

For successful cultivation in climatic change condition, is necessary in breeding program create
genotypes with advanced yield, quality and resistance to biotic and abiotic stress factors. In climate
change condition each genotypes change behavior and affecting ecosystem changes. For these
reasons, is necessary collect and conduct characterization of germplasm for choice parents for
crossing and creation cultivars resilient to climate change. The very important is develop proper
integrated management, such as models to predict the risk infection index, mechanisms of seed
manipulations, genetics and breeding for resistance, and biological control are also considered.

Molecular breeding, using molecular markers, contributes to progress in the selection of varieties
with improved traits of interest using appropriate molecular markers. Genomics-assisted breeding is
very efficient method in creation new varieties with improved yield and quality as well increased
resistance to biotic stresses. Molecular breeding overcome insufficiency of traditional plant
breeding on the base of pedigree related to narrow the genetic diversity through the selection of
more related individuals. By using modern biotechnological methods breeders can create wheat
varieties with improved adaptability, that are resistant to pests and can reduce the impact of pests on
wheat yields. These technologies will become increasingly important for ensuring global food
security.
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MANAGEMENT OF USING SALINE WATER IN IRRIGATION
UPRAVLJANJE KORISCENJEM SLANE VODE U NAVODNJAVANJU
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Nese Yaman,?

Abstract: In the last five decades, water resources have been decreasing in quantity and very defective in
quality. The drainage water and poor-quality ground water are available in considerable quantities, so saline
water has been widely used for irrigation purposes in many countries around the world.

This paper aims to study the effect of rainfall and leaching requirements on crop yield. The computer program
has been constructed to estimate the relative yield of four strategic crops, wheat, barley, maize, and cotton.
Saline water from two wells has been used, its salinity was 5.43 ds/m and 8.39 ds/m.

A combination of three leaching requirements and four effective rainfall ratios has been recommended, and an
important relation has been proposed and discussed, a leaner relation between effective rainfall and crop
yield, and a non-leaner relation between leaching requirement and the yield for all crops.

Key words: leaching requirements, effective rainfall, saline irrigation water

Apstrakt: U poslednjih pet decenija, vodni resursi su u kvantiteru i veoma loSem kvalitetu. Drenazne i
podzemne vode loseg kvaliteta dostupne su u znatnim kolicinama, tako da se slana voda nasiroko koristi za
navodnjavanje u mnogim zemljama Sirom sveta.

Ovaj rad ima za cilj proucavanje uticaja padavina i potreba za ispiranjem na prinos useva. Kompjuterski
program je konstruisan da proceni relativni prinos cetiri strateska useva, psenice, jecma, kukuruza i pamuka.
Koriscena je slana voda iz dva bunara, njen salinitet je bio 5,43 ds/m i 8,39 ds/m.

Preporucena je kombinacija tri zahteva za ispiranje i Cetiri efektivna odnosa padavina, a predloZena je i
diskutovana vazna relacija, slabiji odnos izmedu efektivne kolicine padavina i prinosa useva, i odnos izmedu
potrebe za ispiranjem i prinosa za sve useve

Kljuéne redi: zahtevi za ispiranjem, efektivne padavine, slana voda za navodnjavanje
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THE RIGHT TO FOOD AS AN INTANGIBLE RIGHT ESTABLISHED IN
THE UNITED NATIONS INTERNATIONAL HUMAN RIGHTS -
LACKING CLARITY
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Abstract: The United Nations established the right to food as a human right, though only as a part of the
broader right to an adequate standard of living. The later International Covenant introduced the right to
adequate food and the right to be free from hunger. Other terms like food sovereignty, security and safety have
also been introduced in various international human rights documents, adding diffusion rather than clarity to
the meaning of the right to food. This researcher argues that lack of clarity in the definition of the right to food
causes disbalance with other rights, especially in international trade, where the development of new
technologies in food production has become increasingly commercialized.

Key words: Right to food, Universal Declaration of Human Rights (UDHR), International Covenant on Social
Economic and Cultural Rights (ICESCR), International human rights, Food and Agriculture Organization
(FAO)

Apstrakt: Ujedinjene nacije su uspostavile pravo na hranu kao ljudsko pravo, ali samo kao deo Sireg prava na
adekvatan Zivotni standard. Kasniji Medunarodni pakt uveo je pravo na adekvatnu hranu i pravo na slobodu
od gladi. Drugi termini kao Sto su suverenitet hrane, sigurnost i bezbednost takode su uvedeni u razlicite
medunarodne dokumente o ljudskim pravima, dodajuci difuziju, a ne jasnocu znacenju prava na hranu. Ovaj
istrazivac¢ tvrdi da nedostatak jasnoce u definiciji prava na hranu izaziva disbalans sa drugim pravima,
posebno u medunarodnoj trgovini, gde se razvoj novih tehnologija u proizvodnji hrane sve vise
komercijalizuje.

Kljuéne redi: Pravo na hranu, Univerzalna deklaracija o ljudskim pravima (UDHR), Medunarodni pakt o
socijalnim ekonomskim i kulturnim pravima (ICESCR), Medunarodna organizacija za ljudska prava, hranu i
poljoprivredu (FAO)

1. INTRODUCTION

Food is a tangible good that was traded long before national boundaries were established and tariffs
in trade were introduced. In this case, food does not require a definition. However, the “right to
food” is a distinctive new concept introduced in the post-WWII international human rights law
arena. This development created a distinction between food and the right to food: food (a tangible
good) represents a commodity in various trade agreements, while the right to food, being introduced
as a human right, is an intangible entity that cannot be traded. Therefore, the right to food requires
definition.

! Professor at Seneca Polytechnic, School of Legal, Public and Office Administration, Toronto,

Canada, e-mail: dtomic@uwo.ca
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It is common knowledge that an unambiguous definition is a precursor for recognizing, respecting,

and protecting any right at law. Helen Xanthaki said:
First, without clarity, precision and consistency the law lacks predictability. Second,
democratic governments seeking to induce transformation require that the law is
understood and followed by common people. Third, democracy requires clarity and
precision: the rule of law requires that officers of the law understand and apply the law.
Fourth, there are high costs to inaccessible law related to enforcement, application and
interpretation of texts whose meaning is under doubt [1].

In scholarly literature, authors [2], [3] agree that the right to food (like other rights, for example, the
right to intellectual property (IP)) received its first normative recognition in the 1948 Universal
Declaration of Human Rights (UDHR) [4].
Scholars also agree that the position of the right to food was further enhanced in the 1966
International Covenant on Economic Social and Cultural Rights (ICESCR) [5]* and in UN
documents succeeding the ICESCR [6],[7].

However, these developments brought little clarity to the meaning of the right to food. The right to
food was not articulated explicitly in a separate provision in the UDHR, and the meaning of the
right to food became more diffuse when the ICESCR was drafted [8] — the trend that continued in
subsequent UN documents.

This research established the hypothesis that the right to food lacks clarity in international human
rights instruments. Applying a doctrinal approach, it begins by identifying whether the right to food
existed in any significant source documents that may have influenced the creation of the
UDHR. Then, it traces the drafting history of the right to food from the first draft created by
Canadian law professor John P. Humphrey [9]? to the final adopted version of the UDHR. It
describes the right to food in post-UDHR documents: in the ICESCR, the UN General Comment 12
[10] reports of the Special Rapporteur on the Right to Food [11], the UN General Assembly
Resolution 2009 on the right to food [12], and the UN Human Rights Council Resolution 2015 on
the right to food [13]. By applying a doctrinal approach throughout, this research also explores the
right to food as it has been further developed by the UN special agencies, the Food and Agriculture
Organization (FAO) and the World Health Organization (WHO). In proving the validity of the
established hypothesis that there is no clarity in the meaning of the right to food in international
human rights law, this research concludes that the emergence of expressions associated with the
right food, such as food sovereignty, security, and food safety coined by various non-governmental
agencies, only contributed to further diffusion of the right to food.

2. THE DEFINITION OF THE RIGHT TO FOOD PRIOR TO ITS ADOPTION IN
THE UNIVERSAL DECLARATION OF HUMAN RIGHTS

The UDHR was adopted less than two years after the UN Commission on Human Rights first met
on 27 January 1947, with “a clear mandate to draft the International Bill of Rights” [9, p. 17].
Canadian law professor John P. Humphrey crafted the first complete draft of the Declaration [14].
The Humphrey’s and all subsequent drafts were put forward for discussion, with the opportunity
given to all UN member states and experts to suggest changes and propose new provisions. This
latter was a novel practice by the UN. Not only did official government representatives of UN
member states have their say in drafting the Declaration, but the invited experts from all parts of the

2 The ICESCR was created by the Office of the High Commissioner for Human Rights (OHCHR), with the
Human Rights Council - responsible for implementing the Covenant. It has more binding power than the
UDHR.

3 Coming from the creator of the UDHR's first draft, this is probably the most authentic source depicting the
circumstances surrounding the development of the UDHR.
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globe also contributed their views. Elected as representatives of their own governments, the
‘nuclear’ Commission on Human Rights “had recommended that the members of the definitive
commission should also be individuals elected to act in their personal capacity” [9, p. 17]. The
experts certainly contributed to shaping the Declaration’s specific provisions.*

Humphrey’s first draft was edited by French law professor René Cassin [15], the UN representative
for France. René Cassin® either copied or rewrote the articles from Humphrey’s “draft outline”
document. Cassin removed several provisions from Humphrey’s draft, including Article 42 on the
right to food. Article 42 said: “Everyone has the right to good food and housing and to live in
surroundings that are pleasant and healthy” [16, art. 42]. Cassin replaced the right to food reference
with several provisions indicating a right to “a decent standard of living” [17, art. 37], or a right to
“betterment of housing conditions and nutrition” [17, art. 39].

Cassin’s draft was put up for discussion, line by line, with the opportunity given to all UN member
states and all invited consultants, non-governmental organizations, and individual citizens to
suggest changes and new provisions [18].° Several hundred meetings at various levels ensued
before the final version of the Declaration was presented at the Third Session of the UN General
Assembly in Paris. Johannes Morsink, in his book, said, “The seventh drafting stage was the debate
in the Plenary Session of the Third General Assembly, which led to the adoption of the Declaration
that same day, on December 10, 1948. This was the fourth time the rest of the UN membership
could amend what the eighteen-member Commission had done. Both the General Assembly and
the Third Committee met in Paris that year” [18, p. 11]. The UDHR was adopted on 10 December
1948. Two years later, recognizing the historical significance of that event, the UN General
Assembly declared the 10" of December to be International Human Rights Day.”

In 1946, before the Human Rights Commission began crafting the UDHR, many documents were
made available to the Commission and used as preliminary source instruments. Three of those
source documents are particularly interesting when researching the origin of the right to food. First,
a document was created for the UN’s inaugural San Francisco Conference in 1945, the Draft
Declaration of the International Rights and Duties of Man and Accompanying Report, prepared by
the Inter-American Council of Jurists of the Organization of American States and submitted by the
delegation from Chile [19]. This document does not refer to the right to food but does refer to the
right to an “adequate standard of living,” much like Cassin’s later reference to “a decent standard of
living” [17, art. 37].

The second source document is the Cuban original Draft Declaration on Human Rights [20]. The
Cuban Delegation put forward a draft “Declaration of Human Rights,” which was prepared as a
proposal for the agenda of the UN General Assembly session. As this proposal was rejected at the

4 Canadian John P. Humphrey, McGill Law professor, wrote about his time in the UN. His book is a personal
view of his 20 years in the UN Human Rights Division, including his experience in creating the first draft and
his views on the emergence of the UDHR. Although he purposely omitted references, the initial chapters of
Humphrey’s book are valuable testimony to the process and the people who contributed to the shaping of the
UDHR as we know it.

5 René Cassin received a Nobel Peace Prize in 1968 for his contribution to developing human rights and
building peace through international human rights law. Cassin unjustly never acknowledged the role John P.
Humphrey played in creating the UDHR. This naming of Cassin — for the editing of Humphrey’s draft — was
the last time individual names were associated with the drafts of the Declaration.

6 Johannes Morsink said: “The opinions of groups that did not have consultative status were forwarded to the
Commission by the Secretariat in forms of précis ... All indications are that most of this more or less informal,
non-governmental input was appreciated and often used” [18, p. 9] (reference omitted).

7 At the 5™ session of the UN General Assembly, during its 317" plenary meeting, held on 4 December 1950,
the Resolution adopted on reports of the Third Committee declared the 10" of December the Human Rights
Day, GA Res 423(V) (1950).
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Assembly level, the Cuban Delegation submitted the Draft to the Economic and Social Council for
use as a “working document.” This document referred to “the right to adequate food” [20, art. 11].
The third source document submitted by the UN delegation from Panama was the American Law
Institute’s “Statement of Essential Human Rights” [21]. This document also referred to “the right to
adequate food and housing” [21, art. 14]. Although Humphrey knew about all three source
documents, he wrote that he drew inspiration for his first draft of the UDHR from the document
submitted by the delegation from Panama [9, pp. 31-32]% and thus included reference to “the right
to good food and housing” [16, art. 42].

3. THE FIRST UN HUMAN RIGHTS COMMISSION DRAFT: ARTICLE 42

An explicit right to food provision was short-lived. As mentioned above, Humphrey introduced it as
Article 42 in his first draft of the UDHR, where it read as follows: “Everyone has the right to good
food and housing and to live in surroundings that are pleasant and healthy” [16, art. 42].
Humphrey’s Article 42 text was not completely original. As Johannes Morsink wrote, “Regarding
the right to food and housing Humphrey had before him a clear statement drafted by the American
Law Institute’ and submitted by the delegation of Panama” [18, p. 193]. Humphrey also had an
earlier original Cuban proposal in which the right to food was explicitly declared. At this point, the
right to food was new to human rights, whereas the right to housing (also included in Article 42)
had already been in several constitutions, predominantly constitutions of countries with socialist
traditions [18, p. 193]. Morsink noted, “But the right to food was a novel addition” [18, p. 193].

As quoted above, Humphrey’s version was “the right to good food,” whereas the earlier proposal of
the Panamanian delegation, discussed above, from which he drew inspiration, used the form “the
right to adequate food.” The UDHR simply referred to “food.” The Panamanian concept reappears
in the expression “including adequate food” in the International Covenant on Economic, Social and
Cultural Rights [5, art 11(1)] twenty years later.

While some basic rights - the right to clothing, housing and medical care, health, and social security
- appeared in all of the UDHR drafts, the right to food was excluded from the Cassin’s draft and
then from the Human Rights Commission Draft. This could be partially due to pressure imposed on

8 Humphrey said: “I was no Thomas Jefferson and, although a lawyer, 1 had had practically no experience
drafting documents. But since the Secretariat had collected a score of drafts, | had some models on which to
work. One of them had been prepared by Gustavo Gutierrez and had probably inspired the draft declaration of
the international duties and rights of the individual which Cuba had sponsored at the San Francisco
Conference. [...]. Still others came from the American Law Institute, the American Association for the United
Nations, the American Jewish Congress, the World Government Association, the Institut de droit international
and the editors of Free World. The American Bar Association had sent an enumeration of subjects. [...]. The
documentation which the Secretariat brought together ex post facto in support of my draft included texts
extracted from the constitutions of many countries. But | did not have this before me when | prepared my draft.
The best of the texts from which | worked was the one prepared by the American Law Institute, and | borrowed
freely from it. This was the text that had been unsuccessfully sponsored by Panama at the San Francisco
Conference and later in the General Assembly. It had been drafted in the United States during the war by a
distinguished group representing many cultures, one of whom was Alfredo Alfaro, the Panamanian foreign
minister” [9, pp. 31-32].

9 The American Law Institute (ALI) created the Statement of Essential Human Rights in 1944. The Statement
was never adopted by the ALLI, although it was soon published. However, one of the ALI members, Ricardo J.
Alfaro, the president of Panama, also the government representative of his country to the UN, submitted the
integral text of the Statement to the Economic and Social Council of the UN in April 1946. The Statement
became the proposal of the Panama delegation to the UN General Assembly, held in October 1946, with the
intention to be adopted as an integral part of the UN Charter. The General Assembly was not ready to vote in
its favour. However, the text of the Statement became the significant resource which John P. Humphrey used in
creating the first draft of the UDHR.
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the Drafting Committee to make the Declaration a succinct document. For example, Morsink said
that
[b]ecause the Third Session of the Commission was very eager to keep things short and to
the point, it decided to merge the article on health care rights which we have been
discussing (the Second Session’s Article 33) with another even longer article (then 34) on
the rights to social security and the protection of motherhood and children [18, pp. 195-
196].

It could also be that food, being an essential necessity for life, was not considered at ‘threat’ such
that it would require the protection of law. Implementing the right to food was not seen as a direct
responsibility of the state or the government, as explained in the comment added to Article 14 of the
Panama delegation proposal [21, p.12]. An explanation that “[w]hat is “adequate food and housing”
must be determined at any given time in the light of developing knowledge and or the material and
technical resources within a country” [21, p.12] is also found in the same comment to Article 14.

The intervention of the Chinese delegation [18, p. 197] ‘saved’ the right to food (and clothing) and
placed it back in the Geneva Draft of 1947. At that time, the right to food was included in all formal
and less formal drafts and kept its presence all the way to the final version of the Universal
Declaration of Human Rights, in which it appears as follows:

Article 25(1)
Everyone has the right to a standard of living adequate for the health and well-being of
himself and of his family, including food, clothing, housing and medical care and
necessary social services, and the right to security in the event of unemployment, sickness,
disability, widowhood, old age or other lack of livelihood in circumstances beyond his
control [4, art. 25(1)].

However, it must be noted that, at the end of the drafting stage, the right to food was not declared a
right in itself. Rather, it was embedded into “a standard of living”: the concept of the right to
adequate food, at that moment, remained merely a submission made by the Panamanian delegation
as described above.

Several cross-connected Articles appear in the UDHR. For example, Article 3 declares the right to

life in the broadest sense, while Article 25 proclaims specific attributes about an individual's life in

society. In his book, Morsink describes this type of cross-connection as follows:
The drafters augmented the presumably minimal protection of the right to life in Article 3
with the positive rights to food, clothing, housing, and medical care in Article 25. The
same point must be made about the social security benefits listed in Article 25. These were
seen as real rights, which means that if — for reasons beyond one’s control — one becomes
unemployed, sick, or widowed, or bereft of old age benefits, then it is incumbent upon the
state to see to it that the substance of these things is provided [18, p. 237].

Morsink summarizes that the drafters of the UDHR added to the protection of the right to life
(UDHR, art. 3) “positive” rights to food, clothing, housing and medical care (UDHR, art. 25). He
also points out that the “right to necessary social services” is viewed by others as a “real” right.
Morsink also quotes Henry Shue,* a philosopher skeptical about the division of positive and negative
rights, who speaks about rights to food, housing, clothing or medical attention as “basic rights” [18,
p. 192].

10 British philosopher Henry Shue, best known for his book Rights of Duties (first published in 1980, 2" ed. in
1996), is skeptical about the division into “positive” and “negative” rights because he believes that positive

rights do not exclude characteristics of negative rights.
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4. THE RIGHT TO FOOD POST UNIVERSAL DECLARATION OF HUMAN RIGHTS

From its inception, the UDHR was recognized worldwide and respected as a highly authoritative
document, although — as a simple declaration - it was considered non-binding. As Laurence Helfer
and Graeme Austin observe, “[t]he Universal Declaration is not a treaty” [6, p. 8]. Helfer and Austin
also indicate that the UDHR “was adopted by the United Nations General Assembly in the form of a
resolution that has no force of law, and the Assembly did not intend to create binding legal
obligations. Contrary to popular myth, it was not signed, nor is it an instrument intended to be

signed” [6, p. 8].

Those are the facts. However, a historical look at various stages in the process of drafting the
UDHR serves as a reminder that the initial task assigned to the Drafting Committee was to write an
International Bill of Rights to be included in the UN Charter [18, p. 2]. In his memoirs, John P.
Humphrey said, "[t]lhe general consensus after much discussion was that the bill would be a
declaration to be adopted by resolution of the General Assembly. Only at the second session was it
decided that it would have three parts: a declaration, a convention and measures of implementation”
[9, p. 26] - and only the Declaration in fact occurred in 1948.

The UDHR consists of a preamble and thirty articles. These were not categorized. However, from
an early drafting stage, it was obvious that there were two major, distinct categories of human
rights: civil and political rights on the one hand and economic, social and cultural rights on the
other.

With the adoption of the UDHR in 1948, the task of the UN Commission on Human Rights was not
completed. The Commission continued working on two “legally binding covenants on civil and
political rights, and economic, social and cultural rights, flanking the UDHR” [22]. However,
paradoxically, the work on a binding treaty took much longer than the work on the UDHR itself.
With the emergence of two main political blocks after WWII and growing differences in states'
economic development, disagreements developed on expressing the UDHR’s standards in a binding
international instrument [23].

While the right to food may be connected to the right to life as implied in civil and political rights,
there is still no mention of the right to food in the International Covenant on Civil and Political
Rights (ICCPR) [24]. The silence of the ICCPR on the right to food likely related to the fact that the
right was only one attribute of “a standard of living adequate for the health and well-being of
himself and his family,” and thus directly associated with health. It, therefore, reappeared in the
ICESCR rather than in the ICCPR.

This first binding document to proclaim the right to food (although still not as a provision in itself)
was the ICESCR. Today, it remains the only treaty that specifically identifies protection of the right
to food for an individual.

The ICESCR modified the UDHR’s wording of several human rights, including the right to food.

The right to food in the ICESCR appears as follows:

Article 11
1. The States Parties to the present Covenant recognize the right of everyone to an
adequate standard of living for himself and his family, including adequate food,
clothing and housing, and to the continuous improvement of living conditions. The States
Parties will take appropriate steps to ensure the realization of this right, recognizing to this
effect the essential importance of international cooperation based on free consent 1 [5, art.
11(1)].
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2. The States Parties to the present Covenant, recognizing the fundamental right of
everyone to be free from hunger, shall take, individually and through international co-
operation, the measures, including specific programmes, which are needed [5, art. 11(2)].

In the ICESCR, while the right to food remained under “an adequate standard of living ... including
adequate food, clothing and housing,” [5, art. 11(1)], it was expanded and contained a different
focus. Article 11(1) expanded the role of states in the realization of the right to food by shifting the
focus to the “essential importance of international co-operation based on free consent,” thus
signaling a new direction for the right to food in international human rights law. It emphasizes (i)
the role of an individual in implementing the right and (ii) the participation of States Parties in
exercising the right to food by recommending international cooperation. Article 11(2) represented a
significant shift by, first, referring to the right “to be free from hunger,” and second, the right to be
free from hunger was declared a “fundamental right.”. The right to be free from hunger differs from
the right to food, although both rights stemmed, as discussed earlier, from the right to life.*' To
illustrate this point, the following table places the expressions of the right to food in UDHR and
ICESCR next to each other.

Table 1. The expressions of the right to food in UDHR and ICESCR

UDHR ICESCR
Art 25(1) ...[R]ight to a standard of living Art 11(1)...[T]he right of everyone to an
adequate for the health and well-being of adequate standard of living for himself
himself and of his family, including: and his family, including:
-Food -Adequate food
-Clothing -Clothing
-Housing -Housing
-Medical care -Continuous improvement of living
conditions

-Necessary social services

-Right to security in the event of
unemployment
sickness, disability, widowhood, old age or
other lack of livelihood in circumstances
beyond his control

Art 11(2) ...[T]he fundamental right of
everyone to be free from hunger shall take,
individually and through international co-
operation, the measures, including specific
programmes, which are needed.

The new provision - the right to be free from hunger - is the first explicitly declared fundamental
treaty right associated with the right to food in international human rights law. This right is a
mandatory obligation for States Parties as they “shall take, individually and through international
co-operation, the measures” for its implementation.

Article 11(2) has two additional sub-articles in which the measures that must be taken to fulfill the
mandatory obligation of being free from hunger are explained. The first, Article 11(2)(a), talks
about food production and the reforming of agrarian systems. It states:

1 The example of an individual receiving nutrients through an intravenous (IV) drip satisfies the right to be
free from hunger. It is not the exercise of the right to food, though.
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To improve methods of production, conservation and distribution of food by making full
use of technical and scientific knowledge, by disseminating knowledge of the principles of
nutrition and by developing or reforming agrarian systems in such a way as to achieve the
most efficient development and utilization of natural resources; [5, art. 11(2)a].

Article 11(2)(a) draws attention to the importance of disseminating knowledge of nutrition
principles and the importance of developing or reforming agrarian systems — both based on the
technical and scientific achievements that can enhance the production, conservation and distribution
of food. Article 11(2)(b) refers to possible obstacles imposed by trade in the process of equitable
food distribution. It states:
Considering the problems of both food-importing and food-exporting countries, to ensure
an equitable distribution of world food supplies in relation to need [5, art. 11(2)b].

In summary, the ICESCR made two advances for the right to food. It extended the concept of the
“right to food” to the “right to adequate food” (Article 11(1)), and it proclaimed the right to be “free
from hunger” (Article 11(2)) as a fundamental right. In scholarly literature, those are described as
“two norms” or “two components” of the right to food as enshrined in international human rights
law [2, p. 32], [8, p. 11].

Though the ICESCR is the first international treaty in which the right to food is recognized as the
right to adequate food, that phrase was not new. It appeared in two preliminary UDHR documents
submitted by delegations of Cuba and Panama. In the Cuban Draft Declaration, the relevant article
stated, “Every human being shall have the following rights:.. 11. The Right to adequate food” [20,
art. 11]. The Panamanian Submission stated: “Everyone has the right to adequate food and
housing” [21, art. 14].

The treaty body of the ICESCR, the Committee on Economic, Social and Cultural Rights,
subsequently explained the right to adequate food in the 1999 General Comment 12. It states that
“[t]he human right to adequate food is of crucial importance for the enjoyment of all rights” [10,
par. 1]. Further, it points out that, during the 1996 World Food Summit member states requested “a
better definition of the rights relating to food in article 11 of the [[CESCR] Covenant” [10, par. 1].
The 1999 General Comment, therefore, began by defining the scope of the right:

The right to adequate food is realized when every man, woman and child, alone or in

community with others, have physical and economic access at all times to adequate food

or means for its procurement [10, par. 6].

It then identified three types of state obligations supporting the right to food: the obligation to
respect, the obligation to protect and the obligation to fulfill [10, par. 15]. While the obligation to
respect and the obligation to protect were unambiguous, the third obligation to fulfill was subject to
further clarification:
The obligation to fulfil (facilitate) means the State must proactively engage in activities
intended to strengthen people’s access to and utilization of resources and means to ensure
their livelihood, including food security. Finally, whenever an individual or group is
unable, for reasons beyond their control, to enjoy the right to adequate food by the means at
their disposal, States have the obligation to fulfil (provide) that right directly [10, par. 15].

This extended explanation of the third obligation has definitional elements significant for this
discussion. It speaks of access to and utilization of resources. It also speaks of access to and
utilization of the means to ensure people's livelihood, including food security. The advanced
definition related component is that the right to food means states must provide adequate food
directly when individuals have no access or means to ensure their food security.
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In 2000, the UN Commission on Human Rights (replaced by the Human Rights Council in 2006)*?
appointed a Special Rapporteur on the Right to Food with the mandate:
-to collect and analyze information on all aspects of the realization of the right to food,
-to cooperate with governments, NGOs, and international organizations on the promotion
and effective implementation of the right to food, and to make appropriate recommendations
on the realization thereof, and
-to identify emerging issues related to the right to food worldwide [25].

Jean Ziegler from Switzerland was the first Special Rapporteur on the Right to Food.!* He served in
this role from 2000-2008. Olivier De Schutter from Belgium served as Special Rapporteur on the
Right to Food from 2008-2014."* Hilal Elver, from Turkey, was appointed a Special Rapporteur on
the Right to Food in June 2014 and held this position until 2020.'5 Michael Fakhri, a University of
Oregon School of Law professor, assumed this function in May 2020.1¢

Within two months of his appointment, the first Special Rapporteur (Ziegler) defined the right to
food based on the explanation in General Comment 12. Inspired by this General Comment, the
Special Rapporteur provided a definition:
The right to food is the right to have regular, permanent and free access, either directly or
by means of financial purchases, to quantitatively and qualitatively adequate and
sufficient food corresponding to the cultural traditions of the people to which the consumer
belongs, and which ensures a physical and mental, individual and collective, fulfilling and
dignified life free of fear [26].

As can be seen from the foregoing discussion, the above quote from Ziegler’s Report provided the
first definition of the right to food in the UN arena.

12 Since 1980, the UN Human Rights Council, formerly the UN Commission on Human Rights, has established
several working groups and appointed expert individuals, assigning them various thematic mandates to report
on the status of human rights. Among them, the right to food has benefitted. Those human rights protection
mechanisms are known under the common title “Special Procedures.” Details of the role and activities of
Special Procedures of the Human Rights Council. [Online]. Available:
www.ohchr.org/EN/HRBodies/SP/Pages/Welcomepage.aspx

13 Jean Ziegler, a sociology professor from Switzerland, author, and the UN advisor, was the first appointed
Special Rapporteur on the Right to Food, although his appointment received serious criticism. See, for
example, postings on the UN Watch website. [Online]. Available: http://www.unwatch.org/swiss-nominate-
rapists-apologist-un-human-rights-expert/ containing several appeals and requests for removal of Jean Ziegler
from the UN appointments predominantly because of his tight connections with Libya’s dictator Muammar EI
Gaddafi, and for putting his personal career preferences above the UN appointment. His University colleagues
also criticized Jean Ziegler. See, for example, E.S. et al., "Switzerland: The University of Geneva: A
Controversy about M. Jean Ziegler,” Minerva, vol.14, no. 4, pp. 530-569, Winter 1976-77. [Online]. Available:
https://www.jstor.org/stable/i40085788. Jean Ziegler’s mandate spanned from 2000 to 2008. In his report
submitted to the UN Economic and Social Council — Commission on Human Rights on January 10, 2002,
Ziegler supported the Norwegian concept of the right to food as a public good. This concept may be observed
as a special definition of the right to food.

14 QOlivier De Schutter, a legal scholar from Belgium, served as Special Rapporteur on the Right to Food from
2008-2014. The details about his mandate. [Online]. Available: www.srfood.org/

15 Hilal Elver, a research professor from Turkey, was appointed Special Rapporteur on the Right to Food as of
June 2014. Some controversies surrounded her appointment. See, for example, the UN Watch. [Online].
Available: U.S. blasts UN appointment of Richard Falk's wife Hilal Elver, citing 'biased and inflammatory'
statements - UN Watch

The details about Hilal Elver’s mandate. [Online]. Available:
www.ohchr.org/EN/Issues/Food/Pages/HilalElver.aspx

6 Michael Fakhri, a professor at the University of Oregon School of Law, was appointed Special
Rapporteur on the right to food in May 2020. [Online]. Available: https://www.ohchr.org/en/special-
procedures/sr-food/mr-michael-fakhri

50


http://www.ohchr.org/EN/HRBodies/SP/Pages/Welcomepage.aspx
http://www.unwatch.org/swiss-nominate-rapists-apologist-un-human-rights-expert/
http://www.unwatch.org/swiss-nominate-rapists-apologist-un-human-rights-expert/
https://www.jstor.org/stable/i40085788
http://www.srfood.org/
https://unwatch.org/u-s-blasts-un-appointment-of-richard-falks-wife-hilal-elver-citing-biased-and-inflammatory-statements/
https://unwatch.org/u-s-blasts-un-appointment-of-richard-falks-wife-hilal-elver-citing-biased-and-inflammatory-statements/
http://www.ohchr.org/EN/Issues/Food/Pages/HilalElver.aspx
https://www.ohchr.org/en/special-procedures/sr-food/mr-michael-fakhri
https://www.ohchr.org/en/special-procedures/sr-food/mr-michael-fakhri

The second Special Rapporteur (De Schutter) focused on food security and the legal policy
framework.!” He did not advance his own definition of the right to food or discuss the question of
definition. However, his final report submitted to the UN's General Assembly at the end of his
mandate in 2014 evinced a different approach to the right to food than that pursued by the first
Special Rapporteur Ziegler.

In his final report, De Schutter said that “[a]ctions should be launched at three levels to democratize
food security policies, thus weakening existing lock-ins and allowing these policies to shape the
new model [called] for” [27]. De Schutter referred to the rebuilding of local food systems that
should be supported on local, national and international levels, emphasizing that the right to food is
central to the success of these efforts [27, p. 16].

During the mandate of the second Special Rapporteur on the Right to Food, Olivier De Schutter, the
UN General Assembly adopted the first UN General Assembly Resolution on the Right to Food
[12]. The Resolution was certainly a significant addition to UN human rights mechanisms
established to protect the right to food, although, as mentioned earlier, UN General Assembly
resolutions are non-binding. The Resolution reaffirms “the right of everyone to have access to safe,
sufficient and nutritious food, consistent with the right to adequate food and the fundamental right
of everyone to be free from hunger” [12, par. 2]. This text in the Resolution, which aligns with
Article 11 of the ICESCR, may be observed as a valuable addition to the content of the definition of
the right to food with a focus on the right of everyone to have access to safe, sufficient and
nutritious food. In a certain way, it blends the definition provided by the Special Rapporteur on the
Right to Food with the text of the UDHR and ICESCR.

With respect to the definition of the right to food, both De Schutter and his successor Hilal Elver, in
reports, accepted Ziegler’s definition of the right to food quoted above. Elver, the third Special
Rapporteur on the Right to Food, in her address to the Human Rights Council in Geneva in 2015,
said that “the right to food is enshrined in international human rights law with States obliged to
ensure its progressive realization, through the development of supportive domestic and national
legislation” [28]. She reminds her readers that the Optional Protocol to the ICESCR [29] reaffirms
the right to food.

The 2015 Human Rights Council resolution on the Right to Food [13], though similar in concept to
the definition of the right to food defined by the Special Rapporteur on the Right to Food, adds new
elements such as “preserving access to food for future generations” [13, p. 2]. In addition, it
“[r]ecognizes the importance of smallholders and subsistence farmers in developing countries,
including women and local indigenous communities, in ensuring food security, reducing poverty
and preserving ecosystems, and the need to assist their development” [13, art. 8]. It also “[r]eaffirms
the need to ensure that programmes delivering safe, sufficient, nutritious and culturally accepted
food are inclusive and accessible to persons with disabilities” [13, art. 10]. It also “[c]alls for the
early conclusion to and a successful, development-oriented outcome of the Doha Round of trade
negotiations of the World Trade Organization as a contribution to creating international conditions
permitting the full realization of the right to food” [13, art. 29].

Special Rapporteur Michael Fakhri, who replaced Hilal Elver, reaffirmed all previous UN
definitions of the right to food. However, in his report submitted to the General Assembly in 2023,
he focused on the current situation in the world, which is characterized by violence. His report titled

7 Olivier De Schutter’s reports considered relevant to the topic of the right to adequate food include Building
Resilience: A Human Rights Framework for World Food and Nutrition Security, 2008; Seed Policies and the
Right to Food: Enhancing Agrobiodiversity, Encouraging Innovation, 2009; Annual Report to the Human
Rights Council, 2010. However, the final report marking the end of his mandate, Report of the Special
Rapporteur on the Right to Food, 2014, summarizes De Schutter’s approach to the transformative potential of
the right to food.
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“Conflict and the Right to Food” [30] reflects this. He said, "Violence in food systems has increased
in recent years ... affecting global food security” [30, par. 4]. He pointed to “how different forms of
violence in food systems harm people and generate the conditions that lead to human rights
violations” [30, par. 5].

5. UN SPECIALIZED AGENCIES AND THE RIGHT TO FOOD

The UN system includes several Specialized Agencies.® These are legally independent
international organizations operating within their own regulations (i.e. many have their own
constitutions) and financial resources. Their relationship with the UN has been established through
negotiated agreements. Some of the agencies have a long history, as they were established long
before the UN; others were created almost at the same time as the United Nations, and yet the
United Nations itself created others to meet the UN’s emerging needs.

The Food and Agriculture Organization (FAO) is a special UN agency engaged in food-related
activities. Another UN special agency whose activities, to some extent, relate to the FAO is the
World Health Organization (WHO). These two agencies are solely discussed in conjunction with
the definition of the right to food. Recall that the right to food in the UDHR appears together with
the right to health.

The FAO is a major UN agency established immediately following the establishment of the UN.
The FAO’s mandate is to look after the food-related issues around the globe. The FAO is directly
concerned with “achieving food security,” aiming “to make sure people have regular access to
enough high-quality food.” !° On the other hand, the WHO is concerned about food safety, focusing
on quality and nutritional values.?®

The FAO was founded when 45 states gathered on 16 October 1945 in Quebec City to sign the
Constitution establishing the Food and Agriculture Organization [31].

The FAO reiterates all definitions of the food rights specified in the UDHR, ICESCR, General
Comment 12 of the Committee on Economic, Social and Cultural Rights, and the Special
Rapporteur on the Right to Food [31].

The FAO also produced Voluntary Guidelines to the Progressive Realization of the Right to
Adequate Food in the Context of National Food Security, which were adopted in 2004 [32]. The
document is reaffirmed in the 2009 UN General Assembly resolution on the right to food [12] and
referenced in the 2015 report of Special Rapporteur on the Right to Food, Hilal Elver [28, p. 3]. 2!
Regarding the definition of the right to food, the Voluntary Guidelines repeated the provisions from
the UDHR and the ICESCR and then continued to focus on the obligations of states towards the
realization of the right to adequate food [32, pars. 11-19].

However, several years later, in addition to more detailed explanation about expectations from
individuals as well as States with respect to the right to food, the FAO has also added a statement
about what the right to food is not:
The right to food is not a right to be fed, but primarily the right to feed oneself in dignity.
Individuals are expected to meet their own needs, through their own efforts and using their

18 For the position of Specialized Agencies in the UN system, see the Directory of United Nations System
Organization. [Online]. Available: https://www.un.org/en/about-us/un-system

19 About FAO. [Online]. Available: http://www.fao.org/about/en

20 About WHO. [Online]. Available: http://www.who.int/about/en/

2! Elver said: “Similarly the Right to Food Guidelines have been instrumental in fpromoting the importance of
recognizing the right to food in national legal frameworks. States should refer to the Guidelines when

developing constitutional principles and framework laws to ensure the progressive realisation of the right to
food at the domestic level.”
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own resources. To be able to do this, a person must live in conditions that allow him or her
either to produce food or to buy it. To produce his or her own food, a person needs land,
seeds, water and other resources, and to buy it, one needs money and access to the market.
The right to food requires States to provide an enabling environment in which people can
use their full potential to produce or procure adequate food for themselves and their
families. However, when people are not able to feed themselves with their own means, for
instance because of an armed conflict, natural disaster or because they are in detention, the
State must provide food directly [33].

Although the statement aligned itself with the orthodox international human rights law provisions
on food, it broadens the concept of the right to food, including the right to locally produced food.
The FAO’s definition of the right to food, however, includes the obligation of the State to its
citizens. Nevertheless, while the FAO includes obligations on states, it also clarifies that, in the first
instance, individuals are obligated to “meet their own needs, through their own efforts.”

While the FAO agency was established at the same time as the UN in 1945, the WHO emerged
later, in 1948, the same year the UDHR was adopted.?> The WHO does not define the right to food,
though its Constitution includes a commitment “to develop, establish and promote international
standards with respect to food” [34]. In 1950, a joint FAO/WHO committee of nutrition experts
noticed “that the conflicting nature of food regulations may be an obstacle to trade and may
therefore affect the distribution of nutritionally valuable food” and suggested that FAO and WHO
study these problems more closely.?

The FAO and WHO were united in their growing concern about food security and held their first
conference together in Rome in 1963.2 Ever since those two UN agencies have worked together
and developed a collection of internationally recognized food standards (Codex Alimentarius).
These standards are mentioned as a result of joint efforts of two UN special agencies working
together, though the standards themselves do not directly contribute to a definition of the right
to food. “When formulating national policies and plans with regard to food, Governments should
take into account the need of all consumers for food security and should support and, as far as
possible, adopt standards from the Codex Alimentarius or, in their absence, other generally
accepted international food standards.”?

Not directly a definitional aspect of the right to food, food sovereignty is yet another expression
associated with the right to food discourse developed based on “food security.” The term was
coined at the World Food Summit in 1996 (in Rome, Italy, at the FAO Headquarters) by members
of La Via Campesina movement?® who believed that people who produce and distribute food
should also control the policies and other instruments that are governing the food
production and distribution, rather than control being held by large corporations and
international trade monopolists.

22 In Quebec City, on 16 October 1945 the FAO was established by the adoption of the Constitution.
The Constitution of the World Health Organization came into force in 1948, although it had been signed
by 61 countries on 22 July 1946, in Geneva.

2 The first session of the Joint FAO/WHO Expert Committee on Nutrition (1950): Origins of the
Codex Alimentarius. [Online]. Available: https://www.fao.org/3/y7867e/y7867e03.htm

2 In May 1963, the Sixteenth World Health Assembly approved establishing the Joint FAO/WHO

Food Standards Programme with the Codex Alimentarius Commission as its principal organ. The
Commission held its first session in Rome in October 1963. Some 120 participants from 30 countries

and 16 international organizations attended.

25 The cited text comes from the Codex Alimentarius: International Food Standards. [Online].
Auvailable: https://www.fao.org/fao-who-codexalimentarius/about-codex/en/
26 About La Via Campensina. [Online]. Available: https://viacampesina.org/en/
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An Intergovernmental panel project (2004-2007) sponsored, among others, by the UN, FAO, WHO,
and World Bank developed the following definition of food sovereignty: "Food sovereignty is
defined as the right of peoples and sovereign states to democratically determine their own
agricultural and food policies” [35].

6. CONCLUSION

Since WWII, the right to food has not been clearly or consistently defined. Its first articulation in
international human rights law came relatively late, in 1948, with the adoption of the UN UDHR.
Although the right to food was a new introduction to the process of human rights codification, it did
not secure the provision as a right in itself. Rather, in the final version of the UDHR (Article 25(1)),
the right to food remained an included element in the concept of an “adequate standard of living.” In
the ICESCR, in addition to the right to adequate food, a new right - the right to be free from hunger
—was introduced and qualified as a fundamental right. These new concepts of the right to food were
supported by the two UN resolutions in 2009 and 2015, each taking a different functional approach.
While the 2009 Resolution focuses on the role of the Special Rapporteur on the Right to Food, it
made a textual connection to international trade by addressing TRIPS and WTO. On the other hand,
the 2015 Resolution includes that aspect, but the focus of its recommendations was shifted to the
work of various organizations, especially the UN’s FAO as a leader in eradicating hunger.

The question that stems out of the research on the right to food chronicled in this paper is whether
the ambiguous definition of the right to food or the lack of instruments for its implementation has
contributed to the development of tension between international human rights law and other
international legal concepts, particularly intellectual property and especially since IP joined the
World Trade Organization in 1994, shifting its focus from international human rights (soft law) to
private economy driven agreements.

In the turbulent times the world is facing today, the right to food once again has been caught in a
conflicting situation. As the Special Rapporteur on the Right to Food said, violence in food systems
harms people, causing the violation of human rights. As a fundamental human right, the right to
food has yet to receive a much more prominent articulation.
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Abstract: In a world where the position and priorities of individuals in society are drastically changing, the
current system of food supply and security will not endure. Therefore, it is time to take care of our future by
ensuring the production of quality food. GoAgro represents a service that allows you to participate in food
production projects through direct connection with producers. You can support production by financing their
production. Your NFT GOAGRO for a particular selected project provides you with a safe financial return,
and you can exchange it for products (food) produced in the project or you can trade with it on the GoAgro
platform.

Key words: food production, food security, GoAgro, digitalization

Apstrakt: U svijetu u kojem se poloZaj i prioriteti pojedinaca u drustvu drasticno mijenjaju, sadasnji sustav
opskrbe i sigurnosti hrane nece opstati. Stoga je vrijeme da se pobrinemo za nasu buducnost osiguravajuci
proizvodnju kvalitetne hrane. Goagro predstavlja uslugu koja vam omogucluje sudjelovanje u projektima
proizvodnje hrane kroz izravnu vezu s proizvodacima. Proizvodnju mozete podrzati financiranjem njihove
proizvodnje. Vas NFT GOAGRO za odredeni odabrani projekt osigurava vam siguran financijski povrat, a
moZete ga zamijeniti za proizvode (hranu) proizvedene u projektu ili njime trgovati na Goagro platformi..

Kljuéne reci: proizvodnja hrane, prehrambena sigurnost, GoAgro, digitalizacija
1. INTRODUCTION

Food security is a concept that is multifaceted and covers various aspects. It can be defined as a state
in which all individuals have adequate physical and economic access to safe, nutritious, and
sufficient food that meets their dietary requirements and preferences for a healthy and active life [1].
There are multiple dimensions to food security, such as the physical availability of food, which
deals with the supply side of food security and is determined by food production levels, inventory
levels, and net trade. Additionally, adequate food supply at the national or global level alone does
not guarantee food security at the household level, as issues with insufficient food access have
resulted in a greater policy focus on incomes, expenditure, markets, and prices to achieve food
security objectives. Utilization of food is another dimension of food security and refers to the way
the body optimizes various nutrients in food. Good care and feeding practices, food preparation, diet
diversity, and intra-household distribution of food contribute to sufficient energy and nutrient intake
by individuals. Along with effective biological utilization of food consumed, this determines the
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nutritional status of individuals. Lastly, the stability of the other three dimensions over time is
essential, as even if an individual's food intake is sufficient today, they are still considered food
insecure if they have inadequate access to food periodically, which could lead to a deterioration of
their nutritional status. Food security status may be impacted by adverse weather conditions,
political instability, or economic factors such as unemployment or rising food prices.

The global concern surrounding the future of food production is due to the challenges posed by
climate change and the increasing population [2]. A few of the primary concerns are as follows: The
demand for food is increasing as the global population is predicted to reach nearly 10 billion people
by 2050 and 10.9 billion in 2100. This indicates that global food production will have to increase
significantly. The way we produce and consume food today contributes to global warming and other
environmental problems such as deforestation and soil erosion. Traditional agricultural methods
release harmful amounts of carbon and nitrogen into the soil and atmosphere, causing
environmental impact. Across all stages of the food chain, food wastage is common, with almost
13.8% of food lost in supply chains. When food is wasted, all the energy, land, and resources used
to create it are also wasted. Food production is increasingly at risk from climate change, particularly
from droughts, increasing frequency of storms, and other extreme weather events. There is also a
nutritional concern as nearly 800 million people lack access to adequate food, and two billion
people are affected by hidden hunger, lacking key micronutrients. Moreover, approximately two
billion people are overweight and affected by chronic conditions.

FARM ANIMALS Food security
FEOOD OF SAFE AND
v lc\)'lillhém- NUTRITIOUS FOOD
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Picture 1: Chain of food production [3].

In light of the crucial importance of maintaining a steady food supply, this paper aimed to highlight
the innovative ways in which modern technologies can be utilized to bridge the gap between
consumers and food producers, with the ultimate goal of ensuring the safety and sustainability of
food production and supply. By exploring and showcasing various cutting-edge techniques and
tools, this paper aims to demonstrate how technology can be leveraged to create a more transparent,
secure, and efficient food system.

2. DIGITAL TECHNOLOGIES - BLOCK CHAIN

Blockchain technology is a kind of shared database that distinguishes itself from a standard database
by how it stores data [4]. Instead of storing data in a traditional format, blockchains store it in blocks
that are linked together through cryptography. The primary features of blockchain technology
include a shared, unalterable ledger that simplifies the process of recording transactions and tracking
assets in a business network. Whether an asset is tangible (such as a car, house, cash, or land) or
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intangible (such as branding, copyrights, intellectual property, or patents), it can be tracked and
traded on a blockchain network, reducing risk and cutting costs for everyone involved. The
importance of blockchain technology lies in its ability to provide immediate, shared, and completely
transparent information that can be accessed only by permissioned network members. A blockchain
network can track orders, payments, accounts, production, and much more. The key elements of
blockchain technology include distributed ledger technology, immutable records, and smart
contracts. Distributed ledger technology ensures that every network participant has access to the
distributed ledger and its immutable record of transactions. Immutable records mean that no
participant can alter or tamper with a transaction once it has been recorded on the shared ledger.
Smart contracts speed up transactions by storing a set of rules on the blockchain and executing them
automatically. Blockchain technology works by recording each transaction as a "block™” of data.
These blocks form a chain of data as an asset moves from one place to another or ownership
changes hands. The blocks confirm the exact time and sequence of transactions, and they link
securely together to prevent any block from being altered or a block being inserted between two
existing blocks. Blockchain technology has the potential to revolutionize many industries by
providing a secure, decentralized method of recording and verifying transactions. Since the
introduction of Bitcoin in 2009, blockchain uses have exploded via the creation of various
cryptocurrencies, decentralized finance (DeFi) applications, non-fungible tokens (NFTs), and smart
contracts. In essence, blockchain technology has the potential to revolutionize many industries by
providing a secure, decentralized method of recording and verifying transactions.

3. GoAgro - DIGITAL PLATFORM

GoAgro — the digital platform is intended to finance various projects in agriculture in such a way
that each project issues NFT Coins in a certain amount [5]. The funds collected through the sale of
NFTs are intended for the financing of certain agricultural production with the ultimate goal of
creating an agricultural product. The buyer of NFT realizes the benefits that are determined for each
project by the contract between the buyer and the issuer of NFT. As a rule, each NFT represents the
ownership of a digital form of an agricultural product, and at the time of purchase, the quantity of
the product and the price are defined (principle of price determination). This digital form is
converted by the issuer over a certain period into an actual semi-primary product using the funds
collected from the sale of the NFT. The NFT buyer has the right after the agreed time to exchange
his NFT for a real product or he can sell the NFT on the stock exchange through this platform.

The benefits that the customer realizes are the direct connection between the buyer and the producer
without intermediaries, decentralized financing of production avoiding the existing systems of
banks, and funds that take a large part of the profits of producers and buyers. The system is based on
blockchain technology and is extremely secure and easy to use. The product behind buying NFTs is
a real commodity that prevents losses in value due to inflation, and:
1. The customer ensures dedicated production and availability of food of a certain quality in
the future period;
2. Theyield that a digital product achieves during conversion into a real product is natural (kg
of product per year) and is protected from inflation;
3. NFT can be easily traded through the platform or after the time of production you can sell
it back to the issuer or you can exchange it with them for a real product.
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Picture 2: GoAgro platform [5].

The first project that will offer NFT sales on the GoAgro platform is the Agroporc doo PIG NFT
project or the First Digital Pig Farming Project. This is a unique project that fully follows modern
EU policies, which say that our salvation lies in the digitalization of agriculture (and the economy).
As far as we know, it is the first in the EU and the world.

Each NFT represents the right of ownership of one digital pig at the time of purchase, the digital
pig weighs 100 kg (halves) which have an annual increase of 3% in kg [5]. The money used to buy
the digital pig is invested in production. The costs of building and equipping farms, procurement of
the basic herd, food and water costs, labor and energy costs and other production costs are financed.

Over the course of 2.5 years, the invested funds ensure the production of a real pig in the weight
that was paid for plus growth.
* The initial price of each series of PIGNFT is determined according to the stock market price
with a certain discount or special sale of a certain quantity.
* The customer can sell his tokens on the GoAgro platform (Marketplace) when the sold series
of PIGNFT is related to the realization phase. The new NFT owner registers through the
platform.
* After 2.5 years, the owner of the PIGNFT can sell it back to the issuer. The issuer undertakes
to purchase the NFT in the initial weight plus an increase of 3% per year from the moment of
sale until payment. The NFT price is determined according to the stock exchange price of the
German VEZG stock exchange in the week of NFT sales for the E class half.
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« After 2.5 years, the owner can at any time exchange his PIG NFT for a pig produced by the
issuer. Pigs are produced according to the highest standards of quality and animal welfare. The
owner of PIGNFT a collects half of the pigs at a pre-arranged place with the issuer of PIGNFT.
The weight of the halves will approximately correspond to the weight of the purchased kg plus
the increase. The final settlement between the owner of PIGNFT and the issuer will be made
after delivery, and the owner will pay extra or the issuer will return the difference in half kg in
Euros, according to the price determined for the sale of PIGNFT to the issuer.

* The publisher PIG NFT guarantees that it will take special care of pig production and that the
pigs will be fed without GMO components, according to the antibiotic-free production
principle. Farm welfare standards will be at the highest EU level. Farms do not produce waste
and have a closed cycle of slurry processing and produce high-quality organic fertilizers for
agricultural production. All farms are energy efficient and independent. By using the most
modern systems for food preservation, fermentation and food preparation on the farm and a
closed slurry processing system, the CO2 footprint has been reduced by 90% compared to
standard production.

* The owner of PIGNFT through the platform will have the possibility of live video
transmission from production farms. Regular periodic reports on the realization of production
will be available on the platform and website of the issuer.

What does the ROI calculator say (Return on invested capital)?
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*» Today your digital pig (100 kg half) costs 250 EUR today and on the stock market During the
first purchase, you will buy it for a 5% discount and you will pay 237.50 EUR (2.375 EUR/kQg)
* Your pig grows 3% per year and will weigh 109.27 kg in 3 years.

 The largest EU association COPA COGECA [6] predicts a 50% increase in pig prices by
2025, which would amount to 3.75 Euros/kg for your pig

* Your pig is worth 410 Euros in 3 years

* Yield over three years is 410-237.5 = 172.5 Euros or 73%

4. FOOD PRODUCTION IN EUROPEAN UNION

Food production is a significant contributor to the global status of the European Union (EU). The
following are some important facts about food production in the EU [6]: In 2022, the EU produced a
total of 270.9 million tonnes of cereals, which was 26.7 million tonnes less than the previous year.
The production of many crops, including grain maize (down 27.4%), sunflowers (down 10.1%), and
olives for olive oil (down 38.1%), was negatively impacted by drought conditions in significant
parts of the EU; Many crops, including cereals (+45.6%), sugar beet (+34.9%), potatoes (+30.5%),
and oilseeds (+29.0%), experienced a surge in output prices in 2022; The agricultural policy of the
EU covers several areas, including food quality, traceability, trade, and promotion of EU farm
products; The EU supports its farmers both financially and to adopt sustainable and eco-friendly
practices, while also investing in the development of rural areas; Finally, the agricultural and food-
related sectors provide employment to more than 44 million people in the EU, including 20 million
engaged within the agricultural sector itself.

Animal production is also a crucial aspect of the EU's agricultural output [7]. The following are
some essential facts about animal production in the EU: As of 2022, there were 134 million pigs, 75
million bovine animals, and 70 million sheep and goats in the EU; Pig meat production in the EU
decreased by 1.3 million tonnes (-5.7%) from its peak of 23.4 million tonnes in 2021; Poultry meat
production in the EU continued to decline (a further -1.5% to 13.0 million tonnes) from its 2020
high; In 2022, Spain had approximately one-quarter of the EU's pig (25.4%) and sheep (24.5%)
populations, while Greece had a similar share of the EU's goat population (26.3%), and France had
a somewhat smaller share (22.7%) of the bovine population; Lastly, several EU countries have
specialized in livestock farming. For example, Ireland accounted for 8.8% of the EU's bovine
animals in 2022 (slightly more than in Spain and Italy), while Denmark accounted for 8.6% of the
EU's pig population (only slightly less than in France).

EU key data for pig farming

The EU is the world's second largest producer of pork and the largest exporter of meat and meat
products. EU self-sufficiency in pork is 120%. The problems of EU production are contained in the
following several points:

* post COVID impacts,

« war in Ukraine,

* the price of animal feed and energy,

« the spread of African swine fever in countries with significant pig production in addition

« environmental challenges of adapting production to the standards of the Nitrate Directive

* climate requirements for reducing GHG emissions

* socio-economic problems related to the aging of the population and the abandonment of

production by small and medium-sized producers

« global non-competitiveness due to high EU standards in pig production (ecological,

climatological and animal welfare)

The most important destinations for pork exports from the European Union are China, Japan, the
Philippines and South Korea (62% of all quantities). In the year 2021, exports to China were
reduced by 49%, and in 2022 by another 35%. During 2022, European pork production was 5.6%
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lower. The largest producers recorded a decrease in production (Spain -2.2%, Germany -9.8%,
Poland 9.2%, Denmark -6.6%) The marked increase in meat prices was caused by a decrease in
production due to a decrease in the number of sows and gilts. Due to the problems with the political
implications of the restructuring of the world, the availability of lucrative export markets for EU
pork is decreasing, and with all the mentioned problems of EU production, the forecasts are a
continuation of the trend of further reduction of production.
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Picture 5: Production index for pig meat in 2022:2021 in European Union by states [8].

5. PIG BREEDING IN CROATIA

The pig production industry in Croatia has been experiencing a significant decline in recent years,
with the number of sows decreasing rapidly. According to data published by DG AGRI [8], the
number of sows for the year 2022 has decreased by 13.5% compared to the previous year, and the
number of gilts has decreased by 34.7%. In 2021 alone, the number of sows decreased by 8%, and
the number of gilts by 4.2%. This trend has been ongoing for the past five years, resulting in a loss
of 35% of the number of sows and gilts in the Republic of Croatia. As a result of the shortage of
piglets for fattening, Croatia has been importing them from the EU. In 2022, 410,000 piglets were
imported for fattening, which is a 16.5% increase compared to the previous year. The value of these
piglets was approximately 30,000,000 euros. Furthermore, during the year 2022, a total of
1,147,096 classified pig carcasses of all categories were recorded in the Republic of Croatia, which
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is 5.5% less compared to the year 2021. Moreover, the total mass of carcasses on the slaughter line
decreased by 7.3% in 2022 compared to the previous year. In 2022, the import of meat from the EU
amounted to 102,258 tons, which is a 9% increase compared to 2021. The value of imported meat
was approximately 250,000,000 Euros. This increase in imported meat can be attributed to the
decline in the domestic pig production industry.
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Picture 7: Import and export of fresh pig meat in Croatia (in 000 kg) [9]

In the Republic of Croatia, pork meat is the most popular choice among citizens with an estimated
consumption of 42 kg per year. Poultry meat comes in second with 19 kg and beef meat follows
with around 10 kg. However, despite the high consumption of pork meat, self-sufficiency in pork
production in the country is only 55% when including production for own needs. If we take into
account production for the market, the slaughtering of approximately 81,000 t takes place in
Croatia, out of which 20% is imported. Additionally, the country imports 102,000 t of meat, which
means that self-sufficiency drops to 36%. This lack of self-sufficiency in food production is a major
national security issue for Croatia, as it only produces around 55% of its needs. As Croatia
continues to import more than half of its pig meat, it is expected that pork prices will increase and
may become more difficult to find in the future, due to the negative trend in pig production across
the EU. The current food supply and security system has become highly unstable, which has
prompted the country to seek alternative and digital solutions to ensure the production of quality
food in a revolutionary way. Through the GoAgro platform, citizens can directly participate in
investment projects in food production by connecting directly with producers. This innovative
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platform aims to address the existing food production issues by offering a transparent and secure
way for producers and investors to collaborate and support each other.

6. CONCLUSION

Asset tokenization is an innovative concept that combines the traditional financial sector with
advanced blockchain technology. This process enables the conversion of real assets into digital
tokens on the blockchain chain and brings many advantages compared to traditional asset
management methods, such as greater availability, simplified transfer, and easier asset management.
In a broader context, we are not only talking about tokenizing the world but also using technology
combined with artificial intelligence to fuel a new industrial revolution. The technology helps to
solve the fundamental challenges of digitization - it prevents the copying of digital data, which
enables the development of new digital processes and digital legal transactions in combination with
a high level of legal security and efficiency. To preserve the databases, they are strictly protected
from cyber and physical attacks because they are centralized. Blockchain technology, which is itself
a database as a replacement for a traditional database, is a potential solution. By connecting this
technology with agricultural production, we are solving two major problems in the food production
sector. The first is a safe market for the producer and guaranteed availability of food of known
quality for citizens, and the second is the financing of food production through a decentralized
private monetary system. This approach greatly reduces the influence of classic monetary financing,
which under the centralized policies of the owners often contradicts the goals of ensuring quality
food available to citizens. Through these digital technologies, we connect consumers again and
emotionally with food production because they become part of the food production chain, they
become farmers who produce food for themselves and their families without having to do this work
every day. Through a direct connection with the producer, he can influence the targeted quality of
food for his needs.

GoAgro is a simple platform where production and consumer will meet directly without
intermediaries and the secure technology of smart contracts ensures the connection of these two
worlds. Mutual simple interaction will allow better understanding and fulfillment.
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Abstract: The paper gives an overview of modern safety diary production, from three aspects such as silage
quality, aflatoxin feed contamination, and enteric methane emission. The improvement of dairy production is
most efficiently achieved by implementing the latest technologies and innovative solutions in all production
segments, but most of all in the field of feeding technology. Modern technologies of ensiling are key to
improving safety nutrition and mitigation of enteric methane (ECH4) emissions. These technologies enable
farmers to better manage resources because, in addition to the above, there is a constant risk of contamination
of aflatoxins in the food chain around the world, with a serious impact on human and animal health

Key words: milk production, silage, enteric methane, ruminant nutrition, aflatoxin, health safety of milk and
feed production

Apstrakt: U radu je prikazan pregled savremene bezbedne proizvodnje mleka, sa tri aspekta kao Sto su
kvalitet silaze, kontaminacija aflatoksinima i emisija entericnog metana. Unapredenje proizvodnje mleka
najefikasnije se postize implementacijom najsavremenijih tehnologija i inovativnih resenja u svim segmentima
proizvodnje, ali pre svega u oblasti tehnologije ishrane.Savremene tehnologije siliranja su kljucne za
poboljsanje bezbednosti ishrane Zivotinja i ublazavanje emisija entericnog metana (ECHa). Ove tehnologije
omogucavaju poljoprivrednicima da bolje upravljaju resursima jer pored navedenog postoji stalna opasnost
od kontaminacije aflatoksina u lancu ishrane Sirom sveta, sa ozbiljnim uticajem na zdravlje ljudi i Zivotinja.
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1. INTRODUCTION

Ensiling is a microbial process used to preserve fresh feed in animal production as well as in
biorefinery [1]. In those processes, lactic acid bacteria (LAB) play a key position in silage
microorganisms and the effects of exogenous lactic acid bacteria on silage quality have been widely
studied [2]. Additions of LAB inoculants are frequently used to speed up the process of ensiling,
prevent the growth of harmful microorganisms, and improve the silage quality of different crops.
Furthermore, LAB belongs to the microorganisms that have the GRAS (generally recognized as
safe) status [3]. One of the most common silages in the world is made from corn. Com (Zea mays
L.) silage is a major forage source for ruminants in climates where com is moderate to well adapted,
consisting of the high energy, low-protein forage commonly used for growing and finishing beef
cattle as supplemental energy for cow and calf production, for growing dairy heifers, and for
lactating dairy cows, often in combination with a complementary high-protein forage such as alfalfa
(Medicago sativa L.) [4].

But, most often corn is infected by mycotoxins on farms, frequently in the form of aflatoxins.
Aflatoxins have a significant health, nutritional, and economic impact on the nutritional chain of
humans and animals. All participants in the production and food chain such as farmers, grain
producers, distributors, crop processors, farmers, and consumers have consequently losses [5].
Direct effects include increased veterinary care costs, reduced livestock production, and continued
endangered food safety for humans and animal feed [6].

To minimize the aflatoxin contamination in crop plants, various physical, chemical, and biological
methods, and various breeding and genetic engineering approaches as well, have been used to
minimize the toxicity of aflatoxin and reduce its level below the recommended one. Several
approaches have been manifested to reduce the aflatoxin contamination in crops which include
various physical, chemical, and biological methods.

Mycotoxins are secondary products of mold metabolism, which are synthesized by a series of
reactions catalyzed by enzymes from a large number of biochemically simple intermediate products
of primary metabolism [7]. Mycotoxins are produced by toxic strains of fungi that are found in food
for humans and animals [8]. Worldwide, the possibility for the contamination of the nutritional
chain with mycotoxins is permanently present, with a serious impact on human and animal health.
The presence of a persistent risk from mycotoxins and their undesirable presence in food and feed
influenced many countries that have adopted a policy of rigorous controls. The global problems of
mycotoxicosis are causing a health hazard, and the toxin-contaminated products losing economic
value in the global food market. Therefore, mandatory for food industries to perform analysis on
potentially contaminated commodities before the trade [9]. Aflatoxins are one of the most globally
well-known and common food and feed contaminants. As a secondary product of mold metabolism,
aflatoxins can contaminate a large number of different agricultural and food products, as well as
feeds. It is estimated that about 25% of the world is contaminated with at least one mycotoxin. The
entry of aflatoxins into the nutritional chain poses a global risk to the public health of humans and
animals. Due to its carcinogenic effect, a major negative impact on the health of humans and
animals, as well as the great impact on economic losses, aflatoxins pose it exceptional challenge for
research around the world. Mycotoxins are considered one of the most important causes of
nutritional stress [10]. The International Agency for Research on Cancer (IARC) included AFBL1 in
the first group by the end of the second millennium, while AFB2, AFG1, AFG2, and AFM1 were
grouped in the same class in the 2002 year. There is a need for continuous monitoring of the
appearance of aflatoxins in food, feeds, and AFM1 in milk, intending to protect consumers from
risks associated with their proven toxicity and carcinogenic effects.

