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F O R E W O R D 
 

Climate  change has been recorded  across the globe, with changes varying between places and 

between regions. Climate change impacts natural resources, biodiversity, socio-economic activities, 

and all sectors of agricultural food production worldwide. The anthropogenic factor additionally 

affects climate change and contributes to the disruption of the stability of the biosphere, warming of 

the oceans, melting of glaciers, the occurrence of floods, fires, erosion, degradation and pollution of 

soils, rivers, lakes, seas, disruption of human health, endangering the survival of plant and animal 

species, and increasing greenhouse gas emissions. The increase in human population, intensive 

urbanization and industrialization lead to the reduction of arable land, while soil degradation, high 

temperatures and drought negatively affect crop productivity.  

 

Climate change and the anthropogenic factor have negative impacts on agricultural production and 

food security, both for the existing and the projected increase in the human population. Technological 

cultivation systems that generate increased greenhouse gas emissions, also increasing temperature, 

CO2 levels and nitrogen deposition, are employed in order to achieve greater yields in intensive 

agriculture. This also leads to food contamination and food safety issues (microbial pathogens, toxic 

biological and toxic chemical pollutants). To ensure the safety of food production, it is necessary to 

improve food production, adapt to climate change and introduce measures to mitigate the impacts of 

climate change on agriculture. This requires continuous and joint work by scientists, farmers, 

politicians, and the public to develop awareness of the impacts of climate change on agriculture and 

the need for adaptation through the development and introduction of smart agriculture, reducing gas 

emissions, using water resources and fertilizers rationally, and achieving high yields, ensuring food 

security in the future. 

 

These proceedings present the results of research on climate change and its impacts on socio-

economic development, agricultural production, fertilization, chemical protection, phytocoenological 

composition, hydrological and pedological changes in agro-ecosystems, variability of genetic, 

morpho-physiological, biochemical properties and processes in annual and perennial crops, and their 

adaptive capacity. 

 

The papers present results aimed at addressing the mitigation of the negative effects of climate change 

and anthropogenic effects on agricultural production on the principles of transformation of 

agricultural production, which includes breeding and creation of new genotypes highly adaptive to 

climate change and the development and introduction of smart agriculture. We would like to thank 

the participants of the 12th JEEP INTERNATIONAL SCIENTIFIC AGRIBUSINESS 

CONFERENCE MAK 2025 - Republic Serbia, "Climate changes and ecological sustainability in 

agriculture and food production in Serbia, the region and Southeastern Europe", who participated in 

the work and discussions to improve the balance between the negative effects of projected climate 

change on natural and managed ecosystems.       

 

Prof. dr Desimir Kneģeviĺ 
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Abstract: Rapeseed is an herbaceous plant of the cabbage family (Brassicaceae), it is an 

allotetraploid (2n=38) with two genomes A and C, and it originated from an interspecific cross 

between Brassica campestris L., the donor of genome A, and Brassica oleracea L., the donor of 

genome C. Genome A has ten chromosomes and genome C has nine chromosomes (Tan et al., 2005). 

Rapeseed is an important oilseed crop worldwide and its production is increasing year by year. 

One of the most important parameters determining the profitability of rapeseed cultivation is its 

yield. The yield of this crop is affected by many facts, including weed infestation of fields by weeds 

that compete with rapeseed for sunlight, water, soil nutrients, and physical space in the field, which 

is a serious problem and limits the yield of this crop, reducing it by 23-64% compared to controls 

without weeds (Bijanzadeh et al., 2010; Guo et al., 2020). On the other hand, the presence of weeds 

worsens the quality of raw material, because the presence of weed seeds among rapeseed reduces 

the quality of oil and complicates its processing. Development of herbicide-resistant rapeseed 

varieties and hybrids is a priority area of breeding as one of the most effective tools for weed control 

(Tan et al., 2005). Herbicides to which resistant forms of rapeseed have been developed can be 

divided into six groups: glufosinate, glyphosate, bromoxynil, imidazolino-nones, triazinines and 

sulfonylureas (Goncharov and Gorlova, 2018). Rapeseed resistant to imidazolinones, triazinines and 

sulfonylureas has been bred by conventional plant breeding, which is attractive for countries where 

GMO cultivation is prohibited. The imidazolinone group of herbicides is attractive not only because 

resistance has been developed without genome editing, but also because of the low toxicity of this 

group of herbicides to mammals and low application rates. Imidazolinone herbicides were developed 

in the 1980s, resistant varieties and hybrids to imidazolinones are commercialized under the brand 

name of the ClearfieldÈ production system (Goncharov and Gorlova, 2018), with the abbreviation 

ñCLò in the names of varieties and hybrids. Imidazolinones belong to one of five chemical families 

of herbicide inhibiting AHAS. Acetolactate synthase (ALS or AHAS) is a key enzyme for the 

biosynthesis of branched-chain amino acids. Five AHAS loci have been reported in oilseed rape. 

Three loci, AHAS2, AHAS3 and AHAS4 originate from the A genome, while two loci, AHAS1 and 

AHAS5 originate from the C genome (Rutledge et al., 1991). Of these, the AHAS1 and AHAS3 

genes are constitutively expressed and encode the major AHAS activities required for B. napus 

growth and development. Mutations in these genes determine the resistance of oilseed rape to 

imidazolinones (BnAHAS1R (Ser653Asp), BnAHAS3R(Trp574Leu) (Kozar and Domblides, 

2024). The presence of even one mutation already provides some degree of resistance of rapeseed 

to imidazolinones, but for industrial production it is important that the resistance is very high, so 

that when varying the herbicide treatment there is full confidence that rapeseed will not be damaged. 

In addition, forms with both mutations at the same time are preferred for commercial use because 

they have a synergistic effect on resistance, and it has been shown that these mutations are maximally 

effective in the homozygous state of the alleles. In view of these aspects, breeding for resistance to 

imidazolinones without the use of DH-technologies is difficult. 

Since markers have been developed for the imidazolinone resistance trait in rapeseed, one obvious 

technique for early selection of rapeseed for resistance is to use them. However, trait genetics is 
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usually much more complex and in addition to the major determinant genes, there are many non-

target genes that also influence the resistance trait. Because of this, marker-assisted selection has 

significant limitations, as it is not possible to develop markers for all possible variants of genes that 

provide a particular trait. Therefore, when using marker-assisted selection, it is possible that a 

number of resistant genotypes will not be identified, and it will not be possible to determine the 

degree of resistance of genotypes in comparison with each other at early stages of plant ontogenesis. 

On the other hand, in marker-assisted breeding there is always the difficulty that the developed 

markers are not always well reproducible in other laboratories. 

All the problems described above can be solved by working with solid selective media under in vitro 

conditions. By using nutrient media with different addition of herbicides in the nutrient medium, all 

resistant forms will be identified, and by using several concentrations in one experiment on 

resistance assessment, it is possible to determine the degree of resistance of genotypes under in vitro 

conditions in comparison with each other. In our work, we used MS medium (Murashige and Skoog, 

1962) with the addition of the following concentrations of imazomox: 2.5 mg L-1, 7.5 mg L-1, 25 mg 

L-1 and 37.5 mg L-1. Microshoots of doubled haploids propagated microclonally so that there were 

several microshoots per nutrient medium variant were used in the experiment. The experiment was 

conducted in the presence of susceptibility and resistance controls to imidazolinone group 

herbicides, and resistance was evaluated two weeks after transplanting plants to imozamox media. 

The results of the experiment showed that at a concentration of 2.5 mg L-1, the susceptibility control 

died, while at a concentration of 7.5 mg L-1 imazamox in MS solid nutrient medium, the resistance 

control survived, but the first signs of herbicide damage were visible. Medium supplemented with 

25 mg L-1 imazamox allowed selection of plants with greater resistance than the resistant control. At 

a concentration of 37.5 mg L-1 plants did not survive. Thus, for the selection of resistant rape 

genotypes we recommend the medium with the addition of 7.5 mg L-1 imazamox. The system of 

selection of plants for resistance using selective media is very simple in technical execution and 

gives a great advantage in assessing the degree of resistance of each genotype at early stages, and 

each genotype due to parallel cultivation on media without the addition of herbicides, if necessary, 

is always saved for further experiments or breeding work. 
 

Key words: DH-plants, Herbicide, Imidazolinone, ClearfieldÈ, Oilseed rap 
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Abstract: Climate change is destroying markets by reducing agricultural incomes and increasing risk. It poses 

a threat to many areas, especially access to food for both rural and urban populations. According to research 

estimates, climate change problems will affect poor and underdeveloped countries the most, and mass 

migrations will occur accordingly. is expected to occur.  However, these estimates have now gone beyond mere 

predictions. Because these migrations have been intensely experienced as a reality for the last 10 years. This 

fact was revealed by the 2012 Report of the Asian Development Bank. According to the report, 20 million 

people in Asian and Pacific countries were forced to leave their home regions due to climate change between 

2009 and 2011. According to this report and research, in the coming years, increasing drought and scarcity of 

water resources will reduce the number of plant species used in the production of nutrients and medicines 

necessary for human life.  As the tropical climate shifts northward, plant and animal species are expected to 

shift. Diseases such as malaria, known as tropical diseases, will become widespread. Studies have estimated 

that due to all these problems, the number of "climate refugees"  will exceed 20 million by 2050. This article 

describes the effects of smart agricultural technologies on physical yield losses in agriculture due to climate 

change and the reduction of indirect negative effects of these losses. 

 

Key words: Agriculture, Smart technologies, Climate change, Ecosystems, Management 

 

1. INTRODUCTION  
 

In order to ensure that agricultural production is minimally damaged by climate change and at least 

to maintain production at its previous level and prevent its decline, new and smart agricultural 

technologies must be developed. In addition, existing smart agricultural applications must be put 

into practice without delay. One of the primary methods in combating the effects of climate change 

on agriculture is ñemission and pollutant reduction practices.ò These methods are used to reduce 

greenhouse gas emissions. Because agriculture, like other industries, is still a source of greenhouse 

gases due to the use of outdated agricultural management methods. 

 

The annual average of anthropogenic greenhouse gas emissions into the atmosphere due to 

agricultural activities is between 10% and 12%. For example, according to the Turkish Statistical 

Institute (TUIK) data, 10.2% of total greenhouse gas emissions in Türkiye in 2014 were caused by 

agricultural activities. To reduce these emissions, new and smart agricultural practices such as the 

Internet of Things and the widespread use of connectable individual mobile devices have been 

introduced. 

  

The Internet of Things (IoT), farmers can monitor and control all processes from planting to 

harvesting via their smartphones or computers at home. Environmental factors and energy Thanks 

to these technologies that measure and respond to the use of greenhouse gas emissions can be 

significantly reduced. The benefits obtained through these technologies are as follows: 
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Å Energy efficiency is maximized with smart energy systems compatible with individual mobile 

phones. Thus, farmers save both energy and money. In this way, input costs are significantly 

reduced. Using less energy is considered one of the ñreductionò methods in the fight against climate 

change. 

Å Farmers can efficiently plan the routes of tractors, trucks and transport vehicles they use in 

agriculture with their smart phones. For example, a transport vehicle is not sent on the road half-full 

or overloaded, which will increase fuel consumption. Transport vehicles that set off at the right time 

with the most accurate loading use the shortest distance. In this way, greenhouse gas emissions that 

are harmful to the environment are reduced. Farmers save both time and expensive diesel and 

gasoline. 

Å Farmers can use Smart Irrigation Systems from their mobile phones. In this way, they can make 

better decisions about water usage and do not consume water resources unnecessarily. Since farmers 

do not use water unnecessarily, they can save on water costs and reduce agricultural inputs. 

  

Smart agricultural applications also increase the energy efficiency of tractors. Today, GPS 

navigation systems are used in tractors, just like in cars, and this system is made compatible with 

smart mobile phones. These smart systems help the tractor to be used more effectively and to 

maintain it regularly. For example, filter cleaning or replacement is done on time, thus preventing 

additional costs caused by malfunctions. Since remote connection can be established with a smart 

mobile phone, the tractor is prevented from idling for long periods of time. Moreover, the tractor is 

operated in accordance with the load required by agricultural work. All these small precautions 

prevent the release of additional greenhouse gases into the atmosphere. 

 

Spraying machines are also used more efficiently with systems compatible with smart phones. 

Sensors placed in the fields identify diseased areas and separate areas to be sprayed and those not to 

be sprayed. After this, a field map is created via GPS and the path to be followed by the tractor with 

the spraying machine is determined so that precise spraying can be done. The sensor application 

makes the spraying machine smart by programming it to spray the pesticide when it sees the diseased 

area. This system also reduces greenhouse gas emissions, saving both pesticide and fuel. As a result, 

smart agricultural applications that are compatible with individual mobile phones both increase 

farmer welfare and improve product quality. Moreover, by reducing negative environmental 

impacts, it ensures that agriculture is transferred to future generations in a sustainable way. 

 

The transfer of environmentally sound technologies (ESTs) is recognized worldwide as one of the 

most effective ways to combat climate change. These technologies contribute to our fight against 

climate change by reducing emissions and increasing our resilience to climate change. As Türkiye 

plans to achieve its recently announced zero carbon target by 2053, this set of analyses aims to raise 

the necessary awareness on the transfer of ETSs and to provide recommendations on legal 

regulations and implementation. 

 

Climate change is one of the most pressing problems of the last half century. The main driver of 

climate change is the high concentration of greenhouse gases in the atmosphere, which is causing 

temperatures to rise and has serious negative effects on all ecosystems. The key question is how to 

combat it on a global scale. 

 

2. CLIMATE CHANGE AND URBAN TRANSPORTATION SYSTEMS 
 

The transportation sector accounts for 16.2% of energy-related greenhouse gas emissions in the 

global climate change impact and is the fastest growing factor (Our World in Data, 2020). EU and 

OECD countries are the fastest growing contributors to CO2 it is responsible for approximately 30% 

of emissions and in some developed countries this rate can reach 40%. In T¿rkiye, this rate is around 

18% (Civelekoĵlu and Bēyēk, 2018). Climate actions generally consist of two strategies: the 

implementation of a reduction strategy to reduce or eliminate greenhouse gas emissions in the 
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atmosphere and adaptation strategies to develop societies to withstand the effects of climate change 

(World Resources Institute, 2020). Intelligent transportation systems are shown as an alternative to 

reduce the impact of transportation systems on climate change on cities. Intelligent transportation 

systems make a one-to-one contribution to the smart city model (Jurak et al., 2018) and intelligent 

transportation systems are, above all, sustainable mobility (Battarra et al., 2018). There are many 

vehicles and operating systems that define intelligent transportation systems. The most used of these 

in cities are vehicles using electrical energy. Electric vehicles offer advantages such as energy 

efficiency, energy recovery, quiet operation and reduction of noise pollution compared to fossil fuel 

vehicles (¥zbay et al., 2020). Electric vehicles emit less greenhouse gases.  

 

Instead of individual vehicles actively used in the city, the use of electric vehicles and public 

transportation vehicles, and to put it more simply, electric bicycles or shared bicycles should be 

increased. Examples of studies that increase energy efficiency and reduce carbon emissions in 

transportation systems are: arranging the rates of highways, railways, airways and sea transportation 

and choosing efficient transportation types, developing the engine technologies of motor vehicles 

and increasing efficiency standards, and switching to alternative energy-based vehicles (¦nal and 

Polat, 2023). One of the most important features of electric trains is that they are environmentally 

friendly. The amount of carbon emitted into the atmosphere during the production of electricity in 

electric trains is 20-35% less than trains using diesel fuel (¦nal and Polat, 2023). 

 

Bicycle sharing systems (BPS) are becoming one of the fastest growing transportation types 

worldwide, and the high rate of use of electric bicycles has been particularly striking in this growth. 

There are 3 types of car sharing seen in the world: In the first model, individuals share their cars 

with individuals going in the same direction or individuals accompany individuals who have cars, 

in the second model, a company car is rented by many individuals and shared, and the third model 

is peer-to-peer car sharing, which is a newly emerging rental type in T¿rkiye.  

 

The first Industrial Revolution took place at the beginning of the 18th century. Mechanical looms 

that used waterpower were discovered, and steam power began to be used more and more. Later, in 

1870, the second industrial revolution began with the use of the first production line that operated 

with electricity and performed mass production (assembly line). The third industrial revolution 

began in 1969. The first Programmable Logic Controller (PLC) began to be used in electronics and 

informatics to automate manufacturing (KPGM, 2015). The 4th Industrial Revolution/Industry 4.0 

emerged in industry in general when machines began to manage themselves and their production 

processes without the need for human power. Machines owe their high-level and up-to-date 

structures to the hybrid technology that emerged by blending computer, communication and internet 

technologies (EBSO, 2015). According to Boston Consulting Group, one of the world's leading 

management consulting companies, the (digital) technologies that triggered industry 4.0 are: Internet 

of Things, big data analytics, artificial intelligence and machine learning, intelligent and human-

operable robots, cloud computing, horizontal and vertical software integration, simulation, 

augmented reality, 3-dimensional software (additive manufacturing), cyber security. Sensors 

unmanned aerial vehicles, genetic and block chain technologies can also be added to these. 

(Coĸkunoĵlu, 2016). These technologies are also described as the most used concepts to define 

industry 4.0. 

 

3. SMART AGRICULTURE AND ITS FEATURES 
 

It is the result of the process that the agricultural sector has gone through in recent years depending 

on the general socio-economic and technological developments and their effects on the 

environmental balance, that the old/traditional agricultural model is under pressure from four main 

developments that increase the problem of hunger and food scarcity in meeting the demands of the 

future: demographic characteristics, scarcity of natural resources, climate change and food waste 

(Wyman, 2018). It is not possible to remove this pressure and increase production with the traditional 
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methods used from the past to the present. Therefore, it is necessary to increase efficiency by 

utilizing technology. The most up-to-date and modern way to do this is to produce with smart 

agriculture (Think Tech, 2019). While the adventure of humanity in production, which started with 

its own power, evolved into the power of the machine with the industrial revolutions, a technological 

transformation is envisaged in the last series of the industrial revolution that will allow the control 

and management of production to be transferred to machines. Technological transformation in every 

field of production has also been experienced in agriculture. In fact, a technological transformation 

like the stages of the industrial revolution has been experienced in agriculture from the beginning of 

the 20th century to agriculture 4.0. (ITB, 2019). 

 

Table 1. Technological Transformation in Agriculture (Kaya, 2019) 

Before Traditional Agriculture Human and Animal Labor 

Agriculture 1.0  

(early 20th century) 

The Beginning of Water and 

Steam Power 
Mechanization 

Agriculture 2.0/Green 

Revolution (1950) 
Mass Production, Electricity Tractor production 

Agriculture 3.0/Precision 

Agriculture (1990) 
Computer and Automation 

Greenhouse and irrigation 

automation 

Agriculture 4.0/Digital 

Agriculture (2010) 

Information and 

Communication Technologies 
Smart Agriculture 

 

Technology is leading the way in agriculture as it is in every sector. In order to solve problems such 

as drought due to global warming in agriculture, the use of 70% of the world's fresh water (less than 

3% of the world's water) in agriculture and the inadequacy of production that does not meet the 

demand despite the use of all agricultural lands, and to feed nine billion people in 2050, it will be 

necessary to increase the yield per unit area approximately two-fold. It will be possible to get rid of 

this negative situation in agriculture by being inspired by the hope that technology creates in every 

area of life and by adapting the digital technologies of this age, such as Mass Production, Electricity, 

Mechanization, Tractor, Computer and Automation, to agriculture (Yēldērēm, 2016). In fact, 

according to the European Agricultural Machinery Association (CEMA), smart agriculture ranks 

first among the most important factors affecting agricultural practices and structures (smart 

agriculture, automation, consolidation, professionalism and labor shortage) with 60%. With the 

fusion of agricultural and information technologies, many new technical terms have begun to be 

heard in daily life. Examples of these terms include smart agriculture, precision agriculture, digital 

agriculture, farm management software and driverless (autonomous) vehicles. The most common 

use is smart agriculture; It includes an advanced system approach that combines control, electronics, 

computers, database and accounting information. The components of this technology include basic 

systems such as global positioning systems, geographic information systems, variable rate input 

application and remote sensing (Demir, 2019). Smart agriculture is information-based agricultural 

production, the philosophy of which is to produce by managing the heterogeneity of nature. The 

form of this philosophy is to apply the right amount of input to the right place, at the right time, with 

the right method. This philosophy is supported by smart agricultural technologies (Tekin, 2018). 

According to the Smart Agriculture Platform, smart agriculture is a technique that provides soil and 

product management to increase agricultural productivity, more economical use of resources and 

minimizes environmental damage. In short, it can be expressed as the application of digital 

technologies to the agricultural sector or the digital revolution in agriculture. Thanks to the 

technologies that form smart systems, agricultural vehicles and agricultural fields are equipped with 

sensors and detectors, and agricultural vehicles are able to communicate with each other. Thanks to 

the sensors, humidity, vegetation, temperature, steam and air conditions can be measured, plant 

species can be distinguished with remote sensing, stress conditions, drought, soil and plant 

conditions are monitored, data is collected and analyzed (Saygēlē et al., 2018). 
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4. USE OF SMART TECHNOLOGIES IN WORLD AGRICULTURE  
 

The benefits of smart agricultural systems, which can be used at every stage of agricultural activities, 

primarily include creating the conditions for sustainable production, and can be listed as follows 

(Smart Agriculture Platform, 2019): 

ṉ Reducing chemical input costs such as fertilizers and medicines, 

ṉ Providing high quality products in high quantities, 

ṉ Ensuring a more effective flow of information for business and farming decisions 

ṉ Establishing a registration system in agriculture can be considered. 

 

In addition, producers will be able to make real-time production performance assessments with these 

systems and analyze all their products and resources in detail. With the widespread use of the Internet 

of Things in agriculture, productivity will also increase significantly. In this way, it is aimed to make 

the work of producers easier and to maximize efficiency compared to traditional methods (Demir, 

2019). The difficulties/problems in meeting global food needs with the current agricultural 

production model have accelerated the establishment and spread of the technology-intensive 

production model in agriculture. According to the ñSmart Agriculture Market Researchò conducted 

by Huawei in 2017, the value of the global smart agriculture market, which was 13.7 billion dollars 

in 2015, is expected to increase to 26.8 billion dollars in 2020. Accordingly, the smart agriculture 

market is expected to double in value within 5 years. According to the (CEMA) ñAgriculture 4.0: 

The Future of Agriculture Reportò, in Europe, Precision Agriculture (PA) and the integration of 

digital technology are becoming the most influential trends in the sector, as more and more farmers 

start using digital technologies to run their businesses. For the machinery industry in Europe, 70 to 

80% of new farm equipment sold has some form of PA component technology in it. There are 4.500 

manufacturers producing 450 different types of machinery with an annual turnover of 26 billion 

Euros. This sector also employs 135,000 people (ITB, 2019). 
 

The Netherlands and Israel, which are pioneers in the agricultural sector, have adopted Agriculture 

4.0 applications more quickly than other countries. In addition to these countries, Taiwan's 

significant efforts in line with Agriculture 4.0 have brought about significant changes (Kēlavuz and 

Erdem, 2019). The Netherlands, which is considered a model for many countries in the world in 

agriculture and is shown as a reference in agricultural matters (Tektaĸ, 2013): 

ṉ Collaboration models: studies conducted by universities, research institutions, food producers and 

technology producing companies in the field of agricultural technology. 

ṉ The world's 4th IT services exporter: 70% of innovations are related to IT technologies, 

ṉ Production and export of agricultural technologies: With the value of agricultural technology 

exports being 9 billion Euros in 2015, it has become the most important country in the world in 

agricultural technologies.  
 

Thanks to these factors (such as planning, education, continuity), the Netherlands, which has the 

smallest and most densely populated population in Europe, has an agricultural area of one-seventh 

of T¿rkiye's surface area, but its agricultural exports are at the level of 90 billion dollars (Boztepe, 

2018). Likewise, Israel is another miraculous example. Despite the fact that only 20% of its land is 

arable due to its high salt content, its natural water resources are below the United Nations' water 

poverty line, and the agricultural workforce is quite small, it is now able to meet 95% of its food 

needs with its own production thanks to its successes in the field of agricultural technologies (ITB, 

2019). 
 

Smart Agriculture Studies in T¿rkiye in addition to the changes that agriculture has experienced 

within itself in this long process, it can be accepted that many issues such as policies, increasing 

population, urbanization, migration, economic development, technological advancement, etc. affect 

the functioning of the sector as much as its structure (Kalaycē and Kaya, 2019). T¿rkiye has a rich 
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agricultural potential in terms of its geographical location, climate structure and product diversity. 

However, the fact that production is not recorded, producer organizations are not sufficiently active, 

unstable agricultural policies and unplanned production models cause significant problems in the 

sector. Failure to adopt a planned production model suitable for domestic and foreign demand creates 

a surplus in some products and causes producer prices to fall, while a supply deficit in some products 

causes this deficit to be closed through imports (UĶS, 2016). Although there are adaptation 

difficulties in different countries regarding smart agriculture, it should be known that the way to 

prevent losses/decline in agriculture will be through this innovation in agriculture. 
 

Because it is obvious that the success of these countries, especially the Netherlands and Israel, is 

based on technology. When we look at the share of Information and Communication Technologies 

(ICT) products in their total exports and imports, it is seen that countries that have adapted to the 

Agriculture 4.0 process have high values in both exports and imports of these products. These 

countries have been able to increase their productivity with technology (ITB, 2019). 

Agricultural technologies are generally produced by non-agricultural sectors. Serious breakthroughs 

have been made in the world in the production and use of many different mechanical technologies, 

from soil processing tools to harvesting machines, and the ratio of exports to imports has increased. 

(UIB, 2017). 
 

Moreover, according to ¥ĵ¿t (2015), as a result of the interpretation of yield maps, it is possible to 

save 25% in fertilizer and 20% in herbicide use, and the research results show that a profit of 30 

dollars per hectare is important in addition to the profit to be provided in terms of environmental 

impact with precision agriculture technologies in the world. The economic evaluations show that an 

area of 160 hectares is sufficient for the return of the costs of variable rate application systems. 
 

On the other hand, the most important factor in the adoption of new technologies in the agricultural 

sector is the income level of the producers. While the size of the business affects productivity, it also 

affects the adoption and use of new technologies. Low labor productivity in small-scale family 

businesses also affects the income level. This situation delays the adoption and use of new 

technologies. However, the education level of the producer sometimes positively affects the use of 

new technologies even in small businesses (UIB, 2017). 
 

The steps to be taken for this technological transformation in agriculture can be realized with the 

cooperation of all stakeholders in a sector consisting of producers (farmers), private sector 

(manufacturers, technology suppliers), unions and cooperatives, public and universities. As a matter 

of fact, it is possible to see the cooperation of these stakeholders in some studies on this subject: 

(ITB, 2019). For example, the Vodafone Smart Village, established in Aydēn province with the aim 

of supporting rural development in partnership with Vodafone T¿rkiye and TABĶT (Agricultural 

Information and Communication Technologies), is rapidly progressing towards becoming the first 

smart village in the world and T¿rkiye equipped with end-to-end digital technologies. The main 

objectives of the Vodafone Smart Village, where traditional agricultural methods are combined with 

advanced technology, are to increase the efficiency in agricultural production with information and 

technologies, to increase young employment in agriculture, and to ensure that technology is spread 

to other villages. Savings of at least 20% in plant production costs, 22% in animal production costs, 

and 20% in irrigation are targeted. 
 

Studies in this field have started to increase with national and international collaborations, including 

Ege University, Boĵazi­i University, Ankara University and Konya Food and Agriculture 

University. The ñGlobal Integration of Turkish Agriculture: Agriculture 4.0ò project, carried out in 

partnership with Ege University Faculty of Economics and Administrative Sciences and Izmir 

Commodity Exchange, is one of the studies carried out in this field. However, today, the agricultural 

sector is undergoing a major transformation under the influence of developing technology, and the 

future of the agricultural sector is now being shaped by technological applications. In fact, the 

technological transformation of agriculture dates back to the beginning of the 20th century. The most 
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basic feature of the period in which the first transformation, called Agriculture 1.0, took place was 

that it had a labor-intensive production method with low productivity. During this period, one-third 

of society actively worked on many small farms and participated in the production of basic 

agricultural products, and the food needs of the society were met at a sufficient level. By the end of 

the 1950s, synthetic pesticides, fertilizers and more effective machines reduced production costs, 

and thus the Agriculture 2.0 period, called the Green Revolution, was entered. Productivity increased 

thanks to cheap inputs and new vehicles. The Agriculture 3.0 process, which began in the 1990s with 

the opening of GPS signals to everyone's use, is now more commonly called Precision Agriculture. 

Manual steering thanks to GPS technology, VRA (Variable Rate Application) systems applied to 

harvesters, and especially monitoring the fertilization process are the main technologies applied 

during this period. Precision farming methods, tracking and solutions specific to each parcel of land 

or each animal in the herd are offered, production costs are reduced, and the process is managed 

more effectively. In the 2010s, a parallel process like the revolution experienced in the industry with 

Industry 4.0 began to be experienced in the agricultural sector. This process is given names such as 

ñAgriculture 4.0, Smart Agriculture, Digital Agricultureò and generally refers to the application of 

smart technologies including sensors, detectors, microprocessors, autonomous decision systems, 

cloud-based information and communication technologies in the agricultural sector. Thanks to 

internet-based portals and various algorithms, big data is stored and analyzed, and the entire process 

from field to table can be monitored, directed, and future projections can be made. Agriculture 4.0 

also reveals the cooperation of different actors in the agricultural and food value chain, and therefore 

the importance of the ecosystem. Agriculture 4.0 applications create important and effective tools to 

make the agricultural sector more efficient, competitive, environmentally friendly, and sustainable. 

Technologies used in Agriculture 4.0; It covers the activities of different actors working in the 

agricultural sector, namely suppliers, producers, growers, intermediaries and technology providers. 

With the internet of things, big data and smart algorithms, the activities of all these actors can be 

brought together. 
 

With the adaptation of technology to the agricultural sector, agricultural vehicles and agricultural 

fields are equipped with sensors and detectors, and agricultural vehicles are enabled to communicate 

with each other. Thanks to sensors, humidity, vegetation, temperature, steam and air conditions can 

be measured, plant species can be distinguished with remote sensing, stress conditions, drought, soil 

and plant conditions are monitored, data is collected and analyzed. Images taken from satellites are 

processed and combined with data taken from sensors. All agricultural fields can be observed with 

cloud-connected unmanned aerial vehicles and the information obtained can be followed with smart 

devices. With the use of GPS technology, a navigation system that allows users to record location 

information accurately, farmers can find the exact location of field features such as soil type, insect 

formation, weed presence, borders and obstacles in the agricultural sector. With the accurate 

determination of these locations, seeds, fertilizers, pesticides and water required for irrigation can 

be used more effectively according to field features. With this technology, it is possible to create a 

geographic information system by using digital information in different areas, map the field in terms 

of yield, soil and quality, and determine the delivery rates of agricultural inputs depending on the 

soil type. In addition, robots and artificial intelligence are used in the agricultural sector, as in other 

industries, and more products can be grown faster and healthier. For example, robots used in 

spraying and weed control reduce chemicals in agricultural production by 90%. Robots also reduce 

losses in harvesting products, increase speed, and reduce costs. 
 

In addition to these technologies that form the basis of smart systems, all stages of agricultural 

production can be monitored with information-based farm management systems, from the 

transportation of resources to the farm to the output of the product (from field to table). There is also 

a monitoring and sensor system (RFID sensor and tracking) that allows consumers to track the 

process of the product they buy from the field to the point of purchase. Thanks to this system, the 

responsibilities of producers to produce safe food are increasing. In this context, Israel is perhaps 

the most striking example of a successful country. It has managed to turn all disadvantages into 
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advantages thanks to the technologies it has developed and implemented. In addition to exporting 

approximately 2 billion dollarsô worth of vegetables and fruits each year, it also exports the fertilizers 

and agricultural technologies it produces to many countries. Israel, which has been able to reach 

self-sufficiency in agricultural production from a disadvantaged position and even exhibit a 

successful export performance, has prioritized the reclamation of arable lands. In this way, it realizes 

66% of its vegetable and fruit exports from seven farms it has established in the desert, 150 meters 

below sea level. Although it only cultivates in the upper 30 centimeters of soil due to the desert 

nature of its land, it obtains high yields from its production and exports 90% of its products. In 

addition, Israel has solved the irrigation problem by purifying and reusing saltwater and industrial 

wastewater. 86% of the water used in irrigation in the country is provided by recycled water. Each 

solar panel installed can purify 3.000 liters of salt water with the daily electricity produced. The 

temperature can also be kept under control for 12 months with pipes laid underground. Many 

companies that produce fertilizer using various technologies have been established, including the 

Israel Chemical Company, one of the world's largest fertilizer companies. One of Israel's leading 

seed companies is trying to increase product efficiency with research and development studies in 

plant genetics and biotechnology. Another commercial company provides real-time information to 

producers about both the health status of animals and the quality of milk with the technology it has 

developed. Another company uses X-rays with the spectral imaging machine it produces to provide 

information about the nutritional value, maturity, quality of the fruit and even when it will ripen. 