Air pollution depends on many natural and human factors, and the variation of pollutants and
weather changes modify the concentration of pollutants in time and space [11]. To meet the
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increasing demand for meat and milk, the livestock industry has to increase its production, and
without improving its efficiency, raised livestock, especially ruminant animals, will worsen the
environmental damage, mainly from ECH. emission [12]. Diary organizations worldwide
announced greenhouse gas neutrality goals [13]. Mitigation of enteric methane emissions is
necessary to achieve these goals. Many innovative solutions are being tested and considered. Global
challenges, such as enteric methane mitigation and its contribution to climate change, cannot be
solved by one organization [14]. Addressing these challenges requires collaboration among many
organizations and across different sectors, followed by cross-border and worldwide cooperation
[14].

2. NEW TRENDS AND OPPORTUNITIES FOR ENSILING

The technology of silage preparation consists of several routine techniques but, each step brings
with it several possible consequences for the quality of the obtained silage if it is not implemented
correctly [15]. The main points of risk are the selection of the correct stage of maturity of the plant
for ensiling, the rapid squeezing of air inside the plant mass in the silo, and the correct covering.
Changes in the silo mass occur practically as soon as the mass of plants is transferred from the field
to the prepared silo object. What will be the course and intensity of the change depend on several
factors, but mostly on those that condition the successful development of lactic acid fermentation,
such as moisture in the nutrient, anaerobic environment, carbohydrate content, and temperature.
These factors enable the conditions in which the desired microorganisms will dominate during the
fermentation of the plant mass and obtain quality silage with high nutritional value.

Choosing the right corn hybrid, and other plant cultivar has implications for silage's nutritional
value and milk production. Optimization of harvest maturity, kernel processing, theoretical length of
the cut, and cutting height improve or maintain the nutritive value and milk production of lactating
dairy cows [16]. Authors point out that technological advancements have been developed and made
available to dairy producers and corn growers desiring to enhance the fiber and starch digestibility
of whole-plant corn silage. However, inconsistency in silage quality may be also due to the lack of
information on gene expression and molecular mechanisms of the microbiota involved in silage
production, and modern research is focused on the production of the developing nutrient-quality
animal feeds with improved LAB inoculants [1]. Because the adaptability, establishment, and
development of LAB in forages during ensiling are partially unknown, the additives with LAB
inoculants do not always successfully regulate silage fermentation [17, 18]. One of the main reasons
for not establishing sufficient domination of LAB inoculants is the influence of epiphytic microflora
in the ensiling plants. Classical microbiological planting techniques defined the epiphytic microbial
populations associated with fresh forage, the pivotal role of lactic acid-producing bacteria in the
ensiling process, and the contribution of clostridia, bacilli, yeast, and molds to the spoilage of silage
[19]. Authors emphasize that polymerase chain reaction-based techniques, including length
heterogeneity PCR, terminal RFLP, denaturing gradient gel electrophoresis, and automated
ribosomal intergenic spacer analysis were the first molecular methods used to study silage microbial
communities. Also, advancements in whole comparative genomic, metagenomic, and
metatranscriptomic sequencing have or are in the process of superseding these methods, enabling
microbial communities during ensiling to be defined with a degree of detail that is impossible using
classical microbiology [19].

To efficiently preserve the green mass of plants and reduce the loss of nutrients during the aerobic
degradation of silage, biotech companies have produced microbial inoculants. The number of LAB
colonies in such products is usually about 1x10™ cfu and only 10 g of such additives need to be
added for ensiling 10 tons of green plant mass. According to [20], preservation depends on the
ability of LAB to produce sufficient acids to stop the growth and other activities of undesirable
microorganisms (MO) under anaerobic conditions, whereas the microbial composition of the
inoculants is different. Inoculants can consist only of homofermentative or heterofermentative LAB,
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or they can consist of a combination of both, with or without the addition of enzymes. The
main differences among them are the production of lactic acid (LA) and acetic acid (AA), which
greatly affect the fermentation process and aerobic stability of silage. Lactic acid rapidly lowers
the pH of the ensiled mass, but unlike AA and propionic acid (PA), it has weak fungicidal
properties [21]. Lactobacillus buchneri is the dominant species wused in obligate
heterofermentative LAB silage additives, and it slowly converts LA to AA and 1,2-
propanediol during silo storage, improving aerobic stability, while having no effect on animal
productivity [22].

Preserving forages as baled silage has increased in the last 2 decades, particularly for small and mid-
sized dairy and beef producers. Coblentz and Akins [23] point out that additional wilting (45-
50%DM), coupled with the long-stemmed nature of most baled silages, acts to restrict the rate and
extent of fermentation for baled silages, thereby suggesting emphasis should be continued
maintaining anaerobiosis through (1) applying PE-film wraps promptly; (2) using an appropriate
number of PE-film layers (6 to 8); (3) selecting a storage site free of sharp objects or other debris;
and (4) monitoring wrapped bales closely for evidence of puncture, particularly by birds or vermin.

Complete or total mixed rations (TMR) are produced by mixing forages, byproducts, concentrates,
minerals, vitamins, and additives formulated for a specific concentration of nutrients into a single
blend of feed. Animals consume the nutrients necessary to meet the requirements of maintenance
and production, [24]. The interest in ensiling total mixed rations (TMR) for ruminants reemerged in
the last decades because has: been a sustainable alternative to efficiently handle wet byproducts in
ruminant diets, and has markedly higher aerobic stability than its respective fresh TMR, and
increases ruminal protein degradability due to proteolysis during storage [25]. Appropriate silage
particle size is important because long particles increase eating time [26] especially in silage which
is the compulsory component of TMR. In that way at the farms, competitive feeding behavior is
created, with limited time for DMI (dry matter intake) at the feed bunk. That limitation in the
feeding behavior is often the negative response to poor silage fermentation. The compounds that are
shown to have the greatest effect on feeding behavior are lactate, acetate, propionate, butyrate,
ammonia-N, and amines in silage [27]. Also, poorly silage fermentation is connected with an
exceeding 30% loss of DM (dry matter) [28].

Contamination with undesirable microbes and chemical agents is one of the major problems
in silage production. The presence of yeasts and molds can negatively affect silage's nutritional
value (NV) because they produce toxic compounds that are harmful to ruminants [29]. These
microbes can proliferate massively once the silo is opened due to the presence of oxygen [30].
As a result, increasing yeast and mold populations decrease aerobic stability and reduce silage
shelf life [31]. Mycotoxins are secondary fungal metabolites that have been detected in a
variety of feed ingredients and can affect human and animal health, and animal
productivity. Consuming the contaminated silage, ruminants are often exposed to mycotoxins,
primarily such as aflatoxins, trichothecenes, ochratoxin A, fumonisins, zearalenone, and many
others. Mycotoxins in silage can be minimized by preventing fungal growth before and after
ensiling, with proper silage management to reduce mycotoxin contamination of feeds, and
certain mold-inhibiting chemical additives or microbial inoculants can also reduce the
contamination levels [32]. Apart from mycotoxins, microbial hazards include Clostridium
botulinum (associated with cattle botulism), Bacillus cereus, Listeria monocytogenes, Shiga toxin-
producing Escherichia coli, Mycobacterium bovis, and various mold species [33].
Nevertheless, LAB (L. brevis and L. buchneri) is capable of producing acetate,
proteinaceous compounds, peptides, and hydrogen peroxide which exert antifungal activity
[34]. The ability of LAB to release antifungal substances varies among strains [35]. The
mixture of homo-and heterofermentative strains improves silage quality by increasing nutrient
digestibility and reducing yeast contamination. The use of starter cultures of LAB strains
characterized by the ability to lower the level of pathogenic microorganisms may be an optimal
method of forage preservation concerning the most hazardous species, like E. coli, Salmonella
spp., or L. monocytogenes [3]. In addition to biotic factors that can affect silage
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quality, it is important to mention ambient temperature (due to the recent negative climate changes)
is a factor that influences all stages of silage making from production in the field to utilization at the
feed bunk [36].

Silage management practice should include aspects of workers' safety. Silage-related injury knows
no age boundary as workers and bystanders of all ages have been killed in silage accidents [37]. The
risk of an accident can be dramatically reduced by correctly sizing the bunker silos and drive-over
piles [38], and every farm, feedlot, dairy, and silage contractor should have safety policies and
procedures for their silage program, and they should schedule regular meetings with all their
employees to discuss safety [37].

3. AFLATOXINS

Mycotoxins are secondary products of mold metabolism, which are synthesized by a series of
reactions catalyzed by enzymes from a large number of biochemically simple intermediate products
of primary metabolism [7]. Mycotoxins are produced by toxic strains of fungi that are found in
food for humans and animals [8]. There is a constant threat of mycotoxin contamination all over the
world in the nutritional chain, with a serious impact on human and animal health [39]. The presence
of a persistent risk from mycotoxins and their undesirable presence in food and feed influenced
many countries that have adopted a policy of rigorous controls. The global problems of
mycotoxicosis are causing a health hazard, and the toxin-contaminated products losing economic
value in the global food market. Therefore, mandatory for food industries to perform analysis on
potentially contaminated commodities before the trade [9]. Various physical,

chemical, biological, and nano-particles based approaches are used for minimizing and management
of aflatoxin in food crops. However, researchers are also progressing in the development of fungal-
resistant varieties through breeding and genetic engineering approaches but their outcome is still a
major concern. Hence a combined approach of using resistant varieties along with recommended
pre- and post-harvest practices should be followed by farmers and food industries to minimize and
degrade the aflatoxin content in food crops and their derived products. Mycotoxins are considered
one of the most important causes of nutritional stress [10].

Molds that produce toxic metabolites - aflatoxins during growth are Aspergillus flavus, Aspergillus
parasiticus [40], Aspergillus nominius [41], A. minisclerotigenes, A. korhogoensis, A.
aflatoxiformans, A. texensis, A. novoparasiticus and A. arachidicola [42]. The four major aflatoxins
AFB1, AFB2, AFGL1, and AFG2 are commonly found in a wide range of food commaodities, AFB1
and AFB.2 are produced by A. flavus while AFG1 and AFG2 are produced by A. parasiticus [43].
Authors reported that AFB1 constitutes the most harmful type of aflatoxins and is a potent hepato-
carcinogenic, mutagenic, and teratogenic, and it suppresses the immune system. The synthesis of
AFM1 occurs in the mammalian organism after the intake of contaminated feed with AFBL.
Aflatoxins affect the quality of milk because cows metabolize AFB1 to form the monohydroxide
derivative aflatoxin M1 (AFM1), which is secreted into cow's milk and is highly resistant to thermal
treatments such as pasteurization and freezing [44]. AFML1 is stable in raw milk and prepared dairy
products. They mostly undergo undamaged pasteurization processes, cheese production, yogurt,
sour cream, and butter. During cheese processing, AFM1 with casein is linked to a specific complex
that affects a higher concentration of this mycotoxin in cheese than in whey. However,
contaminated whey with AFM1 is often used to feed young animals [45]. The presence of
mycotoxins in cow's milk and dairy products is one of the most serious problems in producing a
health-safe diet, as milk is a key source of nutrients for humans. The effect of aflatoxin on the
organism of domestic animals depends on genetic, physiological, and external factors [14]. The
biggest impact on cow's milk contamination is AFB1 with AFM1. Many authors report that the diet
of cows with food containing AFB1, in milk toxin AFM-1 will appear in milk after 12-24 h, after
consuming a contaminated diet, and will disappear from milk after 3-5 days [46]. Animal feed
contaminated with aflatoxins can cause different acute and chronic diseases in animals: refusal of
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food, weight loss, decrease in immunity, cancer, decreased reproductive capacity decreased
production, and death. Secondary aflatoxicosis tends to introduce into the body a smaller amount of
aflatoxin for a very long period, compared to those that lead to obvious signs of poisoning and a
change in the immune system [14]. However, in this way, altered immune function makes the
animal more susceptible to other infectious diseases. Aflatoxins suppress the immune system of
humans and animals by acting on the cells responsible for boosting immunity [43]. Currently,
consumers are continuously exposed to low doses of AFM1 [41].

Aflatoxin contamination in crops is a global threat that compromises the safety of food, and feed,
and also influences the agricultural economy and crop-dependent small-scale industries [43]. Crops
can be contaminated during the process of harvesting, storing, and transporting by the fungi which
leads to the production of several mycotoxins. Mycotoxins are produced by certain fungi as
secondary metabolites and aflatoxin is one of them. Crops can be contaminated during the process
of harvesting, storing, and transporting by the fungi, and this leads to the production of several
mycotoxins. Mycotoxins are produced by certain fungi as secondary metabolites and aflatoxin is
one of them. Aflatoxin contamination in crops caused a serious threat to production, the food
market, health, and economics.

Aflatoxins are synthesized by many fungi spp. including Aspergillus, Penicillium, Fusarium, and
Alternaria but Aspergillus flavus and Aspergillus parasiticus are known to produce the most
toxigenic strains of aflatoxins [43].

Aflatoxins have a significant health, nutritional, and economic impact on the nutritional chain of
humans and animals. All participants in the production and food chain such as farmers, grain
producers, distributors, crop processors, farmers, and consumers have consequently losses [5].
Direct effects include increased veterinary care costs, reduced livestock production, and continued
endangered food safety for humans and animal feed [6]. To minimize the aflatoxin contamination in
crop plants, various physical, chemical, and biological methods, and various breeding and genetic
engineering approaches as well, has been used to minimize the toxicity of aflatoxin and reduce its
level below the recommended one. Several approaches have been manifested to reduce the aflatoxin
contamination in crops which include various physical, chemical, and biological methods.

3.1. LEGAL REGULATIONS

Both toxins, AFB1 and AFM1 are carcinogenic. However, AFML1 is the most toxic secondary
metabolite secreted in milk and is classified as group 1 carcinogenic by the International Agency for
Research on Cancer (IARC, 2002) [47]. As such, AFM1 poses a global health risk to food safety
for humans and animals. Regulation (EC) No 1881/2006 sets a maximum limit of 0.05 pg/kg for
AFML1 in raw milk, heat-treated milk, and milk for the production of milk-based products (European
Commission, EC/1881/2006) [48]. The same limit was valid in Serbia from 2011 (Official Gazette
of RS, 28/2011) [49] until the end of February 2013.

However, after the appearance of contamination of milk with AFM1 in Serbia at the end of
February 2013, the Government of Serbia established a new maximum level of 0.25 pg/kg of milk.
The permissible level of aflatoxin (AFM1) in milk in Serbia, is five times higher than in the
European Union and may be reduced at the end of 2024, according to the Regulation amending the
Regulation on maximum concentrations of certain contaminants in food (Official Gazette of the
Republic of Serbia, No. 110/2023) [50]. The amendment of the Regulation on maximum
concentrations of certain contaminants in foodstuffs (Official Gazette of the Republic of Serbia, No.
81/2019, 126/2020, 90/2021, 118/2021, 127/2022, 110/2023) [50]. provides for the lowering of the
permitted levels of this substance from 1 December 2023, Table 1.
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Table 1. Permitted levels of aflatoxin contamination in foodstuffs, Regulation on maximum
concentrations of certain contaminants in foodstuffs (Official Gazette of the Republic of Serbia, No.
81/2019, 126/2020, 90/2021, 118/2021, 127/2022 and 110/2023*)

Maximum permissible]
concentration (ng/kg)
No Food Amount
B1 Bi, Bz(Mi
G1i G,
Until 30 November 2023,
Raw milk, thermally processed [*Extend to ¥ - - 0,25
b 113 milk, an_d milk fqr the IUntil 30 November 2024
"7 Jproduction of dairy products  |As of December 1. 2023,
“Extend to V¥ 0,050
As of December 1, 2024,

Regulation on the quality of feed (Official Gazette of the Republic of Serbia, No. 4 /2010, 113
/2012, 27 /2014, 25 / 2015, 39 /2016, 54 /2017), [51]. more closely prescribes the conditions
regarding the quality of feed. The limits of the levels of AFB1 in feedstuffs, complementary and
complete mixtures for animals, are prescribed in Article 99 of this Regulation and are shown in
Table 2. Feed, for this Regulation, means products of plant, animal, and mineral origin, produced
naturally or industrially, which are used for the nutrition and production of premixes and mixtures.

It should be noted that as long as the parent compound AFB1 is not controlled both in food and in
feed, it cannot be expected that only control of AFM1 exposure cannot be expected to lead to a
significant global reduction in hepatocellular carcinoma (liver cancer), [52]. Chhaya et al. [8] state
that in the European Union the maximum permitted level of aflatoxin Bl in feed is 0.02 mg kg—1
(moisture content 12%) or 20,000 ng kg—1, with a maximum allowable content in concentrated feed
for dairy cows of 0.005 mg kg—1 (moisture content 12%) or 5000 ng kg (Directive 2002/32/EC)
[48].

Farm productivity problems caused by toxins can be prevented [53]. Early and rapid detection of
aflatoxin M1 by applying a strict self-control strategy resulting in the application of mitigation
measures can significantly reduce the concentration of aflatoxin M1 in milk [42].

Table 2 Limits of permitted levels of AFB1 in feed, supplementary and complete mixtures for
animals, (Regulation on the quality of feed, Article 99, Official Gazette of the Republic of Serbia,
No. 4 /2010, 113 /2012, 27 /2014, 25 / 2015, 39 / 2016, 54 /2017)

Maximum allowable
amount expressed in

L;Egsfz:\:liglse Products intended for feed mg_/kg (ppm), when the
moisture content of feed
is calculated at 12%
Feeds 0,03
Complementary and complete mixtures 0,01
Except:
— mixtures (complementary and complete) for dairy
Aflatoxin cows and calves, dairy sheep and lambs, milk goats and 0,005
B1 goats, piglets and young poultry

— Mixtures (complementary and complete) for cattle
(excluding dairy cows and calves), sheep (except dairy
sheep and lambs), goats (except dairy goats and goats), 0,02
pigs (except piglets), and poultry (except young
animals).
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Aflatoxins have a significant health, nutritional, and economic impact on the nutritional chain of
humans and animals. There is a need for continuous monitoring of the appearance of aflatoxins in
feeds and AFML1 in milk, to protect the risks associated with their proven toxicity and carcinogenic
effects. Worldwide, the possibility of contamination of the food chain with mycotoxins is
permanently present, with a serious impact on human health. The presence of the persistent danger
of mycotoxins and their undesirable presence in food affects that many countries have adopted a
policy of rigorous controls. Therefore, ELISA methods, as well as Liquid Chromatography methods
with different detectors (HPLC-FLD, HPLC-UV light-FLD, LC-MS/MS) are developed and
optimized for the implementation [54]. If the primary toxin AFB1 is not controlled in both food and
feed, controlling AFM1 exposure cannot be expected to lead to a meaningful global reduction. In
the long term, regular farm-to-fork aflatoxin monitoring should be an essential tool to prevent the
presence of aflatoxin levels in food and feed.

4. ENTERIC METHANE

Air pollution depends on many natural and human factors, and the variation of pollutants and
weather changes modify the concentration of pollutants in time and space [11]. To meet the
increasing demand for meat and milk, the livestock industry has to increase its production, and
without improving its efficiency, raised livestock, especially ruminant animals, will worsen the
environmental damage, mainly from ECH, emission [12]. Diary organizations worldwide
announced greenhouse gas neutrality goals [13]. Mitigation of enteric methane emissions is
necessary to achieve these goals. Many innovative solutions are being tested and considered. Global
challenges, such as enteric methane mitigation and its contribution to climate change, cannot be
solved by one organization [14]. Addressing these challenges requires collaboration among many
organizations and across different sectors, followed by cross-border and worldwide cooperation
[14].

Global climate change is affecting temperature, precipitation, and water availability, which directly
affects agriculture and livestock productivity [55]. Therefore, the expected decline in DMI and
animal productivity and changes in water intake caused by heat stress may also affect the
environmental costs of production in cattle. With the current interest in reducing ECH4 emissions in
ruminant production systems to limit global warming [56], models that predict ECH4 emissions
have become an important tool to evaluate mitigation strategies [57] when other technologies are
not available to measure individual enteric CH4 emissions [55]. The agricultural sector is faced with
challenges related to global warming and climate change, which affect human and animal food
security. Due to climate change, periods of drought might be longer and occur more frequently,
which challenges roughage production and requires changed feeding of dairy cattle by increasing
the grain content of the diet, [14, 58]. Also, the feeding behavior of cattle could be managed more
effectively [59]. Land plays a key role in the global cycles of GHG (i.e., carbon dioxide (CO2),
methane (CH4), and nitrogen oxide (N20), and land use change can lead to the release of such
gases into the atmosphere or the removal of them from the atmosphere [60]. One of the most
common forms of land use change is agricultural land conversion where agricultural lands are
converted for other uses. Huang et al., [60] reported that increasing agricultural land conversion to
more than 8 % of available land led to increasing GHG emissions during the economic development
process.

Livestock enteric CH4 mitigation is an old feed energy efficiency problem with new dimensions,
[61]. Governments and the public are interested in finding solutions to climate change, and it is
believed that mitigation of agricultural greenhouse gas (GHG) emissions is part of the solution (US
Government, 2021) [62]. In the United States, agricultural activities are responsible for the
generation of GHG such as CO;, CHs, and N2O, with the latter 2 gases being of primary interest:
agriculture contributed 39% (CH.) and 80% (N:O) of their total emissions in 2019, on a CO,-
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equivalent basis (USEPA, 2021). Within agriculture, livestock is responsible for 94% of all CH4
emissions in the United States (USEPA, 2021) [63].

Continuous research and development are needed to develop enteric CH,4 mitigation strategies that
are locally applicable, also information is needed to calculate the carbon footprints of interventions
on a regional basis to evaluate the impact of mitigation strategies on net greenhouse gas emissions
[64].

Enteric methane is a major source of greenhouse gas emissions from milk and beef production
systems that contribute to global warming, [65]. Enteric fermentation is the second largest source of
methane emissions after natural gas and petroleum systems, and the second largest source of
agricultural greenhouse gas emissions in the United States after nitrous oxide emissions from
managed soils (US EPA, 2021) [66].

Methane is estimated to have a global warming potential, global warming potential (GWP), 28-30
more than carbon dioxide over a hundred years, by the United States Environmental Protection
Agency (EPA, 2021) [67], and Intergovernmental Panel on Climate Change (IPCC 2021) [68],
Table 1.

Table 1. IPCC Sixth Assessment Report Global Warming Potentials, 2021.

100 Year Time Period 20 Year Time Period

Greenhouse Gas

COz 1 1 1 1 1 1

CH fossil origin 29.8 82.5
25 28 72 84

CH4 non fossil origin 27.2 80.8

N-O 298 265 273 289 264 273

In the ARG report, an additional GWP for methane has been included to differentiate between
methane which originates from fossil fuel sources, and methane from non-fossil fuel sources, like
agriculture.

Unlike other sources of greenhouse gas emissions, such as those from fossil fuel extraction and
distribution that only contribute to atmospheric greenhouse gases, milk production systems are part
of the biological carbon cycle and can function as a sink for greenhouse gases, thereby contributing
to reverting climate change [69]. Because emitted methane is continuously removed from the
atmosphere by hydroxyl oxidation, its atmospheric warming effects depend on the rate of emissions
increase or decrease over the last 20 years rather than the total cumulative amount emitted over that
period [70]. Significant reduction in methane emissions, particularly from agricultural activities,
would rapidly mitigate climate change and is a powerful lever to meet the European Union’s 2050
climate targets [71].

Gloux et al. [72] highlight that the Intergovernmental Panel on Climate Change (IPCC 2022) [73]
defines 3 different methods, to be applied to national inventories according to data availability:

- Tier 1 methods attribute default yearly enteric methane emissions factor per dairy cow;

- Tier 2 methods improve the accuracy of emission factors by including feed intake estimates of a
representative diet and dairy cow;

- Tier 3 methods require a precise characterization of cows’ diet to account for digestibility;

Aspects of the cost of implementing mitigation strategies have to be considered, for the adoption of
mitigation strategies for livestock GHG emissions. Climate change mitigation and adaptation
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policies play a crucial role in the political agendas of local authorities who have to support the
development and implementation of innovative products or methods for ECH. mitigation.

The amount of ECH, that is released depends on the type of digestive tract, age, and weight of the
animal, and the quality and quantity of the feed consumed [14]. Ruminant livestock (e.g., cattle,
sheep) are major sources of ECH4 [74-76, 14] with moderate amounts produced from non-ruminant
livestock (e.g., pigs, horses). World demand for animal-sourced foods and global warming concerns
rise, safe and effective strategies for enteric methane mitigation in dairy cows are in high demand
and [13] created the dataset from data collected from scientific publications identified through
searches of the scientific literature for the greenhouse mitigation effects. The bibliography used by
[56], covers the period from 1963 to 2018, and [13], supplemented with literature searches to cover
the period between 2019 and 2022, with 797 treatments included. Mitigation strategies were
classified into 3 main categories: animal and feed management, diet formulation, and rumen
manipulation, and up to 5 subcategories [57]. This large dataset with descriptive data and treatment
means from in vivo dairy cow enteric methane studies can be used by public and private researchers
and advisors including nutritionists, environmentalists, and economists interested in cost-effective
solutions to reduce global warming without compromising dairy farm sustainability [72].

Nutritional interventions to mitigate enteric CH4 have been thoroughly investigated [14] and, likely,
strategies based on supplementation with plant extracts [77, 78] or the addition of dietary fat [58]
can reduce methane may have a higher acceptance by livestock producers compared with, for
example, the use of antibiotics [79, 80]. The quality and the composition of silage are important
elements of a ration daily for ruminant feeding, [15, 81, 53] influencing the ECH4 emission.

The ruminant gut structure fosters extensive enteric fermentation of their diet, [15]. Enteric CH4
emission from ruminants also reduces feed energy efficiency for the animals, [12]. Macroalgae
(seaweeds) have highly variable chemical composition and have been studied by [82] for their
ability to reduce enteric methane emissions of ruminants when fed as a feed supplement. Methane
inhibitors (3-NOP and bromochloromethane) had the largest CH4 mitigation effect [61]. and did not
affect DMI, fiber digestibility, milk production, or ADG.

Two organizations based in the United States, the Foundation for Food and Agriculture Research
and the Dairy Research Institute, have developed a collaborative program Greener Cattle Initiative
to align resources and fund projects to identify, develop, and validate new and existing mitigation
options for enteric methane emissions from dairy and beef cattle[65] shown in Figurel

Increased confidence in mitigation estimates is needed to develop socioeconomic innovation that
encourages the adoption of mitigation options. Mitigation options need to be deployed by a
substantial number of dairy farmers to achieve the desired results [65]. Antimethanogenic strategies
may decrease total CH4 production (absolute emissions, g/d), CH, yield (g/kg of DMI), or CHa
intensity (g/kg of meat, milk, or wool produced), [64].
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Figure 1. Areas of focus and expected impacts for research of enteric methane mitigation options for
beef and dairy cattle, Tricarico et al. 2022.

It should be mentioned, that the number of monitoring tools and experiences is progressively
increasing also due to improvements in the standardization of methods and the proliferation of
research and accounting experiments, which bring about an increase in awareness of political
subjects and the general public [83].

5. CONCLUSION

The safety of dairy production in these papers is featured from three aspects such as silage quality,
aflatoxins feed contamination, and enteric methane emission.

The first aspect is that the improvement of dairy production is most efficiently achieved by
implementing the latest technologies and innovative solutions in all production segments, but most
of all in the field of feeding technology. Silage is a mandatory component of the total mix ratio for
high-performing dairy cows and its quality has a great influence on the production and quality of
milk. Changes in the silo mass occur practically as soon as the mass of plants is transferred from the
field to the prepared silo object. What will be the course and intensity of the change depend on
several factors, but mostly on those that condition the successful development of lactic acid
fermentation, such as moisture in the nutrient, anaerobic environment, carbohydrate content, and
temperature. One of the most common silages in the world is made from corn.

The second aspect is that most often corn is infected by mycotoxins on farms, frequently in the form
of aflatoxins. Aflatoxins have a significant health, nutritional, and economic impact on the
nutritional chain of humans and animals. All participants in the milk production and food chain
(farm to fork), such as farmers, grain producers, distributors, crop processors, and farmers, have
consequently losses. Consumers are constantly exposed to nutritional stress. The four major
aflatoxins AFB1, AFB2, AFG1, and AFG2 are commonly found in a wide range of food and feed
commodities. The synthesis of AFM1 occurs in the mammalian organism after the intake of
contaminated feed with AFB1. Both toxins, AFB1 and AFM1 are carcinogenic. However, AFM1 is
the most toxic secondary metabolite secreted in milk and is classified as a group 1 carcinogenic by
the International Agency for Research on Cancer. Aflatoxins affect the quality of milk because cows
metabolize AFBL1. Secondary aflatoxicosis tends to introduce into the body a smaller amount of
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aflatoxin for a very long period, compared to those that lead to obvious signs of poisoning and a
change in the immune system. In the long term, regular farm-to-fork aflatoxin monitoring should be
an essential tool to prevent the presence of aflatoxin levels in food and feed

The third aspect is that the agricultural sector is nowadays faced with challenges related to global
warming and climate change, which affect human and animal food security. Increased confidence in
mitigation estimation and practice is needed to develop socioeconomic innovation that encourages
the adoption of mitigation options. The quality and the composition of silage are important elements
of a ration daily for ruminant feeding, influencing also the ECH4 emission. Enteric methane is a
major source of greenhouse gas emissions from ruminant farms. The discovery of new enteric
methane mitigation options is not enough for the dairy sector to meet its environmental stewardship
goals on climate change. Global challenges, such as enteric methane mitigation and its contribution
to climate change, cannot be solved by one organization. Addressing these challenges requires
collaboration among many organizations across different sectors, and is necessary to be followed by
cross-border and worldwide cooperation.
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Abstract: Cereals have a great importance for human and animal nutrition, due to the composition of their
kernel. With the aim to investigate the influence of the food system on the content of cereal nutritional
components (protein, minerals, fat, and dry matter), we investigated different kind of cereals (wheat, barley, oat
and millet) that were grown in three regions by two production models: conventional and organic. Standard
AOAC methods for analysis were applied and the obtained values were expressed by mean values + S.D. Most
of the analyzed quality properties of organic cereals have shown maximal values among the cereals. It was
concluded that organic production could improve nutritive value of cereals, what is important for human and
animal nutrition.
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AbcTpakt: JKumapkume umaam 201eMo 3HAYEe 3a UCXPAHAMA HA IyTemo U JICUBONHUME 3apadu cCOCMAom
na nuenomo 3pno. Co yen oa ce ucmpadicu 6IUjaHuemo Ha CUCMEMOM HA XPaHa 6p3 COOPICUHAMA HA
Xpanaugume KOMROHeHMuU (NRPOMeUHY, MUHEPALU, MACIU U CY8A MAMEPU]Q), UCTPAdICy8asMe Pa3TuyHU BUOOBU
JHCUMAapKU (NYeHuya, jaumeH, ogec 1 NPoco) Kou ce 0021e0ysad 60 mpu pecuoru no 08a NPOU3BOOHU MOOEIU:
KoHgenyuonanen u opeavcku. Ilpumenemu ce cmanoaponu AOAC memoou 3a anamuza u OobueHume
6peonocmu ce uspaszenu co cpedtu epeonocmu = S.D. Tlosekemo 00 ananusupanume Keaiumemuu c8ojcmed
Ha opeancKume JCUMAPKU NOKAdCAd MAKCUMATHU 6peOHOoCmu Mery anamusupanume odicumapku. bewe
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1. INTRODUCTION

A food system includes all processes and infrastructure involved in feeding a population: growing,
harvesting, processing, packaging, transporting, marketing, consumption, and disposal of food and
food-related items. A food system operates within and is influenced by social, political, economic
and environmental contexts. It also requires human resources that provide labor, research and
education. Food systems are either conventional or alternative [1][2][3], according to their model of
food lifespan from origin to plate. Food systems exist at global, regional, national and local scales.
They are very diverse and location-specific.

Conventional food systems

Conventional food systems operate on the economies of scale, and are geared towards a production
model that requires maximizing efficiency in order to lower consumer costs and increase overall
production. They utilize economic models such as vertical intergration, economic specialization,
and global trade. The term “conventional” when describing food systems is large part due to
comparisons made to it by proponents of other food systems, collectively known as alternative food
systems.

Alternative food systems
Alternative food systems are those that fall outside the scope of conventional agriculture.

Represent networks of food production and consumption that aim to be geographically and
economically accessible and direct. They differs from industrial food systems by operating with
reduced food transportation and more direct marketing, leading to fewer people between the farmer
and the consumer.

Organic food systems

Organic food systems are characterized by a reduced dependence on chemical inputs and an
increased concern for transparency and information. Organic produce is grown without the chemical
pesticides and fertilizers of industrial food systems, and livestock is reared without the use of
antibiotics or growth hormones. The reduced inputs of organic agriculture can also lead to a greater
reliance on local knowledge [4][5], creating a stronger knowledge community amongst farmers.

The term "sustainable agriculture” was defined in 1977 by the USDA as an integrated system of
plant and animal production practices having a site-specific application that will, over the long term
[6] satisfy human food and fiber needs, enhance environmental quality and the natural resource base
upon which the agriculture economy depends, make the most efficient use of nonrenewable
resources and on-farm resources and integrate, where appropriate, natural biological cycles and
controls, sustain the economic viability of farm operations and enhance the quality of life for
farmers and society as a whole.

Principles of organic food production are biodiversity, ecological balance, sustainability, natural
plant fertilization, natural pest management, and soil integrity.

Organic food products

Organic food products are grown or raised by a producer who uses practices in balance with the
natural environment, using methods and materials that minimize negative impact on the
environment. The organic farmer is committed to replicating the ecology of the natural environment
by maintaining biodiversity and fostering healthy soil and growing conditions.

Food products that are produced organically they are produced on land that has been free of known

and perceived toxic and persistent chemical pesticides and fertilizers for at least three years prior to
certification, and synthetic fertilizers and pesticides are not used in production. Organic food
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products are planted on a rotating basis within the farm system. Crops are rotated from field to field,
rather than growing the same crop in the same place year after year. .

Organic products such as meat, poultry and egg products come from farms that use organic feed, do
not administer added hormones to promote growth or any antibiotics and they allow animals the
space and freedom to behave naturally.

Organic agriculture can be defined as an integrated farming system that strives for sustainability
[71[8][9]1[10], the enhancement of soil fertility and biological diversity whilst, with rare exceptions,
prohibiting synthetic pesticides, antibiotics, synthetic fertilizers, genetically modified organisms,
and growth hormones.

Developing sustainable food systems contributes to the sustainability of the human population.
Sustainable agriculture provides a potential solution to enable agricultural systems to feed a growing
population within the changing environmental conditions [11]. Besides sustainable farming
practices, dietary shifts to sustainable dietsare an intertwined way to substantially reduce
environmental impacts.[12][13][14][15]. A sustainable food system is one that contributes to food
security and nutrition for all in such a way that the economic, social, cultural, and environmental
bases to generate food security and nutrition for future generations are safeguarded [16].

Sustainable diets and sustainable food systems are increasingly explored by diverse scientific
disciplines. They are also recognised by the international community and called upon to orient
action towards the eradication of hunger and malnutrition and the fulfilment of sustainable
development goals.

Food systems need to be better managed and governed to ensure that food system transformation is
redesigned to improve nutrition and health, ensure environments are sustainable and resilient,
promote fair and equitable livelihoods, and mitigate climate change [17][18].

Climate change is affecting food systems and agricultural productivity. The effects of climate change
are a potentially destabilizing factor in ensuring sufficient food consistently as well as the
nutritional quality of crops [19-21]. There are different ways to understand how climate will affect
food security and nutrition outcomes by pulling together different data types at different scales,
including individual nutrition information [22]. Many studies have demonstrated the impacts of
climate change on crop nutrient quality, food production, food security, diet, and nutrition outcomes
[23][24][25].

There are numerous sustainability standards and certification systems, including organic
certification such as Rainforest Alliance, Fair Trade, UTZ Certified, Global GAP, Bird Friendly, and
the Common Code for the Coffee Community [26].

Regulations
In 1992 the European Community developed organic standards and a certification scheme [27].

The International Federation of Organic Agriculture Movements (IFOAM)9 also has a set of organic
principles which were the basis of the guidelines for organically produced foods of the
internationally recognized [28].

Codex Alimentarius10 of the World Health Organization and Food and Agriculture Organization of
the United Nations (WHO/FAO food standards). Codex Alimentarius is the internationally accepted
food safety standard for all food products traded worldwide. There is a set of standards within the
Codex Alimentarius that covers organic food [29].
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In October 2002, the production and marketing of organic food came under regulation by the US
Department of Agriculture’s (USDA) National Organic Program. The National Organic Standards
Board, a federal advisory panel to the USDA for developing organic legislation [30].

Cereals in human and animal nutrition

Cereals have a great importance for human and animal nutrition to our posts in Europe and beyond
part of the world due to the composition of their kernel. Bread-making quality and quality of other
bakery products depend on the quality and quantity of wheat proteins [31-34].

Gluten, the elastic and plastic mass formed from the protein fractions gliadin and glutenin during
flour mixing water is a reliable indicator of dough strength. The gluten proteins gliadins and
glutenins compose the major part of wheat storage proteins [35-36]. The genetic studies on
chromosomal locations of the genes that control the synthesis of gluten proteins have determined
that gliadins are controlled by the complex gene loci, enabling their genetic classification by blocks
of gliadins [37]. The genes for gliadin synthesis are determined on the chromosomes 1A, 1B and
1D, 6A and 6D [38-39]

The synthesis of HMW subunits of glutenins is controlled by the gene loci Glu-A1, Glu-B1 and
Glu-D1I located on the long arms of chromosomes 1A, 1B and 1D, respectively [40]. The glutenin
loci have many allelic variants [41]. Many reserachers pointed out to the possibility of relationship
between wheat quality properties and gluten proteins-gliadins and HMW glutenins [42][43][44-
49][50-51]. The influence of agro-ecological conditions [52-55][56] [57-58] on wheat quality and
quality of wheat bread-making properties was investigated.

The aim of this work was a comparative analysis of some quality properties of the cereal crop
collected from different geographical locations in Republic of N. Macedonia to be conducted in
order to find out the influence of the farming method (organic versus conventional) on the cereal
quality properties.

2. MATERIAL AND METHODS

The choice of cereal samples depended on the cereal organic and conventional production available.
So, 7 samples of wheat (Triticum aestivum L.), 7 samples of barley, (Hordeum vulgare), 5 samples
of oats (Avena sativa), 3 samples of rye (Secale cereale) and 3 samples of millet (Pennisetum
glaucum) were used for analysis of content of moisture, ash, crude protein and crude fat. Cereals
were grown in three different agro-ecological regions in Republic of Macedonia: Stip—Ovée Pole,
Veles and Negotino. Organic and conventional method of farming was applied for cereals during
2013. For wheat, barley and oat, the samples were collected from conventional, organic and in
conversion production, while for rye and millet the samples were collected from conventional and
organic production. Wheat, barley and oat were produced organically, conventionally and in
conversion. Rye and millet were produced by organic and convectional method.

The following quality properties of cereals were analyzed: minerals (crud ash), crude proteins, crude
fat, and dry matter. Content of nutritive components in cereals was analysed with standard AOAC
methods of analysis. The values of the determined quality properties were expressed in mean values
+S.D.

Analytical method for analysis were already described previously [59].

3. RESULTS AND DISCUSSION

The results obtained from the investigations have shown an significant increase in the
content of minerals, dry matter, proteins and fat in cereals produced organically compared
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to those produced conventionally or in conversion (Graphs 1-4), according to data results presented

in the previous paper [50].

Most of the analyzed quality properties of organic cereals have shown maximal values almost in the
all analyzed cereals, while some were in conversion (proteins, fat and dry matter) with wheat, barley
and oat. The all quality properties were higher with rye and millet.

The increase of mineral content was 15% with wheat, 7% with barley and 71% with millet. The
increase of protein content was 37% with oat and 3% with rye, while an decrease of 15% was
noticed with barley. The increase of crude fat was 15% with wheat, 3% with oat, 29% with rye and
7% with millet. Barley produced conventionally or in conversion, has shown the maximal content
of dry matter. Organically produced oat has shown the maximal content of fat, protein and minerals.
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4. CONCLUSION

The results obtained from the research conducted revealed that there was a significant increase in
the content of minerals, dry matter, protein and fat in organic produced cereals that were compared
to those produced either by conventional farming or in conversion. Most of analyzed quality
parameters have shown maximal values almost in the all cereals analyzed, some were in conversion
for wheat, barley and oat, while the all were higher for rye and millet.

Doubtless, besides the farming type, the influence on cereal quality has also the cereal kind,
genotype, as well the production region. These results have confirmed the potential for improving
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the quality parameters of organic cereal grains, besides safety which is guaranteed in organic cereals
and cereal food. This is very important for the application of organic cereals in the human and
animal nutrition, for improving diet quality and health, as well as for food and feed industry. This
leads to the opinion that transformation of food systems is possible and needed, and that the
nutrition and health communities should have a significant role in the transformative process.
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Abstract: In the context of modern business challenges, sustainability becomes a key component of
organizational strategies. This paper explores how organizations can achieve sustainable business practices
through the implementation of green public procurement. Focusing on the theoretical framework of
sustainability in business, the role of public procurement in sustainability, the definition of green public
procurement and the steps towards their implementation, the paper aims to provide a comprehensive insight
into the key aspects of this transformation process.

Key words: green public procurement, sustainability, procurement, sustainable business, sustainable
practices.

Apstrakt: U kontekstu savremenih poslovnih izazova, odrzivost postaje kljucna komponenta

organizacionih strategija. Ovaj rad istrazuje kako organizacije mogu postié¢i odrZivu poslovnu praksu kroz
implementaciju zeleni javnih nabavki. Fokusirajuéi se na teorijski okvir odrZivosti u poslovanju, ulogu javnih
nabavki u odrzivosti, definiciju zelenih javnih nabavki i korake ka njihovoj implementaciji, rad ima za cilj da
pruzi sveobuhvatan uvid u kjucne aspekte ovog procesa transformacije.

Kljuéne redi: zelene javne nabavke, odrzivost, nabavke, odrzivo poslovanje, odrzive prakse.
1. INTODUCTION

In the modern business environment, sustainability issues are becoming a key factor in shaping
business strategies and practices. One of the key instruments that enables organizations to achieve
sustainable business practices is the implementation of green public procurement. This paper
explores how organizations can successfully integrate sustainable business practices through the
implementation of green public procurement, exploring the steps, challenges and potential benefits
arising from this transformation [1].

Sustainability in business is becoming more and more imperative, not only due to the growing
awareness of environmental challenges but also due to the demands of the market and regulatory
bodies. In this context, public procurement as a key element of business becomes a field where
organizations can achieve a real and measurable impact on environmental protection and social
responsibility. This paper explores how sustainable business practices can be incorporated into
procurement strategies, with a particular focus on green public procurement [2,3].

Through an analysis of the theoretical framework on sustainable business practices, an overview of
previous research and relevant case studies, this paper aims to provide a comprehensive insight into
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the key aspects of the implementation of green public procurement. Issues to be explored include
the definition of green public procurement, legal and regulatory frameworks, steps towards
successful implementation, as well as measurement and evaluation of the impact on the
sustainability of organizations [3,4].

By understanding how organizations can transform their business practices through green public
procurement, this paper contributes to the development of strategies that not only support
sustainability, but also create value for the organization and wider society.

Through the achievement of goals, the paper aims to provide comprehensive insight and practical
guidance for organizations that strive to achieve sustainability through the implementation of green
public procurement:

e Analysis of the Theoretical Framework of Sustainability in Business (Understand the
concepts and principles of sustainability in business; ldentify key elements of sustainable
business practices)

e Examining the Role of Public Procurement in Sustainability (To study the importance of
public procurement in the context of promoting sustainability; To analyze previous
successful examples of organizations that managed to integrate sustainable practices in
their procurement)

o Defining Green Public Procurement (Define the concept of green public procurement and
identify key characteristics.

e Examine relevant legal and regulatory frameworks related to green procurement;
Consideration of Steps to Implementation (Identify key steps for organizations that want to
successfully integrate green procurement;Consider the role of leadership and employee
training in the implementation process)

e Impact Measurement and Evaluation (Develop methods for measuring the impact of green
public procurement on sustainability;Analyze how organizations can monitor key
performance and success indicators)

e Analysis of Challenges and Opportunities (Identify challenges in the implementation of
green public procurement;Consider the potential benefits and opportunities arising from
sustainable business practices through procurement)

2. SUSTAINABILITY IN BUSINESS

Sustainability in business is a complex concept that permeates the economic, environmental and
social aspects of organizations. The basic concepts of sustainability in business include a wide range
of definitions that emphasize the long-term balance between economic profit, environmental
protection and social responsibility. The identification of the key components of sustainability lays
the foundation for understanding its complexity and importance in the context of modern business

[5].

Sustainable development, as a key component of business strategy, explores how organizations can
prosper in the long term while contributing to economic growth, environmental preservation and
social well-being. This segment of the analysis highlights the importance of aligning business
objectives with broader social and environmental imperatives.

The role of leadership in achieving sustainability is essential. Leaders play a key role in setting the
vision, guiding organizational values and supporting initiatives that promote sustainability.
Examples of successful leaders in implementing sustainable practices provide insights into key
leadership characteristics and strategies in this area [6].
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Green innovations and sustainable technologies are becoming drivers of change towards more
sustainable business practices. Understanding the role of innovation in creating sustainable solutions
is crucial for organizations striving to use resources more efficiently and reduce their environmental
footprint.
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Figure 1: The six Sustainable Business Value (SBV) dimensions [6].

In this analytical chapter, gaining a deeper insight into the theoretical framework of sustainability in
business lays the foundation for further research into ways of implementing sustainable business
practices, with a special focus on green public procurement.

Sustainable Business Value (SVB) as shown in Fig. 1. represents a business approach aimed at
creating long-term value through a balance of economic performance, social responsibility and
environmental sustainability. Business organizations that adhere to this concept strive to achieve
economic profit while simultaneously promoting positive social impacts and reducing negative
environmental contributions. This includes careful management of resources, support to the local
community, social responsibility towards employees and long-term planning strategies to ensure
business sustainability and positive contribution to society. This approach recognizes the
importance of balancing profitability, ethical business and environmental care to achieve holistic
and long-term business value.

3. THE IMPACT OF PUBLIC PROCUREMENT ON SUSTAINABILITY:
TOWARDS ENVIRONMENTALLY, SOCIALLY RESPONSIBLE AND
ECONOMICALLY SUSTAINABLE BUSINESS

Public procurement plays a key role in shaping sustainable practices in the business world. This
complex process of government procurement of goods, services and works has the potential to
significantly contribute to the achievement of economic, social and environmental sustainability
goals. In the analysis of the impact of public procurement on sustainability, the direction towards
the integration of ecological, socially responsible and economic aspects is highlighted in order to
shape sustainable business [7].

When we consider the environmental aspect of public procurement, the focus on green procurement
is key. Governments have the power to encourage sustainability by choosing goods and services
with a smaller ecological footprint. This implies a preference for products that are more energy
efficient, have a smaller carbon footprint or are produced from environmentally friendly materials.
Also, public procurement can become a catalyst for waste reduction by encouraging suppliers to
implement sustainable practices such as recycling and the use of sustainable packaging.
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Social responsibility also plays a key role in sustainable public procurement. Increasing fairness in
business practices is achieved by preferring suppliers that respect fair working conditions. This
approach includes ensuring safe workplaces, fair wages and benefits for employees. Through the
selection of suppliers that promote social responsibility, public procurement can have a positive
impact on the workforce and contribute to building an ethical business environment.

In an economic context, public procurement has the ability to shape a sustainable market and
encourage competition among suppliers. This approach not only supports the government's
economic goals, but also creates an incentive for innovation that supports sustainability. The
increased demand for ecological and socially responsible products encourages companies to develop
sustainable business models, laying the foundations for long-term economically sustainable
operations.A comprehensive approach to sustainable public procurement also implies long-term
planning. Countries that adopt long-term planning strategies in their procurement processes create a
foundation for achieving the longevity of sustainable practices. This strategy includes aligning with
long-term environmental goals, developing long-term relationships with social stakeholders, and
ensuring economic sustainability over time [8].

The analysis of the role of public procurement in sustainability indicates the need for an integrated
approach that takes into account the economic, social and environmental aspects of business. By
promoting green procurement, supporting socially responsible practices, and achieving economic
sustainability, public procurement can play a key role in shaping a sustainable business environment
that meets the needs of current and future generations.

Long-term planning as a key component of sustainable public procurement was also highlighted.
The text emphasizes the importance of aligning with long-term environmental goals and developing
long-term relationships with stakeholders. But in order to look critically at this point, it would be
useful to consider how long-term planning can be integrated into a dynamic business environment,
especially in light of changing economic conditions and social needs.

One of the challenges of the text is the relatively general nature of certain statements, such as calls
for supporting socially responsible practices or promoting long-term planning. Concrete examples
or guidelines could strengthen the argument and provide readers with a clearer path towards the
implementation of sustainable public procurement.

Overall, this part of the paper provides a significant contribution to understanding the importance of
public procurement in achieving sustainability. The critical review highlights the need for additional
specificity, more detailed examples and research in order to strengthen the argumentation and
provide relevant guidance for the implementation of sustainable practices in public procurement.

4. DEFINING GREEN PUBLIC PROCUREMENT

Defining Green Public Procurement (GPP) represents a key step towards establishing a more
sustainable approach to procurement in the public sector. This concept includes the integration of
environmental criteria into the procurement process in order to encourage the production and
consumption of goods and services that are less harmful to the environment. The following explores
the key aspects and importance of Green Public Procurement.

It’s important to highlight the following:

1. Economic Sustainability: Green Public Procurement has a significant impact on economic
sustainability. Favoring ecological products and services encourages the market to orient
itself towards sustainable practices. This creates opportunities for environmentally
conscious suppliers and encourages innovation in environmentally friendly technologies,
contributing to long-term economic prosperity.
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Environmental Aspects: Defining Green Public Procurement focuses on reducing negative
impacts on the environment. This approach includes assessing the life cycle of products,
from raw materials to disposal, encouraging suppliers to choose products with a smaller
ecological footprint. This creates a positive chain of influence, reducing the resources and
energy needed for production.

Social Responsibility: Along with economic and environmental aspects, Green Public
Procurement also promotes social responsibility. Preference for suppliers who apply fair
working conditions and support ethical business practices contributes to creating a balance
between profitability and social welfare. This supports a positive impact on the workforce
and wider society.

Impact on Innovations: Defining Green Public Procurement encourages innovation. By
setting high environmental standards in public procurement, governments and
organizations encourage suppliers to develop sustainable products and services. This
creates a market that values innovation that supports sustainability, encouraging
competition and improving the quality of available products.

Implementation of the Standard: A key part of defining Green Public Procurement is
setting clear and measurable environmental criteria. The implementation of standards
enables consistency in the application of sustainable practices. This also allows easy
monitoring of progress and evaluation of the success of the Green Public Procurement
programme.

Education and Awareness: One of the key elements of Green Public Procurement is
education and raising awareness among all stakeholders involved in the process. Training
public officials, suppliers and consumers on the benefits of sustainable procurement plays a
key role in successful implementation. Education helps create an understanding of how to
choose products and services that support environmental and social goals.

Global Dimension: Taking globalization into account, Green Public Procurement can also
have an international impact. Setting standards that encourage sustainability in
procurement can encourage global supply chains to adapt their practices. This has the
potential not only to reduce negative impacts on the environment but also to improve
international relations and cooperation in the field of sustainability.

Transparency and Performance Monitoring: Transparency in the Green Public Procurement
process is key to building trust and ensuring consistent application of sustainable practices.
Setting clear criteria and publishing information on procurement increases transparency,
allowing the public to monitor the results achieved. Performance monitoring facilitates the
evaluation of program success and the identification of areas for improvement.

Challenges of Implementation: Despite numerous advantages, the implementation of Green
Public Procurement faces challenges. These include the selection of reliable suppliers, the
costs of adapting existing procurement processes, and the need for monitoring and audits to
ensure consistent application of sustainable criteria. Understanding and addressing these
challenges is critical to the long-term success of the program.

Overall, the definition of Green Public Procurement represents a necessary step towards more
sustainable business in the public sector. This approach not only supports economic goals, but also
plays a key role in reducing negative environmental impacts and promoting social responsibility.
Through the implementation of standards, Green Public Procurement lays the foundations for the
transformation of public procurement into a tool that supports long-term sustainability and reflects
social values.

5. LEGAL AND REGULATORY FRAMEWORKS RELATED TO GREEN
PROCUREMENT

Defining legal and regulatory frameworks related to green procurement plays a key role in shaping
sustainable practices in public procurement. These frameworks provide a structure that enables the
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incorporation of environmental criteria into procurement processes and ensures that public
institutions respect sustainability standards. Green procurement laws typically define requirements
for environmentally desirable products, set targets for sustainable procurement, and establish
mechanisms to monitor and report on progress [9].

These laws often mandate the inclusion of environmental criteria in tender documents and
procurement specifications. This may include setting standards for energy efficiency, emissions or
the use of renewable materials, ensuring that environmental aspects are integrated into procurement
processes.

In addition, green procurement laws seek to standardize sustainable practices to ensure consistency
and clarity in the application of environmental criteria. These frameworks may include the
establishment of certification systems or standards that facilitate the assessment and comparison of
the environmental performance of bidders.

Legal frameworks often set requirements for monitoring and reporting of results related to the
implementation of green procurement. This includes setting up a system to monitor the impact of
procurement on the environment and regular reporting on achieved sustainability goals.

Within the framework of green procurement, provisions related to the training of employees in
public institutions are also possible in order to ensure the understanding and proper application of
the rules on green procurement. This contributes to improving awareness of environmental issues
among key procurement

actors.

Also, green procurement laws can include punitive sanctions for non-compliance with
environmental criteria, as well as positive incentives or benefits for organizations that excel in
implementing sustainable practices.

In addition to the above elements, legal and regulatory frameworks for green procurement may also
contain provisions related to the promotion of innovation and technological progress in line with
sustainable practices. These provisions encourage suppliers to develop environmentally friendly
technologies and products, thus contributing to the expansion of the market for sustainable solutions
[10].

Transparency is another key aspect of legal frameworks. Setting clear standards and reporting
requirements enables the public, civil society and other stakeholders to monitor and evaluate the
results achieved in relation to sustainable procurement. This aspect contributes to responsibility and
is reflected in the wider social context.

It is also important to note that legal frameworks can be dynamic, adapting to the evolution of
environmental and social norms. The constant review and improvement of these frameworks
ensures that the rules on green procurement remain relevant and in line with the latest knowledge on
sustainability [11].

Finally, legal frameworks for green procurement have the potential to become a catalyst for change
not only at the local level, but also at the global level. Through collaboration and alignment with
similar initiatives around the world, countries can work together to improve procurement practices
and achieve a more sustainable economic and environmental future.

In sum, legal and regulatory frameworks play a key role in achieving green procurement, laying the
foundation for the implementation of sustainable practices and business improvement in line with
environmental and social values. These frameworks are not only a means of guidance, but also an
instrument for building a more sustainable society.

Legal and regulatory frameworks are key to achieving green procurement in the public sector,
providing clear rules that support sustainable practices and contribute to environmental protection
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and responsible business. Continuous updating of these frameworks to reflect the latest
environmental and social norms is important.

6. IMPACT MEASUREMENT AND EVALUATION

Impact measurement and evaluation in green procurement represent key steps in assessing
efficiency and achieving set goals in the field of sustainable procurement. These processes enable
the analysis of the actual impacts of procurement on the environment, economy and society,
providing relevant data to improve sustainability in the future. Here's a closer look at impact
measurement and evaluation in the context of green procurement:

1. Defining Goals and Indicators: Before starting procurement, it is crucial to set clear
objectives related to environmental, economic and social aspects. Defining measurable
indicators enables accurate measurement of achieved results and impact.

2. Data Collection: This phase includes the collection of relevant data throughout the entire
life cycle of a product or service, starting from raw materials, through production, use, and
up to recycling or disposal. This data allows for a comprehensive analysis of the impact of
procurement.

3. Impact Analysis: After data collection, an impact analysis is performed to determine how
procurements have contributed to or reduced negative impacts on the environment. This
analysis includes an assessment of energy efficiency, greenhouse gas emissions, resource
consumption and other environmental factors.

4. Evaluation of Socioeconomic Aspects: In addition to environmental aspects, impact
measurement also includes an assessment of the social and economic effects of
procurement. This may include an analysis of the impact on the local community,
employment, compliance with workforce standards and other social factors.

5. Assessment of Achieved Goals: Based on the collected data and analysis, an assessment of
the achieved goals is made in relation to the set parameters. This phase enables the
identification of successful practices, but also areas that require improvement.

6. Tracking Through Time:Continuous impact monitoring and evaluation enables the
assessment of the long-term effects of green procurement. This is crucial for adjusting
strategies and setting new goals to maintain continuous improvement.

7. Reporting and Transparency:Reporting on impact measurement results is important for
transparency and accountability. Organizations should regularly report on the results
achieved to inform stakeholders, including government agencies, suppliers, employees and
the general public.

Impact measurement and evaluation in green procurement not only enable monitoring of achieved
results but also provide data to support informed decisions and the improvement of sustainable
practices in the future. These processes are key to making a real difference and achieving
sustainability goals in procurement.

7. CHALLENGES AND OPPORTUNITIES

An analysis of the challenges and opportunities in green procurement reveals the complex landscape
of sustainable procurement, illuminating the obstacles organizations may face and potential avenues
for improving business practices. Green procurement, aimed at fostering sustainability within
supply chains, faces a number of challenges while simultaneously providing numerous opportunities
for organizations to make a positive contribution to environmental protection, social well-being and
economic resilience.Here is a comprehensive exploration of these aspects:

e Challenges:

1. Consideration of Costs: One of the main challenges in green procurement is the potential
increase in costs associated with environmentally friendly products and services.
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Sustainable alternatives, while good for the planet, can sometimes be more expensive,
presenting a financial barrier to organizations, especially those with limited budgets.

2. Limited Availability of Green Products: The market for green products and services may
not always be as extensive or developed as the conventional market. The limited
availability of sustainable options can hinder organizations from finding environmentally
friendly alternatives, affecting the feasibility of green procurement practices.

3. Integration into Existing Procurement Processes: Integrating green procurement into
existing supply chains and procurement processes can be challenging. Organizations may
face resistance or inertia when trying to modify established practices, requiring a strategic
approach to seamlessly incorporate sustainability.

4. Lack of Awareness and Education: A significant challenge is the lack of awareness and
education among participants in procurement processes. Key decision makers and
procurement professionals may not be adequately informed about sustainability principles,
making it difficult to prioritize green criteria in procurement decisions.

Opportunities:

1. Improvement of Corporate Reputation: Adopting green procurement practices provides
organizations with an opportunity to improve their corporate reputation. Consumers and
clients increasingly value sustainability, and organizations that align with environmentally
responsible practices often enjoy improved brand perception and customer loyalty.

2. Innovations and Market Development: Green procurement encourages innovation in

product development

8. CONCLUSION

In conclusion, the implementation of green public procurement is a key mechanism for achieving
sustainable business practices. By adopting this approach, organizations not only contribute to
environmental protection and social responsibility, but also realize economic benefits and improve
their corporate reputation. Green public procurement provides concrete guidelines for integrating
environmental and social criteria into procurement processes, laying the foundations for long-term
sustainability and a balance between economic goals and responsible business.

By identifying challenges and providing opportunities, this strategy enables organizations to
recognize their role in the global environmental context. Education, transparency and performance
monitoring are key elements of successful implementation of green public procurement. Although
there are challenges, such as costs and adjustments to existing processes, the long-term benefits in
terms of reducing the ecological footprint and creating social value justify the efforts invested in this
transformation.

In light of the growing awareness of environmental issues and the growing need for a sustainable
approach to business, green public procurement is becoming a key instrument for achieving
sustainable development goals. Its impact is not limited to the local level, but has the potential to
shape global supply chains according to sustainability principles. Therefore, organizations that
commit to green public procurement not only achieve concrete benefits for their business, but also
actively contribute to the global effort to build a more sustainable future.
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ENERGY EFICIENCY WITHIN GREEN SOLUTIONS FOR
MANAGEMENT OF WATER-ENERGY-FOOD-ENVIRONMENT NEXUS

ENERGETSKA EFIKASNOST U OKVIRU ZELENIH RESENJA ZA
UPRAVLJANJE NEKSUSOM VODA-ENERGIJA-HRANA-ZIVOTNA
SREDINA
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Abstract: Energy efficiency is one of the most important research subjects in the process of optimal utilization
of energy and water for food production, taking care of the environment. This is the requirement of efficient
production and use of green renewable enegy within the nexus water-energy-food-environment. Increasing
number of inhabitants on the Globe require more energy, water and food. All technologies for energy, water
and food production mast respect the criteria of environmental protection. The hydro, solar and wind energy
are renewable resources and on the same time they are one of the most sustainable ways of electric energy
production. Besides the benefit of clean green energy, the landscape of big solar or wind power plants, or big
hydro accumulation and their impact on the environment mast also be the subject for analyses. The aspect of
land occupying is a cutting edge research in correlation with the complex goal of using land for food
production. This paper presents a green solution for management of the nexus water-energy-food-environment,
using renewable resources.

Key words: Energy efficiency, green solutions, nexus, water-energy-food-environment, management.

Apstrakt: To je jedna od najvaznijih istraZivackih tema u procesu optimalnog koriscenja energije i vode za
proizvodnju hrane, vodeci racuna o Zivotnoj sredini. Ovo je zapravo zahtev efikasne proizvodnje i koriséenja
zelene obnovljive energije u okviru neksusa voda-energija-hrana-okruzenje. Sve veci broj stanovnika na Zemlji
zahteva viSe energije, vode i hrane. Sve tehnologije za proizvodnju energije, vode i hrane moraju uvazavati i
kriterijume zastite Zivotne sredine. Hidro, solarna i energija vetra su obnovljivi izvori i istovremeno jedan od
pejzaz velikih solarnih ili vetroelektrana, ili velike hidroakumulacije i njihov uticaj na Zivotnu sredinu. Aspekt
zauzimanja zemlje je izuzetno zanimljivo istraZivanje u korelaciji sa slozenim ciljem direktnog koriscenja
zemljista za proizvodnju hrane. Ovaj rad predstavlja zeleno reSenje za upravijanje neksusom voda-energija-
hrana-okruzenje, uz koriséenje obnovljivih izvora energije.

Kljuéne reéi: Energetska efikasnost, zeleno resenje, neksus, voda-energija-hrana-zivotna sredina.
1. INTRODUCTION
More than 70% of fresh water is used for food production [1]. This water often has to be transported

from one location to the other, or pumped, which require energy consumption. Water needed for
food production can come from the rivers directly, or from artificial accumulations. The water
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behind a dam can be used for energy production, or for irrigation, if the fertile land is upstream from
the accumulation. If the fertile land is downstream from the dam and accumulation, water passing
through the turbines can be used afterwards for food production if the daily diagram of electriciti
production is identical with the diagram of water needs for irrigation and food production. So, all
the problems are complex and require to be solved as a green optimal solution, taking care of the
environment and climate change on the same time. This subject also requires interdisciplinary
research and holistic approach.

Today, in the world, numerous wind power plants and solar power plants are installed above fertile
arable land. There is not enough space on the globe for all the activities necessary in the process of
providing the basic needs of humanity in terms of the needs for water, energy, food and a clean
environment.

Optimal management of resources is and will always be a complex and demanding problem for
scientists, engineers, managers and decision makers. The first level of optimization can be related to
the question of how much area of fertile land should be allocated for installations of renewable
energy sources, and how much for agriculture, i.e. food production.

The problem is complicated when you learn that it is possible to install a wind power plant and/or a
solar power plant on the same agricultural land.

When the research topic is hydropower, the problem is defined as either/or. In that case, the land
surface can be used either for the construction of a dam and reservoir, or for planting agricultural
crops.

Electricity is needed by mankind, but also for the improvement of agricultural production, which
makes the problem two-layered, complex and interdisciplinary.

2. MATERIALS AND METHODS

The methodology applied within this research is related to the research on three the most
implemented renewable resources (solar, wind and hydro energy) in correlation with the fertile land
use, within the nexus water-energy-food-environment (WEFE) nexus. Methodology encompasses:

- Collection and review of all existing engineering designs, documentation and
published scientific articles in the field of water-energy-food-environment nexus

- Desk research,

- Expert’s analyses,

- Conducted questionnaire method,

- Survey method,

- Interview method (with key authorities and affected communities) and
- Site inspection method.

Solar and hydro energy in correlation with fertile agriculture land use were researched by first three
above mentioned methods. Last four methods were applied for wind energy interaction in WEFE
nexus.

Research into the acceptance of developing more efficient application of solar, wind and hydro
energy in the context of WEFE nexus synergy was done. The methodological holistic approach also
includes methods of induction and deduction, analysis and synthesis, as well as the analogy method.
Examples of positive world practice are also given. The results were completed and mixed with the
research method - interview, where public and expert hearings were examined.
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Experimental research was carried out in June and July 2023 in southern Banat in Serbia and in
Belgrade. In order to cover as high a population as possible and to generate quantitative data, the
questionnaire as a research instrument was conducted on a representative sample of 105
respondents. Respondents' answers were processed using statistical methods. The data collected
were processed using Microsoft Excel and SPSS for Windows 13.0 software packages.
Additionally, a mixed method was applied and the research completed with an interview. In order to
quantify the indication (validated) by qualitative information, the author interviewed 10 sample
respondents. An interview was conducted with the same questions, but the answers were explained
in detail by the respondents. These 10 respondents were mainly experts in the domain, or persons in
executive positions.

The site inspection of a wind power plant Cibuk 1 is organized. Power plant Cibuk 1 is on fertile
agriculture land. Questionnaire is presented in the Table no 1. Survey is organized within 105
inhabitants. Interview with key authorities in Belgrade, in Mramorak and in Kovin was conducted,
as well as the interview with affected communities and non government organization (NGO). The
results are presented in the next chapter.

Table 1. Questionnaire on implementation of solar or wind energy for electricity production in
Serbia with WEFE nexus

Full name

Occupation, title, education

Position in the employment

Job description

1. Do you know any solar plant or installed | > yes
photovoltaic panels, or wind farm in Serbia? Be specific. Add technical detail, if possible.
» no
2. Does legislation in the domain of RE energy | » yes
application in Serbia follow EU legislation? >  no
3. Why have not more people invested in solar, wind | >  Shortage of money
or other mode of RE in Serbia so far? » Insufficient incentive tariffs
»  Unstable incentive tariffs
»  General market instability
»  Open answer
4. Would you, if you had the necessary funds, invest | >  yes (Where?)
in solar, wind or other RE power plants in Serbia? > no
5. Would you invest in another country? Which ones? | »  yes (Where?)
» no
6. What is blocking greater application? What are the | Open answer
obstacles for faster development and greater use of | If necessary, continue on the back of the sheet.
RE energy in Serbia?
7. Do you think the construction of the solar or wind | >  yes
power plant threatens the agricultural land below? > no
8. Do You know what is WEFE nexus > yes
> no
9. Would you rather use water to produce energy, or | »  water for energy production
to produce food? » water for food production

10. Additional comments

This questionnaire refers to researching whether there is higher interest in Serbia for investing in
solar, wind or hydro RE, as well as what is the level of knowledge about their interaction in the
context of WEFE nexus.
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3. RESULTS AND DISCUSION

This chapter encompasses results of solar, wind and hydro renewable energy implementation and
their interaction with fertile agricultural land usage within WEFE nexus.

3.1. SOLAR ENERGY

Global environmental concerns and the escalating demand for energy, coupled with steady progress
in renewable energy technologies, are opening up new opportunities for utilization of renewable
energy resources. Solar energy is the most abundant, inexhaustible and clean of all the renewable
energy resources till date. The power from sun intercepted by the earth is about 1.8 x 1011 MW,
which is many times larger than the present rate of all the energy consumption. Photovoltaic
technology is one of the finest ways to harness the solar power. This paper reviews the solar energy
potential in the world and in Serbia, as well as its environmental aspect coupled with a variety of its
applications and landscape management, related to the big solar power plants development in
correlation with the land occupation [2].

Two-thirds of the pollution on the globe comes from the production of electricity. The production of
healthy food requires a healthy environment, unpolluted agricultural land, clean air, and clean
surface and underground water.

Solar photovoltaic have great promise for a low-carbon future but remain expensive relative to other
technologies. The 21st century will be characterized by a huge energetic demand: world population
is steadily increasing (65 billion in 2005, an estimated 75 billion in 2020 and 9 billion in 2050) [3],
and there are hundreds of millions of people in emerging countries (China and India in particular)
which are rapidly reaching the welfare of Western countries. The world’s total energy consumption
for 2030 was estimated at about 181014 KWh [4], of which about 1/10 was used as electricity.
Fossil fuels, in particular coal, oil and gas, contributed with about 80% and 65% to the generation of
world total energy and electricity, respectively. It is obvious that these resources on Earth are finite,
and it is also clear that their use is causing great social and economical problems for the world, in
relation to geopolitical instabilities in controlling energy sources and global climate: greenhouse
gases, which are thought to be the main reason for global warming and climate change, are mostly
produced by burning fossil fuels.

In order to preserve human civilization and enable the social and economic development of billions
of people in the third world, the answer to the "energy problem", the problem of food and water
shortages must be found in the coming decades and should be considered the main topic of political,
scientific and engineering discussions in all countries.

Nevertheless, electricity is the basis of all civilized countries and industrialization, and its access is a
fundamental step towards achieving people welfare, including the goal of sufficient food and
enough water. As reported in[5], 65% of the World’s total electricity consumption is obtained from
fossil fuels; about 20% comes from nuclear power plants and the rest is produced by means of
renewable sources, such as hydropower [6], biomasses, PV, eolic and geothermal sources: these
sources are seen as the most promising ways of granting electricity to the whole world, and can help
to reach a self-sustaining energy system.

Currently, solar power plants, is still expensive (although prices per kWh have rapidly decreased
fast in the past years), comparing with wind power plant, has a longer money payback rate (8—10
years even with a feed-in tariff) and poses important technological challenges, but can be directly
used by the final client even in remote locations, does not necessarily require a grid connection (or
work in a "net metering’ buyback, if a grid is present), is noiseless, maintenance free, reliable for
more than 20 years and can be integrated in consumer electronics for low-power applications [7].
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Moreover, solar irradiation in third world countries is extremely high and is seen as the most
obvious way to electrify isolated communities. Since the total amount of solar energy reaching the
Earth’s surface has been calculated at more than 10 000 times the world’s total energy consumption,
it is obvious that this source, if correctly and efficiently used, can supply the substantial part or even
all of our future energetic needs. Nevertheless, markets and clients are still dubious regarding the
adoption of eolic energy and PV modules, as their price is perceived as being too high compared to
fossil fuels. But it has to be stressed that current energy rates do not include externalities, i.e. ‘The
major impact and costs originating from the production and consumption of energy related activities
such as fuel cycles’ [8].

These costs arise when an activity with a specified price has an impact on another activity, and
imposes on the latter an additional cost that was not accounted for in the former price. Greenhouse
gases, car exhaust and chemical waste are typical examples of externalities of fossil fuel use [9],
because their social costs (not only monetary, but also related to global warming, cancer, illness,
etc) are not considered in the market price. If the price of electricity generated by fossil fuels
included externality costs, renewable sources could become more competitive. The adoption of
renewable for power generation is slow because of the existence of several development and market
penetration barriers, most of which are not scientifically related [10]. Some of these impediments
are:
— Economic (lack of competitiveness and internalization of external costs of energy use),
— Institutional (lack of co-ordination in governments and institutions, long-term planning
policy requirements),
— Network (monopoly of generation, transmission and distribution of electricity),
— Social (lack of interest in future energy development and sustainability, doubts about new
technologies),
— Financial (lack of funding for research or pilot-installation).

Only a long-term policy can aid a niche market in developing, expanding and gaining the political
and economical power needed to bring a new technology out of the niche and distribute it to
everyone. This road was followed by Germany, now the second world leader in the installation of
PV solar panels, also thanks to the feed-in tariff introduced in 2000. There are several reports and
market studies that analyze the trend in PV installation all over the world [11].

During the past 4 years Japan, Germany and USA have emerged as leaders in the total kWp
installed, sharing together about 90% of the world market. Globally, in 2003 about 753 MWp PV
systems were installed, and the 1 GWp barriers was exceeded in 2004. The trend in the PV market
has shown an annual increase of about 30% from 2000 until now, making PV one of the fastest
growing industries.

Consequently, PV is attracting more and more actors, even if the 10 biggest companies alone share
about 90% of the global market; according to some studies, a demand increase is expected thanks
also to the introduction of feed-in tariff in more and more countries (e.g. Italy and Spain) and the
fulfillment requirements of the Kyoto Protocol. In order to reduce CO, emission, the European
Council has stated that in 2030 up to 4% of the World’s electricity should be generated by PV.

Estimates suggest that world energy consumption in 2050 will be about 25 Gtoe, or 271014 kWh
and, if the world wants to avoid social, economic and environmental problems, the largest part of
this energy should be produced by renewable. Moreover, the development of emerging countries as
well as their energy policy should not follow the development trend of today’s civilized countries,
particularly with regards to electricity generation.

108



Concerning PV (and renewable in general), a very long policy planning period is most definitely
needed, in order to support the creation of market demand, the assignment of public funding (with
feed-in tariffs), and in order to continue a heavy research and development process [12].

3.2. SOLAR POWER PLANTS AND LANDSCAPE MANAGEMENT

Large-scale solar power plants are being developed at a rapid rate, and are setting up to use
thousands or millions of acres of land globally. The environmental issues related to the installation
and operation phases of such facilities have not, so far, been addressed comprehensively in the
literature [13]. It is identified 32 impacts from these phases, under the themes of land use intensity,
human health and well-being, plant and animal life, geohydrological resources, and climate change.
Appraisals assume that electricity generated by new solar power facilities will displace electricity
from traditional generation technologies, which are not clean. Altogether in the scientific literature
[14] it is find 22 of the considered 32 impacts to be beneficial. Of the remaining 10 impacts, 4 are
neutral, and 6 require further research before they can be appraised.

None of the impacts are negative relative to traditional power generation. In quantitative terms,
large-scale solar power plants occupy the same or less land per kWh than coal power plant life
cycles. Removal of forests to make space for solar power causes CO2 emissions as high as 36 g
CO2 kWh—1, which is a significant contribution to the life cycle CO2 emissions of solar power, but
is still low compared to CO2 emissions from coal-based electricity that are about 1100 g
CO2kWh~1 [15].

Solar energy for the production of electric energy is one source of renewable energy which is
experiencing most development in recent years. In countries with high solar radiation indices, as is
the case of Spain, expectations of installation of large solar power plants are increasing.

Most solar power plants are located in rural environments [16], where the landscape has remained
practically unaltered ever since extensive agriculture was introduced. Because of this, one of the
most significant environmental impacts of this type of installation is the visual impact derived from
the alteration of the landscape. In the literature [17] an indicator is proposed for the quantification of
the objective aesthetic impact, based on four criteria: visibility, color, fractality and concurrence
between fixed and mobile panels.

The relative importance of each variable and the corresponding value functions are calculated using
expert contribution. A study of the subjective aesthetic impact is carried out using the semantic
differential method [18], to obtain the perception of a sample of individuals of the initial landscapes
and of the landscapes altered through the installation of a solar power plant. The combined use of
objective indicator and subjective study, faithfully explains user preferences corresponding to the
combined comparisons. The tools proposed for the evaluation of the aesthetic impact of solar power
plants can be useful for the selection of optimal plant location and most adequate use of panel
technology, to minimize aesthetic impact [19].

Renewable energy has developed spectacularly in Spain since the European Union started a process
of energy policy reform. A review of Spanish State legislation on renewable energies confirms that
the success in installing renewable energy is attributable to public aid. Andalusia is one of the
autonomous communities, which has simultaneously developed the legal framework and very
successfully implemented the introduction of renewable power. When implementing the central
government’s policy, the Andalusia regional government prioritized increases in surface cover by
solar plants (thermal and photovoltaic energy) and in the number of companies involved [20].
However, this development of renewable energies took place without any proper integration into
regional spatial and landscape planning. That is why it is necessary to investigate renewable power
implementation through regulatory measures put in place over the last decade to develop renewable
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energy systems and the way they can be managed alongside planning issues, especially in
correlation with the area of occupied fertile land, which can be used for food production [21].

3.3. SOLAR POWER PLANTS AND INTERACTION WITH FERTILE
AGRICULTURAL LAND

There are many solar power plants in the world occupying hectares of fertile agriculture land. For
example solar power plant Shams 1 in the United Arab Emirates. The power plant was built three
years. It reaches the electrical power of 100 MW by consisting of 258,000 mirrors arranged at 768
cilindro-directional parabolic collector. Occupying an area of about 285 football fields, this power
plant provides electricity for 20,000 Emirates households and saving the emission of around
175,000 t of CO., which is equivalent to planting 1.5 million trees, or removing 150,000 cars from
the roads of Abu Dhabi. In addition, the power plant Shams 1 has a modern system of air cooling,
which will significantly reduce water consumption, which is the most valuable resource in the desert
regions of the Middle East. Possible improvement in the direction of WEFE nexus would be if the
energy prodused by this solar power plant would be used for pumping water from underground
layers and irrigating the desert with the goal of food production.

One other large-scale solar power plant was solar thermal power plants with a central receiver,
constructed in lvanpah, in the Mojave Desert in California. The plant occupies an area of 1,400
hectares. It was built three years ago and put into operation in early 2014. Total investment costs for
this solar power plant Ivanpah amounted to 2.2 billion USD. This solar plant can annually supply
with electricity about 140,000 California households.

Positive practice to be followed is the interactive green solution of solar energy implementation
with agriculture development in synergy, as it is presented on the Figure no 1.

Figure 1: Agrivoltaics - solar renewable energy in synergy with agriculture as WEFE nexus

Renewable energy produced in solar power plant with the facilities developed on fertile agricultural
land, could be used for households in the nearest villages. This energy could also be used on the
spot for irrigation purposes for supplying different agriculture equipment with the electricity, as
well as for pumping the water for irrigation from the underground or from certain surface water
courses.

3.4. WIND ENERGY IN SYNERGY WITH FERTILE AGRICULTURAL LAND

Wind energy is clean, green, renewable and sustainable energy. Numerous wind farms are being
built around the world in suitable locations. One of the most negative possible impacts on the
environment is the impact on migratory birds. Therefore, along with technical projects,
environmental impact studies must also be developed. There is also the question of land occupation
and the use of fertile agricultural land under the wind turbines. Figure 2 present possible synergy
between wind power energy production and agriculture fertile land use.
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Figure 2: Wind power plant and positive interaction with agriculture

The latest research has shown that under wind turbines it is possible not only to develop agriculture,
but even that wind turbines can have a positive effect on agricultural yields. So, wind power plants
may do more than improve farm income. When sited in agricultural fields, turbines’ churning of air
may help crops to grow.

Renewable energy produced in wind power plants with the facilities developed on fertile
agricultural land, also could be used for households in the nearest villages, as well as for irrigation
purposes for supplying different agriculture equipment with the electricity, or for pumping the water
for irrigation from the underground or from nearest surface water channel.

More and more big wind farms are being built in Serbia. One of them is "Cibuk 1". Cibuk 1 wind
farm is the largest commercial energy project in the field of wind energy in Serbia and the Western
Balkans, with 158MW installed power. This wind power plant has 57 turbines. The pillars of the
wind turbines are arranged so that they are at a distance of four pillar heights in width and seven
column heights in depth in the direction of the wind. In this way, wind turbulence is avoided and the
highest energy efficiency is achieved.

Cibuk 1 wind power plant can prevent more than 370,000 tons of carbon dioxide emissions per
year. The investment worth about 300 million Euros was supported by the International Finance
Corporation (IFC), a member of the World Bank group, and the European Bank for Reconstruction
and Development (EBRD). The conducted questionnaire showed that the investor has followed all
the technical, regulatory and environmental requirements.

Within this research, a questionnaire was conducted on a representative sample of 105 respondents,
with the aim of exploring the interest of extending production of electricity from wind power in
Serbia. 52 subjects from the subgroup a, are experts in the domain of wind energy production. In
98% of the cases they are doctors of science. Subgroup b, consisting of 53 respondents of different
educational levels, age and gender, were randomly selected. The average age of subjects from the
subgroup a, was on average 59 years, and from subgroup b, 37 years. The representation of women
in subgroup a, is 3%, and in subgroup b, the target was 50%. The level of education in subgroup b
was: 37% high school, 33% secondary school and 30% basic education.

Respondents from subgroup a, have of course shown as expected, a very high level of knowledge
about wind power plants and all related technical details. It is interesting that subjects from
subgroup b, also showed a relatively high level of knowledge about wind energy. 68% of subjects
from subgroup b, had knowledge about the installed wind power plants, which means that in Serbia
have been activities on informing and raising awareness about the importance of using wind energy.
93% of respondents from subgroup a, responded that Serbian legislation generally follows EU
regulations within the domain. The questionnaire supplemented with interview method showed that
all key authorities were involved in the decision-making process correctly and adequately, as well as
the affected community and NGO.
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3.5. HYDRO ENERGY, WATER AND AGRICULTURE LAND USE WITHIN
WEFE NEXUS

Energy efficiency is not only related to the saving of the energy in the households and buildings. It
is also one of the most important subjects in the process of optimal utilization of water and energy
for food production, taking care of the environment. This is actually the requirement of efficient
production and use of green renewable energy within the WEFE nexus.

Model of WEFE nexus will be presented through case study of Drina River. The countries that share
the Drina river basin are Bosnia and Herzegovina, Montenegro and Serbia. That is why joint
development plans must be made, especially development plans related to the planning of a large
number of new hydropower plants, because they can significantly affect the environment, but also
affect other sectors, especially energy, agriculture and water management. Likewise, the
commitments undertaken by all countries in relation to environmental protection, climate change
mitigation and GHG reduction are changing economic perspectives. All these influencing factors
should be taken into account when discussing plans through the prism of the WEFE nexus, see
Figure 3.

Figure 3: Water for energy and food in clean environment - WEFE nexus

An integral assessment of resources has shown that the coordination of the operation of power
plants along the Drina River and its tributaries can significantly increase electricity production
downstream, as well as agricultural production. The power system model was developed for three
states in the river basin as part of a systematic cross-sectoral connectivity project, a nexus covering
water, energy, food and environment.

If such complex approaches to water management had been implemented in a timely manner, such
level of flooding would not have occurred, nor would there have been damage to the fertile
agricultural land of Mac¢va and Semberija. Dams built upstream in the basin of each river contribute
to increasing the degree of flood protection, because in the pre-discharge mode, the flood wave can
be significantly reduced and mitigated.

4. CONCLUSION

The goal of this interdisciplinary research was to raise the level of knowledge about the WEFE
nexus and thereby contribute to the improvement of the integrated management of natural resources
and greater energy efficiency during the implementation of RE.

The WEFE nexus concept helps identify benefits and synergies in natural resource management, in
order to achieve:

Security of water, energy and food

Preservation of the environment and its functions

Increased resistance to the climate change and

Reduced GHG emissions
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This research also supports the implementation of the 2030 Agenda, accelerates the transition to a
green economy, and also strengthens the dimension of sustainable development and the strategy of
energy, water and food for all, while preserving the environment.
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Abstract: This study reflects the change in the dynamics of the yield structure of the blue-hybrid alfalfa variety
Bazhena (Medicago varia Martin) in the first year of life when seeds are treated with the organic growth
substance Grivlag in the conditions of the Central Chernozem Zone of the Krasnodar Territory. According to the
studies, alfalfa plants turned out to be the most leafy, the seeds and shoots of which were treated with a growth
substance (22.92 g), which on average over three cuttings was 5.02% more than the mass of leaves in the control
(21.65 g). The results obtained indicate a positive effect on the overall growth of the above-ground parts of those
plants that were treated with the growth substance Grivlag during sowing. This had a particularly strong effect on
the acceleration of the onset of the flowering phase of alfalfa, as evidenced by the percentage increase in
inflorescences in the experiment compared to the control.

Key words: blue-hybrid alfalfa, crop structure, organic growth matter, leached chernozem

AOGcTpaKTHbli: [annoe ucciedosanue omobpasicaem usmMeHeHue OUHAMUKU CIPYKMYPbL YPOICAsL TOYEPHbI
cunezubpuonoi copma basxcena (Medicago varia Martin) nepsoco 200a orcusnu npu obpabomxe cemsn
opeanuyeckuM  pocmogbim  geujecmeom I pusnae 6 ycnosusx  LlenmpanvHoil  uepHO3eMHOU  30HbI
Kpacnooapckoeo kpas. Coznacho npogedeHHbiM ucciedosanuam, Haudosee OOIUCMEEHHBIMU OKA3AMUCH
pacmenus oyepHbvl, CeMeHd U 6CX00bl KOMopwix Obiiu 06pabomansl pocmoswim seujecmeom (22,92 2), umo 6
cpeonem no mpém ykocam Ha 5, 02 % 6Gonvwe, wem macca aucmoes ¢ xowmpone (21,65 o). Ilonyuennvie
Pe3yIbmampl 2060pAN O NOLONCUMENbHOM GIUAHUU HA OOWULl POCM HAO3EMHOU Hacmu mex pacmeHull,
Komopule GbLiu npu nocege 06pabomarsi pocmosvim sewecmeom I pusnae. OcobeHHO CULbHO HMO OMPA3UTOCH
Ha YCKOpeHuu HACMYNIeHus (pazvl yeemeHus TOYepHbl, 0 YeM 2080puin NPOYeHm YGenuueHus coysemuil 8
onvime no CPAGHEHUIO ¢ KOHMPOLEM.

KonoueBsle cioBa: Jlioyepna cunecubpuoHas, cmpyKmypa ypooias, OpeaHu¥eckoe pOCmogoe 8eujecimso,
UEPHO3EM BbILYETOYEHHBLIL

1. INTRODUCTION

Currently, throughout the world, crop production is presented with a wide range of growth
substances and biostimulants, ranging from low-hazard and safe for products and the environment,
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to completely natural, so-called biostimulants. The goal of creating all these biological products is
pursued by one thing - to obtain products with higher yields and increase quality indicators, without
harming the environment and at the same time obtaining economic efficiency. Scientists have
invented, tested and studied a large number of growth substances and biostimulants in order to
identify the most effective and suitable for production. One study tested several biostimulants:
humic acids, macro- and microalgae extracts, alfalfa protein hydrolysate, amino acids alone or in
combination with zinc, B vitamins, chitosan, and a commercial product containing silicon. For
example, the macroalgae extract was effective in stimulating tree growth potential in both years, as
evidenced by significantly greater leaf area (> 20% compared to control), as well as higher
chlorophyll content and leaf photosynthetic rate. Treatment with macroseaweed extract, B vitamins
and alfalfa protein hydrolysate significantly improved the intensity and duration of the red color of
apples at harvest. Accordly, the content of anthocyanins in the peel of apples treated with the same
biostimulants was significantly higher than in the control, which emphasizes the potential influence
of these substances on the synthesis of secondary metabolites in apples [1].

Live bacteria that release useful substances also can be considered as a growth stimulants. Thus,
cytokinin is required for the initiation of nitrogen-fixing nodules in alfalfa caused by rhizobia, and
for the retardation of leaf senescence induced by drought stress, some free-living rhizobia have been
found to produce cytokinin. The study combined two strains of Sinorhizobium that overproduce
cytokinin. As a result, after severe drought stress, most alfalfa plants inoculated with these strains
survived, and nitrogenase activity in their root nodules did not undergo obvious changes [2]. The so-
called nanohumus obtained from lignite can also serve as a soil improver and growth regulator. To
study the effect, alfalfa (Medicago sativa L.) was used. The positive effect of the humic product on
soil properties and alfalfa growth in field conditions was evident after 2 years of use. A single
application at the beginning of each growing season gave better results than divided into two
applications. A single application of nanohumus significantly increased the available phosphorus in
the soil by 63% and potassium by 96% compared to the control; it significantly increased total
alfalfa biomass by 749%. These results provide important practical conclusions for the further use
of humic material as a soil improver and growth regulator [3].

For alfalfa breeders, an important factor is the timing of flowering. Early-flowering alfalfa genotype
80 and late-flowering alfalfa genotype 195 were characterized by flowering phenotype. The analysis
showed that the lower content of jasmonate, a hormone that regulates plant growth and
development, in new leaves and the suppression of its biosynthesis genes may play a significant role
in the early flowering phenotype. Comprehensive phenotypic, physiological, and transcriptomic
analyzes indicate that hormone biosynthesis and signaling pathways, pathogenesis-related genes,
signaling receptor kinase family genes, secondary metabolism genes, and proteasome degradation
pathway genes are responsible for the early flowering phenotype in alfalfa. This will provide new
insights into future research on flowering time in alfalfa and inform genetic improvement strategies
to optimize this important trait [4].

2. MATERIALS AND METHODS OF RESEARCH

The studies were done according to standard methods [5, 6]. The aim of the study was to investigate
the effect of growth substances (Grivlag) on alfalfa (Bazhena) yield changes. The experiments are
set up on a trial estate of the Federal State Budgetary Institution "Krasnodar Scientific Center for
Animal Science and Veterinary Medicine™ (on April 20, 2022). The size of the experimental plot
was 100 m2 (50 m2 experimental plot, 50 m2 control plot). Blue-hybrid alfalfa variety Bazhena was
sown, treated with a solution of growth substance from a spray bottle, solution concentration
(Medicago varia Martin) (patent holder and originator of the P.P. Lukyanenko Research Center,
included in the register of breeding achievements of the Russian Federation since 2019).
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The growth substance Grivlag (GVG) is a complex energized fertilizer with a complex chemical
composition, up to 40% of which is occupied by sodium salts of petroleum acids, which are cyclic
monobasic acids [7].

3. RESULTS AND DISCUSSION

Summary data on the yield structure of three alfalfa harvests in the first year of life are presented in
Table 1.[8].

The highest total weight (66.6 g), weight of leaves (26.75 g), stems (33.35 g) and inflorescences
(6.50 g) was in the second harvest of the first year of plant life. The smallest weight according to all
indicators was noted in the first harvest: total weight 49.15 g, weight of leaves 18.90 g, stems 29.65
g and inflorescences 0.60 g).

Table 1. Structure of the Bazhen alfalfa yield in the first year of life without pre-sowing seed

treatment
Total Leaf Stem Inflorescence Leaf Stem Inflorescences
Parameters | weight | weight | weight weight weight | weight weight vs
Ne (9) (9) (9) (9) vs total | vs total total (%)
(%) (%)

1 49,15 | 18,90 29,65 0,60 38,45 60,33 1,22

2 66,6 26,75 33,35 6,50 40,17 50,08 9,76

3 54,25 | 19,30 30,45 4,50 35,58 56,13 8,29

The highest percentage of leaves from the total plant mass was also in the second harvest (40.17%),
the highest percentage of stem mass from the total was observed in the first harvest (60.33%). The
structure of the alfalfa yield from the experimental plot is presented in Table 2.

Table 2. Structure of the yield of Bazhen alfalfa in the first year of life treated with the growth
substance Grivlag.

Option Total Leaf mass, | Weight of Weight of
weight, g. g. stems, g.  Inflorescences,
g.

Control (without 56,67+5,18 | 21,65+2,55 | 31,15+1,12 | 3,87+1,73
processing)
Experience (with pre-
sowing seed treatment | 63,48+7,67 | 22,92+2,07 | 35,554+2,78 | 5,02+2,85
with Grivlag)

In the experimental treatment and control as well, the total weight was highest in the second harvest
(78.65 g). The weight of leaves (26.95 g), stems (41.10 g) and inflorescences (10.60 g) significantly
exceeded the weight of these plant parts in the second harvest compared to the first and third.

Table 3 shows the values of the measured parameters of the yield structure alfalfa (variety Bazhena)
in all tree harvests in the first growing season (one year).

Table 3. Comparison of average values of the yield structure for three cuttings in the first year of
alfalfa life, depending on the treatment of seeds with the growth substance Grivlag.

Option Total Leaf mass, Weight of Weight of
weight, g. g. stems, g. inflorescences, g.
Control (without 56,67+5,18 | 21,65+2,55 31,15+1,12 3,87+1,73

processing)
Experience (with pre-
sowing seed treatment with | 63,48+7,67 | 22,92+2,07 | 35,55+2,78 | 5,02+2,85
Grivlag)

Note: ** p<0,01 *** p<0,001
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When statistically processing data on the structure of the crop obtained from three harvests,
unreliable results were obtained, however, alfalfa is a perennial forage crop, the structure of which
must be studied for three years. According to preliminary data, it can be noted that the increase in
the total weight of the different parts of alfalfa plants increased across all cuttings in the
experimental treatment - 63.48 g, which is 12% more than in the control (56.67%). At each
measurement, the same trend was observed. The weight of leaves in the experimental treatment
(22.92 g) was 5.87% greater than in the control variant (21.65 g). The weight of the stems in the
experiment (35.55 g) exceeded the weight in the control (31.15 g) by 14.12%.

An increase in the weight of stems in feed production is a negative factor, since the stem is an
indigestible fiber - lignin, the content of which in the feed leads to a deterioration in the quality of
the main feed (hay or haylage). However, with an increase in the total weight of the plant, a
proportional increase in the weight of stems is a natural phenomenon, given that the weight of the
leaves also increased.

It was noticed that plants from seeds treated with Grivlag began to bloom earlier than the control.
Therefore, we can conclude that the treatment contributed to the acceleration of the reproductive
phase of development of alfalfa plants. The weight of inflorescences in the experiment was 5.02 g,
which is 22.90% more than the weight of inflorescences in the control (3.87 g).

4. CONCLUSIONS

The growth substance Grivlag had a positive effect on the yield structure of the blue-hybrid alfalfa
variety Bazhena in the first year of sowing. In total, for three cuttings, the average total weight of
experimental plants exceeded the weight of control plants by 12.0%. Also, in the experimental
treatment, the average weight of leaves (by 5.02%), stems (14.12%) and inflorescences (by 22.9%)
exceeded the control. The rate of flowering of alfalfa inflorescences has increased, which is also an
important aspect in the further study of this growth substance.
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Abstract: Bioeconomy and ecology are indivisible, but investors are not always interested in the humane
aspects of the economy, i.e. organic agriculture, however organic agriculture in Western Balkans is growing.
This case study presents the results for selected countries: Serbia, Bulgaria (EU), Croatia (EU) and
Montenegro. The goal of this work is to investigate perspectives of organic agriculture development and
certification. In first section, is analyzed the present time situation in organic production and certification. In
section two are presented results on growing of organic agriculture land and organic shares.

Key words: Organic Production, Ecology, Green Economy, Comparative Analysis, Western Balkans

Apstrakt: Bioekonomija i ekologija su nedeljive, ali investiture ne zanimaju uvek humani aspekti privrede,
odnosno organska poljoprivreda, medutim organska poljoprivreda na Zapadnom Balkanu raste. Ova studija
slucaja predstavlja rezultate za odabrane zemlje: Srbiju, Bugarsku (EU), Hrvatsku (EU) i Crnu Goru. Cilj
ovog rada je da se istraze perspektive razvoja organske poljoprivrede i sertifikacija. U prvom delu, analizirana
je trenutna situacija u organskoj proizvodnji i sertifikacija. U drugom delu su predstavljeni rezultati rasta
organskog zemljista i udeo organske proizvodnje.

Kljuéne reci: Organska proizvodnja, ekologija, zelena ekonomija, komparativna analiza, Zapadni Balkan
1. INTRODUCTION

Organic agriculture contributes preservation of natural resources, primarily water and soil. It
represents a system of sustainable agriculture which maintains ecological balance and minimizes the
negative impact of agriculture on the environment. Also, it implies production in accordance with
standards and certification. In current conditions of man-made transformation of nature, the
principle adequacy of the materials and technologies used to productivity and resources of the
biosphere is of cardinal importance [1]. In organic agriculture development, one of the main factors
is the soil condition. Organic production is a very specific type of agriculture, basically the opposite
of conventional agriculture, strongly ecologically oriented, expresses concern for the preservation of
the environment, natural resources and biological diversity, emphasizes the use of natural materials
and respect for the biological processes of plant growth and development and animals raised as part
of agricultural activity [2]. Challenges facing agriculture and food production look huge [3]. It is
generally known that producers that use modern strategies can play an important role in solving
environmental problems [4]. Contemporary aspirations in agriculture inevitably imply the
development of an ever-increasing share of organic agriculture in total agricultural production.
management in a way that will ensure precaution and responsibility in order to protect the health

! Alfa BK University, Beograd, e-mail: aleksandra.stojkov.pavlovic@alfa.edu.rs
2 Alfa BK University, Beograd, e-mail: larisa.jovanovic@alfa.edu.rs

120


mailto:aleksandra.stojkov.pavlovic@alfa.edu.rs
mailto:larisa.jovanovic@alfa.edu.rs

and well-being of current and future generations and the environment [5]. As a developing country
Serbia could spot an opportunity for agricultural development. The production of food products
exclusively from ingredients that are not harmful to the health of consumers is the surest guarantee
of food health safety [6]. Bulgaria and Croatia, as EU members, have implemented and use EU
regulations, while Serbia and Montenegro, which are candidates for membership in terms of
certification, have their own regulations.

2. MATERIALS AND METHODS

In this paper were used descriptive methods and comparative analyses through indicators of FiBL &
IFOAM - Organics International (2023): The World of Organic Agriculture [5]. Product, incentives
and certification research is proprietary research. Appreciation of current status in organic
production for selected countries conducted by using official and statistical data for soil and land
availability for countries of Western Balkans: Republic of Serbia, Bulgaria, Croatia and
Montenegro.

3. RESULTS AND DISCUSSION

Bulgaria and Croatia, in addition to national certification, fully implement mandatory EU
regulations — European Union of Regulation 848/2018, Serbia and Montenegro have implemented
domestic regulations (Table 1).

Table 1. System of legal frameworks in organic production

Country Domestic policy Relevant authority In use
Ministry
. Law on organic production | agriculture, forestry .
Serbia Domestic
and water
management
National Plan for Delopment of | Bulgarian Ministry of
Bulgaria Organic Farming in Bulgaria [Agriculture, Food and EU
2007-2013 (former) Forestry
Law on organic production and | Republic of Croatia
Croatia labeling of organic products Ministry of EU
(former) Agriculture
Ministry
. . agriculture, forestry .
Montenegro Law on Organic Production and water Domestic
management

Source: Author‘s systematization
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Table 2. Official organic product marks

Country Official mark
Serbia
Bulgaria
Croatia
Montenegro
organska poljoprivreda
crme gore

Source: Author‘s systematization

Table 3. Control bodies and control authorities in the organic sector

Country Number of bodies and authorities Relevant authority
Accreditation Body of
Serbia 6 Serbia
Bulgaria 17 European Commision
Croatia 11 European Commision
Montenegro 1 Accreditation body of

Montenegro

Source: Author‘s research

122




By product types (table 3), Serbia mainly has the production of fruits with 458 producers of which
149 are processors. Producers are focused on: raspberries (from Arilje region), strawberries and
berry fruits. Producers also export vegetables, grain, legumes and oilseeds. The production of
organic meat and diaries is also under development. Cases of group organization of production have
been noticed. The top 3 producers of 2022 in cooperative production shows table 4.

Table 4. Producers in cooperative organic production with number of cooperants

Producer Number of cooperants
Zadrugar doo 763

Fortis doo 742

Frikos doo 577

Source: Author‘s research

Bulgarian production is based on honey: Acacia, Wildflower, Lavender, Black Forest and Linden,
but Bulgarian rose products are also represented and other aromatic plants. Organic seeds and
cereals are produced in Bulgaria. In Croatia, there are farms of grains and vegetables, but the main
product is organic olive oil, for which the coast of the Adriatic Sea (example Terra Rossa from
Sveta Katarina) is known, as well islands. “Soltansko super organic” olive oil was awarded in
Tokyo, New York and Dubai. Olive oil under a unique name is produced by small local producers
from the island Solta. Organic production in Montenegro is scattered and diverse that mostly cover
local requirements, with no practice of the association. Vegetables, fruits and forest fruits, then figs
and pomegranates (local potential), honey, cereals and lambs and sheep are grown. Vegetable grows
424 producers (371 fruit, 63 agricultural crops and medicinal plants, 10 vegetable crops, a 3
producers collect forest fruits and medicinal herbs). Livestock production has 64 producers (56
beehives), 27 deals with the processing, from which stand out: IN-SPE (wild plants and organic tea)
and the largest farm is HM Durmitor [7].

Table 5. Comparative analysis of organic producers and products

Country Producer Products

Frozen fruit and forest
products
Strawberry and other berries
Honey and bee products
Raspberry, blackberry,
strawberry, plum and cherry

Minex KruSevac
Master food Uzice
Serbia Medino Krnjevo
Yugotrejd Arilje

Seeds and grains

Adan Village Damovitsa Rose and aromatic plants

Mountin Rose Sofia

Bulgaria Amerov Honey Ignatievo Honey
Bilbo Varna
Terra Rossa Sv. Katarina Olive oil
Croatia Zrno Eko Imanje Dubrava Vegetable, arable and spicy
Solta group of producers crops
olive oil
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Potatoes, Cabbage,
Beetroot, Carrot, Onion,

Pavli¢evi¢ Zoran Zabljak Barley, Buckwheat, Rye

¢ L0 et and flour
Macanovi¢ Zeljko Pljevlja Wild pomegranate, Fig
Montenegro Mugosa Igor Podgorica Plum, Apple '
IN-SPE ’
HM Durmitor rioney

Aromatic Herbs
Lambs, sheeps

Source: Author’s research

Serbia established a digital register of agriculture holdings through the eAgrar platform. All
incentives can be realized by registration and request on the eAgrar platform. Incentives for organic
crops amount to 63,000 dinars per hectare (maximum of 20 ha). Maximum total amount 1,260,000
dinars. Exceptionally in 2023, incentives for organic plant production are in the corresponding
percentage amount in relation to amount for financial contribution for basic incentives in plant
production and recourse for fuel [8]. Incentives for organic livestock for 2023 the maximum total
amount of incentive is 55,000,000 dinars. Incentives for certification the maximum amount per user
is 1,000,000 dinars [8].

Bulgaria and Croatia are a part of the Common agricultural policy (CAP) [9]. Bulgaria’s CAP
Strategic Plan has been submitted in 2021, for period 2023-2027 includes two eco-schemes for
organic maintenance payments in the first pillar; crops and animals. There are payment for crops,
grazing animals, pigs and bee’s families. The payment rate for plants is divided into 3 parts: basic
payment, supplement for proven production of at least 70% of the national average, supplement for
the use of organic seeds and planting material. Another new feature is the introduction of a
regressive rate for each of the crop groups, with 100% paid up to 50 ha; 50% from 50 to 65 ha and
10% over 65 ha.

Croatia consisted in the increase of organic pastures, grassland, and orchards, and the organic
vegetable production has not grown that much in the previous years. This is due to CAP payment
model based on hectares. The budget set for organic farming under the first pillar is EUR 1,750,000
million for the whole CAP period (2023-2027). Most of the eco-schemes will be available to
conventional farmers only. [10].

Montenegro incentives [11]: support per ha, conditional head of livestock, poultry and number of
bee colonies. Producers who for the first time sign an Agreement undertake to remain in organic
production at least 3 years, otherwise they will be obliged to return the received support. The
amount of support per request cannot exceed €20,000. There are funds for the purchase of wax for
organic production. Payment in organic production for producers who perform the certification
process for the first time in the is more stimulating and higher. Payment in plant production for:
€300-450 per ha. Payment in livestock €120; poultry - €2.5; bee colony - €40.

Beside incentives for the development of organic production, there are projects such as the Organic
Bridge INTERREG - IPA in cooperation with the EU implemented in Serbia and Croatia [12].

In Serbia, the organic sector has been developing in recent years, with its expansive growth, organic
production will have its more intensive application only in the coming period [13]. The production
of healthy food can be a postulate of satisfying existential needs, but also a factor of revitalization
[14], thus natural assets continue to provide environmental resources and services [15]. In 2020 the
number of producers was 439 and the latest data shows 651 producers in 2022 [16]. For Bulgaria,
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this sector is national priority [17]. In Croatia the number of organic producers is growing.
Montenegro shows no progress. (Table 6).

Table 6. Number of producers and other operator types by country 2021

Country Producers Producers (2019-2020)| Trend in number of
producers
Serbia 458 439 +19
. 5942 5942 0
Bulgaria
. 6024 5153 +871
Croatia
Montenegro 422 423 1

Source: Author‘s systematization

Table 7. Organic farming indicators data in Serbia, Bulgaria, Croatia, Montenegro (2020)

Indicator Organic agricultural land Organic shares of total Organic
(including in-conversion areas) in| agricultural land in % | Agricultural land
Country ha development — 10-

years growth in %

Serbia 19317 0,6 209,7
. 116253 2,3 364,6
Bulgaria
. 108610 7,2 239,0
Croatia
Montenegro 4823 19 57.2

Source: Author‘s systematization

Organic shares of total agricultural land data shows big efforts of Croatia (7.2) as 27th world
country, Bulgaria (2.3) takes 52nd place, and Serbia with less than 1 (0.6) takes 92nd place in the
world scale, but the 10-years data of development is encouraging in each of selected countries, in
Bulgaria 10-years growth of organic agricultural land is 346.4%, in Croatia 239% and in Serbia
209.7%. Serbia‘s notably weaker results. Otherwise Montenegro 1.9%, and 10-years growth of
57,2%.

It is also necessary to consider the characteristics of the soil. Based on researches [18, 19, 17, 20]
Serbia has diverse resources and soil of different taxonomies, which is why is close to Bulgaria,
unlike Croatia, which has less soil of that quality Montenegro has areas such as Serbia. Significant
amounts of land in Croatia and Serbia are not suitable for organic production because of lignite and
other phytotoxic elements. Damage of land in Bulgaria is the result of coal mining [21] and use of
lignite. In Montenegro certain types of soil near polymetallic mines and lignite fields and other
industrial facilities can become phytotoxic and unsuitable [22]. Organic production in Croatia is
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considerably lower than in other EU countries [23], thus this research confirms the differences
between Croatia and Bulgaria. However, it must be considered organic share in total agricultural
land with 7.2 in Croatia [18] and 2.3 in Bulgaria. Montenegro has negative trend in number of
producers compared to the previous period, share of 1.9 of total agricultural land is higher than in
Serbia (0.6). Serbia has sufficient natural resources for the development of organic agriculture, but
has not finance support for acceptable technologies and means of production [24]. In general, when
it comes to the number of producers, the trend is positive in Serbia (+19) and Croatia (+871), there
are no changes in Bulgaria, while the trend is negative in Montenegro.

4. CONCLUSIONS

The development of organic agriculture in the Western Balkans is close with the processes in the
EU. Organic agriculture makes its contribution to the development of the green economy, thus
perhaps we can place it even more closely as a bio-economic activity, given that it fully corresponds
to its goals. Industrial processes that affect the soil also affect organic production. Without
investments and the support of the government, it is not possible to achieve the development of
organic agriculture. The increase in the area of arable land under organic production and the number
of the organic producers testify in favor of the fact that the concept of organic production is outlook
and long-term profitable activity. Success of organic farming depends on soil quality. The transition
from fossil sources to renewable energetic sources is obligatory for organic agriculture
development. The advantage of Montenegro is almost 30,000 ha of Terra Rossa land of typical
quality, but it is necessary to invest additionally to regulatives. Bulgaria and Croatia are committed
to the Action plan for organic production in the European Union 2021 — 2027 and CAP policy
through their Eco-Schemes. Serbia and Montenegro to harmonize future the regulations with EU.
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Abstract: The use of fertilizers is an integral part of agricultural production nowadays, as it has beneficial effects
on the yield of agricultural products and the functioning of the agricultural sector. Nevertheless, their unregulated
use can lead to serious harmful effects on the environment and human health. The aim of this research is to
measure the residual amounts of selected elements in agricultural soils, aggregated due to the use of fertilizers
during the vegetation season and to predict the potential for contamination of agricultural soils. The applied dose
of fertilizers has resulted in the accumulation of heavy metals in the soil, but their quantities were within the
allowed threshold values.

Key words: fertilizers, heavy metals, residues, contamination, soil

Apstrakt: Primena dubriva je u danasnje vreme sastavni deo proizvodnje jer unapreduje poljoprivredni sektor
i prinos gajenih biljaka. Medutim, njihova nekontrolisana primena moze dovesti do ozbiljnih stetnih efekata na
Zivotnu sredinu i zdravije ljudi. Cilj ovog istraZivanja je bio da se izmere zaostale kolicine pojedinih elemenata
u zemljistu usled primene dubriva tokom vegetacije useva i da se na osnovu toga predvidi mogucénost
zagadenja poljoprivrednog zemljista. Primenjena doza dubriva je uticala na akumulaciju metala u zemljistu i
njihov sadrzaj je bio u granicnim vrednostima.

Kljuéne re€i: dubriva, teski metali, ostaci, kontaminacija, zemljiste

1. INTRODUCTION

Good agricultural practices nowadays imply an integral approach to growing crops, an increased use
of nonchemical measures and the production of healthy and safe food, with no harmful effects on
human and animal health and the environment. The main goal of every agricultural production is to
ensure the highest yields and economic benefits. Benefits and downsides of conventional
agricultural production have been analyzed for a decade now, leading agricultural production
towards a more organic approach to food production. Nevertheless, organic production is not always
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a source of the best quality food. The fact is that food produced in this way is safer, as it contains
less nitrates and pesticides. On the other hand, organically produced food also contains lower
amounts of proteins, and its higher amount of minerals and vitamins does not give it an advantage
over conventionally produced food [1-2]. An advantage of these organically produced products is
certainly a higher content of secondary metabolites forming part of the defense mechanisms of
plants, animals, and humans [2]. Due to the conflicting facts, practical results, and analysis, in this
case it is often debatable whether the goal justifies the cause?

One of the aspects of successful production is also the application of fertilizers. Although their
application strengthens the agricultural sector, their effects should not be seen only through the
prism of increased crop yields, as their effects on the environment and human health should also be
considered. In the times of climate change, analyses have shown that commercial fertilizers increase
CO; emissions, global warming, soil contamination, and the contamination and eutrophication of
surface and groundwaters [3-4]. Also, a study [5] has shown that a reduced use of fertilizers would
lower the emission of harmful gases by 20%. In general, an inadequate application of fertilizers
affects the agricultural soils directly, and climate change, human, livestock, and game health
indirectly. Furthermore, research has shown that plants absorb only about 50% from nitrogen-based
fertilizers, while the remaining amount goes into groundwaters or the atmosphere in the form of
N2O gas [6-7]. An uncontrolled use of nitrogen and phosphorus-based fertilizers is especially
harmful, as it leads to anion build up in the soil [8]. Also, high concentrations of nitrates in tap
water can lead to cancer development, while resulting in lower concentrations of oxygen in the
rivers and increased concentrations of salt in the ground, thus increasing alkalization of agricultural
soils. Nevertheless, despite all of the above, agricultural production is unimaginable without
fertilizers. [9] have done research in Germany which has shown that a reduced application of
nitrogen fertilizers reduces wheat yields by up to 50%, the producers' revenues by up to 40%, while
the wheat price increased (up to 5%), as did the investments in the production (by about 12%).
Fertilizers contain macro and micro elements essential for the crop. However, their on presence
content in the environment and food, due to their uncontrolled application, can reach toxic levels.
Each state has defined limits on the maximum allowable concentrations of these elements in food,
water, soil, and air.

The aim of this research was to measure the amounts of nickel, zinc, and manganese that remain in
the soils after the application of fertilizers during the vegetation season, and to predict the potential
for contamination of agricultural soils based on this.

2. MATERIAL AND METHODS

Trials were conducted in 2021 in laboratory conditions. Residues of chemical elements in the soil were
tested after the application of synthetic fertilizers. Fertilizers were applied at quantities of 1.5 m1/100
ml of water (with 3 I/ha as the recommended dose) 25 days after plant emergence. Seeds were planted
in 1 L volume pots in the following treatment combinations: monocultures - Avena fatua (AV),
Abutilon teophrasti (AB), wheat (PS) and corn (KK) and their combinations KK vs. AB, KK vs. AV,
AB vs. AV, PS vs. AV, PS vs. AB. Plants (pots) were watered when needed and kept in controlled
conditions: light/dark 12/12 h, T = 25/22 °C. Analysis of heavy metal contents were done 20 days after
removing the plants, following the Meeting the Challenges of Soil Analysis with the Avio 200 ICP-
OES methodology (Author: Nick Spivey PerkinElmer, Inc. Shelton, CT). From each pot (treatment) 1
g of finely ground soil was extracted (in three replicates). Soil degradation was done using 20 ml of
concentrated nitric acid for 1 hour at 80°C, after which 5 ml of hydrogen-peroxide were added and the
sample was heated for 30 min at 60-70°C, resoaked in 5 ml of hydrochloric acid and heated for 1 h.
After cooling, distilled water was added up to 100 ml of volume and the filtered content was used in
the analysis of heavy metal contents. The calibration curve was obtained from the mixture of heavy
metals and microelements. Adequately diluted working solutions were on prepared (in the range of
0.05 mg/kg to 2 mg/kg) based on which the calibration curves were produced. The content of heavy
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metals and microelements in the soil samples are given in mg/kg of the soil. All the results were
compared by analysis of variance (LSD test) and t-test of independent samples.

3. RESULTS AND DISCUSSION

The presence of metals in the soil in quantities higher than the allowed represents a potential
environmental risk, with possible harmful effects on human and animal health. Heavy metals can
reach the soil, and consequently the food chain, through the application of different fertilizers,
industry, traffic, and pesticide use. Microelements from fertilizers are often a source of heavy metals
and their uncontrolled use or facilitates their deposition. In the instances when their concentration is
high, plants can absorb large amounts of these compounds, which reach human and animal
organisms through the food chain. [10] state that accumulated quantities of these metals are often
not toxic for plants, even though they can be for people and animals (e.g. cadmium). This study has
shown that applied fertilizers have resulted in higher quantities of copper, zinc, nickel, and
molybdenum in the soil (with the exception of nickel after the application of F3 fertilizers). Average
values of heavy metal and microelement content in soil samples following the application of
fertilizers are shown in Table 1, with results of statistical analysis given in Table 3.

Based on the analysis of average content of tested elements the following was shown: 1) when
grown in monoculture, zinc was present in all samples following the application of both tested
fertilizers, copper was also present in all samples (except for KK) after the application of both
fertilizers, while manganese was detected only in PS after the application of F2 fertilizer and 2)
when grown in combination treatments: zinc was detected in all samples, except in the KK vs AB
combination after the application of F3 fertilizer, copper was present in KK vs AV and PS vs AV
combinations after the application of F3 fertilizer, nickel in KK vs AV and PS vs AV combinations
after the application of F2 fertilizer and in KK vs AB, AV vs AB, and AV vs PS combinations after
the application of F3 fertilizer, while manganese was registered in AB vs AV and PS vs AV
combinations after the application of F3 fertilizer (Table 1). No consistency in the deposition of
certain metals in the soil was observed depending on the plant species, which leads us to conclude
that the tested fertilizers (Table 2) are the source of the detected elements.

Table 1. Average values of heavy metal and microelement content (mg/kg soil) in soil samples

plants fertilizer Nickel Copper Zinc Manganese
soil control 0.099 17.498 9.843 59.356
KK F2 < < 10.835 <
KK F3 48.530 < 20.628 <
PS F2 < 23.228 28.212 62.406
PS F3 0.993 24.133 29.695 <
AV F2 < 19.796 20.596 <
AV F3 2.495 22.359 25.354 <
AB F2 1.832 18.635 24.052 <
AB F3 3.283 27.159 29.745 <
KK vs AV F2 3.479 24.749 38.962 <
KK vs AV F3 < < 13.300 <
KK vs AB F2 < < 12.987 <
KK vs AB F3 2.098 < < <
AB vs AV F2 < < 19.503 <
AB vs AV F3 6.640 21.705 28.543 64.717
PSvs AV F2 9.728 20.846 26.405 <
PSvs AV F3 12.896 25.692 29.791 62.881

KK-corn, AV-Avena fatua, AB-Abutilon teophrasti, PS-wheat, < - lower of equal to the amount in
the control (with no plants or fertilizers applied) soil sample.
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All the detected quantities were below the threshold of the maximum allowable concentrations
(MAC). From the aspect of safe food production these tests have shown that the application of
fertilizers in recommended doses is safe, although a potential environmental risk is always present.

Table 2. Macro and micro elements in the tested fertilizers (based on the product declaration)

F2 F3
Polyphenolic (hydroxy) acids - -
Nitrogen 0,2% 16-24 %
Phosphorus 0,4% 12%
Potassium 0,02% 36 %
Iron 220 mg/l 0,01-0,04 %
Magnesium 550 mg/l 19%
Zinc 49 mg/l 0,01-0,02 %
Copper 35 mg/l 0,009-0,01 %
Boron, Calcium, Molybdenum, Cobalt, Nickel 10 mg/l -
Boron - 0,02 %
Calcium - 14 %
Molybdenum - 0,001-0,002 %
Manganese 54 mg/l 0,009-0,03 %

Statistical data analysis has shown that the differences between treatments were statistically
significant for: the zinc content in all the samples compared to the control (except for KK vs AB),
copper content in all the samples from the monoculture treatments after the application of both
fertilizers and after the application of the F2 fertilizer in KK vs AV and PS vs AV combinations and
the F3 fertilizer in AB vs AV and PS vs AV combination treatments, nickel content in KK vs AV
and PS vs AV combination treatments after the application of the F2 fertilizer and in KK vs AB and
AB vs AV combinations after the application of the F3 fertilizer, and manganese content only after
the application of the F3 fertilizer in AV vs PS and AV vs AB combination treatments (Table 3).

Table 3. Statistical analysis of the heavy metal contents (mg/kg soil) and microelements in the
samples of soil treated by fertilizers compared to the control (LSD test)

K vs sample fertilizer Ni Cu Zn Mn
KK F2 - - -
KK F3 e -
PS‘ E2 _ *% *k *%
PS' EF3 Hk Hk Hk _
AV E2 - *% ** -
AV F3 ok ok ox N
AB F2 *k *k *k _
AB F3 ** ** **

KK vs AV F2 o wx e -
KK vs AV F3 - - = -
KK vs AB F2 - - ** -
KK vs AB F3 ** - - -
AB vs AV F2 - - *x -
AB vs AV F3 *k *x *x **
PSvs AV F2 ** *x *x -
PSvs AV F3 - wx *x x

K - control, p<0,01**, KK - corn, PS - wheat, AB - Abutilon theophrasti, AV - Avena fatua, Zn - zinc,
Ni - nickel, Mn - manganese, Cu - copper

It is well known that some weed species can accumulate certain chemical elements and serve as
bioaccumulators to improve the environment. [11] analyzed plant material of the weed species
Abutilon theophrasti grown on contaminated soils (lead 1004.3 mg/kg, copper 711.5 mg/kg and zinc
1234.2 mg/kg) and detected the following amounts of lead 38.7 mg/kg, copper 32.5 mg/kg and zinc
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56.1 mg/kg. [12] determined hyperaccumulation of lead by the weed species Avena fatua.
Hyperaccumulation as a phytoremediation method can be very useful, but when this accumulation
happens in plants intended for dietary consumption, it can present a significant health risk. The trials
have shown that wheat plants are capable of easily absorbing zinc, nickel, and copper, while the
absorption of lead and chromium is more difficult [13]. The rhizosphere of corn was also detected to
contain numerous macro and micro elements: copper 16.34 mg/kg soil, 6.997 mg/kg lead, 0.19 mg/kg
cadmium, and 69.77 mg/kg zinc, while at the end of the vegetation season corn seeds contain 0.341
mg/kg mass of lead and 0.342 mg/kg mass of zinc. Similar was detected by [14]. These studies
indicate a risk for human health [15]. Consequently, it is very important to create a balance when
applying fertilizers on the fields in order to maintain a healthy and clean environment. This confirms
the fact that the application of fertilizers must be done only after conducting an analysis of the soil
quality.

4. CONCLUSION

The applied dose of fertilizers has resulted in the accumulation of heavy metals in the soil and their
contents were within the acceptable limits. In order to avoid the harmful effects of fertilizers and
their pollutants, it is necessary to select for hybrids/varieties which are characterized by a highly
efficient use of the available nutrients. Also, studies should focus on the development of fertilizers
containing minimal amounts of contaminants, highlighting the need for the application of organic
fertilizers and optimizing fertilizer doses for specific crops, ensuring minimal losses. Contamination
of soils and water by fertilizers can also be reduced to a minimum by applying different control
measures, such as phytoremediation, wastewater treatment, raising awareness, and developing
appropriate national legislation.
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Abstract: Cancer has become one of the most frequent health problems in the human population worldwide.
On the other hand, most of the cancer cases could be prevented. Prevention implies an adequate lifestyle and
nutrition rich with nutrients and anticancer components. Butyric acid, a short-chain fatty acid present in
various amounts in milk and dairy products has proved to have anti-inflammatory and anticancer effects.
Therefore, milk and dairy products, especially butter supposed to be a substantial part of the healthful,
balanced and sustainable human diet.

Key words: anticancer potential, short-chain fatty acids, milk, dairy products

Apstrakt: Rak je postao jedan od najcescih zdravstvenih problema u ljudskoj populaciji diljem svijeta. S druge
strane, vecina slucajeva raka mogla bi se sprijeciti. Prevencija podrazumijeva adekvatan nacin Zzivota i
prehranu bogatu nutrijentima i antikancerogenim komponentama. Maslacna kiselina, kratkolancana masna
kiselina prisutna u razlicitim udjelima u mlijeku i mlijecnim proizvodima, dokazano ima protuupalno i
antikancerogeno djelovanje. Stoga bi mlijeko i mlijecni proizvodi, posebice maslac, trebali biti znacajan dio
zdrave, uravnotezene i odrzive ljudske prehrane.

Kljuéne reci: antikancerogeni potencijal, kratkolancane zasic¢ene masne kiseline, mlijeko, mlijecni proizvodi

1. INTRODUCTION

Cancer represents a leading cause of death worldwide, with nearly 10 million deaths in the year
2020. The most common cancer types in 2020 were: breast (2.26 million cases); lung (2.21 million
cases); colon and rectum (1.93 million cases); prostate (1.41 million cases); skin (non-melanoma)
(1.20 million cases); and stomach (1.09 million cases). Furthermore, the most common causes of

1 J.J. Strossmayer University of Osijek, Faculty of Agrobiotechnical Sciences Osijek, Vladimira
Preloga 1, Osijek, Croatia, e-mail: vgantner@fazos.hr

2 Bijeljina University, Faculty of Agriculture, Pavloviéa put bb, Bijeljina, Bosnia and Hercegovina,
e-mail: mickocosic@gmail.com

3 Institute of Field and Vegetable Crops, Maksima Gorkog 30, Novi Sad, Republic of Serbia,
e-mail: vera.popovic@ifvcns.ns.ac.rs

4 Agroporec, Petrinja, 40250, Croatia, e-mail: kresimir.kuterovac@gmail.com

5J.J. Strossmayer University of Osijek, Faculty of Agrobiotechnical Sciences Osijek, Vladimira
Preloga 1, Osijek, Croatia, e-mail: rgantner@fazos.hr

134


mailto:vgantner@fazos.hr
mailto:mickocosic@gmail.com
mailto:vera.popovic@ifvcns.ns.ac.rs
mailto:kresimir.kuterovac@gmail.com
mailto:rgantner@fazos.hr

cancer death in the year 2020 were: lung (1.80 million deaths); colon and rectum (916,000 deaths);
liver (830,000 deaths); stomach (769,000 deaths); and breast (685,000 deaths). Each vyear,
approximately 400,000 children develop cancer. The cancer prevalence of cancer is affected by
factors such as tobacco use, high body mass index, alcohol consumption, low fruit and vegetable
intake, lack of physical activity, and infections like HPV and hepatitis (about 30% of cancer cases
in low- and lower-middle-income countries). Prevalence prevention is an essential way to reduce
cancer cases and deaths. Furthermore, 30-50% of all cancer cases could be prevented by the
application of strategies like reducing tobacco and alcohol use, promoting healthy diets, physical
activity, and vaccination against cancer-causing infections. Since cancer has become one of the
most frequent health problems in the human population, this review aimed to analyze the causes,
diagnosis, treatment and prevention of cancer as well as the anticancer potential of short-fatty acids
in milk and dairy products of various species of domestic animals.

2. CANCER

Cancer, a pervasive disease, is characterized by uncontrolled growth and spreading of cells
throughout the body [1, 2]. This condition may originate anywhere in the human body, which is
composed of countless cells. Normally, human cells undergo division and multiplication to generate
new cells as required by the body. Upon reaching the end of their life cycle or becoming damaged,
these cells die, and new ones take their place. However, at times, this well-ordered process breaks
down, leading to the growth and multiplication of abnormal or damaged cells beyond the required
levels. Such cells tend to form lumps of tissue, referred to as tumors. These tumors may either be
benign (non-cancerous) or malignant (cancerous), with the latter being particularly harmful.
Malignant tumors have the capability of invading neighboring tissues and can metastasize to other
parts of the body, forming new tumors. Cancer cells differ from normal cells in several ways. They
grow without signals instructing them to grow, disregard signals telling them to stop dividing or to
die, and deceive the immune system into aiding them in surviving and expanding.

nRE

Picture 1: Comparison of normal and cancer cell [1]

Furthermore, cancer is a complex and diverse disease that can affect any part of the body. It is
classified by the type of cell that is initially affected. Cancer can affect any part of the body, such as
the colon, liver, lung, breast, skin, and others, and is caused by a variety of complex factors,
including genetic mutations, environmental influences, and lifestyle choices [1, 3]. Therefore, there
are many types of cancer, and each type has its unique characteristics, symptoms, and treatment
options (Picture 2).
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Picture 2: Prevalence of some cancers in human population in Singapore [4]

Accordingly, to NCI [1], Bladder Cancer is a type of cancer that affects the bladder, which is a
hollow organ in the lower abdomen that stores urine. The most common symptoms of this type of
cancer include blood in urine, frequent urination, and pain during urination. Breast Cancer is a type
of cancer that begins in the breast tissue, commonly in the lining of the milk ducts or lobules that
supply the ducts with milk. This type of cancer is more common in women, but it can also affect
men. Some of the common symptoms of breast cancer include a lump or thickening in the breast,
changes in breast size or shape, and nipple discharge. Colon and Rectal Cancer, also known as
Colorectal Cancer, is a type of cancer that starts in the colon or rectum, which are parts of the
digestive system. This type of cancer is often asymptomatic in its early stages, but as it progresses,
symptoms such as abdominal pain, rectal bleeding, and changes in bowel habits may occur.
Endometrial Cancer is a type of cancer that originates in the lining of the uterus, which is the organ
where a fetus grows during pregnancy. The most common symptom of endometrial cancer is
abnormal vaginal bleeding, especially after menopause. Kidney Cancer, also known as Renal Cell
Cancer, is a type of cancer that starts in the kidneys, which are responsible for filtering blood and
producing urine. Symptoms of this type of cancer include blood in urine, back pain, and weight
loss. Leukemia is a type of cancer that affects the blood and bone marrow, characterized by the
overproduction of abnormal white blood cells. Symptoms of leukemia include fatigue, weakness,
fever, and frequent infections. Liver Cancer is a type of cancer that begins in the liver, an organ that
performs vital metabolic and detoxifying functions. Symptoms of this type of cancer include
abdominal pain, unexplained weight loss, and yellowing of the skin and eyes. Lung Cancer is a type
of cancer that starts in the lungs and is often associated with smoking. Symptoms of this type of
cancer include coughing, chest pain, shortness of breath, and hoarseness. Melanoma is a type of
skin cancer that begins in the cells that produce the pigment melanin. Symptoms of melanoma
include changes in the appearance of moles or pigmented areas, such as asymmetry, irregular
borders, and changes in color or diameter. Non-Hodgkin Lymphoma is a type of cancer that affects
the lymphatic system, which is part of the immune system. Symptoms of this type of cancer include
enlarged lymph nodes, fever, night sweats, and weight loss. Pancreatic Cancer is a type of cancer
that begins in the pancreas, an organ that secretes enzymes and hormones like insulin. Symptoms of
this type of cancer include abdominal pain, unexplained weight loss, and jaundice. Prostate Cancer
is a type of cancer that starts in the prostate gland in men. Symptoms of this type of cancer include
difficulty urinating, weak urine flow, and blood in semen. Thyroid Cancer is a type of cancer that
begins in the thyroid gland, which regulates metabolism, heart rate, and more. Symptoms of this
type of cancer include a lump or swelling in the neck, difficulty swallowing, and hoarseness. It is
essential to note that cancers can also be grouped by the body location or system they affect.
Additionally, there are specific cancers that are more prevalent in children or adolescents.
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Cancer represents a multifaceted disease that may result from various factors, with the most
significant being mutations that occur within the DNA of cells. These mutations can either be
inherited or acquired due to exposure to environmental factors. There are a number of causes of
gene mutations that can lead to cancer [1, 5]. Lifestyle choices are a significant contributor to the
development of cancer. Activities such as tobacco use, excessive alcohol consumption, unhealthy
diet, and physical inactivity can all increase the risk of gene mutations that lead to cancer.
Environmental exposure is another significant factor that can contribute to the development of
cancer. Exposure to physical carcinogens such as radiation and ultraviolet (UV) light, chemical
carcinogens such as cigarette smoke, asbestos, alcohol, air pollution, and contaminated food and
drinking water can all cause mutations that can lead to cancer. Biological factors such as viruses,
bacteria, and parasites can also contribute to the development of cancer. For instance, some viruses
such as H. pylori, human papillomavirus (HPV), hepatitis B, hepatitis C, HIV, and the Epstein-Barr
virus have been linked to cancer. Age is another factor that can increase the risk of developing
cancer. The risk of developing cancer generally increases with age due to a buildup of risk factors
and less effective cell repair mechanisms. It is important to note that not all cancers are caused by
external factors; some cancers are genetic and are not preventable. However, by being aware of the
various factors that can contribute to the development of cancer, individuals can take steps to reduce
their risk and seek appropriate medical care when necessary.