With this machine, the company can detect in advance a type of mold fungus found in dates, which 

is the biggest obstacle to the date trade it makes to Arab countries and help prevent exports by 

intervening. The Israeli government supports agricultural technologies, especially those related to 

irrigation systems, biotechnology and wastewater reuse. In fact, research and development 

expenditures in the field of agricultural technologies constitute 17% of Israel's budget. New 

technological enterprises in the field of agricultural technology have a great impact on the 

transformation of the difficult conditions of Israel's agricultural sector. 
 

5. CONCLUSION 
 

In the 21st century, rapidly developing technology with robotic devices, remote sensing and remote-

control systems; It has started to be used in many sectors such as agriculture and industry. The smart 
agriculture revolution brought about by developing technology has actually become a necessity, not 

a choice, today. Thanks to the digital monitoring methods that have entered our lives with Industry 

4.0, data collected by systems such as satellites, cameras and sensors can be interpreted using various 

algorithms, cause and effect relationships can be reported, and appropriate data can be transmitted 

as instant information from mobile phones. Agricultural equipment such as autonomous tractors or 

planters saves time and labor. It can work 24 hours a day because no human labor is used. With 
harvesting machines, human-caused heterogeneous product harvesting is eliminated. In addition, 
animal damage is prevented by using laser scarecrows in agricultural lands where various animals 

may be damaged before harvest. By controlling it from mobile phones, excess irrigation water and 
energy usage in lands irrigated with modern irrigation systems can be prevented. In addition to these 
benefits, the biggest benefit is to the environment. By reducing emission amounts, easy adaptation 

can be developed while reducing the effects of climate change.  
 

However, it should not be forgotten that agricultural practices are technical, economic and social 

activities. Particular emphasis should be placed on training and demonstration studies to adapt 

traditional producers to new practices. In addition, governments need to provide economic and 

technical support for these innovative applications to become widespread. 
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1. INTRODUCTION 
 

Every year, the global food system generates revenues between 15 and 19 trillion USD which 

corresponds to a range of 16-20% of the global Gross Domestic Product (GDP) (Planet Tracker, 

2023). It includes the whole food value chain from the input providers (agricultural chemicals and 

machinery manufacturing), arable producers - farmers, livestock, dairy and seafood producers, 

through the food and beverages producers, traders and distributors and ending with the retailers, 

food service and waste companies. The global food system is controlled by very few companies 

(0.06%) which generates up to 70% of revenues.  

 

Agrifood systems account for about 33% of total anthropogenic greenhouse gas (GHG) emissions 

(Crippa et al., 2021; Tubiello et al., 2021). They are generated within the farm gate, by crop and 

livestock production activities; by land-use change (for instance deforestation and peatland 

drainage); and in pre- and post-production processes, such as food manufacturing, retail, household 

consumption and food disposal (Tubiello et al., 2022; FAO, 2023). Globally, in 2020, the farm gate 

emissions represented nearly 50% of total agrifood systems emissions, pre- and post-production 

processes contributed about 30% and land-use change around 20%.   

 

The World Bank (2023) estimated that the food system generates 2 to 5 times as much value as farm 

production itself. This (post-farm to farm) ratio varies around the globe, and it is much higher in 

developed in respect to developing countries. For example, in USA, for every USD spent on food 

by the consumer, around 11 cents are accounted by economic activity on farms while the rest is 

gathered through the numerous activities associated with food transformation, conservation, 

packaging, delivery, and preparation.  

 

The food chain starts from the agricultural activities on the ground and farmers involved in crop 

cultivation, livestock, dairy and seafood production. This initial part of the system is extremely 

fragile because it proceeds mainly at the open fields and uncontrolled environment which is strongly 

affected by climate change. At the global level, over the last 30 years, the losses of agricultural 

production were estimated be 3.800 trillion USD, with an average of 127 billion USD per year (FAO, 

https://doi.org/10.46793/MAK2025.012T
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2023). This corresponds to 5% of the global GDP of the agricultural sector (considering 30 years 

period). Nevertheless, the impact on GDP was much greater (10-20%) in under-developed in respect 

to developed countries.  

 

Weather- and climate-related extremes caused economic losses of assets estimated at EUR 738 

billion during 1980 - 2023 in the European Union, with over EUR 162 billion (22%) between 2021 

and 2023 (EEA, online). For example, in Italy, in 2023, the losses of agricultural production due to 

climate change were estimated to 6 billion Euro. The average EU agricultural losses from the period 

2021-2023 (EUR 54 billion per year) corresponds to almost 25% of the agricultural GDP of the EU 

in the same period (2021-2023). The share of the agricultural sector in the EUôs GDP is low (1.3%). 

However, it is extremely important since it generates the activities of many other sectors (tourism, 

energy, transport) and affects the health of the environment, landscapes, the state of natural resources 

(land and water), biodiversity etc.     

 

On average, about 20% of total losses were insured ranging from less than 2% in Romania, Slovenia, 

Cyprus and Bulgaria to over 35% in Denmark, Luxembourg, Belgium, the Netherlands and France. 

There were significant differences between the types of events. For meteorological events, over one-

third of the losses were insured. It was less than 15% for hydrological events and slightly over 10% 

for all climatological events, including heatwaves, droughts, and forest fires (EEA, online). 

 

In the European Union (EU) as well as in the countries of Western Balkans, around half of the area 

is farmed land. The intensity of agricultural activities and the adopted agronomic policies and 

measures affect the shape landscapes, produce economic and social benefits, and influences 

biodiversity and ecosystem health. However, agricultural production is affected by climatic events, 

the overall state of the environment, biodiversity and water and land quality. Hence, in 2021, the EU 

has released the new Strategy on Adaptation to Climate (EU, 2021) which is based on the EU Green 

Deal plan where an important section is dedicated to agriculture and implementation of Farm to Fork 

and Biodiversity Strategies.  
 

This paper focusses on some important aspects of the above strategies and other relevant 

challenges/issues to be adopted on the road of adaptation and mitigation of climate change impacts 

and promotion of resilient and climate-smart agriculture and food production. The emphasis is given 

to the introduction of eco-efficiency concept in the valorization of agri-food productôs chain, and 

adoption of organic farming and precision agriculture technologies. 
 

2. ECO - SCHEMES AND CLIMATE-SMART MANAGEMENT PRACTICES 
 

The EU Green Deal Plan, adopted in 2021, will employ around 1 trillion EUR to fund activities 

focusing on the reduction of net greenhouse gas emissions by at least 55% by 2030 in respect to 

1990 levels.  Agricultural sector and rural development are in the center of the EU Green Deal Plan 

and the Common Agricultural Policy (CAP 2023-2027) represents a key tool to achieve the 

ambitions of the Farm to Fork Strategy and the Biodiversity Strategy. The objective is managing the 

transition towards a sustainable food system and in strengthening the efforts of farmers to contribute 

to the EUôs climate objectives and to protect the environment. The targets focusing on the agrifood 

sector are:  

 

(i) to reduce by 50% the overall use and risk of chemical pesticides and reduce use by 

50% of more hazardous pesticides by 2030,  

(ii) achieve at least 25% of the EUôs agricultural land under organic farming and a 

significant increase in organic aquaculture by 2030,  

(iii) reduce sales of antimicrobials for farmed animals and in aquaculture by 50% by 2030, 

and  

(iv) reduce nutrient losses by at least 50% while ensuring no deterioration in soil fertility; 

this will reduce use of fertilizers by at least 20 % by 2030.  
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The objective is managing the transition towards a sustainable food system and in strengthening the 

efforts of farmers to contribute to the EUôs climate objectives and to protect the environment. Eco-

schemes are a new instrument in the CAP to support this transition. EU countries set the eco-schemes 

in their CAP Strategic Plans. The Commission assessed and approved them as key tools for the CAP 

to deliver to the Green Deal targets. 

 

Agricultural practices that could be supported by eco-schemes have to meet the following 

conditions: 

¶ they should cover activities related to climate, environment, animal welfare and 

antimicrobial resistance, 

¶ they shall be defined based on the needs and priorities identified at national/regional levels, 

¶ their level of ambition has to go beyond the requirements and obligations established under 

the baseline (including conditionality), 

¶ they shall contribute to reaching the EU Green Deal targets. 

 

EU countries' measures, detailed in the CAP Strategic Plans, cover various areas of environment, 

climate change and animal welfare actions (Figure 1) including the following: 

 

a. Climate mitigation - including reduction of GHG emissions from agricultural practices, as 

well as maintenance of existing carbon stores and enhancement of carbon sequestration, 

b. Climate change adaption - including reduction of GHG emissions from agricultural 

practices, as well as maintenance of existing carbon stores and enhancement of carbon 

sequestration, 

c. Protection or improvement of water quality - and reduction of pressure on water resources, 

d. Prevention of soil degradation - soil restoration, improvement of soil fertility and of nutrient 

management, 

e. Protection of biodiversity - conservation or restoration of habitats or species, including 

maintenance and creation of landscape features or non-productive areas, 

f. Actions for a sustainable and reduced use of pesticides, 

g. Actions to enhance animal welfare - or address antimicrobial resistance. 

 

 
Figure 1. Areas of environment, climate change and animal welfare actions 

included in the CAP Strategic Plans 

 

A whole set of management practices correspond to actions under the CAP Strategic Plans covering 

areas of environment, climate change and animal welfare. Some of them are established in the EU 

policy instruments: organic farming as defined in Regulation (EU) 2018/848 and integrated pest 

management as defined in Sustainable Use Directive (Table 1). Other practices focused on 

agroecology (Table 2), husbandry and animal welfare plans (Table 3), agro-forestry and the High 

Nature Value (HNV) farming (Table 4), carbon farming and precision farming (Table 5), improved 
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nutrient management and water resources protection (Table 6), and other practices beneficial for soil 

and related to the GHG emissions (Table 7).   

  

Table 1. Climate-smart management practices established in EU 

policy instruments (adapted from EC, 2021) 

Organic farming practices, as defined in Regulation (EU) 2018/848 

Á Conversion to organic farming  

Á Conversion to organic farming  

Integrated Pest Management as defined in Sustainable Use Directive 

Á Buffer strips with management practices and without pesticide 

Á Mechanical weed control  

Á Increased use of resilient, pest-resistant crop varieties and species  

Á Land lying fallow with species composition for biodiversity purpose 

 

Table 2. Climate-smart agroecological management practices (adapted from EC, 2021) 

Agroecology 

Á Crop rotation with leguminous crops 

Á Mixed cropping - multi cropping 

Á Cover crop between tree rows on permanent crops - orchards, vineyards, olive trees - above 

conditionality  

Á Winter soil cover and catch crops above conditionality 

Á Low intensity grass-based livestock system 

Á Use of crops/plant varieties more resilient to climate change 

Á Mixed species/diverse sward of permanent grassland for biodiversity purpose (pollination, 

birds, game feedstocks) 

Á Improved rice cultivation to decrease methane emissions (e.g. alternate wet and dry 

techniques) 

Á Practices and standards as set under organic farming rules   

 

Table 3. Climate-smart husbandry and animal welfare plans (adapted from EC, 2021) 

Husbandry and animal welfare plans 

Á Feeding plans: suitability of and access to feed and water, feed and water quality analyses 

(e.g. mycotoxins), optimised feed strategies 

Á Friendly housing conditions: increased space allowances per animal, improved flooring (e.g., 

straw bedding provided on a daily basis), free farrowing, provision of enriched environment 

(e.g. rooting for pigs, perching, nest-building materials, etc.), shading/sprinklers/ventilation 

to cope with heat stress 

Á Practices and standards as set under organic farming rules 

Á Practices increasing animal robustness, fertility, longevity and adaptability, e.g. lifespan of 

dairy cows; breeding lower emission animals, promoting genetic diversity and resilience 

Á Animal health prevention and control plans: overall plan for reducing the risk of infections 

that require antimicrobials and covering all relevant husbandry practices, e.g. vaccination 

and treatments, enhanced biosecurity, use of feed additives, etc.  

Á Providing access to pastures and increasing grazing period for grazing animals 

Á Provide and manage regular access to open air areas  
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Table 4. Climate-smart management practices considering agro-forestry and High  

Nature Value (HNV) Farming (adapted from EC, 2021) 

Agro forestry 

Á Establishment and maintenance of landscape features above conditionality  

Á Management and cutting plan of landscape features  

Á Establishment and maintenance of high-biodiversity silvo-pastoral system 

High Nature Value (HNV) Farming 

Á Land lying fallow with species composition for biodiversity purpose (pollination, 

birds, game feedstocks, etc.) 

Á Shepherding on open spaces and between permanent crops, transhumance and 

common grazing 

Á Semi-natural habitat creation and enhancement 

Á Reduction of fertiliser use, low intensity management in arable crops 

 

Table 5. Climate-smart management ppractices considering carbon farming and  

Precision farming (adapted from EC, 2021) 

Carbon farming 

Á Conservation agriculture (a, d) 

Á Rewetting wetlands/peatlands, paludiculture 

Á Minimum water table level during winter 

Á Appropriate management of residues, i.e. burying of agricultural residues, 

seeding on residues 

Á Establishment and maintenance of permanent grassland  

Á Extensive use of permanent grassland 

Precision farming 

Á Nutrients management plan, use of innovative approaches to minimise nutrient 

release, optimal pH for nutrient uptake, circular agriculture 

Á Precision crop farming to reduce inputs (fertilisers, water, plant protection 

products) 

Á Improving irrigation efficiency 

 

Table 6. Climate-smart practices considering the improvement  

of nutrient management and protection of water resources (adapted from EC, 2021) 

Improvement of nutrient management 

Á Implementation of nitrates-related measures that go beyond the conditionality 

obligations 

Á Measures to reduce and prevent water, air and soil pollution from excess nutrients 

such as soil sampling if not already obligatory, creation of nutrient traps 

Water resources protection 

Á Managing crop water demand (switching to less water intensive crops, changing 

planting dates, optimised irrigation schedules)  

 

Table 7. Other climate-smart practices related to soil and GHG emissions 

(adapted from EC, 2021) 

Other practices beneficial for soil 

Á Erosion prevention strips and wind breaks 

Á Establishment or maintenance of terraces and strip cropping  

Other practices related to GHG emissions 

Á Feed additives to decrease emissions from enteric fermentation  

Á Improved manure management and storage  
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3. ORGANIC FARMING PERSPERCTIVES IN THE WESTERN BALKANS 
 

The first quarter of this Century is characterized by a constant promotion and growth of organic 

farming. Organic agriculture is defined by the International Federation of Organic Agriculture 

Movements (IFOAM, 2008) as a production system that sustains the health of soils, ecosystems, and 

people. It relies on ecological processes, biodiversity and cycles adapted to local conditions, rather 

than the use of inputs with adverse effects. Organic Agriculture combines tradition, innovation, and 

science to benefit the shared environment and promote fair relationships and good quality of life for 

all involved. Organic farming has an important role in the reduction of GHG emissions of 

agricultural sector, the improvement of soil carbon sequestration, and overall resilience of crops to 

droughts, and other extreme events.  

 

Organic agriculture banned the use of fossil-based fertilizers and most synthetic pesticides which 

reduced the emissions related to both on-farm applications and production of synthetic fertilizers 

and pesticides. The elimination of synthetic nitrogen fertilizers alone, as is required in organic 

systems, could lower direct global agricultural greenhouse gas emissions by about 20% (Lal, 2020).  

 

The use of synthetic pesticides has negative effects on the soil invertebrates as they are earthworms, 

woodlice, spiders, springtails, mites, and some insects which reduces the soil carbon sequestration 

capacity. Special attention should be fiven to the use of fumigant pesticides which are commonly 

used on crops like strawberries and injected into soil. They emitted nitrous oxide (N2O), the most 

potent greenhouse gas.  

   

Organic farming best management practices improve the resiliency of agricultural system by 

increasing organic matter in soil continuously over time. In this way, the water percolation in the 

soil might be improved as well as the soil water holding capacity. This affects positively the cropsô 

resistance to extreme weather events like drought and floods.  

 

Muller et al. (2017) reported that a progressive conversion to 50% of EU land under organic farming 

by 2030 would offer a mitigation potential of 23% of agricultural greenhouse gas emissions through 

increased soil carbon sequestration and reduced application of mineral fertilizers. It would moreover 

reduce energy use for the production of synthetic fertilizers, equivalent to a further reduction of 9% 

of agriculture emissions and would provide many other environmental and animal welfare benefits, 

as well as successful adaptation strategies to cope with the impacts of climate change.   

 

The last World Organic Agriculture report (FIBL, IFOAM, 2024) indicated that in 2022, organic 

agricultural land covered about 96.4 million hectares or 2.0% of total agricultural land. The increase 

of organic agricultural land in 2021-2022 was 20.3 million hectares of +26.6%. The value of organic 

market in 2022 was about 134.8 billion EUR with the greatest share in USA, Germany and China, 

whereas the average per capita consumption of organic products is 17 EUR with the greatest 

consumption in Switzerland (437 EUR), Denmark (365 EUR) and Austria 274 EUR). The organic 

farming regulation is fully implemented in 75 countries of the world while in other 14 countries it 

is the process of drafting.  

 

Organic farming in the Western Balkans is still underdeveloped in respect to other neighboring 

countries. The organic farming land ranges from 733 ha in Albania to 25035 ha in Serbia with the 

share in respect to total agricultural land from 0.1% (Albania, Bosnia and Herzegovina) to 1.5% 

(Montenegro) (Figure 2). The organic farming areas are much lower than in the neighboring 

countries like Bulgaria, Croatia, Slovenia and Greece (Figure 2). The number of certified organic 

farming producers in the Western Balkans is between 90 in Bosnia and Herzegovina and 890 in 

North Macedonia. In the EU neighboring countries, the number of organic producers goes from 3718 

in Slovenia to 58691 in Greece. However, a contradictory situation is observed considering the 

organic farming land per organic producers (Figure 3). The greatest organic farming area per 
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producer is observed in Serbia (48.8 ha) and then in Bosnia and Herzegovina (27.7 ha) which 

indicated the presence of large companies which focused on the export of products to the 

international markets. In fact, the available data confirmed that both Serbia and Bosnia and 

Herzegovina exported several times more organic farming products than EU neighboring countries 

(Bulgaria, Croatia, Greece and Slovenia) which confirmed that the internal organic farming market 

in the Western Balkans region is not adequately developed.   

        

Therefore, one of the challenges of Western Balkans countries is to focus on the promotion of organic 

agriculture and extension of organic farming land.  

 

 
Figure 2. The share of organic farming land in respect to 

total agricultural land (FIBL, IFOAM, 2024) 

 

 
Figure 3. Organic farming area (in ha) per organic producer (FIBL, IFOAM, 2024) 

 

4. ECO-EFFICIENCY CONCEPT 
 

The application of climate-smart management practices should satisfy both economic and 

environmental criteria. The concept of eco-efficiency represents the combination of a system's 

economic and environmental performance. It is developed on a system-based approach that 

interweaves among heterogeneous stakeholders across the entire value chain of a production/service 

process, as is agri-food production management (Figure 4). Therefore, it includes managers of 

infrastructures, farmers, agricultural extension staff, environmental authorities, and decision makers.  

 

Eco-efficiency embraces all management activities, on a plot/farm/district level, which contribute to 

the farming process accomplishment, i.e. including land preparation, sowing, crop growing, harvesting 
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and selling as well as the use of energy, application of nutrients and agro-chemicals and adoption of 

land management and other farming practices necessary for crop cultivation and harvesting (Figure 4). 

The eco-efficiency encompasses the actions (processes) related to the creation of the economic value 

from the commercialization of the final product (yield) and other (any) by-products.  

 

 
Figure 4. System boundaries and life cycle stages (S) adopted for 

the eco-efficiency assessment of on-farm wheat cultivation (Todorovic et al., 2018) 

 

The eco-efficiency (EE) is defined as the ratio between the economic performance (economic value 

added, EVA) and the corresponding environmental performance (environmental impact score, EIS)  

 

ὉὉ     (1) 

 

EIS is determined using specific well-consolidated software and databases that permit the adoption 

of the life cycle impact methodology which provides insightful information on a broad set of 

environmental impact categories and audiences. The analysis included eighteen midpoint indicators 

and three endpoint indicators for each specific management action. Global warming, freshwater, and 

marine eutrophication, terrestrial acidification, ozone formation, stratospheric ozone depletion, 

ionizing, radiation, water consumption, particulate matter formation, and land use are among the 

midpoint indicators. The three aggregated endpoint impact categories are damage to human health, 

ecosystems, and resources. 

 

EVA is expressed in monetary units per year, and it is estimated as the difference between total 

economic value (TEV) and total financial costs (TFC) related to water use and agricultural 

production, i.e.  

 

ὝὠὃὝὉὠὝὊὅ   (2) 

 

The agricultural system is divided into ñforegroundò and ñbackgroundò subsystems (Figure 4). The 

former is the system of direct interest for agricultural production and includes all the stages along 

the wheat cultivation, from land preparation to harvesting. The ñbackgroundò system includes the 

environmental impact of the production processes of other inputs (row material) necessary for 

agricultural production, such as energy (electricity, diesel oil and solar energy), fertilizers (mineral 

and organic) and any other (agro-chemicals, agricultural machinery, irrigation equipment, etc.).  

 

Eco-efficiency is widely used to highlight differences in fertilization and irrigation management 

practices (Todoroviĺ et al., 2018), conventional and organic cultivation systems (Meisterling et al., 

2009), open-field and greenhouse production systems (Shen et al., 2021), etc. Their application is of 
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particular interest in the comparison of the smart agricultural management practices linked with the 

organic farming conversion process and other low-carbon initiatives.  

 

5. CONCLUSION 
 

Eco-innovative solutions for climate-smart agriculture comprehend a vast set of coordinated 

activities that should support reorientation of modern society and agricultural systems to a more eco-

efficient way of living and production. The adoption of organic farming production methods should 

be one of priorities since it brings relevant benefits to environment and human health, mitigate the 

causes of climate change, and support the adaption of agricultural systems to adverse climatic events.  

 

There is a considerable challenge to support the adoption of organic farming production practices in 

the Western Balkan countries to reach the levels of the neighboring EU countries. Accordingly, the 

international cooperation initiatives in the region should be promoted to reinforce the on-ground 

implementation of the climate-smart agrifood management practices in line with the EU Green Deal 

Plan, Green Agenda for Western Balkans, and climate change response strategies at different levels.  

 

Communication activities should be upgraded to enhance awareness and involvement of society and 

different stakeholders involved in the agrifood production process. The awareness about climate-

smart management practices should be transmitted to the consumers and especially to young 

generations. Transparency and trust are the keys to success. Modern weather forecasting tools 

(especially mid and long-term forecasting) and identification of the most suitable proactive 

management options to adapt to both droughts and floods are needed. Hence, the setup of early 

warning systems and risk management plans is needed to attenuate the vulnerability of agrifood 

systems and of the society to climate change and extreme weather events.  

 

The adoption of innovations, based on green technologies, should be guided in a concerted manner. 

A matrix for the adoption of best management solutions on the ground should be adaptive and 

inclusive. The priorities for actions and interventions should be agreed jointly among all 

stakeholders considering the risk of not acting, the overall benefits of specific users and of the 

society, the costs and attenuation of ecosystem vulnerability. Priority should be given to ñno-regretò 

easily implementable actions which are largely accepted by farmers and consumers who represent 

the key actors of the whole production chain.    

  

The eco-efficiency should be among the top approaches and indicators for the evaluation of the 

performances of specific management actions. Eco-efficiency overcomes the specificity of agrifood 

system production indicators since it includes the overall economic benefits (of all production 

outputs) and different environmental burdens. Therefore, it makes possible to shift to a 

comprehensive approach that integrates the appropriateness and interaction of different management 

practices and inputs (e.g. water, fertilizer, energy, etc.), overall benefits of stakeholders and various 

environmental impacts.      
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Abstract: Climate change is a global phenomenon with local manifestations and impacts, which are unequal 

in terms of its causes and effects. The phenomenon of climate change is likely due to a combination of natural 

cycles and human activities. The socio-economic response encompasses several integrated activities to mitigate 

the impacts of climate change that are a challenge for future adaptation. These challenges require identifying 

effective strategies for the development of new socio-economic scenarios for use resources, safe life, providing 

foods, protecting environment, creation of   integration research and new policy on global level. For food 

security for human population, agricultural production requires new policies of governments with increasing 

financial support for development climate-smart agriculture at local, regional and world levels.   
 

1. INTRODUCTION 
 

In recent few decades the scientific studies of human and social dimension of climate changes gain 

importance for discussion and resolving on global level. The studies are directed to estimate climate 

changes and their influence on impact on natural resources, human life and health, economic 

activities, food production, as well as potential and limiting adaptation of urban and rural 

communities. Studies also, have explored the connection between climate change and human rights 

(Levi and Patz, 2015). Rural communities in developing countries will be highly vulnerable to 

climate change with limited capacity to adapt to changes due to various inherent socio-economic, 

demographic, institutional and political trends (Dasgupta et al., 2014).  

 

The Intergovernmental Panel on Climate Change (IPCC), was set up by the United Nations in 1998 

to produce assessments of the state of the Earth's climate system. The current state of scientific 

knowledge regarding climate change and its impacts was published early in 2007. According to 

assessment of IPCC climate change is expressed through global warming (Burkett et al., 2014). This 

assessment is confirmed by increased average global air temperatures, sea level rise, melting of 

glaciers and snowpack, retreat of Arctic ice, warming of the oceans. Climatic science reported 

numerous proofs that the phenomenon of global warming is not entirely a part of the natural cycles, 

but that human activities have impact in most of the warming seen in recent last six decades (IPCC 

2014, 2007a). 

 

In recent years the World Health Organization (WHO, 2014) identified climate change as the greatest 

threat to human health. Global climate change is due to rising atmospheric concentrations of 

greenhouse gases, primarily due to the burning of fossil fuels, mainly by populations in developed 

and developing countries. The highest temperatures were recorded in 2022 compared to the previous 

period so far recorded (Wong, 2024). The estimation of WHO is that 3.6 billion people live in areas 

highly susceptible to the effects of climate change. In period between 2030 and 2050, estimated that 

the impact of climate change can lead to approximately 250.000 additional annual deaths, mainly 

from malnutrition, diarrhea, malaria, and other vector-borne diseases, and the effects of heat stress 

(WHO, 2024). The costs due to the direct damage to health, excluding costs to agriculture, provision 

https://doi.org/10.46793/MAK2025.022T
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of clean water, and sanitation, are estimated to be between US$ 2-4 billion annually by 2030 (WHO, 

2024). The main question facing humankind is whether climate change and these environmental and 

health consequences are foreseeable and preventable (Parums, 2024).  
 

There is considerable uncertainty surrounding future emissions to climate change, from climate 

change to possible impacts, and from impacts to adaptation and mitigation measures and policies. 

In aim to facilitate research and assessment of possibility mitigation climate outcomes and 

adaptation and respond to the climate change are developed integrated scenarios based on 

combinations of climate model projections, socioeconomic conditions, and assumptions about 

climate policies. Socio-economic scenarios represent alternative óviewsô of the future and are key to 

understanding potential vulnerability to different levels of climate change. The IPCC has defined a 

range of socio-economic scenarios in its Special Report on Emission Scenarios (IPCC SRES, 2001).  

 

The IPCC uses global climate models and emission scenarios to estimate future changes in climate 

patterns. The scenarios cover a wide range of the main driving forces of future greenhouse gas 

emissions. The climate models, which represent the atmosphere and the oceans, involve conversions 

of projected emissions into atmospheric greenhouse gas concentrations and then variations in 

climatic variables. The basic emission scenarios or SRES (A1, A2, B1, B2) represent storylines 

about possible world developments in economic growth, population increases, global approaches to 

sustainability and other sociological, technological and economic variables that could influence 

greenhouse gas emission trends.  

 

Only the models that include both natural and anthropogenic forcing better simulated the past trend 

of rising land and ocean temperatures, which confirmed a stronger human influence on climate 

(Hegerl et al. 2007). The fourth assessment report (AR4) of the IPCC established the anthropogenic 

activities as the major cause of current climate change, what are additionally assessed report (AR5), 

which states that the impact of anthropogenic causes on climate change have significantly increased 

than in assesment report AR4 (Myhre et al., 2013). 

 

Modern information technologies have contributed to the development of climate-smart agriculture, 

which represents a model for the transformation of agriculture and its development in the current 

climate change in order to increase crop productivity, increase climate adaptability, mitigate the 

effect of greenhouse gases and ensure food security in regional frameworks. 

 

The aim of this research is (I) review of complex relation and impact among of climate change and 

biodiversity and society, (II) socioeconomic responses to climatic changes through preventing 

environment and environmental protection, human health and the role of sustainable agriculture in 

providing food for the human population. 

 

2. PROJECTION OF CLIMATE CHANGE MODEL  
 

The IPCC created different model scenarios for climate changes which focused on global climate 

models and emission scenarios to estimate future changes in climate patterns. In scenario family A, 

economic development is the priority, while in scenario family B, environmental sustainability 

considerations are important. 

 

The "1" and "2" scenario groups differ in their technological development path: faster and more 

diverse in "1", and slower and more regionally fragmented in "2". Each scenario is identified as 

having low (B1), medium-low (B2), medium-high (A1) and high emissions (A2). 
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Table 1. Overview of main primary driving forces in 2020, 2050 and 2100 for the  

A1, A2, B1 and B2 scenarios (Adapted from the Special Report on Emission Scenarios) 

Scenario group A1 A2 B1 B2 

Population (billion) (1990 = 5.3) 

2020 7.6 8.2 7.6 7.6 

2050 8.7 11.3 8.7 9.3 

2100 7.0 15.1 7.0 10.4 

World GDP (10 12 1990US$/ yr) (1990 = 21) 

2020 57 41 53 51 

2050 187 82 136 110 

2100 550 243 328 235 

Per capita income ratio: developed countries and economies 

in transition (Kyoto Treaty Annex 1) to developed countries 

(Kyoto Treaty non-Annex 1) (1990 = 16.1) 

2020 6.2 9.4 8.4 7.7 

2050 2.8 6.6 3.6 4.0 

2100 1.6 4.2 1.8 3.0 

 

Natural phenomena such as solar variation and volcanoes likely had a small warming effect from 

preindustrial times to 1950 and a small cooling effect from 1950 onward (IPCC), what have been 

endorsed by at least 30 scientific societies and academies of science, including all the national 

academies of science of the major industrialized countries. 

 

The detailed analyses of the simulations that have been conducted with available climate models 

and socio-economic scenarios, provides clear estimation of global warming of 1.8 ÜC to 4 ÜC over 

the next century compared with 1990 levels as well as an increase in annual global precipitation (5 

to 25%). This is to be expected, as a warmer atmosphere holds more moisture (IPCC, 2007). The 

uncertainty in this estimation is based on different estimation of future greenhouse gas emissions 

and from use of models with differing climate sensitivity, and related changes which will vary from 

region to region around the globe. 

 

The simulation prediction of changes on the globally:  

- the higher warming than the global mean, in zone of high latitudes and high elevations, 

especially in winter, 

- disproportionately increasing of winter and nocturnal temperatures (minimum 

temperatures) are projected to rise disproportionately,  

-  more intensity of the hydrological cycle which will bringing more floods and more 

droughts,  

- more winter precipitation as rain, rather than snow, decreasing snowpack and spring runoff, 

what potentially increase spring and summer droughts.  

 

Warming is expected to continue for more than a thousand years and under conditions if GHG 

emissions stabilize as a result of the large heat capacity of the oceans, which will affect the melting 

of glaciers, extinction of species, increase in sea level and change in precipitation regime, expansion 

of desert areas in the subtropical zone, and will also affect changes in crop yields in arable farming, 

increase in the range of disease vectors, modification of trade (IPCC, 2007). 

 

In numerous of global climate models (GCMs), contain differences prediction of temperature for the 

summer period in northern and southern Europe, while all models predict increased annual 

precipitation in northern Europe, which is likely to cause more frequent and intense flooding, as well 

as decreased annual precipitation in southern Europe, with the high probability risk of increasing 
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drought (PRUDENCE Project, 2006). This is in agreement with the statement that climate change 

is a global phenomenon, but its expression and impacts are entirely local. 