Inflammation Limited alcohol

Preventions!

Picture 3: Cancer: causes and prevention [6].

The process of diagnosing cancer involves a series of tests and procedures to confirm the presence
of cancer and determine its stage [1,7]. The diagnostic process commences with a comprehensive
physical examination whereby the healthcare practitioner searches for lumps or anomalies in the
body that may be indicative of cancer. Subsequently, laboratory tests are conducted to identify
abnormal levels of certain substances in the blood, urine, or other body fluids that may suggest the
presence of cancer. Imaging tests, including CT scans, MRIs, PET scans, ultrasounds, and X-rays,
are employed to identify any irregularities within the body that may be suggestive of cancer. These
tests generate detailed images of internal structures, enabling medical professionals to detect the
location and size of any tumors. Following suspicion of cancer, a biopsy is usually performed. This
technique involves the surgical removal of a small sample of tissue from the affected area of the
body, which is then examined under a microscope to detect the presence of cancer cells. Biopsies
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are typically performed using a needle or during surgery. Once a cancer diagnosis is confirmed,
healthcare professionals determine the stage of cancer using staging tests. Cancer staging refers to
the extent to which the cancer has spread from its original site and is classified using a range from 0
to 4, with higher numbers indicating more advanced cancer. Knowledge of the cancer stage is
crucial because it assists medical practitioners in estimating the likelihood of recovery and
determining the most appropriate course of treatment.
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Picture 4: Cancer treatment options [8]

In the fight against cancer, treatment plans are carefully crafted to address each individual's unique
type and stage of the disease [1, 8]. There are a variety of treatments available, each with a specific
role in combating cancer. Some of the most common cancer treatments are surgery (a procedure to
remove cancer from the body); chemotherapy (a drug-based approach to eliminating cancer cells;
radiation therapy (high doses of radiation used to Kill cancer cells and reduce tumor size);
immunotherapy (a treatment that boosts the immune system's ability to fight cancer cells); hormone
therapy (a method to slow or halt the growth of hormone-dependent cancers such as breast and
prostate cancer); targeted therapy (a treatment focused on genes or proteins that contribute to cancer
growth and survival); stem cell transplant (a procedure to restore blood-forming stem cells in
patients whose cells have been destroyed by chemotherapy or radiation); hyperthermia (a therapy
that heats body tissue to damage and kill cancer cells while minimizing harm to normal tissue), and
photodynamic therapy (a treatment that uses light-activated drugs to destroy cancer cells).
Treatment options are chosen based on several factors, including cancer type and stage, potential
side effects, and the patient's overall health and preferences. A thorough evaluation of these factors
helps determine the most effective treatment plan for each patient.

Taking proactive steps to prevent cancer is crucial for maintaining good health. The latest research
suggests that there are several key strategies that can significantly reduce the risk of developing
cancer [1]. One of the most important steps is to avoid tobacco, as both smoking and exposure to
secondhand smoke have been linked to an increased risk of various cancers, including lung, mouth,
throat, pancreas, bladder, cervix, and kidney. In addition to avoiding tobacco, adopting a healthy
diet can also help reduce the risk of cancer. A diet rich in fruits, vegetables, whole grains, and beans
can provide the body with essential nutrients and antioxidants that can help prevent the development
of cancer cells. Limiting alcohol, processed meats, refined sugars, and fats from animal sources is
also recommended. Maintaining a healthy weight and engaging in regular physical activity can also
help lower the risk of cancer. Being at a healthy weight can help prevent the development of breast,
prostate, lung, colon, and kidney cancers. Regular exercise can also help boost the immune system,
which can help prevent cancer. Early detection is also critical for cancer prevention. Regular
screenings can help detect cancers at an early stage when they are more treatable. Certain vaccines,
such as the HPV vaccine, can also help prevent cancers linked to viral infections. Additionally,
using sunscreen and avoiding excessive sun exposure can prevent skin cancer. Finally, reducing
exposure to environmental pollutants and occupational carcinogens can also decrease cancer risk.
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By taking these proactive steps, individuals can significantly reduce their risk of developing cancer
and maintain good health.

3. ANTICANCER DIET

An anticancer diet is a diet that aims to reduce the risk of cancer by including foods that are known
to have cancer-fighting properties [9]. Based on the latest research, the key components of an
anticancer diet include consuming a variety of fruits and vegetables (Picture 5). These plant-based
foods are rich in antioxidants and phytochemicals that help protect the body against cancer. Another
important component is whole grains, which are a great source of fiber, vitamins, and minerals that
can contribute to cancer prevention. Lean proteins such as fish, poultry, and plant-based proteins are
preferred over red and processed meats, as they are less likely to contribute to cancer development.
Healthy fats, found in nuts, seeds, and olive oil, are also central to an anticancer diet. These fats are
important for maintaining good health, and they have been shown to have anticancer properties. To
reduce the risk of cancer, it is also recommended to limit intake of processed foods, sugar-
sweetened drinks, and excessive alcohol. Following dietary patterns such as the Mediterranean diet,
which emphasizes natural and plant-based foods, can be beneficial in preventing cancer. It is
important to note that while no single food can prevent cancer, a balanced diet combined with a
healthy lifestyle can play a significant role in lowering your risk of developing cancer.
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Picture 5: Anticancer food [10].

Numerous studies have been conducted to investigate the potential link between milk consumption
and cancer prevention. These studies [11, 12, 13, 14] have found that milk and other dairy products
are an excellent source of essential nutrients such as calcium, vitamin D, proteins, and milk fat,
which are vital for maintaining overall health and well-being. However, it is essential to note that
the relationship between milk consumption and cancer risk is intricate and can vary depending on
the type of cancer. Some studies suggest that certain milk components, such as calcium and vitamin
D, may have protective effects against colorectal cancer. Furthermore, the anticancer potential of
short-chain saturated fatty acids in milk have being investigated in several scientific papers (table
1). Fatty acids are carboxylic acids that make up a significant part of lipids. They play important
roles in cellular processes and are fundamental structural components of cells. They can be
classified based on length, saturation, and carbon content. Saturated fatty acids that are less than six
carbon atoms long are collectively known as short-chain fatty acids. These are produced when gut
bacteria ferment fiber. Polyunsaturated fatty acids (PUFAs) can inhibit tumor development due to
their anti-inflammatory properties. Short-chain fatty acids (SCFAs) produced by the gut microbiota
have the potential to enhance immunotherapy by regulating the function of immune cells and
modulating the immunogenicity of tumor cells [15].
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Table 1. Anticancer effect of short-chain fatty acids (SCFAS)

Saturated fatty acid Effect Cancer type
4:0 Butyric inhibiting glucose transport and colorectal cancer [16]
glycolysis human breast cancer, leukemia
CH3(CH,).COOH histone deacetylase inhibitor [17]
5:0 Valeric breast cancer [18]
histone deacetylase inhibitor liver cancer [19]
CH3(CH:);:COOH prostate cancer [20]

Butyric acid, also known as butanoic acid, a short-chain fatty acid is a naturally occurring substance
that is produced in the gut by bacteria when dietary fiber is fermented. It is also present in animal
fats and vegetable oils. The health benefits of butyric acid have been extensively studied, and it has
been found to have several potential advantages. One of its key roles is in promoting gut health.
Butyric acid serves as a vital energy source for the cells lining the colon and helps to maintain the
overall health of the gastrointestinal tract. Moreover, butyric acid exhibits anti-inflammatory
properties that can be beneficial for individuals struggling with irritable bowel syndrome (IBS) and
Crohn's disease. Additionally, butyric acid has been shown to inhibit the growth of cancer cells and
promote cell death, which suggests that it may be helpful in preventing colon cancer. Specifically,
butyric acid has been shown to suppress glucose metabolism in colorectal cancer cells by inhibiting
glucose transport and glycolysis by reducing the abundance of membrane glucose transporter 1
(GLUT1) and cytoplasmic glucose-6-phosphate dehydrogenase (G6PD2 [16]. This effect is
regulated by the GPR109a-AKT signaling pathway. In addition, butyric acid has been found to
significantly enhance the chemotherapeutic efficacy of 5-fluorouracil (5-FU) on colon cancer cells.
There is evidence to suggest that sodium butyrate can block the growth of colorectal cancer cells
and increase the rate of cell death. One study, in particular, found that sodium butyrate exerted this
effect on the cancer cells. These findings suggest that butyric acid and its derivatives may hold
promise as an adjunct therapy for colorectal cancer. Furthermore, butyric acid has anticancer effect
on human breast cancer and leukemia acting as histone deacetylase inhibitor [17].

O

H3C/\)J\OH

Valeric acid, also known as pentanoic acid, is a significant active chemical constituent of valerian
plant (perennial flowering plant Valeriana officinalis) and has been demonstrated to possess anti-
cancer properties. The broad spectrum of anti-cancer activity of valeric acid has human body.
Among these fatty acids, saturated fatty acids (SFA) are the most abundant, comprising
approximately 70% of the total fat content in milk. The remaining fat is made up of mono-
unsaturated fatty acids (MUFA) and poly-unsaturated fatty acids (PUFA). If we look closely at the
saturated fatty acids in milk fat, we can identify two main types: short- and medium-chain saturated
fatty acids (10-13%) and long-chain saturated fatty acids (50-55%). Some of the most common
long-chain saturated fatty acids in milk include palmitic acid (27%), myristic acid (10-12%), and
stearic acid (9%).
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Milks composition and properties vary significantly across different species [24]. Cows are the
largest milk producers, accounting for 85% of global milk production, followed by buffaloes, goats,
ewes, mares, and donkeys. While there are notable differences in energy content, fat, lactose,
protein, and ash among different types of milk, there are also some similarities between milk from
ruminants and non-ruminants. Interestingly, the structures of fat globule membranes are similar in
non-ruminants and human milk, while the milk fat globule structure in ruminants is quite different.
The size of fat globules varies significantly between species and is highly correlated with milk fat
content. Milk from ruminants and women contains notably higher amounts of triacylglycerols,
while the amount of free fatty acids and phospholipids is lower compared to milk from mares and
donkeys. The triacylglycerol structure in women and non-ruminants is similar. Milk from non-
ruminants has lower levels of saturated and monounsaturated fatty acids but higher levels of
unsaturated fatty acids, particularly C-18:2 and C-18:3. Cholesterol content is similar in women and
ruminants' milk but lower in non-ruminants’ milk.

The level of butyric acid in milk can differ significantly depending on the type of milk [25]. Goat
milk, for example, has a notably higher concentration of butyric acid than cow milk, which
contributes to its distinct flavor and potential health benefits. However, cow milk also contains
butyric acid, albeit in lower amounts. Furthermore, the precise amount of butyric acid can fluctuate
depending on factors such as the breed and diet of the animal. Valeric acid is a type of fatty acid
that occurs naturally in the milk of various animal species. While limited information exists about
the content of valeric acid in goat milk, it is known that goat milk is a rich source of various fatty
acids [25]. In contrast, research on cow milk has shown that valeric acid is an isoacid that can
impact rumen fermentation and metabolism and has been approved as a feed additive for lactating
dairy cattle [26]. Interestingly, the level of valeric acid in milk can differ depending on several
factors, such as the animal's breed and diet. For instance, studies have shown that a diet high in
concentrate increases the amount of valeric acid in cow milk, while a diet high in forage decreases
it. Similarly, the level of valeric acid in goat milk can vary based on factors such as the animal's
breed, age, and lactation stage.

Mare's milk is a highly nutritious drink that contains short-chain saturated fatty acids (SCFA),
which are known for their beneficial health effects [27]. In particular, one of the most important
SCFAs found in mare's milk is butyric acid (C4:0), which plays a crucial role in maintaining gut
health and preventing various diseases. Butyric acid is produced during the fermentation of dietary
fibers by gut bacteria and has been found to help prevent inflammation in the intestines, which can
lead to various gastrointestinal disorders. Moreover, the fatty acid profile of mare's milk can vary
depending on the lactation stage, age, and breed of the mare. For instance, milk from the 15th week
of lactation has been found to have a more beneficial fatty acid composition, with low values of the
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atherogenic index (Al) and thrombogenic index (TI). These indices are important for the prevention
of atherosclerosis and thrombosis, which are major risk factors for heart disease and stroke.
Additionally, mare's milk has been shown to contain high levels of important nutrients such as
calcium, phosphorus, and vitamins A and D, which are essential for maintaining strong bones and
teeth, as well as supporting immune function. Overall, mare's milk is a highly nutritious and
beneficial drink that can provide numerous health benefits when consumed regularly.

been observed, especially its high cytotoxicity towards liver cancer cells [19]. The compound has
been found to influence several cancer-related pathways, which may trigger apoptosis. It operates as
a potential novel histone deacetylase (HDAC) inhibitor and suppresses liver cancer development. In
addition, valeric acid has been linked to decreased breast cancer cell proliferation, migration, colony
formation, and 3D formation in vitro, in a dose- and time-dependent manner [18]. The compound is
responsible for reducing HDAC activity and inducing global DNA hypomethylation, which may
reduce breast cancer cell proliferation.

O

4. MILK AND DAIRY PRODUCTS

Dairy products are a wide-ranging group of food articles that are produced from the milk of various
mammals, including cows, goats, sheep, and buffalo [21]. These products are a significant source of
essential nutrients such as calcium and protein for human population around the world. Each dairy
product has its unique taste, texture, and nutritional value, and they are used in different ways in
various cuisines. Milk is a white liquid that is commonly used as a beverage or a base for other
dairy products. It is rich in vitamins and minerals that contribute to good health. Cheese is a
fermented milk product that comes in various forms, including soft and hard, and mild and pungent
flavors. It is a popular ingredient in many dishes, and it is also consumed on its own as a snack or an
appetizer. Yoghurt is another cultured milk product that has a creamy texture and a tangy flavor. It
is often consumed as a healthy snack, and it is also used as an ingredient in various recipes. It
contains live probiotics that are beneficial for gut health. Butter is a high-fat spread that is made
from the butterfat layer of milk. It is commonly used in cooking and also as a condiment. Cream is
another dairy product that is made from the butterfat layer of milk. It is used in cooking, baking, and
as a topping for desserts. Ghee is a form of clarified butter that is commonly used in South Asian
cuisine. It has a nutty flavor and is often used for cooking. Kefir is a probiotic fermented milk that
has a slightly effervescent and tangy taste. It is considered a healthy food item due to its high
nutritional value. Cottage cheese is a high-protein curd cheese with a mild flavor. It is often used in
salads and as a healthy snack. Sour cream is another fermented cream that has a tangy taste. It is
used as a topping or an ingredient in various dishes. Whey protein is a concentrated dairy protein
that is often used in supplements and health foods. It is a popular source of protein for athletes and
bodybuilders. Dairy products represent an important part of many diets and are enjoyed by millions
of people.

Milk is a highly nutritious fluid that contains an abundance of essential nutrients, making it an
important part of a healthy and balanced diet [22]. Some of the key nutrients found in milk include
protein, calcium, vitamin D, potassium, B12, riboflavin (B2), and phosphorus. These nutrients are
essential for maintaining overall health, and they all play unique roles in the body. One of the most
well-known benefits of milk is its ability to promote bone health. The high levels of calcium and
vitamin D in milk are crucial for maintaining strong and healthy bones, which can help prevent
conditions such as osteoporosis and fractures. In addition to promoting bone health, milk is also an
excellent source of high-quality protein. Protein is vital for muscle growth and repair, and milk is
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particularly rich in casein and whey proteins, which are two of the most important types of protein
for building and maintaining muscle mass. Milk also contains several nutrients that are beneficial
for heart health. Some studies suggest that milk may help reduce blood pressure and the risk of
heart disease, thanks to its potassium and omega-3 fatty acid content. These nutrients help to
regulate blood pressure, reduce inflammation, and support overall cardiovascular health. Finally,
milk may also aid in weight management when consumed as part of a balanced diet. The protein in
milk can help to promote feelings of fullness and satiety, making it easier to maintain a healthy
weight. Additionally, milk is a low-calorie beverage that can help to replace higher-calorie drinks.
Furthermore, milk contains various types of fatty acids, each of which plays a unique role in the

[Product IC 4:0 [Product IC 4:0 [Product IC 4:0
Butter oil 5232 Tilsit cheese .88 2 prreetened condensed 1 25
[Cotija Cheese 1582 [Foquefort chease 082 g [Ficotta cheese 023g
[Groat cheese 150 [Drry mille 1087 g Sheep milk 0.20g
[Fomano cheese 136 g |Asadero cheese .86 g Groat milk 013 g
[Parmesan cheese 130 g [Limburger cheese 1080 g [Whele milk (3.7% fat) 012g
[Gruvere cheese 105 [Feta 0.7¢ g ik (2% fat) 10.0% g
MMuenster cheese 1.04g ICream cheese 0.72g [Buttermill: 0.0%g
[Calby cheese 1.04 g [Fontina cheese 0.72g [Yogurt 006 g
[Port De Salut cheese |1.03 2 Swiss cheese 10.68 = [Philadelphia cream cheese |0.06 =
[Edam cheese 1.00g [Blue cheese 10.66 g [Cottage cheese 004 g
(Gouda cheese 1.00g ICheddar cheese 10.63 g [Fefir 003 g
Monterey cheese 098 = [Neufchatel cheese 10.61 = MvIilk whey liquid 10.00 =
[Provolone cheese 098z [Brie cheese 0.56g [Husman milk m'd
[Cheshire cheese 097z |Camembert cheeze 0492 Milk bazed protein powderin/d
[Gietost cheese 1096 g |Queso Fresco cheese 10402 [Fat-free sour cream 'd
|Anejo cheese 091 g Mozzarella cheese 0.39g

&:::;e Chihwahua 1090z Sour cream 034g

Table 2. Content of butyric acid (4:0) in milk and dairy products [28].

Butyric acid, as fatty acid with anti-inflammatory and anticancer effects, also could be found in
dairy products, particularly in butter and ghee [28]. Butyric acid is produced during the
fermentation process of milk and contributes to the flavor of these products. The content of butyric
acid (4:0) in milk and dairy products is presented in Table 2. The highest content of butyric acid is
reported in butter oil (3.23 g), while the lowest was in milk whey liquid (0.00 g).

5. CONCLUSION

Cancer has become one of the most prevalent health problems in the human population but most of
the cases could be prevented. Prevention implies an adequate lifestyle and nutrition rich with
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nutrients and anticancer ingredients. Butyric acid, a short-chain fatty acid present in various
amounts in milk and dairy products has anti-inflammatory and anticancer effects. Therefore, milk
and dairy products, especially butter supposed to be a significant part of the healthy, balanced and
sustainable human diet.
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Abstract: In the paper, the authors point out that, both in our country and in the surrounding countries, the
popularity and demand for this type of vacation is growing more and more. This type of tourism represents a
special form of tourist offer and there is an increasing market demand for it. It is often identified with rural, i.e.
rural tourism, but tourism workers point to the fact that there is a difference between them, although these
carriers of the tourist offer, owners of facilities that provide services, and even tourists themselves, interpret
this form of tourism differently. However, what is indisputable is that agritourism means a return to nature and
that the hosts on their own agricultural land and the facilities built on it, allow their visitors to directly
(immediately) participate in all the work related to the maintenance and normal functioning of their farms.
Here we mean, first of all, the care of the animals and plants that are there, planting fruit, harvesting grapes,
harvesting wheat and other grains, removing the harvest and all other agricultural products that are
characteristic of those areas, such as, for example: corn, olives, strawberries, raspberries and other types of
fruits and vegetables. This type of tourism allows tourists to stay in a natural environment, in the fresh air, in a
rural environment and appeared at the end of the 20th century as a reaction to the systematic endangerment of
the environment that surrounds modern man.

Key words: agritourism, rural tourism, ecology, agriculture, ethnic food and drink

Apstrakt: Autori u radu ukazuju da, kako u naSoj zemlji, tako i u zemljama okruzenja, sve vise raste
popularnost i potraznja za ovakvom vrstom odmora. Ova vrsta turizma predstavlja jedan poseban oblik
turisticke ponude i za njim postoji sve veca potraznja trzista. Cesto puta dolazi do identifikovanja sa seoskim,
tj. ruralnim turizmom, ali turisticki delatnici ukazuju na cinjenicu da izmedu njih postoji razlika, mada ovi
nosioci turisticke ponude, viasnici objekata koji pruzaju usluge, pa cak i sami turisti, razlicito tumace ovaj
oblik turizma. Medutim, ono sto je nesporno, jeste da agroturizam znaci povratak prirodi i da domacini na
svom sopstvenom poljoprivrednom zemljistu i objektima podignutim na njemu, omogucavaju svojim
posetiocima da direktno (neposredno) ucestvuju u svim poslovima koji se ticu odrZavanja i normalnog
funkcionisanja njihovih farmi. Tu mislimo, pre svega, na brigu o Zivotinjama i biljkama koje se tu nalaze,
sadnji vocéa, berbi grozda, Zetvi pSenice i drugih Zitarica, skidanju letine i svih drugih poljoprivrednih
proizvoda koji su karakteristicni za ta podrucja, kao sto su, na primer: kukuruz, masline, jagode, maline i
druge vrste voc¢a i povréa. Ova vrsta turizma omogucava turistima boravak u prirodnom okruzenju, na svezem
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vazduhu, u seoskoj sredini i javija se krajem XX veka kao reakcija na sistematsko ugroZavanje okoline koja
okruzuje savremenog coveka.

Kljuéne refi: agroturizam, seoski turizam, ekologija, poljoprivreda, etno hrana i pice
1. INTRODUCTION

It is the constitutional right of every human being to live in a healthy environment, in order to
ensure respect for his other basic natural and inviolable right to preserve his own health and the
health of his descendants. These rights are, therefore, found in the largest number of modern
democratic constitutions, and so it is with the valid highest general legal act of the Republic of
Serbia from 2006. Namely, Article 74 of this act stipulates that "everyone has the right to a healthy
environment and to timely and complete information about its condition. Everyone, especially the
Republic of Serbia and its autonomous provinces, is responsible for the protection of the
environment. It is everyone's duty to protect and improves the environment”, while the Criminal
Code of the Republic of Serbia, Chapter Twenty-four, deals with 15 criminal acts against the
environment. Due to the importance of protecting the environment, this Criminal Code devotes a
significant part of its text to the aforementioned acts, with a tendency to show the penal policy of
the Republic of Serbia in the case of endangering the environment that surrounds us and specifying
the sanctions for various instances of its endangerment. This means that these positive legal
regulations cover numerous criminal acts that endanger the environment. However, it can be stated
that, nevertheless, the penal policy in this area is a treasure and enables the perpetrators of these
illegal actions to behave in an ecologically irresponsible manner. In addition, there is also the fact
that a large number of perpetrators of such crimes remain undetected and, therefore, are not properly
sanctioned.

It is undeniable that the number of inhabitants on our planet is constantly increasing. Thus,
according to official statistics, at the beginning of the 19th century, there were one billion
inhabitants in the world, at the beginning of the 20th century, 1.6 billion, and at the beginning of the
21st century, about 6 billion, and today, at the end of 2023, about 8 billion. According to
demographers' forecasts, in the middle of this century, in 2050, 9 billion people will live on planet
Earth. This means that such a sudden increase in population requires ever greater food production,
which, however, is threatened by the construction of numerous industrial complexes, precisely on
the most fertile agricultural land, then by erosion and degradation of agricultural land, uncontrolled
use of artificial fertilizers and the like. In the modern man's race for ever-increasing profits, there
have been huge problems in the preservation of the environment, fertile land, clean water and
unpolluted air, and thus also in the provision of healthy and correct food. All this led to the
degradation of available agricultural resources, although today the necessity of developing organic
production is constantly emphasized, which enables the protection of the environment, existing
resources and, above all, the production of healthy food, which can be used for human and animal
nutrition. This production is based on the use of environmentally acceptable materials, which are
biodegradable, because it uses renewable energy sources and emphasizes the protection of existing
biodiversity. It should be emphasized here that this production excludes any use of genetically
modified food, which can end up in the final food chain and lead to catastrophic consequences for
the health of both humans and animals. Therefore, in our country, as well as in neighboring
countries, there is a growing need and interest in the production of ethnic food and drinks, the
consumption of which leads to the development of different types of tourism. Namely, tourism itself
represents an extremely important economic city, which directly or indirectly contributes to the
production of organic food and, hence, today we have an increasing demand from the population for
the development of rural and ethnic tourism [1].
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2. OPPORTUNITIES OF THE REPUBLIC OF SERBIA FOR THE
DEVELOPMENT OF RURAL AND ETHNO TOURISM

It is unnecessary to talk about how generous God was when he created Serbia and gifted natural
beauty, because both local and foreign experts agree. Thus, after the end of the Second World War,
the appropriate expert representatives of the international community, for the reconstruction of the
devastated and impoverished country, advised that the then Socialist Republic of Serbia, as a
member of the Second Yugoslav State, should emphasize three key things, which will always be
current and without for which life is almost impossible, and the demand for them is increasing -
production of healthy food, tourism and spa (climatic) treatment. However, the government at that
time believed that we should develop, first, heavy and then light industry and, in this way, enter into
a race with far more developed and technologically more advanced countries in Europe and the
world. All of this led to the neglect of the capacities we had at that moment and we did not
understand their importance, destroying agricultural and other capacities through uncontrolled
deforestation, excessive use of herbicides and pesticides, polluting watercourses, neglecting
development and investment in those economic branches that could do a lot lead to the economic
recovery of the country and increase the living standard of the population faster.

Rural, health, eco and ethnic tourism represent a great chance for the Republic of Serbia for its
economic recovery, because our country has huge capacities for the further development of these
types of tourism, provided that further devastation of everything that constitutes sustainable
development and the possibility of ethnic production is not allowed. food and drink. Our country
still has exceptional conditions for this production, because it has huge areas of land in rural areas
that are not polluted by conventional production and industrial waste. Here we mean, first of all,
small agricultural farms, which produce organic food and can offer it in their tourist facilities or
offer it to tourists in their immediate surroundings. In this way, they save both time and money,
because they can market their products "at their doorstep”, avoiding going to markets in cities.

Precisely because of this, the Republic of Serbia recognized (admittedly, with a delay, but we hope
that it is never too late) the importance of the development of these types of tourism and the
production of ethnic food and beverages, so that it adopted the appropriate legal regulations, which
enable the achievement of the goals foreseen in the Tourism Development Strategy of the Republic
of Serbia for the period from 2016 to 2025. This Strategy was prepared in accordance with the
provisions of the Law on Tourism from 2009 and 2019, primarily in accordance with Article 7 of
this Law, which indicates that this Strategy establishes the long-term goals of tourism planning and
development, especially in accordance with the overall economic, social , ecological and cultural-
historical development. It includes, first of all, an analysis of the current state of tourism
development and a comparative analysis of competing countries, as well as advantages,
disadvantages and a vision of tourism development in our country.

The main goals of this Strategy are to enable the sustainable economic and ecological development
of tourism in our country and to increase the share of tourism in the gross domestic product
(therefore, to increase the total number of employees in this important branch of the economy), to
strengthen the competitiveness of the tourism industry, both domestically and internationally.
international market. It is indisputable that special attention will be paid to the development of
tourism in the economic, ecological and social sense, as well as to the development of organic
production, which will certainly ensure a significantly better image of the Republic of Serbia on the
European and world tourism market. "The Republic of Serbia has five national parks, ten nature
parks, fourteen landscapes of exceptional shapes, seventy-two nature reserves and special nature
reserves, two hundred and eighty-seven natural monuments and about seven hundred registered
farms engaged in rural, ethnic and ecotourism™ [4]. Of course, this is not the end of the available
capacities, because in our country, according to some estimates, there are still as many (700)
unregistered farms, one of whose main activities is dealing with the mentioned types of tourism.
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Ethno, eco and rural tourism in its beginning had enough labor and was based on what was provided
by individual households, but with the rapid development of these types of tourism and the
increasing demand of users of these tourist services, along with the development of organic
production, the need arose for employment of numerous tourist workers, who are engaged in
various activities. This means the employment of those citizens whose main activity is the
production of healthy organic food, the preparation of gastronomic specialties from safe and correct
raw materials, the transportation of interested tourists to regions that are rich in gastronomic
resources and organize fairs and festivals of ethnic food and drinks (of course, with mandatory
tasting), as well as the direct provision of services by catering workers in an increasing number of
facilities that offer such specialties. The fact is that our country did not recognize the importance of
all of the above in time, so that for decades after the Second World War, the village was neglected
and neglected, put on the margins of events and politicians were the ones who took care of it
(especially in the last couple of decades since the introduction of multi-partyism, i.e. party pluralism
) "sanctified" and "visited" only before the elections, making huge and unrealistic promises. In
addition, the media was not focused enough on the village, rural households and the invaluable
capacities of rural (unpolluted) areas, so that both domestic and foreign tourists were not sufficiently
informed about the advantages of eco and ethnic tourism, which these areas provide. Certainly,
gastronomic, health, religious and other types of tourism, as their subsystems, find their significant
place there and provide the users of these tourist services with numerous pleasures and complete the
exceptional tourist offer.

Due to the above-mentioned omissions and the non-domestic attitude towards the village and the
rural population (in the valid Constitution of the Republic of Serbia from 2008, there is no category
of village and it is not mentioned in a single word), the consequences are far-reaching. Over 1,000
villages in the Republic of Serbia (about ¥ of the total number of villages) are almost completely
empty, which represents a very gloomy statistic. Today, there are numerous studies in this regard,
but for the purposes of this work, we could cite the results of research reached by Branislav Gulan,
which he published in his monograph "Rural Environments in Serbia - Saving the Village and the
State" in 2019. Namely, according to his research, there are 4,709 villages in Serbia, of which 1,200
are in the process of disappearing, in 1,034 settlements live less than 100 inhabitants, in 550 less
than 50 inhabitants, about 100 villages are completely empty, and in as many villages live ten
inhabitants, whose average age is about 70 years [5]. This is why the attitude towards the
countryside has changed in the last few years, so that the highest political institutions of our country
have made it possible to obtain numerous subsidies for registered agricultural households, the
purchase of agricultural machinery and other necessary equipment, for the provision of seed
material, the purchase of abandoned houses (according to some estimates there are about 50,000
such houses in Serbia) and the like. Also, the National Team for the Revival of Serbian Villages was
formed, and within the Serbian Academy of Sciences and Arts there is an Academic Committee for
the Village, as well as a Committee for the Study of the Population.

How important the village is, as well as life in a healthy environment, in an open space, without
restrictions, was seen in the difficult moments we experienced during the pandemic caused by the
COVID-19 virus in the period 2020-2022. years. Here we are referring, first of all, to
unconstitutional measures restricting the right to freedom of movement, which were introduced due
to the so-called "lockdown". These measures were particularly difficult for citizens who lived in
apartments and who could not go out to meet basic life needs, such as purchasing necessary food,
food products, medicines, going to the doctor, receiving appropriate therapy, and the like. Due to
the neglect of villages, especially in rural areas, for decades, young people have been moving out
and going to cities in search of a better existence, where they often do not always find it. The result
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is the devastation of rural areas and the sale of agricultural land and dilapidated rural houses for
low sums of money*.

However, during the pandemic, the demand for staying in rural households, which provided
the opportunity for families with children to be in such healthy environments, rose sharply,
especially since it was not known what measures would be taken to prevent the spread of the
pandemic, their extent and how long will they last. That is why the prices of such facilities have
increased many times and this trend continues until today, especially since the habits of tourists
have changed, so the state also realized what a chance there is to develop tourism in rural areas
and that, therefore, it needs much more attention and funds. to invest in this economic branch.

It is undeniable that political, economic, health and other crises can negatively affect the
development of tourism in general, including rural tourism. Namely, political instability, which can
be a consequence of war conflicts, coups, demonstrations, strikes and the like, economic crisis and
decline in living standards, significantly reduce the desire and ability of users of tourist services to
travel and change their place of residence. The same could be said for health crises, such as HiN;
epidemics, SARS, the Ebola virus and others, because then freedom of movement is restricted and,
in this way, the spread of infection is prevented. This is how the recently survived global pandemic
of COVID-19 led to the so-called "lockdown™ and locking people in their houses and apartments,
because it was the biggest pandemic in world history. This undoubtedly had enormous
consequences for the tourism industry, as it limited the ability to travel from one country to another,
from one place to another within a country, and even to leave one's own apartments and yards. That
is why, as we have already stated, in our country (and according to information from other
countries) and in other parts of the world, rural tourism and rural wide areas, where people could
spend their time much more safely, gained importance. together with his family, using all the
benefits of nature, clean air and healthy water, with the use of ethnic food and drinks.

3. TRADITIONAL SERBIAN FOOD AND DRINK - ORGANIZING ETHNO
FAIRS

From the above, it can be concluded that the demand (and, therefore, the consumption) for ethnic
food and drink in the world is increasing, so that the tradition is experiencing its renaissance in
every respect. The current process of globalization in the world, which was initiated by the great
powers, tends to the unification and loss of the identity of small countries, so that, precisely, the
awakening of national pride, the desire to preserve traditions and customs, to return to one's roots, to
prepare old dishes and drinks (especially from organic products), preservation of old crafts and the
like, leads to protection from losing one's identity. This is also recognized in the Republic of Serbia,
so today we have more and more organizations that deal with pointing out the competitive
advantages of traditional Serbian drinks and food products. Unfortunately, our traditional cuisine
still hasn't taken the place it deserves in the world®, so we can read much more and easily get
acquainted with already tried and globally known cuisines, such as: Italian, Mexican, Spanish,
Greek , Chinese, French and others.

In addition to the increasing demand of foreign tourists for our traditional food and domestic natural
drinks, their interest in spa and rural tourism is also growing. Hence, a significantly larger

4 There were situations when in numerous villages (especially in Vojvodina) a rural household with a
house and all the accompanying facilities could be bought for only a few thousand -euros.
5 Certainly, we ourselves are, to a large extent, to blame for such a situation (especially our media), because
we have not sufficiently promoted the beauty, quality and advantages of our old traditional dishes and drinks
in the past decades. Also, when foreign guests come to us, our restaurateurs and tourist workers are very often
ready to offer them specialties from some other regions or surrounding countries (various types of fish and
seafood, artificial drinks, etc.), instead of offering what is autochthonous and that users of tourist services
cannot find in their communities where they live.
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marketing strategy of our country is needed, so that the advantages and qualities of providing
services from these activities are recognized in the world, better positioned and take their rightful
place. Of course, a special responsibility and role lies in the much greater involvement of individual
ministries of the Republic of Serbia, producers of traditional types of food and drinks and their
distributors, numerous tourist organizations, travel agencies, educational, health and other
institutions. [6]. The main goal of such activities should be to create an appropriate culture of using
healthy food and quality (alcoholic and non-alcoholic) drinks, produced in a traditional way, as it
was done centuries ago. The result, for sure, will be getting that position (place) on the non-
hierarchical ladder of Serbian cuisine, which really belongs to it, so that, due to the growing demand
for ethnic food and drink, there will be a significantly higher consumption and an increase in the
quality and quantity of these services [7]. Due to insufficient marketing activities in the world, little
is still known about the advantages of our traditional cuisine, by which we mean both different
dishes and different types of drinks. Almost everyone in the world knows about whiskey, metaxa,
tequila, vodka and other alcoholic beverages, but few people are familiar with the quality of our
homemade brandy, which is much better and healthier (when it is made in a natural, traditional way
and without unnecessary additives). and which, as such, "opens all doors", because real lovers and
connoisseurs of alcoholic beverages recognize its value very easily and quickly.®

Bearing in mind the above, numerous authors in their works talk about the extremely large impact
of tourism in general, and rural tourism in particular, on the development and economic recovery of
each country. Combined with agriculture and the production of healthy food, this impact is much
greater [8], so that, in order to connect them even more, it is necessary to further invest and invest in
technological achievements, increase the offer, build new hotels, restaurants of traditional cuisine
and adapt to the requirements and the needs of users of tourist services. In these activities, the role
of marketing, all types of media, social networks, promotion of local types of food and drinks,
provision of adequate transport and every other type of infrastructure, strengthening of trust,
communication and exchange of information between producers, suppliers and carriers of the
tourism industry is particularly important. The connection and joint action on the market of
organizations that are engaged in the production, distribution, sale and offer of ethnic food and
drinks will certainly contribute to the increase in the quality and quantity of the tourist offer and the
expansion of the tourist market, the increase in the living standard of the population, and therefore a
significant impact on the economy of our country [9].

In order to achieve all this, it is necessary to engage young, educated, capable and determined
people, who are ready to take on all these challenges, to educate consumers and create a culture of
consuming, first of all, ethnic food and drinks. Undeniably, this very important role is played by
appropriate trade fairs, which, thank God, are increasing all over our beautiful country of Serbia.
There, a special place is occupied by the traditional fair in Belgrade, which last year, in 2023, was
held (for the 17th time) in the period from November 30 to December 3, and where lovers of good
food and drinks had the opportunity to enjoy a unique combination of tradition and authenticity. At
this fair, sponsored by the Ministry of Agriculture, Forestry and Water Management, in addition to
the city of Belgrade, more than 300 producers presented themselves, and the goal of organizing
such an event is’, in the first place, establishing a brand of ethnic products. This Fair, like most
others, is designed so that in one, relatively small space, producers of healthy food and drinks,
culinary masters and true lovers of traditional cuisine meet, promote their local culinary heritage,
hold lectures on the importance of preserving and further developing organic production. The fact
that during those few days a huge number of mutual communications, exchange of information and

6 The author of this work himself was a witness to this, who during his frequent trips to Europe, always takes
the permitted amount of this drink, which in German-speaking countries, most often humorously, is called

"Heiliges Wasser" (holy water).

7 Many participants from Bosnia and Herzegovina (primarily from Republika Srpska), Montenegro,
Macedonia, Romania, Greece and other surrounding countries give this fair an international character.
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establishing contacts about further cooperation is achieved is especially significant, because both the
exhibitors themselves and thousands of visitors from all over Serbia and other countries can directly
familiarize themselves with the quality and quantity of everything of what is offered to them on that
occasion. This is the only way to revive the flavors of old recipes and the beauty of traditional food
preparation techniques in an exceptional atmosphere, which insists on the diversity and authenticity
of the gastronomic heritage of all regions of the Republic of Serbia.

Also, these and similar manifestations help manufacturers to bring their high-quality products to the
market, to promote and turn them into brands, to carry out the promotion, above all, of organic food
and drinks®, to preserve and protect forgotten recipes and contribute to the protection of
geographical origin (up to now more than 50 requests for obtaining a product geographical origin
label are supported). The organizers of last year's Belgrade Ethnic Food and Beverage Fair have
repeatedly emphasized that this traditional manifestation played a very significant role in the so-
called to the "branding™ and promotion of many products from different areas of our country, such
as: Leskovac ajvar, Kacar and Homolj honey, tobacco crackers, Futo cabbage, Pirot iron sausages,
jams, pickled winter meats, various sweets, cured meat specialties, lukewarm products, cheeses, tea
mixes, dried fruits, bakery products, wines, brandies, juices and the like. Therefore, we can freely
say that each subsequent fair (in general, and especially in Belgrade) represents a real "treasure™ of
taste and tradition, gathering an increasing number of exhibitors, both from our country and from
numerous countries in Southeast Europe, thus celebrating the wealth of diverse gastronomic
heritage and promoting national specialties and products that are deeply rooted in the culture and
tradition of these areas. In this way, many things were "pulled out" from oblivion and preserved for
generations to come, so that such events represent a real "epicenter” of the taste and smell of
tradition. Certainly, numerous workshops, lectures and various cultural events further enrich such
manifestations, giving visitors the opportunity to talk with passionate producers of such high-quality
products and culinary masters, to get to know the beauty and rich taste of authentic products from
our country and representatives of other countries.

4. RURAL TOURISM IN SERBIA AND LEGAL ASPECTS OF ITS
DEVELOPMENT

When we talk about the importance of the production and use of ethnic food and drinks, as a great
chance for the economic recovery of our country, we must point out the fact that further investment
in the development of rural tourism is necessary, as well as the way to regulate this type of tourism
economy. Here we mean, first of all, the Law on Tourism, the Law on Hospitality and the Law on
Consumer Protection, as well as numerous other by-laws, which in this case, we would not list and
analyze in more detail. It should be borne in mind that both the law and the by-laws change during
their validity, in whole or in part, adapting to the current situation, changes in the supply and
demand market, the economic, political and health situation in the country and the world, as well as
the state at the global tourist level. Tourist services in rural households can be provided by natural
persons, entrepreneurs, companies and other legal entities, and the most attractive tourist
destinations are those that have protected nature, a preserved environment and tourist motives that
attract guests. Therefore, the most important prerequisite and basis for the development of this type
of tourism is the change in economic activities in the countryside and the reaffirmation of traditional
cultural values. It is a fact that in recent years the interest of tourists has been growing for
ecologically clean nature, for consumption of domestic (autochthonous) agricultural products, as
well as for learning about culture, religion, customs and living conditions in the place and
surroundings where they stay during their vacation. Users of tourist services in such environments
have additional needs (in addition to accommodation and food), which arise from the desire to
fulfill their free time with quality, with certain excursions, cultural events, education, and even work

8 Today in Serbia, according to the words of the current Minister of Agriculture at the opening of the Fair,
around 7.000 agricultural households are engaged in organic production.

152



on the farm.? This is necessary in order to escape from work, worries and efforts in search of an
exciting experience and some new activities that trigger emotions and provide a break from
everyday worries, stresses and the like. Today, tourists travel more and more to these areas to
change the environment, stay in nature and in cleaner air and get everything they don't have at
home. Of course, their desire to gain new knowledge, to study the culture of other peoples and try
local specialties, to examine the beliefs of that region, to see, touch and feel something unknown or
to relive some memories of the former way of life also plays an important role.

In order to achieve all this, it is necessary to legally regulate tourism activities in the countryside, so
that the latest Law on Tourism from 2019 regulates the conditions and method of planning and
developing tourism, as the principles on which the regulation of relations in the field of tourism is
based. Here we mean, above all, the integral development of tourism and its sustainable
development, which is based on the preservation of natural and cultural assets, the preservation and
development of the local community, the increase of efficiency and responsibility in the area of use
of tourist space, the provision of unique standards for the provision of tourist services, protection
national economy, provision of unique and public electronic records, planning of rural and ethnic
tourism development policy in accordance with the Tourism Development Strategy of the Republic
of Serbia. In addition to this planning document, there are certainly others, such as: Strategic master
plan, Strategic marketing plan, tourism development program, tourist products, promotional
activities, and all of them must be harmonized with the aforementioned Tourism Development
Strategy of the Republic of Serbia.

Also, a very important general act is the 2019 Act on Catering, which regulates the conditions and
manner of performing catering activities. According to this Law, a rural tourist household is an
object or a group of objects in which the services of accommodation, preparation and serving of
ethnic food and drinks (as well as other types of these products) are provided, all in a rural (village)
environment, with elements of local characteristics and heritage. . A caterer, before starting to
perform activities in a catering establishment of domestic craftsmanship and a rural tourist
household, obtains a decision by which that establishment is categorized, and it is especially insisted
that health conditions are met and regular health inspections of such catering establishments are
carried out, all in accordance with the Law on health care.

As the third significant act related to the legal aspect of the development of rural tourism in our
country, we cite the Law on Consumer Protection of the Republic of Serbia from 2021, which was
adopted with the aim of protecting the position of consumers, informing them and improving their
knowledge of their rights and obligations, ways protection of the rights and obligations of the
association, whose field of activity is the achievement of consumer protection goals. The rights
established by this Law are binding in nature and the consumer cannot waive them, and the legal
provisions are applied to the relationship between consumers (in our case, users of tourist services)
and service providers in rural tourism. The obligation to inform the users of tourist services (as well
as their education) in an unambiguous, legible and easily perceptible manner is particularly
emphasized. This means, first of all, informing about all the elements of the contract before its
conclusion about all the elements of the sale of ethnic food and drinks, the provision of
accommodation services or any other tourist service.

5. CONCLUSION
From the above, we can conclude that investing in the development of agritourism and the

production of ethnic food and beverages is a great chance for economic recovery and the economic
revival of our country. The Republic of Serbia has extremely large opportunities for the

%1t should be emphasized that today's quality does not mean any kind of luxury, but a good product and timely
service.
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development of rural tourism, and therefore the Tourism Development Strategy of the Republic of
Serbia for the period 2016-2025 was adopted, which was prepared in accordance with the provisions
of the Law on Tourism. The aforementioned Strategy has numerous goals, the most important of
which is enabling sustainable economic development in our country and increasing the total number
of employees in this extremely important economic branch. This will undoubtedly contribute to
increasing the share of tourism in the gross domestic product and ensure a much better image of the
Republic of Serbia on the tourist market, not only in Europe, but also in the whole world. Numerous
fairs and festivals of ethnic food and drinks play a huge role in all of this. In our country, decades
ago, the village was neglected and was on the margins of the interest of those who "lead" the
country and decide on the way to ensure the existence and raise the standard of living of its
population. We hope that, finally, after the recognition of rural tourism and villages in general as a
great chance for the Republic of Serbia and its exit from the multi-decade economic crisis, there will
be the application of valid legal regulations and their implementation, because until now they were
just "an empty letter on paper ", and the peasant was in the center of attention only during the
elections, when big promises were made, which were soon forgotten. Our current Constitution of
the Republic of Serbia from 2006 did not dedicate a single word to the village, nor did it mention it
in its provisions - of course, it didn't have to, but it could!?
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Abstrakt: Hranidba kolostrumom neophodna je za prijenos pasivnog imuniteta i zdravlje novorodene teladi.
Unutar prva dva do najkasnije Cetiri sata zivota tele treba popiti ili posisati kolostrum. Sadrzaj hranjivih tvari
(masti, ugljikohidrata, proteina, minerala, vitamina) visestruko je vecéi u kolostrumu u usporedbi s mlijekom.
Pasivni imunitet stjece se uzimanjem kolostruma i imunoglobulina koji se u njemu nalaze. Intenzivna
apsorpcija imunoglobulina dogada se tijekom prvih 12 do 24 sata Zivota. Najbolji je nacin cuvanja kolostruma
duboko zamrzavanje i cuvanje na — 20°C. Tako zamrznuti kolostrum najbolje je iskoristiti u razdoblju do
godinu dana. Odmrznuti kolostrum telad izuzetno dobro prima i iskoristava.

Kljuéne re€i: kolostrum, telad, hranjive tvari, pasivn imunitet, cuvanje kolostruma

Abstract: Colostrum feeding is necessary for the transfer of passive immunity and the health of new-born
calves. Within the first two to four hours of life, the calf should drink or suck colostrum. The content of
nutrients (fats, carbohydrates, proteins, minerals, vitamins) is many times higher in colostrum compared to
milk. Passive immunity is acquired by taking colostrum and the immunoglobulins contained in it. Intensive
absorption of immunoglobulin occurs during the first 12 to 24 hours of life. The best way to store colostrum is
deep freezing and storage at -20°C. Colostrum frozen in this way is best used within a period of up to one year.
Calves receive and use thawed colostrum extremely well.

Key words: colostrum, calves, nutrients, passive immunity, colostrum storage
1. INTRODUCTION

Colostrum is a product of the mammary gland of mammals, and it is secreted during five to seven
days after birth. Colostrum, which we also call colostrum or curd, is the "first milk" that is rich in
antibodies. The life and health of the calf and its further breeding depend on whether it has sucked
the appropriate amount of colostrum in time. The costs of breeding heifers increase if there is a
higher mortality of calves or if diseases that could have been prevented by taking colostrum need to
be treated. Cow colostrum differs from normal milk in color, taste and chemical composition.
Colostrum is a sticky yellowish secretion, with a specific smell, slightly salty taste and thick
consistency [1]. Compared to milk, colostrum has a higher acidity. Due to the higher content of
simple proteins, colostrum coagulates (coagulates) when cooked. The most important difference
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between colostrum and normal milk is the protein composition. Colostrum is primarily rich in
globulins and immunoglobulins. The protein concentration in colostrum is up to 14%. In the first 24
hours, the composition of colostrum changes, and the protein content approaches that of milk [2].
Considering the exceptional importance of colostrum for the further development and productivity
of the young, this review paper aimed to analyze the characteristics and significance of the use of
colostrum.

2. TAKING COLOSTRUM

Within the first two to four hours of life, the calf should drink or suck colostrum. This is necessary
for the following reasons: the calf is born without antibodies and is instructed to receive them
through the mother's colostrum in order to be protected from pathogens that are normally present in
the herd environment. The concentration of antibodies in colostrum decreases rapidly after birth,
and the ability to adopt antibodies in the small intestine of the calf is possible only during the first
12-16 hours after birth [1, 2, 3, 4].

The amount of first colostrum that the calf needs to drink or suck is 1.5 to 2 liters, and it is
determined by the capacity of the rennet, which is also 1.5 to 2 liters. The next feeding should
follow no later than 12 hours after birth, with the same amount of colostrum. There is a strong
positive correlation between the amount of colostrum consumed in the first hours of life and the
level of immunity. Thus, in the test [5], it was determined that less than two liters of colostrum
sucked in the first two feedings during the 12 hours of life did not provide adequate immunity, so
such calves had a lower growth rate until the third month of life. The best results with regard to calf
growth were obtained from a daily amount of colostrum of 2.5 to 3.5 liters. A larger amount of
colostrum than stated did not result in better growth results.

In herds where machine milking is used, it is recommended to feed calves with colostrum from the
first day from a teat container. In this way, control and quality of colostrum is possible. The practice
that is present on some farms, according to which the calf stays with its mother for the first seven
days and is often suckled, is not recommended because first-time heifers need a longer period of
adaptation to machine milking. Sucking calves is not justified even in herds with manual milking of
COWS.

3. CHEMICAL COMPOSITION OF COLOSTRUM

The chemical composition of cow colostrum during parturition and during the next two days of
lactation, as well as a comparison with normal milk 48 and 72 hours after calving, are shown in
Table 1. The content of nutrients (fats, carbohydrates, proteins, minerals, vitamins) is many times
higher in colostrum in compared to milk. All the mentioned nutrients are most abundant in
colostrum after parturition, and then gradually decrease during the first and second day after the
cow gives birth.

Compared to milk, colostrum is more acidic, and the content of dry matter and protein is
significantly higher. Colostrum contains significantly more micro and macro elements and vitamins
A, D and E compared to milk. Colostrum has an increased content of catalase enzymes and
purgatives that help expel meconium from the digestive system. It was also found that cows with a
lower level of colostrum have more protective bodies at the first milking than cows that produce
more colostrum. In general, older cows have better quality colostrum compared to younger cows.
The quality of colostrum also depends on the structure of the sphincter of the teat canal. Cows prone
to mastitis, as well as cows with a short dry period, produce colostrum of poorer quality [6,7].
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Table 1. Changes in the composition of colostrum and milk after calving [8,6,9]

A nutrient Colostral milk Normal milk
Delive | 13 hours after 24 hours 48 hours 72 hours
ry calving after calving | after calving | after calving

Dry matter, % 33,6 20,9 15,6 14,0 12,8
Fats, % 6,5 2,5 3,6 3,7 3,7
Proteins, % 23,1 13,7 7,1 4,9 3,5
Casein, % 5,6 4,5 4,2 3,6 2,8
Albumin and globulin % 16,9 9.0 2,6 1,1 0,7
R-lactoglobulin, % - 0,8 0,8 0,3 0,3
a- lactoglobulin, % 0,2 0,1 - 0,1 0,04
Serum albumin, % 0,1 - - - 0,09
Imunoglobulin, % 6,8 51 3,2 0,8 0,09
Lactose, % 2,1 3,5 4,2 4,4 4,8
Ash, % 1,4 1,1 1,0 0,9 0,8
Calcium, % 15 15 1,3 1,2 1,3
Phosphorus, % 0,3 - - - 0,1
Magnesium % 0,04 - - - 0,01
Sodium, % 0,07 - - - 0,06
Potassium, % 0,12 - - - 0,10
Iron, % (mg/100g) 0,20 - - - 0,05
Copper (mg/100g) 0,06 - - - 0,02
Carotenoids (pg/g fat) 35 - - - 8
Vitamin D (ng/g fat) 30 - - - 15
Vitamin E (ug/g fat) 125 - - - 20
Thiamine (ug/100g) 60 - - - 40
Riboflavin (ug/100g) 500 - - - 150
Niacin (ug/100g) 100 - - - 80

4. PHYSIOLOGICAL CHARACTERISTICS OF COLOSTRUM

The importance of colostrum in feeding calves is extremely important because it is the only
complete food. In addition to the increased content of nutrients (Table 5), recent research [10]
indicates that colostrum is rich in numerous growth factors and hormones, and colostrum feeding
has a beneficial effect on milk yield after growing up, which is associated with the presence of IGF-
I, IGF-II, somatotropin , insulin, prolactin and leptin [11]. Through the lactocrine mechanism,
hormones participate in the development of the digestive system, the development of digestive
enzymes and the improvement of the absorption of nutrients from the digestive system. [12]
investigated the occurrence of disease and death in calves and found that the mentioned phenomena
increase if adequate amounts of immunoglobulin are not absorbed, and the most common cause of
calf death is poor colostrum quality and late feeding after parturition.

If the colostrum is of poorer quality [13], they suggest adding various commercial supplements to
the colostrum. Supplements prepared in this way may contain bovine immunoglobulins, and they
are prepared from whey, colostrum of immunized cows or obtained by monoclonal antibody
technology. The preparations produced in this way can increase the content of antibodies (IGg) in
low-quality colostrum and increase the low titer of antibodies in calves.
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5. ABSORPTION OF NUTRIENT AND PROTECTIVE SUBSTANCES

Tele se rada s nerazvijenim zeludcima i bez aktivnog imuniteta. Pasivni imunitet stjeCe se
uzimanjem kolostruma i imunoglobulina koji se u njemu nalaze. Intenzivna apsorpcija
imunoglobulina dogada se tijekom prvih 12 do 24 sata zivota. Poslije ovog kratkog razdoblja
sposobnost crijeva za apsorpciju imunoglobulina znacajno se smanjuje. Zbog toga telad treba Sto
prije uzeti majc¢in kolostrum. Idealno je da telad uzme kolostrum 30 minuta nakon rodenja, a
najkasnije Cetiri sata nakon rodenja. Napajanje teladi kolostrumom u koli¢ini 4% do 5% od tjelesne
mase potrebno je zbog toga Sto novorodena telad ne sadrze antitijela te kolostrum trebaju dobiti
kako bi se zastitila od bolesti. Sposobnost teladi za apsorpciju (upijanje) imunoglobulina znatno je
smanjena 24 do 36 sati nakon rodenja. Neposredno poslije teljenja telad mogu biti inficirana
patogenim mikroorganizmima. Kolostrum je koncentrirani izvor lako dostupnih visokoprobavljivih
hranjivih tvari i energije [14].

6. THE IMPORTANCE OF COLOSTRUM

As a rule, the recommendation is that the calf should receive its first colostrum as soon as possible,
based on the fact that its composition changes rapidly. [6,9,15] state that the antibody concentration
12 hours after calving decreases by half of the initial level.

At birth, the calf has a poorly developed immune system because the placenta does not allow the
transfer of antibodies from the mother to the fetus during pregnancy. It is important to point out that
globulins contain antibodies that the cow produces to protect itself from the microorganisms it is
exposed to in the environment. The calf is protected from diseases through colostrum in the earliest
period of its life, until its own immune system develops and activates. Antibodies are proteins that
recognize and destroy pathogens or pathogens in the calf's body [16, 17]. There are three main types
of immunoglobulins, namely G, M, A, which are represented in colostrum in the following
proportions: from 85 to 90%; 5 to 10% and 5 to 10%. These three types of Ig have specific tasks in
the immune system. 1g-G are able to recognize and destroy invading pathogens outside the
bloodstream in any body organ. The main role of 1g-M is the destruction of bacteria that have
entered the blood. 1g-A binds to the cell membranes of organs and thus prevents pathogens from
doing so before them and causing disease.

The success of colostrum feeding is based on four factors: the timeliness with which the calf takes
colostrum after calving, the amount of colostrum the calf drinks, the quality and concentration of
immunoglobulins in colostrum and the purity of pathogens in colostrum [18].

The principle of timeliness of taking colostrum is manifested in the fact that colostrum globulins can
reach the blood during the first 24 hours, but it should be emphasized that already at the end of 24
hours after birth, the globulins can almost no longer pass into the bloodstream. The content of
immunoglobulin in the first nine hours after the birth of the calf is almost the same. It is important
to give the calf two liters of colostrum in the first 12 hours of life. If the calf has not drunk any
colostrum within 12 hours after birth, it will certainly not be able to acquire adequate immunity. If
possible, the calf should be given colostrum one hour after birth. American farmers who keep their
cows on pasture reward the staff in charge of caring for the calves per reared calf. Calves are fed
within two hours or helped to stand up and suck colostrum. Special attention is paid to the female
calf. Every reared female calf is capital for the future, whether it is used for its own overhaul or sold
for breeding. It is stated that colostrum has a very high nutritional value, and in addition to its
nutritional value, its laxative role has also been proven.

Considering the quantity, it is ideal for the calf to be fed with two liters of high-quality colostrum

within an hour after birth. The second time, the calf should be watered with two to three liters of
colostrum no later than eight hours. It is recommended that the cow and calf be together, if not
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longer, then at least for the first twelve hours after calving. If the calf did not stand up and drink the
colostrum on its own within three hours after birth, it needs to be helped to drink it. In the USA,
they do this using an esophageal feeding tube [19].

In terms of quality, the protein content of first milk is 5 to 6%, but it can vary from 2 to 15%. The
antibody concentration decreases with each subsequent milking. Already at the second milking, the
antibody level decreases to 65%, and at the third milking, this proportion is 40% compared to the
first milking [2, 20].

Nutrients such as fat and protein, which are important for the growth of the calf, are represented in a
higher proportion than in ordinary milk. The percentage of fat is about 6.7%, and protein is about
14%. The lactose content is lower than in regular milk, so it reduces the risks of diarrhea in the
newborn calf (Vega et al., 2011). In dairy breeds, the concentration of Ig in colostrum is lower than
in fattening breeds. Of the milk-producing breeds, HF has the least 1G- in colostrum. First heifers
usually have less IG, and cows in the third lactation have the most immunoglobulins [17].

The biggest challenge when feeding colostrum is how to keep it clean, free of pathogens, and this is
achieved by hygiene of udders, milking machines and calf feeding equipment. [2, 19] state the
positive features of colostrum that classify it as an indispensable food in the first days of life,
namely digestibility, purgative properties, provision of passive immunity to the calf, provision of
vital nutrients (proteins, carbohydrates, fats, minerals, vitamins). Despite the fact that passive
protection decreases, colostrum enables the transition to the establishment of active immunity,
which the calf acquires at four weeks of age.

In herds with high milk production, a certain amount of unused colostrum remains. In the case of
first-calf heifers, about 35 kg of excess may remain, and in the case of older cows, the excess of
colostrum varies from 50 to 70 kg. Excess colostrum can be used fresh, fermented or preserved
[19]. Fresh colostrum can be used to feed older calves that are on a milk diet by diluting it with
warm water at a ratio of 2:1 or it can be added to an already prepared milk replacer before feeding.

The best way to preserve colostrum is deep freezing and storage at -200 C. Colostrum frozen in this
way is best used within a period of up to one year. Calves receive and use thawed colostrum
extremely well. Frozen colostrum is gradually thawed at a temperature of up to 50 oC. It is
recommended not to thaw colostrum at room temperature because the number of microorganisms
doubles every 20 to 30 minutes [21, 22].

Antov, [19] suggests that colostrum is frozen in three consecutive milkings from old cows that have
calved in autumn and have been on the farm for a long time and have not suffered from mastitis. If
the cow ate green fodder during the summer, and hay and silage in the winter, the colostrum is rich
in carotene and vitamin E. Excess colostrum is filled into buckets with a volume of 0.5 to 1 liter,
which we mark with stickers and keep in freezers. Despite the fact that about 10% of the value of
fresh colostrum is lost by freezing, it allows raising calves without the risk of disease and losses. If
necessary, it is thawed and prepared for feeding calves by submerging buckets with frozen
colostrum in larger containers with water temperature no higher than 40 oC. Higher temperatures
damage immunoglobulins, thus losing the protective role of colostrum.

Lack of colostrum can occur in first-time heifers, and one of the causes is the stress that occurs
during calving. There is also a possibility that the cow may die during difficult calving. Then it is
recommended that the calf be fed with colostrum from a calving cow at approximately the same
time. If the calf were to drink the milk of previously calved cows, it could end fatally for the calf. In
such cases, it is best to use frozen colostrum.
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7. CONCLUSION

Colostrum is primarily rich in globulins and immunoglobulins, with the help of which the calf gains
passive immunity. It is necessary to give it to the calf in the first two to four hours due to absorption
by globulins and immunoglobulins. In addition to the increased content of nutrients, colostrum is
rich in numerous growth factors and hormones, and colostrum feeding has a beneficial effect on
milk yield after growing up, which is associated with the presence of IGF-1, IGF-I1, somatotropin,
insulin, prolactin and leptin. Colostrum enables the transition to the establishment of active
immunity, which the calf gets at four weeks of age.
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Abstract: The tasks that are set before all of us participants in the food production process are that the
agricultural production practice must be sustainable from the economic, social and ecological aspects.
Maintaining active biodiversity in the soil and improving diversity in agro-eco systems are prerequisites for
sustainable agriculture and the application of positive practices. Today, organic agriculture represents a
significant part of the global food production system, and its principles are increasingly receiving recognition
and support for their contribution to sustainable development and environmental preservation.

The demand for healthy food is constantly increasing as a reaction to knowledge about the negative effects of
established production methods. It is the ultimate choice of every nation that cares about its health, the planet
and the well-being of current and future generations.

The health of the soil, plants, animals, people and the planet as a whole is a big challenge for us at this time.

Key words: agricultural production, healthy life, MINERAL forte PLUS, healthy planet

Apstrakt: Zadaci koji se postavijaju pred sve nas ucesnike u procesu proizvodnje hrane su da poljoprivredna
proizvodna praksa mora biti odrziva sa ekonomskog, socijalnog i ekoloskog aspekta. Odrzavanje aktivnog
biodiverziteta u zemljistu i unapredenje diverziteta u agro-eko sistemima su preduslovi za odrzivu
poljoprivredu i primenu pozitivnih praksi. Organska poljoprivreda danas predstavija znacajan deo globalnog
sistema proizvodnje hrane, a njeni principi sve viSe dobijaju priznanje i podrsku za svoj doprinos odrzivom
razvoju i ocuvanju zivotne sredine.

Potraznja za zdravom hranom je u stalnom porastu kao reakcija na saznanja o negativnim efektima ustaljenih
metoda proizvodnje. To je krajnji izbor svakog naroda koji brine o svom zdravlju, planeti i blagostanju
sadasnjih i buducih generacija.