 

The scenarios in the frame for 2011-2040 of climate change impact to agricultural production and 

to the socio-economic scenarios A2 and B2 are very similar or almost identical. In the model 

forecasts for A2 2080 suggest similar changes in precipitation patterns across Europe, with decreases 

in southwest and southeast Europe, but increases in the total annual rainfall in the centre and north 

by the end of the century, while the model the B2 scenario is due to the different consequences for 

greenhouse gas emissions from this scenario. The two model outputs for the A2 scenario again 

project a similar pattern of change, with the greatest temperature increases in southern and eastern 

Europe.  

 

It is important to note that socio-economic conditions have a direct influence on the climate scenarios 

as they condition the amount of carbon dioxide and other greenhouse gases in the atmosphere. The 

socio-economic scenarios are also major determinants of possible adaptation options, since 

economic development is a driver of technological change, population defines demand and 

consumption, and land use change is influenced by policy.  

 

Nine agro-climatic zones were defined based on the K-mean cluster analysis of temperature and 

precipitation data from 247 meteorological stations, district crop yield data and irrigation data. The 

future zones were derived in the same way as the zones in the current climate, but the climate at 

each station was modified to take account of the changes forecast in the climate scenarios, what 

agrees (Metzger et al., 2006; Rounsevell et al., 2005). The farming systems are based on specialized 

field crops, grazing livestock, horticulture and permanent crops in agricultural holdings in the EU.  

 

There is considerable agreement that this warming will be the result of increased releases and 

atmospheric accumulation, since the industrial revolution, of carbon dioxide (CO2), nitrous oxide 

(N2O), methane (CH4) and chlorofluorocarbons (CFCs) the primary greenhouse gases (GHGs) 

(Table 2). 

Table 2. Annual greenhouse gas emission by sector (IPCC, 2007) 

Sector GHG gases (%) CO2 (%) Methane (%) 

Power Stations 21.3 29.5 - 

Industrial Processes  16.8 20.6 - 

Transportation fuels  14.4 19.2 - 

Agricultural bioproducts  12.5 - 40 

Fossil fuel retrieval, processing and 

distribution  
11.3 8.4 29.6 

Residential, commercial and other sources  10.3 12.9 4.8 

Land use and bio-mass burning  10.0 9.4 6.6 

Waste disposal and treatment  3.4 - 18.1 

 

3. SOCIOECONOMIC RESPONSES TO CLIMATE CHANGE 
 

Climate change encompasses changes of Earth on global level which are influenced by the dynamic 

changes of solar activity, volcanic eruptions, changes of sea water temperature, ice sheet distribution, 

and atmospheric waves (Scholes and Biggs, 2005). Also, significant influence on climate changes 

has human activities, which includes deforestation, carbon dioxide emissions from industry and 

agriculture, which result in acid rain, and ozone depletion by chlorofluorocarbons (CFCs) and 

greenhouse gases (GHG), carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), 

hydrofluorocarbons (HFC), and sulfur hexafluoride (SF6) Varshney et al. (2018).  
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However, the extent and geographical distribution of climate changes is not reliably known. Except 

that, the scenarios predicting how climate related changes of environment and can influence to 

human societies and political systems, indicate more uncertainty. The long record of climate change 

adaptation allows for the proper selection of tools for managing climate risks, especially in rural 

areas and for low-income households, and that demographic and environmental changes can have a 

strong impact on the risk of civil conflict and thus peace. 

 

In various scenarios of Representative Concentration Pathways (RCPs) for the period of 2016-2035 

in comparison to previous period 1986-2005 there were projected increasing temperature in range 

0.3-0.7 ÁC (Kirtman et al., 2013). The rate of warming will follow the higher rate of GHG emissions. 

This will have adverse impacts on every sector like water availability, food production, terrestrial 

ecosystems, marine biodiversity, coastal ecology, health, and livelihoods (Field et al., 2014; IPCC 

2007b).  

 

The can adverse influence on the human health, due to dysregulation of thermoregulatory 

physiological mechanisms, with varied presentation and severity, and can causes the dysregulation 

of the nervous system and cardiovascular systems, with cardiac arrest being the most common 

mechanism of death (Leive et al., 2024) and asthma, chronic kidney disease (CKD), and pregnancy 

increase heat-related mortality (Vaidyanathan et al., 2020). It is now estimated that 30% of the global 

human population lives where temperatures and humidity are extreme enough to result in excess 

mortality for at least 20 days of the year and that under continued climate change, 50-75% of all 

people may live with climate change-associated life-threatening conditions within this century 

(Mora et al., 2017; Vaidyanathan et al., 2017).  

 

Anthropogenic emission of carbon dioxide (CO2) from the combustion of fossil fuels and land use 

change, and methane (CH4) and nitrous oxide (N2O) emission from agricultural activities are the 

major greenhouse gases (GHGs) held responsible for the global warming. Wildfires, the burning of 

fossil fuels and other human activities contribute to air pollution, which are under climate change, 

are related to respiratory diseases such as asthma, bronchitis and lung cancer (Hopp et al., 2018). 

The pollutants such as particulate matter and ozone can worsen cardiovascular health, leading to 

heart disease and stroke. Air pollution could lead to 6 to 9 million premature deaths per year by 2060 

(Haines and Ebi, 2019; Hess et al., 2023; WHO, 2024). 

 

The various approaches to climate change mitigation encompass a wide range of measures including 

missions on solar energy, improved energy efficiency, sustainable habitat, water conservation, 

sustainable agriculture i.e. green, eco-friendly and sustainable technology and defining a strategic 

knowledge platform for climate change. 

 

Agricultural production has an impact on the environment and climate change, resulting in 

greenhouse gas emissions, which account for approximately 30% of the total amount of GHG, and 

consumes about 70% of the total freshwater consumption in agricultural production (Wheeler and 

Von Braun, 2013). 

 

The integrated scenarios provide information, to assess a wide range of individual studies by 

grouping them on the base of common assumptions about socioeconomic conditions or climate 

change outcomes. The key determinants for uncertainty in outcomes are different. One of those 

determinants is climate change, since required mitigation effort and adaptation needs depend 

strongly on the outcomes to which policy aspires van (Vuuren et al., 2013). The second determinant 

of uncertainty in outcomes is socioeconomic development, because different development lead to 

societies which differ according to level of emission, capacity to mitigate emissions or introduce 

measures for adaptation. The Shared Socioeconomic Pathways (SSPs) are combined with climate 

change outcomes in integrated scenarios, policy assumptions in order to produce emissions how it 
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could be achieving the desired climate outcomes, as well as to characterize adaptation measures, 

which is third determinant (Kriegler et al., 2013). 

 

The Global socio-economic scenarios are existing scenarios i.e. the shared socio-economic pathways 

(SSPs) which are a set of five scenarios that describe expected future events and changes of 

demographic, economic, technological, social, and environmental factors (OôNeill et al., 2013, 

2017). The scenarios are important for both the analysis of generates of emissions and measures of 

mitigation, and the analysis of societal vulnerability to climate change impacts and adaptation 

measures. 

 

The capacity of society for the mitigation includes the range of sustain technological factors, national 

and international institutions for policy making, the availability of financial resources necessary to 

support mitigation activities, human and social capital, and political strategies for addressing energy 

security and environmental protection issues (Winkler et al., 2007; Klein et al., 2007). The mitigation 

capacity, including the capacity for technological change in energy systems, which overlap with 

determinants of emissions, making these two components closely related in activities for mitigation.  

 

Socioeconomic challenges to adaptation are connected with societal or environmental conditions 

that, can influence on adaptation to be more difficult, and associated with increased the risks  than 

is projected climate change (sea level rise, changes in temperature and precipitation, and extreme 

events),  i.e. who and what is exposed to  hazards, and what is level of risk to their  adverse impacts, 

whether it is geographic, socioeconomic, cultural, etc. (Rothman et al., 2013). 

 

The exposure to climate change hazards, sensitivity to these hazards, and the adaptive capacity to 

applied measures. These socioeconomic determinants characterize the constraints of autonomous 

adaptation that are readily accessible to individuals and organizations, and the obstacles and 

constraints to adaptation policies, in dependance of   effectiveness institutions and governance that 

support/impede policy implementation. 

 

4. POLICY FOR CLIMATE CHANGE  
 

Global climate change in the current era of accelerated industrialization and urbanization is causing 

changes in the quality of the global environment, which raises concerns about the conservation of 

natural resources (Zhang and Liu, 2012). According to Environmental Protection Agency-USA, 

(USEPA), with increasing population, more and more countries are facing the problem of global 

environmental change originating from large expansion of industrial sector (Rai and Tripathi, 2009).  

 

The growth of human population leads to a rapid increase in the number of industries preparing 

agro-chemical to sustain agriculture as well as are increase the industrial demand for resources. 

Economic globalization constitutes integration of national economies into the international economy 

through trade, direct foreign capital flows, international fluctuation of workers and humanity 

generally, and links of technology. It is necessary to provide sufficient food for the growing world 

population. With the human population projected to reach 9 billion by 2050, 70% more food 

production will be needed. To ensure the stability of a larger quantity of food in the conditions of 
climate change, it is necessary to modify agricultural production (Sahu et al., 2020). Arable land 

resources are limited, which requires an increase in the productivity of food plant species, which can 

be achieved by breeding and creating new highly productive varieties with a high rate of adaptation 

to changing climate conditions. In addition to creating new genotypes, the answer to increasing 

productivity lies in the development of new cultivation technologies and smart agriculture (IPCC, 

2014; Whitfield et al., 2018; Garnett et al., 2013). 

 

The population has key developing policy for optimal use of land, water resources, agriculture and 

environmental protection in function of possible adaptation options to climate change. The central 
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objective of the reforms was to develop an agricultural sector that was competitive and responsive 

to the market, which will be based on high standards environment, the public, animal and plant 

health, and animal welfare. Also to provide production of key commodities, including sugar, 

tobacco, olive oil, and fruit and vegetables (Sahu et al., 2020). 

 

Many scientists believe that anthropogenic global warming has either already begun or will become 

manifest in the very near future, with average global temperatures predicted to rise by 1.5-4.5 ÁC by 

the middle of next century (IPCC, 1990). Climate changes can lead to major changes in freshwater 

availability, the productive capacity of soils, and in patterns of human settlement, and directly or 

indirectly affect human health. The World Health Organization estimates that the warming and 

precipitation trends due to anthropogenic climate change of the past 30 years already claim over 

150.000 lives annually. Many prevalent human diseases are linked to climate changes, from 

cardiovascular mortality and respiratory illnesses due to heat waves, to altered transmission of 

infectious diseases and malnutrition from crop failures (Haines and Ebi, 2019). 

 

There is considerable agreement that this warming will be the result of increased releases and 

atmospheric accumulation, since the industrial revolution, of carbon dioxide (CO2), nitrous oxide 

(N2O), methane (CH4) and chlorofluorocarbons (CFCs) the primary greenhouse gases (GHGs). 

Anticipation of negative consequences of global warming has led to strong public initiation strong 

to conduct policy actions to curtail GHG emissions (Wirth and Lashof, 1990).  Climate-smart 

agriculture is conceptualized around three fundamental goals: increasing productivity, increasing 

resilience and adaptation to climate change, and reducing GHG emissions. The indicators of success 

of smart agriculture are monitoring productivity, resilience, sensitivity, and carbon sequestration in 

plant species. 

 

Climate change have directly (biophysicaly) affects environmental conditions that are related to the 

climatic niches of many species, which expressed through speciesô geographic distributions or even 

the total extinction of species (Diaz et al., 2019) and indirectly (human-mediated impacts) through 

socio-economic changes that influence to food commodity  production, to the way of land use, land 

productivity, human health, created to global consumption, production and climate (Roson and 

Sartori, 2016).  

 

There is interaction between direct and indirect influence of climate change to changes of 

biodiversity, what require analysis and prediction of socio-economic influence to biophysical effect 

to disorder biodiversity, and vice versa. This is necessary in the aim to better predict way outcomes 

for nature and people of any change to policy, regulation, trading conditions or consumption trend 

at any scale from sub-national to global (Newbold et al., 2019; Struebig et al., 2015). The analyses 

of these interaction can contribute to better understanding of climate change and improving 

understanding of synergistic effect direct and indirect in biodiversity modelling and creating the 

cross-sectoral adaptation and mitigation strategies (Ferrier et al., 2016).  

 

Changes in climate patterns disrupt agricultural systems, leading to decreased crop yields, food 

shortages and compromised food safety. In Sub-Saharan Africa, southern Asia and Central America, 

around 80 million people will be at risk of hunger by 2050. 

 

CSA is an approach to developing the technical, policy and investment conditions to achieve 

sustainable agricultural development for food security under climate changes, which designed to 

identify and operationalize sustainable agricultural development within the explicit parameters of 

climate change (Newell and Taylor, 2018).    
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5. SMART AGRICULTURE  
 

Climate change, expressed through extreme weather events, such as hurricanes, heatwaves, floods 

and droughts, is unequal in different regions on the Earth. Forty million people in Africa are living 

in severe drought conditions. Drought conditions are also increasingly prevalent in more temperate 

climates. Almost 40% of the lower 48 states in the United States and 17% of the European population 

are facing drought, which is affecting crop production and food and water security. Agriculture 
practices are intended to protect the environment, expand the Earthôs natural resource base, and 

maintain and improve soil fertility, bat in past industrial intensified agriculture had significant 

pressure on natural resources and the environment and sustainable agricultural practices (NIFA, 

2024). 

 

In the global climate change policy, and limitation of synergies between adaptation and mitigation 

the agricultureôs key role in providing food security was not clearly established, emerged the concept 
of climate-smart agriculture. The concept of climate-smart agriculture is relatively new, it was 

introduced at the 2010 Hague Conference on Agriculture, Food Security and Climate Change (FAO, 

2010). The first articulation of the concept was presented in the 2009 FAO report, Food Security and 

Agricultural Mitigation in Developing Countries: Options for Capturing Synergies, which was 

launched at the Barcelona Climate Change workshop.  

 

In this concept pointed out that the agricultural sectors are key to climate change response, 

considering that agriculture vulnerable on climate change, and main generator of greenhouse gases, 

as well as that the sustainable transformation of the agricultural sector is key to achieving food 

security, in frame of climate change responses (Lipper and Zilberman, 2017). 

 

Climate-smart agriculture is an approach for transforming agricultural production systems and 

support sustainable production and can ensure food security under climate change. Climate-smart 

agriculture has three main objectives: 1) sustainably increase agricultural productivity and incomes; 

2) adapt and build resilience to climate change and 3) reduce and/or remove greenhouse gas 

emissions, where possible. This applied climate-smart agriculture approach can not achieve all thee 

aims on each location, but can promote synergies of agricultural producers, policy makers and 

researchers to identify agricultural strategies to resolve climate change suitable to local, regional and 

global levels. This is in agreement with the FAO vision for sustainable food and agriculture, using 

principles of ecosystem and sustainable land and water management and landscape analysis, and 

assessments of the use of resources and energy in agricultural production systems and food systems 

(Gamage et al., 2024). 

 

Climate-smart agriculture is being developed to increase yields and productivity, increase income in 

crop and livestock production. The contribution of climate-smart agriculture is significant in the 

development of an improved model for collecting data on physical, biological and chemical 

properties of the soil, fertility, crop rotation and planning of sowing and cultivation. It also 

contributes to the development of new technologies and the introduction of new machines for precise 

soil cultivation and more efficient application of crop cultivation technology. Optimized application 

of nutrition and crop protection measures such as nutrition, irrigation and protection from diseases 

and pests, which leads to achieving increased yields, nutritional value and food safety without 

adverse impacts on the environment (CIAT, 2017; World Bank; CCAFS and LI-BIRD, 2017).  

 

Increasing food production can be achieved through the improvement of intensive agricultural 

production and improving the productivity of crop species. Climate-smart agriculture contributes to 

the reduction and elimination of greenhouse gas emissions or increased carbon sequestration, while 
the preservation of plant and climatogenic communities, forests, which absorb carbon dioxide (CO2) 

from the atmosphere, is important for mitigating the impact of climate warming (Weerakoon et al., 

2011).  
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There are three main interdependent components of climate-smart agriculture, which are used to 

achieve the main goal of climate-smart agriculture: food production, regional characteristics and 

institutional social conditions (Luck et al., 2011). Climate-smart agriculture encompasses research 

in various scientific fields, related to climate, which includes study of morpho-physiological, genetic 

and biochemical traits of plant species, adaptation for crop production and livestock, climate risk 

management, as well as research of energy and biofuels in order to remove barriers to the 

introduction and adoption of climate-smart agriculture principles. Identification of gene locations 

and mapping of genes in the genome within a species and its relatives are carried out in existing 

germplasm.  

 

The second component of climate-smart agriculture is the modeling of adaptation and uncertainty, 

multi-functionality, food systems, biodiversity and ecosystem capacity, and rural population 

migration due to climate change. Molecular techniques can be used to manipulate gene 

recombination in offspring to expand genetic diversity, the effect of which can be analyzed, and 

genome selection can be performed based on the study of the resulting population. Modeling can be 

applied to genomes, populations, plants, and interactions.  

 

The third component includes planning interdisciplinary research that contributes to the integration 

of science, research, and management. Climate-smart agriculture has developed numerous strategic 

programs that are designed to address challenges in agriculture, namely increasing resilience to 

extreme weather conditions, adapting to climate change, and reducing greenhouse gas emissions 

that contribute to global warming (Knox et al., 2012), both in small-scale farming systems and 

transnational companies (Myers et al., 2014). 

 

The development of artificial intelligence (AI) and its introduction to agricultural production is not 

only a technical advancement but also an opportunity to improve the socioeconomic position of rural 

communities. These technologies can contribute to creating sustainable agroecosystems capable of 

responding to global challenges posed by climate change. 

 

Climate-smart agriculture involves the assessment and application of technologies and practices, the 

creation of a supportive policy and institutional framework and the formulation of investment 

strategies.  

 

These innovations will only be realized if climate-smart agriculture is integrated into policy-making 

processes at all levels, and there is cross-sectoral coordination in policy design and implementation. 

 

6. CONCLUSION 
 

Climate change threatens agricultural production and human and animal health, disrupts food 

markets, posing population-wide risks to food supply. This requires transformation and reorienting 

agricultural systems to provide food security under condition of the real climate change as well as 

develop new policies on global and local level to prevent protect environment. Socio-economic 

conditions have a direct influence on climate changes as they condition the amount of carbon dioxide 

and other greenhouse gases in the atmosphere. 

 

The policy in context of climate change is directed in solving problem on the base of integrated 

model for reduction content greenhouse gas (GHG) content in the atmosphere, increasing 

responsibility on global and regional level for impact in reduction of GHG, development of measures 

for reduction of GHG, and cooperation with institution to create administrative processes or 

mechanisms for efficient conduction of control, taxation, voluntary compliance, or some 

combination these measures. Socio-economic scenarios are also major determinants of possible 

adaptation options, considering economic development has influence on technological change, 

population demand and consumption, developing new policies and land use change. 
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The development of context-specific climate-smart agriculture practices require effective 

institutional and governance mechanisms to facilitate the dissemination of information and ensure 

broad participation.  
 

Climate-smart agriculture activities can range over a very broad spectrum, depending on the relative 

importance of its three objectives - food security, adaptation, and mitigation - in a given country. 

 

Designing a national climate-smart agriculture approach requires the coordination of activities of 

individual agricultural producers (large-scale and small-scale), who will need to adopt climate-smart 

agriculture practices, as well as  other enterprises involved in the food value chain, the financial 

sector and possibly governments in the provision of credit for investment in activities that contribute 

to climate-smart agriculture objectives, as well as Research institutions and rural agricultural 

extension services in the policy-making process, and generate and disseminate of information on 

climate variability and its economic and social implications. 
 

7. REFERENCE  
 

Burkett, V.R., Suarez, A.G., Bindi, M., Conde, C., Mukerji, R., Prather, M.J., St. Clair, A.L., Yohe, 

G.W. (2014). Point of departure. In: Field, C.B., Barros, V.R., Dokken, D.J., Mach, K.J., 

Mastrandrea, M.D., Bilir, T.E., Chatterjee, M., Ebi, K.L., Estrada, Y.O., Genova, R.C., Girma, 

B., Kissel, E.S., Levy, A.N., MacCraken, S., Mastrandrea, P.R., White, L.L. (Eds.) Climate 

change 2014: impacts, adaptation, and vulnerability. Part A: global and sectoral aspects. 

Contribution of Working Group II to the fifth assessment report of the Intergovernmental Panel 

on Climate Change. Cambridge University Press, Cambridge, NY, 169-194. 

CIAT; World Bank; CCAFS and LI-BIRD (2017). Climate-Smart Agriculture in Nepal. CSA 

Country Profiles for Asia Series. Washington, D.C: International Center for Tropical Agriculture 

(CIAT); the World Bank; CGIAR Research Program on Climate Change, Agriculture and Food 

Security.  

Dasgupta, P., Morton, J.F., Dodman, D., Karapinar, B., Meza, F., Rivera-Ferre, M.G., Toure Sarr, A., 

Vincent, K.E. (2014). Rural areas. In: Field, C.B., Barros, V.R., Dokken, D.J., Mach, K.J, 

Mastrandrea, M.D., Bilir, T.E., Chatterjee, M., Ebi, K.L., Estrada, Y.O., Genova R.C., Girma, B., 

Kissel, E.S., Levy, A.N., MacCracken, S., Mastrandrea, P.R., White, L.L. (Eds.) Climate change 

2014: impacts, adaptation, and vulnerability. Part A: global and sectoral aspects. Contribution of 

Working Group II to the fifth assessment report of the Intergovernmental Panel on Climate 

Change. Cambridge University Press, Cambridge, NY, 613-657. 

Diaz, S.,  Settele, J.,Brond²zio E.S., Ngo, H.T., Gu¯ze, M., Agard, J., Arneth, A., Balvanera, P.K.A. 

Brauman, K.A., Butchart, S.H.M., Chan, K.M.A., Garibaldi, L.A., Ichii, K., Liu, J., 

Subramanian, S.M., Midgley, G.F., Miloslavich,P., Moln§r, Z., Obura, D., Pfaff, A., Polasky, S., 

Purvis, A., Razzaque, J., Reyers, B., Roy Chowdhury, R., Shin, Y.J., Visseren-Hamakers, I.J., 

Willis, K.J., Zayas,C.N.  (Eds.) (2019). IPBES: Summary for Policymakers of the Global 

Assessment Report on Biodiversity and Ecosystem Services of the Intergovernmental Science-

Policy Platform on Biodiversity and Ecosystem Services, IPBES secretariat, Bonn.  

Ferrier, S. et al. (2016).  IPBES. Summary for Policymakers of the Methodological Assessment of 

Scenarios and Models of Biodiversity and Ecosystem Services of the Intergovernmental Science-

Policy Platform on Biodiversity and Ecosystem Services, IPBES secretariat, Bonn.   

Field, C.B., Barros, V.R., Mach, K.J., Mastrandrea, M.D., van Aalst, M., Adger, W.N., Arent, D.J., 

Barnett, J., Betts, R., Bilir, T.E., Birkmann, J., Carmin, J., Chadee, D.D., Challinor, A.J., 

Chatterjee, M., Cramer, W., Davidson, D.J., Estrada, Y.O., Gattuso, J.P., Hijioka, Y., Hoegh-

Guldberg, O., Huang, H.Q., Insarov, G.E., Jones, R.N., Kovats, R.S., Romero-Lankao, P., Larsen, 

J.N., Losada, I.J., Marengo, J.A., McLean, R.F., Mearns, L.O., Mechler, R., Morton, J.F., Niang, 

I., Oki, T., Olwoch, J.M., Opondo, M., Ploczanska, E.S., Portner, H.O., Redsteer, M.H., 

Reisinger, A., Revi, A., Schmidt, D.N., Shaw, M.R., Sokecki, W., Stone, D.A., Stone, J.M.R., 

Strzepek, K.M., Suarez, A.G., Tschakert, P., Valentini, R., Vicuna, S., Villamizar, A., Vincent, 

https://zenodo.org/search?q=metadata.contributors.person_or_org.name%3A%22E.+S.+Brond%C3%ADzio%22
https://zenodo.org/search?q=metadata.contributors.person_or_org.name%3A%22H.+T.+Ngo%22
https://zenodo.org/search?q=metadata.contributors.person_or_org.name%3A%22M.+Gu%C3%A8ze%22
https://zenodo.org/search?q=metadata.contributors.person_or_org.name%3A%22J.+Agard%22
https://zenodo.org/search?q=metadata.contributors.person_or_org.name%3A%22A.+Arneth%22
https://zenodo.org/search?q=metadata.contributors.person_or_org.name%3A%22P.+Balvanera%22
https://zenodo.org/search?q=metadata.contributors.person_or_org.name%3A%22K.+A.+Brauman%22
https://zenodo.org/search?q=metadata.contributors.person_or_org.name%3A%22K.+A.+Brauman%22
https://zenodo.org/search?q=metadata.contributors.person_or_org.name%3A%22S.+H.+M.+Butchart%22
https://zenodo.org/search?q=metadata.contributors.person_or_org.name%3A%22K.+M.+A.+Chan%22
https://zenodo.org/search?q=metadata.contributors.person_or_org.name%3A%22L.+A.+Garibaldi%22
https://zenodo.org/search?q=metadata.contributors.person_or_org.name%3A%22K.+Ichii+J.+Liu%22
https://zenodo.org/search?q=metadata.contributors.person_or_org.name%3A%22S.+M.+Subramanian%22
https://zenodo.org/search?q=metadata.contributors.person_or_org.name%3A%22G.+F.+Midgley%22
https://zenodo.org/search?q=metadata.contributors.person_or_org.name%3A%22P.+Miloslavich%22
https://zenodo.org/search?q=metadata.contributors.person_or_org.name%3A%22Z.+Moln%C3%A1r%22
https://zenodo.org/search?q=metadata.contributors.person_or_org.name%3A%22D.+Obura%22
https://zenodo.org/search?q=metadata.contributors.person_or_org.name%3A%22A.+Pfaff%22
https://zenodo.org/search?q=metadata.contributors.person_or_org.name%3A%22S.+Polasky%22
https://zenodo.org/search?q=metadata.contributors.person_or_org.name%3A%22A.+Purvis%22
https://zenodo.org/search?q=metadata.contributors.person_or_org.name%3A%22J.+Razzaque%22
https://zenodo.org/search?q=metadata.contributors.person_or_org.name%3A%22B.+Reyers%22
https://zenodo.org/search?q=metadata.contributors.person_or_org.name%3A%22R.+Roy+Chowdhury%22
https://zenodo.org/search?q=metadata.contributors.person_or_org.name%3A%22Y.+J.+Shin%22
https://zenodo.org/search?q=metadata.contributors.person_or_org.name%3A%22I.+J.+Visseren-Hamakers%22
https://zenodo.org/search?q=metadata.contributors.person_or_org.name%3A%22K.+J.+Willis%22
https://zenodo.org/search?q=metadata.contributors.person_or_org.name%3A%22C.+N.+Zayas%22


 

32 

 

K.E., Warren, R., White, L.L., Wilbanks, T.J., Wong, P.P., Yohe, G.W. (2014). Technical 

Summary. In: Field, C.B., Barros, V.R., Dokken, D.J., Mach, K.J., Mastrandrea, M.D., Bilir, T.E., 

Chatterjee, M., Ebi, K.L., Estrada, Y.O., Genova, R.C., Girma, B., Kissel, E.S., Levy, A.N., 

MacCracken, S., Mastrandrea, P.R., White, L.L. (Eds.) Climate change 2014: impacts, 

adaptation, and vulnerability. Part A: global and sectoral aspects. Contribution of Working Group 

II to the fifth assessment report of the Intergovernmental Panel on Climate Change. Cambridge 

University Press, Cambridge/NY, 35-94.   

Garnett, T., Appleby, M.C., Balmford, A., Bateman, I.J., Benton, T.G., Bloomer, P., Burlingame, B., 

Dawkins, M., Dolan, L., Fraser, D. (2013). Sustainable intensification in agriculture: Premises 

and policies. Science, 341, 33-34.  

Haines, A., Ebi, K. (2019). The imperative for climate action to protect health. N. Engl. J. Med., 

380(3), 263-73.  

Hegerl, G.C., Zwiers, F.W., Braconnot, P., Gillett, N.P., Luo, Y., Marengo Orsini, J.A., Nicholls, 

N., Penner, J.E., Stott, P.A. (2007). Understanding and attributing climate change. In: Solomon, 

S., Qin, D., Manning, M., Chen, Z., Marquis, M., Averyt, K.B., Tignor, M., Miller, H.L. (Eds.) 

Climate change 2007: the physical science basis. Contribution of Working Group I to the fourth 

assessment report of the Intergovernmental Panel on Climate Change. Cambridge University 

Press, Cambridge, NY, 663-746.    

Hess, J.J., Errett, N.A., McGregor, G., et al. (2023). Public health preparedness for extreme heat 

events. Annu Rev Public Health., 44(1), 301-321.    

Hopp, S., Dominici, F., Bobb, J.F. (2018). Medical diagnoses of heat wave-related hospital 

admissions in older adults. Prev Med., doi.org/10.1016/j.ypmed.2018.02.001 

IPCC (Intergovernmental Panel on Climate Change) (1990). Climate Change: Tile IPCC Scientific 

Assessment Cambridge University Press, Cambridge, USA.  

IPCC (2007a). Climate change 2007: the physical science basis. Contribution of Working Group I 

to the fourth assessment report of the Intergovernmental Panel on Climate Change. (Solomon, 

S., Qin, D., Manning, M., Chen, Z., Marquis, M., Averyt, K.B., Tignor, M., Miller, H.L. (Eds.)). 

Cambridge University Press, Cambridge/NY. 

IPCC (2007b). Summary for policymakers. In: Parry, M.L., Canziani, O.F., Palutikof, J.P., van der 

Linden, P.J., Hanson, C.E. (Eds.) Climate change 2007: impacts, adaptation and vulnerability. 

Contribution of Working Group II to the fourth assessment report of the Intergovernmental Panel 

on Climate Change. Cambridge University Press, Cambridge, 7-22.  

IPCC (2007c). Climate change 2007: impacts, adaptation, and vulnerability. Contribution of 

Working Group II to the third assessment report of the Intergovernmental Panel on Climate 

Change. (Parry, M.L., Canziani, O.F., Palutikof, J.P., van der Linden, P.J., Hanson, C.E. (Eds.)). 

Cambridge University Press, Cambridg. 

IPCC (2007). Climate Change 2007. www.ipcc.ch. (Accessed 12 December 2008).  

IPCC (2014). Climate change 2014: synthesis report. Contribution of Working Groups I, II, and III 

to the fifth assessment report of the Intergovernmental Panel on Climate Change. (Core Writing 

Team, Pachauri, R.K., Meyer, L.A. (Eds.)). Intergovernmental Panel on Climate Change, 

Geneva. 

Kirtman, B., Power, S.B., Adedoyin, J.A., Boer, G.J., Bojariu, R., Camilloni, I., Doblas-Reyes, F.J., 

Fiore, A.M., Kimoto, M., Meehl, G.A., Prather, M., Sarr, A., Schar, C., Sutton, R., van 

Oldenborgh, G.J., Vecchi, G., Wang, H.J. (2013). Near-term climate change: projections and 

predictability. In: Stocker, T.F., Qin, D., Plattner, G-K., Tignor, M., Allen, S.K., Boschung, J., 

Nauels, A., Xia, Y., Bex, V., Midgley, P.M. (Eds,), Climate change 2013: the physical science 

basis. Contribution of Working Group I to the fifth assessment report of the Intergovernmental 

Panel on Climate Change. Cambridge University Press, Cambridge, NY, 953-1028.  

Klein, R.J.T., Huq, S., Denton, F., Downing, T.E., Richels, R.G., Robinson, J.B., Toth, F.L. (2007). 

In: Parry ML, Canziani OF, Palutikof, J.P., van der Linden, P.J., Hanson, C.E. (Eds.), Inter-

relationships between adaptation and mitigation. Climate change 2007: impacts, adaptation and 

vulnerability. Contribution of working group II to the fourth assessment report of the 

intergovernmental panel on climate change. Cambridge University Press, Cambridge, 745-777. 



 

33 

 

Knox, J., Hess, T., Daccache, A., Wheeler, T. (2012). Climate change impacts crop productivity in 

Africa and South Asia. Environmental Research Letters, 7, 034032 

Kriegler, E., Edmonds, J., Hallegatte, S., Ebi, K., Kram, T., Riahi, K., Winkler, H., van Vuuren, D. 

(2013). A new scenario framework for Climate Change Research: the concept of shared policy 

assumptions. Climatic Change, Special Issue, Nakicenovic, N., Lempert, R., Janetos, A. (Eds.), 

A Framework for the Development of New Socioeconomic Scenarios for Climate Change 

Research.   

Lipper, L., Zilberman, D. (2017). A short history of the evolution of the climate smart agriculture 

approach and its links to climate change and sustainable agriculture debates. In: Lipper, 

McCarthy, Zilberman, Asfaw and Branca (Eds.). Climate smart agriculture: building resilience 

to climate change. Springer, USA. 

Luck, J., Spackman, M., Freeman, A., Tre bicki, P., Griffiths, W., Finlayac, K., Chakrabortyc, S. 

(2011). Climate change and diseases of food crops. Plant Pathology, 60, 113-121.  

Myers, S.S., Zanobetti, A., Kloog, I., Bloom, A.J., Carlisle, E.A., Dietterich, L.H., Fitzgerald, G., 

Hasegawa, T., Holbrook, N. M., Nelson, R.L., Ottman, M.J., Raboy, V., Sakai, H., Sartor, K. A., 

Schwartz, J., Seneweera, S., Tausz, M., Usui, Y. (2014). Increasing CO2 threatens human 

nutrition. Nature, 510(7503), 139-142.  

Metzger, M.J., Rounsevell, M.D.A., Acosta-Michlik, L., Leemans, R., Schroter, D., (2006). The 

vulnerability of ecosystems services to land use change. Agriculture Ecosystems and 

Environment 114, 69- 85. 

Mora, C., Dousset, B., Caldwell, I.R., et al. (2017). Global risk of deadly heat. Nat Clim Chan, 7, 

501. 

Myhre, G., Shindell, D., Breon, F.M., Collins, W., Fuglestdedt, J., Huang, J., Koch, D., Lamarque, 

J.F., Lee, D., Mendoza, B., Nakajima, T., Robock, A., Stephens, G., Takemura, T., Zhang, H. 

(2013). Anthropogenic and natural radiative forcing. In: Stocker, T.F., Qin, D., Plattner, G.K., 

Tignor, M., Allen, S.K., Boschung, J., Nauels, A., Xia, Y., Bex, V., Midgley, P.M. (Eds.), Climate 

change 2013: the physical science basis. Contribution of Working Group I to the fifth assessment 

report of the Intergovernmental Panel on Climate Change. Cambridge University Press, 

Cambridge/N.Y., 659-740.  

Newell, P., Taylor, O.G. (2018). Contested landscapes: The global political economy of climate 

smart agriculture. Journal of Peasant Studies, 45(1),108-129.  

Newbold, T. et al. (2019). Climate and land-use change homogenise terrestrial biodiversity, with 

consequences for ecosystem functioning and human well-being. Emerg. Top. Life Sci., 3, 207-

219. 

OôNeill, B.C., Kriegler, E., Riahi, K., Ebi, K., Hallegatte, S., Carter, T.R., Mathur, R., van Vuuren, 

D.P. (2013). A new scenario framework for climate change research: the concept of shared socio-

economic pathways. Clim Chang, 122, 387-400. doi.org/10.1007/s10584-013- 0905-2 

OôNeill, B.C., Kriegler, E., Ebi, K.L., Kemp-Benedict, E., Riahi, K., Rothman, D.S., Van Ruijven, 

B., Van Vuuren, D., Birkmann, J., Kok, K., Levy, M., Moss, R., Solecki, W. (2017). The roads 

ahead: narratives for shared socioeconomic pathways describing world futures in the 21st 

century. Glob Environ Chang, 42, 169-180. doi.org/10.1016/j.  

Parums, D.V. (2024). A Review of the Increasing Global Impact of Climate Change on Human 

Health and Approaches to Medical Preparedness. Med Sci Monit. 

PRUDENCE (Prediction of Regional scenarios and Uncertainties for Defining EuropeaN Climate 

change risks and Effects). http://prudence.dmi.dk 

Rai, P.K., Tripathi, B.D. (2009). Comparative assessment of Azolla pinnata and Vallisneria spiralis 

in Hg removal from G.B. Pant Sagar of Singrauli Industrial region, India. Environmental 

Monitoring and Assessment, 148, 75-84. 

Roson, R., Sartori, M. (2016). Estimation of climate change damage functions for 140 regions in the 

GTAP 9 database. J. Glob. Econ. Anal. 1, 78-115.  

Rothman, D.S., Romero-Lankao, P., Schweizer, V.J., Bee, B.A. (2013). Challenges to adaptation: A 

fundamental concept for the Shared Socioeconomic Pathways and beyond. Climatic Change, 

https://pubmed.ncbi.nlm.nih.gov/?term=%22Parums%20DV%22%5BAuthor%5D
http://prudence.dmi.dk/


 

34 

 

Special Issue, Nakicenovic, N., Lempert, R., Janetos, A, (Eds.), A Framework for the 

Development of New Socio-economic Scenarios for Climate Change Research. 

Rounsewell, M.D.A., Ewert, F., Reginster, I., Leemans, R., Carter, T.R. (2005). Future scenarios of 

European agricultural land use: II. Projecting changes in cropland and grassland. Agriculture 

Ecosystems & Environment, 107(2-3), 117-135. 

Sahu, G., Rout, P.P., Mohapatra, S., Das, S.P., Pradhan, P.P. (2020). Climate Smart Agriculture: A 

New Approach for Sustainable Intensification. Current Journal of Applied Science and 

Technology, 39(23), 138-147. 

Scholes, R.J., Biggs, R. (2005). A biodiversity in tactness index. Nature,  434, 3, 45-49.  

Struebig, M. J., Wilting, A., Gaveau, D.L.A., Meijaard, E., Smith,R.J., Fischer, M., Metcalfe, 

K.,  Kramer-Schadt, S. (2015). Targeted conservation to safeguard a biodiversity hotspot from 

climate and land-cover change. Curr. Biol., 25, 372-378. 

Vaidyanathan, A., Malilay, J., Schramm, P., Saha, S. (2020). Heat-related deaths-United States, 

2004-2018. MMWR Morb Mortal Wkly Rep., 69,729. 

Varshney, R.K., Singh, V.K., Kumar, A., Powell, W., Sorrells, M.E. (2018). Can genomics deliver 

climate-change ready crops. Curr. Opin. Plant Biol., 45, 205-211.  

Vuuren, D.P., Kriegler, E., OôNeill, B.C., Ebi, K.L., Riahi, K., Carter, T.R., Edmonds, J., Hallegatte, 

S., Kram, T., Mathur, R., Winkler, H. (2013). A new scenario framework for Climate Change 

Research: scenario matrix architecture. Climatic Change, Special Issue, Nakicenovic, N., 

Lempert, R., Janetos, A. (Eds.), A Framework for the Development of New Socioeconomic 

Scenarios for Climate Change Research. 

Weerakoon, W.M.W., Mutunayake, M.M.P., Bandara, C., Rao, A.N., Bhandari, D.C., Ladha, J.K. 

(2011). Direct-seeded rice culture in Sri Lanka: lessons from farmers. Field Crops Research, 121, 

53-63.  

Wheeler, T., Von Braun, J. (2013). Climate change impacts global food security. Science, 341, 508-

513. 

Whitfield, S., Challinor, A.J., Rees, R.M. (2018). Frontiers in climate smart food systems: Outlining 

the research space. Frontiers in Sustainable Food Systems, 2, 1-5.   

Winkler, H., Baumert, K., Blanchard, O., Burch, S., Robinson, J. (2007). What factors influence 

mitigative capacity? Energy Policy, 35(1), 692-703. 

Wong, C. (2024). How climate change is hitting Europe: Three graphics reveal health impacts. 

Nature, 630 (8018), 800-801. 

World Health Organization (WHO) (2014).  Quantitative risk assessment of the effects of climate 

change on selected causes of death, 2030s and 2050s, WHO. Geneva, 

www.who.int/globalchange/publications/quantitative-risk-assessment/en/ 

World Health Organization (WHO) (2024). Climate Change. Key Facts. 12 October 2023. Available 

from: https://www.who.int/news-room/fact-sheets/detail/ climate-change-and-health 

Zhang, W.J., Liu, C.H. (2012). Some thoughts on global climate change: will it get warmer and 

warmer? Environmental Skeptics and Critics, 1(1), 1-7.  

 

 

 

 

 

 

 

 

 

 

 

https://www.cell.com/current-biology/fulltext/S0960-9822(14)01565-6?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS0960982214015656%3Fshowall%3Dtrue
https://www.cell.com/current-biology/fulltext/S0960-9822(14)01565-6?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS0960982214015656%3Fshowall%3Dtrue
https://www.cell.com/current-biology/fulltext/S0960-9822(14)01565-6?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS0960982214015656%3Fshowall%3Dtrue
https://www.cell.com/current-biology/fulltext/S0960-9822(14)01565-6?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS0960982214015656%3Fshowall%3Dtrue
https://www.cell.com/current-biology/fulltext/S0960-9822(14)01565-6?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS0960982214015656%3Fshowall%3Dtrue
https://www.cell.com/current-biology/fulltext/S0960-9822(14)01565-6?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS0960982214015656%3Fshowall%3Dtrue
https://www.cell.com/current-biology/fulltext/S0960-9822(14)01565-6?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS0960982214015656%3Fshowall%3Dtrue


 

35 

 

 
doi:10.46793/MAK2025.035P 

CHEMICAL WEED CONTROL IN CONDITIONS OF CLIMATE 

CHANGE 
 

Zvonko Pacanoski 
 

Faculty for Agricultural Sciences and Food, Ss. Cyril and Methodius University, Skopje, R. N. Macedonia 

zvonkolav@yahoo.com; zvonkop@zf.ukim.edu.mk 

 
Abstract: Elevate CO2 levels in the atmosphere might have prominent consequences on weed phenology, 

subsequently changing herbicide behavior on weeds. Increased atmospheric CO2 concentration strengthens leaf 

consistency and minimizes number of stomata and their conductivity potentially reducing the absorption of 

POST-em applied herbicides. On the other side, higher temperature stimulates stomata conductance, reduce the 

viscosity of epicuticle waxes, thus increasing the penetration and diffusion of herbicides because of 

modifications in the structure and the penetrability of the cuticle. However, in some circumstances higher 

temperatures might cause hastened metabolism, which consequently decreases herbicide activity on target 

plants. In conditions of higher RH, cuticle hydrating and stomatal conductivity increases, consequently 

increases the penetrability and translocation particularly of hydrophilic herbicides into the leaf surface. 

Similarly, under higher irradiance, stomata stay open, photosynthetic rate increases consequently increasing 

absorption, penetration and subsequent phloem translocation of POST-em systemic herbicides in weed plant 

tissue. Drought might cause increased cuticle thickness and intensify growth of leaf pubescence, with 

consequent minimization in herbicide absorption in the leaves. Rainfall after POST-em herbicides application 

might reduce their efficiency through washing out. Increased occurrence and intensiveness of precipitation will 

have negative consequences on absorption, translocation, and efficacy of PRE-m herbicides. 

 

Key words: Changing environmental conditions, Weeds, Herbicides 

 

1. INTRODUCTION 
 

Agriculture production in terms of quantity and quality, as well as agronomic practices, including 

weed management, might be affected significantly in conditions of climate change (Varanasi et al., 

2016). Elevating CO2 levels associated with fluctuations in temperature and rainfall are important 

issues for upcoming weed control and crop production. Taking into account the greater physiological 

flexibility (Ziska et al., 2010; Davidson et al., 2011; Billore, 2019) and their greater intra specific 

genetic variation (Dukes and Mooney, 1999), weeds are expected to demonstrate increased 

competitiveness and better accommodation regarding increasing temperature and CO2 

concentrations in comparison with crops (Singh et al., 2011; Varanasi et al., 2016). Considering its 

favorable impact on weed growth, shifting environmental conditions will impact directly or 

indirectly on the weed control measures by minimizing their efficacy on weeds and making them a 

considerable issue for sustainable agriculture production as well as costlier in same time (Ziska et 

al., 1999; Karl et al., 2009). Climatic variation factors are estimated to have substantial consequences 

on the growth and physiological processes of weedy plants, like growing rate, stomatal conductance, 

and photosynthetic efficiency (Fuhrer, 2003; Manisankar and Ramesh, 2019). Elevate CO2 and 

temperature, sunlight intensity, relative humidity, rainfall, and drought influence the coverage, 

penetration, translocation, persistence and activity of herbicides (Muzik, 1976; Hatzios and Penner, 

1982; Bailey, 2003; Malarkodi et al., 2017). Additionally, mutual actions amongst these ecological 

factors might have uncertain consequences on efficacy of herbicides (Sutherland et al., 2017). 

Numerous studies confirmed that shifting environmental conditions might also decrease the 

susceptibility of weeds to some herbicides (Varanasi et al., 2016; Ziska, 2016; Fernando et al., 2016; 

https://doi.org/10.46793/MAK2025.035P
mailto:zvonkolav@yahoo.com;%20zvonkop@zf.ukim.edu.mk


 

36 

 

Matzrafi, 2018). For example, in condition of increased CO2 sensitivity of Cirsium arvense, and 

Elytrigia repens to glyphosate and glufosinate was reduced (Ziska and Teasdale, 2000). Similarly, 

Manea et al. (2011) reported that glyphosate efficacy at increased CO2 concentrations is diminished 

in C4 weeds such as Eragostis curvula, Paspalum dilatatum, and Chloris gayana, because of 

increased leaf area and total plant biomass. Increased temperatures might worsen the consistency of 

epicuticle waxes, consequently raising the absorptivity and penetration of herbicides throughout the 

cuticle (Price, 1983; Patterson et al., 1999). For instance, Sharma and Singh (2001) recorded that 

absorption and translocation of 14Cïglyphosate in Desmodium tortuosum was greater at 22 ÁC than 

at 16 ÁC. Although in conditions of elevated temperatures uptake and movement of most POST-em 

applied herbicides is higher (Patterson et al., 1999), in some circumstances higher temperatures 

might encourage accelerated metabolism, as well, which consequently decreases herbicide efficacy 

in control of weeds (Kells et al., 1984; Madafiglio et al., 2000; Medd et al., 2001; Johnson and 

Young, 2002). Increased CO2 and temperature might change weed growth phenology, with shortened 

the period spent in the first growing stages, i.e. the stages of highest POST-em herbicide efficacy 

(Ziska et al., 1999). Also, changes in these factors caused alteration in leaf morphology, leaf surface 

characteristics or modification in root-to-shoot ratio which change herbicide absorption, distribution 

and efficacy (Olesen and Bindi, 2002; Poorter and Navas, 2003; Ziska et al., 2004; Dukes et al., 

2009). Additionally, enhance in tuber and rhizome growth, joined with enhance in biomass, 

particular in perennial weeds (Oechel and Strain, 1985), would induce an effect of dilution on some 

herbicide treatment (Patterson, 1995), making their control more complicated (Patterson et al., 

1999). Modifications in environmental factors, like prolonged drought or extended precipitation 

periods, might restrict the environmental, particular soil conditions required for optimal herbicide 

applications (Amare, 2016). Generally, dry soil conditions decrease the activityof PRE-em 

herbicides, affect their application in the soil and the herbicide effectiveness ñwindowsò due to 

strong herbicide adsorption (Bailey, 2004; Howden et al., 2007), whereas severe or frequent rainfall 

subsequently the application might cause herbicide leaching (Pacanoski and Mehmeti, 2021; Soukup 

et al., 2004) and herbicide dilution (Kanampiu et al., 2003). 

 

The aim of research was to contribute to the future of weed control through specific examples of the 

influence of agro-ecological factors on the action and effectiveness of herbicides in the changed 

conditions of the external environment, with the single and unique intention of keeping herbicides 

as the most effective, economical and justified measures in weed control. 

 

2. INTERACTION CO 2 -HERBICIDE EFFICACY  
 

The relevance of interaction CO2 -herbicide efficacy has occupied research consideration in recent 

decades due to the constant increase of CO2 atmospheric concentrations. Elevating CO2 levels in the 

atmosphere might have prominent effects on weed phenology (Anwar et al., 2021), consequently 

altering herbicide effectiveness on weeds (Ziska, et al., 1999; Ziska and Teasdale, 2000; Ziska et al., 

2004; Ziska and Runion, 2007). A particular one the most pronounced consequences of increased 

CO2 concentrations is the minimizing of stomata conductivity, that might increase as far as 50% in 

many weed species (Bunce, 1993). Minimized number and stomatal conductance with increasing 

CO2 could decrease transpiration resulting in decreased herbicide absorption and efficacy, 

particularly of PRE-em applied herbicides (Bunce and Ziska, 2000; Ziska and McClung, 2008; 

Ziska, 2008). Additionally, Nowak et al. (2004) and Ainsworth and Long, (2005) indicated that C3 

and C4 weeds grown in condition of increased CO2 concentrations have increased leaf pubescence 

and thicker cuticle. Apart from increasing leaf thickness, increased CO2 concentrations might also 

generate partially stomatal closure (Ziska, 2008; Jackson et al., 2011). These characteristics might 

minimize uptake and efficacy of POST-em applied herbicides. Manea et al. (2011) found that in 

three of totally four C4 grass weeds susceptibility to glyphosate in conditions of raised CO2 is 

significantly decreased. Same findings were obtained by Ziska and Goins (2006). The explanations 

for the minimized effectiveness of the herbicides could be that elevating CO2 increase leaf 

consistency and reduce stomatal number and their conductivity potentially reducing the absorption 
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of POST-em applied herbicides. Furthermore, an increase in the apparent photosynthesis rates due 

to raised CO2 concentrations, mainly in C3 weeds, might cause rapid seedling growth, the highest 

susceptible stage for optimal control of weeds, which could modify the efficacy of POST-em 

herbicides. For example, Chenopodium album, a C3 weed, demonstrated reduced sensitivity to 

glyphosate because of enhanced growth and plant biomass at raised CO2 concentration (Ziska et al., 

1999). In addition, perennial weeds might become more troublesome, in case vegetative growth to 

be encouraged due to increased photosynthesis in relation to increased CO2. This might be because 

of a reduced amount of herbicide translocation since the root growth becomes more vigorous. In this 

context, Elymus repens (Ziska and Teasdale, 2000) and Cirsium arvense (Ziska et al., 2004) also 

showed prominent tolerance to glyphosate due to elevated CO2 levels which caused large stimulation 

of below-ground growth. Elevate CO2 levels increase concentration of starch in leaf tissue 

(Patterson, 1995), particularly in C3 weeds (Wong, 1990), but reduce protein concentration (Bowes, 

1996; Taub et al., 2008; Loladze, 2014). Reduction of protein content results in diminished 

requirement for branched chain and aromatic amino acids synthesis which might decrease the 

efficacy of many herbicides, such as ALS and EPSPS inhibitors (Patterson et al., 1999; Varanasi et 

al., 2016). Changed environmental conditions, particularly rising CO2 and temperatures, stimulate 

weed growth through modification of photosynthesis, pigment production, as well as overall 

metabolic activity. Because of that, photosystem I and II and pigment inhibitors may become more 

effective. However, the effects of increasing CO2 concentration on herbicide efficacy is determined 

by weed species. Namely, at twofold raised atmospheric CO2 concentrations, effectiveness of 

metsulfuron in control of Amaranthus retroflexus was reduced by 4.6%, efficacy of imazethapyr in 

control of Stellaria media was unchanged, whereas efficacy of imazamethabenz-methyl over Avena 

fatua improved by 15.7% (Archambault et al., 2001). According to same authors, in the same 

conditions, efficacy of linuron in control of Polygonum convolvulus was reduced by 15%, whereas 

status quo in the efficacy was reported for metribuzin on Chenopodium album and bromoxynil on 

Kochia scoparia, respectively. The effects of increasing CO2 on ACCase inhibitors varied depending 

on weed species. At double-environment CO2 concentrations clodinafop efficacy in control of Avena 

fatua improved by 8.6%, while Avena fatua control was not affected by sethoxydim. No change in 

the efficacy was reported for control of Avena fatua and Setaria viridis by fluazifop (Archambault 

et al., 2001). Further, decreasing of clopyralid efficacy of 8.9% was noted in control of Senecio 

vulgaris, whereas increasing of efficacy of 2,4ïD for 26.9% was obtained in control of Polygonum 

convolvulus (Archambault et al., 2001). Increased frequency of herbicide applications might exceed 

CO2-caused declines in efficacy but might bring further hazards for human and animal health due to 

increase the occurrence of these chemicals in the agroecosystem, and ecosystem as a whole (Ziska 

et al., 2004). 

 

3.INTERACTION TEMPERATURE -HERBICIDE EFFICACY  
 

Temperature has multiple impacts on weed growth and development as well as herbicide efficacy. 

Alterations in the apparent photosynthesis rate, respiration, phloem translocation, and protoplasmic 

flux, as well as rate of water up take and transpiration, leaves formation, cuticle compactness and 

hydration, number and aperture of stomata will affect up take, diffusion, and herbicides metabolism 

(Bailey, 2004; Zanatta et al., 2008; Rodenburg et al., 2011). Higher temperature encourages stomata 

conductivity, reduced the viscosity of cuticle waxes, thus increasing the uptake and diffusion of 

herbicides due to modifications in the structure and the penetrability of the cuticle (Price, 1983; 

Chandrasena, 2009). Acifluorfen applied at lower day/night temperature regime (20/15 oC) caused 

70% higher production of cuticle lipids on the leaf surface of Abutilon theophrasti than treated plants 

in condition of higher day/night temperature (32/22 oC). Decreasing of the cuticle lipids production 

related to better efficacy of herbicides in condition of increased temperature, corroborating the 

assumption of higher herbicide efficiency when cuticle structure altered. This investigation also 

confirmed that when temperature increased from lower to higher day/night temperature regime 

(20/15 oC and 32/22 oC, respectively) absorption of acifluorfen applied alone increased for 25%, but 

when it was applied with oil-based surfactant absorption increased for 99% (Hatterman-Valenti et 
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al., 2011). Ganie et al. (2017) noted that the efficacy of 2,4-D and glyphosate in control of Ambrosia 

artemisiifolia and Ambrosia trifida might be enhanced if applied at higher day/night temperature 

regime (29/17 oC), because of improved penetration and translocation in comparison with herbicide 

applications under lower day/night temperatures (20/11 oC). Study in greenhouse conditions using 

various day/night temperatures (10/5, 20/15, and 25/20 ÁC) demonstrated that glufosinate applied at 

1.200 g a.i. haï1 provided poor control of Raphanus raphanistrum grown in conditions of lower 

temperatures (10/5 ÁC). Contrary, complete control of the weed was provided in condition of higher 

temperatures15/20 and 20/25 ÁC, respectively for the same herbicide rate (Kumaratilake and 

Preston, 2005), indicating increased glufosinate efficacy in condition of increased air temperatures. 

In study of Fausey and Renner, (2001) flumiclorac exhibited higher activity on Amaranthus 

retroflexus (threefold) and Chenopodium album (sevenfold) with increasing of temperatures from 

10 ÁC to 40 ÁC. Johnson and Young, (2002) reported for threefold increase in mesotrione efficacy in 

control of Abutilon theophrasti and Xanthium strumarium with increasing of temperatures from 18 

ÁC to 32 ÁC. Similarly, at higher temperature, fluthiacet was twice and three times more effective in 

control of Amaranthus retroflexus and Chenopodium album, respectively, in comparison with the 

efficacy recorded at 10 oC (Fausey and Renner, 2001). Atrazine applied at 3:00 p.m. during the 

highest air temperature, provided greatest control of Ambrosia artemisiifolia and Abutilon 

theophrasti (Stewart et al., 2009). In other similar study, Stopps et al. (2013) confirmed that 

glyphosate efficacy in control of Ambrosia artemisiifolia, Abutilon theophrasti, and Amaranthus 

spp., increased when herbicide application was made between noontime and 18.00 h, which 

coincides with the highest daily air temperatures. Contrary, in investigation of Stewart et al. (2009), 

control of Abutilon theophrasti was poorly 45% when bromoxynil was applied at midnight, period 

with lowest air temperature during the day. Irrespective of daily temperature increasing/decreasing, 

Chenopodium album Ambrosia artemisiifolia and Amaranthus retroflexus were effectively 

controlled (>95%) with dicamba + diflufenzopyr. On the other hand, lower temperatures reduced 

control of Abutilon theophrasti by 7% to 15% with same herbicides (Stewart et al., 2009). Similar, 

in research of Ziska et al. (1999) glyphosate efficacy was reduced in control Ambrosia trifida and 

Ambrosia artemisiifolia at low temperatures. 

 

Although the tendency of higher atmospheric temperatures is to enhance penetration and diffusion 

of many POST-em applied herbicides, in certain circumstances higher temperatures might cause 

hastened metabolism, which consequently decreases herbicide activity on target weeds (Johnson and 

Young, 2002). Enhanced metabolism rate was the reason for reduction of pinoxaden efficacy on 

Brachypodium hybridum control and other grasses in conditions of higher temperature (Matzrafi et 

al., 2019). Ou et al. (2018) tested influence of different temperatures on Kochia scoparia growth 

treated with dicamba and glyphosate under three day/night temperature regimes: 17.5/7.5 ÁC, 25/15 

ÁC, and 32.5/22.5ÁC. Noticeable overhead dry plant biomass, injury and mortality symptoms 

indicated higher sensitivity to one and the other herbicide when Kochia scoparia was treated in 

conditions of the lower (17.5/7.5 ÁC and 25/15 ÁC, respectively) day/night temperatures. A similar 

trend was noted in investigation of Kleinman et al. (2016) when Conyza bonariensis, Conyza 

canadensis, and Kochia scoparia were treated with glyphosate. A significant variation in control of 

Amaranthus palmeri with mesotrione was obtained when the weed was grown in conditions of low 

and high day/night temperature regimes (25/15 ÁC and 40/30 ÁC, respectively) in comparison with 

optimum day/night temperature (32.5/22.5 ÁC). Related to weed above-ground biomass, injury, and 

death, Amaranthus palmeri was less susceptible at 40/30 ÁC to mesotrione and more susceptible at 

25/15 ÁC in comparison with 32.5/22.5 ÁC (Godar et al., 2015). Pyrithiobac provided higher efficacy 

in control of Amaranthus palmeri at 18 oC (25% dry weight accumulation) than at 40 oC (70% dry 

weight accumulation), although the highest efficacy was recorded at 27 oC (only 2.5% dry weight 

accumulation) (Mahan et al., 2004). Mesotrione efficacy in control of Digitaria sanguinalis and 

Amaranthus rudis decreased by six and seven-fold with temperature increasing from 18 ÁC to 32 ÁC 

(Johnson and Young, 2002). Increased temperatures as well as increased metabolism rate of the 

weeds nullify enhanced translocation of herbicides, because herbicide metabolisation enhance at 

higher temperature, as well (Martini et al., 2015; Matzrafi et al., 2019). Higher temperatures also 
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might generate diminishing of herbicide absorption because of quick evaporation of herbicide 

droplets from the leaf surface (Devine et al., 1993) and volatility of some herbicides, such as growth 

regulators herbicides causing evaporable drift and potential injury on non-target broadleaved crops 

(van Rensburg and Breeze, 1990; Strachan et al., 2010). 

 

Further, soil temperature has an effect on the penetration and diffusion of PRE-em applied herbicides 

within the weed plant, as well as herbicide soil persistence (Rodenburg et al., 2011). Warmer soil 

temperatures might reduce efficacy of PRE-em herbicides through rising volatility and degradation 

by soil microorganisms. For example, soil-applied triallate is highly volatile in condition of higher 

temperatures. According to Atienza et al. (2001) losses of triallate raised from 7% to 41% in loamy 

soil and 14% to 60% in sandy soil, respectively when temperatures elevate from 5 ÁC to 25 ÁC. 

Opposite, in the controlled trial conditions, efficacy of alachlor and EPTC decreased at low soil 

temperatures (near 10 ÁC) (Mulder and Nalewaja, 1978). 

 

4. INTERACTION RELATIVE HUMIDITY-HERBICIDE EFFICACY  
 

Relative humidity (RH) is mainly important for the behavior of POST-em herbicides throughout its 

acting on herbicide absorption, including contacts among the spray drops, leaves cuticle, and 

accessibility of the water in or round drops (Devine et al., 1993). In conditions of higher RH, cuticle 

hydrating and stomatal conductivity increases, consequently increases the penetrability and 

translocation particularly of hydrophilic herbicides within the leaves (Kudsk et al., 1990; Wichert et 

al., 1992; Shaw et al., 2000; Hatterman-Valenti et al., 2011). Penetration as well as efficacy of most 

POST-em herbicides is usually higher if weeds are subjected to higher RH after than before 

application, concluding that slowly droplets dried might be the reason for greater herbicide efficacy 

at higher RH conditions instead of cuticle hydrating (Ramsey et al., 2002). Results of Johnson and 

Young (2002) showed that efficacy of mesotrione in control of Digitaria sanguinalis and 

Amaranthus rudis to was two and four-times higher at RH of 85% then at 30%. Similar, glufosinate 

ammonium efficacy in control of Avena fatua significantly increased (>95%) at higher RH compared 

with its efficacy at lower (40%) RH. Additionally, higher penetration of glufosinate ammonium was 

recorded when plants of Avena fatua were subjected to condition of higher RH half-hour before and 

after application in comparison with plants exposed to constantly lower RH (Ramsey et al., 2002). 

According to Ritter and Coble (1981), acifluorfen provided 30% higher efficacy on Ambrosia 

artemisiifolia and Xanthium strumarium during its application at 85% RH in comparison with its 

efficacy at 50% RH. Likewise, Wichert et al. (1992) stated that lactofen, acifluorfen and fomesafen, 

significantly reduced the amount of Ipomoea hederaceae var. integriuscula, Ipomoea lacunosa, Sida 

spinosa, and Xanthium strumarium in condition of 85% RH, then at 50% RH. Similarly, on trials 

carried out for two repeated years Shaw et al. (2000) concluded that acifluorfen provided higher 

control of Xanthium strumarium in the second year when RH was higher. Casley and Coupland 

(1985) stated that higher RH increased glyphosate performance due to slower evaporation from the 

plant surface, while Mathiassen and Kudsk (1996) claimed that higher RH had no significant 

influence on glyphosate efficacy. 

 

5. INTERACTION SUNLIGHT INTENSITY -HERBICIDE EFFICACY  
 

Alterations in sunlight intensities influence the plants anatomy, morphology, and physiology, which 

consequently have an effect on herbicide performance in the plants. Stomatal conductivity and leaf 

cuticle formation are closely related with intensity of the light (Hull et al., 1975; Raschke et al., 

1978). Under conditions of higher irradiation, stomata stay open, photosynthetically rate increases 

consequently increasing uptake, penetration and subsequent phloem translocation of POST-em 

applied herbicides in weed plant tissue (Fausey and Renner, 2001; Hwang et al., 2004; Camargo et 

al., 2012). Efficacy of clethodim, tralkoxydim and bentazon proportionally increased with increasing 

of sunlight intensity (McMullan, 1996, Hatterman-Valenti et al., 2011). In study of Fausey and 

Renner, (2001) flumiclorac provided nine times higher control of Chenopodium album in condition 
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of higher irradiance intensity (1.000 ɛmol mï2 sï2) compared to lower one (4 ɛmol mï2 sï2). Control 

of Amaranthus retroflexus was 15 times more effective with the same herbicide under higher light 

intensity than at lower one. In same study, fluthiacet provided higher control of Chenopodium album 

and Amaranthus retroflexus at irradiance condition of 1000 ɛmol mï2 sï2, in comparison with 

efficacy obtained at 4 ɛmol mï2 sï2. Similar, oxadiargyl and oxadiazon applied during the daylight 

significantly reduced amount of Echinochloa crus-galli, but both were completely ineffective 

applied in the darkness condition (Hwang et al., 2004). UV light reduced the efficacy of tralkoxydim 

and clethodim, which indicates that application of these graminicides when sunlight intensity is 

higher during the day might increase their efficacy. Filtering UV light 4 hours after application 

increased efficacy of these herbicides from 13 to 55% (McMullan, 1996). UV light is obviously 

significant for efficacy of cyclohexanedione herbicides due to their instability in UV light (Campbell 

and Penner, 1985; Falb at al., 1990; McInnes et al., 1992). Similar, 14C-paraquat penetration and 

efficacy in control of Abutilon theophrasti, Chloris virgata and Digitaria sanguinalis was reduced 

during the UV-B treatment because of increasing leaf epicuticular wax deposition (Wang et al., 

2007). Oppositely, in lower irradiance conditions, tendency of plants is to form thinly leaves with 

smooth leaf structure and heigher plant to catch accessible sunlight required for photochemical 

synthesis. Such adjustments in weed structure and leaf morphology determinate the herbicide 

quantity that is received and held by the weed (Upasani and Barla, 2018). For example, surface 

coverage as well as absorption of POST-em herbicides is enhanced in weed with higher branching, 

whereas leaves with thicker structure retard herbicides penetration causing decreased herbicide 

efficacy (Riederer and Schonherr, 1985). 