Zdravlje zemljista, biljaka, zivotinja, ljudi i planete u celini predstavija veliki izazov za nas u ovom trenutku.

Kljuéne reci: poljoprivredna proizvodnja, zdrav zivot, MINERAL forte PLUS, zdrava planeta

1. INTRODUCTION

When man began to lead a sedentary lifestyle and engage in agriculture, he began to exert a direct
influence on the environment and to change it in accordance with his needs. Today, when there are
almost 8 billion people on the planet, the impact of agriculture and food production on the
environment is enormous. The main problem is the industrial model of food production, which
mercilessly depletes natural resources and pollutes the environment through the use of chemical
preparations, affecting healthy nutrition, diseases and the survival of the human population.
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Corporations dictate the rules of the market game and use all possible ways to make even more
profit, at the expense of the health of people (the little man) and nature.

They assured us, both producers and customers, that a different system was not possible. They
convinced the producers that they had to spray against various diseases, that they should use mineral
fertilizers (NPK) abundantly so that the fruit would be large, that they had to buy seeds from
corporations because these domestic seeds would not bear fruit. They assured consumers that
everything had to be so in order to provide enough food for the population, in order to provide the
so-called food safety. The conventional model of food production is based on these assumptions.
The producer depends on large corporations that control every segment of food production, from
seeds to all preparations, primarily for their own interest, and not for food safety, as is often tried to
justify in public. And most people accepted it. Why? Because it's easier for everyone. The average
farmer goes to the agricultural pharmacy, buys everything he needs, does as he is told and does not
think too much about what he is doing. The average customer goes to the store, buys what he needs
and doesn't think too much about the origin of his food. Convenience and choice make our lives
easier. However, everything has a price. Too much comfort leads to dullness. Too many choices
lead to a kind of devaluation of basic life values.

Care about the modern world, which in the last few decades, and especially in the last few years, has
entered a very difficult and complex situation. Namely, the development of science, technology and
industry in the past centuries followed its own course, which could be followed to some extent, but
the impact on nature, food and life got out of control. Modern science teaches us - that work is a
specific activity of man, through which he developed to his present form. By developing and
strengthening health through conscious activities, man improves his basic function in society, that
is, he works and creates material and cultural goods. It is time for man to return to nature in order
for it to return to man.

The tasks that are set before all of us participants in the food production process are that the
agricultural production practice must be sustainable from the economic, social and ecological
aspects. Maintaining active biodiversity in the soil and improving diversity in agro-eco systems are
prerequisites for sustainable agriculture and the application of positive practices.

2. CHANGE OF CONSCIOUSNESS AND RESPONSIBILITY

As in any process, everything starts with a change in consciousness that leads to a different
perception of the problem and finding solutions that are accessible and applicable to everyone. The
awareness that all beings are interconnected and interdependent through the ecosystem is the
starting point towards a food production system in harmony with nature. [1].

Figure 1. Will this caricature soon become our reality or will the concept of sustainable
development come to life? Environmental damage knows no borders, EU leaflet, 1991.
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Care about the modern world, which in the last few decades, and especially in the last few years, has
entered a very difficult and complex situation. Namely, the development of science, technology and
industry in the past centuries followed its own course, which could be followed to some extent, but
the impact on nature, food and life got out of control. Modern science teaches us - that work is a
specific activity of man, through which he developed to his present form. By developing and
strengthening health through conscious activities, man improves his basic function in society, that
is, he works and creates material and cultural goods. It is time for man to return to nature in order
for it to return to man.

Man is dependent on nature in every sense, nature is our home, which feeds us and gives us what we
need and that we should respect that. This sounds logical, but it is very far from our way of life. In
order to respect and live with nature, we need radical changes in our way of life, and above all, a
change in consciousness. The world is thinking about it, why shouldn't we.

The European strategies for food production are divided into several tracks and scheduled for
implementation by 2030: [2]
1. Field-to-table strategy
2. Strategy for the return of progeny to our environment.
3. The green agenda, which includes the protection of land as a non-renewable resource.
4. The existing intensive agricultural production is unsustainable in many ways and requires
new approaches and new solutions. *
- stimulate farmers to produce certified organic food,
- overcoming the consequences of climate change,
- reduce excessive energy costs in agriculture,
- renewable agriculture,
- the EU imperative is to reduce the use of pesticides by 50% by 2030,
- reduce the use of chemical nutrients/artificial fertilizers/ in agriculture,
- introduce cover crop technology for the benefit of the ecosystem,
- enable the availability of nitrogen to plant crops with an ecological approach and reduce the
carbon footprint.

Our response to the set goals-tasks is reflected in the effort to offer MINERAL forte PLUS 100%
natural on a larger scale as a tool that without false modesty solves many problems in agricultural
production, which is confirmed by current practice. We realized that as a company we are on the
right track.

We are followers of new technology, but processing with the help of knowledge and expertise what
nature has in various forms, natural minerals. We grind three types of minerals with machines to a
micronized form. Such a product supports the physiology of plants, we do not change the plants, we
only follow their needs. They repay us with healthy fruits that, with proper processing, can be made
into various forms. But it all has the expected smell and taste. We don't need chemical additives for
flavor and color.

And that's where we come to the basic premise of this work, which is how to move towards the path
of food production that is in harmony with nature and what is needed to achieve that goal, how to
use the natural resources and elements that we have in nature and that are within our reach hands.
The goal is to provide producers, and therefore future customers, with a healthy product, and this

4 With the recent adoption of the EU strategy "From field to table", ecologically produced food is
gaining more and more importance. It is a package of 27 legal proposals and policies that will
change the ways in which food is produced and consumed in Europe in the next ten years. The
strategy predicts that by 2030, the use of pesticides and antibiotics in agriculture will be reduced
by 50%, and artificial fertilizers by 20%.
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can be achieved by using the preparation MINERAL forte PLUS, which will still preserve the most
valuable thing of all that we have, in addition to the environment, our health. We are aware of that,
or at least we are becoming more and more aware, one cannot do without the other and that is why

WE DO NOT CHANGE THE LAWS OF NATURE BUT SUPPORT THE PROPER NUTRITION AND
PHYSIOLOGY OF PLANTS

The connection of an unpolluted environment, unsprayed food and healthy animals with our health
is inextricable. It is important that we always keep this in mind and that we choose the highest
quality food of controlled production for ourselves and our family.

Organic agriculture, as defined by the Food and Agriculture Organization of the United Nations
(FAO) and the World Health Organization, is a production management system that promotes
healthy ecosystems including natural diversity, biological cycles and emphasizes the use of methods
that largely exclude the use of off-farm inputs [3] . Organic farming is often associated with the
concept of sustainable agricultural development. According to Cvijanovié¢ [4], the central place in
the concept of sustainable development belongs to natural resources and agriculture, considering
that there is no sustainable development without rational use of resources in food production.

3. HOW DO WE BECOME HEALTHIER WITH ORGANIC FOOD?

Numerous scientific studies over the years have shown that organically grown food has great
nutritional value. On average, the presence of minerals, iron is higher by 21%, magnesium by up to
29%. Vitamin C has more than 27%. This series does not end there. If you drink organic milk or eat
organic cheese, you will get as much as 50% more omega 3 fatty acids than there are in industrially
produced milk.

Organic food also does not contain genetically modified ingredients, which are produced in
laboratory conditions, with the aim of increasing the resistance of plants.
There are 3 most important reasons why organic food is healthier:

1. Zero tolerance to pesticides.

2. Does not contain antibiotics and synthetic hormones.

3. More antioxidants in products that have not been treated.

Organic agriculture is growing more and more, while simultaneously meeting the demands of
society, such as sustainable development, biodiversity, food quality, etc. [5]. Organic agriculture
also has other functions such as ensuring food safety, protecting the environment, preserving non-
renewable resources and harmonizing agricultural production with market demands [6]. The
principles of organic agriculture are [7]:

- preservation of long-term soil fertility,

- nitrogen self-sufficiency through the use of legumes and biological fixation, as well as

efficient recycling of organic materials,

- protection is largely based on crop rotation, natural predators, diversity, fertilization, resistant

varieties and a limited level of thermal, biological and chemical interventions,

- extensive livestock management, behavior and animal welfare issues, with an emphasis on

nutrition, housing, health, and care,

- paying attention to the impact of the agricultural production system on the environment and

biodiversity protection.

If organic agriculture is viewed from the point of view of society, and not exclusively from the point
of view of farmers, it is in any case economically justified. This is reflected in the fact that it can
produce positive effects such as [5], [6];

- impact on the agroecosystem,
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- impact on employment in rural areas,
-ecological practices can also affect land that is not used for agricultural purposes, such as that
used for hunting or tourism.

Vazno je napomenuti da uprkos prednostima organskih proizvoda, potrosaci treba da imaju na umu
da nisu svi organski proizvodi stvoreni jednaki i da razli¢ite zemlje imaju razlicite standarde za
organsku proizvodnju.

Therefore, reading declarations, buying from verified producers and farmers and eating a varied and
balanced diet are key aspects of maintaining a healthy diet.

Today it is clear that nutrition is one of the most important factors for human health. The fight for
healthy food and healthy production has a wide social and environmental impact. Here are some key
factors and challenges in that fight [8]:

1. Consumer Empowerment: Educating consumers about the benefits of healthy food and
organic products is key to driving demand. Informed consumers often choose products that
are produced using sustainable methods and without the use of synthetic chemicals.
Educating consumers about the nutritional benefits of healthy foods can contribute to their
health.

2. Availability of healthy options: One of the challenges is to ensure that healthy food and
controlled products are available to more people. Sometimes these products are more
expensive, which can make access difficult for certain sections of society.

3. Supporting local producers: Supporting local organic farmers can improve the availability of
healthy food at the local level. Fostering local markets and communities that support farmers
can help develop a sustainable supply chain.

4. Regulation and standards: In some cases, improving regulations and setting high standards for
organic production can increase consumer confidence in such products. Clear regulations also
contribute to ensuring the quality and integrity of organic food.

5. Education of producers: Farmers should be educated about the benefits of organic production
and sustainable agricultural practices. Proper training can help farmers to switch to ecological
methods and manage their farm effectively.

6. Sustainability and environmental awareness: Promoting sustainability and environmental
awareness in agriculture is important for the long-term success of the fight for healthy food.
Understanding the environmental impact of conventional farming practices can encourage a
shift to more sustainable methods.

7. Encouraging political support: Politics plays a key role in supporting controlled production. It
is necessary to encourage policy measures for sustainable agriculture, promote local markets
and ensure the availability of healthy food.

8. Fight for food inequality: The fight for healthy food also includes the fight against social
inequalities.

The joint efforts of consumers, producers, governments, non-governmental organizations and

industry can contribute to achieving the goals of healthy food and organic production at the global
level.

4. "LIVING AGRICULTURE" IN SERBIA
4.1. THE STATE OF AGRICULTURE IN SERBIA

The availability of agricultural land gives Serbia a comparative advantage for the development of
agriculture in the direction of cleaner production of high-quality food. However, despite the strong
natural potential, the development of controlled and organic agriculture in Serbia has been relatively
slow until now.
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All the resources that are included in the production system protect, above all, the land as one of the
greatest assets, especially in Vojvodina. Organic methods of production with the use of compost and
manure preserve the natural fertility of our arable land [9].

Measures to support agriculture can have a positive effect on the further growth and development of
organic production, however, the incentives allocated within the measures for the implementation of
agrarian policy vary greatly from year to year, which significantly discourages producers from
turning more seriously to ecologically acceptable food production systems [9].

Figure 2. Soil pollution and overall degradation of its fertility is one of the most serious problems
today [8].

Today, the profession of an agriculturist is completely devalued and is considered a lower type of
knowledge. This attitude also reflects the situation in the agricultural sector in Serbia. The average
age of farmers in Serbia is over 55, young farmers are a statistical error. The number of agricultural
farms is decreasing dramatically from year to year. Less than 1% of the total agricultural land in
Serbia is under organic production. The level of organic matter on most agricultural land is less than
3%, which means that the soil is almost dead. Most of the land is at risk of erosion, i.e. loss of the
surface soil layer.

Blo

Figure 3. Confusion about the names sc denotes organic agriculture, for producers and consumers, is
the first step of misunderstanding [8].

The term "organic agriculture” is sometimes used in combination with the term "biological

agriculture”, so we often come across the combined name “organic - biological agriculture”. With
this, they really want to emphasize as much as possible that agriculture is the one that respects
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living beings and that is why in production it prefers to use living, organic rather than non-living,
inorganic substances.
In short, by the name biological or organic agriculture we mean that "LIVING AGRICULTURE"

Organic agriculture in Serbia has seen a certain growth in recent years, with the increased interest of
farmers and consumers in a sustainable and ecological approach to agriculture. Some of the key
aspects of organic agriculture in Serbia include [10]:

1. Increase in the area under organic crops: The number of farms engaged in organic
agriculture and the area under organic crops recorded a gradual increase.

2. Incentives and support: The Government of Serbia provides certain incentives and
subsidies to farmers engaged in organic farming in order to support the sustainable
development of this sector.

3. Certification: Organic products in Serbia often go through the certification process, which
guarantees that the products are grown in accordance with the standards of organic
agriculture.

4. Consumer interest: There is a growing consumer interest in organic products, which has
contributed to an increase in the supply of organic products on the market.

5. Education and awareness: There are activities aimed at educating farmers about organic
practices, as well as raising consumer awareness about the benefits of organic products.

Agroecology deals with these difficult and demanding issues. Various organizations and initiatives
around the world are trying to put agroecology on the agenda of decision makers. FAO, the Food
and Agriculture Organization of the United Nations, has recognized agroecology as a science-based
system that has the potential to transform our food production systems to be far healthier and more
sustainable than they are today.

4.2. HOW TO START THE TRANSITION FROM CONVENTIONAL TO AGRO-
ECOLOGICAL PRODUCTION?

There is no one solution and one conclusion as to what should be done in order for agriculture and
food production to be in accordance with the values and principles of agroecology because it is a
multi-dimensional long-term process.

From the perspective of the small man, it starts from a change of consciousness and networking of
small producers and consumers for the realization of common interests. This is something that has
already taken root on the Small Food Producers in Serbia platform. Thousands of consumers and
producers across Serbia, relatively speaking, united in the fight to preserve quality, traditional food
from the countryside. The next step can be motivating producers to switch from conventional
methods to agro-ecological production methods, and on the other hand, with an adequate connection
with consumers who are ready to support and cooperate, through an agreement on the long-term
purchase of their products. products. In this way, the producer secures the market, the customer
knows from whom and what he buys. Such economic models in agroecological practices are called
"community-supported agriculture”, and they are primarily based on mutual trust. When such a
model is formed and becomes functional in practice in some environment, the story can be further
spread and such partnerships can be created in any local environment.

A conscious consumer should think about what he eats, how that food was produced and who are
the people who produced his food. The producer should think about how to preserve and improve
the health and quality of the ecosystem, by increasing the quality of the soil and the conditions in
which the animals live, because healthy soil and animals imply healthy food and ultimately healthy
people. The most important thing is understanding that we need each other, support and cooperation
based on trust are the basic elements to change anything for the better. Through nature, we are all
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connected and interdependent, and only together can we unlock and initiate processes that will
preserve nature for us and future generations.

5. MORE THAN ORGANIC FARMING AND HEALTHY FOOD

Organic production is a system of sustainable agriculture based on high respect for ecological
principles through rational use of natural resources, use of renewable energy sources, preservation
of natural diversity and environmental protection. Organic production methods involve the use of
natural processes and substances, and limit or completely eliminate the use of synthesized agents.
[11].

Unlike conventional, organic production is based on the biological balance of the soil-plant-animal-
human system. Therefore, the health of people and other living things, the agro-ecological system
and natural cycles in nature are protected. Organic production is a system of sustainable agriculture
based on high respect for ecological principles through rational use of natural resources, use of
renewable energy sources, preservation of natural diversity and environmental protection. Organic
production methods imply the application of natural processes and substances, and limit or
completely eliminate the use of synthetic agents [12].

But it is a long way from recognition on paper to the implementation of our product in practice.
Working in the field with farmers is a demanding process because it is difficult to discard acquired
habits and knowledge in favor of something new.

5.1. PRODUCE "FOOD FOR THE SOUL"™ WITH ORGANIC PREPARATIONS

The " AZARTREDE " company and its employees are not only a "practical system of knowledge
about food production in accordance with nature™ but, above all, they are a value system that tries to
create connections and relationships between producers and consumers, between producers and
ecosystems and ecosystems and consumers, between institutions and civil society. It's all part of a
puzzle where, if one piece is missing, the system is out of balance, doesn't work as it should, and
threatens to slowly collapse. The main task is to try to look at the food production system from a
holistic perspective. And the human spirit is also part of the puzzle, a spice that completes and
makes the dish better. In addition to the environmental and climate crisis, we live in a time of
spiritual crisis. Traditional values that held society and families are slowly being lost, new values
are leading to individualism, in which the sense of community and collective good is slowly
dissolving. And nature is a collective good that should serve all beings. All our products are made
respecting all of the above in constant coordination with farmers, a direct and irreplaceable factor in
our mission.

6. MINERAL forte PLUS

Human presence is necessary regardless of all the artificial intelligence that is offered, we must have
young and educated people who will share the acquired experience in agricultural production with
direct producers and control their work in the field. Our cooperation with such organized people is
the right approach that leads to the goal, the production of healthy and controlled plant and animal
food.

The Mineral forte Plus product is of natural origin. It is produced in the form of a powder and
dissolves in water in a few seconds. It is soluble because it is composed of properly selected
minerals, calcium Ca, magnesium Mg and boron B are declared. Fine grinding is achieved through a
high-tech processing process. It is a means for supplementing plants and improving the soil - it
regulates the acidity of the soil.

169



Mineral forte Plus applied foliarly or through the root system nourishes the plant and enables a
wide range of positive effects. Intended for conventional and organic production, it meets the
certification requirements for the production of organically healthy food.

Mineral forte Plus can be mixed with all protective agents. It is non-toxic to humans, animals and
insects. The preparation changes the energy composition of the plant, accelerates the creation of
organic matter, increases the natural resistance of plants.

F(Di @Q%L.

www.mineralforteplus.com
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Figure 4. Mineral forte Plus, plant feed and soil improver [13].

Table 1. Name and content of the nutrient [14].

Nutrient matter Content
Calcium oxide (CaO) 50 % /-3%
Magnesium oxide (MgO) 12 % /-3%
Bor 1%

Physical properties: powder, white-gray color, odorless

Granulometric composition: Particles of 1 mm min 98%, Particles of 0.25 mm min 80%
Recommended quantities: 3-4 kg/ha depending on the type of soil and culture, dissolved 0.2-0.5%
Storage method: Store in original packaging in dry storage rooms

In order to fully understand the role of this agent in agriculture and its effect on plants, we must
refer to plant physiology. Green plants have the ability to, with the help of chlorophyll, synthesize
organic matter from carbon dioxide, water, light and solar energy by assimilation. The word
photosynthesis means combining by means of light. Life on Earth would be endangered without this
process.
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The most important process that occurs in the photosynthetic reaction (this is the second part of the
process) does not require the presence of light and takes place in chloroplasts. We need to
understand this cycle to understand the importance of adding calcium from our product. Here, one
oxygen atom is removed from the carbon dioxide (CO2) molecule, and then the carbon (C),
hydrogen (H) and oxygen (O) atoms combine to form the organic molecule CH,O. Carbohydrate
molecules, monosaccharides, disaccharides or polysaccharides, are formed by linking several of
these molecules together. The first carbohydrate formed is glyceraldehyde-3 phosphate, which
contains 3 carbon atoms. This means that for the synthesis of one molecule of carbohydrates, the
cycle must turn three times and fix three molecules of CO..

Glucose is therefore very rich in energy. Plants use it as fuel for their growth, but also for the
production of starch (it is an energy store) and cellulose. Throughout the process, the importance of
carbon dioxide is constantly emphasized. The reason for this is that increasing the concentration of
carbon dioxide (up to the optimal limit) accelerates photosynthesis, and thus increases organic
matter.

Carbon dioxide appears in the air in a concentration of (about) 0.03% (it usually varies because it is
heavier than air), which is insufficient for normal photosynthesis and metabolism. We make up for
it by foliar application of our preparation.

By applying the dissolved Mineral forte Plus powder to the leaves of the plant, we manage to
increase the amount of CO2 and thereby have a positive effect on all the described processes [13].

The preparation dissolved in water creates a very fine film with extremely small particles on the
surface of the leaf and begins to penetrate through the stomata into the interior of the leaf. Once
inside the leaf, calcium carbonate is dislocated due to the large contact surface of the micronized
calcite. This creates two decomposition products: carbon dioxide and calcium oxide. Because
calcite dissociation is easy, carbon dioxide is constantly available to plants through the leaves.

This process is important during high heat, which saves water through reduced transpiration.

In these processes, free calcium is a good barrier for plant stress, whether it is pathogen attack or
environmental conditions. The plant closes its openings because it has a sufficient amount of carbon
dioxide necessary for photosynthesis.

The element BOR is part of the composition of organic compounds, it plays an important role in the
process of pollen germination, biosynthesis of phosphorus compounds, sugar translocation from leaf
to fruit.

Magnesium affects numerous processes, the intensity of photosynthesis and dry matter. Any deficit
is solved by applying Mineral forte Plus.

Summarizing the effect of Mineral forte Plus, it can be concluded that it is applied to all plant
species through the leaves in a concentration of 0.3-0.5%. It increases the organic matter and thus
the yield, strengthens the immunity of plants, if necessary accelerates the vegetation of plants,
reduces the need for water in the dry period, is completely non-toxic and suitable for the production
of healthy food and ecologically preserves the environment..

The preparation represents a combination of high technology and nature, enabling plants to: [13].
1. Bioregulation
2. They feed the plant
3. They increase immunity
4. They improve the quality of cultivated plants

Benefits for users, producers of organic food are presented by: [13].

1. Increase in yield
2. Improvement of land
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3. The possibility of reducing expensive means for feeding and protection, proper nutrition is
half the protection!!!

Accordingly, the preparation will help plants to produce fruits of high nutritional and biological
value without chemical treatments. Mineral forte Plus is the base product for several products in a
series produced by the company AZERTRADE and present on our market. It is used outdoors and
in closed systems.

The preparation is a natural biostimulator and is used under regular circumstances in all
phenophases of plants.

It is especially recommended for SOS use - after mechanical damage to plants in the phase before
flowering because it quickly restores the herbaceous stem and leaf mass.

Many years of experience show the exceptional resistance of the treated plants to temperature stress,
the durability of the leaf mass in conventional chemical treatments.
The presence of micronized particles improves physiological effects: [14]

o Improved photosynthetic activity of the plant even in unfavorable circumstances.

o Accelerated metabolic activity reflected in increased protein synthesis.

o Increased amount of polyphenols

Effects and benefits after using Mineral Forte Plus:

¢ More intensive growth and development of plants.

o Resistance of plants to stress caused by lack of water.

e Increased fruit resistance during ripening,

e Increased yield of crops per unit area.

o The amount of FIRST class fruits increases considerably - /12-15%/

¢ The need to use protective equipment is reduced.

¢ The harmful effect of the used chemical preparations is neutralized, the withdrawal period in

the fruit of the plants is shortened.

e Micronized calcium from the preparation also acts protectively on the fruit.

o Reduces soil acidity and creates an environment in which:
*microorganisms cannot be active.
*plants easily absorb microelements from the soil.

Special benefits are manifested in plants where an increased presence of BOR and MAGNESIUM is
required - better flowering, greater presence of sugar in the tubers of sugar beet and potatoes
because the use of useful energy by the plant during photosynthesis is reduced
e The presence of this preparation enables preservation of moisture near the root system.
e The presence enables better utilization of nitrogen, N which is already in the immediate
vicinity of the root system and reduces the need for additional N (nitrogen).

The principle of fairness in the context of organic agriculture refers to the creation of honest and fair
relations towards the wider social environment, nature and life as a whole. Mineral forte Plus is a
preparation that tries to bring the context of fairness back into the framework of a healthy life.
Analyzes performed in authorized laboratories gave a recommendation for permission to be
included in the list of funds of the Ministry of Agriculture as a preparation/means allowed for
organic production [15].

7. CONCLUSION

"Whoever is the father of a disease, improper diet is its mother"
Dzordz Herbert
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Believe it or not, this was said in the 16th century. We put our health at the service of corporate
profits, the chemical industry in the broadest sense, the one that "supports™ small and large food
producers, processes their plant and animal products, adding a sea of additives, emulsifiers, artificial
colors and now also the production of meat from plant proteins. we are already building a factory
that will do it, but unfortunately it doesn't end there either, completely chemically produced meat,
"printed meat" for 98% of the planet's inhabitants. Of course, we are all here, you who work in a
chain of state institutions or you are a scientist and expert who will be very happy to participate in
the quasi-success of high technology. How is it possible ?

Let's all ask ourselves if this is normal, ethical, healthy, deeply human, then who are we?

Let's start from thinking, are we interested in their profits or the crumbs of something that will fall
from that table? Is it worth being in that company? Will you feed it to your children and
grandchildren? We are only people who have our own life on this planet, we inherited it from our
ancestors and we should leave it to our descendants. At this moment, let everyone think of someone
they love who is five, ten years old...

What do we feel? Shame, anger, helplessness or are we resigned to reality?

We as a company and all our associates perceive the situation as the last alarm to start changing
things. It's not impossible, just that each of us should think about what to do or not to do in the
context of this story and we started an avalanche.

Let's remember our childhood, how much we had and what we ate, how we rejoiced when there was
the smell of homemade bread at grandma's house, when vegetables were being picked and lunch
was being prepared, we reached out and picked a fruit and ate it without washing it. She was not
ideal, a little lumpy, but healthy. That happiness was real. Are we happier now when they sell us
ideal fruits and vegetables, beautiful on the outside, but without taste or smell?

Let us, the consumers, be the ones who set the standards and requirements, impose our needs and
desires on the producers. Let's not let them keep offering us their technological products. Let's get
back to ourselves. Let's take action and produce the little food we need to live a healthy life, without
supplements and medicines, in harmony with the nature that surrounds us. Let's let the people who
struggle to come up with this idea and produce that food, make money, and let us eat what supports
our bodies to function according to the same nature that we selfishly kill.

Let's raise those who produce our food to a higher level.

The goal of growing plants and animals is precisely a rounded cycle that we need to manage in
accordance with reason.

Organized agriculture uses appropriate biological and chemical materials to produce unpolluted
food in an ecologically justifiable and economically beneficial way - sustainable agriculture in
which ecology and economy are reconciled.

Let's be free people and not slaves to our positions and high salaries, freedom is taken for granted
but still chosen. Every normal person, who as a good host takes care of his house, family,
household, offspring, future, will accept healthy food as taking care of his health and our planet.

The awareness that man is a part of Nature, something that is above everything and all of us, has
existed since ancient times.

Man's attitude is inconsistent with awareness of this. As he "conquered” nature more and more, he
behaved less and less in accordance with the respect for its sublimity. Reciprocally to that behavior,
a retrograde attitude towards people's health is established. The increasing use of chemistry as a
justification for "preventing” hunger on the planet has not solved that problem. We are witnessing
dying of hunger in African countries as well as in megalopolises. An even more tragic consequence
of such behavior is the increasing contamination of the soil with chemicals, which again creates the
need for new chemicals that will "defeat" the bad condition. That cycle must be broken to reconnect
with nature. A great resistance to this is provided by those who created this situation.

173



It is up to us who are aware of the situation to work on it and take from the realm of nature what is
offered as the possibility of healing the land, water, air and food we produce for ourselves and the
animal species we have. cruelly torn from nature.

One of the sure ways is to use minerals that come from the Earth's crust to stimulate and protect the
plants and clean the soil from the presence of added chemicals.

Agriculture is essentially one big business with the goal of finding a person anywhere on the planet
at a table with a plate of food. From the basic necessity of life, a situation has arisen, on one side are
food producers, and on the other are consumers. We have conflicting interests, the producer's goal is
profit, and the goal of all our users (we are the majority) is health through a balanced diet.

"AZARTRADE" is a company that follows new technology, but in a way that we use knowledge
and expertise to process what nature has in different forms, NATURAL MINERALS. By grinding
the three types of minerals to a micronized form, we make a product that supports the nature of the
plants, we do not change the plants, we just follow their needs. They reward us with healthy fruits,
which again with knowledge we can bring into various forms, and all of them have the expected
smell and taste. We don't need chemical additives for flavor, color. For us, plants are not a labyrinth
- we know where and how Mineral forte Plus should work.

Food production in harmony with nature is our mission!!!

"WE DO NOT CHANGE NATURAL LAWS BUT SUPPORT THE PROPER NUTRITION
AND PHYSIOLOGY OF PLANTS"
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METHANE MITIGATION STRATEIGIES IN RUMINANTS
STRATEGIJE UBLAZAVANJA METANA KOD PREZIVARA

Muhittin Tutkun, Assoc. Prof. Dr.!

Abstract: The aim of this review was to analyze the published data on practices that reduce methane (CHa)
emissions from ruminants. Methane is the main greenhouse gas (GHG) emitted by ruminants. Reduction
strategies are needed to reduce this negative impact on the environment while maintaining ruminant
productivity and health. Strategies to reduce CH4 emissions in ruminants are considered in the context of
rumen ecology, biochemistry and animal performance. The study focuses on defaunation and inhibition of
archaea, bacteriocins, methane inhibitors and analogs, probiotics, saponins, tanins, ionophores, organic acids
and lipids. Defaunation or elimination of protozoa to reduce CHa4 emissions as a function of diet. The reduction
of CH4 emissions by rumen microbes can be achieved by using different chemicals.

In conclusion, further research is needed to provide effective and efficient solutions to reduce methane
production in ruminants worldwide and thus make a positive contribution to climate change.

Key words: Ruminants, methane, Greenhose gas, ruminal microorganism

Apstrakt: Cilj ovog pregleda bio je da se analiziraju objavljeni podaci o praksama koje smanjuju emisiju
metana (CHa) od prezivara. Metan je glavni gas staklene baste (GHG) koji emituju preZivari. Potrebne su
strategije smanjenja kako bi se smanjio ovaj negativan uticaj na zZivotnu sredinu uz odrzavanje produktivnosti i
zdravlja preZivara. Strategije za smanjenje emisije CHa kod preZivara razmatraju se u kontekstu ekologije
buraga, biohemije i performansi zivotinja. Studija se fokusira na defaunaciju i inhibiciju arheja, bakteriocina,
inhibitora i analoga metana, probiotika, saponina, tanina, jonofora, organskih kiselina i lipida. Defaunacija ili
eliminacija protozoa da bi se smanjile emisije CH4 kao funkcija ishrane. Smanjenje emisije CH4 mikroba
buraga moze se posti¢i upotrebom razli¢itih hemikalija.

U zakljucku, potrebna su dalja istraZivanja kako bi se obezbedila efikasna i efikasna reSenja za smanjenje
proizvodnje metana kod prezivara Sirom sveta i na taj nacin dala pozitivan doprinos klimatskim promenama.

Kljuéne refi: prezivari, metan, gas staklenika, mikroorganizam u prezivaju

1. INTRODUCTION

As an important sector in livestock systems, ruminants have great significances for humans, as they
can convert the energy stored in plant biomass polymers that are indigestible for humans, to
digestible food products in the form of milk and meat [1]. The global demand for beef and dairy
milk has increased rapidly in recent decades, and is estimated to continue increasing in upcoming
decades due to human population expansion and improved living standards [2, 3, 4]. However, these
animals always emit methane, which is a highly potent greenhouse gas with nearly 25 times greater
warming potential than carbon dioxide (CO) [5]. Methane emission from ruminants contributes to
nearly 16% of the global greenhouse gas emissions, as well as 33% of global anthropogenic
methane emissions [6].

! Dicle University, Faculty of Agriculture, Department of Animal Science, Diyarbakir, 21280,
Tirkiye, e-mail: muhittin.tutkun@dicle.edu.tr
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Together with carbon dioxide (CO2) and nitrous oxide (N2O), methane (CH,) is one of the three
most important greenhouse gases (GHG). The production of greenhouse gases from livestock and
their impact on climate change is a major problem worldwide [7]. The contribution of these three
gases to the various livestock activities was estimated using the life cycle assessment method.
Enteric CHs is reported to be the most important greenhouse gas (50-60%) emitted in ruminant
production systems at farm level [8]. Methane also represents a significant energy loss for the
animal, ranging from 2% to 12% of gross energy (GE) ingested [9]. Therefore, reducing the
production of CH,4 in the gut of ruminants without altering animal production is desirable both as a
strategy to reduce global greenhouse gas emissions and as a means to improve feed conversion
efficiency.

Methanogenesis (methane formation), in the rumen of ruminants as a result of anaerobic
fermentation of nutrients The CO; and H; formed is released by the methanogenic bacteria.lt is the
process of reduction to methane (CH,) [10-11].

The sustainability of methane suppression strategies is an important issue. There is an urgent need
for supporting models capable of evaluating the effectiveness of both existing and new technologies
to reduce methane emissions [12, 13]. Despite intensive research in this area, our understanding is
far from complete. There are many reports showing different responses to feed additives such as
ionophores, yeast products, fumaric acid, etc., and due to the complexity of the rumen system, it is
very difficult to translate in vitro data to in vivo experiments [14, 15, 16]. However, such research is
expensive and time-consuming.

In recent years, numerous reviews have been published on the various strategies to reduce enteric
CHy production in ruminants, reflecting the importance and rapid development of knowledge in this
area of research,

In this paper, an updated review of the proven and some potential mitigation options and their
known mode of action was presented. The nutritional strategies that are most developed and can be
applied in practise are presented in more detail and critically.

2. MITIGATION STRATEGIES
2.1. MITIGATION THROUGH FEED MANIPULATION

Changing feed composition remains the simplest and most cost-effective approach to reducing
intestinal methane exposure [17, 18]. This strategy alone could reduce up to 70% of methane
emissions from ruminants, depending on the method or type of dietary intervention [19, 20].

The predominant approach is to change the type or quality of forage or adjust the ratio of
concentrates to forage. Younger plants that contain more fermentable carbohydrates, less non-
digestible fiber (NDF) and a lower C:N ratio make high quality forage and provide higher
digestibility and passage rate, which can direct rumen fermentation towards propionate [21, 22].
Since propionate also serves as an alternative H; sink, increased propionate production results in
less H, being available for methanogenesis [23]. However, green fodder alone is not sufficient to
increase animal performance, as concentrates are usually added to the feed in varying proportions,
as they contain fewer cell walls and easily fermentable carbohydrates (starch and sugar) [24, 25]. It
has been observed that CH4 production decreases when 35% or 60% concentrates are added to the
diet, while at the same time productivity increases [26]. Conversely, many groups have reported that
high concentrations of concentrates can increase the concentration of lactic acid and volatile fatty
acids (VFA) in the rumen, contributing to health disorders such as subacute ruminal acidosis
(SARA) [27, 28].
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2.2. MITIGATION THROUGH ADDITIVES

Generally, additives are added to the feed, consisting of either inorganic or organic compounds or
probiotics fed directly. These additives either specifically inhibit methanogens or alter metabolic
pathways, leading to a reduction in the substrate for methanogenesis [17, 29].

These additives employ different modes of action by changing the structure or the role of some key
drivers of methane formation, acting as methane inhibitors, or as rumen fermentation modifiers.
Some of the most popular additive inhibitors are 3-nitrooxypropanol (3-NOP) and red seaweed
(Asparagopsis taxiformis). The rumen fermentation modifiers, on the other hand, lead to favorable
changes in the rumen environment, improving animal productivity, animal health, and efficiency
and increasing the availability of dietary protein for the animal by protecting the protein from
microbes’ utilization. These fermentative modifiers additives are composed of ionophores, tannins,
and essential oils. Some of these inhibiting or modifying feed additives are commercially available,
while others are still in the research stage

2.2.1. 3-nitrooxypropanol (3-NOP)

The methane inhibitor 3-Nitrooxypropanol (often referred to as 3-NOP, with the commercial name
Bovaer) was developed by DSM, a giant Dutch corporation active in the fields of animal health and
nutrition. 3-NOP has been approved for use as a feed additive in Europe and some Latin American
countries such as Brazil and Chile but has not yet been approved by the U.S.

Food and Drug Administration. 3-NOP inhibits methane by acting similar to the enzyme responsible
for the last step of methane synthesis in the rumen [30]. Different studies have shown an effective
reduction of methane of 28%- 36% in dairy cattle as well as an increase in milk fat content of
0.19%, or 0.21 pounds per day by feeding animals around 123 g of 3-NOP per dayA 50% reduction
in methane production was also seen in beef cattle [31].

2.2.2. Red Seaweed

Seaweeds are macroalgae and multicellular organisms that grow in marine and freshwater
environments. Several species of seaweed have been suggested as an ingredient in the diet of
ruminants, due to the digestibility, and the concentrations of secondary metabolites that achieve the
mitigation of methane gas production. Red algae contain high concentrations of bromoform and the
function of this is to prevent the binding between the vitamin B12 cofactor (necessary for methane
formation) with an enzyme, causing the non-formation of methane. Several studies demonstrated
the reduction of methane production per kg of dry matter intake of up to 55% in dairy cattle and
around 98% in beef cattle. Consequently, in dairy cattle showed some residue of iodine and bromide
concentrations in the milk and impacts on the animal health and performance [30].

The capability of seaweed to promote well-being and health in livestock is facilitated to a great
extent by bioactive secondary metabolites that are synthesized by some seaweed species[32, 33].
Some of these secondary metabolites are responsible for antimethanogenic properties [34, 35] but
often health benefits come from various other nutrients (e.g., minerals, protein, and unsaturated fatty
acids contents; [36, 37]. Recent in vitro and in vivo studies suggest that the halogenated compound-
containing red seaweeds Asparagopsis taxiformis and Asparagopsis armata have the potential to
reduce CH,4 production when added to grass- and grain-based diets [38, 39, 40]. Red seaweed is
effective in the short-term [41]. The long-term feeding efficacy of red seaweed is still unknown.
When seaweed is added to cattle diets, the effects on diet palatability, animal health, and
reproduction, as well as milk and meat quality are not consistent. Furthermore, seaweeds
occasionally accumulate heavy metals, iodine and other minerals: feeding contaminant-laden
seaweeds could have negative effects on animal and human health [42].
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Other seaweeds contain CHy4 reducing potential due to alternative bioactives to bromoform such as
tannins, polyphenols, or prebiotic oligosaccharides. Seaweeds like Alaria esculenta, Ascophyllum
nodosum, and Chondrus crispus were reported previously to have a CHa-reducing effect [43].

2.2.3. lonophores

In 1975, the United States FDA approved ionophores as a cattle feed supplement [44].

lonophores benefit animal metabolism by enhancing the efficiency of energy metabolism,
improving ruminal nitrogen metabolism while reducing the risk of bloating and acidosis [45, 46].
Commercially available ionophores such as monensin (Rumensin), lasalocid (Bovatec), salinomycin
(Bio-cox, Sacox), and laidlomycin (Cattlyst) are used widely across many countries including
Australia, Argentina, Brazil, Canada, New Zealand, South Africa, and the United States. It is used
to manipulate ruminal fermentation, improving feed efficiency as it has been reported to modulate
the ratio of propionic to acetic acid production [47, 48], resulting in body weight gain [49]. In
addition, there is also a pronounced reduction of proteolysis in the rumen, decreasing ammonia as a
by-product while increasing the total flow of protein into the small intestine for absorption [50].
lonophores have been found to decrease methane production up to a rate of 31%, in vitro and in vivo
lonophores supplementation produced a modest reduction of methane production of 2% in dairy
cattle and 15% in beef cattle [30].

2.2.4. Tanins

Tannins are natural chemical substances that belong to the group of PSM and are produced by
plants in their intermediate metabolism. Plant secondary metabolites play a role of protection from
herbivores, pests and pathogens. Secondary metabolites prevent toxicity and act as precursors to
physical defence systems [51].

They are present in different concentrations in some plant tissues, especially in the dicotyledons,
and are an important component of many types of plants’ defense systems. One of the most
recognized function of the tannins is the ability to bind to and denature proteins, reducing protein
breakdown in the rumen by microbes. Some tannins exhibit bactericidal activities: they can adhere
to bacterial membranes, especially in methanogenic bacteria and generate morphological changes,
nutritional deficiencies and reducing the bacteria’s growth [30].

Direct ruminal intervention represents one possible approach for the control of ruminant CHa
emissions [52]. Methanogens are a distinct group of organisms that form a normal component of the
rumen microbial ecosystem [53]. Hydrogen (H.) and CO; are the principal substrates used by rumen
methanogens to produce CHjs; therefore, compounds that directly inhibit the activity of methanogens
are likely to reduce or eliminate CH4 production [54]. The action of CT against methanogenesis can
be attributed to indirect effects such as reducing the H2 production (and presumably reduced forage
digestibility) and to direct inhibitory effects on methanogens [53]. Tannins suppress methanogenesis
by directly reducing methanogenic populations in the rumen or indirectly by reducing the protozoal
population (thereby reducing symbiotically associated methanogens). In addition, they found that
tannin sources containing both HT and CT were more potent in suppressing methanogenesis than
those containing only HT [55].Tannins have shown the potential for reducing methane emissions by
13% to 16% in dairy cattle. Consequently, the excess of tannins in the diet can cause less
consumption of feed, due to the difficulty for cattle to digest these tannins, impacting animal
performance [56].

2.2.5. Essential oils

The well documented antimicrobial activity of essential oils has prompted interest in whether these
bioactive compounds can be used to selectively inhibit rumen methanogenesis. A number of studies
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have recently evaluated the ability of essential oils to reduce enteric CH4 production. Most studies
conducted have been in vitro and short term. Essential oils derived from thyme, oregano, cinnamon,
garlic, horse radish, rhubarb and frangula have decreased CH4 production in vitro in a dose
dependent manner. However, inhibition of CH4 production occurred at high doses (i.e., >300 mg/L
of culture fluid) and was, in many cases, associated with a decrease in total volatile fatty acid
concentrations and feed digestion. Some essential oils, such as garlic, cinnamon, rhubarb and
frangula, may exert a direct effect on methanogens [57].

Essential oils, like tannins, are volatile aromatic secondary metabolites compounds produced by
plants, especially herbs and spices. One of the principal functions of essential oils is antiseptic and
antimicrobial activity. Different studies demonstrated that the use of essential oils could decrease
intra-ruminal nitrogen turnover and nitrogen excretion, slow degradation of starch-rich substrates,
and inhibit methanogenesis. Recent studies demonstrated a reduction of 11% to 20% of methane
intensity (methane/productive output for the cow; methane production/kg of energy corrected milk)
in dairy cows supplemented with an Agolin concentration of 1g/head/day[56].

3. MITIGATION THROUGH BIOTECHNOLOGIES

3.1. IMMUNISATION AND BIOLOGICAL CONTROL (BACTERIOPHAGE,
ACETOGENESIS REDUCTIVE)

Several biotechnological strategies are currently being explored. A vaccine developed from a three-
methanogen mixture produced a 7.7% reduction (kg DM) in methane emissions from sheep despite
only one antigen being effective against the methanogenic species in the sheep. The vaccine was
much more effective than the seven methanogen mix tested previously and was able to increase
saliva and plasma antibody titres by 4 — 9 folds over the seven methanogen mixture. Successful
elevation of antibody titres in saliva and a significant reduction in methane emissions offers real
potential for a widespread application to ruminants in all environments. At present vaccines do not
have sufficient efficacy for commercial use and funding has recently been curtailed. Opportunities
through rumen additives, defaunation and specific compounds targeting methanogens provide
several routes for reducing methane production. However these agents have not addressed the
inevitable production of hydrogen from fermentation of fibre [58].

A vaccine against three selected methanogens decreased CH. production by nearly 8% in Australian
sheep. However, vaccines prepared with a different set of methanogen species or tested in other
geographical regions did not elicit a positive response [59]. The highly diverse methanogenic
community present in animals reared under different conditions [60] and the replacement of the
ecological niche left by the targeted species by another methanogens[61] might account for
immunisation failures.

Passive immunisation was also recently assayed using antibodies, which were produced in laying
hens, against three common methanogens present in the digestive tract of animals. Treatments using
whole eggs decreased transiently CH4 production in vitro but the effect was lost at the end of the 24-
h incubation [62]. Up to now, immunisation has not delivered a clear, positive answer in reducing
CH, emissions by ruminants, highlighting the difficulties of this approach.

3.2. PROBIOTICS
Probiotics are microbial feed additives that influence rumen fermentation directly resulting in
improved animal productivity. The most widely used probiotics are yeast and Aspergillus oryzae.

Some available products guarantee high numbers of live yeast cells and are sold as live yeast while
other products are sold as yeast cultures containing both yeast cells and the media on which they are

180



grown. Although not yet clear, it is assumed that yeast cultures reduce methane production in four
ways: (1) by increasing butyrate or propionate production [63]; (2) by reducing protozoan numbers
[64] ; (3) by promoting acetogenesis [65]; and (4) by improving animal productivity [66].

3.3. IMMUNIZATION

One possible future pathway to reduce CH,4 output is to immunize animals against their own
methanogens and protozoa. It was demonstrated the reduction in the numbers of Streptococcus
bovis in the presence of antiprotozoal antiserum [67]. Scientists in Australia have claimed to invoke
an immune response to rumen protozoa by administering an immunogenic preparation [68]. This
will indirectly affect the activity of rumen methanogens as they have a commensal relationship with
rumen protozoa.

It may be possible to immunize ruminants against their own methanogens with associated decrease
in methane output and that such an approach can successfully reduce the members of streptococci
and lactobacilli in the rumen [69]. An alternative strategy to reduce ruminal methanogenesis would
be to re-channel substrates for methane production into alternative products. Acetogenic bacteria in
the hindgut of mammals and termites, produce acid by the reduction of carbondioxide with
hydrogen and reductive acetogenesis acts as an important hydrogen sink in hindgut fermentation
[70].

The addition of acetogens into normal ruminal fermentations has not increased acetate production,
probably because acetogens have much lower affinities for hydrogen than methanogens. Thus, they
are unable to compete for substrate when the methanogens are present. However, when combined
with methane inhibitors, acetogens have been able to alter ruminal fermentations [71]. A new
generation of designer inhibitors may be developed based on knowledge of the genome of rumen
methanogens[72].

4. CONCLUSION

Cattle farming is the most important source of global methane emissions. As the demand for high-
quality meat and dairy products increases, methane emissions and global temperatures are rising.
Therefore, one of the most effective strategies to mitigate climate change is to curb methane
emissions from ruminants. Domestic livestock production produces 80-115 million tons of methane
per year. Significantly reducing greenhouse gas emissions is an important topic of biological,
ecological and environmental research in the world. Due to the higher global warming potential of
methane, it has been the subject of many studies in recent years. Feed manipulation remains the
most cost-effective approach that can achieve a significant 60% reduction in methane emissions
simply by carefully selecting the type or quality of feed and optimizing the ratio of concentrates to
forage.

Chemical additives such as 3-NOP, ionophores and halogenated compounds have shown an
extraordinary decrease in methanogenesis in the rumen in vitro and in vivo; either by stimulating the
growth of microbes competing for the same substrate used by methanogens or as a direct inhibitor
of methanogens.

Methane production in the rumen is the result of the biochemistry of feed fermentation by the
microbial community in the rumen. Methanogens are the direct producers of methane in the rumen,
but other microorganisms such as ciliated protozoa, bacteria and fungi also interact closely with
methanogens, either physically or functionally. A comprehensive understanding of the micro-
ecosystem, such as the functional microorganisms or genes detected in the low and high methane
producing animals, may allow more targeted manipulation for methane reduction.
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The reduction of methane consumption comes to the fore on the basis of studies on rumen
metabolism. In order to better utilise the energy of the feed, there are also studies on the reducing
effect of some alternative additives (yeasts, organic acids, herbal extracts and probiotics) on CH4
release. The studies show that although the additives and biotechnological approaches used in
animal feed are promising, their areas of application are limited. Therefore, in vivo studies need to
be expanded to increase the efficiency in this area. It is important to disseminate ration studies that
can be used more safely than other methods to reduce and suppress methane emissions. Another
important question that should be investigated is how and to what extent methane production is
affected during the application of the methods by determining the economic analysis of the costs of
effective feeding strategies that reduce methane emissions.

Effective feeding strategies to suppress methane emissions should be studied in detail and new
strategies should be developed through large-scale projects and research at national and
international level.
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Abstract: European corn borer (Ostrinia nubilalis Hbn.) is a pest where the larval feeding injury disrupts
nutrient flow within the plant, and causing significant losses of yield. An insecticide is used to suppress EBC
larvae attacks and reduce plant damage. The aim of study was to determine variation of length of channals on
plant stem in maize genotypes, caused by feeding of larvae corn borer, under application of insecticides. The
experimental investigation was carried out in Maize Research Institute “Zemun Polje” on the field in 2019
vegetation season. For study used three maize genotypes, ZP 434, ZP 600 and ZP 666 and three insecticides
chlorantraniliprole, bifenthrin and [lufenuron+(cypermethrin + chlorpyrifos], which were applied only after
the maximum flight of the first generation to protect plants from attack of European corn borer. In analysis
were established the significant differences between the maize genotypes according to total length of channels
in the stem of plants, which caused by the feeding of larvae European corn borer. The smallest channel length
in stem was found on treatment with insecticide chlorantranaliprole in two maize genotype ZP 600 (181.67 cm)
and ZP 434 (186.67 cm) while on treatment with befentrin was the smallest length of channels in ZP 666
(218,33 cm). In all three maize genotypes on the control variant (without insecticide application) was the
largest length of channels (ZP 434 -295.00 cm; ZP 600 - 316.67 cm and ZP 666 -311.67 cm). The determined
differences for total length of the channels depended on genotype and type of insecticide applied.

Key words: maize, genotype, pest, insecticide, length of channels
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Apstrakt: Kukuruzni plamenac (Ostrinia nubilalis Hbn.) je stetocina kukuruza i Cija larva pri svojoj ishrani
oStecuje tkiva biljnih organa, narusava protok hranljivih materija unutar biljke i uzrokuje znacajne gubitke
prinosa. Insekticidi se koristi za suzbijanje napada larvi evropskog kukuruznog plamenca (EBC) i smanjenje
ostecenja biljaka. Cilj istrazivanja bio je da se utvrdi varijacija duzine kanala na stabljici biljke kod
genotipova kukuruza, uzrokovana ishranom larvi kukuruznog plamenca, primenom insekticida.
Eksperimentalno istrazivanje je sprovedeno u Institutu za kukuruz ,,Zemun Polje* u poljskim uslovima u
vegetacionoj sezoni 2019. godine. Za proucavanje su koris¢ena tri genotipa kukuruza, ZP 434, ZP 600 i ZP
666 i tri insekticida hlorantraniliprol, bifentrin i [lufenuron+(cipermetrin + hlorpirifos], koji su primenjeni tek
nakon maksimalnog leta prve generacije za zastitu biljaka od napada evropskog kukuruznog plamenca.
Analizom su utvrdene znacajne razlike izmedu genotipova kukuruza prema ukupnoj duzini kanala u
stabljikama biljaka, koji su nastali ishranom larvi evropskog kukuruznog plamenca. Najmanja duZina kanala u
stabljici utvrdena je pri tretiranju insekticidom hlorantranaliprolom kod dva genotipa kukuruza ZP 600
(181,67 cm) i ZP 434 (186,67 cm), dok je na tretmanu befentrinom najmanja duzina kanala kod ZP 666
(218,33 cm). Kod sva tri genotipa kukuruza na kontrolnoj varijanti (bez primene insekticida) bila je najveca
duZina kanala (ZP 434 -295,00 cm; ZP 600 - 316,67 cm i ZP 666 -311,67 cm). Utvrdene razlike za ukupnu
duzinu kanala zavisile su od genotipa i vrste primenjenog insekticida

Kljuéne reci: kukuruz, genotip, Stetocina, insekticid, duzina kanala

1. INTRODUCTION

The numerous insect species attack and consume maize plant organs. Among them European corn
borer (Ostrinia nubilalis Hbn) Lepidoptera: Crambidae attacks all above-ground organs of the
maize plant (panicle leaf, stem, cob) and larval feeding, cause damage of the green surface,
producing the channels that can reduce intensity of photosynthesis and reduce yield up to 30% and
more, which is equivalent to world-wide losses of 311.3 million tons every year [1]. The larvae feed
on the epidermis of the leaves and the pollen from the inflorescences. During the it passes through
the larval stages, it pierces the nerve of the leaves, and formed channels in stalk pit disrupts nutrient
flow within the plant, i.e. translocation from from grean area to ear, and increase the lodging of
plants [2,3]. Also, larvae pierces the cobs consuming the seed within the cob causing direct damage
to kernels and increasing infections by mycotoxin-producing fungus [4,5].

The European corn borer’s shows its high adaptability to different climate conditions in Europe and
America. European corn borer appears from one to three generation per year (from June to
September) depends of region. The maximal flight of the first generation of adults occurs at the
beginning of June (160th—165th day of the year), the second generation achieve maximal flight the
beginning of August (215th—220th day of the year), and maximal flight of the third generation is
most present at the end of August or early September (240th-245th day of the year) [6]. In warmer
condition, appear two complete generation, because the higher temperature influence biological
cycle of Ostrinia nubilalis is shorter, it mean increase number of generations, reducing the diapause
time, and extending the development period of insects [7—10]. In northen Europe appears one —two
generation while in south Europe two-three generation. In [11,12]. Serbia appear two generation and
activity of the first and second generations of adults is usually monitored to manage the treatments
against this insect [13,14]. The control of European corn borer population for prevention of
damages are control is based on the introduction of resistant corn hybrids into production, adequate
soil cultivation, agrotechnics, and chemical protection of crops using insecticides (pesticides) [15-
18]. In Southeastern Europe, in the production of corn, the use of pesticides is predominant, i.e.
chemical protection and damage control from EBC attacks. The most effective application of
insecticides is time before the larvae enter in the stem, and that time is 10-15 days after egg laying,
i.e. 0-4 days after the maximum flight of adult insects [13, 19].

2. MATERIAL AND METHODS

As part of this study, research was conducted on three maize hybrids of different maturation groups
(ZP 434, ZP 600 and ZP 666) with four variants of treatment: control variant (C) - without chemical
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protection and three insecticides: (T1) chlorantraniliprole (200 g I'%), (T2) bifenthrin (100 g I'*) and
T3 [lufenuron (50 g I)+(cypermethrin (50 g 1) + chlorpyrifos (500 g I))], which were applied
only after the maximum flight of the first generation to protect plants from attack of European corn
borer.

On the grounds of the ,,Zemun Polje* maize research institute in Belgrade, the experiment was
carried out in 2019. The experiment was designed in three repetitions on a plot of 10.5 m2. The
sowing of maize hybrids was performed by machines in three rows of 5 m length with a distance
between rows of 0.7 m and a distance between plants in a row of 0.25 m.

After the maize harvest was completed, the plants were cut to the ground and tied into bundles
according to the treatments. Later, these plants were dissected, and among other morphometric
measurements, the total length of all channels per experimental group was measured.

The obtained results were statistically processed, using various statistical methods of the program
package "SPSS Statistics 20" (trial version). The significant differences among the average values
were estimated according to the LSD test

3. RESULTS AND DISCUSSION

In the studied maize hybrids in the 2019 growing season, a variation in the total length of all
channels formed by the feeding of the larvae of the European corn borer in the maize plants, and
measured during dissection, was found. The average length of all the channels created by the
feeding of O. nubilalis larvae varied from a minimum of 181.67 cm in hybrid ZP 600 treated with
the insecticide chlorantraniliprole to a maximum of 316.67 cm in same hybrid ZP 600, in the control
variant (without application of insecticide). The total length of all channels in the stems formed by
feeding on O. nubilalis was the smallest in hybrid ZP 434 (230.00 cm) and the largest in hybrid ZP
666 (251.25 cm) - table 1. The average length of all channels formed by feeding ECB was highly
different (p<0.01) between ZP 666 and the ZP 434, while the channel length between ZP 434 and
ZP 600, and betreen ZP 600 and ZP 606 was not significantly different (table 2).

In Table 1, lowercase letters above the length of stems channels produced by pest feeding indicate
whether there was a statistically significant difference between treatments (p<0.05) - the same
letters indicate no statistically significant difference, including and comparing all treatments and all
three hybrids. Among the studied maize hybrids, the total length of all channels in the stems formed
by the feeding of Ostrinia nubilalis larvae was highly significantly greater (p<0.01) in the control
varieties than in the treatments with insecticides.

Table 1. Variation of the total length of the channels in stems formed by feeding of larvae Ostrinia
nubilalis in maize plants on treatment with insecticide application only during the flight of the first
generation

Maize hybrids

Treatments* ZP 434CV zp GOOCV ZpP 666CV Averag?: .
X (cm) (%) X (cm) (%) X (cm) %) X (cm) o)
Control (C) 295,00° | 4,48 | 316,672 | 1,82 | 311,67% | 0,93 | 307,78 | 3,99
Chlorantraniliprole | 186,67¢ | 8,61 | 181,67¢ | 20,29 | 246,67° | 8,19 | 205,00 | 18,81
(a1

Bifenthrin (T2) 218,334 | 1,32 | 223,33¢ | 2,59 | 218,33%| 1,32 | 220,00 | 1,97
L+C+C (T3) 220,009 | 6,01 | 243,33° | 1,19 | 230,00¢ | 3,77 | 231,11 | 5,60
Average 230,00 | 5,11 | 241,25 | 6,47 | 251,67 | 3,55 | 240,97 | 7,59
L+C+C =[lufenuron (50 g I'Y)+(cypermethrin (50 g I) + chlorpyrifos (500 g I™%))]

189



Looking at all three hybrids, we can see that the expected significantly the largest channel length in
maize plants due to ECB feeding was in controls (untreated plants) compared to all three insecticide
treatments.

In hybrid ZP 434, we observe that the treatment with chlorantraniliprole had significantly the
smallest channel length (186.67 cm) in the stems compared to the other two insecticide treatments.
There were no significant differences between the other two treatments i.e. between treatment with
bifenthrin and [lufenuron + (cypermethrin + chlorpyrifos)] in hybrid ZP 434.

Analyzing the ZP 600 hybrid, we observe that the treatment with chlorantraniliprole had
significantly the smallest channel length (181.67 cm) in the stems compared to the other two
insecticide treatments. There was significant differences between the other two treatments, i.e. on
the treatment with bifenthrin was significantly the smallest channel length [lufenuron +
(cypermethrin + chlorpyrifos)].

Unlike the two previously described hybrids, in ZP 666 hybrid, we observe that the treatment with
chlorantraniliprole had significantly the largest channel length (246.67 c¢cm) in the stems compared
to the other two insecticide treatments. There were no significant differences between the other two
treatments (bifenthrin and [lufenuron + (cypermethrin + chlorpyrifos)]) in hybrid ZP 666.

In this year (2018), was extremely unfavorable conditions for the growth and development of
Ostrinia nubilalis, all insecticides showed a protective effect against the attack of the pest compared
to the attack of the pest on the control. In comparison to damage on control (without protection by
insecticides) variant, in average for all three maize genotypes was found lower damages for 25%
on treatment [lufenuron + (cypermethrin + chlorpyrifos)]), 38,6% on treatment with bifentrin and
43,6% on treatment with Chlorantraniliprole.

The obtained results of our research coincide with the results of the research of [20]. Similar results
obtained in study [21] of maize genotypes damages under treatment insecticide cyantraniliprole
which belongs to the same class of synthetic insecticides as chlorantraniliprole. Also, in other
research showed good effect of insecticide Lufenuron [22] and moderate effect in controlling
European corn borer [14].

The analysis of variance shows that in the growing season of the study, highly significant and
significant differences (p<0.01, p<0.05) were manifested for the total length of all channels in the
stems, caused by the feeding of the larvae of the ECB between the hybrids, between the insecticide
treatments, as and in the hybrid/treatment interaction (Table 2).

Table 2. Analysis of variance for the total length of channel in the stems, caused by the feeding of
Ostrinia nubilalis larvae on maize plants with the application of insecticides only during the flight
of the first generation (Zemun Polje, 2019)

Source df qu:r?sczfsS) Squxia(r:\/IS) F test LSD 0,05 LSD 0,01
Genotype 2 2818,056 1409,028 6,631 12,3329 16,7132
Treatment 3 56646,528 18882,176 88,857 14,2408 19,2988
Gen x Tre 6 6676,389 1112,731 5,236 24,6658 33,4265

Error 24 5100,000 212,500
Total 35 71240,972

The differences between C - control variant (without insecticide protection) and other three variants
T1- (chlorantraniliprole), T2- (bifenthrin) and T3- ([lufenuron + (cypermethrin + chlorpyrifos)])
with application of different insecticides were significant. In this study, we found that with the
application of insecticides with the active substance chlorantraniliprole in all three hybrids, the
length of the channels from ECB in the stems was the lowest. The average channel length in all
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three hybrids in the treatment with the insecticide chlorantraniliprole - (T1) was 205.00 cm, in the
treatment with bifenthrin  (T2) was 220.00 cm , while treatment with the combination of active
substances [lufenuron + (cypermethrin + chlorpyrifos)]- (T3) was the highest length of channels
231.11 cm, i.e. the worst results.

The strength and intensity of attacks by pest insects on host plants also differed in relation to the
genetic composition of the host plant [23]. Channel length varied by genotype and differed by age,
indicating that genotype and environmental conditions play a significant role [24] in his three-year
study presents that the average length of the channel made by ECB in the stem in sweet corn (21.2
cm) was significantly higher than the average length of the channel in fodder corn (13.7 cm).
Varying damage to plants caused by the attack of the ECB was established in the research of 18
different hybrids of maize in natural and artificial conditions, which were aimed at forecasting the
reaction of genotypes to the attack of the ECB in 2013 and 2014 [20]. The intensity of damage in
different hybrids varied from 20% to 100%, and the degree of damage varied depending on the
maize hybrid [9]. Also in the research carried out in Moldova [25], it was found that the ECB attack
differed depending on the maize genotype and that the most vulnerable genotype had the longest
length of channels formed by the feeding of Ostrinia nubilalis larvae.

4. CONCLUSION

Based on the analyzed results, it can be concluded that the insecticide with the active substance
chlorantraniliprole had the best effect on the length of the channels in the stems that resulted from
feeding ECB in maize hybrids, which confirms the results of other research. The treatment with
insecticide (T1- chlorantraniliprole) proved to be the most effective in hybrid ZP 600 with a length
of 181.67 cm of channels formed by feeding ECB. The best results on plants treated with the
insecticide bifenthrin (T2- bifenthrin) are found in hybrid ZP 434 and ZP666 with a same channel
length of 218.33 cm, while the treatment (T3- [lufenuron + (cypermethrin + chlorpyrifos)] - T3) had
the best results on the same hybrid (ZP 434) with 220.00 cm. All three hybrids in the experiment
had a similar response to the length of the channels in the stems, the least resistant hybrid was ZP
666, but the average channel length in all three hybrids was not significantly different.
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Abstract: Selection of tolerant hybrids is an important step in achieving good yields. The effect of water is
considered one of the most important factors in plant production. The aim of these studies was to determine the
most reliable parameter (germination, coleoptile and root length, fresh and dry weight) for the monitor and
confirm Libyan H1, H2, H3, H4 and H5 hybrids sensitivity to moisture deficit. Based on the results all tested
hybrids classified in the category tolerant to water stress. All tested parameters are considered reliable
parameters for testing the sensitivity of hybrids to moisture deficit.

Key words: wheat hybrids, water deficit, parameters

Apstrakt: Izbor tolerantnih hibrida je vazan korak u postizanju dobrih prinosa. Uticaj vlage se smatra jednim
od najvaznijih faktora u biljnoj proizvodnji. Cilj sprovedenih istrazivanja bio je da se utvrdi najpouzdaniji
parametar (klijavost, duzina koleoptila i korena, sveza i suva masa) za pracenje i potvrdu osetljivost libijskih
H1, H2, H3, H4 i H5 hibrida na deficit vlage. Na osnovu rezultata svi testirani hibridi svrstani su u kategoriju
tolerantnih na stress uzrokovan nedostatkom vlage. Svi ispitivani parametri smatraju se pouzdanim
parametrima za ispitivanje osetljivosti hibrida na deficit vlage.

Kljuéne reéi: hibridi pSenice, nedostatak viage, parametri

1. INTRODUCTION

Wheat is one of the most important and most cultivated plants, not only in our country but also in
Europe and the world. Because it is widespread many different ecosystems, wheat plants face
various abiotic challenges, such as drought and rising temperature, due to global warming, which
results in huge yield loss [1,2]. Numerous others factors during the growing season affect the
achievement of high yields. In the world wheat it is grown on 220 million hectares and in Libya
about 180 thousand hectares [3]. In order to achieve good yields, in addition to the application of
different crop care measures, an important factor that affects the achievement of high yields is the
presence of the required amount of moisture. Research has shown that during the development of
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wheat it requires 650-750 mm of precipitation [4]. Environmental factors, especially the lack of
moisture, caused osmotic stress and irreversible damage to plants, reduces quality and yield and
food production generally [5-7]. The consequences of lack of moisture and osmotic stress manifest
in the inhibition of cell elongation, stomata closure, reduction of photosynthetic activity,
disturbances in water and ion uptake, translocation of assimilates, and changes of various metabolic
processes. Wheat plants can mitigate or neutralize the negative effects of stress [8-10]. That is why
it is important to monitor the crops and their reaction to the moisture content of the soil during the
growing season, especially during periods of sowing and flowering of plants [11]. Reduction of the
osmotic potential caused by water deficiency leads to a reduction in the percentage and speed of
seed germination. For studying the effects of osmotic stress, usually are used Polyethylene-glycol
(PEG), mannitol or sorbitol. The aim of these research was examination of the germination
parameters effected by low water potential which was generated by polyethylene glycol (PEG),
related to drought stress and growth of five (H1, H2, H3, H4 and H5) wheat genotype.

2. MATERIAL AND METHODS

Five diverse wheat genotypes (H1, H2, H3, H4 and H5) were laboratory tested for germination and
growth response under osmotic stress induced by polyethylene glycol (PEG). Osmotic stress was
induced by 10 and 15% polyethylene glycol (PEG). The sensitivity of hybrids was tested by
measuring parameters: percentage of germination, coleoptile and root length, fresh and dry mass of
shoot and root. Seeds of each hybrids were placed in Petri dishes (10 seeds per dish) in three
replicates. Petri dishes were placed in 12 h light/dark period at 20 °C ten days. Measurements done
after 14 days and results were analyzed by LSD test (ANOVA) and t-test (Statistics 7).

3. RESULTS AND DISCUSSION

The analysis of the measured parameters confirmed that all the measured parameters proved to be
good indicators of the response of wheat hybrids to the lack of moisture. Tested concentrations of
PEG did not affect the germination of the seeds of the H3 hybrid, and the weakest germination
(50%) was shown by the seeds of the hybrid H4 after the application of a 15% PEG solution.
Hybrids H1 and H2 had over 80% germination in both tested PEG concentrations. Statistical
analysis of germination of wheat hybrids showed in table 1. Based on the percentage of
germination, it can be concluded that all tested hybrids are tolerant to water deficit and the
germination percentage parameter proved to be reliable for measuring the susceptibility to water
deficit.
Table 1. Statistical analysis of germination (LSD)

hybrid H1l H2 H3 H4 H5
C vs 10% NS NS NS NS NS
C vs 15% NS NS NS * NS
SD 14.35 14.85 16.97 26.78 18.01

10 and 15% PEG; NS-nonsignificant difference, p<0.05*; SD-standard deviation; C-
control;

The obtained results are in accordance with the research of other authors who also confirmed the
sensitivity of wheat hybrids and other crops to lack of moisture based on the percentage of
germination. [12-14]. Based on the mentioned parameter, the authors performed the first
classification of hybrids/crops into several categories (sensitive, particularly sensitive, tolerant).
However, group of authors [15] concludes that varieties that have a similar germination percentage
are water deficit tolerant even when drought intensifies. In contrast, Kiani et al. [16] point out that
germination decreases in drought conditions. But in general, variation in seed germination is due to
a complex of environmental and genetic factors during seed formation [17]. Water deficit mostly
affects seed germination, but significantly reduces shoot and root length, root emerge before other
parts of plants [18]. General water deficit might reduce the potential length of the coleoptile and the
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development of seedling by inhibiting cell growth [19]. Mohammed et al. [20] pointed that should
be careful when making conclusions based on shoot length because value may be affected more by
the duration of the germination process than by the lack of moisture. The analysis of the effect of
moisture deficiency on the length of coleoptiles and roots is shown in able 2. The classification of
the examined hybrids was done on the basis of RSR (root vs coleoptile) parameters from tolerant to
sensitive: H4, H1, H5, H2 and H3 (Table 2).

Table 2. Statistical analysis of the examined parameters (LSD test)

hybrid HL | H2 | H3 | H4 | H5
Length of coleoptile
PEG lo% * *%* *% * *x
PEG 15% *x *%* *% *x *x
Length of root
PEG 10% *x el * ns ns
PEG 15% *x *%* ** *x *x
Root vs coleoptile 1,3 15 1,4 1,3 1,3
Fresh shoot weight
PEG 10% *x *%x ** *x *x
PEG 15% *x *%x ** *x *x
Fresh root weight
PEG 10% *x ** ** *x *x
PEG 15% *x ** ** *x *x

Fresh root weight

vs fresh shoot weight 0.2 0.2 0.2 0.2 0.1

Dry shoot weight

PEG 10% * ** ** NS *

PEG 15% *x *% *% *x *x
Dry root weight

PEG 10% * NS NS NS NS

PEG 15% * NS *x * **

Dry root weight
vs dry shoot weight 0.5 0.5 0.5 0.5 04
10 and 15% PEG, NS-nonsignificant difference, p<0.05*, p<0.01**

Comparison hybrids based on vegetative parameters showed (t test): no differences
between hybrids based on the shoot and root length and statistically significant differences
(p<0.05*) between H2 vs H5, H3 vs H5 and H4 vs H5 based on parameter fresh root weight and
between H2 vs H5 and (p<0.01**) between H4 vs H5 based on dry root wight.

In table 3 can see that changes in fresh root and shoot proved to be reliable parameters and
in dry shoot and root weight parameters dray shoot weight was more reliable for separating the
sensitivity of the tested hybrids to stress. Conclusion the group of authors [21] agree with our
results. They conclude that the weight of shoot parameter is a more reliable parameter, changes
occur because of reduced transport of nutrients. Also, longer root length in water deficit conditions
occurs due to the tendency to grow in the direction of soil volume for water [22] and photosynthesis
related characteristics decline [23]. Belachew et al. [24] point out that the reductions in fresh and
dry mass can be double higher in water deficit conditions. T-test based on the dry shoot and root
weight showed that the most drought tolerant hybrid is H5.

4. CONCLUSION

The most important agro-ecological factor of plant production is water regime. Seed and hybrid
screening and scientific knowledge of moisture tolerance is a reliable guide for testing and selecting
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drought-tolerant hybrids. Based on the results of these studies, it can be concluded that the most
reliable parameters for defining resistance/tolerance to drought are: germination percentage, shoot
and root length, fresh weight of root and shoot, and dray shoot weight. The obtained results showed
that the most tolerant to drought were H3 Libyan hybrid.
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Abstract: Food is very important for all the people in the world. Whether food is of plant or animal origin, it
must be prepared in an adequate way. Since we live in a time when people do not have much time to prepare
food, they are forced to use ready-made meals from bags, fried food, food prepared on the grill, and
insufficiently thermally processed food. This kind of food is anything but healthy. In order for people to eat a
healthy meal, they must first have some knowledge of what is healthy and what is not. This paper presents
results of an anonymous survey of students of the Academy of Technical Educational Vocational Studies to see
if they are informed about what healthy food is, if they eat healthy meals and which food will be beneficial in
the future. The survey contained 10 questions, which had to be answered with YES, NO or MAYBE.

Key words: healthy food, characteristics, importance and role

Apstrakt: Hrana je jako bitna za sve ljude na svetu. Bilo da je hrana biljnog ili Zivotinjskog porekla ona mora
da bude pripremljena na adekvatan nacin. Posto se zZivi u vremenu, kada ljudi nemaju puno vremena da
pripremaju hranu, cesto pribegavaju da koriste gotovu hranu iz kesica, przenu hranu, hranu pripremljenu na
rostilju, nedovoljno termicki obradenu itd. Ovakva hrana cesto ne nosi epitet ,,zdrave hrane“. Kako bi ljudi
pojeli zdrav obrok, prvo moraju da imaju odredeno znanje o tome Sta je zdravo a Sta ne. U ovom radu
prikazani su rezultati anonimne ankete studenata Akademije tehnicko vaspitackih strukovnih studija kako bi se
videlo da li su upuceni o tome Sta je ,,zdrava hrana*, da li jedu zdrave obroke i koja ¢e hrana u buducnosti
imati prednosti. Anketa je sadrzala 10 pitanja, na koja je trebalo da se odgovori odgovorom sa DA, NE ili
MOZDA.

Kljuéne reli: zdrava hrana, karakteristike, znacaj i uloga
1. INTRODUCTION

Sustainable weed control could be based on the implementation of the Integrated Weed
Management (IWM) strategy, with the aim of producing healthy and safe food. The top priority in
crop production should be to optimise output and maximise profit. This goal does not require that
weeds are eradicated, but that their density is reduced to an acceptable level in order to increase
crop yield and contribute to the environment [1-2]. In general, any single control measure is
unlikely to be effective on its own in the long term [3]. Moreover, the available non-chemical
techniques usually have lower individual efficacy than herbicides, so IWM requires the combination
of different (preventive and direct) measures. The concept of IWM is to maintain a balanced weed
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flora and reduce the dependence of weed control systems on herbicides by using all available tools
to reduce weed pressure, competition and yield losses. To meet food safety requirements, weed
management practices could be based on IWM principles.

2. IWM STRATEGY IN FUNCTION OF THE PRODUCTION OF HEALTHY AND
SAFE FOOD

In general, IWM strategy is not a set of quick and hard rules, but a set of guidelines to be followed in
the specific and unique circumstances of a particular operation. The key actions in developing an IWM
strategy are [4]:

- monitoring the weed species present,

- evaluating the role of crop residue management,

- evaluating the different effects of tillage methods on the weed seed bank in the soil and on

weed populations,

- consideration of the incorporation of stale seedbeds before sowing,

- selection of competitive crop varieties,

- consideration of mechanical methods of weed control,

- consideration of an economic threshold and a critical time for weed removal,

- mapping heavy weed patches to enable precise treatment,

- consider the role of weeds as a habitat for beneficial species,

- consider weeds as a resource for wildlife, etc.

A key approach to weed management in function of food safty and security is to minimise the
occurrence of weed problems in crops and in the environment and to manage weed populations with
mechanical, physical, biological and sustainable chemical measures. The following management
decisions contribute to the development of IWM on crop land are:

- monitoring and identification of weed species,

- soil and cultivation practises,

- crop rotations and management of weed seed banks in the soil,

- nutritional strategy for crops,

- crop hygiene,

- landscape management, etc.

In addition, economic thresholds and critical times for weed removal need to be identified to prioritise
IWM, and different methods of weed control, including crop choice, timing of interventions and
sustainable use of herbicides, need to be incorporated [5-6].

Furthermore, in modern agriculture, where safe food is produced, there are several reasons why the
IWM system is the most appropriate long-term strategy for weed control: 1) increasing concern about
the effects of herbicides on human health and the environment, 2) evolution of herbicide-resistant
weeds, 3) weed shifts, 4) invasive weeds and climate change, 5) slow development of new herbicides,
etc. [3]. Finally, weed control has been a key issue in European agriculture over the last two decades
for the following reasons: 1) frequent herbicide treatments on most crops across Europe, except of
course in organic farming, 2) herbicides are the most commonly found pesticide residues when
analyzing the quality of surface and groundwater, 3) the development of weed populations, resistant to
the most frequently used herbicides poses a real threat to the sustainability of current chemical weed
control strategies, 4) the increase in the cost of chemical crop protection due to the withdrawal of
several old and cheaper herbicides [7]. Thus, these are the key points for the implementation of
innovative strategies that focus on reduced pesticide use and combine all available weed control
methods within the IWM approach.
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2.1. MONITORING AND IDENTIFICATION OF WEED SPECIES

Weed monitoring is the first step in an IWM system, i.e. examining each field after crop harvest. If
an annual crop (corn, soybeans, sunflowers, sugar beets, cereals, etc.) is to be grown next year, this
information is used to assess the importance of each weed species and select the appropriate
management strategy for the next crop. For annual crops, the fields are also monitored after the crop
has emerged to assess the effectiveness of the chosen management alternative and determine
whether additional management measures are required. For perennial crops (alfalfa, red clover,
hops, etc.), an assessment of weed composition is conducted after the previous crop is harvested to
determine the appropriate management tactic for the establishing crop. For an established crop, the
fields are examined to determine if additional weed control measures are required. Today, a variety
of platforms, cameras, sensors and image analysis techniques exist to detect and map the presence
and abundance of weeds in crop fields lands [8].

2.2. SOIL AND CULTIVATION PRACTICES

One step of the IWM system is to minimise the likelihood of weed seeds shedding onto the soil
surface and being incorporated into the weed seed bank in the soil. A second goal is to minimise the
weed seedlings that emerge in the crop [9]. This may mean deliberately encouraging weed seed
germination prior to crop sowing by using a stale-seedbed technique. Techniques to minimise soil
disturbance can reduce the uptake of weed seeds into the soil seed bank, reduce the return of buried
seeds to near the surface where they could germinate, and reduce environmental incentives for
germination [10]. The type of tillage also needs to take into account whether the technique favours
certain weeds. For example, ploughing helps to minimise the occurrence of Bromus sterilis species,
while reduced tillage has little effect on the populations of this species [1]. Compared to herbicides,
mechanical and physical weed control methods such as harrowing, hoeing, disking, brush weeding,
torsion and finger weeding or flaming are generally less effective, both in the short and long term
[11]. However, inter-row cultivation is widely used in both conventional and organic farming for
row crops. In addition, primary and secondary tillage can help to reduce the abundance and spread
of certain perennial weed species [12]. In addition, flame weeding has proven to be particularly
promising in the last ten years, especially in organic farming [13].

2.3. CROP ROTATION AND MANAGEMENT OF WEED SEED BANKS IN THE
SOIL

With crop rotation, in addition to intensive changes in agricultural techniques during each season,
weed control measures also changes. This contributes to the fact that crops grown in rotation have
fewer weeds compared to crops grown in monoculture [14-15]. Sometimes it is desirable to
interrupt even a well-planned crop rotation (spring barley-sunflower-winter wheat) with the fourth
crop (oilseed rape), as this changes the agrotechnics but also reduces weediness [16]. Crop rotation
as part of the IWM strategy can enable the production of food that is safe for human health by
reducing weed density and herbicide use. Crop rotation and the type of tillage can significantly
influence the seed bank in the soil [17]. Therefore, managing the seed bank of weeds in the soil is
directly related to the IWM strategy for safe food production. Understanding the influence of crop
rotations and their concomitant effects on the weed seed bank provides useful information to
improve decision making systems [18].

2.4. CROP ESTABLISHMENT

The time of sowing, the sowing rate and the variety have a major influence on the interaction
between the plant and the weeds and ultimately on the crop yield. All these elements are important
for the decision-making process at IWM. A late sowing date usually leads to yield losses [1].
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Sowing too early, sowing when the temperature is above the optimum, also leads to poor plants, and
even a higher sowing rate cannot compensate for the low yield. Under optimal weather conditions
(temperature, humidity), on the other hand, early sowing with an optimal seedling rate promotes
plant growth and nutrient uptake, which leads to a higher yield [19]. The choice of crop variety is
also an important consideration in the decision-making process for IWM. Increasing crop
competitiveness also improved herbicide efficacy, especially when herbicides were used at reduced
doses. Using competitive crops to discourage weeds is an important IWM strategy. To maximise
crop production while minimising the impact of weeds, replacement and supplemental rows have
been recommended for intercrop, cover crop and green manure selection [20]. The biomass and
canopy of a cover crop help it to compete with weeds [21]. A well-established crop, which generally
requires less weed control and less herbicide consumption, is thus positively correlated with
environmental protection and healthy food production.

2.5. SITE-SPECIFIC WEED MANAGEMENT

Information and technology-based agricultural management system to identify, analyze and manage
spatial and temporal variation within fields for optimal profitability, sustainability and
environmental protection [22]. Site-specific weed management can be an option when weeds are not
evenly distributed across the field but occur in patches. By cultivating beds, herbicide use can be
effectively reduced as herbicides are only applied to parts of the field. Long-term herbicide use can
also be reduced by controlling patches of new or hard-to-control weeds early and preventing them
from spreading across the field. This strategy was widespread before the introduction of herbicides,
with these areas being removed from fields before mature seed production. Site-specific weed
control can result in herbicide savings and environmental and economic benefits. Indeed, the results
with patch spraying show that at least 50 % of herbicides can be saved in various crops without
incurring additional costs for weed control in subsequent years [23].

2.6. APPLICATION OF HERBICIDES

IWM allows the use of herbicides as one of the most effective weed control measures. It is
considered essential that it is neither the first nor the only method of weed management. As a rule,
fewer herbicides are used in the context of integrated farm management. A long-term study in
Sweden [24] has shown that reducing the amount of herbicide used each year provides better long-
term weed control than not using herbicides every other year and applying the full recommended
rate in the remaining years. Reduced herbicide rates have been suggested as a means of slowing the
development of herbicide resistance in weeds [25]. However, there is also an opposing view that the
use of lower doses of herbicides can promote herbicide resistance in weeds. In implementing IWM
to avoid this problem, two key aspects have been considered: 1) diversification of weed
management practices and use of multiple herbicide modes of action (MOAs) and 2) educating
farmers about MOAs and raising awareness that discovery of new herbicide chemistries is rare and
that indiscriminate herbicide use leading to rapid evolution of herbicide resistant weeds may result
in the loss of all herbicide options. The general recommendation can be the optimization and
sustainable use of herbicides that is positively related to environmental protection and the
production of healthy and safe food.

2.7. FUTURE RESEARCH OPPORTUNITIES ON IWM IN FUNCTION OF
PRODUCTION HEALTHY AND SAFE FOOD

Future IWM research should focus on advancing the principles of weed science. It is important to
move from descriptive to predictive science to overcome the barriers to acceptance of the scientific
discipline. There are generally more measures that can be integrated into the IWM system. Each
measure must be adapted to local living, economic and agricultural conditions, so a single measure
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will not be sufficient for all crops, no matter where they are grown. Herbicides will continue to be
an important part of the IWM system, but should only be used when absolutely necessary and
controlled. Therefore, the use of herbicides must be reduced to make crop production more
sustainable and the life of herbicide use longer and more effective [3].

Research should be conducted to develop a more efficient IWM system that minimizes costs,
optimizes weed control and is sustainable under changing economic and environmental conditions.
These systems will not solve all weed management problems, but they will enable healthy and safe
food production. Integrated systems stabilize weed populations at low abundance by applying a
range of high-quality, fit-for-purpose weed control measures. IWM systems will evolve and change
over time if they fail to prevent the spread of alian invasive weed species, if resistance to herbicides
develops, if soil, water, flora and fauna need to be protected, etc. [26-27]. Realistically, weeds will
never be eradicated, but they can be managed. Therefore, future weed management should consider
different weed management strategies, previous field information and real-time environmental
conditions to recommend the most appropriate weed management strategy [28]. These systems
would help to meet farmers' needs for simple, effective and flexible weed management while at the
same time promoting of IWM and healthy and safe food production.

3. CONCLUSION

The challenge for weed scientists is to develop innovative, economical and sustainable IWM
systems that can be integrated into current and future economic, social and environmental problems
to reduce the negative impact of native and alien invasive and harmful weed species on the
production of safe and healthy food and on environmental protection.
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Abstract: Modern society is characterized by an increase in disintegration aspirations, a search for sources of
energy and raw materials. In most cases, the system of consumption and production, the relationship between
man and nature, and the principles of thrift, biodiversity protection and sustainable development are violated.
People are constantly faced with unfavorable factors, including natural and man-made disasters, mass
diseases of endocrine and viral nature. This condition largely determines the technogenic transformation of the
biosphere and reflects certain changes in the social life of the population. This state of society and the
biosphere as a whole can be characterized as a stage of adaptation to modern challenges. Society is faced with
biogeochemical problems and they become problems of life. Biogeochemistry is a system of knowledge, a
systematic science about the elemental composition of living matter and its role in the migration,
transformation and concentration of chemical elements and their compounds in the biosphere, about
geochemical processes involving organisms, their interaction with the geochemical environment and
geochemical functions.

Key words: soil, pollution, oil, pesticides, DDT, HCH, PAHSs, bioremediation, sorbents

Apstrakt: Savremeno drustvo karakteriSe porast dezintegracionih teznji, potraga za izvorima energije i
sirovina. U vedini slucajeva narusen je sistem potroSnje i proizvodnje, odnos coveka i prirode, principi
Stedljivosti, ocuvanja biodiverziteta i odrZivog razvoja. Ljudi su stalno suoceni sa nepovoljnim faktorima,
ukljucujuéi prirodne i izazvane katastrofe, masovne bolesti endokrine i virusne prirode. Ovo stanje u velikoj
meri odreduje tehnogenu transformaciju biosfere i odrazava odredene promene u drustvenom Zivotu
stanovnistva. Ovakvo stanje drustva i biosfere u celini moZe se okarakterisati kao faza prilagodavanja
savremenim izazovima. Drustvo se suocava sa biogeohemijskim problemima i oni postaju Zivotni problemi.
Biogeohemija je sistem znanja, sistematska nauka o elementarnom sastavu Zive materije i njenoj ulozi u
migraciji, transformaciji i koncentraciji hemijskih elemenata i njihovih jedinjenja u biosferi, o geohemijskim
procesima koji ukljucuju organizme, njihovoj interakciji sa geohemijskom sredinom i geohemijske funkcije.

Kljuéne reéi: zemljiste, zagadenje, nafta, pesticidi, PCB, DDT, HCH, PAH, bioremedijacija, sorbenti
1. INTRODUCTION

In general, the problems of society come down to the well-known triad: energy, nutrition,
environmental quality. These are closely related to the state of raw materials, environmentally
acceptable materials and waste disposal.

Currently, we are witnessing the 4th industrial revolution - one of the stages in the evolution of
society and the biosphere (technogenesis). The development of the modern biosphere is associated
with technogenesis and is accompanied by the fast formation of the technosphere. It reflects not
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2 Vernadsky Institute of Geochemistry and Analytical Chemistry, RAS, Moscow, Russia
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only new forms of interaction between man and nature, but also the state of biodiversity and energy
of the biosphere. The development of the modern biosphere is associated with the use of new
materials and information technologies. As a result of the limited resources of the biosphere and
“useful” space, there is a need to form a new planetary economy and strategy for the development
of society.

The Fourth Industrial Revolution has included in its portfolio a large selection of new materials and
innovative technologies, developed from the middle of the last century to the present. Nanorobots
allow the introduction of new nanomedicine methods. A powerful innovation potential in the
development of nanobiomaterials enables the successful synthesis of biological and pharmaceutical
products. 3D printing enables the production of parts for machines, toys, making organs for
transplantation in medicine.

The rapid development of immunotherapy, vaccines, bio-pharmacy, and stem cell application opens
new opportunities for successful treatment of the most serious diseases, including COVID-19.

As predicted by Klaus Shwab [17], the Fourth Industrial Revolution will realize the applicability of
many innovative technologies and new sciences methods in order to successfully combine physical,
chemical, digital and biological worlds. These worlds connect many interdisciplinary sciences, first
of all Life sciences: Biochemistry, Biogeochemistry and Computer sciences. The need to diversify
the technology portfolio in different industrial applications requires a combination of compatible
technologies and methods: nanotechnology biogeochemical methods and biotechnology,
nanotechnology and biocomputing. Bio sciences play very important role in wide spheres:
. Biochemistry — study of chemical composition and analyses of essential biocomponents.
. Biogeochemistry — monitoring of water and soil composition with the purpose of
determination of
deficient microelements and prevention of viral diseases by supplements use
(Se,Zn,Cu,Mg, K,Mn).
. Biotechnology - technology of drugs, supplements and vaccines manufacturing.
. Bioengineering - manufacturing of drugs, vaccines and equipment
. Nanobiotechnology — the type of technology that uses nanomaterials (1-100 nanometers)
and biologically derived materials (molecules DNA, proteins).

Multidisciplinary variants of innovative technologies and innovative materials in various sectors of
industry, agriculture, medicine, veterinary medicine, pharmacy, education of people during natural
and technological disasters, environmental protection enable the safety of human life on the Earth.
With the variations and changes of technology, the ways of work and life of people change, and thus
the methods of doing business. The problem is that modern changes are happening at a speed not
known before, in human history [14].

Bioeconomy is important part of economy comprehends all sectors of production connected with
biological resources. The bioeconomy covers those parts of the economy that include renewable
biological resources (land and marine ecosystems and the services they provide), all sectors of
primary production that produce and use biological resources and all other industrial sectors that
include biological resources for food production, feed, organic products, energy and services. It
includes an extremely wide variety of productions, products, activities and services related to the
use and management of biological resources and has very great prospects for development. Given
the depletion of fossil resources, climate change and the world's growing population, sustainable
and resource-efficient strategies are increasingly being sought to ensure the well-being of society.
The bioeconomy is a response to these challenges, as it enables the use of biological resources and
innovative technologies to replace unsustainable products and processes based on fossil resources
with more sustainable ones. An important goal of the bioeconomy, in addition to reducing the
consumption of non-renewable resources in production, is to reduce harmful emissions of carbon
dioxide and the negative impact of industrial processes on the environment [15]. The bioeconomy
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not only replaces fossil resources with renewable raw materials, but also aims to increase resource
efficiency through cascading and life cycle management. This is a good way to improve the
resilience of the economy.

One of the very important sectors in which organic production can develop, as part of the
bioeconomy, is organic farming. Organic farming is a form of specific cultivation of plants and
animals, plant and animal products, their processing into organic food and their sale on the market.
According to the European Plan for Organic Food and Green agriculture, organic farming is a
comprehensive production management system that promotes and strengthens the sustainability of
the agrosystems, and soil biological activities. It is carried out through the use of agronomic,
biological and biochemical methods, as a counterbalance to the use of microelements for increase
productivity and efficiency of the agrosystem. Organic farming is a comprehensive system for
management of agriculture and food production, which combines best practices in terms of
environmental protection and natural resources, applies high standards and methods for the
production of food, feed and more organic products, as well as animal welfare, natural substances
and processes are used in accordance with the requirements and preferences of consumers [13,16].

The paper discusses the methods of soil bioremediation and the achieved results. New innovative
technologies of soil bioremediation with biochar-based sorbents on which microbial cells are
immobilized, which have the ability to destroy polyaromatic hydrocarbons (PAH) and adsorb heavy
metals (HM), are presented. The essence of the bioeconomy and its role in the transition to
sustainable and efficient economic growth are also discussed.

2. PRESENT PROBLEMS OF BIOGEOCHEMISTRY AND ITS CONSEQUENCES
UNDER CONDITIONS OF THE PANDEMICS MANIFESTATION

The role of biogeochemistry is sharply increasing under conditions of the biosphere composition
and function. This is a priority scientific direction. Currently, the problems of biogeochemical
evolution of biosphere taxa, dynamic biogeochemistry, the interaction of macro - and trace elements
in natural and technogenic cycles.

It is necessary to study a theoretical basis for the biogeochemistry in the field of bioeconomy and
geochemical ecology. Diagnosis and correction of complex microelementhoses is very important.
By combining the methods of molecular genetics, and biotechnology, it was possible to obtain
effective microbiological preparations containing not only trace elements — iodine, selenium, copper
and zinc, but also cobalt and molybdenum, which are used to correct microelementhoses in animals
and man, as well as drugs that control viral pathologies.

Extensive research shows that one of the chemical elements, its deficiency in the food of humans,

plays a crucially important role in the development of the currently most dangerous diseases. This
element is selenium [7,11].
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Fig. 1. Effect of Se deficiency on human health [6,7].

More than thirty animal and human pathologies, including cardiovascular and tumorous ones, are
thought to be related to Se deficiency, fodder, forage, and food [8]. Selenium is necessary for the
living cell to enable its growth. For example, cultures of immune and nerve cells can grow in serum
free media only if Se, insulin, and transferrin are added. The main biological functions of Se are

antioxidative, membrane-protecting, immune-regulating, endocrinous, and antimutagenic.

Both microorganisms and parasites are highly resistant to the effects of particularly high toxic

concentrations of metal ions [9].

The secondary protective mechanism is based on the production of reactive oxygen and nitrogen by
immune cells of the host, which can damage tissues and organs of the host. Furthermore, gas
transmitters of nitrogen oxide and carbon oxide are involved in other metabolic processes related to

the immune response.
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Fig. 2. Correction technologies for selenodeficiency [8].

Copper deficiency disturbs the metabolic processes, and diminish the phosphatides concentration in
the white matter of the brain and disorders in the myelination of the central nervous system,
(decrease in the hemoglobin concentration, partly in relation to a retardation in erythrocyte
maturation and a decrease Copper in their lifetime), synthesis of elastin and collagen (damages of
the connective tissues and ruptures of the aorta) [8].

Disorders in Cu metabolism and oxidative processes in tissues of the nervous system and
pathological-morphological changes in them are reflected in the clinical symptoms of ataxia: the
hindquarters of the lambs are unstable at standing, their movements are discoordinated at walking,
and they are affected by convulsions and paralysis).

The spectrum of Cu action on microorganisms is broad. Results of independent experiments
conducted at laboratories of the United States Environmental Protection Agency in compliance with
approved EPA protocols have proved that more that 99.9% bacteria die on copper, brass, and bronze
surfaces within 2 h. These bacteria are

. aurococcus (Staphylococcus aureus),

. aerobacter (Enterobacter aerogenes),

. coliform bacillus (Escherichia coli),

. blue pus bacillus (Pseudomonas aeruginosa),

. listeria monocytogene (Listeria monocytogenes),

«  vancomycin-tolerant enterococcus [Enterococcus faecalis (VRE)],

< vancomycin- and methicillin-resistant aurococcus [meticillin-resistant Staphylococcus

aureus (MRSA)],
. Clostridium difficile,
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«  salmonella (bacillus Gartner, Salmonella enteriditis)
. tubercle bacillus (Tubercle bacillus),
+  acinetobacter Baumannii (Acinetobacter baumannii).

Copper kills grippe A virus, adenovirus, poliovirus, Candida albicans, and Aspergillus niger. No
other materials, even silver-bearing, are equally efficient. Thereby COVID-19 is deactivated in
copper surfaces within a few hours by Cu ions, which attack the lipid membrane of the virus, invade
it, and destroy its nucleic acids.

Table 1. Physiological and biochemical properties of copper [7].

Biological role Cytochrome-C-oxidase, ceruloplasmin, superoxide dismutase, tyrosinase, lisil
oxidase, and monoamine oxidase

Uptake >20% of the uptaken amount in stomach and small intestine

Release With bile and urine, species specificity

Antagonists S, Mo, Cd, Pb, Fe, P, Ca, Ag, vitamin C, fructose

Minimum requirement 4 mg/kg dry forage for monogastric animals, 8 mg/kg dry forage for ruminants,
and <1 mg/kg dry food for humans, recommended 1 mg/day for adults

Deficiency symptoms A decrease in forage consumption, growth retardation, early fatality of embryos,
abortion, edema, ataxia, changes in skeleton, changes in blood wvessels,
depigmentation of hair, disorders of keratin synthesis, nervous disorders, myelin
synthesis disorders, irregular estrum with long intervals, diarrhea, immune system

weakening

Indicator organs Brain, liver, blood serum, hair

Deficient territories Bogged territories, peat massifs, sandy diluvium areas, granites

Excess Sheep is very sensitive: 15 mg/kg dry forage; 100 mg/kg dry forage for cattle, and
>250 mg/kg dry ration for swine

Genetic syndrome Menke syndrome (Cu deficiency), disease of Indian children, hereditary copper

intoxication (Wilson disease)

Nowadays biosphere is engulfed by technogenesis and is in a state of ecological crisis. Problems of
planetary development, energy and raw material resources, food quality and the habitat of
organisms in general are the determining factors of this environmental crisis. Technogenesis
(anthropogenesis) of the biosphere is the transformation of biosphere taxa as a result of modern
human economic activity. The total addition of anthropogenic energy to the energy released by the
entire biosphere of the Earth reaches 35%, and 30% of all known resources of the planet have
already been consumed. Meanwhile, the world's population is growing steadily.

The increasing scale of technogenic transformation of the biosphere stimulates scientific research in
the field of nature conservation and monitoring of territories with varying degrees of anthropogenic
impact. Along with the biological indication of environmental distress, technologies for
biogeochemical indication and engineering biogeochemistry [1] are being developed.

People are constantly faced with adverse factors, including natural and man-made disasters, mass
diseases of the endocrine and viral nature, as a result of high population density and the
manifestation of unforeseen pandemics. In most cases, society faces with problems of life. This
causes disruption of the connections between organisms and activation of microorganisms and
viruses. The present biosphere is undergoing a state of adaptation: the stage of correction of man-
made activity and the beginning of the emergence of reasonable resource-saving technologies. In
this case, the state of adaptation is considered as homeostasis of the biosphere and technologies used
to the bioresources are very important.

The results of scientific research in biogeochemistry are determined by the level of development of
methods for analyzing substances. Despite the use of such methods as XRF, AAS, ICP emission
spectrometry, ICP mass spectrometry, electrochemistry, chromatography, methods for the
quantitative determination of selenium, zink, copper, iodine, fluorine, rhenium and other trace
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elements are not sufficiently effective. Of particular interest are methods for determining complex
compounds of microelements, metalloproteins, metalloporphyrins and other biologically active
compounds.

By combining the methods of molecular genetics, biotechnology and geochemical ecology, it was
possible to obtain effective microbiological preparations containing not only microelements -
iodine, selenium and iron, but also cobalt and molybdenum, which are used to correct
microelementosis in animals and humans. In addition, biogeochemical approaches are effective in
the biotechnology of medicinal plants with a given chemical composition, in the search and
extraction of rare chemical elements from dumps, and in soil reclamation.

Zinc is a very important microelement of all living organisms [8]. Children with Zn-deficiency
symptoms are subject to a higher risk of growth retardation, diarrhea, and such respiratory diseases
as acute infections of the lower respiratory tracts (bronchiolitis and pneumonia in children). Zinc
plays an important role in processes related to immune resistance and blocking bacterial and viral
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3. ENVIRONMENT POLLUTION AND THE REMEDIATION OF POLLUTED
SOIL

Rapid growth of industry and lack of cleaning constructions has led to the fact that a huge amount
of pollutants, including pesticides, heavy metals, and antibiotics, are discharged into sewage. After
treatment, wastewater is discharged into the environment. Heavy metals are commonly associated
with wastewater treatment plant sludge. Sewage sludge, after disposal, is usually used as fertilizer.
Heavy metals can contaminate agricultural products.

Excessive use of antibiotics has led to the development of antibiotic resistance in microorganisms.
Antibiotics end up in wastewater through human and animal feces, drug waste, and effluent from
pharmaceutical plants. Water treatment at wastewater treatment plants does not effectively remove
antibiotics and, as a result, antibiotic-resistant bacteria may be present in wastewater. Human
resistance to antimicrobial agents can occur due to mutations in bacterial DNA. Acquired resistance,
resulting in the inability to treat the infection in a clinical setting, becomes a difficult problem to
solve. Determination of bacterial resistance to antibiotics was carried out using the replica method
on agar-agar medium containing various concentrations of antibiotics. The isolated heavy metal-
resistant bacteria were assessed for multidrug resistance. One of the main sources of soil pollution is
the release of various pollutants into the environment, such as heavy metals (HMs) and
polyaromatic hydrocarbons (PAHS).

It has been established that the initial raw materials for the production of biochar and their
modification after production largely determine the number of viable cells in the resulting
biosorbent. The development of new nature-like technologies using indigenous strains of
microorganisms is the most promising method for remediation of contaminated soils.

Biosorbents promote the chemical binding and degradation of pollutants through biological
processes. The development of new generation biosorbents based on biochar is a promising
direction in the field of environmental protection. Existing methods of neutralizing contaminants are
often ineffective and require a lot of time and money. Biochar can be identified as one of the
promising materials used in the remediation of contaminated soils. Biochar is an effective material
for creating biosorbents because it has high surface activity and the ability to immobilize bacteria.
These properties make it possible to create a new generation of biosorbents that effectively remove
heavy metals and PAHs from the environment. It is known that strains of microorganisms have
mechanisms due to which the degradation of PAHSs is carried out, as well as the sorption of HM
ions. Immobilization of bacteria on the surface of biochar will increase the efficiency of the sorbent
and provide a more stable binding of pollutants [19].

An innovative technology of adsorptive bioremediation has been developed for soils contaminated
with different classes of organic pollutants in different soil and climatic conditions. It is based on
the use of natural sorbents for accelerated microbial degradation of some degradable pollutants
through in situ activation of degrading microorganisms due to a decrease in their toxicity and an
improvement of water-physical regime. In case of highly persistent pollutants carbonaceous
sorbents can sharply decrease their availability due to strong binding those molecules in a
nanoporous space of activated carbon or biochar.

The presence of petroleum products in soil ecosystems has a significant negative impact on the
ecological functions of the soil and its fertility [1]. Petroleum hydrocarbons change the physical and
chemical properties of soils, reduce the number and activity of soil microorganisms [2]. High levels
of oil pollution lead to failure of seed germination and stunting of mature plant populations. Heavier
oil fractions, which have significant density and viscosity, reduce the water and air permeability of
soils. One of the promising areas for cleaning soils from oil and oil products is the use of biological
treatment based on oil-destructing bacteria [3]. Recently, methods have been developed based on
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the use of oil-degrading bacteria together with humic acids (HA) as part of bioorganic compositions
[12].

Pollution of environmental objects with hydrocarbons from oil and petroleum products is one of the
largest types of pollution. This work assessed the remediation ability of humic acids (HA), bacteria
Rhodococcus erythropolis S67, Rhodococcus erythropolis X5, Pseudomonas fluorescens 142NF and
bioorganic compositions based on them in relation to soil contaminated with oil products.
Additionally, the residual content of aromatic petroleum products was determined by fluorimetry. It
has been established that the maximum biodegradation of petroleum products is observed under the
action of a bioorganic composition based on HA and the association of all three strains of bacteria
[10].

In connection with the increasing level of chemical contamination of soils, one of the most
important modern problems of biogeochemistry is the development of methods for their
remediation. The most promising method of soil remediation is considered to be in situ
bioremediation, based on the ability of soil microorganisms to completely decompose organic
pollutants or convert them into non-toxic products. This approach is highly economical,
environmentally friendly and low energy intensive. However, the choice is not always made in its
favor, especially in the case of heavily contaminated soils. Most often, they resort to more radical
methods of excavating contaminated soil and then burning or burying it.

The main problems of bioremediation are associated with the difficulties of adaptation of
microorganisms in toxic environments, as well as with the high probability of migration of
pollutants into adjacent environments. As a result of 30 years of research into the behavior of
pollutants of different classes, it has been proven that the introduction of various natural sorbents
can significantly expand the possibilities of soil bioremediation under “in situ” conditions The
experience of many years of research on the development of biotechnology for sorption
bioremediation of soils contaminated with pollutants of different classes (herbicide, petroleum
products, polychlorinated biphenyls (PCBs, polycyclic aromatic hydrocarbons (PAHSs)) and
organochlorine pesticides: DDT and HCH is summarized [10].

Biogeochemistry of persistent pesticides — DDT, HCG, etc., studying the features of their migration
and accumulation in various ecological chains (soil-water—man, soil-water—plant— man, soil-water—
plant (forage) is presented—pets—human) in order to steadily reduce the negative impact of these
chemicals on humans.

An innovative technology has been developed for soil bioremediation in different climatic
conditions for various classes of organic pollutants. This technology based on the use of natural
sorbents to accelerate the decomposition of biodegradable pollutants by “in situ” activation of
microorganisms-destructors. The remediation process passed due to the reduction of soil toxicity as
well as reducing the availability of highly persistent pollutants due to their strong binding in the
nano-space of activated carbon or biochar [18].

4. TECHNOLOGICAL PROBLEMS OF ENGINEERING BIOGEOCHEMISTRY

SCPs are mainly associated with the development of a system of remediation and preventive
measures that contribute to a stable reduction in the negative impact of SCPs on humans through
various ecological chains, which include:

e zoning the soil cover of agricultural landscapes in order to identify the most contaminated
areas of agricultural products based on the results of the analysis of these substances in the
soil. As a criterion for appropriate zoning, the maximum permissible concentration of
substances for soil or an indicator of their abnormally increased content relative to
background quantities is used.

214



e microbiological remediation of soils in the most contaminated areas from agricultural
products by liming acidic soils and applying organic fertilizer in the form of cattle manure
or alfalfa green mass until the maximum permissible concentration of these substances is
reached in this environment;

e diking, and planting with shrubs the most polluted areas located next to water bodies,
which will delay the flow into them from the surface;

e drainage and groundwater runoff of agricultural residues;

e systematic hygienic monitoring of the content of chemical substances in drinking water
and products of plant and animal origin;

e identification of the source and time of contamination of the environment and human
biological substrates with the pesticides

5. CONCLUSION

The main task of engineering biogeochemistry of SCPs is to study the characteristics of their
migration and accumulation in various ecological chains (soil-water—human, soil-water—plant—
human, soil-water—plant (forage —domestic animals-human) in order to stable reduction of the
negative impact of these chemicals on humans. The risk of the presence of SCPs in the soil is
associated with their migration from soil to humans through links in food chains in which
accumulation of substances occurs. Reducing the risk of migration and accumulation of SCPs in
ecological chains must be done through the use of a number of remediation and preventive
biogeochemical technologies.

The same goal is followed by calculating the magnitude of geo-ecological risks in the context of
climate change. The obtained values characterize the probability of a change in natural vegetation
(mosses and lichens are replaced by grasses and sedges, which reduces the thermoprotective
properties of vegetation) in impact zones during the operation of gas production enterprises and gas
pipelines. In these zones, it is also necessary to use biogeochemical technologies for the restoration
of ecosystems. In most cases, these innovative technologies can be used to create test models, in
agroecosystems.

The modern development of biogeochemistry is closely related to the need to assess the state of the
environment and its impact on the quality of agricultural products and public health. Such
assessments should be based on the results of fundamental and applied biogeochemical studies of
biosphere. There is a real need to intensify the focus of biogeochemical research in connection with
the relevance of developing a systems approach when studying the evolutionary transformations of
the biosphere and the migration of matter in past geological eras. Currently, the problems of
biogeochemical evolution of biosphere dynamic biogeochemistry, mutual influence of macro - and
microelements in natural-technogenic cycles, differentiation of natural and technogenic components
of cycles and the dependence of the status of macro-and microelements on the technogenic
transformation of natural complexes are becoming particularly relevant. These issues are directly
related to the effective correction of microelementosis and the optimal use of special food additives
and microfertilizers in medicine, veterinary medicine and crop production.

Diagnosis and prevention of microelementosis is a complex and very important problem. Its
solution is associated with a systematic study of the status of both individual microelements and
their groups, as well as macroelements, the development and application of new methods of
biochemistry, molecular biology, genetics and analytical chemistry. The processes of microelements
absorption and their regulation, pool formation, and synthesis of biologically active compounds
remain the most pressing issues along with the development of agrochemical and biogeochemical
technologies.
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It should be noted that along with establishing the high degree of contamination of certain territories
with toxic metals and compounds, radionuclides, and organic substances, it is necessary to develop
technologies for their detoxification and remediation. In addition, there is a gap between the
description of the actual biogeochemical situation and the resulting consequences of react of
organisms.

There is a need for a sharp reduction in a number of environmentally hazardous industries, the
search and introduction of new materials, energy sources, and the transition to energy-saving
technologies, the development of bioeconomy and a green economy. It is necessary to create
National research and information and analytical centers for studying the current state of the
biosphere with corresponding regional services for operational monitoring of the chemical state and
quality of soils, waters, atmosphere, flora and fauna, carried out on a unified methodological basis.
Such centers are an urgent need to create a unified data bank of geochemical information and
conduct an independent, reasonable assessment (including economic) of the quality of the living
environment within the framework of government digitalization programs. To solve
multidisciplinary problems, it is advisable to create complex biogeochemical groups or scientific
associations that include specialists in various fields.
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1. INTRODUCTION

While the global community is in the process of recovering from the impact of the recent pandemic
COVID-19, this rebound is taking place unevenly both among and within countries. Compounding
these challenges, the world is currently contending with the ramifications of the ongoing conflict in
Ukraine, causing significant disruptions in food price markets. Agricultural and food systems
continue to be highly susceptible to shocks and disturbances stemming from conflicts, on and off
going animal diseases, and economic downturns [1]. As urbanization and incomes continue to rise,
households typically consume larger and more varied amounts of food. This includes dairy, fish,
meat, legumes, fresh fruits and vegetables, along with an uptick in the consumption of processed
foods [2,3]. This, coupled with population growth, signals significant escalations in the production
and supply of specific food types to meet the heightened demand.

A confluence of factors, including elevated feed prices, diseases, and surging global demand, has
led to unprecedented increases in the prices of beef and pork, thereby impacting the prices of meat
and meat products in the Republic of Serbia's market as well.

Researchers exploring the relationship between nutrient density and the monetary cost of foods
require access to comprehensive data on both nutrient composition and pricing. Dietary energy
density [4] has also been employed as a metric for assessing diet quality. An analysis that linked
fifty food prices to dietary survey data from the Val de Marne study [4,5] demonstrated that higher-
quality diets were linked to increased energy-adjusted diet costs [4].

Several studies have consistently shown that specific food and nutrient intakes are inversely
correlated with energy-adjusted diet costs. Diets rich in energy-dense foods (kcal/100 g), often
characterized by higher sugar and fat content (typically considered more affordable raw materials),
tend to have lower diet costs per 100 kcal. This pattern is often a result of compensating for the lack
of nutrient-rich components such as animal-source proteins, vegetables, or fruits [4,6].

This research aimed to provide an overview of the present condition of food prices on the market of
the Republic of Serbia, particularly those related to meat and meat products, concerning consumer
income and inflation levels spanning from 2016 to 2023. Additionally, the study sought to reassess
the current market prices of chosen meat products through comparative metrics for food costs. It
also aimed to examine cost-to-energy ratios and protein-to-fat ratios to ascertain whether nutrient-
dense meat products are appropriately priced.

2. MATERIAL AND METHODS

The paper is divided into two sections: the first involves data collection and subsequent discussion,
focusing on average household budgets, yearly net salary growth, and expenditures on food and
beverages. Special attention is given to meat and meat products, along with tracking the inflation rate
of these products in relation to the average net salary growth. The second section utilizes surveys to
delve into the prices of commonly available processed meat products in the market. It involves
calculating their average price, as well as their average energy, protein, and fat content. Ratios of
different nutrients, such as protein and fat, compared to overall energy, are also computed.
Additionally, in the paper we calculated the price (in EUR) compared to the energy content of these
products.

We conducted a literature search using data from the Statistical Office of the Republic of Serbia,
including Household Budget Surveys spanning 2016 to 2023. Additionally, direct communication with
support services was utilized. Our aim was to gather information on average household size, net
income (excluding non-monetary income), prices of selected meat varieties and processed meat
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products, and meat consumption per household for the period of 2016-2022, considering both urban
and rural regions.

A formal inquiry was made to the Statistical Office of the Republic of Serbia to obtain data on the
inflation rate of meat and processed meat products. Calculations for meat and meat product
consumption per capita were derived from the average household size and the household consumption
data. Monthly household income and budgets allocated for food and beverages, meat (poultry, pork,
beef), and processed meat products were converted to euros using a conversion rate of 1 EUR = 118
RSD (Serbian Dinar).

Meat product retail prices and nutrient composition information were sourced from supermarkets and
the Internet. Researchers adhered to a pricing protocol, obtaining prices from at least two supermarket
or hypermarket chains (or their websites) and calculating the average price for each item. Family-sized
packaging was prioritized when making selections. In cases where prices were sourced from a food
cost survey conducted from the market, the average price (weighted mean by quantities bought) was
determined. The prices of the products were selected to accurately reflect the current pricing landscape
(data was collected over a 7-day period at the beginning of January 2024, considering only the full
prices of the products).

Nutrient composition data provided by manufacturers allowed us to calculate each item's energy value
(kcal/100g) [7]. The energy value, protein-fat ratio, the purchase price (converted to euros from the
domestic currency), and the energy cost for selected items were then expressed for the chosen meat
products [6].

3. RESULTS AND DISCUSSION

Household Spending on Meat Products and the Impact of Global Dynamics on the Meat
Processing Industry

In order to gain a better insight into average annual expenditure on food and beverages, particularly
the allocation of meat and processed meat products concerning the annual average wage, we
searched through the existing datasets offered by the Statistical Office of the Republic of Serbia.
While many studies on household expenditure patterns tend to concentrate on broader categories of
goods [6,8,9], often treating food and beverages as a single aggregate class marked at a status of
necessary goods, a limited number of studies have undertaken a more detailed examination of food
consumption. Graph 1 presents the average monthly spending per household compared to net
income (EUR). The data used are the 2016-2023 Household Budget Survey for the Republic of
Serbia, covering 37645 households over a 7-year period (except for 2020, which was skipped due to
the COVID-19 pandemic). The primary benefit of utilizing these methods over individual diet and
nutritional data lies in the fact that individuals are queried about their purchases rather than directly
about their eating habits. This approach makes the interview process feel less intrusive, reducing the
likelihood of individuals providing inaccurate information intentionally [10].
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Graph 1. Average monthly spending per household compared to average net income (EUR)

We displayed the price trends, represented as the inflation rate (% change/year) from 2016 to 2023
for meat and processed meat products (we considered the cumulative price trend for all processed
meat products, encompassing fermented and cooked sausages, as well as patés), concerning the
annual growth in income (refer to Graph 2). Additionally, our analysis incorporated the prices of
poultry, pork, and beef meat, given their significance as primary components of the meat processing
industry. In the Republic of Serbia, households allocated more than a third of their disposable
income (36%) to food and beverages in the past year, marking an increase compared to 2016, when
this expenditure was almost 2% lower.
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Graph 2. Inflation rate of the goods compared to income net growth

Our analysis showed that in the years preceding pandemic, specifically from 2016 to 2019, the
average monthly consumption per household (inclusive of both urban and rural areas) showed a 2%
decrease when compared to the post-COVID-19 period.

As reported by FAO [11], the outbreak of African swine fever began affecting Asian countries in
late 2018 and persisted through 2019 and 2020. This significantly contributed to a substantial
decline in global pig meat production between 2018 and 2019, particularly impacting China, and
continued to impede production in 2020 and 2021 across Europe. However, there was a resurgence
in pig meat production in late 2021, leading to a robust increase in global meat production.
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In the Republic of Serbia, despite the initial detection of African swine fever in late 2019 along the
borders with Romania and Bulgaria within the wild boar population, a substantial 1637 outbreaks in
domestic pigs were reported from September 2020 to August 2021 [12]. This situation triggered
widespread slaughters across the county, significantly impacting the overall prices of pork meat.
Notably, there was a significant surge in prices of pork, with inflation rates reaching 119.7% and
126.3% in mid-2020 and 2022, respectively. Given that pork meat is a primary raw material used in
the meat processing industry (along with poultry meat), the prices of meat products followed this
spike with a +121% inflation rate within the period of December 2021 to December 2022. This
marks a notable increase compared to the previous year when the inflation rate stood at 106%
(Graph 2).

Meanwhile, the beef industry in the EU faced mounting challenges related to campaigns advocating
for a reduction in red meat consumption, linking red/beef meat with environmental protection, and
highlighting its negative impact on climate change. Over the past two decades, there has been a
noticeable trend of a continuous decline in the number of cattle [13], reaching its lowest level in
2021 [14]. In contrast, chicken meat production experienced the most significant growth since 2000
and became the most produced type of meat in 2021, according to FAO [11].

The FAO Food Price Index, which monitors monthly fluctuations in the international prices of
globally-traded food commaodities, recorded its highest value ever between May 2020 and March
2022 [15]. This surge was attributed to a combination of factors, including the repercussions of the
COVID-19 pandemic on supply chains, the resurgence in activity and demand experienced in 2021,
and disruptions to exports from the Russian Federation and Ukraine (major suppliers of crops used
for animal feed) [11]. These global shifts have significantly influenced the meat processing industry,
as the prices of meat products continue to mirror the fluctuations in prices in relation to the
accessibility of meat (Graph 2).

Coalescing meat product prices with nutrient composition data — the current state of the
market

The data on expenditure of food purchased for 256 meat products was recorded (Table 1). We
estimated the affordability of processed meat products by energy density and nutrient quality.
Assessing the financial impact of meat products based on retail prices, whether local or national,
may not always paint dietary trends or health implications. For instance, the decrease in particular
food prices in Brazil [8] and Mexico [9] has been associated with an increase in obesity rates and
different cardiometabolic diseases. However, a decline has mainly been observed in the prices of
energy-dense, less healthy, items such as sweetened beverages and sweetened grains [9]. In contrast,
the prices of fresh meat continue to rise [8, 9]. In France, vegetable prices have surged, while
dietary fat prices have declined [6]. Conversely, our research in Serbia revealed a significant spike
in meat prices, while the average cost of animal fat remained stagnant over the study period,
accompanied by a minimal inflation rate (+100.8%) compared to 2016 (data not presented in this

paper).

Comparative metrics for food costs have been established based on energy and nutrient content per
100g of the edible portion. Table 1 illustrates the energy density (in kcal/100g), the price
(EUR/100g), and the energy cost (EUR/100kcal) of selected meat products commonly available in
Serbian retail stores. Given the economic significance of achieving 2000 kcal/ day at a reasonable
cost, the preferred strategy for comparing food prices is per calorie rather than per serving or unit
weight [6].

Generally, studies have shown that the average price per 100 kcal for ultra-processed foods such as
some grains, fats, and sweets are linked to lower per-calorie food costs, whereas animal-sourced
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proteins, some meat products, fruits, and vegetables (processed foods and unprocessed/minimally
processed foods) tend to have higher per-calorie food costs [6, 16].

Table 1. Analysis of average energy content, protein to fat ratio, fat to energy and protein to energy
value ratio, purchase price, and cost of energy for selected meat products in the Serbian market.

Name of the Energy . Fat to Protein to Purc_hase Cost of

product (sample value Protein/  energy energy price energy
size, N) (kcal/100g) Fat ratio Va“.Je value ratio (EUR/ (EUR/
' ratio 100 g) 100 kcal)
Dry-fermented sausages
ﬁffg Sausage. 430 6.78 761 20.6 1.64 0.42
fuulen saisage. 432 666 786 209 157 0.48
ok sausage 394 816 731 239 2.05 052
ﬁlaz'gr;“ sausage”, 422 693 775 215 1.90 0.45
Emulsion-type cooked sausages
Hot dogs*, N=46 286 5.55 79.7 17.7 0.75 0.26
Mortadella, N=11 241 7.89 71.0 22.4 1.20 0.50
Parizer*, N=39 201 6.50 87.4 22.7 0.56 0.28
*

f sk sausage™ 236 728 739 215 0.65 027
Grill sausage, 284 6.49 76.6 19.9 0.99 0.35
N=43
Boiled sausages
Paté (* all
categories) N=47 290 4.16 82.4 13.7 1.12 0.39

Products labeled with * correspond to categories categorized as "under a different name" according
to the Rulebook [17].

Studies on the relative cost of energy-dense versus nutrient-dense foods heavily rely on accurate
metrics of nutrient density. Recent advances in nutrient profiling techniques have allowed for a
more objective assessment of the nutritional value of different foods [6, 18, 19]. Foods can be
ranked or rated based on their nutrient content relative to calories. Numerous studies based on
databases have consistently shown that higher nutrient density scores are directly associated with
higher per-calorie costs. In essence, more nutrient-rich foods tend to be more expensive per kcal
than foods with lower nutritional value [6, 18].

Similarly, our research has identified consistent patterns—specifically, the cost of energy (EUR/100
kcal) aligning with trends observed in the calculated protein-to-fat ratio and the energy value
(kcal/100g) of meat products. Dry-fermented sausages, in particular, exhibited a higher cost of
energy, nearly doubling the energy value compared to other groups, except for Mortadella. Despite
its lower calorie content per 100 g, Mortadella exhibited a higher cost of energy, potentially
attributable to its elevated protein-to-fat ratio—ranking highest among all the groups. Hence, it
could be regarded as the most nutrient-dense food among the groups under study. Furthermore, the
purchase price followed a similar trend, with one notable exception and irregularity observed in the
paté category. The cost of energy and, consequently, the purchase price per 100 g were assessed as
exceptionally high for paté based on its energy value and the protein-to-fat ratio, which was the
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lowest among the groups. This irregularity in pricing may be attributed to the cost of packaging
(typically canned, as opposed to other meat products considered in this research, which are usually
packaged in natural or plastic casings that are more cost-effective), a factor not accounted for when
calculating the final price-to-energy ratio.

4. CONCLUSION

The findings underscore the complex interplay between global events and market dynamics. This
study elucidates the nuanced landscape of food prices in the Republic of Serbia from 2016 to 2023,
as well as intricate challenges for the meat processing industry. Navigating the impacts of the
uneven recovery from pandemic and the ongoing conflict in Ukraine on global food markets,
environmental concerns, and African swine fever outbreak that has led to surging meat prices with
rise of inflation rates. Household spending patterns reveal a notable shift, with 36% of disposable
income directed toward food and beverages in the past year, signaling a significant increase since
2016.

Moreover, the study delved into meat products' affordability and nutrient density, utilizing metrics
such as energy density, protein-to-fat ratio, and cost-to-energy ratios. Findings challenge
conventional assumptions, and raise some questions about pricing of certain meat products on the
market.

As we navigate these complexities, understanding the nuanced relationship between nutrient density
and the cost of food becomes pivotal for informed policy decisions and consumer education.
According to the authors' knowledge, surveys on consumers' motivations for purchasing meat and
meat products, along with insights into the factors influencing their food choices in the Republic of
Serbia, are yet to be conducted. Therefore, this research offers a foundation for future studies and
policy considerations in the ever-evolving meat processing industry.
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Abstract: Wastewater from the meat industry contains high concentrations of organic matter. The composition
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1. INTRODUCTION

The main factor contributing to environmental pollution, both in developing and developed
countries, is the rapid development of the agro-processing industry. This issue is particularly
pronounced in developing countries, where approximately 90% of wastewater is directly discharged
from industrial plants without prior treatment [1]. The swift growth of the agro-processing industry,
coupled with the rapid advancement of technology, has resulted in the generation of large amounts
of industrial and communal wastewater flowing into canals, lakes, or rivers, ultimately reaching
groundwater. The primary challenge lies in the insufficiently rapid development of wastewater
purification techniques in relation to the agro-industry's swift growth, leading to significant
pollution of both surface and underground waters. Statistical data concerning the treatment of
wastewater in Serbia, particularly in the meat industry, as well as in all other branches of agro-
industry, is concerning [2]. According to 2019 statistics, a total of 119 million m?® of wastewater
from various industries was discharged in Serbia. Of this, 47% originates from the processing
industry sector alone, with only 5%-8% of the wastewater being treated. The meat industry alone
utilizes about 25% of the total water compared to other food and beverage processing industries [3]
(Table 1). In Europe, Belgrade stands out as the only capital city without a wastewater treatment
plant [4]. Currently, a global combined approach to wastewater management is being implemented.
The member states of the EU, Norway, and the European Commission have collaboratively
developed a joint strategy to support the implementation of Directive [5], establishing a framework
for Community action in the field of water (Framework Directive on Water - Framework Directive
2000/60/EC). This strategy includes the control of emissions and the establishment of
environmental quality standards [5].

Table 1. Water use in processing industries

Food industry - processing Water use (%)
Meat 25
Milk 13
Drinks 12
Fruit 10
Vegetables 9
Oils 8

This Directive regulates the collection and treatment of urban wastewater and water from certain
industries [6]. The most significant environmental challenge arises from agro-industrial wastewater,
characterized by a high content of organic substances such as total nitrogen, total phosphorus,
phenols, total salts, solids, sulfides, heavy metals, chemical oxygen consumption and biochemical
oxygen consumption [7].

The growing concern for environmental protection has led to the introduction of strict legal
environmental regulations and the adjustment of emission limit values defining the quality of
discharged wastewater (effluent standards). Among various types of agro-industries, the meat and
meat products industry are identified as one of the three major polluters of the environment,
alongside the milk processing industry and the beverage industry [8].

In 2004, the US Environmental Protection Agency (US EPA) identified wastewater from meat
industry slaughterhouses as one of the most harmful types for the environment. This wastewater
poses a significant environmental challenge due to its high content of suspended organic solids and
concentrated nutrients, including animal blood, fatty tissue residues, hair, animal skin residues, and
slaughterhouse disinfectants [9]. Meat industry wastewater contains aerobic and anaerobic bacteria,
both pathogenic and non-pathogenic [10]. These substances are the primary contributors to
unpleasant odors in wastewater.
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To mitigate environmental pollution resulting from the discharge of wastewater from
slaughterhouses and other meat industry plants, new anaerobic wastewater treatment technologies,
such as anaerobic digestion, are being developed. Environmentally friendly anaerobic
biotechnologies offer superior treatment options compared to conventional aerobic technologies,
given their cost-effectiveness and economic benefits [11].

2. DIFFERENT TECHNOLOGIES IN THE TREATMENT OF
WASTEWATER OF THE MEAT PROCESSING INDUSTRY

The technology applied in the treatment of industrial wastewater primarily depends on the observed
characteristics of the wastewater. Purifying wastewater from the meat industry is highly complex
due to the presence of proteins, fibers, lipids, blood, intestinal mucus from the slaughter process,
various microorganisms, and detergents and disinfectants left behind during the washing of
slaughterhouses and facilities [12, 13]. Wastewater quality control helps prevent eutrophication and
the pollution of surface and underground waters with heavy metals and toxic compounds, thereby
minimizing their presence in the food chain [14].

Factors influencing the selection of the most efficient, suitable, and cost-effective technology in
wastewater treatment include the composition and amount of wastewater, plant capacity, and
financial considerations. It has been demonstrated that the best results are achieved with combined
processes tailored to individual plants and their wastewater. Before any wastewater treatment,
mechanical wastewater treatment is performed initially, involving the removal of large and solid
components and particles from the wastewater generated during meat processing [13].

The removal of remaining particles, such as finely suspended particles of fat and oil, is carried out
through sedimentation or floating, using various methods like dissolved air flotation, ecocoagulation
and flocculation, electrocoagulation, phytoremediation, membrane processes, and anaerobic and
aerobic biological treatment [15].

2.1. AEROBIC AND ANAEROBIC PROCESSES IN WASTEWATER
TREATMENT

Various aerobic and anaerobic biological processes are employed to eliminate organic substances in
wastewater, including nitrogen (via nitrification and denitrification), organic fractions of sludge, and
the decomposition of excess microflora biomass from the biological wastewater treatment process
(secondary sludge). Aerobic oxidation generates substantial amounts of free energy (AGo) and
oxidation products with low energy content. The advantage of aerobic oxidation lies in its high
purification efficiency and rapid purification. In contrast, the anaerobic oxidation process produces
oxidation products with high energy content, but it has the drawbacks of slower purification and a
weaker purifying effect [15].

2.2. AEROBIC PROCESSES

Aerobic wastewater treatment processes are divided into techniques with suspended microflora and
techniques with an immobilized layer, i.e., microflora immobilized on a suitable inert carrier.
Aerobic processes with suspended microflora can include purification processes with activated
sludge in bioaeration basins or aerobically aerated lagoons and lakes. The biologically active mass
of aerobic microflora is called activated sludge, which is suspended in wastewater in the form of
flocs. These flocs contain living microorganisms, dead cells of microorganisms, as well as various
organic and inorganic substances left over from wastewater. The most important and abundant
microorganisms in activated sludge are bacteria (gram-negative bacteria of the genus Pseudomonas,
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Zooglea, Flavobacterium, Mycobacterium, and nitrifying bacteria Nitrosomonas and Nitrobacter),
protozoa, and fungi [16].

2.3. ANAEROBIC DIGESTION (AD)

Anaerobic wastewater treatment processes are employed to treat highly polluted, mostly industrial
wastewater. The process itself is based on biochemical reactions with the presence of bacterial
microflora, which convert organic matter into a mixture of gases, the main components of which are
methane and carbon dioxide. This process takes place without the presence of oxygen in a reducing
environment and within a certain pH interval.

Currently, the most advanced anaerobic wastewater treatment technology is anaerobic digestion,
also known as the activated sludge process [17]. Anaerobic digestion is a process in which
microorganisms break down biodegradables (organic matter) under anaerobic conditions and
transform them into CO, and CHj, as end products. This type of wastewater treatment (AD), with a
combination of the activities of various microorganisms, has found application in biogas production
plants and is widely used as a source of renewable energy.