 

6. INTERACTION  DROUGHT AND RAINFALL PATTERN -HERBICIDE 

EFFICACY  
 

Herbicides might become less effective because of alteration of the outdoor conditions (drying and 

warming environment) or alterations in morphology, biology, and phenology of the weedy plants 

(Chauhan et al., 2014; Clements et al., 2014; Ziska and McConnell, 2015). In this context, POST-

em herbicides might be significantly influenced by drought. Drought might cause enlarged cuticle 

thickness and intensify growth of leaf hairiness, with consequent minimization in herbicide 

penetration within the leaves (Patterson, 1995). For example, the weed cuticle under arid conditions 

was 50-80% thicker relative to optimal available water situations (Hatterman-Valentiet al., 2011). 

Increasing aridity and drought might reduce herbicide penetration, intensify herbicide volatilization, 

and consequently reduce its effectiveness. Drought-influenced weed populations are more 

challenging for managing with POST-em applied herbicides compared to weeds which actively 

grow in conditions without environmental stress. For example, for systemic POST-em applied 

herbicides is necessary active weed growth to be effective. In that context, in conditions of drought 

spells efficacy of glyphosate in control of Abuthilon theophrasti was reduced two and eightïfold 

when it was applied in two and six leaves weed growth stages, respectively (Zhou et al., 2007). 

Survival of glyphosate-resistant biotype of Echinochloa colona treated with double glyphosate rate 

(1440 g haī1) in condition of no water deficiency was only 19%, but under water deficiency this 

value increased by 62% (Mollaee et al., 2020). Likewise, under dry soil conditions usually activity 

of PRE-em herbicides is reduced due to strong herbicide soil adsorption (Arēkan et al., 2015). These 

herbicides depend heavily on accessible water for relocation in the weed seed germination zone 

(Olson et al., 2000). Herbicide photodecomposition is a common process which takes place on the 

surface of the soil, and in case that optimal damp is not accessible in period of short period after 

herbicide applications, control of weed is ususally inadequate. Even for considerably persistent 

herbicides, inability to penetrate into the soil surface because of the moisture shortage gives weeds 

the opportunity to germinate without any herbicide injuries. Jursēk et al. (2013) claimed a reduced 

pethoxamid efficacy under dry soil conditions. Contrary, increased soil moisture promotes the 

efficacy of many, PRE-em applied herbicides, including inhibitors of protoporphyrinogen oxidase 

(Hatterman-Valenti et al., 2011). 
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Rainfall after POST-em herbicides application might reduce their efficiency through washing out. 

Frequent and intensify precipitation would have negative implications on penetration, translocation, 

and efficacy of herbicides applied PRE-em (Bailey, 2004; Rodenburg et al., 2011). An unusual 

increase in precipitation might cause leaching of PRE-em herbicides (Soukup et al., 2004; Pacanoski 

and Mehmeti, 2021), and consequent crop injury (Pacanoski et al., 2020) and under soil water 

contamination (Froud-Williams, 1996). From the other side, scarce rainfall amounts during the 

season might cause water-deficit conditions that impact herbicide efficacy (Zanatta et al., 2008; 

Keikotlhaile, 2011). For example, situations of water deficit reduced the absorption of acifluorfen 

(Hatterman-Valenti et al., 2011). Pereira et al. (2011) noted that Eleusine indica grown in conditions 

of water-stress was not effectively controlled by sethoxydim. Similarly, control of Eleusine indica 

with fenoxaprop-p-ethyl, topramezone, foramsulfuron, 2,4-Dplus dicambaplus MCPP 

plus carfentrazone, and thiencarbazone-methylplusforamsulfuron plus halosulfuron-methyl at soil 

moisture contents < 12% was unsatisfactory (Shekoofa et al., 2020). According to Pereira (2010), 

Urochloa plantaginea grown in conditions of water deficiency was less susceptible to Acetyl CoA 

Carboxylase (ACCase) inhibitors applied in advance weed growth stages. 

 

7. MULTIPLE INTERACTIONS  
 

Atmospheric CO2 and air temperature elevate simultaneously. The result could be completely unlike 

if both environmental factors are considered simultaneously in comparison if separately are taken 

into account. In weeds, alteration in temperatures and CO2 concentrations might modify net 

photosynthetically rates resulting with modification in carbohydrate accessibility and stability 

causing in altered weed physiological and biochemical capabilities. Increased CO2 and atmospheric 

temperature might decrease herbicide efficacy by changing herbicide penetration, translocation and 

metabolism, subsequently increasing herbicide decomposition in weeds and decreasing herbicide 

availability for the target weed (Matzrafi, 2018). For example, reduced glyphosate susceptibility was 

observed in Conyza canadensis and Chenopodium album in response to elevated (32/26 °C) 

temperature in combination with raised (720 ppm) CO2. According to obtained results by Matzrafi 

et al. (2019), 61.1%, 69.0% and 64.0%, of the glyphosate treated plants of Conyza canadensis and 

Chenopodium album survived under conditions of mutual effects of higher temperature/elevated 

CO2 concentration. Further, the efficacy of cyhalofop-butyl was reduced about 50% in multiple-

resistant Echinochloa colona plants grown under higher CO2 concentration (700 ± 50 ppm) and high 

(35/23 oC) day/night temperature regime compared to multiple-resistant plants grown at normal 

atmospheric conditions. Higher CO2 and temperatures increased the level of resistance to multiple-

resistant E. colona to cyhalofop-butyl, as well (Refatti et al., 2019). Opposite, mutual effects of CO2 

ambient concentration (400-450 ppm) and day/night temperature (20/10 °C) and increased CO2 

concentrations (400-450 ppm, 800-900 ppm) and day/night temperature regime (25/15 °C), did not 

reduce efficacy of glyphosate in control of Lactuca serriola, Hordeum murinum, and Bromus 

tectorum (Jabran and Doĵan, 2018). Interaction between CO2 concentrations and water deficiency 

was studied by Weller et al. (2019). According to their results, efficacy of glyphosate in control of 

GR and GS Chloris truncata biotypes in condition of moisture stress (50% field capacity) and 

increased CO2 level (750 ppm) was significantly reduced. Few studies have examined correlation 

between temperatures and RH. When higher temperatures are related with higher RH levels, there 

is increased cuticle hydrating, which consequently increases herbicides penetration and efficacy 

(Price, 1983). With simultaneous temperature and RH increasing, the efficacy of metribuzin also 

increased, while at lower temperatures (10 °C and 20 °C) caused no significant decrease in its 

efficacy (Gealy and Buman, 1989). On the other hand, glufosinate ammonium provided higher 

efficacy on Setaria faberi at higher RH as well as higher temperature (Anderson et al., 1993). 

 

8. CONCLUSION 
 

The successfulness of weed management is predicted to modify together with the changing of 

climatic conditions. In conditions of rising CO2 and air temperature, and unpredictable drought 



 

42 

 

spells and prolonged rainfall forecasts, the possibility of herbicides either to generate crop injure or 

being ineffective is expected, as well. Elevated CO2 and temperatures might cause morpho-

anatomical, physiological and biochemical changes in weeds, their growth and development that 

could impact on absorption, translocation, and metabolism and on the entire herbicides efficacy. 

Conditions of soil water deficiency decrease the activity of PRE-em herbicides, affect their 

persistence in the soil and the ñwindowsò for herbicide effectiveness due to strong herbicide 

adsorption, while severe or frequent rainfall after the application may cause herbicide leaching and 

dilution. One-sided and repeated herbicide use is estimated to result in appearance of resistant weed 

biotypes. Changes in environmental conditions might hasten this. In these circumstances, additional 

herbicide applications at higher rates might be required to control those weeds, and, at the same 

time, additional activities increase the expenditure of weed control. Modification strategies exist, 

but the expenditures of realizing those strategies (for example, herbicide with new active ingredient, 

higher herbicide rates) are uncertain. Specific national legislation regulated herbicides use. In case 

of changing environmental conditions, which encourage weed species spreading out of their 

geographical boundaries, new herbicidal active ingredient might be essential to control them 

effectively. Commonly it is time consuming to obtain an agreement of state for a new herbicide 

active ingredient or an active ingredient that previously has not been used. 
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Abstract: According to the climate change in arid and semi-arid regions, saline water will be used 

in irrigation to mitigate the water gap between available water resources and the water demand. 

Using saline water to expand the irrigated area was followed by decreasing the crop yield due to 

osmotic potential, so an optimal indicator must be prepared to optimize the use of saline water. 

 

As climate changes effects water quantity and quality, the aim of this study is to mitigate the climate 

effects on water by improving the mathematical models and computer programs that are constructed 

to optimize the use of saline water in irrigation. 

 

This paper proposes an innovative indicator depending on the use of two water resources, river high 

quality water (1dS/m), and saline drainage water (6dS/m). The relation between Total Dissolved 

Salts (TDS) and Electrical Conductivity (EC), in saline drainage water is derived from field data of 

400 samples taken during 2 years from the Main Outfall Drain (MOD) in Iraq. 

 

This paper proposes an innovative indicator depending on the use of two water resources, river high 

quality water (1dS/m), and saline drainage water (6dS/m). The relation between Total Dissolved 

Salts (TDS) and Electrical Conductivity (EC), in saline drainage water is derived from field data of 

400 samples taken during 2 years from the Main Outfall Drain (MOD) in Iraq. The study concluded 

that there is a nonlinear relation between TDS and EC for saline water.  

 

The Crop Productivity Index (CPI) is proposed in this study and defined as a ratio of the volume of 

fresh water saved according to the use of saline water to the yield losses due to salinity effects. As 

this ratio is a benefit-cost ratio, its value must be greater than 1, in this study, the CPI critical value 

is 1.1. 

 

CPI depends on the water salinity and the crop tolerance to salinity, the maximum CPI value for 40 

plants selected in this study is  6.43 for barely, (the highest field crop tolerance), while the lowest 

CPI is 0.4 for bean, (sensitive crop tolerance). The CPI values of many sensitive crops are less than 

the critical value, that means the irrigation of these crops by saline water is uneconomical financially 

insufficient. 

 

CPI recommends that the relative yield of any crop irrigated by saline water must be more than 60% 

to optimize the saline water use. 

 

Key words: Saline water, Crop production, Optimal irrigation, Water gap, Climate change 
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Abstract: This research aims to look at how the percentage of money spent on food relates to total household 

spending as a sign of poverty in Romania. It focuses on the important question of how high food prices affect 

financial stability and living conditions. To evaluate this connection and its effects on measuring poverty, data on 

household income, spending habits, and differences in prices across regions is necessary. This paper looks at how 

food spending relates to total household spending as a way to indicate poverty in Romania. It shows how high 

food costs can impact financial stability and living standards. The study uses data about household income, 

spending habits, and different regional prices. It finds that households spending a larger share on food generally 

have lower overall expenditures, meaning they are more likely to experience poverty. The results suggest that when 

a big part of a household budget goes to food, it points to financial struggles and may also lead to worse health 

outcomes. This is because tight budgets limit access to essential healthcare and nutritious food. Furthermore, this 

research adds to the conversation about how to measure poverty by arguing that food spending ratios can help 

identify populations at risk, which can help shape public policy and social programs aimed at bettering health 

equity in Romania. In conclusion, the study highlights the need for policymakers to pay attention to food spending 

patterns when assessing poverty, pointing out how economic issues and health inequalities are connected. This 

could help create better strategies for improving the well-being of vulnerable groups in Romania. 

 

Key words: Food expenditure, Household income, Poverty 

 

1. INTRODUCTION 
 

Understanding and addressing poverty is very important in socio-economic development, especially 

in countries like Romania that are changing economically. Even though Romania has made steps in 

economic growth since it joined the European Union, the country still deals with issues of poverty 

and inequality, worsened by high living costs and differences between regions. Food expenses take 

up a large part of household budgets, raising concerns about how well it serves as an indicator of 

poverty. Many studies have shown that the amount of income spent on food relates to household 

welfare, indicating that higher food costs might mean more vulnerability to poverty (Galindo and 

 ƨŊƨĲƖ, 2023; OECD, 2019). However, the unique situation in Romania requires more in-depth 

study, especially regarding how food spending affects assessments of household finances and overall 

poverty levels (OECD, 2018). The main research question for this paper is to investigate how food 

expenditure could serve as an effective marker for poverty among Romanian households. The 

outcomes of this study could influence public policies and social initiatives aimed at reducing 

poverty, helping to ensure economic stability and better living conditions (Sotiroski et al., 2023; 

Briciu, 2014). Additionally, food expenditure indicating poverty can lead to more focused and 

effective support for vulnerable groups, ultimately aiding in the development of comprehensive 

strategies for poverty reduction in Romania (Dan and Porumbescu, 2012; Torsheim et al., 2015; 

https://doi.org/10.46793/MAK2025.049S
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Robinson, 2015). Because of the risks tied to food consumption and the large part of household 

budgets usually spent on food, food spending has become a key area for looking at poverty levels. 

Studies indicate that a higher amount of food spending often comes with lower total household 

spending, pointing to a negative link that shows economic struggle (Galindo and Nuguer, 2023; 

OECD, 2019). This pattern is especially important in Romania, where changing food prices and 

slow wage growth have worsened the challenges for lower-income families, increasing the need for 

effective ways to measure poverty (OECD, 2018; Wagstaff et al., 2017a,b). Understanding how food 

spending relates to the economic well-being of households is crucial for evaluating poverty and 

creating social policies. In Romania, where the economy has been impacted by historic changes and 

modern global factors, the proportion of food spending in a household's overall costs is a key factor 

for poverty evaluation. Research shows that spending a lot of income on food often points to 

financial stress and highlights issues related to food security, resource access, and general quality of 

life. The literature review aims to summarize existing research on this topic, drawing connections 

between food expenditure patterns and poverty indicators in Romania. By examining current 

findings and identifying key gaps in the literature, the study seeks to enhance understanding of 

poverty measurement in Romania. Early research revealed that households devoted an unbalanced 

share of their income to necessities like food, suggesting that food spending could effectively signal 

poverty levels (Galindo and Nuguer, 2023). Many studies confirmed this trend, underlining the link 

between high food expenditure and low household income levels (OECD, 2019). Entering the 2000s, 

Romania's entry into the European Union introduced new economic factors. Scholars noticed that 

while the overall economy started to improve, disparities continued. Food spending remained high, 

especially in rural areas, where families often devoted over 50% of their income to nourishment 

(Wagstaff et al., 2017a,b). This ongoing issue provided policymakers with a clear metric for tackling 

poverty and developing welfare programs. Recent research has built upon this foundation, using 

multidimensional poverty indices that underline the need to consider aspects such as health and 

education alongside food spending (Kashlinsky et al., 2024; Tessore et al., 2024). The proportion of 

food expenditure within total household expenses is a critical indicator for assessing poverty levels, 

particularly in Romania. Research shows that higher food spending percentages indicate greater 

vulnerability to poverty, as families allocate more of their limited resources to basic needs. For 

example, studies indicate that many Romanian households struggling financially often find their 

food expenses accounting for over half of their total spending, illustrating economic distress and 

limited disposable income (Galindo and Nuguer, 2023). Moreover, the connection between income 

level and food costs points to significant purchasing power differences. Households with lower 

incomes typically spend a larger share of their budgets on food, leaving less room for other essential 

needs like health and education (OECD, 2019). In rural areas, this issue is intensified due to limited 

economic opportunities and high food prices relative to earnings (OECD, 2018). Research focusing 

on the multifaceted nature of poverty suggests that merely looking at income poverty does not 

capture the realities faced by people in Romania. Thus, including food expenditure helps offer a 

broader view of household well-being and economic stability (Wagstaff et al., 2017a,b). The findings 

suggest that many Romanian households, especially in rural areas, spend a significant portion of 

their income - sometimes over 50% - on food, highlighting the delicate balance families must strike 

between meeting basic nutritional requirements and addressing other vital expenses like healthcare 

and education. Analyzing various methodologies - both quantitative and qualitative - reveals the 

complexities involved in defining poverty and the need for in-depth evaluations that consider the 

interconnected nature of food expenses, income levels, and regional differences.  

 

The aim of research is to analyse (i) the relationship between food expenditure and poverty status 

and Romania, (ii) how food spending affects household well-being, (iii) how changes in food 

expenses reflect broader economic situations for families, (iv) how these trends might change based 

on social and demographic factors like income, education, and where they live, and (v) what is the 

efficient method for estimation food expenditure ratios to measure poverty effectively in Romania. 

 

 



 

51 

 

2. MATERIAL AND METHODS 
 

In recent years, measuring poverty has become more complicated, especially in countries changing 

their economies like Romania. With living costs going up and income differences growing, it is 

important to understand how certain household spending can show poverty levels when trying to 

tackle social inequalities (Galindo and Nuguer, 2023). This research will look at how much food 

spending relates to total household spending and whether it can indicate poverty among Romanian 

families. Food spending is relevant as an indicator because it relates closely to a household's 

economic stability and access to nutrition, which are vital for health and well-being (OECD, 2019). 

Generally, traditional ways of measuring poverty depend mainly on income data, overlooking how 

consumption patterns - especially in food - are significant (Wagstaff et al., 2017a,b). This 

methodology aims to use quantitative methods, like regression analysis and econometric modeling, 

to show differences in food expenditure ratios among diverse socio-economic groups (Wagstaff et 

al., 2017a,b). This approach is based on earlier studies that have successfully used these techniques 

to explore household spending habits and their links to poverty (Kashlinsky et al., 2024). By 

examining a broad dataset that accounts for regional price differences, this research will add to 

existing literature, presenting a detailed view of food spending as a lifestyle indicator and a different 

way to assess economic hardship (Tessore et al., 2024).The importance of this methodology is not 

just in its contribution to academic research on poverty but also in its practical use. Insights gained 

can guide public policy and targeted efforts to reduce poverty in Romania (Sotiroski et al., 2023). 

Understanding how food spending is distributed can help policymakers better identify at-risk groups 

and create more effective social safety measures (Briciu, 2014). Therefore, this research intends to 

critically assess the relationship between food spending and poverty, aiming for a comprehensive 

understanding of economic stability and social fairness (Dan and Porumbescu, 2012). By 

incorporating household consumption trends into poverty evaluation, this methodology underscores 

the need for a well-rounded approach to measuring poverty in Romania (Torsheim et al., 2015). The 

main problem is figuring out the portion of food spending within total household expenses as a 

trustworthy measure of poverty, working to fix the issues with older, money-based poverty 

evaluations that miss important consumption details (Galindo and Nuguer, 2023). The numerical 

part involves looking at existing data from the National Institute of Statistics in Romania, which has 

thorough details on household income and spending divided into different categories, allowing for 

detailed econometric analysis (Wagstaff et al., 2017a,b). This approach is backed by earlier studies 

showing that large surveys can effectively show consumption traits as signs of poverty (Wagstaff et 

al., 2017a,b). This research planôs importance comes from its ability to help both academic work and 

practical policy creation, as it brings together factual data to create a richer understanding of poverty 

in Romania (Tessore et al., 2024). By linking food spending shares to different household features, 

this study can guide policymakers on the real needs and challenges faced by low-income families, 

leading to targeted actions that tackle the causes of poverty (Sotiroski et al., 2023). Moreover, the 

results can contribute to the conversation about how to measure poverty, showing that itôs crucial to 

include consumption data for better evaluations (Briciu, 2014). With this thorough research plan, 

the study aims to improve the understanding of food spending as a sign of poverty and its usefulness 

in showing the complex economic struggles faced by Romanian households (Dan and Porumbescu, 

2012). 

 

3. RESULTS AND DISCUSSION 
 

Past research emphasizes the complicated link between food expenditure and poverty metrics. For 

example, many studies show that a high percentage of income spent on food is often associated with 

limited spending choices, indicating difficult living conditions for many households in Romania. 

Findings reveal that as disposable income decreases, families tend to focus more on food, which can 

reduce their ability to participate in productive economic activities. Additionally, existing studies 

point out regional differences in Romania, showing that rural households, which often depend on 

subsistence farming, have different spending habits compared to urban families. Knowing how much 
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households spend on food compared to their total spending is important for understanding poverty 

levels, especially in Romania where economic troubles and high living costs are common. The 

current study shows that families who spend more of their budget on food usually face tough 

financial situations and are at risk of poverty and food shortages. The average percentage of spending 

on food among the households surveyed was around 40%, which is much higher than the EU average 

of about 15% (Galindo and Nuguer, 2023). This difference highlights the financial difficulties many 

families in Romania encounter, suggesting that keeping track of food spending is important for 

measuring poverty. The research also found that higher household income is linked with a lower 

share of spending on food, meaning that as families earn more, they tend to spend less of their budget 

on food. This supports the idea that food spending shares can indicate economic struggles (OECD, 

2019). These results are consistent with existing studies that have noted a link between high food 

spending and lower household incomes in different situations (OECD, 2018). Earlier research in 

Romania found that poor families tend to spend a larger portion of their income on food, which 

leaves them with less money for important things like health and education (Wagstaff et al., 

2017a,b). Importantly, the study shows that food spending varies by region, with rural households 

spending a higher percentage on food than those in urban areas, showing the impact of economic 

differences based on location (Wagstaff et al., 2017). These findings are not just theoretical; they 

provide practical information for policymakers who need to identify and assist at-risk groups. By 

adding food spending ratios to poverty measurement methods, officials can create focused programs 

that address the unique challenges faced by families dealing with high food prices. Overall, these 

insights enhance the academic discussions about poverty indicators, supporting the view that looking 

at food spending is necessary for understanding socio-economic issues in Romania (Kashlinsky et 

al., 2024). As the economy in Romania keeps changing, this study highlights the need for continued 

conversations about the role of food spending in assessing poverty, stressing its importance in 

developing effective social policies (Tessore et al., 2024). The study shows that the portion of food 

expenses in total household spending is a key indicator of poverty. This means that families with 

limited money must spend a bigger part of their budget on basic food needs. About 45% of 

households surveyed spend more than 50% of their total incomes on food, highlighting a significant 

vulnerability among these families who are economically disadvantaged (Galindo and Nuguer, 

2023). This was especially noticeable in rural areas, where food prices are often higher and income 

levels are lower, creating a cycle of poverty influenced by rising food prices (OECD, 2019). The 

analysis shows a clear opposite link between income and the amount spent on food, meaning that as 

disposable income grows, the percentage spent on food decreases (OECD, 2018). This finding 

matches previous studies in other developing countries, which also show that higher ratios of food 

spending reflect a greater risk of poverty (Wagstaff et al., 2017a,b). In Romania, this issue is even 

clearer when looking at the economic differences between regions, which emphasizes the role of 

geographic socioeconomic factors in shaping how households spend their money (Wagstaff et al., 

2017a,b). Moreover, earlier studies have pointed out the need to include food spending in poverty 

evaluations. This can help improve policies aimed at helping vulnerable groups, indicating that 

families who spend more on food may need extra assistance from social safety nets (Kashlinsky et 

al., 2024; Tessore et al., 2024). The important findings from this study not only add to existing 

research but also provide useful implications for policymakers. By understanding the relationship 

between food spending and poverty, targeted actions can be developed to lessen the effects of food 

insecurity, especially for families hit hardest by increasing food prices (Sotiroski et al., 2023). In 

summary, the analysis highlights the significance of food expenditure as a crucial factor in assessing 

poverty in Romania. By examining this relationship in detail, the study supports the integration of 

consumption habits and food spending into poverty measurement methods, which could make 

socioeconomic policies addressing food-related poverty more effective (Briciu, 2014; Dan and 

Porumbescu, 2012). Consequently, the findings lay a groundwork for future studies and policy 

development that tackle the complex connection between food costs and the economic stability of 

households. Understanding how food spending relates to poverty in Romania is important, especially 

because of the noticeable economic differences in the country. This study's results strengthen the 

idea that high percentages of food costs in household budgets indicate economic weakness. This 
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matches earlier studies that show a strong link between high food expenses and low available 

income, which puts families at a higher chance of being poor (Galindo and Nuguer, 2023). 

Specifically, the analysis found that families spending over 50% of their income on food often cannot 

afford other basic needs, resulting in poor living standards (OECD, 2019). These findings support 

earlier research that examined similar economic situations, showing that unequal food spending 

connects with poverty signs, such as limited healthcare access and insufficient educational resources 

(OECD, 2018). Moreover, there were clear regional differences; for example, rural families spent a 

lot more on food than urban ones, aligning with findings from (Wagstaff et al., 2017a,b), which 

emphasized that where people live is crucial in figuring out food costs and economic security. The 

meanings of these findings are significant, not just for how we measure poverty but also for how 

policies are created. The results suggest a deeper understanding of food spending as a sign of poverty, 

possibly leading to better social policies to tackle food insecurity (Wagstaff et al., 2017a,b). 

Additionally, these insights could guide focused actions aimed at specific groups, especially in rural 

areas where food spending raises poverty risk (Kashlinsky et al., 2024). In terms of methodology, 

the study highlights the need for future research to use broader poverty measures that include 

spending habits along with traditional income measures. Relying only on straightforward poverty 

metrics might miss the larger economic picture in Romania, as pointed out by (Tessore et al., 2024). 

Ultimately, including food spending percentages in poverty studies might give a clearer view of 

household weaknesses, improving both theories and practical steps in efforts to reduce poverty in 

Romania (Sotiroski et al., 2023). Since food spending shows economic challenges and affects health 

and nutrition, this study offers important views into the complex nature of poverty, calling for more 

attention to food costs in future poverty evaluations (Briciu, 2014; Dan and Porumbescu, 2012). 

Understanding the role of food spending as a sign of poverty is important for creating effective 

strategies to reduce poverty, particularly in Romania, where economic challenges continue. The 

results of this study show that when households spend a large part of their income on food, it 

indicates not just immediate financial hardship but also signals other vulnerabilities, such as poor 

health and limited access to basic services. By showing that families spending over 50% of their 

income on food face a greater risk of poverty, this research supports similar findings in existing 

literature that highlight how spending patterns reveal underlying financial stress (Galindo and 

Nuguer, 2023). Moreover, the study points out regional differences, noting that rural families deal 

with more economic challenges than those living in cities, reinforcing previous research that 

underscores the importance of geographical factors in poverty issues (OECD, 2019). Research has 

consistently found that high food spending ratios connect to negative social and economic factors, 

suggesting that families with high food costs often struggle to cover other expenses, which keeps 

them trapped in poverty (OECD, 2018). Additionally, studies in various settings indicate that food 

spending reflects not only financial strain but also limited choices in food selection, a situation 

observed in Romania as well (Wagstaff et al., 2017a,b). The implications of these findings reach into 

theoretical ideas, practical actions, and research methods. Theoretically, including food spending 

analysis in poverty assessments provides a fuller view of economic struggles, especially in 

transitioning economies like Romania where traditional income measurements may not capture the 

entire situation (Wagstaff et al., 2017a,b). Practically, policymakers can use this information to create 

targeted programs that meet the needs of households with high food spending, focusing on 

improving food security and overall health (Kashlinsky et al., 2024). Methodologically, this research 

emphasizes the need for broader approaches to poverty evaluation that consider spending data in 

addition to income, suggesting a change in how poverty is defined and understood (Tessore et al., 

2024). In conclusion, recognizing food spending as a key indicator of poverty has important 

implications for developing effective poverty reduction strategies. It highlights the necessity for 

targeted social policies and enriches discussions on poverty measurement methods within Romania 

(Sotiroski et al., 2023). By promoting a better understanding of the relationship between 

consumption and poverty, this study adds to academic literature and guides more informed policy 

actions to address economic difficulties (Briciu, 2014; Dan and Porumbescu, 2012). 
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4. CONCLUSION 
 

A detailed look at how much households in Romania spend on food highlights its important role as 

a measure of poverty. The paper found a clear link between higher food spending and greater risk of 

poverty in households, especially in rural areas where there are big economic differences. The paper 

findings have important meanings beyond just academic discussions; they underline the need for 

policymakers to pay attention to food spending trends when creating economic support programs 

and social services that help improve food security and assist low-income families. Since food 

spending can show not only financial stress but also health issues and general living conditions, 

including these insights in strategies aimed at reducing poverty could make interventions more 

effective. The study also calls for more research into how food spending and poverty vary by region, 

with a focus on how social services relate to household spending habits. Future studies could look 

at how changes in food prices affect household spending, which is crucial for understanding the 

immediate economic health of vulnerable groups during tough economic times. Additionally, 

broadening the research to include comparisons with other Eastern European countries may add 

useful context and help clarify the role of food spending as a poverty indicator. Ultimately, 

improving knowledge in this field will benefit both academic research and policies that could 

significantly enhance the lives of families facing financial difficulties. Tackling the complex 

connections between food spending, poverty, and social policies will be key to building a fairer 

society in Romania, making sure that no family suffers due to financial challenges related to basic 

needs. Raising awareness and including food spending factors in poverty evaluations will support 

ongoing efforts to fight poverty and promote social fairness nationwide. This paper sets the stage for 

future explorations, concentrating on improving resource distribution based on real data related to 

household spending habits and their social impact. The results in this paper show that how much 

households spend on food is an important indicator of poverty in Romania. There are strong links 

between higher food spending and greater vulnerability among families. The research made clear 

that food expenses not only show economic struggles but are also key in measuring poverty in the 

country. The findings have broad implications for academic discussions, as they question current 

poverty measures that mainly focus on income and suggest a need for a more comprehensive way 

to assess poverty. Policymakers are encouraged to use these findings to develop programs that meet 

the specific needs of households with high food expenditure, as these costs may indicate underlying 

food insecurity that can harm health and well-being. Moreover, these insights call for a review of 

current social welfare strategies, highlighting the need for integrated support systems that provide 

both financial aid and nutrition-related services to vulnerable groups. Expanding the research to 

include comparisons with other countries in the area could offer important insights about using food 

spending as a poverty indicator beyond Romania, helping to better understand regional poverty 

issues and their impacts. A stronger emphasis on food spending patterns will help policymakers 

create informed actions that address both immediate needs and long-term financial stability, 

fostering a fairer society. The findings establish a base for further research in this vital area, calling 

for the inclusion of food spending in broader social welfare and economic policy frameworks. 
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Abstract: Food is a necessity for humans and domestic animals, but it can be also a threat to their health and 

wellbeing. Microbial contamination is the most common cause of foodborne deseases in humans and animals, 

having also a deleterious effect on the technological quality of grains and food products based on cereals and 

other field crops. Micro-organisms, such as bacteria and moulds (fungi) may produce toxins. The toxins as 

secondary metabolites are mycotoxins and most of them are carcinogenic, immunotoxic and haematotoxic, 

causing many deseases in human and animal population. In this paper is pointed out to the safety and 

prevention of cereals and their products from mold contamination, including different practices and food 

processing. 

 

Key words: Mycotoxins, Cereals, Products, Prevention, Practices 

 

1. INTRODUCTION 
 

Cereals and cereal products are of great importance for the population and domestic animals in 

terms of their nutrition. Their diverse nutritional composition provides them with a significant 

place in the correct selection of food and feed for the development of the body and maintenance of 

health (Menkovska and Cilev, 2000; Menkovska, 2002 a,b). Wheat is the most represented cereal 

crop and is a strategic crop of many countries in Europe and the world. The most significant and 

mass application of wheat as food is in the form of bakery products - bread and a wide range of 

baked goods, as well as confectionery products. The technological quality of wheat is mostly 

determined by the structural-mechanical and chemical properties of the grain, as well as the 

products obtained from its processing, including the milling and baking properties, which all 

together are essential for the production of various baked goods, such as bread, pasta or sweets. The 

influence on cereal quality besides the cereal kind, genotype, and production region (Menkovska, 

2003; Kneģeviĺ et al., 2022) have also environmental factors (Kneģeviĺ et al., 2024) and the 

farming type (Menkovska, 2024). 

 

The quality of raw materials and food products is evaluated based on physical, chemical and 

microbiological criteria (Menkovska, 2003). Contamination of raw materials and products with 

microorganisms affects their quality. Wheat as an agricultural crop in rotation, like other cerelas 

can be attacked by several types of fungal diseases during the growing season, causing various 

damages, which affect both the total yield and its quality, as well as technological quality of its 

products for human and animal food and feed endangering their health (Fink-Gremmels et 

al.,1995; Smith et al.,1995; Ġariĺ et al., 2006, 2008; Menkovska et al., 2007a,b; Microbial food 

contamination, 2008; Menkovska et al., 2009; Bryden, 2012; Menkovska et al., 2012). 
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The aim of this research is to present an overview of the developed available methods in the 

function of maintaining the safety and prevention of cereals and their products from mold 

contamination, including different practices and food processing. 

 

2. HISTORY AND DISCOVERY OF MYCOTOXICOSIS 
 

The toxic secondary metabolites produced by fungus are mycotoxins. Historically, probably the 

oldest documented human mycotoxicosis is ergotism. This disease was known in the middle ages     as 

St. Antjonyôs fire and is by disorders of the central nervous system (convulsion, hallucinations), 

contraction of the blood vessels (gangrene) and gastrointestinal disorders. It is caused by ingestion 

of grains contaminated by Claviceps purpurea and some other Claviceps species, which invade the 

female portion of the host plant (barley, rye and wheat). 

 

The real descovery of mycotoxins occurred in the 1960ôs, in the UK because of a severe outbreak 

of the Turkey óXô disease, killing about 100.000 turkeys and other farm stock. The cause of this 

disease was traced to a feed component, peanut meal, which was invested heavily with Aspergillus 

flavus. Analyzing the feed, fluorescent compounds were isolated, which were proven to be 

responsible for the outbreak, and they were later termed Aflatoxins (Afs). 

 

3. OCCURRENCE OF MYCOTOXINS 
 

The most mycotoxins of concern are produced by five fungus genera of Aspergillus, Penicillium, 

Fusarium, Claviceps, and Paecilomyces. These five fungus genera and their species infect and 

contaminate agriculture crops, foods and animal feeds, and under optimum conditions of humidity 

and temperature proliferate and produce mycotoxins. Mycotoxins produced by these fungus genera 

species are Aflatoxins, Trichothesenese, Ochratoxins, Ergot alkaloid (Ergolin), Fumonisin, Patulin, 

and Zearalenone (Richard, 2007; Osama and Menkovska, 2019) (Table 1).  

 

Table 1. The most prevalent mycotoxigenic fungal genera, sources and associated food 

Chemical Source Associated Food 

Aflatoxins Asspergillus flavus, A. parasiticus Corn, Peanuts, Three nuts, Milk  

Trichothecenes Mainly Fuzarium Cereals and other foods 

Ochratoxins Penicillium verucosum, A. ochraceus Wheat, Barley, Corn 

Ergot alkaloids Claviceps purpurea Rye, Barley, Wheat 

Fumononisins Fuzarium moniliforme Corn 

Patulin P. expansum Apples, Pears 

Zearalenon Fusarium spp. Cereals, Oil,  Starch 

 

A. flavus is widely distributed in nature, but A. paraziticus is probably less widespread, A. flavus 

was one of the most commonly occurring molds in nuts and oilseeds, soybeans, mung beans, 

sorghum, and other commodities, while A. paraziticus was rarely encountered. A. nomius was 

reported from peanuts and corn. A. flavus and A. paraziticus have a strong affinity with nuts and 

oilseeds. Corn, peanuts and cottonseed are the most important crops invaded by these molds, and in 

many instances, invasion takes place before harvest, not during storage as was once belived. In 

corn, insect damage to developing kernels allows entry of Aflatoxigenic molds, but invasion can 

also occur through the silks of developing ears. 

 

Significant amounts of Afs can occur in peanuts, corn and other nuts and oilseeds, particularly in 

some tropical countries where crops may be grown under marginal conditions and where drying 
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and storage facilities are limited. Peanuts are invaded while still in the ground if the crop suffers 

drought stress or related factors. Cottonseeds are invaded through the nectarines. Cereals and spices 

are common substrates for A. flavus, but aflatoxin production in these commodities is almost 

always a result of poor drying, handling, or storage, and aflatoxin is rarely significant. Presently, 

18 different Afs have been identified. Especially the most potent AF B1 and G1 occur most 

frequently (Bui-Klimke and Wu, 2015). The most prominent toxic characteristic of Afs is 

carcinogenity, but they have also been proven to be immunotoxic and haematotoxic. Diagnosis 

and treatment of Afs were reported (Hope and Hope, 2012). 

 

Fuzarium species are another important group of toxigenic mould. They may also produce a variety 

of mycotoxins, such as Trichothecenes - deoxynivalenol (DON, vomitoxin), T-2 toxin and HT- 2 

toxin), Zearalenon and Fumonisins. They attack cereals, fʝʝd and other field fruits, and are a threat 

to human and animal health (Food microbiology, 2007b; Menkovska et al., 2007, 2010, 2013; 

Osama and Menkovska, 2019). Co-accurrence of mycotoxin groups in food and feed is also 

possible (Smith et al., 2016). 

 

3.1. Factors affecting growth and toxin production 

 

Cereal grains are subject to microbiological contamination and proliferation while growing in field. 

Postharvest microbiological growth is limited by good storage practices, and much of the microflora 

is removed during the milling process. Microbiological growth in prepared cereal products can lead 

to spoilage or foodborne illness when well established control measures are used (Kolakowski et al., 

2016). 

 

4. SPOILAGE OF CEREALS AND CEREAL PRODUCTS WITH MYCOTOXINS  
4.1. Spoilage of Pre- and Postharvest Grains 

 

Cereals grains accumulate a large and varied microflora during growth in the field. Molds, or ñfield 

fungiò, in the genera Alternaria, Aspergillus, Cladosporium, Fuzarium and Helminthosporium 

commonly grow on the grain with an aw of 0.90 or higher, a level that corresponds to a moisture 

content of about 20% or higher (Food microbiology, 2007a). 

 

Climatic conditions have a major effect on the quality of cereal grain on the amount of mold growth 

that occurs on cereal grains (Milani, 2013). The combination of below-normal temperatures and 

above-normal precipitation and relative humidity will foster excessive mold growth, particularly in 

wheat and barley crops. Under these conditions, field fungi can damage the grain, even to the point 

of total crop loss. Less invasive mold infections can damage grain quality and sometimes result in 

the production of mycotoxins (Cotty and Jaime-Garcia, 2007).  

 

 
Figure 1. Shematic representation of small grain cereals and grasses contamination with 

Claviceps ergot (Schumann and Uppala, 2017). 
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Figure 1 represents mature sclerotia of claviceps ergot in infected grain crops or grasses germinate in 

the spring, prior the flowering and give rise to a stroma (stromata plural), where sexual reproduction 

occurred for the production of ascospores. 

 

4.2. Prevention of mold growth 

 

The first stage of prevention can be achieved by the application of several technologies and practices 

such as developing fungal resistant crops varieties, control fungal infection or contamination via the 

application of proper Good Agriculture Practices (GAPs) in the field, lowering moisture content and 

temperature of post harvested grains during storage, applied fungicides to inhibit fungal 

proliferation, applied insecticides to control insects infestation, and the proper application of Good 

Manufacture Practices (GMPs) in foods/animal feeds manufacturing (Menkovska et al., 2007). 

 

Modern grain harvesting and storage practices prevent further mould growth. Crops are cut, 

threshed, and winnowed by mechanical harvesters in order to separate the grain from chaff. 

Mechanical dryers are often used to reduce the moisture content of grain before storage. Depending 

on the size of the global grain reserves, any particular crop could be stored for 1 year or longer before 

being processed for consumption. 

 

To protect quality during this period, grain must always be stored in bins and conveyed in vessels that 

exclude water, birds, insects, and rodents. Grains that are dried to 12 to 14% will not mould during 

storage, as long as they are kept dry. Inadequately dried grains will  support the growth of ñstorage 

fungiò belonging to the genera Penecillium, Rhizopus, Mucor, and Aspergilus. While it is not 

practical to store grains with a moisture content higher than 15% for long periods, fungistatic agents 

such as propionic acid, formaldechide, and acetic acid, or combinantions thereof, are used to prevent 

mold and yeast growth during shorten-term storage of high-moisture grains to be used as animal feed. 

Aditionally, crops and stored grains are contaminated by microorganisms from dust, birds, rodents, 

insects and other environmental sources. 

 

4.3. Effect of Milling on Microbiologal Quality 

 

Before milling, aspiration and screening steps not only clean the grain but also reduce the grain 

microflora. A significant further reduction of the microflora occurs when the bran is removed. The 

grain is usually sprayed with water and stored in tempering bins for 6 to 18 h before milling. The 

amount of water added is just enough to moisten the surface of the grain. Tempering simultaneously, 

toughens the bran and softens the endosperm crushing in the first milling step. While many millers 

add up to 300 mg of calcium hypochlorite per ml to the temper water, the utility  of this addition is 

unknown. The hypochlorite has no apparent antimicrobial effect, as it is quickly neutralized by the 

grain and its dust. In wheat that was temepered for 16 h with and without 200 mg of calcium 

hypochlorite per ml in the temper water, no reduction in total plate or coliform counts occurred in 

the hypochlorite- treated samples compared to the untreated samples (Food Microbiology, 2007a). 

 

4.4. Spoilage of Cereal Products - bakery products 

 

The baking of dough products simultaneously reduces the microflora and moisture content, thereby 

limiting the types of microorganisms that could cause spoilage. Even though mold spores and 

vegetative microbial cells are casily killed during baking, the predominant cause of baked- product 

spoilage is mold growth. The surfaces of baked products may be contaminated with airborne mold 

spores during the relatively long product cooling period between baking and packaging (Food 

Microbiology, 2007a). Many bakery products contain one or more fungistatic agents that retard mold 

growth. One of the most effective food-grade fungistatic agents is potassium sorbate, typically used 

at concentrations of 1.000 to 3.000 mg g-1. However, because it inhibits yeast growth and 

metabolism, the use of potassium is limited to chemically leavened products. Yeast-leavend products 
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are typically protected from mold spoilage using calcium propionate at concentrations of 2.000 to 

8.000 mg g-1. Bakery products are relatively easily stabilized against rapid mold spoilage by an 

interaction of preservative factors: reduced aw and pH values, residual ethanol content from yeast 

fermentation, and pasteurization during baking enhance the effectiveness of chemical preservatives. 

Confectionery components of baked goods, e.g., fruit or cream fillings and icings, are vulnerable to 

yeast spoilage. This spoilage can be effectively controlled by use of one or more of the following 

preservative techniques: aw reduction, pH reduction and addition of a preservative. 

 

Potassium sorbate is particularly effective in this application when used at 1.000 to 2.000 mg g-1. 

Bakery products with a moist interior have long been known to be vulnerable to ñropeò spoilage. 

Rope is the result of extracellular capsular material production by Bacillus subtilis. Endospores that 

survive baking will grow under favorable conditions to vary high numbers of vegetative cells and 

produce rope spoilage. Roby products have a melon-like odor and stringy, mucilaginous appearance 

when pulled apart. Early bakers were encouraged to avoid rope spoilage by adding acetic acid to the 

dough before baking. The fungistatic agents currently used in bakery products to retard mold spolage 

have a limited bacteriostatic activity against B. subtilus. 

 

4.5. Refrigerated dough products 

 

These products are created by packing unbaked, chemically leavened doughs into containers that 

become hermetically sealled as the doughs proof. These raw doughs are then baked by the consumer. 

There are two general types of refrigerated dough products: breadstuffs which have aw values 0.90 

and cookie dough which have an aw of ca. 0.80. The refrigeration temperature reduced aw and high 

carbon dioxide pressure of the breadstuff doughs prevent the growth of almost all microorganisms. 

Microbial spoilage only occurs after temperature abuse and is almost exclusively caused by 

Lactobacillus plantarum or Leuconostoc mesenteroides. The only microorganisms that can grow in 

refrigerated cookie doughs are osmotolerant yeasts, and then only after abuse at ambient temperature 

or higher. Bacterial growth is prevented by the low aw of cookie dough. Xeterofilic mold growth is 

prevented by carbon dioxide content in the dough. Mold spoilage of some types of specialty bakery 

products is retarded using carbon dioxide and/or oxygen scavengers, or by the combined use of head-

space carbon dioxide and/or ethyl alcohol. 

 

The use of headspace gases to inhibit mold growth requires the use of packaging materials with very 

low oxygen transmission rates, and the packages must be well sealed to prevent leakage of the gases. 

Some bakery products can be protected against mold spoilage by heating them inside a hermetically 

sealed, moisture-impermeable package. 

 

The internally generated steam originating from moisture in these products is sufficient to kill mold 

spores on the product surface, thereby preventing mold spores on the product surface, thereby 

preventing mold growth indefinitely. Conventional microwave ovens and infrared     bulbs can be used 

in this process. Several heat sources generate steam that later equilibrates with the product. This 

process is suitable for both refrigerated and shelf-stable baked goods. It is more effective and less 

costly than modified-atmosphere packaging. 

 

5. FOOD SAFETY CONSIDERATIONS FOR CEREAL PRODUCTS 
 

The reduced aw (0.94 or less) of most cereal products prevents the growth of many microorganisms 

that can cause foodborne illness. C. botulinum, Clostridium perfingens, E. coli, and Salmonellae are 

prevented from growing at this reduced aw. Even though its minimum aw for growth is 0.94 proteolytic 

strains of C. botulinum, have received special attention, even in bakery products, because of the 

severity of the illness they cause and because their spores survive the baking process (Denny, 1969). 
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A major new product category, cooked, refrigerated pasta products, can sometimes present a 

substantial safety challenge. These products are made both with and without a variety of fillings, and 

the pasta and filling  components sometimes have aws above 0.95. The products are packed in 

hermetically sealed containers with very low headspace oxygen in order to prevent mold growth. The 

resulting anaerobic condition favors the growth of C. botulinum. 

 

Cooking eliminates much of the competitive microflora, thereby facilitating C. botulinum growth if 

temperature abuse occurs. It was shown that C. botulinum cannot produce toxin in refrigerated pasta, 

even when temperature abused at 30 0C, when the aw is 0.94 or below. A survey of commercially 

available refrigerated, filled pasta products revealed that some are capable can support C. botulinum 

growth and toxin production when they are abused at 30 0C. Some of these commercial products 

had aw values as high as 0.983. Refrigerated pasta products such as these need to be formulated to 

prevent overt food safety hazards should temperature abuse occur. This product design activity must 

be an integral part of the manufacturerôs hazard analysis and critical control point plan. If practical 

food safety measures, such as the control of pH and aw limits, cannot be incorporated to protect 

products from overt food safety hazards during extended temperature abuse, the products should not 

be produced. 

 

Historically, commercially produced dried pasta products were vulnerable to the growth of S. aureus 

and/or Salmonellae during dough mixing, extrusion, and drying. Some strains of S. aureus have been 

found to be capable of growth in pasta doughs with aws as low as 0.86, though enterotoxin production 

is generally inhibited at aws of 0.90 to 0.94. Staphylococci die within several weeks in dried pasta, 

while Salmonellae can persist for more than one year. 

 

However, the potential safety and public health hazards presented by these two pathogens in 

contaminated dry pasta were found to be exactly the opposite at the time of pasta preparation and 

consumption. Surviving salmonellae in pasta would be easily killed during cooking, presenting no 

public health hazard. In contrast, the dead S. aureus cells could leave behind their thermostable 

enterotoxins, which would not be destroyed by cooking pasta, thereby remaining as a potential cause 

of illness. Commercial pasta production involves continuous dough mixing under vacuum, in which 

mixers are operated continuosly for days or weeks. 
 

Dough buildup in vacuum mixers is known to create a good environment for growth of and toxin 

production by S. aureus. In one case, A. flavus was found to have grown and produced aflatoxin in 

dough buildups. Once-daily elimination of the dough buildup has been validated to eliminate both 

of these potential foodborne hazards during continuous production periods of up to 30 days. 
 

Many outbreaks of illnesses caused by Bacillus cereus have been associated with consumption of 

fried rice. In these cases, rice was cooked and then stored at ambient temperature up to 24 h before 

being prepared and served as fried rice. Under these conditions, B. cereus can grow rapidly and 

produce a heat-stable emetic toxin. This potential hazard can be eliminated simply by storing the 

cooked rice at refrigeration temperatures before frying. In 2005 an outbreak of salmonellisis was 

associated with the consumption of cake batter ice cream. Since other ice cream flavours produced 

by the same manufacturer were not involved in reported cases, it was thought that some component 

of the cake batter may have been responsible for the illnesses. The cake batter had not been baked 

or pasteurized before its addition to the ice cream mix. As a result, the US FDA issued a warning 

against the use of atypical uncooked ingredients in ready-to-eat foods (Food Microbiology, 2007a). 
 

6. REGULATIONS FOR MYCOTOXINS IN GRAINS, FOODS, AND ANIMAL 

FEEDS 
 

According to the World Food and Nutrition Division in the United Nation Food and Agriculture 

Organization (FAO), at least 77 countries have been developed specific regulations for mycotoxins 

in grains, foods, and animal feeds, but the developed specific regulations for each country showed 
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diversity specially in mycotoxins acceptable limits. Food and Agriculture Organization (FAO), and 

World Health Organization (WHO) carried the responsibility for mycotoxins acceptable limits 

worldwide harmonization. International regulations of mycotoxins in grains, foods and animal feeds 

were published in years from 1980s to 1990s, which covered sampling protocols, standard 

mycotoxins assay methods, acceptable limits of each mycotoxin in grains, foods, and animal feed, 

tolerable daily intake of each mycotoxin for both human and animals (Menkovska, 2011). The 

nature, sources, detection and regulations of mycotoxins that contaminate foods and feeds are 

described in detail by Osama and Menkovska (2019). 

 

7. CONCLUSION 
 

The deterioration of the quality of cereals and cereal-based products may occure at any stage of the 

food chain from the primary production, processing and storage to distribution and consumtion. 

Therefore, it is necessary to introduce a proper control as a prevention, a preventive quality systems 

according to the accepted food safety standards, as well as application of the quality managing, 

including the following measures: Mold contamination and developing in cereals and animal feed 

to be prevented with a coordinated action by the all participants at the primary production, harvest, 

drying, storage, distribution, processing and control of their quality.  

 
The frequency data of mould occurrence and concentration to be recorded and to be related to the 

toxicological data, enabling a risk assessment for humans and animals to be made in order for 

regulated limits to be established. New technologies and procedures for processed cereals are to be 

introduced in order negative effects of creation of some new mycotoxin species to be avoid.  

 
The interactive effects of naturally occurring mixtures of mycotoxins, e.g. Aflatoxins and Fuzarium 

toxins, are poorly understood and may be of much greater significance to human and animal health 

than is yet realized.  

 
New, sophisticated methods for mycotoxin detection, chemical and biolocical methods is  necessary 

to be introduced, as well as fast analytical procedures at the all stages of the food chain. 
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Abstract: This paper explores the agri-food sector in Albania, focusing on the country's agricultural potential, 

the challenges faced by its farmers, and the role of wine production in Albaniaôs economy. Special attention is 

given to the growing interest in wine quality and the factors influencing its improvement. Challenges such as 

climate change, limited technological advancements, and insufficient infrastructure are discussed, alongside 

opportunities for growth through innovation, international market expansion, and improved agricultural 

practices. Special attention is given to the role of sustainability in promoting eco-friendly practices and ensuring 

the long-term viability of both viticulture and the broader agri-food sector. The paper concludes with an analysis 

of the prospects of Albanian agriculture and wine as part of the broader socio-economic and environmental 

sustainability strategies, including the impact of European Union integration and market expansion. Our study 

included 11 samples of domestically produced wine, and one imported wine purchased from the market. Eight 

of them were red wines, while three were white. The basic components, pH, expressed acidity and the content 

of polyphenols were analyzed using the Folin Ciocalteuôs method and total anthocyanins (with the difference 

in colours at different pH). The results show that their pH ranges from 3.24 to 3.72, acidity from 4.15 to 6.60, 

and total polyphenols from 0.160 g L-1 (white wine) to 2.069 g L-1 (Vranac red wine). The concentration of 

anthocyanins ranged from 24.4 mg L-1 for W6 (Cabernet sauvignon) to 86.1 mg L-1 for imported wine. 

 

Key words: Total polyphenols, Agri-food, Autochthonous wines, Agriculture, Anthocyanins 

 

1. INTRODUCTION 
 

Albania's viticultural tradition is deeply rooted in its ancient past. The Illyrians, who inhabited the 

region as early as the 8th century BC, were among the first to cultivate grapes for winemaking. 

Despite this long-standing heritage, the wine industry faced significant setbacks during the 20th 

century due to political upheaval and economic challenges. The fall of communism in the early 

1990s marked a turning point, allowing for a gradual revival of traditional practices and a shift 

towards quality production (Decanter, 2023, Wikipedia, 2023). 

 

Today, Albania boasts approximately 8.400 hectares of vineyards, with an annual production of 

around 3 million Liters of wine (Seven Fifty Daily, 2023; Euronews, 2023). The primary grape 

varieties cultivated include indigenous types such as Shesh and Zi and Shesh and Bardh±, alongside 

international varieties like Cabernet Sauvignon and Merlot. The Ministry of Agriculture reports that 

about 46% of Albanian wine is exported, primarily to European markets (Seven Fifty Daily, 2023; 

Euronews, 2023). The quality of Albanian wines has gained increasing recognition in recent years, 

thanks to a blend of modern winemaking techniques and a deep respect for traditional methods. 

Wine experts and connoisseurs are beginning to take note of Albania's potential as a premier wine 

destination, with a growing number of wineries gaining international acclaim for the quality and 

uniqueness of their products. Traditional winemaking in Albania is still largely carried out using 

artisanal methods, passed down through generations. Many Albanian winemakers emphasize 

sustainable farming practices, using minimal intervention techniques in the vineyard and the winery. 
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This focus on tradition, combined with modern winemaking practices, results in wines of 

exceptional quality, with a unique taste profile that speaks to the landôs history and culture. 

 

In regions like Berat, Shkodra, and Fier, local wineries have become famous for producing wines 

that reflect the character of the local soil and climate. The quality of Albanian wines has steadily 

gained international recognition, and several wineries have begun to win awards in prestigious wine 

competitions. These wines are an essential part of the countryôs agri-food identity and provide a 

significant contribution to the local economy. Wine consumption in Albania is dominated by 

domestic production - imports account for less than 1/10 of domestic supply (FAOSTAT, 2018; 

INSTAT, 2017; UNSTAT, 2018). 

 

In the case of wine, the preference for domestic wine is not dominant compared to imported wine, 

however, according to a study (Zhllima et al., 2012), there is a potential ñnicheò market for Albanian 

wine, and consumer groups that are willing to pay higher prices have been identified. Consumers 

have declared a preference for wine from several regions such as P±rmet, Vlora and Lezha, where 

there is also a tradition of grape production and processing (Imami et al., 2015). 

 

There are about 80 - 100 wineries in Albania. The highest concentration is in the Durr±s region, 

followed by Vlora. Wineries in Albania can be divided into three groups: (i) medium and large 

wineries - that produce high-quality wine; (ii) wineries - typically larger - that produce large 

quantities of standard/table wine and to a small extent selected and aged 12-24 months wine, and 

(iii) wineries - typically smaller - that produce standard table wine with little or no aging for 

immediate consumption (Skreli and Imami, 2019). 

 

This paper aims to explore the current state of agri-food in Albania and assess the factors that 

contribute to the quality of Albanian wines. Additionally, it addresses the challenges and 

opportunities within the sector and how these may shape Albania's future.  

 

Challenges Facing the Agri-Food Sector 

Despite its rich agricultural resources, Albania faces several challenges: 

 

¶ Outdated Farming Practices: Many small farmers still rely on traditional, low-

productivity farming methods. 

¶ Infrastructure Issues: Poor road networks, limited access to irrigation, and inadequate 

storage facilities impact the efficiency of agricultural production. 

¶ Climate Change: Increased temperatures and unpredictable rainfall patterns affect crop 

yields. 

¶ Market Access: Although there is a growing demand for Albanian agri-food products in 

international markets, many farmers lack the ability to access these markets due to quality 

standards and insufficient promotion. 

¶ Regulatory Framework: Although recent legislation aims to establish Protected 

Designation of Origin (PDO) and Protected Geographical Indication (PGI) statuses for 

Albanian wines, implementation remains a challenge (Decanter, 2023; Euronews, 2023).  

 

The characteristic composition of wine originates from the quality of raw materials such as grapes, 

regimes of alcoholic fermentation, and ageing conditions (Lingua et al., 2016, Guti®rrez et al., 2021). 

The quality of a wine is determined by various parameters such as alcoholic concentration, 

polyphenolic composition, density, colour, acidity, aroma, astringency, bitterness, and flavors 

(Guti®rrez et al., 2021; Wen et al., 2014). To evaluate the quality of Albanian wines, we measured 

the pH, titratable acidity, and total polyphenols for ten indigenous wines, as well as anthocyanins 

only for red wines, and compared them to one imported wine.  

 



 

67 

 

This paper aims to explore the current state of agri-food in Albania and assess the factors that 

contribute to the quality of Albanian wines. Additionally, it addresses the challenges and 

opportunities within the sector and how these may shape Albaniaôs future. 

 

2. MATERIAL AND METHODS 
 

For research is included eleven wine samples were collected, ten of which were indigenous wines 

aged 1-4 years, and one was an imported wine purchased from the market to compare to our wines. 

Eight of them were red wines, while three were white. The data of the samples are given in Table 1. 

 

Table 1. General characteristics of the wine samples 

Nr. (cod) Brand Variety Packaging  

W1 M1 Spätburgunder 0.75L Glass 

W2 M2 Kabernet  0.75L Glass 

W3 M2 Merlot 0.75L Glass 

W4 M3 Shesh and Bardhë 0.75L Glass 

W5 M3 Shesh and Zi 0.75L Glass 

W6 M4 Vranac 1L Glass 

W7 M4 Resling  1L Glass 

W8 M5 Shesh and Bardhë 0.75L Glass 

W9 M5 Kabernet sauvignon 0.75L  

W10 M6 Shesh and Zi (Brusco) Tetra Pac 3L  

W11 Artisanal Red wine  0.75L Glass 

 
2.1. Determination of pH and titratable acid (TA)  

 

The titratable acidity (TA) and pH for each sample were determined using a Denver pHmeter. 

Titratable acidity was determined by diluting a 10ml aliquot of each wine with 90ml of distilled 

water and then titrating the sample with 0.1N NaOH to a pH of 8.1.  

 

2.2. Determination of total polyphenols  

 

Polyphenol determination was performed according to the method presented by Singleton (1999) 

and the results are presented as mg gallic acid/l by using a SPECORD 40 spectrophotometer. In a 

100 ml volumetric flask, 0.5 g of dry gallic acid were dissolved in 10 ml of ethanol and then diluted 

them to volume with water (Gallic Acid Stock Solution). To prepare a calibration curve, we added 

0, 1, 2, 3, 5, and 10 m L-1 of the above phenol stock solution into 100 mL volumetric flasks and then 

diluted them to volume with water. These solutions had phenol concentrations of 0, 50, 100, 150, 

250, and 500 mg L-1 gallic acid, the effective range of the assay.   

 

2.3. Determination of anthocyanins 

 

The total monomeric anthocyanin content in the wine samples was determined by using the pH-

differential method described by Guisti and Wrolstad (2003). Anthocyanins have a maximum 

absorbance at the wavelength of 520 nm and at the pH of 1.0. The coloured oxonium form 

predominates at pH 1.0, and the colourless hemiketal form at pH 4.5. The pH-differential method is 

based on this reaction and permits an accurate and rapid measurement of the total monomeric 

anthocyanins (Margaret et al., 2006). The spectrophotometric absorbances of the wine at 520 nm 

and 700 nm for both pH levels, were determined using a 1 mm cuvette and by using a SPECORD 

40 spectrophotometer. 
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3. RESULTS AND DISCUSSION 
 

The results for pH and the titratable acidity (TA) for eleven analyzed wines are presented in Figure 

1. The pH values range from 3.17 for W7 to 3.72 obtained for Brusco wine. The changes in the TA 

values are more visible. The minimum value obtained for W1 (import wine) and the highest value, 

very different from the other samples, was found for W11, which is an artisanal and unlabeled wine. 

 

 
Figure 1. Value for pH and TA (the titratable acidity) for 11 analysed wines 

 
According to the literature, the lower the pH, the higher the acidity in wine. There is no direct 

correlation between total acidity and pH (it is possible to find wines with a high pH for wine and 

high acidity) (Beelman and Gallander, 1979). 

 

3.1. Polyphenols 

 

Polyphenols have been reported to have antioxidant, anti-aging, anti-inflammation, anti-obesity, 

cardioprotective, neuroprotective, antibacterial, antiviral, antifungal, antiproliferative, anti-

inflammatory, anti-allergic, anti-hypertensive and antithrombotic properties, and positive effects on 

human microbiota composition and functionality (Vecchio et al., 2017; Visioli et al., 2020; 

Fern§ndez-Mar et al., 2012; Poulsen et al., 2013). 

 

Figure 2 presents the polyphenol values obtained from measurements in the 1 L wines studied, 

expressed in mg AGE L-1. The polyphenol values for white wines range from 159.5 mg L-1 to 218.8 

mg L-1, while for red wines from 1014.2 mg L-1 for artisanal wines to 2069.5 mg L-1 for W6 (Vranac). 

 

 
Figure 2. Value of total polyphenols for studied wines 

 

It is important to remember that during the winemaking process, red wines come into contact with 

every part of the grape. For this reason, their polyphenol concentration is higher (1-5 g L-1) than in 

white wines (0.2-0.5 g L-1), the contents of which are primarily derived from the pulp, as the types 

and proportions of polyphenols are different in the pulp, skin, and seeds of grapes (Visioli et al., 

2020). 
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Polyphenolic composition varies among different wines according to the type of grape used, 

vivification process used, type of yeast that participates in the fermentation, and whether grape solids 

are present in the maceration process. When the same type of grape is involved, phenolic content 

may differ depending on the type of soil, weather variations (temperature, rain and humidity) and 

other biological effects (fungi, insecticides and fertilizers) (Alvarez et al., 2000). 

 

3.2. Anthocyanins 

 

Anthocyanins are responsible for most of the red, blue, and purple colors of fruits, vegetables, 

flowers, and other plant tissues of the products. In addition to their direct role in the color, 

anthocyanins also contribute to the taste and chemical characteristics of the wine because of their 

interactions with other molecules such as colorless phenols, polysaccharides, metals, and 

anthocyanins themselves (Visioli et al., 2020, Fern§ndez-Mar et al., 2012). The color components 

of the wine are important parameters that contribute to sensory characteristics (color and 

astringency) and the antioxidant properties of the wine (Poulsen et al., 2013). With aging, the 

monomeric anthocyanins are thought to be gradually incorporated into polymeric pigments, and this 

confers color stability of the wine. The data for monomeric anthocyanin pigment are shown in Figure 

3.  

 

 
Figure 3. Value of monomeric anthocyanin pigment for 8 red wines 

 

This high concentration of phenolic chemicals helps define the sensory qualities of the grape juices, 

including color, flavor, and taste. Food additives and nutritional goods made from grapes have 

become widely available in the global market in recent years, but we must remember that consumers 

look for both the nutritional products' qualities and their palatability. 

 

3.3. The effect of climate change in chemical properties of wine  

 

Many internal and external factors have proved to significantly affect the concentration of phenolic 

compounds. It is possible to distinguish three decisive levels in which phenolic compounds may be 

modulated: (i) vineyard; (ii) winemaking; and (iii) wine storage. A higher concentration of phenolic 

compounds was exhibited in varieties grown in a climate of long winters with low temperatures and 

possible snowfall (Guti®rrez et al., 2021). The amount and composition of anthocyanins in red wine 

grapes vary greatly in species, cultivar, maturity, season, region, and yield (Mazza, 1995). The 

stability of these anthocyanidins depends on various factors such as the pH, storage temperature, 

and raw materials used during processing (Nemzer et al., 2022). 

 

Climate change is having profound effects on the chemical properties of wine, influencing 

everything from grape composition to the final product's sensory characteristics. Warmer 

temperatures lead to higher sugar accumulation in grapes as photosynthesis rates increase. This 

results in wines with higher alcohol content, as yeasts convert these sugars into ethanol during 
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fermentation. Studies have shown that potential alcohol levels in grapes have increased by more 

than 2% by volume over recent decades due to rising temperatures (Leeumen and Darriet, 2020; 

Knowble Magazine, 2022). 

 

The composition of volatile aroma compounds is significantly influenced by temperature and water 

stress. Higher temperatures can enhance the production of certain aromatic compounds while 

inhibiting others. For example, terpenes responsible for floral notes may be reduced at elevated 

temperatures, while compounds associated with overripe fruit flavours may increase (de Ordun, 

2010; Knowble Magazine, 2022).  This shift can alter the overall aromatic profile of wines, making 

them taste more ñcookedò or overly ripe rather than fresh and vibrant (Knowble Magazine, 2022; 

BBC Future, 2022)  

 

As temperatures rise, the acidity of grapes tends to decrease. This is particularly evident with malic 

acid, which diminishes as grapes ripen in warmer conditions. A reduction in total acidity can lead to 

wines that taste flabby or less refreshing, as acidity provides balance and longevity to wine (de 

Ordun 2010; Leeumen and Darriet, 2020; Knowble Magazine, 2022). The pH levels of must (grape 

juice) have also been observed to rise, sometimes exceeding 4, which can further affect the wine's 

stability and aging potential (de Ordun, 2010). Water availability plays a crucial role in grape 

composition. Increased water stress due to changing rainfall patterns can lead to concentrated sugars 

but may also negatively affect the development of secondary metabolites that contribute to flavour 

complexity. For instance, some studies indicate that water-stressed vines produce grapes with lower 

levels of certain aroma precursors, which can diminish the wine's aromatic quality (Leeumen and 

Darriet, 2020; Knowble Magazine, 2022).  