Biogas, which contains CH4, CO; and various trace gases, has a dual application: direct use as fuel
or further processing to produce biomethane - a substitute for natural gas. Important parameters that
affect the formation of biogas during anaerobic digestion are temperature, pH value, increased
concentration of fatty acids, and increased concentration of ammonia (which leads to the inhibition
of the decomposition process). As technology advances, an increasing number of EU countries use
anaerobic digestion as a source of renewable energy (such as Great Britain, Germany, Denmark)
[12].

Digestion, or the formation of methane in anaerobic digestion, is divided into four phases:
hydrolysis [18], acidogenesis [19], acetogenesis [20], and methanogenesis [21].

Hydrolysis, as the first phase of anaerobic digestion, occurs under the action of enzymes that break
down complex organic substances (carbohydrates, proteins, and fats) into simple organic
compounds (sugars, fatty acids, and amino acids). These compounds formed by enzymatic
hydrolysis are a source of energy for the present microorganisms [18].

Acidogenesis is the stage in which bacteria, through anaerobic digestion, further break down
hydrolysis products into volatile fatty acids with NHs, CO-, and HS as by-products [19].

The third phase, acetogenesis, is the phase in which microorganisms convert the products of
acidogenesis into acetate and carbon dioxide. For this purpose, various microorganisms such as
Sintrophus, Clostridium, and Sintrobacter bacteria are used, carrying out the process of acetogenesis
[20].

The fourth and final phase, methanogenesis, is the key phase of anaerobic digestion. In strict
anaerobic conditions, with the help of methanogenic bacteria, the products of all previous phases are
converted into CHs, CO,, and H,O [21]. The process of methanogenesis can be illustrated as
follows:

CHsCOOH — CH4 + CO,
CO; + 4H,0 — CH4 + 2H,0

Methane and carbon dioxide constitute the largest mass fraction of biogas [22]. The critical factor in
methanogenesis is the pH value, which must be in the range of 6.5 to 8 [21]. Any organic material
that remains unprocessed by microorganisms during anaerobic digestion, along with the remains of
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deceased microorganisms, is termed digestate [23]. This digestate serves as a high-quality fertilizer
used in agricultural production.

2.4. ANAEROBIC FILTERS (AF)

The Anaerobic Filter, illustrated in Figure 1, is one of the earliest and simplest types of filters used
in anaerobic digestion. It comprises a tall biological reactor filled with an inert medium where
biomass grows. The biomass retains and binds solid particles to the supporting stationary material,
allowing sludge to settle. Microorganisms reproduce either on the medium or within its interstices.
Wastewater purification is achieved by passing water through the filter, either from top to bottom or
vice versa [24].
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Figure 1. Anaerobic Filter
2.5. ANAEROBIC CONTACT PROCESSES

The anaerobic contact process ensures the longest retention time of matter, directly influencing the
higher energy yield in anaerobic biogas production technology with a high yield rate [25]. An
advantage of this technology is that microorganisms are retained and do not need to be added
afterward. During the digestion process, organic matter is separated and concentrated in separate
bioreactors with the return of the introduced matter.

This way, more degradable waste is converted into biogas, and a large part of the anaerobic bacteria
remains preserved. There are two types of contact reactors: complete mixing reactors or continuous
organic flow reactors. Anaerobic contact is widely used because the process ensures the longest
retention time of matter, directly contributing to a higher energy yield. This technology stands out as
one of the most cost-effective methods for biogas production [25].

2.6. COVERED ANAEROBIC LAGOONS

Covered anaerobic lagoons are large lakes widely used in the treatment of wastewater in the meat
industry, as well as other types of industrial wastewater [26]. Wastewater from the slaughterhouse is
piped to the lagoon, where sludge is deposited as the lower semi-solid layer, and a liquid upper layer
forms above. This upper layer, preventing the passage of oxygen, enables anaerobic digestion and
decomposition of organic matter in wastewater (Figure 2) [27].

The loading volumes of anaerobic lagoons, at 0.056-0.104 kg volatile solids (VS)/m®/day, are
relatively low compared to temperature-controlled anaerobic digesters [27]. The amount of biogas
produced from the surface of anaerobic lagoons did not prove to be profitable, so it was not
intensively studied [28].
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The advantages of these anaerobic lagoons are low costs, simple construction, and a low level of
technology. They belong to systems with a low rate of biogas yield. Disadvantages include
durability issues, the occupation of large areas, and the accumulation of a large amount of sludge
due to poor mixing.

Digester Influent
le Cover Blogas Pipe

Digester Effluent

4 Biogas Storage
Cell1

Figure 2. Covered Anaerobic Lagoon

2.7. ANAEROBIC FERMENTERS

For the large-scale production of biogas through anaerobic digestion, productive contact between
bacteria and the substrate is necessary, primarily achieved by mixing the contents of the fermenter.
Closed fermenters with thorough mixing are utilized in this type of anaerobic digestion (Figure 3)
[29].

If the contents in the fermenter are not properly homogenized during the mixing process, over time,
the separation of content and the formation of layers with different densities can occur. Due to the
difference in density, most bacteria are retained in the lower sludge layer, while the substances
needing decomposition are retained in the upper layer. This reduces the contact zone between the
two layers, making anaerobic digestion challenging. Additionally, solids may float to the surface,
creating a floating layer that hinders the release of biogas [30].

It is crucial that mixing is conducted at an intensity that provides the best conditions for anaerobic
digestion. This is typically achieved in anaerobic fermenters with complete mixing using slow-
moving rotary agitators, stirring the mixture in the reactor at well-defined time intervals [30,31].

The advantages of these anaerobic fermenters include their high technological level, the ability to
receive and decompose various types of solid organic particles, and substantial biogas production.
The disadvantage lies in the low mobility of the solid mass and the need for constant mixing [31].
Biological processes can also be combined with membrane processes, as is often done in the
purification of wastewater from slaughterhouses in the meat industry. This combination of
anaerobic processes and microfiltration removes over 95% of COD from wastewater [32], while the
combination of aerobic processes and reverse osmosis removes 85.8% of COD [33].

Figure 3. Anaerobic Fermenter

231



2.8. CHEMICAL OXYGEN DEMAND (COD)

Chemical Oxygen Demand, or COD, quantifies the water's ability to utilize oxygen during the
breakdown of organic matter in the water. In simpler terms, it represents the quantity of oxygen
required to oxidize the organic substances present in a given water sample. COD analysis serves as
an indirect measure of pollutants, specifically organics, within a water sample. This parameter holds
significance in water quality analysis as it aids in mitigating risks to both humans and the
environment [34].

Monitoring COD is a valuable method for assessing the efficiency of water treatment plants.
Untreated or partially treated water discharge often contains effluent organics that can compete with
downstream organisms for oxygen. This oxygen demand can potentially harm or inhibit life
downstream of the discharge area. Therefore, accurate information about water quality, such as
COD, plays a crucial role in minimizing the likelihood of pollutants causing environmental damage
[35].

Why is Chemical Oxygen Demand important?

In modern societies with a high demand for water, there is a simultaneous production of various
pollutants and environmental challenges. These issues pose serious health and biodiversity threats if
left untreated, overwhelming natural recovery processes. Alongside products from the
decomposition of natural substances, there is an accumulation of potentially harmful additives such
as pesticides, effluents, and garbage, which contaminate drinking water supplies with their toxic or
hormonal effects. These contaminants may also deplete oxygen levels in water resources [36].

High organic contamination in water discharged into tributaries and streams can result in several
impacts, including toxicity of organic compounds affecting plants and wildlife, a reduction in
dissolved oxygen leading to eutrophication, and adverse effects on fish populations. To prevent
potential health hazards and protect species, it is essential to thoroughly assess water source quality
before consumption or commercial use, with COD testing playing a pivotal role in this process.
COD serves various purposes, including determining concentrations of oxidizable pollutants in
wastewater, evaluating the effectiveness of wastewater treatment solutions, assessing the impact of
wastewater disposal on the environment, and acting as an index for overall water quality. COD
measures the oxygen required to break down organic substances that act as pollutants in water. A
higher COD indicates elevated levels of oxidizable material in a sample, leading to reduced
dissolved oxygen levels. In such cases, the environmental impact can be detrimental to higher
aquatic lifeforms. Therefore, the goal of wastewater treatment is to minimize COD levels in water
[37].

3. ADVANCED OXIDATION PROCESS TECHNOLOGY (AOP) /
BIOTREATMENT TECHNOLOGY

Advanced oxidation technologies encompass processes that utilize powerful oxidizing agents to
efficiently oxidize a broad range of organic compounds present in wastewater and gases. Various
industrial applications of advanced oxidation process technologies (AOP) have been developed,
including those for removing pesticides from drinking water and eliminating formaldehyde and
phenol from industrial wastewater [38].

The development of such AOP applications is driven by increasingly stringent regulations, water
resource pollution from agricultural and industrial activities, and the need for industries to meet
wastewater discharge standards. These advanced wastewater treatment technologies possess the
capability to adapt their microbiological and enzymatic composition to degrade all biological
substances present in wastewater, such as starch, glycerol, hemicellulose, polyvinyl alcohols, and
other substances [39].
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Biological treatments effectively remove pollutants that are easily biodegradable. However, non-
biodegradable components like waxes, oils, paraffin wax, and melamine resins pass through
biological purification treatments unchanged. To address this, a combination of chemical oxidation
and biological degradation is employed [40]. Advanced oxidation systems are designed to treat all
types of contaminated water and wastewater.

4. CONCLUSION

The environmental impact of wastewater from the meat industry is highly detrimental, given its
specific composition and the substantial presence of harmful organic substances. While various
technologies and methods can be employed for treatment, anaerobic digestion, specifically through
anaerobic reactors, has emerged as the most efficient system. This process yields biogas as a by-
product, serving as a renewable energy source and an alternative to fossil fuels. Anaerobic digestion
not only eliminates pathogenic organisms but also addresses unpleasant odors, enhancing the quality
of recycled organic manure. Ongoing improvements in anaerobic digestion processes are crucial, as
advancements in wastewater treatment technologies contribute to the reduction of greenhouse gas
emissions
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Abstract: In recent years, in the world and in our country, there is an increasingly pronounced need for the
production of the food which is safe for human consumption, by the application of the concept of the organic
(ecological, biological) production, which promotes the reduction of the pesticides use, as well as the transition to
various alternative methods in order to control the pests, diseases and the weeds. One of the potentially applicable
alternative methods is allelopathy, i.e. the use of the allelopathic ability of some plant species in order to protect
the crops.

Key words: bioherbicides, weed resistance, environmental protection

Apstrakt: Poslednjih godina, u svetu i kod nas, sve je izrazenija potreba za proizvodnjom zdravstveno
bezbedne hrane, primenom koncepta organske (ekoloske, bioloske) proizvodnje, koja propagira smanjenje
primene hemijskih sredstava u zastiti useva od Stetocina, bolesti i korova, kao i prelazak na razlicite
alternativne metode zastite useva. Jedna od potencijalno primenjivih alternativnih metoda je alelopatija, tj.
upotreba alelopatske sposobnosti nekih biljnih vrsta u cilju zastite useva.

Kljucne re€i: bioherbicidi, rezistentnost korova, zastita Zivotne sredine

1. INTRODUCTION

One of the biggest problems of the modern agriculture is the weed resistance, since the weeds are
constantly present in the fields and plantations. The continuous use of herbicides with the same
mode of action is considered as one of the main reasons for resistance development, while
inappropriate herbicides selection and application led to their enhanced accumulation in the soil and
even further stimulated the occurrence of the resistant biotypes [1]. To this day, 272 weed species
have developed herbicide resistance, while the resistance was noted for 21 out of the total of 31
known herbicides modes of action, i.e. for 168 different herbicides [2].

The modern agriculture strives to reduce the use of pesticides, minimize soil erosion, and at the
same time maintain a high level of production and yield [3]. The allelopathy-based strategies could
help to achieve these goals.

Allelopathy presents the effect of one plant towards the other, either harmful or beneficial, by
releasing the allelochemicals, which can affect the germination and the growth of the adjacent
plants. The mentioned biochemicals are able to interact with the sensitive plants through the root

L University of Novi Sad, Faculty of Agriculture, Department of Environmental and Plant
Protection, Trg Dositeja Obradovica 8, 21102. Novi Sad, Serbia,
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exudates, leachates, decomposition of the residues, as well as the volatilization. Allelochemicals
also have a great prospective in being used for the weed control [4]

Allelochemicals present the non-nutritional products of the secondary plant methabolism. Many of
them are synthesized by the shikimate pathway and, depending on their properties and structure,
they can be divided in 10 groups: ketones, aliphatic aldehydes, straight-chain alcohols and water-
soluble organic acids; long-chain fatty acids and polyacetylenes; simple lactones; phenols;
quinones; flavonoids; coumarins; steroids and terpenoids; tannins; cinnamic acid and its derivatives
[1].

Allelochemicals reach the environment through the plant organs, where they obstruct the growth
and germination of the adjacent plants by disturbing different physiological processes, mainly
through the enzyme activity inhibition. When an allelochemical is able to negatively affect the
germination and/or growth of the certain plant it is said that it has an “allelopathic (or phytotoxic)
potential” [1].

Given the fact that allelochemicals can affect the composition of the weed flora, as well as the
growth and yield of the crops [5], the study of the allelopathic relationships of plants leads to the
conclusion that allelopathy could be of great importance for finding alternative methods in
controlling weeds which would reduce the use of herbicides in agricultural production [6].

In recent years, the studies regarding the genes responsible for the production of allelopathic
compounds in plants have become increasingly relevant. Such studies could lead to improving the
allelopathic activities of crops through crossbreeding or genetic engineering strategies [7]. Some of
the new tools which are promising for the synthesis of allelochemicals include suppressing or
enhancing the expression of the genes, genetic transformations and metabolic engineering, with the
aim to better understand synthesis of allelochemicals in terms of the metabolic pathways, genes
encoding crucial enzymes, as well as the enzyme activities. Another important area of study within
allelopathy is the development of new herbicides (“natural herbicides") through the isolation,
identification and synthesis of allelochemicals [1].

The research on allelopathy should provide the perspective of reducing the use of herbicides if the
application of allelochemicals from crops is included in the weed management. The cultivation of
the crops that exhibit allelopathic activity could be especially important for the weed control in
organic agriculture, where the application of herbicides is completely excluded [8]. Namely, the
crops with allelopathic characteristics could be introduced into the crop rotation or applied as the
green manure, their residues could be incorporated into the soil, the soil could be treated with their
aqueous extracts, or they could be utilized for the production of the natural fertilizer with herbicidal
activity [3]. Compared to the synthetic herbicides, the majority of allelochemicals is partially or
completely soluble in water, their chemical structure is more environmentally friendly in terms of
their half-life, accumulation in the environment, as well as the effects on the non-target organisms.
On the other hand, their favourable chemical structure may pose a problem regarding their stability,
reactivity and duration of their activity [1].

2. THE CROP STRATEGY

In order to obtain the allelochemicals able to suppress the weeds, a whole range of plant species
such as sunflower, broomcorn and rice has been investigated [9]. Determining the varieties with
high allelopathic potential is of great importance for the selection process. Crops such as sunflower,
rye, oilseed rape and wheat, due to their allelopathic effect, reduce the application of herbicides by
limiting the growth of the weeds [8]. There are many strategies for using these crops in weed
control. These crops can be sown in the inter-row space of the perennial crops. The practice of
agricultural producers in the USA has shown that sowing wheat in peaches led not only to a
reduction of weeds but also of nematodes in the soil. The mentioned crops can be sown as an
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accompanying crop of the main crop, but the possibility of their negative interaction must be taken
into account. The research has shown that parallel sowing of rye and soybean negatively affects the
soybean yield [10].

The rice-wheat crop rotation is the most widespread in the Asian countries. The introduction of
allelopathic plants such as maize or sorghum into the crop rotation, after wheat and before
transplanting rice, leads to a significant reduction of weeds in the rice crop. Forage crops such as
oats and berseem clover (Trifolium alexandrinum L.) in wheat provide the natural weed control for
the entire season [11].

Small radish is effective in controlling weeds in wheat and maize, while all Brassicaceae are
effective in controlling rhizome Sorghum halepense in cotton [12]. Apart from Sorghum halepense ,
a study showed that Raphanus sativus L. extract completely reduced the germination of 10 weeds
(shepherd's purse (Capsella bursa-pastoris (L.) Medic.), blackgrass (Alopecurus myosuroides
Huds.), carrot (Daucus carota L.), dodder (Cuscuta sp.), camelthorns (Alhagi spp.), field bindweed
(Convolvulus arvensis L.), shortpod mustard (Hirschfeldia incana L.), shortfruit hedgemustard
(Sisymbrium polyceratium L.) and Ochtodium aegyptiacum (L.) DC.) and 4 crops (bean, lettuce,
clover, tobacco). On the other hand, when residues of R. sativus were cut and incorporated into the
growing medium they increased the maize yield and reduced the weed intensity [1].

Green manure allows the control of weeds, insects and pathogens. The plants used for green manure
are: alfalfa, red clover, sorghum, field melitot (Melilotus officinalis (L.) Pall.), perennial ryegrass
(Lolium perenne L.) and others. Due to the large amount of nutrients, alfalfa, in addition to its
importance in livestock nutrition, is also used to improve soil quality. In Japan, some tested alfalfa
cultivars inhibited total weed biomass by as much as 80%. Alfalfa, which was applied in the form of
pellets in the amounts of 1-2 t/ha on young rice fields, reduced the biomass of the weeds such as:
Echinochloa crus-galli (L.) P.Beauv., Monochoria vaginalis (Burm. f.) C Presl., Cyperus difformis
L. and Scirpus juncoides (Roxb.) Lye [13]. The aqueous extract obtained from the upper leaves of
alfalfa has a stronger allelopathic effect on seed germination of some weeds than the root extracts.
In laboratory conditions, it was determined that alfalfa extract obtained from the plants in the
reproductive phase shows a higher degree of inhibition compared to the extract taken from the
plants in the vegetative phase of development [14].

When pea was used as a cover crop, the reduced growth and germination were noted for: common
lambsquarters, smooth pigweed, smallflower galinsoga and lady’s thumb (Polygonum persicaria L.)

[1].

Buckwheat is an important crop because, in addition to improving the soil quality, it reduces the
occurrence of the weeds, as well as the use of herbicides [13]. The tests conducted in Poland
indicate that buckwheat inhibits the occurence of shepherd's purse, field pennycress (Thlaspi
arvense L.) and couch grass (Elymus repens (L.) Gould to a large extent [15]. In the hilly areas,
buckwheat, along with the couch grass, significantly suppressed the southern crabgrass (Digitaria
ciliaris (Retz.) Koel.) and shaggy soldier (Galinsoga ciliata (Raf.) Blake). In rice fields, the
application of buckwheat pellets in the amount of 2 t/ha reduces the weed occurrence by up to 80%
[13].

The isothiocyanates found in Brassica sp. are negatively affecting the germination of the smooth
pigweed (Amaranthus hybridus L.), blackgrass (Alopecurus myosuroides Huds.), sowthistle
(Sonchus asper (L.) Hill), scentless mayweed (Matricaria inodora L.), barnyard grass (Echinochloa
cruss-galli L.) and wheat. The radical length and germination of the wild oat (Avena fatua L.) were
reduced by the black mustard (Brassica nigra L.) extract [1].
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Rice plants release the allelochemicals through root exudates that prevent the development of some
weeds, reducing their occurrence in rice fields by up to 35%. The Japanese scientists discovered that
a mixture of rice hulls and bran in the amount of 1 t/ha reduces the weed occurrence by up to 50%,
however, they also reduce the rice yield. In the combination with two alfalfa cultivars (Rasen and
Yuba) weed reduction ranges from 53 to 88%, while the rice yield increases by 29-77% [16].

Crops that exhibit allelopathic properties such as: sorghum, alfalfa, wheat, barley, maize, asparagus,
tea, coffee, tobacco and sunflower are powerful herbicides. The use of plant residues with proven
allelopathic characteristics for fertilizing and mulching is one of the important weed control
measures within the organic plant production [13].

Sorgaab, allelopathic water extract of Sorghum bicolor (L.) Moench, was highly effective when
sprayed twice in 10% concentration for the weed control in wheat, soybean, rice and cotton, being
the most effective in case of rice when it reduced the barnyard grass biomass for 40%, while
increasing the yield for 18%. On the other hand, sunfaag, allelopathic water extract of sunflower, is
predominantly used in wheat, where it reduced the occurrence of toothed dock (Rumex dentatus L.)
and lambsquarters (Chenopodium album L.) by 97 and 70%, respectively, while improving wheat
biomass by 7 to 8%. The pre-em application of 10% concentration extract, sunfaag led to high
reduction of littleseed canarygrass (Phalaris minor Retz.), lesser swinecress (Coronopus didymus
L.) and wild oat, while increasing the yield of the wheat by 7% [1].

3. PRODUCTS ON THE MARKET

The research on allelopathy led to the patenting of preparations for the weed control in some crops.
For example, the herbicide based on the active substance mesotrione comes from the chemical
compound leptospermone from the group of triketones, produced by the crimson bottlebrush
(Callistemon citrinus Stapf.) and it gives good results in controlling weeds in the maize crops [17].

A natural product with herbicidal action that can be found on the market is the preparation
»Bialaphos“. Bialaphos is a tripeptide isolated from the soil actinomycete Streptomyces
hygroscopicus and is used as a herbicide for the control of annual and perennial weeds in grapevine,
apple, mulberry, Brassicaceae and pumpkin plantations, as well as on uncultivated surfaces.
Bialaphos becomes toxic only after metabolic transformation to the phytotoxin phosphinothricin
which takes place in the target plants [18].

Natural plant growth inhibitors are a good choice for the production of herbicides with high
efficiency and selectivity. A good example is the herbicide cinmethylin, a derivative of 1,4-cineole,
produced by eucalyptus. Allelochemicals heliannuol A and B were isolated from sunflower plants,
which could also be used as herbicides [19], as well as scopoletin, which is a product of cultivated
Avena species [20].

Apart from the application of negative allelopathy in biological control of weeds, significant results
have been achieved regarding the study and application of positive allelopathy. In our country,
Gaji¢ (1977) [21] examined the mutual relations of ecologically similar species: corncockle and
wheat, as well as the relationships between the other crops (maize, sunflower, soybean) and
corncockle. The phenomenon of stimulation of wheat by corncockle and inhibition of corncockle by
wheat was determined. A number of active compounds (amino and organic acids and their
derivatives) as well as inhibitors (derivatives of abscisic acid, saturated aliphatic hydrocarbons and
cyclic inhibitor CgH29N307) were isolated from the corncockle. These substances are formulated as
»Agrostemin“preparation, which is an ecological tool for plant nutrition. Allelochemicals of
Agrostemin are stimulating cultivated plants to efficiently use available resources in the
environment and enabling the optimization of the plant processes (respiration, assimilation,
photosynthesis) in the plant's nutrition phase, which leads to better plant development and higher
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yields. In addition to agrostemin, the growth of the wheat is positively influenced by gibberellins
and allantoin from the corncockle [20].

The application of allelochemicals should have an advantage over herbicides in terms of
environmental protection, due to their natural origin and biodegradability [22]. However, some
scientists believe that, although most of the allelochemicals originate from natural sources, some of
them have toxicological effects on unintended targets as well. Extensive ecotoxicological research is
necessary to determine the unwanted effects of the wider use of allelopathic plants. For the possible
development of genetically modified crops with pronounced allelopathic effects, ecological
consequences must be taken into account, including the spread of allelopathic plants outside the
agroecosystems and the spread of allelopathic traits to the other plants [23].

4. CONCLUSION

Allelopathy has the potential to be widely applied in the agriculture, especially in the field of weed
control. Like synthetic herbicides, allelochemicals often exhibit selectivity, so their application is
significant for ecological agricultural production, especially when allelopathic crops such as wheat,
rye or sorghum participate in the crop rotation.

Nevertheless, the practical application of allelopathy is still limited due to the scarce knowledge of
the mechanisms of allelopathic selectivity, physiological mechanisms of action, and genetic
regulation of the allelochemicals biosynthesis.

Further studies of the characteristics and mechanisms of allelopathy would make it possible to
increase the allelopathic potential of many crops through the cross-breeding and genetic
engineering.
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1. INTRODUCTION

The regular Economic Report of the World Bank for the Western Balkans, it is stated that the
Serbian economy experienced slower growth in the second half of 2022, and the same trend
continued in the first half of 2023. Midway through 2023, the construction sector began to recover,
and certain sectors of agriculture, particularly the production of grains and corn, recorded results
better than expected.

Considering the available resources, rich tradition, and favorable geographical position, we can say
that agriculture in Serbia represents a crucial potential in overall social and economic development.
However, for agriculture in Serbia to develop, a greater workforce is needed, as indicated by World
Bank data showing a dramatic decline in employment in agriculture (to only 26.76% of the
workforce worldwide in 2019). The youth unemployment rate in Serbia has been steadily
decreasing since 2015; however, it is still much higher compared to the rest of the population.

The Labor Force Survey by the Statistical Office of the Republic of Serbia (2023) shows that the
young population in 2022 amounted to 685,000, which is 9,800 (1.4%) less than in 2021[1]. The
employment rate of the young population in 2022 was 24.7%, representing a slight increase (0.2
p.p.) compared to 2021. Unemployment is a highly significant topic in many countries in recent
years. Numerous authors have addressed issues related to unemployment and the factors influencing
it in their works [2-8].

In Serbia, the youth are recognized as a solution to the shortage of labor. However, to attract young
people to work in agriculture, it is necessary to make agriculture more dynamic and appealing
compared to the current state. The Strategy for Agriculture and Rural Development of the Republic
of Serbia for the period 2014-2024 (Official Gazette of RS, No. 85/2014)[9] lists the creation of
favorable conditions for the life and work of young people, their retention in rural areas, and the
provision of more attractive job opportunities and equal opportunities for their families as one of the
basic goals of the policy aiming at achieving more balanced regional development of the Republic
of Serbia.

Engaging young people in agribusiness can lead to the creation of new jobs, both directly and
indirectly. By entering entrepreneurial ventures within the agricultural value chain, such as farming,
agro-processing, or startups in agrotechnology, they generate employment not only for themselves
but also for others in their communities.

In addition to economic benefits, the involvement of young people in agribusiness contributes to
sustainable agricultural practices. Their enthusiasm for adopting modern technologies and
sustainable farming methods can lead to increased productivity and environmental conservation.

Therefore, it is crucial to create an environment that encourages and supports the active
participation of young people in agribusiness. This includes not only providing financial incentives
and educational resources but also creating a supportive ecosystem that recognizes and celebrates
the valuable contributions of the youth in shaping the future of agriculture and addressing the issue
of unemployment.

2. MATERIAL AND METHODS

U order to investigate the impact of financial support and education on the interest of youth in
agribusiness in the Republic of Serbia, an empirical study was conducted through a questionnaire
survey with a sample of 387 respondents from June to November 2023. The research covered the
territory of Serbia, and the questionnaires were distributed to respondents in a written electronic
form.
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The theoretical research model (Figure 1) consists of independent variables "A" and "B" - State
financial support for youth (abbreviated as "A™) and Entrepreneurial education programs for youth
(abbreviated as "B"), and dependent variable "C" - Youth interest in agribusiness (abbreviated as
"C"). The number of participants in the study was 387 respondents. The variables were analyzed
using a questionnaire, and for each variable, 6 statements were formulated with 5 possible attitudes
as responses (5-point Likert scale).

Figure 1. Theoretical Systemic Research Model
Source: Authors
Research objectives are:

To determine whether state financial support for youth affects the interest of young people in
agribusiness.

To ascertain whether entrepreneurial education programs for youth influence the level of interest of
young people in agribusiness.

To determine whether state financial support for youth and entrepreneurial education programs for
youth jointly influence the interest of young people in agribusiness.

The research hypotheses are:

HO1: State financial support for youth does not affect the interest of young people in agribusiness.
Hal: State financial support for youth influences the interest of young people in agribusiness.
HO2: Entrepreneurial education programs for youth do not affect the level of interest of young
people in agribusiness.

Ha2: Entrepreneurial education programs for youth influence the level of interest of young people in
agribusiness.

HO: State financial support for youth and entrepreneurial education programs for youth do not
jointly influence the interest of young people in agribusiness.

Ha: State financial support for youth and entrepreneurial education programs for youth jointly
influence the interest of young people in agribusiness.

3. RESULTS AND DISCUSSION

In (Table 1), cross-tabulated values are provided according to the respondents' profiles. There were
more female respondents, 249 or 64.34%, compared to fewer male respondents, 138 or 35.66%, out
of a total of 387 respondents. The majority of respondents were in the age group (21-26) years,
accounting for 54.26%, followed by respondents in the age group (27-32) years, comprising
27.90%, and the fewest respondents in the age group (15-20) years, representing 17.82% of the total
387 respondents. More respondents had education levels of elementary school (OS) and secondary
school (SSS), totaling 259 or 66.92%, while fewer had higher education (VS and VSS), amounting
to 128 or 33.07% out of the total 387 respondents. The majority of female respondents were in the
age group (21-26) years with education levels of elementary school (OS) or secondary school (SSS),
accounting for 21.18%, while the fewest male respondents were in the age group (27-32) years with
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education levels of higher education (VS) or higher specialized studies (VSS), constituting 3.10%,
out of the total 387 respondents.

Table 1. Cross-tabulated descriptive values according to the respondents' profiles

The age group of respondents
(15-20) years: I (21-26) years | (27-32) years
Gender of Educational at t of respondent:
respondent Elementary school | Higher education | Elementary school | Higher education All
s: O% ili SSS (OS8) and (VS) and Higher (OS) and (VS) and Higher
Secondary school | specialized studies | Secondary school specialized
(SSS): (VSS) (SSS): studies (VSS)
N| R% C% |N|R% | C% |N| R% | C% |(N| R% C% |[N|R% | C% |N| R% C%
2] 14.49 N 23.19 o | 4] 3116 o | 3] 2174 o | 1] 9.42 o, | 13] 100.00
Male 0 % 28.99%| 32 % 28.07% 3 % 44.79% 0 % 39.47% 3 % 40.63% 3 % 35.66%
41 19.68 o 32.93 o | 51 21.29 o | 4| 1847 o | 1| 7.63 o, | 24| 100.00 o
Female 9 % 71.01% | 82 % 71.93% 3 % 55.21% 6 % 60.53% 9 % 59.38% 9 A 64.34%
All 6| 17.83| 100.00| 11| 29.46| 100.00| 9| 24.81| 100.00| 7| 19.64| 100.00| 3| 8.27| 100.00| 38| 100.00| 100.00
9 % %| 4 % %] 6 % %] 6 % %] 2 % %l 7 % %

Source: Authors

3.1. CORRELATION ANALYSIS

In (Figure 2), Pearson correlation coefficients are presented. The smallest correlation
coefficient is the relationship between the independent variables State financial support for youth
and Entrepreneurial education programs for youth, which is 0.5024, indicating a relatively weak
correlation. The highest correlation coefficient is the relationship between the independent variable
Entrepreneurial education programs for youth and the dependent variable Youth interest in
agribusiness, which is 0.7033, indicating a strong correlation.

1 Driavna
3 finansijska
. podrika mladima . .
2 .
5-r=0.5024 :
nd

Programi
preduzetnicke

edukacije mladih

Interesovanje
mladih za
agrobiznis

1 | . ...... = * — . =
2 3 4 a1 2 3 4 51 2 3 4 5

Figure 2. Correlation of the formed model
Source: Authors
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3.2. REGRESSIONAL ANALYSIS OF VARIABLES AAND C

In (Table 2), a basic model evaluation has been conducted. The coefficient of determination is
0.306179, meaning that 30.61% of the variability in the dependent variable Youth interest in
agribusiness can be explained by the independent variable State financial support for youth. The
relationship between the variables is moderately strong.

Table 2. Model evaluation for variables A and C

RSquare 0.306179
RSquare Adj 0.304376
Root Mean Square Error 0.598112
Mean of Response 3.922481
Observations (or Sum Wgts) 387

Source: Authors

The assessment of statistical significance is provided in (Table 3.) and it is [F(1,385)=169.8979,
p<0.0001].

Table 3. ANOVA for variables A and C

Source | DF |Sum of Squares|Mean Square| F Ratio
Model 1 60.77883 60.7788|169.8979
Error [385 137.72892 0.3577|Prob > F
C. Total|386 198.50775 <.0001

Source: Authors

In (Table 4.), the contribution of the independent variable State financial support for youth to the
dependent variable Youth interest in agribusiness is determined and it amounts to 0.553334. Based
on these data, the alternative hypothesis Hal: State financial support for youth influences the
interest of youth in agribusiness can be confirmed.

Table 4. Contribution coefficients for variables A and C

Term Estimate |Std Error|t Ratio|Prob>|t|| Std Beta|VIF
Intercept 0.4247933| 0.270058| 1.57| 0.1165 0 .
State Financial Support for Youth | 0.7959261| 0.061063| 13.03] <.0001]0.553334] 1

Source: Authors
Based on the data from the previous table, a regression equation (Formula 1.) can be formulated as
follows:

C =0.4247933 + 0.7959261 - A 1)
i

Youth Interest in Agrobusiness == 0.4247933 + 0.7959261 -State

Financial Support for Youth @)

On (Figure 3.), the Regression Equation Diagram for A and C is provided.
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Interesovanje mladih za agrobiznis vs. Drzavna finansijska podrska mladima
Interesovanje mladih za agrobiznis

Y = 04248 = 0.7959*X
R%: 0306
5| F(1,385)=169.90, PValue=<.0001
r: 0.553

2 3 4 5
Drzavna finansijska podrika mladima

Figure 3. Regression Equation Diagram for Variables A and C
Source: Authors

3.3. REGRESSION ANALYSIS OF VARIABLES B AND C

In (Table 5.), a basic model evaluation has been conducted. The coefficient of determination is
0.494653, meaning that 49.46% of the variability in the dependent variable "Youth Interest in
Agribusiness” can be explained by the independent variable "Entrepreneurial Education Programs
for Youth." The relationship between the variables is moderately strong.

Table 5. Model Evaluation for Variables B and C

RSquare 0.494653
RSquare Adj 0.49334
Root Mean Square Error 0.51045
Mean of Response 3.922481
Observations (or Sum Wgts) 387

Source: Authors

The assessment of statistical significance is provided in (Table 6.) and it is [F(1,385)=376.8522,
p<0.0001].

Table 6. ANOVA for Variables B and C

Source | DF |Sum of Squares|Mean Square| F Ratio
Model 1 98.19238 98.1924|376.8522
Error |385 100.31537 0.2606|Prob > F
C. Total|386 198.50775 <.0001

Source: Authors
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In (Table 7.), the contribution of the independent variable "Entrepreneurial Education Programs for
Youth" to the dependent variable "Youth Interest in Agribusiness" is determined, and it amounts to
0.703315. Based on these data, the alternative hypothesis Ha2: Entrepreneurial Education Programs
for Youth influence the interest of youth in agribusiness can be confirmed.

Table 7. Contribution coefficients for Variables B and C

Std t

Term Estimate Error | Ratio

Prob>|t|| Std Beta

VIF

Intercept 1.7761541] 0.113567| 15.64] <.0001

Entrepreneurial Education Programs for

Youth

0.5780965| 0.029779| 19.41| <.0001(0.703315

Source: Authors

Based on the data from the previous table, a regression equation (Formula 3 and 4) can be
formulated as follows:

or

C =1.7761541 + 0.5780965 - B

Youth Interest in Agrobusiness =

= 1.7761541 + 0.5780965

- Entrepreneurial Education Programs for Youth

On (Figure 4.), there is a diagram of the regression equation for variables B and C.

Interesovanje mladih za agrobiznis vs. Programi preduzetnicke edukacije mladih
Interesovanje mladih za agrobiznis

Y=1776 < 05781"X

R% 0495
F(1,385)=376.85, PValue=<.0001

r:0.703

I 1 : I A )
2 3 4 5
Programi preduzetnicke edukacije mladih

Figure 4: Regression Equation Diagram for Variables B and C
Source: Authors
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3.4. MULTIPLE REGRESSION ANALYSIS FOR VARIABLES A, B, AND C

In (Table 8.), a basic model evaluation has been conducted. The multiple correlation coefficient is
0.548147, meaning that 54.81% of the variability in the dependent variable "Youth Interest in
Agribusiness” can be explained by the independent variables "State Financial Support for Youth"
and "Entrepreneurial Education Programs for Youth." The multiple correlation coefficient is
moderately strong.

Table 8. Model Evaluation for Variables A, B, and C

RSquare 0.548147
RSquare Adj 0.545793
Root Mean Square Error 0.483306
Mean of Response 3.922481
Observations (or Sum Wagts) 387

Source: Authors

The assessment of statistical significance is provided in (Table 9.) and it is [F(2,384) = 232.9167, p
< 0.0001].

Table 9. ANOVA for Variables A, B, and C

Source | DF |Sum of Squares|Mean Square| F Ratio
Model | 2 108.81137 54.4057|232.9167
Error [384 89.69639 0.2336|Prob > F

C. Total[386] 198.50775 <.0001

Source: Authors

In (Table 10.), the contribution of independent variables to the dependent variable "Youth Interest in
Agribusiness” is determined. The independent variable "Entrepreneurial Education Programs for
Youth™" has a higher contribution, amounting to 0.568919, while the independent variable "State
Financial Support for Youth" has a lower contribution of 0.2675. Based on this data, the alternative
hypothesis Ha can be confirmed: "State Financial Support for Youth" and "Entrepreneurial
Education Programs for Youth" influence the interest of youth in agribusiness.

Table 10. Contribution Coefficients for Variables A, B, and C

Std t

Term Estimate . |Prob>|t||Std Beta| VIF
Error | Ratio

Intercept 0.4953952| 0.218277| 2.27| 0.0238 0

State Financial Support for Youth |0.3847774| 0.057068| 6.74] <.0001| 0.2675|1.3376518

Entrepreneurial Education 0.4676283| 0.03261| 14.34| <.0001]0.568919|1.3376518
Programs for Youth

Source: Authors

Based on the data from the previous table, a multiple regression equation can be formulated
(Formula 5 and 6), which is:

C = 0.4953952 + 0.3847774 - A + 0.4676283 - B (5)
or
Youth Interest in Agrobusiness =
= 0.4953952 + 0.3847774 - State Financial Support for Youth ©)
+

+0.4676283 - Entrepreneurial Education Programs for Youth
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On Figure 5. There is a diagram of the multiple regression equation for variables A, B, and C.

Interesovanje

miadih za

agrobiznis Actual
5
4
3
2

1 2 3 - 5
Interesovanje mladih za agrobiznis Predicted
RMSE=0.4833 RSq=0.55 PValue=<.0001

Figure 5. Diagram of the multiple regression equation for variables A, B, and C.
Source: Authors

In (Figures 6.a-g.), diagrams of multiple regression equations are presented for the variables "State
Financial Support for Youth," "Entrepreneurial Education Programs for Youth," and "Youth Interest
in Agribusiness" according to the profile of respondents, indicating:

Male respondents (Figure 6.a) perceive a higher contribution of the independent variables "State
Financial Support for Youth" and "Entrepreneurial Education Programs for Youth" to the dependent
variable "Youth Interest in Agribusiness” compared to female respondents (Figure 6.b).
Respondents aged (15-20) years (Figure 6.c) perceive a greater contribution of the independent
variables "State Financial Support for Youth" and “Entrepreneurial Education Programs for Youth"
to the dependent variable "Youth Interest in Agribusiness” compared to respondents aged (21-26)
years (Figure 6.d) and respondents aged (27-32) years (Figure 6.e).

Respondents with education level primary or secondary school (Figure 6.f) perceive a greater
contribution of the independent variables "State Financial Support for Youth™ and "Entrepreneurial
Education Programs for Youth" to the dependent variable ™Youth Interest in Agribusiness”
compared to respondents with education level higher or vocational school (Figure 6.g), while
respondents with higher or vocational school education level perceive a smaller contribution.
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2 3 4 s 2 3 4 5 25 3 35 4 45 5
Interesovanje misdih 23 agrobiznis Predicted Interesovanje misdih 23 sgeobiznis Predicted Interesovanje miadih za agrobiznis Predicted
RMSE=0.23671 RSq=0.77 PValue= <.0001 RMSE=0.514 RSq=0.55 PValue=<.0001 RMSE=0.4643 RSq=0.20 PValue=<.0001
Interescvanje Interesovanje
miadih 2 f miadih za g
agrobiznis Actual agrobiznis Actual
5

Interesovanie miadih 23 agrobiznis Predicted Interesovanje miachh za agrobiznis Predicted
RMSE=0.4995 RSq=0.52 PValue= <.0001 RMSE£=0.4404 RSq=0.63 PValues <.0001

Figure 6. Diagram of multiple regression equations for variables A, B, and C according to the
respondents' profile

Source: Authors
4, CONCLUSION

The research has provided insight into the complex dynamics of the impact of state
financial support for youth and entrepreneurial education programs on their interest in
agribusiness in the Republic of Serbia. The data analysis indicates a significant correlation
between this financial support, education, and the interest of young people in agribusiness.

The results suggest that male respondents, younger respondents (aged 15-20), and those
with primary or secondary education contribute more in perceiving the importance of state
financial support and entrepreneurial education programs for the development of their
interest in agribusiness. These findings provide relevant guidelines for the creation of

targeted initiatives and policies that could increase the engagement of young people in
agribusiness.
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Furthermore, multiple regression analysis indicates that the combined effect of state
financial support for youth and entrepreneurial education programs significantly reflects on
their interest in agribusiness. This knowledge can serve as a basis for further shaping
support strategies and programs aimed at encouraging active participation of youth in
agribusiness.

Ultimately, this research offers valuable insights for making informed decisions in the
fields of education, youth support, and agribusiness development, contributing to a better
understanding of the factors influencing their interest in this crucial economic sector.
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Abstract: In raspberry production technology, the choice of land is mostly important. Raspberry varieties are
perennial herbs, in the form of a bush or semi-shrub, with several annual roots and annual or biennial shoots
from the Rosaceae family. Raspberry irrigated with a drip system, through soil is rehabilitated and the
appropriate fertilizers are added. Examination of the chemical composition of the soil was in three
laboratories in deferent periods. Results obtained in the first period of examination shows that nitrogen is the
element with greatest movement in the soil itself and its content is 0.08 - 0.14%. The pH value affects the
content of calcium, which plays an important role in the hardness of the fruit, the sensitivity to physiological
disorders, and it amounts to 1113.0-3745.0 ppm. Phosphorus is an important element for the properties of fruit
during storage and it amounts to 14.77 — 40.36 P.Os kg/da. Potassium plays a role in producing good yields
and the amount is about 14.0 — 50.49.7 K20 kg/da. Magnesium does not have the most important role which is
74.58 -220.9 ppm. The main role of magnesium is in the ratio of potassium (K / Mg) and should range from 2:
1to 3: 1. From the data obtained of the soil analysis, in addition to the climatic conditions, the species and the
structure, which are equally important for raspberry cultivation, we get a complete picture of soil processes
and instructions for suitable conditions for growing raspberries.

Key words: soil, raspberry, planting, chemical elements, soil acidity.

Apstrakt: U tehnologiji proizvodnje maline najvise je vazan izbor zemljista. Sorte maline su visegodisnje
zacinsko bilje, u obliku zbuna ili poluzbuna, sa nekoliko jednogodisnjih korena i jednogodisnjim ili
dvogodisnjim izdancima iz porodice Rosaceae. Malina koja se navodnjava kap po kap, sanira se kroz zemljiste
i dodaje se odgovarajuca dubriva. Ispitivanje hemijskog sastava zemljista viSeno je u tri laboratorije u
razlicitim periodima. Rezultati dobijeni u prvom periodu ispitivanja pokazuju da je azot element sa najvecim
kretanjem u samom zemljiStu i njegov sadrZaj iznosi 0,08 - 0,14%. pH vrednost utice na sadrzaj kalcijuma koji
ima vaznu ulogu u tvrdoci ploda, osetljivosti na fizioloske poremecaje i iznosi 1113,0-3745,0 ppm. Fosfor je
vazan element za svojstva voca tokom skladistenja i iznosi 14,77 — 40,36 P205 kg/da. Kalijum igra ulogu u
stvaranju dobrih prinosa i kolicina je oko 14,0 — 50,49,7 K20 kg/da. Magnezijum nema najvazniju ulogu a to
je 74,58 -220,9 ppm. Glavna uloga magnezijuma je u odnosu kalijuma (K/Mg) i trebalo bi da se krece od 2:1
do 3:1. Iz podataka dobijenih analizom zemljista, pored klimatskih uslova, vrste i strukture, koje su podjednako
vazne za gajenje maline dobijamo potpunu sliku zemljisnih procesa i uputstva za pogodne uslove za gajenje
maline.

Kljucne re€i: zemljiste, malina, sadnja, hemijski elementi, kiselost zemljista.
1. INTRODUCTION

Raspberries can be classified in the group of the most important and profitable types of berries in
terms of quantity and value of production. Raspberries are very adaptable to different climatic and

12 University,, St. Kliment Ohridski’ — Bitola, Faculty of Biotechnical Sciences. Partizanska bb,
Bitola 7000, Republic North Macedonia, e-mail: golemizvor@yahoo.com? ,
dzulitomovska@yahoo.com?
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soil conditions. The specificities of the raspberry are multiple and are reflected primarily in its
favorable biological properties, the agroecological growing conditions it requires, the market value
of the production itself, the economic effects of the production, etc. Raspberries bear fruit in the first
or second year after planting, and already in the third year they reach full fertility. Raspberry yields
can be extremely high if a balance is established between favorable agro-ecological conditions for
cultivation, the application of modern agro-technical measures and the use of certified seedlings [1].
Soil is one of the most important factors to consider before planting raspberries. Raspberries require
well-drained soil. Most of the roots are located in the top 20 cm of soil and are easily damaged by
overwatering. Before planting, organic matter should be added to improve soil drainage and nutrient
holding capacity. In heavy soils, planting raised beds can also help improve water drainage from the
top of the bed. A bed about 10 to 12 cm high is sufficient. Soil amendments can be made to help
manage alkaline soils. Weed control before planting is critical [2]. Raspberries prefer environments
with moderate summer temperatures lower than 30°C, but most cultivated varieties tolerate down to
-30°C [3]. The optimal temperatures of the leaves are from 18°C to 22°C. Raspberries grow best in
well-drained loam soil with organic matter greater than 3% and a pH of 5.5 to 6.5. Soil temperatures
of 22° to 27°C are best for roots. Raspberry light requirements are a minimum of 6-8 hours of
sunlight, the plants tolerate light shade, while high light intensity can result in sun damage to the
plant [4]. General raspberry water requirements are approximately 2.5 cm of water per week per
plant. This varies by cultivar, stage of growth, soil type, temperature and wind exposure.
Raspberries need a period of dormancy and cooling on an annual basis [5].

A soil test is the first step in determining the needs of the planting site. Soil test results indicate what
nutrients are available in the soil for the plant to receive and whether any changes or
recommendations are needed to obtain the desired crop. Factors affecting nutrient availability are
temperature, soil aeration, nutrient concentration, plant growth rate, and soil moisture. In contrast,
plant tissue analysis is used to measure the nutrients that are taken up and found in different plant
parts. Tissue analysis has the benefit of alerting the grower to nutrient levels approaching deficiency
and if the fertilizer is more concentrated. Corrective action can be taken before plant symptoms are
visible [6]. Primary macronutrients Nitrogen (N), Phosphorus (P) and Potassium (K) are the
nutrients needed in the greatest quantity by raspberries. Secondary nutrients Calcium (Ca),
magnesium (Mg) and sulfur (S) are primary nutrients. The requirements of raspberries for Ca and
Mg are medium and the demand for S is low. Micronutrients Boron (B), Copper (Cu), Iron (Fe),
Manganese (Mn), Molybdenum (Mo) and Zinc (Zn) are used in small amounts by the plant, but they
still play an important role in plant development. B and Cu requirements are medium, Fe and Mn
are high, and Mo and Zn requirements are low. It is important to have soil test results before
applying these nutrients, as nutrient overload can be harmful to the plant and the environment.
Nitrogen (N) is the most important nutrient required for plant growth and is generally required in
large quantities. Nitrogen (N) is necessary for plant growth, formation of amino acids and is directly
involved in photosynthesis [7, 8].

Excess N at planting can potentially lead to moderate vegetative growth of the plant and,
consequently, root system suffering. Nitrogen (N) should be applied based on soil test
recommendations and the amount of organic matter in the soil. Organic matter consists of living
organisms, fresh and decomposed residues such as animal manure, cover crops and green manures.
Animal manure adds organic matter and nutrients directly to the soil. Cover crops add organic
matter and N to the soil, reduce soil erosion and provide habitat for beneficial insects. Green
manures are cover crops that grow during winter and spring and are plowed in early spring.
Fertilization refers to a method in which the fertilizer is applied 5 to 10 cm from the side of the
plant. After application, the soil is easily broken down and fed. Direct contact with plant tissue may
result in burn-related damage to plant tissue. Nitrogen (N) is mobile in the soil and soil levels will
change depending on biological activity and soil conditions. Phosphorus (P) is a major component
of plant DNA and plays a key role in numerous plant functions. P is critical for root development,
plant growth and maturity, seed production, energy transfer, photosynthesis, sugar and starch
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transformation, nutrient movement, and transmission of genetic traits. P is immobile in the soil and
should be mixed into the top 4-6 inches of the soil. Potassium (K) is required for the activation of
eighty or more enzymes in the plant and is responsible for increasing the efficiency of using water
and converting sugars into starch. Adequate K levels improve fruit quality and increase stress
tolerance. Potassium (K) is immobile in soil and should only be applied if a soil test indicates a low
level. Recommended K rates for all crops are based on equation and soil test recommendations [9,
10].

2. MATERIAL AND METHODS

The test crop is a variety of raspberry. For this purpose, three soil tests were done in two different
periods of time [11]. The tests are in the period of the 3rd month in 2023, they were done in
laboratory (University "Cyril and Methodius", Faculty of agricultural sciences and Food - Skopje,
Republic of North Macedonia, Laboratory for Soil and Fertilizer Analysis). Samples were taken at a
depth of 30 to 60 cm in different places on the same plot to get a better picture of that land. The
plant, in the case of raspberry species, was irrigated with a drip system. The samples were taken,
packed in black nylon bags and taken to the accredited laboratory by own transport. First, the
laboratory gave instructions: exactly how to take samples and how far the sampling should be from
each other. Thus, within the period of 2 hours, the samples are transferred to the appropriate
laboratory and left for further examination.

During this test, 5 soil samples were taken from the entire surface at a location of their own
choosing, but of course the established distance between all samples was taken into account. It was
also pointed out that the samples were not taken from a water surface or covered mud per 1 kg soil
sample [12, 13].

Appropriate accredited methods were used for each examined element from the respective
laboratory, which are described in detail in the following table (Table 1).

Table 1. Method / instrument used for soil analyses

Parameters Laboratory 1/ Methods Laboratory 2 / Methods
Soil preparation MKC ISO
11464:2015
Hummus * Determination of organic
C and humus according to
the method of Tyurin,
modified
pH TS ISO  10390/Sature | MKC ISO 10390:2015
ortamda (H-20)
Calcium carbonate | TS 8335 1SO 10693 /| Volumetrically ISO 10693
(CaCO3) / % Kalsimetrik
EC/(dsm?) TS ISO 11265 / Sature
ortamda
Salt (NaCl) / %
Saturation (Texture) TS 8333/ Saturasyon
Organic substances TS 8336/ Walkley Black
Total Nitrogenium (N) /% | TS 8337 ISO 11261 /| ISO-11261
Kjeldahl
Apsorbed Phosphorus (P) / | TS 834 Olsen /| AL Method Validated on
P,0s kg/da Spektrofotometrik FZNH-Skopje
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K20/ kg da

Apsorbed Potasium (K) as

TS 8341 / 1IN Amo. ASE /
1CP - OES

AL Method Validated on
FZNH-Skopje

Apsorbed Calcium (Ca) /

TS 8341 / N Amo. ASE /

ppm ICP

Absorbed Magnesium (Mg) | TS 8341 / N Amo. ASE /

/ ppm ICP

Absorbed iron (Fe) / ppm TS I1SO 14870 DTPA/ ICP
—0ES

Apsorbed Manganese (Mn) | TS ISO 14870 DTPA/ICP

/ ppm
Apsorbed Zink (Zn) / ppm

TS 1SO 14870 DTPA / ICP

Apsorbed Cooper (Cu) /| TSSO 14870 DTPA/ICP

ppm

3. RESULTS AND DISCUSSION

3.1 FIRST EXPERIMENTAL TRIALS IN LABORATORY 1

The initial chemical analysis was done in laboratory 1 (PROANALIZ Laboratory) in four soil
samples with three repetitions each in 2018. The obtained results were calculated and their average
value is shown in Table 2.

Table 2. First Soil analyses results in Laboratory 1

Parameters Sample 1 Sample 2 Sample 3 Sample 4

Results Conclusion | Results Conclusion | Results Conclusion | Results Conclusion
pH 7,7 Slightly 6,28 Slightly 6,35 Slightly 6,11 Slightly

alkaline acidic acidic acidic

Calcium 1,0 Calcareous 1,3 Calcareous 1,6 Calcareous 2,1 Calcareous
carbonate
(CaCOs) / %
EC/ 0,287 Without 0,237 Without 0,215 Without 0,225 Without
(ds m?) (21,7°C) | salt (20,7°C) | salt (21,16°C) | salt (21,1°C) | salt
Salt (NaCl) | 0,01 Without 0,007 Without 0,006 Without 0,009 Without
1% salt salt salt salt
Saturation 71,5 Sandy land | 51,04 Clayey 53,9 Clayey 55,44 Clayey
(Texture) rocky rocky a rocky
Organic 2,05 Middle 2,80 Middle 1,64 A little 1,24 A little
substances
Total 0,10 Enough 0,14 Enough 0,08 A little 0,06 A little
Nitrogenium
(N)/ %
Apsorbed 16,03 Very high 40,36 Very high 24,7 Very high 14,77 Very high
Phosphorus
(P)/ P05 /
kg da?t
Apsorbed 171 Very little 49,7 Enough 23,6 A little 14,0 Very high
Potasium
(K) as KO /
kg da?t
Apsorbed 3745,0 High 1235,0 Enough 2170,0 Enough 1113,0 Alittle
Calcium
(Ca) / ppm
Absorbed 74,58 A little 138,7 A little 220,9 Enough 184,7 Enough
Magnesium
(Mg) / ppm
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Absorbed 1,163 Middle 81,92 Enough 157,8 Enough 76,20 Enough
iron (Fe) /
ppm

Apsorbed 1,283 A little 21,00 Enough 24,25 Enough 12,12 A little
Manganese
(Mn) / ppm

Apsorbed 1,031 Enough 5,473 High 2,570 High 1,848 Enough
Zink (zZn) /
ppm

Apsorbed 3,309 Enough 4,655 Enough 4,322 Enough 2,822 Enough
Cooper (Cu)
/ ppm

Source: Jovica Momirchevski, own research (2018).

After several (four) years, a subsequent inspection of the quality of the soil follows, so that in 2023
the same soil was examined.

3.2 SECOND EXPERIMENTAL TRIALS IN LABORATORY 2

Following the first examination and chemical analysis of the soil performed in four soil samples, the
data of which are presented in Table 2, in 2023, in the period from March 13 to 20, soil testing was
carried out in another laboratory (Laboratory for Soil and Fertilizer Analysis at the University "St.
Cyril and Methodius" - Skopje, at the Faculty of Agricultural Sciences and Food). Within this test,
11 samples were taken for testing, 10 of which are soil at a depth of 15-25 cm, while the last
number 11 corresponds to the refrigerator label, on which a physical and chemical test was
performed in order to determine the suitability of the soil for raspberry planting. The data obtained
from the trials are shown in Table 3.
Table 3. Second Soil analyses results in Laboratory 2

Parameters/ Humus / % N (Total | CaCO; | pH Bo | P2Os/ K20/
Sample Nitrogenium) | / % H,O/ | (mg100g™?) | ( mg100g?)
| %
1 1,98 0,104 0,00 5,76 26,08 37,45
2 2,01 0,112 0,11 5,55 24,25 45,76
3 1,90 0,118 0,00 6,04 38,56 48,30
4 1,76 0,106 0,00 6,09 21,05 37,69
5 1,74 0,096 0,00 5,55 21,23 31,16
6 1,68 0,108 0,00 6,31 19,10 36,13
7 1,68 0,091 0,00 5,58 10,15 29,52
8 1,59 0,084 0,00 5,83 11,86 27,31
9 1,42 0,085 0,00 6,10 9,21 30,28
10 1,67 0,092 0,00 5,97 10,66 29,44
11 2,05 0,117 0,00 6,26 25,64 26,27

Source: Jovica Momirchevski, own research (2023).

In the results from the First Laboratory we can see that organic substances in soil samples
under serial number 3 and 4 have a low content of organic substances, while samples with serial
number 1 and 2 have a medium content of organic substances. It is recommended to carry out
composting with 20 - 30 t ha of burnt barnyard manure or compost that contains about: 0.3% N,
0.1% P, 0.3% K and about 2 — 3% CaO. In terms of soil acidification it is necessary to perform it
only for the surface from which sample number 1 was taken, where the pH value is 7.7 (slightly
alkaline). From the results obtained saturation — texture of soil it can be seen that only in the first
sample a higher value of 71.51% was obtained compared to other samples whose value ranges from
51.04% to 55.44% so the first sample is a surface with deposits of sand or sandy soil, while the
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other three samples are clayey rocky soil. For Electrical conductivity of the soil / (ds m™) of the
ions of the elements of the sample present with a suitable temperature of 20.70 C - 21.70 C and
without salt (NaCl) are in the normal range, which is the result of the absence or minimal presence
of salt in the soil. The percentage of NaCl is from 0.009 to 0.07% and corresponds to the
requirements for planting raspberries. About calcification which independent from contents of pH
value, shows the content of calcium in the soil. A minimal addition of calcium to this surface is
recommended, all in order to bring the calcium to the ideal content required by the raspberry
plantation. Further calcification can be carried out every 3 years, to replenish the carbonate
evaporated or removed from the soil by natural processes. Regarding the presence of Elements, it
can be seen that Nitrogen (N), with the application of a fertilizer, the soil from which sample
number 1 was taken, the nitrogen content will increase, and in the sample number 2, the nitrogen
content is sufficient, and in the samples number 3 and 4, ammonium nitrate will be added. to
achieve the desired nitrogen content. Phosphorus (P) is important for the properties of fruits during
their storage. The representation of phosphorus in all samples is high, and it is especially the highest
in the sample under number 2. Due to such a high representation of phosphorus in the soil, it is
recommended that further fertilization be performed with fertilizers where there is no representation
of phosphorus in them or that the representation is minimal. Potassium (K) is the main element and
plays a major role in obtaining a good yield. In sample number 2, the content of K is good, and the
content in the remaining samples 1, 3, 4 is insufficient. Fertilizing with potassium chloride (60%) is
recommended for these samples. When Magnesium (Mg) is mentioned, its role is not the most
important. The main role for magnesium is played by the relationship with K (K/Mg), which should
be in the ratio 2:1 to 3:1. This relationship in all the samples taken is not favorable. Therefore, in
this case, individual fertilizers are used, and not multiple components. Due to the unfavorable ratio
of K/Mg, fertilizing with Mg is not recommended [14, 15, 16].

From the Results of Second laboratory several conclusions can be drawn which are presented in
the next few passages. In view of each of the examined parameters pH in water. The samples that
have been examined vary from weakly acidic in samples 6, 9 and 11 to moderately acidic in
samples 1, 3, 4, 8 and 10 to strongly acidic in samples 2, 5 and 7. According to the Humus content
of the soils subject to this analysis, it can be concluded that the values of each sample range from
1.42% as the lowest to 2.05% as the highest limit, placing the samples in a soil with a low humus
content. Regarding the total Nitrogen (N) level from the process of examining the amount of total
nitrogen in the samples and taking into account the classification of soils according to the content of
total nitrogen and according to the results of the analysis, it can be said that the samples numbered
5, 8, 8, 9 and 10 belong to soils soil which is moderately provided for growing plants, while the
samples numbered 1, 2, 3, 4, 6 and 11 belong to soil that is well provided for growing plants. In
terms of Calcification - CaCOs the analysis of the soils from these samples according to the
content of CaCOs shows that all the samples that were taken and examined are classified in soil
without carbonates with the exception of sample number 2 which can be said to be classified in low
carbonate soils although the values it has are minimal that is, only 0.11. About Macronutrients in
soil during the analyzes performed in terms of P,Os, from the obtained results it can be said that five
of the samples, i.e. 1,2, 4, 5 and 11, are in the group of soils with a very high level of phosphorus,
which according to the classification includes soils where this level of provision is 20-30 mg100g™*
of soil, while sample number 3 also exceeds these limits with 38.56 mg100g™? of soil, which can be
said to have too high levels of phosphorus. Sample number 6 belongs to the group of high level of
security, while the other samples 7, 8, 9 and 10 have a medium level of phosphorus security.
Regarding K20, according to the data obtained from the tests, it is concluded that samples 1, 4, 5
and 6 are soils with a very high level of potassium provided, which according to the classification
includes soils where this level of provision is 35-45 mg100gof soil. while sample number 2 and 3
also come out of these limits with 45.76 and 48.30 mg100g™of soil, which can be said to have too
high levels of potassium. Sample number 9 belongs to soils with a high level of provision, so that
samples under ordinal number 7, 8, 10 and 11 belong to soils with an intermediate level of
potassium provision.
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4. CONCLUSION

Our country occupies a central place on the Balkan Peninsula in terms of raspberry production
possibilities. Because the elements are most needed for quality production, raspberries are in good
proportion and well contained in the soil, it is safe to say that this land is good for raising a new
raspberry plantation. From the results you can also get the recommendations that are the conclusions
of this research.

- The choice of land for raising long-term raspberry plantations is mostly used deep soils with good
permeability, humus content is 3-5%, pH value is in the range of 5.5 - 6.5 (slightly acidic) and
medium heavy soil (about 50% clay).

- The method of irrigation case is important, because through that system the land can be restored
by adding appropriate crystalline enzymes, to achieve a better quality of the soil composition and, if
possible, to reach the requirements of raspberries for the soil composition to raise an appropriate
plantation.

- Nitrogen (N) is the element with the highest mobility in the soil, which can be a significant
problem from an environmental point of view. The uncontrolled application of fertilizers can lead to
a series of unwanted consequences that are manifested through various forms of disadvantages,
deposition of various foods, unevenness of the elements in the soil, but also in the plant itself.

- The most important elements that should be included in the soil to raise the raspberry plantation:
phosphorus (P.Os) in amounts of 10mg and potassium (K20) in an amount of 40mg per 100g of
soil. Values that the soil should contain for raising a raspberry plantation: pH value 5.5 — 6.5; K,O
(light soils) 20 — 25 mg / 100g; K20 (heavy soils) 25 — 30 mg / 100g; P.Os > 12 — 15 mg; MgO > 10
mg (best K/Mg ratio 2:1 to 3:1).

The values obtained from the soil analysis represent a direction to aim for, but equally important are
the climatic conditions, the type and structure of the soil where the respective plantation will be
raised.
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Abstract: Heavy metals are potent metabolic inhibitors. Cadmium is considered a non-essential element and
has high emissions in the biosphere due to anthropogenic activities. The aim is to indicate the importance of
cadmium in feedstuff as a potential contamination source. Microwave digestion and graphite furnace atomic
absorption spectrometry were used to examine 298 feedstuff samples. A high amount of cadmium above
permitted is present in 0.67% of samples. Continuous cadmium monitoring is necessary to prevent its
uncontrolled entry into the food chain.

Key words: cadmium, pollution, feed, GFAAS, regulations

Apstrakt: Teski metali su snazni metabolicki inhibitori. Kadmijum se smatra neesencijalnim elementom i ima
visoke emisije u biosferi usled antropogenih aktivnosti. Cilj je da se ukaze na vaznost kadmijuma u hrani za
Zivotinje kao potencijalnom izvoru zagadenja. Mikrotalasna digestija i grafitna pe¢ atomska apsorpciona
spektrometrija su korisceni za ispitivanje 298 uzoraka hrane za Zivotinje. Visoka koli¢ina kadmijuma iznad
dozvoljene je prisutna u 0.67% uzoraka. Neophodan je stalan nadzor kadmijuma da bi se sprecio njegov
nekontrolisani ulaz u lanac ishrane.