 

As climate change alters growing seasons, harvest times shift earlier by approximately 10 days to 

two weeks. This change affects the chemical development of grapes. Early harvesting: While 

harvesting earlier may prevent grapes from becoming overly sweet due to high sugar concentrations, 

it risks missing the full development of secondary compounds that contribute to complexity and 

depth in wine (de Ordu¶a, 2010).  This creates a challenge for winemarkers seeking to balance 

sweetness with acidity and flavor complexity.  

 

4. CONCLUSION  
 

An important part of tourism in Albania are also agritourism experiences that connect visitors with 

traditions, local cuisine and rural life. The inland areas are characterized by landscapes filled with 

hills, olive groves and vineyards, making them ideal for agricultural activities; Agriculture serves 

as a base to present local gastronomy and fresh, seasonal and organic products, such as wine, citrus 

fruits and olive oil, allowing visitors to experience traditional Albanian cuisine on agritourism 

farms; Local wineries offer tastings and visits to explore the indigenous grape varieties of Albania. 
 

In line with the ongoing government initiatives, the focus of the ñ100% Albanianò initiative is the 

opening for the first time of a physical one-stop service where the best local products of Albania 

will be exhibited, promoting national heritage and supporting local economies. 
 

Partnerships with local farmers, artisans and producers will guarantee the authenticity and quality 

of the products offered in these stores. This platform will feature a variety of authentic Albanian 

products, including exclusive wines and innovative plant-based products. Capitalizing on 

Albaniaôs rich agricultural and cultural heritage, the ñ100% Albanianò initiative aims to become a 

key platform for the promotion and distribution of Albanian products worldwide, thus creating a 

sustainable and prosperous local economy. 
 

According to our findings, the chemical parameters examined in our wine samples are comparable 

to those found in the literature.  It is observed that significant differences in acidity values were 

found between certified and artisanal wine.  
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The chemical properties of wine are intricately linked to climate conditions. As climate change 

continues to influence temperature patterns, precipitation levels, and atmospheric CO2 

concentrations, winemakers must adapt their practices to maintain wine quality. Understanding 

these chemical changes is crucial for navigating the challenges posed by a warming world while 

preserving the unique characteristics that define different wine regions.  

 

Many farms that adapt their agricultural activity to agritourism will need to invest in on-farm 

processing lines. Potential tourists looking for an agritourism experience expect to taste the 

traditional food and cuisine that the farm has to offer. Thus, farms will need to invest in on-farm 

processing plants and machinery. Some of the investments include small wineries and wine tasting 

rooms. Traditional processed products are highly preferred by foreign tourists seeking agritourism 

experiences, as processed products can be served in restaurants, as well as sold directly to visitors 

(AASF and CBS, 2019). 

 

Thanks to its geographical position, number of sunny days, fertile soil and indigenous varieties, 

Albania has the potential to develop a competitive industry in the region and beyond, if 

investments are made in quality (including TGJ, EO) and the creation of the Made in Albania 

brand.  
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Abstract: Agriculture has long been the backbone of the economy of Bosnia and Herzegovina, due to its 
contribution to overall employment and ensuring food security for a large part of the population. Cereal production, 

especially wheat, forms the basis for providing food to the population, while corn production is crucial for livestock 

feed. It is anticipated that the impact of climate change on agricultural production will be largely negative, as water 

regimes change, and rising temperatures worsen existing challenges to agricultural productivity. In Bosnia and 

Herzegovina, floods pose the greatest threat to the community, but other natural disasters also cause significant 

damage to infrastructure, material assets, agriculture, and forests. 

 

Key words: Climate change, Drought, Wheat, Corn 
 

1. INTRODUCTION 
 

Bosnia and Herzegovina's ability to produce various agricultural products is attributed to its 

favorable agro-climatic conditions and the availability of agricultural land, which covers 46% of the 

country's territory. It is estimated that about 20.5% of the population is officially employed in this 

sector, with an average of 56% of those working in agriculture being women. Agricultural land in 

Bosnia and Herzegovina has not been used in accordance with the general societal interest for a long 

time, and significant areas of arable land remain uncultivated and abandoned. It is estimated that the 

total arable land in Bosnia and Herzegovina covers about one million hectares. Generally speaking, 

agricultural production in Bosnia and Herzegovina is characterized by extensive farming and is 

highly dependent on weather conditions. The characteristics of the agricultural sector include: low 

productivity, an unfavorable farm structure, insufficient and poor technological equipment, and a 

reliance on imports for most inputs needed for production, such as seed material, protective agents, 

mineral fertilizers, as well as equipment and agricultural machinery. Additionally, the agricultural 

sector in Bosnia and Herzegovina must focus on improving the quality and production of special 

(typical and traditional) high-value products, i.e., value-added products, in order to build sustainable 

competitive advantages. The structure of cultivated areas has not changed for many years. The 

largest share of total cultivated areas, 58%, is occupied by cereals, followed by forage crops at 26%, 

vegetables at around 15%, and industrial crops at just 1% (Miliĺ et al., 2019a). The potential of 

agricultural production in Bosnia and Herzegovina, reflected in favorable agro-climatic conditions, 

a wide variety of agricultural crops, high-quality agricultural land, good quality and traditional 

products, a large number of indigenous and original products, and the knowledge and efforts of 

agricultural producers, has not been anywhere near fully utilized relative to the available 

opportunities (Miliĺ et al., 2019b). 
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The projected rise in temperatures, combined with changes in precipitation amounts and evaporation 

rates, is likely to significantly negatively affect agricultural systems in Bosnia and Herzegovina, 

especially in the Mediterranean regions and the northern part of the country. Increasing variability 

in weather patterns has been observed in all seasons, including rapid changes between shorter 

periods (five to ten days) of extremely cold and warm weather conditions, so-called heat and cold 

waves, as well as periods with extremely heavy rainfall and droughts. These increased fluctuations 

in temperature and rainfall lead to a rise in the intensity and frequency of extreme weather events, 

often accompanied by storms and hail. There is also noticeable variability in weather conditions over 

short time intervals and small areas, along with worsening biometeorological conditions and clear 

consequences for agricultural production. The impact of climate change on crop production is 

reflected in the following indicators: prolonged changes in average air temperatures and 

precipitation levels; increased development of diseases, weeds, and pests; land degradation (erosion, 

nutrient leaching, reduced infiltration); extension of the growing season (positive impact); and 

shortening of the growing season (late spring and early autumn frost). Adaptation strategies to 

climate change will influence improved management of water resources and irrigation systems, the 

development of new agricultural systems suited for warmer and drier environments, and various 

improvements in local crop varieties aimed at maximizing agricultural production under drier 

conditions. 

 

The aim of the research is to analyze the impact of climate change on wheat production in Bosnia 

and Herzegovina from 2016 to 2023. 

 

2.  MATERIAL AND METHODS 
 

For the analysis of the impact of climate change on field crop production in Bosnia and Herzegovina, 

we used data from the meteorological institutes of the Republic of Srpska and the Federation of Bosnia 

and Herzegovina, the Third and Fourth National Reports of Bosnia and Herzegovina in accordance 

with the United Nations Framework Convention on Climate Change, as well as annual reports from 

the Ministry of Foreign Trade and Economic Relations of Bosnia and Herzegovina, the annual reports 

of the Ministry of Agriculture, Water Management, and Forestry of the Republic of Srpska, and the 

Statistics Institute of the Republic of Srpska and Bosnia and Herzegovina. The collected data was 

processed both in tabular and graphical form. 

 

3.  RESULTS AND DISCUSSION 
3.1. Climate and Climate Change in Bosnia and Herzegovina 

 

In Bosnia and Herzegovina, three dominant climates prevail (mountain and mountain-continental; 

continental; Mediterranean and modified Mediterranean) conditioned by geographic location, 

geological substrate, relief, vegetation cover, and proximity to the Adriatic Sea (Trbiĺ et al., 2010; 

Bajiĺ and Trbiĺ, 2016). 

 

Continental and moderately continental climates dominate the northern regions of Bosnia and the 

valleys of the middle reaches of the Una, Sana, Vrbas, Bosnia, and Drina rivers. Average annual 

temperatures are relatively high, ranging from 9.6 ÁC to 11.4 ÁC, with pronounced seasons. The 

highest rainfall (between 1000 and 1500 mm) occurs in the northwestern areas, while the lowest 

amounts (below 800 mm) are recorded around Bijeljina, Oraġje, and Ġamac (SNC, 2022).  

 

The mountain and mountain-valley climate covers the hilly-mountain region of Bosnia and 

Herzegovina, which spreads from the northern border to the southern boundary, represented by a 

line from Posuġje and the southern slopes of Ļabulja, Veleģ, and Bjelaġnica to Bileĺa. This area is 

under the influence of Central European continental climate from the north and Mediterranean 

climate from the south. Average annual temperatures range from 1.2 ÁC to 11.6 ÁC. The spatial 

distribution of annual rainfall is uneven due to the complex terrain. High mountain ridges with strong 
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air currents receive large annual rainfall amounts, ranging from 1500 to 2300 mm, while sheltered 

river valleys and basins have much less, ranging from 700 to 800 mm (SNC, 2022). 

 

The Mediterranean and modified Mediterranean climates are found in the southwest of the country, 

in the region of Herzegovina. Due to its proximity to the Adriatic Sea and its direct influence on 

climate characteristics, this area has maritime climate features. Average annual temperatures are 

relatively high, ranging from 12.8 ÁC to 15.2 ÁC. Rainfall in this area is unevenly distributed, both 

seasonally and spatially. The lowest amount of rainfall is in Ļapljina with 1070 mm, while the 

highest is in Vrbanj (Orjen) with 3347 mm (SNC, 2022). 

 

The thermal regime and climatic characteristics of Bosnia and Herzegovina are influenced by the 

Azores anticyclone, which causes stable and, in summer, warm weather, and the Icelandic cyclone, 

which brings precipitation. During winter, the influence of the Siberian anticyclone is sometimes 

recorded, bringing cold and mostly dry weather, while in summer, there is also the effect of an 

anticyclone of Saharan or Mediterranean origin, which results in extremely hot and dry conditions 

(Trbiĺ and Bajiĺ, 2011). 

 

The average annual precipitation in Bosnia and Herzegovina is around 1250 mm, which is about 

25% higher than the European average. When water resources are measured per capita, the ratio is 

even more favorable for Bosnia and Herzegovina: they are 2.5 times greater than the European 

average. Runoff is 57%, but these water quantities are not evenly distributed, both spatially and 

temporally. For example, the average annual runoff in the Sava River Basin (Danube sub-basin), 

which covers 75.7% of Bosnia and Herzegovina's territory, is 62.5%, while runoff to the Adriatic 

Sea basin, covering 24.3%, is 37.5% (SNC, 2016). 

 

The effect of the greenhouse effect and global warming on the climate of Bosnia and Herzegovina 

is becoming more evident. The extremity of climate events is increasing to alarming levels. The best 

example is the period from 2010 to 2020, during which five extremely dry and two extremely rainy 

years were recorded. In the written meteorological history of Bosnia and Herzegovina, the year 2011 

will be remembered as the driest. In contrast, the year 2014 saw enormous amounts of rainfall in 

May, leading to catastrophic floods in Bosnia and Herzegovina and the region. The highest average 

annual temperature was recorded in 2014. For the first time in recorded climate data, three 

consecutive extremely dry years occurred. In 2010, higher-than-average temperatures were recorded 

compared to the long-term average, but precipitation was significantly above the average, with 

rainfall distributed evenly during the growing season. The weather during the drought years of 2011, 

2012, and 2013 significantly impacted crop yields for most field crops (Vukoviĺ, 2016).  

 

The average annual air temperatures in 2016 were significantly above the long-term period average 

values (1961-1990) throughout Bosnia and Herzegovina, ranging from 10.4 ÁC to 16.7 ÁC. In 

mountain areas, temperatures ranged from 2.2 ÁC to 8.3 ÁC. Total rainfall in 2016 ranged from 842.3 

mm to 1519.6 mm. Unlike previous years, during 2016, there were no extreme weather events that 

caused significant material damage or endangered human lives. The winter of 2015/2016 was one 

of the warmest ever. Early in the year, there were abundant snowfalls, especially in the north and 

west, where snow depths reached nearly half a meter. Spring was variable with frequent rains, and 

the late spring frost at the end of April caused significant damage to fruit crops. In the east, there 

was no strong frost, but snow fell, which also caused damage. Summer was variable with frequent 

rain, and there were also heavy rainfalls. Unlike previous years, there were no major heatwaves, 

with temperatures not exceeding 40 degrees Celsius. In the south and east, heavy rainfall occurred, 

while in other areas, it was slightly below average. December was very dry and cold, one of the 

driest ever. In many areas, especially in the plains, where fog often lingered, it was the coldest 

December in the last ten years. 
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Average annual temperatures in 2017 were significantly above the long-term period average values 

(1961-1990). Air temperatures ranged from 10.4 ÁC to 16.0 ÁC. In mountainous areas, temperatures 

varied from 1.8 ÁC to 8.2 ÁC. Total rainfall in 2017 ranged from 825.4 mm to 1522.6 mm. December 

and September were the months with the most rainfall during 2017, while August had the least. In 

the mountainous areas, the highest snow depth was recorded on Bjelaġnica at 113 cm. Average 

annual temperatures in 2018 were significantly above the long-term period average values (1961-

1990), ranging from 11.1 ÁC in the plains to 17.6 ÁC in Neum, while in the mountains, temperatures 

ranged from 2.6 ÁC to 8.8 ÁC. According to the distribution of percentiles, the temperature conditions 

in 2018 were classified as extremely warm. Total rainfall in 2018 ranged from 775.1 mm to 1474.9 

mm. March and February had the highest rainfall, while September had the lowest. In Mostar, the 

lowest monthly rainfall in September was 6.7 mm, while in March, it was 305.7 mm, the highest 

monthly total in 2018. The highest snow depth was recorded in Bihaĺ at 107 cm, and in the 

mountainous areas on Bjelaġnica, the highest snow depth was 219 cm. 

 

Average annual temperatures in 2019 were significantly above the long-term period average values 

(1961-1990), ranging from 10.9 ÁC to 17.3 ÁC, while in the mountains, they ranged from 2.4 ÁC to 

8.8 ÁC. Total rainfall in 2019 ranged from 843.5 mm to 1557 mm. February and October were the 

months with the least rainfall. The greatest monthly rainfall in northern and central areas was 

recorded in May, while in southern areas, it was in November. In lower areas, the highest snow depth 

ranged from 46 cm, while in the mountains, it reached up to 220 cm. 

 

Average annual temperatures in 2020 were significantly above the long-term period average values 

(1961-1990), ranging from 10.7 ÁC to 17.1 ÁC, while in the mountains, they ranged from 2.6 ÁC to 

8.7 ÁC. The number of hot days was higher than the average for the period 1961-1990, ranging from 

35 at Ivan-sedlo to 130 in Mostar. Total rainfall in 2020 ranged from 776.8 mm to 1448.0 mm. The 

highest snow depth ranged from 33 cm in lower areas to 74 cm in mountainous regions. 

 

Average annual temperatures in 2021 were slightly above the long-term period average values for 

the period (1991-2020), ranging from 10.5 ÁC to 17.1 ÁC, while in the mountains, they ranged from 

1.9 ÁC to 8.3 ÁC. Total rainfall in 2021 ranged from 760 mm to 1542 mm. June had the lowest 

monthly rainfall in most of Bosnia and Herzegovina, while the highest monthly totals were recorded 

in November. The highest snow depth in lower areas ranged from 39 cm to 243 cm in the mountains 

(Bjelaġnica). 

 

Average annual temperatures in 2022 ranged from 11.2 ÁC to 17.1 ÁC, and in the mountains, from 

2.6 ÁC to 9.1 ÁC. Total rainfall in 2022 ranged from 671 mm to 1205 mm. October had the lowest 

monthly rainfall in most of Bosnia and Herzegovina, while the highest monthly rainfall was recorded 

in November. The greatest snow depth ranged from 18 cm in plains areas to 211 cm in the mountains 

(Bjelaġnica). 

 

Average annual temperatures in 2023 were significantly above the long-term period average values 

for the period (1991-2020), ranging from 11.2 ÁC to 17.7 ÁC in lower areas, and from 2.7ÁC to 9.3ÁC 

in the mountains. Total rainfall in 2023 ranged from 885.5 mm to 1851.8 mm. July had the lowest 

monthly rainfall at most stations, while the greatest monthly rainfall occurred in November. The 

highest snow depth was 37 cm in lower areas, and in mountainous regions, the greatest snow depth 

was 187 cm. 

 

3.2. Cereal production in Bosnia and Herzegovina 

 

The average area of arable land used in the Federation of Bosnia and Herzegovina over a ten-year 

period was 194.000 ha, or 48.6% of the total arable land, while more than half, or 205.000 ha, 

remained as fallow or uncultivated land. In the Republic of Srpska, the situation was somewhat 

better, with the average area of cultivated land amounting to around 324.000 ha, or 55.4%, while 
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44.6%, or 261.000 ha, remained unused (MSTEO Bosnia and Herzegovina, 2023). The average 

cultivated area in the District is around 30.000 hectares, with about 48% of this land sown, 30% 

fallow, and 22% uncultivated arable land. The cropping structure on cultivated agricultural land has 

remained relatively unchanged for many years, with cereals occupying the largest share of sown 

land. Cereal production is one of the most important segments of agricultural production and 

essential for the food security of the population. The importance of cereals in Bosnia and 

Herzegovina's production is evident from the fact that during the observed ten-year period, cereals 

were sown on an area of about 306.000 hectares on average, which represents 55-60% of the total 

sown arable land. The cultivation of spring cereals is very important for the hilly-mountainous areas 

(Bogdanoviĺ et al., 2001). An increase in the area planted with spring cereals and buckwheat would 

contribute to increasing the amount of bread grains for human and livestock consumption 

(Bogdanoviĺ and Miliĺ, 2005, 2007). Domestic cereal production ranges from 1.200.000 to 

1.400.000 tons. 
 

 
Figure 1. Structure of agricultural land in Bosnia and Herzegovina 

 

The sowing structure on used agricultural land has remained unchanged for a long period, with 

cereals having the largest share of sown areas, amounting to 58%, followed by forage crops at 26%, 

vegetables at 14%, and industrial crops at around 2%. Cereal production represents one of the most 

important segments of agricultural production, as well as in the overall structure of field crop 

production, since it forms the foundation of food security for the population. In 2016, the harvested 

area for cereals was around 321.000 hectares, with maize (60%) and wheat (22%) having the largest 

share of the harvested cereal areas. During the autumn sowing of 2016, 99.307 hectares were sown 

with cereals, of which 65.181 hectares were winter wheat and 34.048 hectares were other winter 

cereals. Domestic cereal production ranges between 1.200.000 and 1.400.000 tons. Maize is the 

number one field crop in Republika Srpska, as over 40% of the sowing area is planted with maize 

each year, followed by around 44.000 hectares of wheat and between 25.000 and 30.000 hectares of 

other cereals. In 2016, maize production reached 880.998 tons, which is 57% more than the previous 

year's production, while wheat production was 194.311 tons, 52% more. Rye increased by 35%, 

triticale by 34%, barley by 28%, and oats by 15.5%. In the Federation, maize also occupies the 

largest sown areas, around 50.000 hectares, with a production of about 200.000 tons. Maize 

production is most widespread in the Federation. In 2016, production reached 243.760 tons, which 

is 30% more than the previous year. Wheat is in second place with an average of 20.000 hectares 

sown and an average production of 50 to 70 thousand tons. Wheat production in 2016 was 86.732 

tons, a 20.6% increase over 2015. In addition, there was also an increase in the production of other 

cereals, with rye up by 22.1%, barley by 10.4%, and oats by 15.6% compared to the previous year. 

In the Brļko District of Bosnia and Herzegovina, maize production was 54.488 tons, wheat 6.210 

tons, barley 888 tons, triticale 324 tons, and oats 732 tons. 

 

The stability of agricultural production and the level of cereal yields in Bosnia and Herzegovina 

largely depend on weather conditions. As a result of climate change over the past 10 years, seven 

years were marked as drought years, with some years, such as 2008, 2010, and 2012, being extremely 

dry. In 2014, catastrophic floods occurred, causing significant damage to agricultural production and 
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producers, reducing overall yields and product quality. Maize production contributes the most to the 

total cereal production. The unfavorable weather conditions during 2008, 2010, 2012, and 2014 

negatively impacted maize production and yield, which also affected overall cereal production. In 

2016, maize was sown on 193.000 hectares, and thanks to favorable weather conditions and good 

rainfall distribution, production reached 1.178.423 tons, a 50% increase compared to the previous 

year. Maize production was also higher compared to the long-term period average values, which is 

around 814.000 tons. The maize yield was 6.1 tons per hectare, 49% higher than the previous year's 

yield. In addition to maize, other cereals also recorded higher production, with wheat increasing by 

44%, rye by 27%, barley by 22%, oats by 19%, triticale by 31%, and buckwheat by 9%. As for the 

marketing of the produced cereals and their final use, most of the grain is sold to mills for flour 

milling and animal feed production or used for livestock feed on the producers' farms. 

 

Climatic conditions such as temperature, precipitation, humidity, insulation, and wind play a key 

role in the physiological processes of plants and phenophases in the plant life cycle, as well as in 

determining the limits of plant species distribution and their communities (Popov et al., 2019; Popov 

et al., 2021), which also reflects in the average yield that varies from year to year. Rapid 

anthropogenic climate changes affect the plant world and ecosystems through changes in average 

climatic conditions and variability in climatic extremes (Malhi et al., 2020). 

 

 
Figure 2. Areas and average grain yields in 2016. 

 

According to statistical data for 2017, in Bosnia and Herzegovina, about 60% of the sown areas were 

planted with cereals, 24% with forage crops, 13% with vegetables, 2% with industrial crops, around 

1% with strawberries and raspberries, and 0.2% with aromatic, spice, and medicinal herbs. 

 

Adverse agro-climatic conditions in 2017 negatively affected plant production. In terms of yields, 

the year 2017 can be characterized as an extremely bad year, as there was a decrease in yields and 

overall production of field crops, vegetables, fruits, and grapes. The most significant negative impact 

of unfavorable weather conditions, particularly drought, was seen in maize crops. The yield of 3.7 

tons per hectare was 39% lower than the yield from the previous year. The lower maize yield per 

hectare also resulted in a 40% decrease in total maize production. In addition to the lack of moisture 

in the soil, which negatively impacted the formation and filling of the kernels and thus the yield, the 

drought caused problems with maize pollination and fertilization, leading to incomplete ear 

formation and poor grain quality. 

 

In the Republika Srpska, maize production in 2017 was 497.500 tons, a decrease of 44%. In the 

Federation, 157.385 tons of maize were produced, which is 86.375 tons or 35% less compared to 

the previous yearôs harvest. According to available data from relevant institutions, a 2% increase in 

maize production was recorded only in the Brļko District. 

 



 

79 

 

 
Figure 3. Areas and average grain yields in 2017. 

 

 
Figure 4. Areas and average grain yields in 2018. 

 

Favorable agro-ecological conditions in 2018 had a positive impact on plant production, making this 

year a good one, as both yields, and total production of most field crops increased. Extremely 

favorable conditions, with a good distribution and amount of rainfall, along with timely application 

of agrotechnical measures, contributed to a good maize yield of 6.6 tons per hectare, which resulted 

in record production (79% higher compared to 2017). This is the clearest indicator of how dependent 

agricultural production is on weather conditions. The areas planted with cereals depend on market 

demand as well as weather conditions during the autumn sowing period. In 2018, in addition to 

maize, there was an increase in rye production by 6.2% and barley by 3.6%, while oat production 

decreased by 1.7%. 

 

 
Figure 5. Areas and average grain yields in 2019. 
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Table 1. Total sown area and average yield of the most important cereals in Bosnia and 

Herzegovina 

 

Cereals 

2016 2017 2018 2019 

Surface 

area (ha) 

Average 
yield  

(t ha-1) 

Surface area 

(ha) 

Average 
yield  

(t ha-1) 

Surface area 

(ha) 

Average 
yield  

(t ha-1) 

Surface area 

(ha) 

Average 
yield  

(t ha-1) 

Wheat 71.303,49 4.3 70.423,17 4.1 72.878,75 4.0 69.676,05 3.8 

Rye 4.023,94 3.3 3.703,45 2.9 3.803 3.0 3.603,10 2.9 

Barley 25.764,67 3.0 21.201,11 3.6 21.961,11 3.6 20.683,89 3.6 

Oats 10.224,48 2.9 9.299,66 2.9 10.196,54 2.6 10.085,56 2.7 

Triticale 15.810,3 3.3 - - - - - - 

Grain corn 193.348 6.1 191.722,70 3.7 192.778,64 6.6 193.061,87 6.4 

Buckwheat 1.027,27 11 1.187 1.0 - - 618,33 1.2 

Total 321.502,15  297.537,09  301.618,04  297.728,8  

 

Cereals 

2020 2021 2022 2023 

Surface 
area (ha) 

Average 

yield  

(t ha-1) 

Surface area 
(ha) 

Average 

yield  

(t ha-1) 

Surface area 
(ha) 

Average 

yield 

 (t ha-1) 

Surface area 
(ha) 

Average 

yield 

 (t ha-1) 

Wheat 69.957,39 4.6 63.400,65 4.6 51.092 5.46 62.659 4.4 

Rye 3.534,84 3.1 3.359,64 2.8 - - 3.021 3.3 

Barley 21.644,39 4.1 21.500,28 3.6 20.436,8 4.03 15.596 3.4 

Oats 10.607,81 3.2 12.126,71 3.22 12.262,08 3.61 37.433 0.5 

Triticale - - - - 4.087,36 5.16 7.770 5.0 

Grain corn 200.895,21 7.1 198.472 4.5 116.489,76 8.33 183.950 5.7 

Buckwheat 813,12 3.8 815 1.2 - - - - 

Total 307.452,76  299.674,28  204.368  310.429  

      Ministry of Foreign Trade and Economic Relations of Bosnia and Herzegovina procesed data based 

on available statistical data and data from the competent entity ministries for agriculture. 

 

Maize is the dominant crop in total cereal production, accounting for 76%. Despite the decline in 

livestock production and the reduction in the number of animals, maize remains the most widely 

grown crop on arable land. The maize production for grain in 2020 amounted to 1.426.356 tons, 

which is 25% higher than the previous year. In 2020, maize was sown on an area of over 200.000 

hectares, achieving an average yield of 7.1 tons per hectare, which is 11% higher than the previous 

year. The increase in sown areas and higher yields per hectare, along with favorable climatic 

conditions, contributed to a record maize production in the last decade. The wheat crop in Bosnia 

and Herzegovina in 2020 amounted to 321.804 tons, which is 57.035 tons or 22% higher compared 

to the previous year. The increase in sown areas and favorable weather conditions that benefited 

wheat from sowing to grain filling and ripening, as well as adequate treatments, contributed to an 

increase in the wheat yield to 4.6 tons per hectare. Likewise, in 2020, in addition to wheat and maize, 

higher production and yields were also recorded for other cereals, including buckwheat (up by 75%), 

oats (up by 25%), barley (up by 19%), and rye (up by 5%). 
 

 
Figure 6. Areas and average grain yields in 2020. 
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Figure 7. Areas and average grain yields in 2021. 

 

The extremely dry period and high temperatures during the summer months of 2021, especially 

during the stages of grain formation and filling, negatively impacted the maize yield, which was 4.5 

tons per hectare, resulting in a lower overall maize production. The total maize production for grain 

in 2021 was 37% lower compared to the 2020 harvest. The wheat crop in Bosnia and Herzegovina 

in 2021 was 9% lower compared to 2020. Unfavorable autumn, low temperatures during spring, and 

high temperatures during the summer months led to poor yields, which directly affected the wheat 

harvest. In addition to wheat and maize, the production of other cereals also saw a decrease in yields, 

with production falling by 25% for buckwheat, 14% for rye, and 13% for barley. The only exception 

was oats, where production increased by 15%. 

 

In the structure of cereal-planted areas in 2022, approximately 57% was planted with corn, 25% 

with wheat, 10% with barley, 6% with oats, and 2% with triticale. Regarding the production of major 

cereal crops, 969.794 tons of corn, 278.711 tons of wheat, 82.279 tons of barley, 44.280 tons of oats, 

and 21.073 tons of triticale were produced. The production of oats increased by 13%, corn by 9%, 

barley by 6%, and triticale by 3%, while only the production of wheat decreased by 5% compared 

to the previous year. 

 

In 2023, in the structure of cereal production, corn for grain accounts for about 73% of total 

production, followed by wheat with a share of 19%, barley 4%, triticale 3%, and other cereals 2%. 

According to the Ministry of Agriculture, Forestry, and Water Management of the Republic of 

Srpska, the total area planted with the most important cereals in the 2022/2023 period is 188.080 

hectares, from which 1.073.794 tons of grain were produced. The leading crop is corn for grain with 

a production of 809.364 tons, followed by wheat with 213.015 tons, triticale ranked third with 38.850 

tons, oats with 9.065 tons, and rye with 3,500 tons. In the Federation of Bosnia and Herzegovina in 

2023, 215.227 tons of corn for grain, 57.578 tons of wheat, 21.758 tons of barley, 7.619 tons of oats, 

and 6.497 tons of rye were produced. Production increases were recorded for corn for grain (12%), 

while decreases were observed in other cereals, with wheat down by 33%, barley by 29%, oats by 

27%, and rye by 16%. In the Brļko District of Bosnia and Herzegovina, 21.092 tons of corn, 4.574 

tons of wheat, 2.587 tons of barley, 818 tons of oats, and 1.049 tons of other cereals were produced. 
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Figure 9. Areas and average grain yields in 2023. 

 

4. CONCLUSION 
 

The negative impact and damage caused by hail, drought, and extreme low and high temperatures 

cannot be ignored. Measures for climate change have still not been introduced into the agricultural 

sector because there are no developed or harmonized strategies for agriculture at the national, entity, 

regional, or local levels, let alone for mitigating the impact of climate change on this sector. 

Therefore, it can rightly be stated that awareness of climate change is underdeveloped, and the 

implemented measures and investments in this regard are ad hoc in nature, and likely only at the 

local level. Around 45% of agricultural land is hilly (300 to 700 meters above sea level), of average 

quality, and suitable for semi-intensive livestock farming. Mountainous areas (above 700 meters 

above sea level) make up an additional 35% of agricultural land. However, the high altitude, slope, 

and infertility of the land limit the use of this land. Less than 20% of agricultural land (half of the 

total arable land) is suitable for intensive agriculture, and it is mainly found in lowland areas in the 

northern part of the country, in river valleys. Bosnia and Herzegovina's wealth in water resources 

has been insufficiently utilized in agricultural production, and only recently, after extreme droughts, 

has investment in irrigation systems begun. 
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Abstract: Climate change poses significant challenges to crops, including wheat, a crucial crop to Greek 

agriculture. Rising temperatures, extreme weather, and altered precipitation patterns reduce wheat yield. A region 

in northern Greece, known for its diverse elevation and climate, was analyzed using data from eight meteorological 

stations (2006-2023) and 11 EURO-CORDEX models under the RCP4.5 scenario. When the calibrated CERES-

Wheat model was driven by the most suitable members, identified using the sRPI index, as compared to the 

whole ensemble, it improved predictions of wheat anthesis, maturity, and potential yield, thereby supporting 

adaptation strategies for sustainable wheat production. 

 
Key words: Ensemble model evaluation, Climate change, Wheat production, CERES-Wheat, Simulation 

scenarios, Greece 

 

1. INTRODUCTION 
 

Greek agriculture faces a significant challenge as a result of the severe impact of climate change on 

crop productivity and sustainability (IPCC, 2023). Wheat holds particular importance among the 

various kinds of crops cultivated in Greece. It is mainly grown in Thessaly, Macedonia, Thrace, and 

central Greece, areas known for their good climate and fertile soil (Koutsika et al., 2010). However, 

the production of wheat is being increasingly threatened by the effects of climate change (rising 

temperatures, extreme weather events, and alterations in precipitation patterns, etc.), which leads to 

reduced yields and compromised seed quality (Farooq et al., 2023). 