Kljuéne re€i: kadmijum, zagadenje, stocna hrana, GFAAS, propisi

1. INTRODUCTION

Under intensive urbanization and industrialization conditions, there are also negative consequences,
primarily to large-scale pollution and environmental destruction. Pollutants of anthropogenic origin,
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including heavy metals and their compounds and alloys, in the chemical, automotive, textile, and
electronics industries, agriculture, metallurgy and mining, and wastewater from heavy industry lead
water, land, and air pollution. Heavy metals and their salts represent a very important group of
environmental pollutants since they are potent metabolic inhibitors. The inherent toxicity of a metal
depends upon its capacity to disturb the dynamic life processes in biological systems by combining
with cell organelles, macromolecules, and metabolites.

Cadmium (Cd), as a heavy metal, can damage the structure of the natural ecosystem, so it is built
into the food chain, creating the need to establish criteria of health safety food not only of plant and
animal origin but also the various nutrients used in animal feed. In the 1950s and 1960s, industrial
pollution with cadmium was high. Still, when the toxic effects of cadmium became apparent, the
boundaries of the industrial release were reduced in most industrialized countries, with the approval
of further reduction. Considering that there is a possibility of accumulation of heavy metals,
therefore also cadmium, from the environment in the food and living organisms, as well as the fact
that the least amount of heavy metals can affect the metabolism of plants, animals, and people, there
is a need for determining the content of cadmium in various materials (water, soil, etc.). The buildup
of cadmium levels in the water, air, and soil has been occurring, particularly in industrial areas.

Food is another source of cadmium. Plants may only contain small or moderate amounts in non-
industrial areas, but high levels may be found in the liver and kidneys of adult animals [1].
Environmental exposure to cadmium has been particularly problematic in Japan, where rice
consumed was grown in irrigation water contaminated with cadmium, causing ltai-Itai disease in
humans, which was recognized in 1968th as the first illness caused by pollution of the environment
[2]. Cadmium from various sources (water, air, food, dust) slowly accumulates in the body during
the 50-60 years, and the biological half-life is 10-30 years [3].

Some phosphate sources in fertilizer contain cadmium in amounts of up to 100 mg kg, which can
lead to an increase in cadmium concentration in soil [4-5]. Cadmium is found in low concentrations
in rocks, coal, and oil and is often naturally found in groundwater rather than surface water. Soft
water of low pH value can contain multiple values of the concentrations of cadmium. In surface
waters, cadmium can run in discharging unrefined wastewater, released from the soil where sewage
sludge is added or applying pharmaceutical products for stock breeding, with the waste from farms
uncontrolled distributed on agricultural land [6].

Cadmium is a serious, lethal occupational and environmental toxin known for its high toxicity,
which may affect living systems in various ways. Therefore, it has been ranked seventh among the
top 20 hazardous substances [7]. The International Agency for Research on Cancer (IARC) has
classified cadmium as a group 1 human carcinogen of the prostate and lung [8].

The maximum permitted concentrations (MPC) in water, soil, food, and animal feed define the
cadmium content. It occurs naturally in almost all agricultural soils, and the average concentration
in Earth’s crust is 0.1-0.5 mg kg?; therefore, the European Union (EU) sets a limit on the
concentration of sewage sludge used on agricultural land as 20-40 mg kg* dry matter, and 1-3 mg
kg Cd when sewage sludge is used on agricultural soil [9-10]. In Serbia, MPC for cadmium in soil
is 0.8 mg kg* dry matter, for sediment is 6.4 mg kg, while for tap and bottled water are 0.003 mg I
1 and 0.005 mg I, respectively [11,12,13]. Depending on the type of food, national and EU
legislation prescribe cadmium MPC values from 0.020 to 1.20 mg kg* [14]. According to the
national Regulation on the quality of animal feed, MPCs for cadmium, depending on the
categorized group, are in the intervals 1 to 10 mg kg™ for feed and 0.5 to 7.5 mg kg* for mixtures,
while 15 mg kg is for premixes [15].
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In order to determine the potential risk of contamination with cadmium and its entering into the
food chain system as a bioaccumulation toxin, in terms of the tendency of getting safe food, tests
were carried out on samples of animal feed (feedstuffs, premixtures, and mixtures).

2. MATERIAL AND METHODS

The tests were performed on 298 samples received to the laboratory over two years period, of which
130 feed samples (75 samples of mineral feed, 55 samples of animal origin feed), 112 samples of
premixes (97 samples of vitamin-mineral premix, 15 samples of mineral premixes), 56 samples of
the mixture.

Sample preparation and cadmium analyses were performed according to EN 15550 [16] using an
advanced MARS 6 iWave microwave digestion system (CEM Corporation, Charlotte, NC, USA)
and PinAAcle 900T graphite furnace atomic absorption spectrometer (GFAAS) equipped with
furnace autosampler AS 900, electrodeless discharge lamps (EDL) and hydride generation FIAS
100 System (Perkin-Elmer Inc., Shelton, CT, USA). Ground test samples up to 0.5 g were digested
in 9 ml of concentrated nitric acid (> 65%) and 2 ml of hydrogen peroxide (> 30%) by microwave
heating in the microwave system. The temperature profile was specified to start at 16 + 4 °C, reach
165-170 °C within 10 min, and hold for 10 min to complete reactions. After cooling for at least 30
min, the samples were filtered and analyzed. The operating conditions of GFAAS for cadmium
determination were set as follows: power supply 10.1 kW, element-specific analytical wavelength
of 228.8 nm, slit width 0.7 nm, pyrolysis and atomization temperature of 900 °C and 1600 °C,
output pressure of argon (purity > 99.996%) gas stream at 350-400 kPa with maximum flow rate of
0.7 | min, autosampler injection volume of 10 ul. A temperature program for the graphite furnace
consists of four steps: drying, pyrolysis, atomization, and cleaning. Palladium nitrate/magnesium
nitrate matrix modifier (Perkin-Elmer Inc., Shelton, CT, USA), Zeeman’s effect background
correction, and blank solution were used to eliminate interferences and obtain reliable results.
Cadmium was quantified in the samples by subtracting the analyte concentration of the blank
solution and using an external calibration curve. Individual commercial standard (AccuStandard
Inc., New Haven, CT, USA) was used to prepare standard calibration solutions. Working
(calibration) standard solutions were prepared at the concentration range of 0.0, 0.1, 0.2, 1.0, and
2.0mg I,

3. RESULTS AND DISCUSSION

In the period of two years, were obtained in the feed samples (mineral feed, animal origin feed),
premix (vitamin-mineral premixtures, mineral premixtures) mixture following results we have
shown in Graphs 1, 2, 3, 4.

In mineral feeds, cadmium was detected in 54 samples (72% of the total surveyed samples of
mineral feed) (Graph 1). Of these, in 52 samples (69%), its concentration was below 10 mg kg, the
maximum permitted concentration specified in the Regulation on the quality of animal feed [15]. In
only two samples (3%), cadmium was proven to be above MPC (10 mg kg™?). Similar to our
research, Sigarini et al. [17] investigated eleven mineral feeds with Cd concentrations ranging from
lower than the limit of quantification to 6.1 mg kg™. It was found that 60% of samples showed
values above the recommended by the EU (1.0 mgkg?'), but regarding Brazilian national
legislation, all values were below the maximum recommended (10 mg kg?). The wide result
variations can be attributed to inhomogeneous impurity levels of used batches of phosphate rocks.
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Graph 1. Total percentage of samples where cadmium was measured (dark field).

In the animal-origin feed, cadmium was determined in 48 samples (87% of the total surveyed
samples of animal-origin feed) (Graph 2). In samples containing cadmium, its concentration was
below 2 mg kg?, the maximum permitted concentration defined in the Regulation on the quality of
animal feed [15]. All 48 samples where cadmium was quantified were fish meal, in other animal-
origin feed samples its amount was below the limit of quantification. The findings of Adamse et al.
[18] were partly in agreement with ours, where was stated in the period 2000-2013, of the 401
analyzed animal origin feed samples, 249 (62%) had values above the limit of quantification (> 0.02
mg kg™) but four samples (1%) exceeded recommended MPC (2 mg kg™) of EU Regulation [19].

Graph 2. Total percentage of samples where cadmium was measured (dark field).

In premixtures, 96 samples contained cadmium (86% of the total number of tested premixes
samples) (Graph 3). However, for premixes, 15 mg kg is the maximum permitted concentration of
cadmium according to the Regulation on the quality of animal feed [15]. Further, obtained results
for cadmium content in premix samples indicate that neither of them had concentrations greater than
prescribed for premixes. The findings of Adamse et al. [18] were in agreement with ours, who stated
in the period between 2000 and 2013, of the 734 analyzed premixture samples, 577 (79%) had
values above the limit of quantification (> 0.02 mg kg-1), but neither exceeded recommended MPC
(15 mg kg') of EU Regulation [19].
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Graph 3. Total percentage of samples where cadmium was measured (dark field).

In the mixtures, cadmium was determined in four samples (7% of the total number of samples in the
tested mixture) (Graph 4). The cadmium content did not exceed the maximum permitted
concentration of 1 mg kg™, prescribed in the Regulation on the quality of animal feed [15].

Graph 4. Total percentage of samples where cadmium was measured (dark field).

Our findings contradicted the findings of Marcal et al. [20], who examined 37 mixture samples and
in 33 samples (89%) found cadmium concentrations greater than 0.5 mg kg* (ranged < 0.5 to 11.2
mg kg), which is the maximum concentration recommended by the Brazilian national legislation.
The sufficient content of cadmium may cause toxicity in animals.

4. CONCLUSION

Based on the obtained results, it can be concluded that the content of cadmium was mainly below
the maximum permitted concentration in animal feedstuff and that it complies with the legislation’s
requirements on the quality of animal feed in part related to the harmful substance.

However, according to the presented information on the toxicity of cadmium and all possibilities for
it to enter the food chain, in order to obtain safe food, it is necessary to continue monitoring toxic
elements for preventive reasons and also for locating possible contamination at any part of the
system water-soil-plant-animal-human.
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Abstract: The paper presents the World Bank's risk assessment for Serbia. Based on these scenarios and
forecasts, investment risk factors for the Serbian region in agriculture are formed. The results for the period
from 2020 to 2039 are shown for the following indicators: risk categorization, population in accordance with
temperature rise, display of complex risk on the map.

Key words: Agriculture, Climate change, World bank, Risk

Apstrakt: Rad prikazuje procenu rizika Svetske banke za Srbiju. Na osnovu ovih scenarija i prognoza
formiraju se faktori rizika ulaganja za oblast Srbije u poljoprivredi. Prikazani su rezultati za period 2020 do
2039 za sledece pokazatelje: kamezopusayujy pusuxa, nonyiayujy y ckiaouca nopacmom

memnepamype, NpuKa3 CloAHCeHo2 pUusuKa Ha Kapmu.

Kljuéne reci: ITowonpuspeoa, Knumamcke npomene, Ceéemcka banxa, Pusux

1. UvOD

Climate change refers to long-term changes in temperatures and weather patterns. Such changes can
be natural, due to changes in the activity of the sun or large volcanic eruptions. But since the 1800s,
human activities have been the main driver of climate change, primarily due to the burning of fossil
fuels like coal, oil and gas. Burning fossil fuels generates greenhouse gas emissions that act like a
greenhouse wrapped around the Earth, trapping the sun's heat and raising the temperature. The main
greenhouse gases that cause climate change are carbon dioxide and methane. They come from using
gasoline to drive a car or coal to heat a building, for example. Land clearing and deforestation can
also release carbon dioxide. Agriculture, oil and gas production are the main sources of methane
emissions. Energy, industry, transport, buildings, agriculture and land use are among the main
sectors that cause greenhouse gases [2,3,6].

Climate scientists have shown that humans are responsible for almost all of the global warming of
the last 200 years. Human activities such as those mentioned above are causing greenhouse gases to
warm the world faster than at any time in at least the last two thousand years.[4,5,7,8,9]

The Earth's average surface temperature is now about 1.1°C warmer than it was in the late 1800s
(before the Industrial Revolution) and warmer than at any time in the last 100,000 years. The last
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decade (2011-2020) was the warmest on record, and each of the last four decades was warmer than
any previous decade since 1850.

Many people think that climate change generally means warmer temperatures. But rising
temperatures are only the beginning of the story. Because the Earth is a system, where everything is
connected, changes in one area can affect changes in all others.

2. MATERIAL AND METHODS

Climate data, current and projected, can be downloaded from the World Bank website. Current
climate data from 1901 to 2021 is obtained, as well as projected, i.e. predicted data until 2099.

This section presents a complex risk categorization (0-4) of heat + population based on temperature
or heat + population based on temperature and humidity, allowing users to understand where and
when risks may occur. The complex risk presentation can be explored spatially via the map (which
shows the maximum heat risk categorization during the year). Investigations of specific seasonality
of risk based on monthly categorizations are shown through a pie chart. Note how the seasonality of
the highest heat risks may extend later, especially for higher emission pathways. The individual
elements that contribute to compound risk (ie, thermal conditions and population) are presented
separately in the following sections.

3. REZULTATI I DISKUSIJA

3.1. Graphic representation of the basic measured values from which the risk factor and risk
categorization can be seen depending on the temperature.

Graph 1. Categorization of Temperature-BASED Heat+Population Risk Categorization for 2020-
2039, Serbia (Ref.Period: 1995-2014=, SSPS-8,5, 50th percentile )[1]
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Graph 2. Temperature - BASED
Heat+Population Risk Categorization by month, for 2080-2099, Serbia, SSPS-8.5, 50th [1]

Table 1. National Population Below Poverty Threshold — Serbia, %[1]

$1.90 0
$3.20 0
$5.50 0

Identified Age Vulnerabilities - Serbia

Very young, 0-4yrs M: 53.79 Thousand
F: 58.08 Thousand
Age Group 65+ M: 2.61 Million
F: 2.3 Million

RISK FACTOR CATEGORIZATION

Extreme Heat
Very High Heat
High Heat

Moderate Heat
- Low Heat

Low Moderate High Very High Extreme
Population  Population Population Population  Population

Graph 3. Risk factor categorization [1]
3.2 Understanding 'heat risk' comprehensively requires looking at the range of temperature and
humidity conditions that may occur over a 24-hour period, season or year. We present multi-
threshold metrics for daytime maximum temperatures, nighttime minimum temperatures, and a
combined heat index (a measure of air temperature and humidity) as a basis for assessing changes
and intensification of heat risk conditions for an area. It is crucial to understand where extreme heat
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conditions are more likely to occur and when higher heat conditions are expected in the seasonal

cycle, as well as over time.
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Graph 4. Projected Number of Hot Days (Tmax>300C) for 2080-2099(Annual) [1].
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RISX FACTOR CATEGORIZATION

Graph. 6. Heat Categorization: Hot Day Heat Risk CATEGORIZATION FOR 2020-2039 (Annual);
Serbia, SSPS-8,5; 50 th percentile [1].
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Graph. 7. Heatplot for Hot Day heat Risk Categorization for Serbia, SSPS-8,5;
50th percentile [1].

3.3. This section explores the socio-economic background against which heat risks should
subsequently be assessed. The following are presented: population (density: persons’/lkm2 and
number) and poverty classification. Understanding where the population is and what their relative
poverty level is (using the percentage of the population below the poverty classification at the
thresholds: $1.90, $3.20, $5.50 of income per day) can help decision makers identify key areas of
need

Population and poverty data from the past to the present largely reflect the results of censuses and
surveys (roughly up to 2010 in the presentations here). Future projections are made in collaboration
with the formulation of the narrative of social development within the framework of the Common
Socioeconomic Pathways (SSP). The goal of SSP is to describe a series of possible social futures
where different technological, political and life trajectories are described. Within each of these
stories, a trajectory of demographic change is generated, which then, based on technology
assumptions, leads to likely emissions patterns that reflect that trajectory. From these emission lines,
a set of the most representative likely radiation levels at the end of the 21st century is then selected
to provide input to climate models. The SSPs reflect the most advanced iteration of socioeconomic
narratives offered to date. They take into account social factors such as demography, human
development, economic growth, inequality, governance, technological change and political
orientations. While most factors are given as narratives outlining broad patterns of change globally
and for major world regions, a subset (populationl, GDP, urbanization and educational attainment)
are given as country-specific quantitative projections. These variables were chosen based on their
common use as inputs to emission or impact models and their interrelationships. See O'Neill et al.
2017 for more information on scripts and script development. The data presented below describe the
population growth, poverty scale, age and gender classifications for each SSP.
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Graph. 11. Projected % National Population below Poverty Thresholds Serbia[1]

Graph. 12. Population pyramid for Serbia, 2020-2039, SSPS-8,5 [1].

4. CONCLUSION

Assessments that include forecasts and climate changes are needed and will be considered more and
more in the future, due to the impact on the population, risk increase and other important factors for
human life. Agriculture is considered here from the point of view of the amount of production of
agricultural products, the capacity of water resources and the investments that will be realized in the
coming period.
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Abstract: The paper includes theories and literature starting with the development and implementation of
agricultural information system, which is importance of agriculture information systems, the importance of
their use, as well as analysis of the work agricultural information system. The purpose is to identify the
components that are necessary for promotion, initiation, and use od information system in the field of
agricultural. Also the paper presents advantages, importance and significance of agricultural information
system and how they can be stimulated to improve and accelerate the growth and development of argo-
production. The paper also presents the importance of the development and implementation of agricultural
information system as which steps should be implemented..

Key words: Information, Information system, agriculture information system.

Apstrakt: Tpyoom ongarka meopuu u rumepamypa NOuHy8ajKu 00 pA360jom u UMNIEMEHMAYWAmMa Ha
3eMjOOCNCKUOM UHMOPMAYUCKU CUCTIEM, WIMO € GAICHOCMA HA 3eMjoOeNCKUme UHMOPMAYUCKU cucmemu,
8AXCHOCA HA HUSHAMA YNOMPeda, KAKO U AHATU3A HA PAbOMama Ha 3eMjoOeNCKUOM UHPOPMAYUCKU CUCTHEM.
Lenma e 0a ce uoenmughuxysaam KOMNOHEHMUME KOU C€ HEONXOOHU 3a NPOMOYUJA, UHUYUPAbE U KOPUCTErbe
Ha uHopmayuckuom cucmem 60 obnacma Ha 3emjodercmeomo. Hemo maxa 60 mpyoom ce npemcmaseHu
npeoHoCcmume, 8AXCHOCMA U 3HAYEREMO HA 3eMjOOCNCKUOM UHGOPMAYUCKU CUCEM U KAKO Miue MOXcam 0d
ce cmumynupaam 3a nododpyséarse u 3a0p3yearse Ha pacmom u pazeojom Ha apeo-npouszgoocmeomo. Tpyoom,
UCMO MaKa, ja NPUKadiCcy8a BaXCHOCMA HA PA380JOM U UMNIEMEHMAYUjama Ha 3eMjoOeICKUON UHGOPMAYUCKU
cucmem Kako 4ekopu wimo mpeba oa ce cnpogeoan.

Kljuéne reci: Hughopmayuu, Hnghopmayucku cucmem, 3emjooencku uHGOpMayucKu cucmem.

1. INTRODUCTION

The term information system can be accepted as a system that manages and processes information.
Information systems are the place where you can find the necessary information to solve the
problems. Their application is quite large. With the availability of information from Information
systems are emerging and new opportunities.

With the help of information systems, users have access to a large amount of information, where
they are enabled to share information and solve a variety of problems on a daily basis. Information
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obtained from the agricultural sector is a very important factor for both domestic users and external
users that can interact with other production factors. The productivity and functionality of other
factors such as land, capital, labor and knowledge can be improved by using relevant and useful
data.

It is necessary to understand the functioning of agricultural information systems in order to be able
to manage them and use them as needed. The new agricultural technologies used are generated by
research institutions, universities, private companies. Agricultural information systems together
with knowledge sharing services, along with new technologies enable end users to connect and
exchange information.

The main role of information retrieval is to obtain highly accurate, relevant and accurate data for
end users. The purpose of this connection is to assist customers in their decision-making and to
provide appropriate knowledge in order to obtain the best results.

2. MATERIAL AND METHODS
Agricultural information systems from different countries

Agricultural information systems are one of the new innovations in the agricultural sector. The use
and implementation of agricultural information systems is different for each country, depending on
the extent of the population engaged in agriculture and the need to implement an agricultural
information system. Figure 1 shows a list of countries where agricultural information systems have
been implemented and put into use.

TOP AGRICULTURAL PRODUCING COUNTRIES
MILLION METRIC TONNES

United Kingdom Others

Romania
Germany

Russia

India

P China
Brazil

Figure 1: List of countries where agricultural information systems have been implemented and put
into use.
Source:(https://www.google.com/search?q=top+10+agricultural+countries+in+the+world&source=I
nms&tbm=isch&sa=X&sqi=2&ved=0ahUKEwjLWN37cHTAhXMthQKHeFJBA8Q_AUIBygC&bi
w=1440&bih=794#imgrc=LgmLZwWCPSszuL M)

According to Figure 1, the country that has the greatest support for working with agricultural
information systems is China and United States.

China - China has 7% of the arable land and with that; they feed 22% of the world’s population. In
the 20th century, China struggled to feed its large population. After that, upgrading farming policies
and technologies made china big-time self-sufficiency and growth. China’s top economic planning
body alert that this would be difficult to keep. Agricultural information systems in China are of
strategic importance, and they have major implications for GDP in their own country. China
globally uses different information systems for different areas. Currently China is ranked as the
second country in crop production thanks to agricultural information systems. Despite advances in
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cereal, China great progress with the use of agricultural information systems has in the area of cattle
farming.

United States - The United States is known for its agriculture science and provides some advanced
agriculture technology in the world. It proves a role model for many countries in the agriculture
sector, and the United States agriculture is developing continually with increasing rates. Developing
here refers to scientific soil, crop analysis, more innovative machinery, and increased use of
computers. In short, we can say that the United States is the best country in agriculture technology.
The main culprits for the creation of agricultural information system in United States are three target
groups, namely: The first target group refers to institutional customers who have quite a large
benefit from this system. The benefit applies to that you can view different data involving
agriculture internationally, or locally which applies for the country internally. The second target
group are users who are concerned with agriculture, as a group where such benefits include advice
and experience from different breeders and producers of agricultural production. The third target
group refers to students, where the benefit is that they can explore and access information that they
need. With the help of agricultural information systems this country significantly is improved
regarding communication and support in the field of agriculture.

3. RESULTS AND DISCUSSION

The need and benefits of implementing an agricultural information system in Macedonia

Information systems are a place where information can be filled, transformed, processed and
transferred and back, in order to enable cooperation and collection of information from different
profiles depending on the type and purpose of the information system. Therefore, like any
information system, the agricultural information system consists of interrelated processes such as:
search, transfer and processing of information, as well as search mechanisms and certain operational
services. Agricultural information systems are essential for agriculture in the process of education
and gathering advice and entering certain comments. When analyzing the information system, one
should look at the source of the information, the content of the information, the exchange of
information, the degree of access to the information. An agricultural information system can be of
great importance to users primarily in land planning, labor, capital and management. Considering
the fact that the Republic of Macedonia is an agricultural country, the implementation of this type of
information systems is of great importance.
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Figure 2: View of the population which is engaged in agriculture and availability of agricultural
land in the Macedonia
Source:(http://www.stat.gov.mk/OblastOpsto.aspx?id=33)

Figure 2, according to the State Statistics Office, shows the population engaged in agriculture in
different regions of Macedonia. According to the figure below with number 4, a part of the graph
that is colored in yellow refers to a population that cultivates more than 1 ha/ha of land for all
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regions of Macedonia. The red color refers to a population that cultivates more than 1-5 ha/ha of
land and dominates the Pelagonian region, the northeastern, eastern, and southeastern regions, while
the blue color corresponds to a population that cultivates less than 5 ha/ha of land, and so settled in
mainly in the Pelagonian region, the eastern and northeastern regions.
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Figure 3: View the active use of agricultural land and crops processed
Source: (http://www.stat.gov.mk/OblastOpsto.aspx?id=33)

Figure 3, according to the State Statistics Office, shows the active cultivation of land and processing
of agricultural products. According to Figure 3, a part of the graph that is colored in yellow refers to
a population that is mainly engaged in the cultivation of cereal crops and has the highest percentage
in Eastern and Northeastern Pelagonia. The red color refers to the population that grows cereal
crops, which are most prevalent in the Pelagonian and Southeast regions. The green color refers to
the inhabitants who grow vegetables and fruits in all regions of Macedonia, but the most widespread
in the Southeast and Skopje, while the orange color refers to the products for animal feed from the
population that are mainly grown in all regions of Macedonia and is most represented in Poloshko .
The blue color corresponds to the population growing other crops.
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Figure 4: View the number of animals based on all available area of land in Macedonia by region
Source: (http://www.stat.gov.mk/OblastOpsto.aspx?id=33)
Figure 4, according to the State Statistics Office, shows the number of livestock based on all
available land in Macedonia by region. The graph that is colored green in Figure 4 (dark and light)
is the population that mainly deals with sheep with the highest percentage in the Pelagonian,
Polognian and Eastern regions. The orange (dark and light) color indicates that the population is
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growing and the goods are standing in all regions of Macedonia, mostly in relation to the Pelagonian
and Pologne regions. The blue (light and dark) color refers to a goat-breeding population, but is
most prevalent in the southeastern and eastern regions, while the red (light and dark) color refers to
a pig-breeding population, but is most prevalent in the northeastern and Pelagonian regions.

As one of the advantages that follow with the implementation of agricultural information systems in
this sector are: Productivity - increased economic contribution, profitability, potential and
maintenance, environmental safety, energy saving, availability of information in real time,
availability of content from different agricultural commaodities, Integrated, flexible work, Ability to
process large amounts of data.

Over the years, Macedonia has seen great progress and an increase in the use of information and
communication services, which are not a big problem for the operation and management of
agricultural information systems.

4. CONCLUSION

In the era of information and communication technology, for the successful execution of various
needs in the field of agriculture it is necessary to have access to a large amount of information.
However, in some rural areas of the country where the population is engaged in agriculture, there is
a lack of adequate access to information, so that agricultural information systems are of great
importance for access to information from domestic and foreign sources and their practical
application. To improve the work of agricultural information systems, it is recommended to use
communication between farmers, coordinators, agricultural experts. Information should be based on
the needs of the users, while the Internet can be used as an advanced way to transmit information in
the community. As well as with the help of the analysis of agricultural information systems, a
conclusion can be reached about its components. It allows users to realize the benefits of
agricultural information systems. In addition, the exchange of information is very important to find
solutions to problems. The paper presents the results in different parts of the business where the
population is engaged in agriculture. Based on these results, it can be concluded that the
implementation of information systems for Macedonia is of great importance.
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Abstract: Modern organic agriculture has been developed as a response to the environmental damage caused
by the use of chemical pesticides and synthetic fertilizers in conventional agriculture and has numerous
ecological advantages. According to the data of the Ministry of Agriculture, Forestry and Water Management
of the Republic of North Macedonia on the total arable land in 2022 year, a total of 4,815 ha were registered
under plant organic agricultural production. Cereal crops with 36%, fruit plantations with 23%, fodder crops
with 22%, vine plantations with 3%, industrial/aromatic/medicinal plants with 13% and horticultural crops
with 2% have the largest share in plant organic production. In livestock organic production, the leading
branch is sheep farming with 89% of the total organic livestock production. Cattle breeding accounts for 7%
and goat breeding for 4% in the total animal husbandry. In beekeeping organic production, the total number of
bee families is 10,072 in 2022. Our country has ideal conditions for their cultivation, and therefore the
increased production of organic food is of particular interest to all of us, both as a country and as farmers and
as consumers.

Key words: organic, agriculture, pesticides, ecology, certification

Apstract: Cospemenomo 0pzaHcKo 3eMjodencmeo e paseueHo KAKo 002080p HA eKOJIOWIKAmAa uimema
npeoussuKana 00 Ynompeoama Ha XeMUcku necmuyuou u CUHMEmuyKu Iyopuea 60 KOHEEHYUOHATHOMO
3emjodencmeo u uma Opojuu exonowku npeonocmu. Cnoped nodamoyume na Munucmepcmeomo 3a
3emjooencmeo, wymapcmeo u gooocmonawcmeo Ha Penybnuxa Cesepna Maxedonuja Ha  6KynHOmMo
obpabomnuso semjumme 6o 2022 2o0uHa, NOO pACMUMETHO OP2AHCKO 3eMjOOENCKO NpOU3B00Cme0 ce
peecucmpupanu exynto 4.815 xexmapu. Hajeonemo yuecmeo 60 pacmumenHomo OpP2aHCKO NPOU3EO0OCHEO
umaam scumnume xyamypu co 36%, ogownume co 23%, gypaxcnume co 22%, nozoseume nacaou co 3%,
unoycmpuckumel apomamuunumelnexosumume co 13% u epaounapckume xynmypu co 2%. Bo cmouapckomo
OpP2aHCKO Npou3600CmE0 800euka epanka e oguapcmeomo co 89% 00 6KYNHOmMO 0Opeancko cmouapcko
npouseoocmeo. Bo exynnomo cmouapcmeo cmouapcmeomo yuecmsysa co 1%, a xozapcmsomo co 4%. Bo
NUENapcKomo Op2aHcko Npou3eo0cmeo eKynHuom 6poj na nuennu cemejcmea e 10.072 6o 2022 zoduna.
Hawama 3emja uma uodeannu yciogu 3a HUBHO 0021€0y6drbe U 3amod 3201eMEeHONO Npou3e00Ccmeo Ha
Op2aHcKa XpaHa e 00 0CcoOeH UHmepec 3a cume HAc, U KaKko Opacasa u KaKo 3eMjooenyu U Kako NOMpouLy8ayu.

Key words: opearncku, 3emjodencmeo, necmuyudu, exonozuja, cepmuuxayuja

1. INTRODUCTION

Organic farming is a method of agricultural production that excludes the use of synthetic substances,
such as pesticides, synthetic drugs or fertilizers, and genetically modified organisms.

L2 University “St. Kliment Ohridski” — Bitola, Faculty of Biotechnical Sciences — Bitola,
e-mail: kristina_velkova@hotmail.com
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Modern organic agriculture was developed in response to the environmental damage caused by the use of
chemical pesticides and synthetic fertilizers in conventional agriculture and has numerous environmental
advantages.

Organic farming reduces the use of non-renewable energy by reducing agrochemical needs (they require
large amounts of fossil fuels for production). Organic farming contributes to mitigating the greenhouse
effect and global warming through its ability to sequester carbon in the soil.

Apart from the ecological moment, there is also the social element, i.e. the loss of traditional values, the
loss of villages and the emigration of the able-bodied population to larger cities and outside the country.

Today, as technology evolves, social expectations evolve in parallel. There is a consensus for more
sustainable agriculture, with a double challenge — to produce enough food, while additionally protecting
nature and protecting our biodiversity. Organic agriculture enables permanent production of primary
agricultural products, without the use of chemicals that have a harmful impact on the environment and
human health. Agrochemicals (plant protection products and mineral fertilizers) are not used in
cultivation operations, as they degrade the soil and pollute the environment, in order to protect the
biodiversity and integrity of humans and other organisms that live there.

The creation and maintenance of organic matter in the soil, that is, the maintenance of the soil and seeing
it as a living organism is the basic principle of organic production.

Regardless of which cultivation system is used (conventional or organic), farmers will always encounter
the problem of pests, for which they spend considerable time and money. However, in organic
agriculture, diseases and pests are seen as indicators of how much the ecosystem in which production
takes place is disturbed compared to the one whose imitation is sought (the undisturbed natural system).
The greater and more frequent their presence, it is a sign of a greater disruption of the ecosystem. Today,
it is considered that pesticides are one of the causes of the loss of balance of ecosystems, which is why
the use of permitted (natural) pesticides is resorted to, and only as a last resort.

Integrated plant protection reduces economic, health and life risks. By using all available plant protection
measures, the use of plant protection products is reduced, and thus their potentially negative effects on
consumer health and the environment;

The rotation of agricultural crops protects the anthropogenic soil from negative abiotic factors, and the
protective crops and intercrops inserted in the rotation of agricultural crops, as well as the residues of
agricultural crops play a special role because they suppress weeds, control erosion, increase the content of
nutrients substances and improve the structure of the soil;

Protective crops, intercrops and harvest residues protect the soil from adverse abiotic factors, control
erosion and suppression of weeds, thus influencing the improvement of the structure and the increase of
the nutrient content of the soil.

In organic production, fertilization consists in the application of domestic manures, stable manures, and
leguminous siderations in order not to use factory fertilizers with nitrogen. The trees and bushes of the
farm are also the safest protection against strong winds; The European Green Deal, the Farm to Fork
Strategy, the Biodiversity Strategy and the Zero Pollution Action Plan — set very ambitious targets that
will significantly influence farming practices in the years to come in the quest for a more sustainable
agriculture in Europe.

2. CERTIFICATION
Organic certification allows a farm or processing plant to sell, label and represent its products as organic.

A control/certification body is an independent legal entity to which the competent authority gives the
authority to perform control and certification in organic agricultural production, in accordance with the

282



provisions of this law. Certification control is a procedure carried out by the control/certification body for
the first time in the process of issuing a certificate for organic production. Certification provides written
confirmation that the product, process or service complies with the specific requirements for organic
agricultural production.

Producers should thoroughly study all the rules and norms, to be able to assess whether their farm can
pass the strict filter, before proceeding to the certification process. After obtaining a certificate, which is
renewed every year. the producer can start selling his products under the name "organic product", as well
as put symbols on them that will reflect the character of that production.
1. The process of control and certification of organic production begins with a conversation with a
representative from the certification house and with familiarization with
the conditions and rules that must be observed in the organic production method.
2. After receiving the necessary information and meeting all the prerequisites (whether the
location is suitable, distance from road/polluter, when and how the land was used before, whether
there are surrounding farms that treat with pesticides, etc.), it is necessary to fill out an application
(@ form that will be given to you by the control and certification body) for the control and
certification of the planned organic production, which is then submitted to the certifier.
3. Based on the submitted application, the control and certification body will provide you with an
offer with specified costs and conditions for performing the control and certification.
4. If the manufacturer decides to continue with the control and certification process, it is necessary
to provide the control and certification body with more detailed information about the planned
production, after which a contract for control and certification is signed. With the signing of the
contract, the control and certification procedure officially begins
5. The control and certification body has the right at any time to perform unannounced controls in
the production process and adherence to the principles of organic production.
6. If the control shows that the producer does not comply with the principles of organic
production, the control and certification body has the right to impose appropriate punitive measures,
as well as to revoke the acquired certificate.
7. Within the Ministry of Agriculture, there is an inspector for organic production who, after a
report of irregularity, should go for inspection and visit. He controls indirectly both the certifier
himself and the manufacturer.

3. THE STATE WITH ORGANIC PRODUCTION IN THE REPUBLIC OF NORTH
MACEDONIA

The development of organic agricultural production in the Republic of North Macedonia continues and is
maintained in accordance with the measures established in the support policies established in the
National Strategy for Agriculture and Rural Development for the period 2021-2027 and the Program for
Organic Agricultural Production for 2022. ("Official Gazette of the Republic of North Macedonia” no.
111/22), required for the realization of the planned activities.

In the last three years, there has been a variation in the number of organic operators (entities) in organic
production.

Exhibit 1: Number of organic operators, 2020-2022.

years

According to the state of the total arable land in 2022, a total of 4,815 ha were recorded under plant
organic agricultural production. Cereal crops with 36%, fruit crops with 23%, fodder crops with 22%,
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vineyards with 3%, industrial/aromatic/medicinal plants with 13% and horticultural crops with the largest
share in organic plant production have 2%. In livestock organic production, the leading branch is sheep
farming with 89% of the total organic livestock production. Cattle breeding accounts for 7% and goat
breeding for 4% in the total animal husbandry. In beekeeping organic production, the total number of bee
families in the period from 2020 is 9,826 families in 2021 to 11,325 bee families and 10,072 bee families
in 2022.

Exhibit 2: Number of bee colonies, 2020-2022

Bpoj Ha nyenHu cemejcTea

2022

2021

2020

According to the National Strategy for Agriculture and Rural Development for the period 2021-2027, the
financial support of organic production continues in 2022. Support for

organic production in 2022 is 30% higher than the amount of direct payments for conventional
production for fodder crops, 50% for arable crops, livestock and beekeeping production, 70% for fruit
growing and viticulture and 100% for horticultural production, as well as covering 50% of the costs for
certification of organic production and covering 70% of the costs for agrochemical, pedological or
analyzes of pesticide residues, heavy metals, etc. substances on soil and in organic products.

The support for the processing of organic products and organic products in transition from domestic
origin (including for the finishing and packaging of wild species of organic origin is 10% of the value of
the produced and sold products, but not more than 150,000.00 denars per operator. The support for trade
or export of fresh and processed organic products and organic products in transition from domestic origin
is 5% of the value of sold/exported products, but not more than 150,000 denars per operator.

4. THE STATE WITH ORGANIC PRODUCTION IN THE BITOLA REGION

In the Single Register for Agricultural Economy of the Ministry of Agriculture, Forestry and Water
Management - PE Bitola, there are about 30 producers of certified organic production. The largest part of
them are registered breeders of bee families. Two cattle breeders. A producer of aromatic and spicy
plants. Five producers of nuts - hazelnut and walnut.

5. PERSPECTIVES OF ORGANIC AGRICULTURE IN THE REPUBLIC OF
MACEDONIA

About 1,000 entities are certified in the country, some for crop production, but there are also livestock
farmers, beekeepers, processors, traders and others. They encounter various problems in everyday life,
small producers face problems with placement, they are not available to the buyer, or they are not
sufficiently informed about which protective means can be used to protect certain products.

Organic production is an alternative to the negative environmental consequences that come from the use
of chemical fertilizers as well as from various means of protection that are used in conventional
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agriculture. Our country has ideal conditions for their cultivation and therefore to all of us as a country
and as farmers and as As consumers, the increased production of organic food is of particular interest to
us.

Organic farming allows small farms to be more competitive with an emphasis on quality rather than
quantity. According to research conducted by the International Fund for

Agricultural Development (IFAD), small farmers in developing countries can benefit significantly from
organic farming.

Organic production can offer a solution to existential problems, given that organic products are sold at
higher prices, and production itself becomes economically viable. The greater demand for organic
products will increase the choice and reduce the price of organic products.
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Abstract: Plant and animal waste, often generated in significant quantities through agricultural and livestock
activities, represents a complex and multifaceted challenge with profound implications for environmental
sustainability. As global populations grow, so does the demand for food production, intensifying the impact of
waste generated from plant residues, crop processing, and animal husbandry.

The effective management of this waste is imperative not only to mitigate environmental degradation but also
to harness its potential benefits in promoting sustainable agricultural practices. This descriptive scientific
paper examines the current state of plant and animal waste management strategies in North Macedonia, with a
focus on sustainable and environmentally friendly practices. The paper explores various approaches and
technologies employed to manage waste generated by agricultural and livestock activities, emphasizing the
need for efficient waste utilization to minimize environmental impact.

This paper aims to present the current situation in the Republic of North Macedonia using statistical data and
propose strategies for improving the management of plant and animal waste. Furthermore, by presenting a
comprehensive overview of successful waste management strategies in North Macedonia, this paper aims to
contribute to the ongoing efforts to create a more sustainable and environmentally conscious agricultural and
livestock sector in the country.

Key words: plant and animal waste management, sustainable agriculture, green management strategies

ANCTPaKT: Pacmumennuom u JICUOMUHCKUOM OMNAOD, YeCHmO 2eHEPUPAH 80 3HAYUMENHU KONUYUHU NPEKY
3eMjoOencKu U Cmo4apcKy aKmugHOCHU, NPEmCcmagyéa KOMNIEKCeH U NO8eKecioer Npeou3sux co onaboku
UMRIUKAYUU 30 0OPAHCTUBOCIA HA JdHCUBOmMHama cpeounad. Kaxo wmo pacme 2nobannomo nacenenue, maxa
pacme u nobapysaykama 3a npou3e00Cmeo Ha Xpana, UHMEHIUBUPAJKU 20 GIUJAHUEMO HA OMNAOOM WMo ce
€030a6a 00 pacmumennunme ocmamoyu, npepadomrama Ha Kyinypume 1 Cno4apcmeomo.

! University ,,St.Kliment Ohridski“- Faculty of Biotechnical Sciences, Bitola,
e-mail: viktorija.stojkovski@uklo.edu.mk

2 University ,,St.Kliment Ohridski*- Faculty of Biotechnical Sciences, Bitola,
e-mail: katerina.bojkovska@uklo.edu.mk

8 University ,,St.Kliment Ohridski“- Faculty of Biotechnical Sciences, Bitola,
e-mail: nikolce.jankulovski@uklo.edu.mk

4 University ,,St.Kliment Ohridski“- Faculty of Biotechnical Sciences, Bitola,
e-mail: daniel.simakoski@uklo.edu.mk

286



Egexmusnomo ynpagysare co 060j omnad e umnepamug He camo 3a 0a ce yonajxcu oezpadayujama Ha
HCUBOMHAMA CPEOUHA, MYKY U 0a Ce UCKOPUCTAM He208ume NOMEHYUjaIHU NPUOOOUBKU 60 NPOMOSUPAFRENO
ooporcnueu 3emjooencku npakmuxu. O8oj onucen mayuen mpyo ja UCNumyea MOMeHmanHama cocmojoa Ha
cmpamezuume 3a ynpasysarse co pacmumeneH u sxcugomuncku omnao 6o Cesepna MaxedoHuja, co ¢oxyc Ha
00poHCIUBU U eKOLOwKY npakmuxy. Tpyoom ucmpasicyea pasiuuny RPUCMany u mexHoIo2uu ynompeoeny 3a
YIpagysarse co OMnadom co30a0eH 00 3eMjoOelICKU U CIOYAPCKU AKMUBHOCMU, HA2IACY8AjKU ja nompebama
30 eUKACHO UCKOPUCTYBATbE HA OMNAOON 30 0Q Ce MUHUMUBUPA GLUJAHUENO 6P3 JCUBOMHAMA CPEOUHA.

Osoj mpyo uma 3a yen Oa ja npuxasxce momeHmanHama cocmojoa eéo Penybnuxa Cesepra Makedonuja
KOpUcmejku cmamucmuyky nooamoyu u 0a npeoiodicu cmpameuu 3a noooopysarse Ha ynpagyearsemo co
pacmumennuom u scugomunckuom omnao. Ilonamamy, co npesenmuparbe Ha ceongamen npeened Ha
ycnewnume cmpamezuu 3a ynpagyeéare co omnad 6o Cesepra Makedonuja, 06oj mpyo uma 3a yen oa
npudoHece KOH MEKOGHUme HANopu 3a C030a6dre HOOOPICIUE U NOEKONOWKU C8eCeH 3eMjOOeICKU U
CMOUAPCKU CeKmop 60 3emjama.

Kljuéne redi: ynpasysamwe co pacmumernen u sHCusOMUHCKY 0mMnaod, 00PAHCIUBO 3eMjOOCICMEO, CIpame2ull 3a
3€/1eHO YNPagyearbe
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Abstract: 'Ruska krtola' is an old potato variety that has been cultivated in Montenegro for more
than 200 years. During that long growing period, the tuber completely degenerated, so planting
such material results in very low yields.

This paper presents the results of the influence of the health status of seed tubers on the most
important productivity parameters of the dominantly cultivated local variety 'Ruska krtola'. The
experiment was set up as a two-factorial experiment: factor A - tuber health condition and factor B
- year. Tubers of different health conditions were used for planting: virus-free planting material and
tubers 100% infected with viruses. In the experiments, seed tubers of the fraction 35-55 mm were
used.

In the plots where virus-free seed tubers were planted, a significantly higher average number of
tubers per plant was found (13.5 in 2020 and 11.5 in 2021) compared to the variants where
degenerate planting material was used for planting (9.9 in 2020 and 9.5 in 2021). Average tuber
mass was significantly higher in plants emerging from virus-free seed tubers (61.3 g in 2020 and
64.1 g in 2021). For these reasons, the highest total tuber yield was measured on these variants
(33.7 tha in 2020 and 30.1 tha* in 2021). Compared to the yields achieved in plots using virus-
infected planting material (23.7 tha* in 2020 and 22.1 tha in 2021) they were marked as very
significant. On the variants with the use of virus-free planting material (29.9 tha® in 2020 and 25.7
tha? in 2021), a significant increase in the yield of marketable tubers was also determined,
compared to the variants on which degenerated seed tubers were used for planting ( 20.0 tha in
2020 and 18.3 tha in 2021).
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Apstrakt: ,, Ruska krtola“ je stara sorta krompira koja se u Crnoj Gori gaji vise od 200 godina.
Tokom tog dugog perioda gajenja doslo je do potpune degeneracije krtola, tako da se sadnjom
takvog materijala dobijaju veoma niski prinosi.

U ovom radu predstavljeni su rezultati uticaja zdravstvenog stanja sjemenskih krtola na najvaznije
parametre produktivnosti dominantno gajene lokalne sorte ,,ruska krtola“. Ogled je postavijen kao
dvofaktorijalni: faktor A - zdravstveno stanje krtola i faktor B — godina. Za sadnju su korisé¢ene
krtole razlicitog zdravstvenog stanja: bezvirsuni sadni materijal (virus free) i krtole stoprocentno
zarazene visrusima. U ogledima su koriséene sjemenske krtole frakcije 35-55 mm.

Na parcelama na kojima su sadene bezvirusne sjemenske krtole utvrden je znacajno veci prosjecan
broj krtola po biljci (13,5 u 2020. i 11,5 krtola/biljci u 2021.) u poredenju sa varijantama na kojima
je za sadnju koriséen degenerisani sadni materijal (9,9 u 2020. i 9,5 krtola/biljci u 2021.).
Prosjecna masa krtola bila je znacajno veca kod biljaka izniklih iz bezvirusnih sjemenskih krtola -
61,3gu2020.i64,1gu2021. god. Iz tih razloga na ovim varijantama izmjereni su i najveci ukupni
prinosi krtola (33,7 tha u 2020. i 30,1 tha® u 2021.). U poredenju sa prinosima ostvarenim na
parcelama sa upotrebom virusom zarazenog sadnog materijala (23,7 tha u 2020. i 22,1 tha u
2021.) oni su oznaceni kao veoma znacajni. Na varijantama sa upotrebom bezvirusnog sadnog
materijala (29,9 tha u 2020. i 25,7 thal wu 2021.) utvrdeno je i znacajno poveéanje prinosa
trzisnih krtola u poredenju sa varijantama na kojima su za sadnju koris¢ene degenerisane
sjemenske krtole (20,0 tha u 2020. i 18,3 tha u 2021.).

Kljuéne rijeéi: krompir, stare sorte, ,,ruska krtola*, produktivnost
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18:00 - 19:00 | WELCOME COCTAIL (HOTEL JAT APARTMENTS)

FRIDAY
February 2", 2024

09:00 - 18:00 | REGISTRTION OF PARTICIPANTS

11:00 - 11:30 | WELCOME COCTAIL (Congress hall, Hotel Grand)
Sponsor: Coka Winery, Ohrid Winery, Rakija Gegula, BIO TEA

11:30 - 12:20 | CONFERENCE OPENING CEREMONY AND WELCOME WORD
General sponsor: NIKOM CARS, Kragujevac

Marija Jovi¢i¢, President of BM Sci. Business Center WORLD, Organizer
Zoran Jelenkovi¢, President Union of Micological Societies of Serbia, Belgrade,
Zvonko Tufegdzi¢, Director of Regional Chamber of Commerce of Kraljevo
Prof.dr SaSa Stepanov, President of the Scientific Committee MAK 2024
Nenad Kirstié, President of Municipality Trgoviste

Danica Ili¢, Municipality Lopare, Republic of Srpska

Nemanja Popovi¢, President of Municipality Raska

Dr Nenad Trkulja, Director of Institute for Plant Protection and Environment,
Belgrade

SiniSa Dagary, Director, Sl. Group, Ljubljana, Slovenija

Aleksandar Bogunovi¢, Serbian Chamber of Commerce & Industry, Belgrade
Boban Ili¢, General secretary of the permanent working group for regional rural
development (SWG), Skopje, North Macedonia

Danilo Savi¢, Director of the State Data Center, Kragujevac

Damir Barali¢, Deputy director of the Administration for Agrarian Payments,
Ministry of Agriculture, Forestry and Water Management of the Republic of Serbia
Dr Predrag Terzi¢, Mayor of Kraljevo

12:20 - 13:00 AWARDS CEREMONY
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"DIPLOMA OF THE VALLEY OF KINGS, CENTURIES AND SYRINGA"
Sponsors: CITY OF KRALJEVO, SERBIAN CHAMBER OF COMMERCE,
BELGRADE

13:00 - 13:45

CEREMONY COCKTAIL WITH LUNCH
5 Kongress centar (Hall); GRAND Hotel
Sponzors: COKA WINERY, RAKIJA GEGULA, BIO TEA

13:45 - 14:55

Plenary session: GLOBAL CHANGES AND SUSTAINABLE
FOOD PRODUCTION
Chairpersons: dr Sladana Savi¢, dr Danijela Sikuljak, prof dr Zoran Jovovi¢

13:45-14:05

CLIMATE CHANGE CHALLENGES IN IRRIGATION AND
AGRICULTURE IN ARID AND SEMI ARID REGIONS
Nese Yaman, Isam M. Abdulhameed, Plenary Presentation

14:05 - 14:25

LIMITATION AND POTENTIAL OF WHEAT GROWING FOR FOOD
SECURITY
Laze, A., Knezevi¢ Desimir, Mi¢anovi¢, D., Ivanovié¢, T., Menkovska, M., Nazari, S.H.,
Matkovi¢ Stojsin, M., Ze€evié, V., Plenary Presentation

14:25 - 14:45

MANAGEMENT OF USING SALINE WATER IN IRRIGATION
Isam M. Abdulhameed, Nese Yaman
Plenary Presentation- zoom presentation

14:45 - 14:55

STRUCTURE OF THE ALFALFA YIELD DEPENDING ON PRE-SOWING
TREATMENT OF SEEDS WITH GRIVLAG GROWTH SUBSTANCE
(GVG)

Skamarokhova Alexandra Sergeevna, Vasilievna, A. N., Stepanov, N. (zoom presentation)

14:55 - 15:05

Discussion

15:05 - 15:30

Prezentation: AQAR-UNIVERSAL AUTONOMOUS AGRICULTURAL
ROBOTIC PLATFORM
Moderator: Company COMING

15:30 - 15:50

Coffee Break (Sponsor: BIO TEA)

15:50 - 17:20

Panel Discussion:
APPLICATION OF INFORMATION TECHNOLOGIES IN
AGRICULTURE: YESTERDAY, TODAY AND TOMORROW

Sponsors: Check Point, SERBIAN CHAMBER OF COMMERCE & INDUSTRY,
BELGRADE, MUNICIPALITY LOPARE REPUBLIC OF SRPSKA
Moderator: MSc Nenad Nikolin, Fractal group, Belgrade

Panelists:

Danilo Savi¢, Director of the State Data Center, Kragujevac

Damir Barali¢, Deputy director of the Administration for Agrarian Payments,
Ministry of Agriculture, Forestry and Water Management of the Republic of Serbia
Ivan Mladenovié, Sales director, Check Point

Zoran Ruzi¢, Information Technology Sector, RF PIO, Serbia

Niko Slavnié, IEDC, Bled, Slovenija

17:20 - 18:45

Session: RESPONSIBILITY IN THE PRODUCTION AND
USE OF FOOD

Chairpersons: dr Desimir KneZevi¢, dr Danica Mi¢anovi¢, prof dr Nese Yaman

17:20 - 17:35

FOOD LOSS AND WASTE PREVENTION AND REDUCTION - STATE OF
PLAY IN SERBIA
Snezana Sav¢ié¢ Petri¢, Plant Protection Directorate, Ministry of Agriculture, Forestry and
Water Management, Beograd (Invited speaker)

17:35-17:50

THE RIGHT TO FOOD AS AN INTANGIBLE RIGHT ESTABLISHED IN
THE UNITED NATIONS INTERNATIONAL HUMAN RIGHTS -
LACKING CLARITY
Darinka Tomié Seneca Polytechnic, School of Legal, Public and Office
Administration, Canada, (zoom prezentation) (Invited speaker)
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17:50 - 18:05

APPLICATION OF BLOCKCHAIN TECHNOLOGY IN INCREASING THE
FOOD SECURITY
Vesna Gantner, KreSimir Kuterovac, University of Osijek (Invited speaker)

18:05 - 18:20

THE MODERN TRENDS FOR THE IMPROVEMENT OF SAFETY DAIRY
PRODUCTION
Aleksandra Ivetié, Stojanovié, B., Cosi¢, M., Milosevi¢, B., Beskorovajni, R., Maslovarig,
M., Popovié, N., Grujici¢, I. (Invited speaker)

18:20 - 18:35

ORGANIC AGRICULTURE PERSPECTIVES AND CERTIFICATION IN
WESTERN BALKANS
Aleksandra Stojkov Pavlovié¢, Larisa Jovanovi¢

18:35 - 18:45

Discussion

21:00 - 00:00

GALA DINNER - restaurant BOING, hotel JAT APARTMENTS
live music -Bend frory Raska
General Sponsors: COKA WINERY, OHRID WINERY, RAKIJA GEGULA

SATURDAY
February 3, 2024

10:00 - 11:00

Session: MODERN TRENDS AND HEALTHY FOOD
Chairpersons: dr Vesna Gantner, prof dr Snezana Jankovié¢, dr Nenad Trkulja

10:00 - 10:15

EFFECT OF FERTILIZERS ON HEAVY METAL RESIDUES
IN AGRICULTURAL SOILS
Elahmar M.A, Andelkovi¢, A., Trkulja, N., Purovi¢, S., Jankovi¢, S., Sladana Savié,
Sikuljak, D.

10:15-10:30

THE IMPORTANCE OF FOOD SYSTEMS FOR CEREAL APPLICATION
IN HUMAN AND ANIMAL NUTRITION
Mirjana Menkovska, Gjorgovska, N., Lekov, V., Knezevi¢, D., Pacinovski, N.
(Invited speaker)

10:30 - 10:45

ANTICANCER POTENTIAL OF SHORT-CHAIN SATURATED FATTY
ACIDS IN MILK AND DAIRY PRODUCTS
Vesna Gantner, Cosié, M., Kuterovac, K., Popovi¢, V., Gantner, R.

10:45 - 11:00

Discussion

11:00 - 11:20

Coffee Break (Sponsor: BIO TEA)

11:20-12:35

Panel discussion: HEALTHY DIET - THE MEDICINE OF THE FUTURE
Sponsors: BIO TEA, BIOSIL

Moderators:
dr Jovana Vunduk, Institute of general and physical chemistry, Belgrade
Zoran Jelenkovi¢, Mycological and mushroom growing association of Serbia

Panelists:

Aleksandar Bogunovié, Association for Plant Production and Food Industry,
Serbian Chamber of Agriculture

Boban Ili¢, General Secretary of the Permanent Working Group for Regional
Rural Development (SWG)

Zoran Roksandi¢, Sales director, WELLAN GERMANY-SRBIJA

Natasa Milanovi¢, Director, Biosil, Ugrinovci

Biljana Mateji¢, Director, Azertrade, Novi Sad

12:35-13:45

Panel diskussion: Modern way of business - BIZZ.io transformation

Sponsors: Sl group, Investra Enterprises, Bizz.io
Moderators:
SiniSa Dagary, CEO Sl. group, Europe

Tamara FiSter, Director Bizz.io, Slovenija
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Panelists:

Niko Slavnié, IEDC, Bled, Slovenia

Zvonko Tugegdzi¢, Director, RPKK, PKS

Danijela Vuji¢, VMA, Belgrade

Prof. dr Mitar Lutovac, Balkan Scientific Center, Russian Academy of Natural
Sciences, Belgrade

Doc. dr Sre¢ko Badevac, Belgrade Banking Academy, Beograd

13:45 -14:30

PAUSE

14:30 - 15:55

Session: AGRO TOURISM AND FOOD IN AGRICULTURE
Chairpersons: dr Aleksandra Iveti¢, prof dr Milivoje Cosié, dr Sladana Savié

14:30 - 14:45

INVESTMENT IN THE DEVELOPMENT OF AGRO-TOURISM AND THE
PRODUCTION OF ETHNO FOOD AND DRINKS -
GREAT CHANCE FOR THE ECONOMIC RECOVERY OF THE
REPUBLIC OF SERBIA
Dr Dragan Batavelji¢, University of Kragujevac

14:45 - 15:00

ENERGY EFICIENCY WITHIN GREEN SOLUTIONS FOR MANAGEMENT
OFWATER-ENERGY-FOOD-ENVIRONMENT NEXUS
Ivan S. Stevovi¢, Jovana Jovanovi¢ (Invited speaker)

15:00 - 15:15

SUSTAINABLE BUSINESS PRACTICES THROUGH THE
IMPLEMENTATION OF GREEN PUBLIC PROCUREMENT
Danijela Vujié¢, Military medical Academy, Belgrade (Invited speaker)

15:15 - 15:30

COLOSTRUM, THE IMPORTANCE OF COLOSTRUM IN
FEEDING CALVES
Zvonimir Steiner, Babi¢, |., Gantner, R., Gantner, V.

15:30 - 15:45

PRODUCTION OF FOOD IN ACCORDANCE WITH NATURE,
Biljana Mateji¢, SaSa Stepanov (Invited speaker)

15:45 - 15:55

Discussion

15:55 - 17:00

ROUNDTABLE:
COOPERATIVE - A MODERN FORM OF ENTERPRISE AND
ENTREPRENEURSHIP
Moderator: Jelena Antié, Director, Center for Education and Vocational
Training, Jagodina
Sponsors: ORGANIKA NOVA, Skopje, North Macedonia

Panelists:

Dragan Cvetkovi¢, Director Adut GVN, Kumanovo, North Macedonia

Prof. dr Sa3a Stepanov, CINEP, Belgrade

Blagica Cvetkovi¢, Protection Through Research, Education and Biodiversity
Maintenance “Life”, Kumanovo, North Macedonia

Svetlana Andeli¢, President of Municipality Kni¢, Kni¢

Prof. dr Dragan Bataveljié¢, Faculty of Law, University of Kragujevac

17:00 - 18:00

10. JEEP TEST DRIVE (Night driving in Jeeps)
Sponsor: NIKOM AUTO, Kragujevac

20:00 - 00:00

ENTERTAINMENT EVENING

SUNDAY
February 4™, 2024

10:00 - 11:00

CLOSING CEREMONY, CONCLUSIONS AND NEW PLANS
Sponsors: Check Point, Coming
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POSTER SESSION

18:45 — 19:15 FRIDAY, February 29, 2024
9:30 — 10:00 SATURDAY, February 39, 2024

Congress hall, Hotel Grand, (Posters will be presented in e-version)

FRIDAY, February 2", 2024
18:45 - 19:15
Moderators: dr Sasa Stepanov, dr Rade Bio¢anin, dr Anka Vojvodié¢

P1

METHANE MITIGATION STRATEIGIES IN RUMINANTS, Muhittin Tutkun

P2

IMPACT OF CLIMATE CHANGES ON THE PRODUCTION OF
AGRICULTURAL CROPS - ASSESSMENT OF THE WORLD ECONOMIC
BANK, Sonja Ketin, Boban Kosti¢, Rade Bio¢anin

P3

INTEGRATED WEED MANAGEMENT IN THE FUNCTION OF
PRODUCTION OF HEALTHY AND SAFE FOOD, Sava Vrbnicanin, Dragana
Bozi¢, Danijela Sikuljak

P4

TREND ANALYSIS OF CADMIUM IN FEEDSTUFF, Boris Pisinov, Sanja Purovic,
Zoran Sekulié, Tijana Dudié¢, Tanja Keski¢, Maja Petri¢evi¢, Tamara Stamenic,

P5

ANALYSIS OF THE IMPACT OF FINANCIAL SUPPORT AND EDUCATION

Momc¢ilovié, Ljiljana Tomié, Nina Paviéevié, Aleksandra Mesarovi¢

P6

EFFECT OF INSECTICIDES ON VARIATION OF MAIZE STEM DAMAGE
CAUSED BY FEEDING OF LARVAE Ostrinia nubilalis Hbn., Dragan Gréak,
Desimir KneZevi¢, Milosav Gréak, Snezana Gogi¢ Dondo, Zeljko D. Popovi¢, Miroljub
Aksi¢, Ljiljana Andjusi¢, Danijela Kondi¢

P7

THE IMPORTANCE OF INNOVATIVE BIOGEOCHEMICAL
TECHNOLOGIES IN THE SOIL REMEDIATION, Larisa Jovanovi¢, Vadim
Ermakov

P8

ALLELOPATHY AND ITS APPLICATION IN AGRICULTURE,
Bojan Konstantinovié¢, Milena Popov, NataSa Samardzié, Tijana Stojanovic¢

P9

MARKET TRENDS IN MEAT AND MEAT PRODUCT PRICES ANALYZING
THE COST PRICE OF ENERGY VALUE IN MEAT PRODUCTS, Tamara
Stameni¢, Maja Petricevi¢, Tanja Keski¢, Boris Pisinov, Ljiljana Samolovac, Zoran
Sekuli¢, Andrijana MiloSevi¢ Georgiev

P10

AGRO PROCESSING INDUSTRY ADVANCED TECHNOLOGIES FOR MEAT
INDUSTRY WASTEWATER TREATMENT: A REVIEW, Tanja Keski¢, Maja
Petricevi¢, Tamara Stameni¢, Violeta Mandi¢, Nikola Deli¢, Boris Pisinov, Sanja
Purovic

P11

CHEMICAL ANALYSIS OF THE LAND FOR THE GROWTH OF
RASPBERRIES IN MACEDONIA, Jovica Momirceski, Julijana Tomovska
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SATURDAY, February 3", 2024
09:30 - 10:00
Moderators: dr Sasa Stepanov, dr Rade Bio¢anin, dr Anka Vojvodié

P1

THE |IMPORTANCE AND BENEFITS OF [IMPLEMENTING AN
AGRICULTURAL INFORMATION SYSTEM, Blagojche Najdovski, Gordana
Dimitrovska, Elena Joshevska, Darko Veljanovski

P2

SUSTAINABLE PLANT AND ANIMAL WASTE MANAGEMENT
STRATEGIES IN THE REPUBLIC OF NORTH MACEDONIA: A
COMPREHENSIVE ANALYSIS, Viktorija Stojkovski, Katerina Bojkovska, Nikolche
Jankulovski, Daniel Simakoski

P3

THE INFLUENCE OF THE HEALTH CONDITION OF THE SEED MATERIAL
ON THE PRODUCTIVITY OF THE OLD VARIETY "RUSKA KRTOLA, Milica
Buckovié, Zoran Jovovi¢, Ana Velimirovié, Adreja Komnenié

P4

PLANT PRODUCTION, IMPORTANCE AND PROTECTION OF PLANT
GENETIC RESOURCES, Ljubica Saréevi¢-Todosijevi¢, Kristina Vojvodi¢, Marija
Peri¢, Nikola Pordevié¢

P5

EFFECTIVENESS OF REDUCED DOSES OF FLUMIOXAZIN AT WEED
CONTROL IN SUNFLOWER, Ljiljana Radivojevi¢, Jelena Gaji¢ Umiljendi¢, Marija
Sari¢ Krsmanovi¢, Ljiljana Santri¢

P6

CORPORATE SOCIAL RESPONSIBILITY IN ECO-PROTECTION OF FOOD
AND DRINKING WATER IN EMERGENCY SITUATIONS, Rade Bioganin,
Zaklina Rakiié

P7

AGRICULTURAL DEVELOPMENT IN GORAZDEVAC AND ITS IMPACT ON
THE SOCIAL PRODUCT, Milo Stevanovi¢, Milosav Maksi¢

P8

FINANCING SOURCES OF AGRICULTURAL AND RURAL
ENTREPRENEURSHIP IN SERBIA, Marija Stevanovi¢, Violeta Jovanovié

P9

REQUIREMENTS AND TRENDS IN THE SPHERE OF SUSTAINABILITY
REPORTING IN THE RACING HORSE INDUSTRY, Ljubica Pekovi¢, Milorad
Damjanovi¢, Nemanja Damjanovi¢, Kosana Vicentijevié

P10

FACTORS FOR IMPROVING THE AGRICULTURAL SECTOR IN THE
REPUBLIC OF SERBIA, Dragan Mileti¢, Jovana Simié

P11

RAISING AWARENESS AMONG STUDENTS ABOUT THE IMPORTANCE OF
USING HEALTHY RAW MATERIALS IN THE PREPARATION OF QUALITY
FOOD AND PRESERVING HUMAN HEALTH, Jelena Markovi¢, Tijana Milanovi¢
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