 

Climate model ensembles play a crucial role in evaluating climate change impacts with crop models, 

offering enhanced accuracy and reliability by balancing individual model errors. By integrating 

diverse scenarios and uncertainties, these ensembles provide a more comprehensive and objective 

assessment of future climatic conditions, enabling better predictions and informed strategies to 

mitigate the adverse effects of climate change on wheat production (e.g., Brunner et al., 2020; 

Merrifield et al., 2020). 

 

Nikou et al. (2024) highlighted the crucial role of selecting and evaluating climate model simulations 

to improve the accuracy of agronomic impact estimations using calibrated CERES-Wheat model in 

central Greece. According to standardized Root Mean Square Error index sRPI (Aschonitis et al., 

2019), an index that was used to rank climate model realizations of an ensemble based on statistical 

criteria, measuring deviations of temperature simulations from observations: (a) the top-performing 

models (these with sRPI Ó0.5) predicted anthesis dates within a range of 1.7-2.9 days, on average, 
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earlier than observations, while the low-performing models (these with sRPI <0.5) 10.3-11.9 days 

later and the full ensemble 4.8-5.2 days, on average, later; (b) for maturity dates, the top simulation 

runs provided more accurate predictions (within 0.6-1.6, on average, days earlier than observations), 

whereas low-performing models and the full ensemble predictions resulted in later (12.9 to 13.9 

days and 6.7 to 6.9 days, accordingly) predictions; and (c) yield predictions from the top-performing 

models deviated from  observations from +3.1% to +5.7% compared to the low-performing models 

that showed mean deviations within the range of +20.2% to +23.8% and the full ensemble indicating 

average errors by +13.6% to 14.4%. In conclusion, when CERES-Wheat model was driven by the 

most suitable climate models as compared to the whole ensemble, it produced more precise 

predictions of wheat anthesis, maturity, and potential yield in central Greece. 

 

The aim of this work is to study the value of member selection for assessing the impact of crop 

models on wheat production, by applying the same methodology in another region in northern 

Greece, a region also characterized by different altitudes and different climatic conditions. 
 

2. MATERIAL AND METHODS 
 

The study focuses on a region in northern Greece, due to its diverse elevation and climatic conditions, 

providing a comprehensive landscape for studying the impacts of climate change on wheat production. 

Data were collected from seven meteorological stations within this region (Figure 1). These stations 

provided daily observations of precipitation (mm), maximum and minimum air temperature (oC), while 

solar radiation data were provided from the Copernicus Atmosphere Monitoring Service (CAMS) 

(Guevara et al., 2021) for the period from December to June (i.e., the growing season) over 17 years 

(2006-2023). These stations are located at altitudes ranging from 349 to 768 meters above sea level. 

 

Additionally, simulated climate data were obtained from 11 Regional Climate Models (RCMs) of the 

EURO-CORDEX project, with a spatial resolution of approximately 12.5 km. The RCMs simulated 

climate conditions under the emission scenario RCP4.5 (Georgoulias et al., 2022). The consistency 

between the simulated and observed data was guaranteed by utilizing data from the grid cells that 

contained the meteorological stations (Figure 1). 

 

 
Figure 1. Study area with meteorological stations (red triangles).  

Their elevations and the respective EURO-CORDEX cells (red rectangles) are also shown. 

 

To select the most suitable climate model ensemble members, the methodology used by Nikou et al. 

(2024) was also adopted. Each of the 11 climate models in Table 1 was ranked using the sRPI. 
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Table 1. Performance of Regional Climate Model Simulations in two regions (in north and central 

Greece) (Top-performing models are highlighted in bold, while low-performing models are 

presented in regular fonts) 

Model Simulation 

sRPI 

(North 

Greece) 

sRPI 

(Central 

Greece) 

1 REMO2009__MPI-M-MPI-ESM-LR__r2 1.00 1.00 

2 REMO2009__MPI-M-MPI-ESM-LR__r1 0.92 0.98 

3 RCA4__MOHC-HadGEM2-ES 0.65 0.62 

4 RCA4__MPI-M-MPI-ESM-LR 0.53 0.60 

5 RACMO22E__MOHC-HadGEM2-ES 0.40 0.48 

6 ALADIN63__CNRM-CERFACS-CNRM-CM5 0.39 0.38 

7 CCLM4-8-17__ICHEC-EC-EARTH 0.39 0.55 

8 HIRHAM5__ICHEC-EC-EARTH 0.38 0.44 

9 RCA4__ICHEC-EC-EARTH 0.22 0.21 

10 RACMO22E__CNRM-CERFACS-CNRM-CM5 0.10 0.09 

11 RACMO22E__ICHEC-EC-EARTH 0.00 0.00 

 

The sRPI index evaluated model performance based on 12 statistical criteria, quantifying deviation 

of maximum and minimum air temperature simulations from observations (Table 2). Based on 

these evaluations, models were ranked and categorized into top (when sRPI Ó 0.5) and lower (when 

sRPI < 0.5) performing models (Table 1). 

 

Table 2. Statistical Criteria Used to Evaluate Climate Models 

Abbreviation Statistical Criterion 

d Index of Agreement 

NSE Coefficient of Efficiency (Nash-Sutcliffe efficiency) 

KGE Kling-Gupta efficiency 

VE Volumetric Efficiency 

AME Absolute Maximum Error 

MAE Mean Absolute Error 

MBE Mean Bias Error 

RMSE Root Mean Squared Error 

R4MS4E Fourth Root of the Mean Quadrupled Error 

RAE Relative Absolute Error 

RVE Relative Volume Error 

SSE Sum square error 

 

Regional agronomic data from Greek conditions were used to calibrate the CERES-Wheat model 

(Nikou and Mavromatis, 2023), a crop simulation model within the Decision Support System for 

Agrotechnology Transfer (DSSAT v. 4.7.5) (Hoogenboom et al., 2019). Crop simulated flowering 

and maturity dates, and potential yield were compared across top- and low- performing climate 

models, and the full ensemble to evaluate the benefits of selective model inclusion using a variety 

of statistical metrics. Three sowing dates (November 15, December 1, and December 16) were tested 

to evaluate climate models and determine whether altering sowing dates could mitigate the negative 

impacts of climate change on wheat production. 
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3. RESULTS AND DISCUSSION 
 

The effectiveness of 11 climate models across regions showed significant differences in their ability 

to simulate local temperature conditions, as suggested by the sRPI evaluation (Table 1). Models with 

sRPI values Ó 0.5 (top performers) consistently showed lower deviation from observed temperature 

data, compared with these with sRPI values < 0.5 (low performers), indicating greater accuracy and 

reliability. Except for CCLM4-8-17__ICHEC-EC-EARTH, the top performers in central Greece 

performed equally well in the north region (Table 1). Low performing models in one region also 

performed poorly, according to sRPI, in the second region. 

 

 
Figure 2. sRPI values in North Greece for Tmax, Tmin and  

for both (total sRPI = (sRPI Tmax+ sRPI Tmin)/2) 

 

Figure 2 shows sRPI values in North Greece for Tmax, Tmin and for both temperature extremes 

(total). sRPI values for Tmax sharply declined (only three climate models scored Ó 0.5) but also 

defined final (total) climate model ranking. In contrast, only three climate models scored < 0.5 for 

Tmin suggesting that climate models simulated better Tmin than Tmax. 

 

Crop simulated results, based on three sowing dates, highlighted several key findings. ɇhe top-

performing models predicted anthesis dates 2.9-5.6 days, on average (the medians are also shown in 

Figure 3), earlier than observations, while the low-performing models and the full ensemble 15.1-

17.5 and 8.4-9 days later, respectively. The best simulation runs predicted maturity 3-3.9 days earlier, 

on average, than observations, while the low-performing models and the full ensemble predictions 

resulted in later predictions (15.3-17.5 days and 8.5- 9.6 days, accordingly). Mean yield predictions 

from the top-performing models overestimated yields achieved with observed weather from 6.8 to 

9.1%, while the low-performing models overestimated by 8.1-10.4% and the full ensemble by 8.1-

9.1%. For top performing models, moving of grain filling (GF) period later in the season (by 7.3 

days, on average, from moving planting from Nov 15th to Dec 1st and by 4.3 days from Dec 1st to 

Dec 16th) and not the shorter GF period (it decreased by almost 2 days from Nov 15th to Dec 1st and 

by an extra day from Dec 1st to Dec 16th) caused average yield decrease by 3.3% from the former 

planting movement and an additional 2.8% from the latter, illustrating later planting is not an 

effective adaptation measure for this region. 
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Figure 3. Comparison of anthesis, maturity days (Julian dates), and potential yield 

(kg/ha), as derived from CERES-Wheat, for three different planting dates 

(November 15th, December 1st and 16th), for the rcp45 scenario, for the 

observations (Observed), the total (all), the best (top: sRPI Ó 0.5) and worst (low: 

sRPI < 0.5) simulation scenarios. The sample size (total n of growing seasons) for 

each category is also presented. 

 

4. CONCLUSIONS 
 

This study highlights the role of climate model selection in improving the accuracy of crop model 

predictions in northern Greece. In comparison to the results found in central Greece, there are some 

notable differences and similarities in results: (a) except for CCLM4-8-17__ICHEC-EC-EARTH, 

climate models that performed best in central Greece performed equally well in the north region. 

Low performing models in one region also performed poorly, according to sRPI, in the second 

region. This suggests that only a few models are regionally sensitive, but most are not; (b) when the 

calibrated CERES-Wheat model was driven by the most suitable climate models as compared to the 

whole ensemble, it produced more precise predictions of wheat anthesis, maturity, and potential 

yield, thereby supporting better adaptation planning. However, the larger benefits in anthesis (2.8-

6.1 days in the north vs 1.9-3.5 in the south) and maturity (4.6-6.6 days in the north vs 5.1-6.3 days 

in the south) predictions in north region were not translated accordingly in yield benefits (the yield 

improvement in north region was only 1.0-2.3% vs. 7.9-11.3% in the south). Future research should 

focus on investigating the role of climate model selection on additional adaptation strategies under 

historical and future climate conditions to address the ongoing challenges posed by climate change. 
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Abstract: Climate change has a major impact on all human activities. One of the most important is agriculture 

from the point of view of food production, as the starting point of survival on the globe. The negative 

consequences of climate change are reflected in increasingly pronounced droughts and catastrophic floods, and 

are also reflected in the increase in the frequency of these extremes. Multidisciplinary teams of engineers and 

scientists are engaged in the development of sustainable strategies, with the aim of increasing the resilience of 

agriculture to climate change. The application of renewable energy sources and artificial intelligence plays a 

significant role in the management of sustainable strategies for the protection and improvement of smart 

agriculture. Wind turbines and photovoltaic panels raised above agricultural land at an appropriate distance 

form a synergy of agricultural development and renewable energy. Their implementation in itself reduces the 

emission of greenhouse gases and contributes to mitigating climate change. At the same time, this energy can 

be used both in the system and locally for pumping water for irrigation. Hydropower and the construction of 

water acumulations also provide increased opportunities for solving droughts and floods and thereby improving 

and stabilizing agricultural production and higher resilience of agriculture to climate change. Agricultural 

residues can be used as a resource for renewable bioenergy. Artificial intelligence, supported by contemporary 

solutions of sensor technology, helps us in the optimal management of all these complex processes. This 

research also contains a positive case studies from international practice on the implementation of renewable 

energy sources and artificial intelligence and their concrete contribution to increasing the resilience of 

agriculture to climate change. 

 

Key words: Sustainability, Climate Change, Smart Agriculture, Renewable Energy, Artificial Intelligence. 

 

1. INTRODUCTION 
 

Addressing the challenges posed by the climate crisis is one of the most critical issues facing modern 

society. Agriculture, as one of the most vital economic sectors (Islam et al., 2024), is particularly 

vulnerable to the impacts of climate change, which manifest through reduced yields, soil 

degradation, extreme weather conditions, and food supply instability. To enhance the resilience of 

agriculture to these changes, it is essential to adopt innovative and sustainable strategies that 

integrate renewable energy sources and advanced technologies such as artificial intelligence (AI). 

 

The concept of ñsmart agricultureò is based on the integration of modern technologies that enable 

resource optimization, increased production efficiency, and reduced environmental impact. The use 

of renewable energy sources, such as solar and wind power (Kassem et al., 2024), contributes to the 

sustainability of production systems, while the implementation of AI provides real-time precision 

management of agricultural processes (Elufioye et al., 2024). The incorporation of sensor 

technology (Morchid et al., 2024) into agricultural practices facilitates the collection of data on soil 

https://doi.org/10.46793/MAK2025.090S
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conditions, weather patterns, and crop needs, enabling informed decision-making and mitigating the 

risk of losses. 

 

Sustainable agriculture in the era of climate change requires a holistic approach that combines 

ecological, technological, and social dimensions . The use of renewable energy not only reduces 

greenhouse gas emissions but also promotes energy independence in rural areas (Wang et al., 

2024a,b). On the other hand, AI offers the ability to forecast climate patterns, optimize irrigation, 

manage pests, and develop resilient crop varieties (Fuentes-Pe¶ailillo et al., 2024). This synergy of 

technologies has the potential to transform agriculture into a sustainable and adaptive system capable 

of addressing the challenges of the 21st century. 

 

This paper explores the possibilities of applying renewable energy and artificial intelligence as key 

components of a strategy to enhance agricultureôs resilience to climate change. The focus is on 

analyzing contemporary technological solutions, their implementation in agricultural practices, and 

their potential benefits for sustainability and economic development. Additionally, the paper 

examines the challenges and limitations of adopting these technologies, as well as the prospects for 

their broader application across diverse agroecological conditions. 

 

By combining scientific insights and practical examples, this study aims to contribute to the 

development of sustainable agricultural models that ensure food security and the preservation of 

natural resources in the context of global climate change. 

 

2. METHODOLOGY 
 

This manuscript summarizes the results of the latest research in the field of agriculture resilience to 

climate change by renewable energy and artificial intelligence implementation. The research in this 

paper is based on desk research and literature review, with case study methodology of the positive 

world practice.  

 

The goal is to answer the following questions from the perspective of the sustainable strategy 

management development and smart agriculture resilience strengthening to climate change: 

- What are the main environmental, economic and scientific challenges associated with 
climate changeôs impact on agriculture? 

- How do changes in energy policies affect the agriculture resilience to climate change? 

- What are the newest strategical innovations in agriculture that are sustainable? 

- How sensor technology implementation can improve the benefits of smart agriculture? 

- How artificial intelligence implementation can support agriculture resilience to climate 

change 

- What are the best representative case sudies in the world relating to renewable energy 

implementation in agriculture? 

- What are the best representative case sudies in the world relating to artificial intelligence 

implementation in agriculture? 

 

The methodological holistic approach to the research in this manuscript includes a complex and 

organized procedure, starting from criteria of sustainability and principles according to established 

questions and phases. For the purpose of finalizing this research, the following general and special 

scientific methods are used: 

- Systematized data collection and analysis of the latest existing, world-recognized 

scientific results in the field of assessment and management of agriculture resilience to 

climate change, strategic management, environmental protection, and sustainable 

development. 
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- Methods of induction and deduction, analysis and synthesis, as well as the method of 
analogy. 

- The collected data are processed using statistical methods using Microsoft Excel and 
IBM SPSS Statistics 24 software packages. 

 

This manuscript is organised within four chapters as IMRAD structures of writing. The thirth chapter 

encompass results and discussion, organized in five subchapters. 

 

3. RESULTS AND DISCUSSION 
3.1. Energy and resources policy supporting agriculture resilience to climate change 

 

Energy policies supporting the resilience of agriculture to climate change play a crucial role in 

ensuring sustainable agricultural production. One innovative approach is the application of 

agrivoltaics, a technology that combines solar panels with agricultural activities. Agrivoltaics 

enable efficient land use, where solar panels provide shade and reduce evapotranspiration while 

simultaneously generating electricity. This technology shows significant benefits in arid regions 

where soil moisture conservation is critical (Luo et al., 2024). 

 

Wind turbines in agriculture represent another example of successful integration of renewable 

energy sources. Agricultural farms with favorable wind energy potential can utilize wind farms to 

produce energy needed for irrigation, storage, and product processing. Implementing such solutions 

reduces dependency on fossil fuels and increases the economic resilience of farms (Borusevich and 

Pisarek, 2024). 

 

Hydropower and water reservoirs also contribute to the stabilization of agricultural systems. 

Reservoirs not only supply water for irrigation but also serve as reserves during drought periods and 

as protection from the floods. Hydropower generated from these systems can support local 

infrastructure, reducing energy costs for farmers. Water is esencial resource for agriculture (Schmitt 

and Rosa, 2024). Its cycle is showen in Figure 1.  

 
 

 
 

Figure 1. Integration of irrigation cycle into the natural water cycle 

 

Bioenergy, derived from agricultural production residues such as crop leftovers and manure, 

represents another key component in the energy transition. Biogas plants convert waste into 

renewable energy while simultaneously reducing methane emissions into the atmosphere. In this 

way, bioenergy not only helps mitigate climate change but also enhances the circular model of 

resource management (Toplicean and Datcu, 2024). 

 

Various energy policies support the implementation of these technologies through subsidies, tax 

incentives, and research programs. For example, the European Union, through its Green Deal, 
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encourages the use of renewable energy sources in agriculture, while national programs worldwide 

offer additional incentives (Boix-Fayos and de Vente, 2023). 

 

3.2. The newest strategical innovations in agriculture that make agriculture sustainable 

 

The latest strategic innovations in agriculture are aimed at achieving sustainability through the use 

of advanced technologies and methods. One such innovation is precision agriculture, which utilizes 

sensors, satellite imagery, and IoT technology to monitor crop and soil conditions in real time. This 

technology allows for the optimization of water, fertilizer, and pesticide usage, contributing to a 

reduced ecological footprint and increased yields (Wang et al., 2024a,b). 

 

Vertical farms offer a solution for food production in urban areas. These farms use led lighting, 

hydroponic and aeroponic systems to grow plants without the need for large agricultural areas. 

Efficient resource utilization, such as water and energy, makes vertical farms an ideal model for 

future agriculture under resource-limited conditions (Zhou, 2024). 

 

The use of drones for monitoring agricultural areas is becoming increasingly common. Drones can 

quickly and accurately identify issues such as pests, diseases, and uneven water distribution, 

enabling timely responses and reducing (Das, 2024). 

 

Genetically improved crops, resistant to drought and pests, play a crucial role in addressing the 

challenges of climate change. Developing plant varieties that require less water and chemical 

treatments contributes to both economic and ecological sustainability (Kumar et al., 2024). 

 

Digital platforms that connect farmers with markets enable more efficient production and 

distribution planning. These platforms provide information on prices, weather conditions, and 

cultivation techniques, contributing to better resource management and waste reduction (Arun and 

Mishra, 2024). 

 

3.3. Sensor technology implementation in smart agriculture 

 

Sensor technology is at the heart of smart agriculture, enabling precise and efficient management of 

resources. Sensors are used to measure various parameters such as soil moisture, temperature, pH 

levels, and nutrient content, allowing farmers to make data-driven decisions. 

 

Example 1: A vineyard in Chile uses soil moisture sensors connected to an IoT platform (Fuentes-

Pe¶ailillo et al., 2023). The sensors provide real-time data, enabling precise irrigation only when the 

soil moisture drops below a critical threshold. This approach conserves water and enhances grape 

quality. 

 

Example 2: In Bangladesh, rice paddies equipped with temperature and humidity sensors monitor 

microclimatic conditions (Islam et al., 2024). Data from these sensors alerts farmers about potential 

fungal infections, enabling timely intervention and reducing crop losses. 

 

Furthermore, weather stations equipped with sensors predict local weather patterns, assisting in the 

planning of planting and harvesting activities. Combined with GPS-guided machinery, these 

innovations significantly improve efficiency (Vellingiri et al., 2025). 

 

The integration of sensor technology also supports automated systems, such as fertigation units, 

which dispense fertilizers based on real-time nutrient levels detected by sensors. This reduces over-

application and minimizes environmental pollution (Taseer and Han, 2024). 
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3.4. Artificial intelligence that makes smart agriculture smarter 

 

Artificial intelligence (AI) is revolutionizing smart agriculture, enabling farmers to optimize 

processes, reduce resource consumption, and enhance productivity. By analyzing vast amounts of 

data collected from sensors, drones, and satellite imagery, AI provides actionable insights that were 

previously unattainable. Machine learning algorithms, for example, can predict crop yields, detect 

diseases at early stages, and recommend precise interventions, thereby minimizing losses and 

improving quality (Attri  et al., 2024). 

 

One transformative application of AI is predictive analytics. By integrating historical weather data, 

soil conditions, and market trends, AI-powered systems enable farmers to make informed decisions 

about planting, harvesting, and distribution. These insights help mitigate risks associated with 

climate variability and market fluctuations (Jeffrey and Bommu, 2024). 

 

AI also enhances robotics in agriculture, automating labor-intensive tasks such as weeding, 

pruning, and harvesting. Autonomous machines, guided by AI vision systems, can distinguish 

between crops and weeds, ensuring precision and reducing the need for herbicides. This approach 

not only increases efficiency but also promotes environmental sustainability. A study by (Arockia 

Doss et al., 2024). showcased the financial benefits of robotics in strawberry harvesting. A robotic 

harvester equipped with advanced AI and vision systems was deployed on a commercial strawberry 

farm. The system was capable of picking strawberries with 90% accuracy at a rate of 25.000 fruits 

per day. Compared to manual labor, which typically achieves 15.000 fruits per day per worker, the 

robot demonstrated a significant productivity increase. Financially, the robotic system reduced labor 

costs by 40%, saving approximately $ 7.500 per hectare annually while maintaining consistent 

harvest quality. This example highlights the economic potential of robotics to revolutionize labor-

intensive agricultural practices, ensuring both efficiency and profitability. 

 

Moreover, natural language processing (NLP) assists in bridging the knowledge gap for farmers. 

AI-driven chatbots and virtual assistants provide real-time advice in local languages, empowering 

small-scale farmers to adopt advanced practices (Dom²nguez et al., 2024). 

 

3.5. Environmental, economical, and scientific challenges in future agriculture 

 

The future of agriculture faces a complex interplay of environmental, economic, and scientific 

challenges that demand innovative solutions. Environmental issues, primarily driven by climate 

change, include rising temperatures, irregular rainfall, and increased incidence of extreme weather 

events. These factors disrupt crop cycles, reduce yields, and threaten global food security. 

Additionally, soil degradation, loss of biodiversity, and water scarcity exacerbate the environmental 

crisis, limiting the capacity for sustainable agricultural practices (Saleem et al., 2024). 

 

Economically, farmers worldwide confront fluctuating market conditions, rising production costs, 

and uncertain profitability. The transition to sustainable practices often requires significant initial 

investments in advanced technologies, such as precision farming tools, renewable energy systems, 

and resilient crop varieties. For small-scale farmers, accessing these resources remains a 

considerable challenge, widening the gap between large industrial farms and smaller operations. 

Moreover, the globalization of food markets exposes farmers to volatile trade dynamics, with shifts 

in demand and supply chains posing risks to economic stability (Awokuse et al., 2024). 

 

On the scientific front, advancing agriculture necessitates breakthroughs in several domains, 

including genetics, climate modeling, and data analytics. Developing crop varieties resistant to pests, 

diseases, and extreme climatic conditions is critical but requires time-intensive research and rigorous 

testing. Furthermore, the integration of artificial intelligence and machine learning into farming 

systems is hindered by a lack of standardized frameworks and uneven technological access across 
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regions. Ethical considerations, such as the use of genetically modified organisms (GMOs), also 

spark debates, slowing the adoption of potentially transformative technologies  

 

Addressing these challenges requires a coordinated approach that combines policy support, public-

private partnerships, and grassroots innovation. Governments must incentivize sustainable farming 

practices and ensure equitable access to technology and markets. Simultaneously, fostering 

interdisciplinary collaboration among scientists, economists, and environmentalists will drive the 

development of resilient agricultural systems capable of withstanding future adversities. Through 

collective efforts, agriculture can evolve to balance environmental sustainability, economic viability, 

and scientific advancement (Haloui et al., 2024). 

 

4. CONCLUSION 
 

Climate change poses a comprehensive challenge to agricultural production, but it also offers an 

opportunity for innovation and transformation of traditional approaches. By applying renewable 

energy sources and artificial intelligence, agriculture has the potential to become more resilient, 

efficient, and sustainable, ensuring stable food production and the preservation of natural resources. 

 

Renewable energy sources, such as solar and wind power, provide an opportunity to reduce 

dependence on fossil fuels, directly impacting the reduction of greenhouse gas emissions. This 

energy transition is particularly significant for rural areas, where decentralized energy solutions can 

improve energy accessibility and stimulate local development. At the same time, artificial 

intelligence offers a wide range of applications, from analyzing data collected by sensors, through 

automated management of agricultural machinery, to optimizing supply chains. When applied 

synergistically, these technologies enable better-informed decision-making, cost reductions, and 

increased profitability. 

 

However, the introduction of these innovations also faces certain challenges. The main obstacles 

include high initial implementation costs, insufficient technical training for farmers, and limited 

access to infrastructure in some regions. Addressing these issues requires a multisectoral approach, 

including government support through subsidies and regulatory frameworks, as well as collaboration 

between the private sector and academia to develop accessible and scalable solutions. 

 

As demonstrated in this paper, the application of renewable energy sources and artificial intelligence 

in agriculture is not only a technical advancement but also an opportunity to improve the 

socioeconomic position of rural communities. These technologies can contribute to creating 

sustainable agroecosystems capable of responding to global challenges posed by climate change. 

 

The transformation of agriculture through the implementation of renewable energy sources and 

advanced technologies represents a critical step towards building a resilient and sustainable agri-

industrial system. Successful practices from around the world show that it is possible to achieve a 

balance between economic productivity and the preservation of natural resources. Future efforts 

should focus on adapting these solutions to local needs and broader education of all stakeholders in 

the agricultural sector to ensure their long-term impact and sustainability. 
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Abstract: This paper presents a comprehensive framework for sustainable cereal production, emphasizing the 

integration of climate-smart agriculture (CSA), precision farming, and effective soil management strategies. As 

staple cereals like corn, wheat, and rice constitute over 55% of global calorie intake, enhancing their production 

while mitigating environmental impact is critical for long-term food security. The study explores the role of 

CSA in adapting to climate change, reducing greenhouse gas emissions, and boosting productivity through 

innovative technologies such as renewable energy and soil management practices. Precision farming, 

leveraging data-driven tools like GIS and GPS, optimizes resource use and crop efficiency, contributing to 

environmental sustainability and economic viability. Additionally, soil and crop management strategies 

(SCMS) are essential in preventing land degradation, improving nutrient efficiency, and fostering resilient 

agricultural systems. The paper also examines the specific agricultural conditions and challenges in North 

Macedonia, where a strategic focus on modernizing production, promoting climate-friendly practices, and 

enhancing technological adoption is necessary to ensure sustainable cereal production amidst environmental 

and market disruptions. This multi-dimensional approach offers valuable insights into balancing productivity 

with ecological sustainability, addressing global food security concerns. 

 

Key words: Sustainable cereal production, Climate-smart agriculture (CSA), Precision farming, Soil 

management strategies, Global food security 

 

1. INTRODUCTION 
 

Sustainable cereal production involves a holistic approach that optimizes agricultural practices, 

minimizes environmental impacts, and ensures long-term food security (Marie, 2023). Staple cereals 

such as corn, wheat, and rice are grown worldwide and form a significant part of the human diet, 

accounting for more than 55% of the calories consumed globally (Guti®rrez et al., 2018). Sustainable 

agriculture not only focuses on efficient and productive farming methods but also emphasizes 

maintaining ecological balance, improving farmers' well-being, and incorporating social and cultural 

considerations into agricultural practices (Kamakuala, 2024). Scoones et al. (2020) argue that 

achieving sustainability requires both systemic and structural approaches. 

 

The systemic approach provides a comprehensive framework for understanding sustainability in 

business, encompassing environmental, social, and economic dimensions. In contrast, the structural 

approach establishes the management mechanisms necessary to implement the systemic perspective 

effectively (Scoones et al., 2020). 

 

This study is directed to analyze potential enhance cereal productivity while minimizing 

environmental impacts and addressing global food security challenges. It focuses on leveraging 

innovative technologies, optimizing resource use, and fostering resilience to climate change, with a 

specific emphasis on the conditions and challenges faced by North Macedonia's agricultural sector. 

https://doi.org/10.46793/MAK2025.098S
mailto:viktorija.stojkovski@uklo.edu.mk
mailto:daniela.pelivanoska@uklo.edu.mk
mailto:katerina.bojkovska@uklo.edu.mk
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The aim of work was the research analysis of (i) development a comprehensive framework for 

sustainable cereal production by integrating climate-smart agriculture (CSA), precision farming, and 

effective soil and crop management strategies (ii) promoting modernized practices, technological 

adoption, and sustainable policies, (iii) achieving ecological balance, economic viability, and long-

term agricultural sustainability. 

 

2. CLIMATE-SMART AGRICULTURE MANAGEMENT STRATEGY 
 

Climate-Smart Agriculture (CSA) is an approach aimed at strengthening agricultural management 

for sustainability in the face of climate change. It introduces innovative agricultural technologies 

and practices to enhance production while promoting adaptation to and mitigation of climate change 

(Muhie, 2022). The concept encompasses a diverse range of practices, including sustainable soil 

management, efficient water use, crop diversification, and the adoption of renewable energy sources. 

CSA represents a comprehensive framework that integrates climate change adaptation and 

mitigation strategies to ensure food security. For instance, employing renewable energy in 

agriculture-such as pyrolysis units, solar panels, windmills, and water pumps-is critical for 

enhancing sustainable food production. These technologies not only reduce greenhouse gas 

emissions but also improve the resilience and efficiency of agricultural systems. The concept of 

Climate-Smart Agriculture (CSA) encompasses three main pillars: productivity, adaptation, and 

mitigation. For poor and developing countries, adaptation and productivity are of primary 

importance, while mitigation efforts are more prominently addressed in developed countries 

(Hussain et al., 2022). CSA has proven to be an effective approach for improving soil moisture 

conservation by 12% and increasing grain yield by 66% in maize crops (Mujeyi and Mudhara, 2020). 

 

According to Muhie (2022), CSA for sustainability is built on three main goals: increasing 

adaptation to climate change, reducing greenhouse gas emissions below business-as-usual levels, 

and sustainably increasing production and profitability. The broader goals of environmental, social, 

and economic sustainability are also central to organic farming and play a significant role in 

determining the acceptability of specific agricultural practices (Taylor et al., 2001). Organic farming 

systems are characterized by respect for the environment and animals, promotion of sustainable 

farming methods, use of non-chemical fertilizers and pesticides, production of high-quality food 

products, and avoidance of genetically modified (GM) crops. Despite its potential benefits, the 

adoption of CSA practices faces significant challenges. Financial constraints, particularly among 

smallholder farmers, limit investments in CSA technologies even when government subsidies and 

schemes are available. Moreover, technological gaps and inadequate infrastructure further 

exacerbate these difficulties, hindering the adoption of precision farming tools and advanced water 

management systems essential for building climate resilience. 

 

3. MANAGEMENT STRATEGY OF PRECISION FARMING 
 

The management strategy of precision farming is increasingly being adopted as a decision-support 

system for planning and managing agricultural activities. It utilizes diverse types of data to guide 

these processes effectively (Perniola et al., 2015). 

 

The primary goal of precision farming is to tailor inputs and agricultural practices to the specific 

local variability within a field. This strategy relies on evaluating and interpreting spatial variability 

to manage it efficiently. By doing so, precision farming enhances crop performance, improves 

environmental quality, and provides feedback on the efficiency and effectiveness of different 

practices and resource usage. Through location-specific modeling of inputs and crop responses, 

precision farming significantly improves crop efficiency, reduces costs, and increases overall 

agricultural output. The adoption of precision farming technology is significant due to its potential 

for long-term savings, despite initial costs appearing high. Over time, the financial benefits outweigh 

those of traditional farming practices, enabling growers to determine the minimum required amount 
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of fertilizer and identify the most effective types for specific regions (Georgia, 2022). Precision 

farming technologies also play a critical role in improving the long-term planning of agricultural 

operations. By enabling dynamic adjustments to strategies in response to unforeseen circumstances, 

these technologies provide farmers with the flexibility needed to optimize outcomes (Georgia, 

2022). 

 

The implementation of precision farming demands a fundamental shift in farmersô approaches to 

agriculture. It requires the integration of technological infrastructure, advanced data analysis 

capabilities, and a deep understanding of agronomy (Anand et al., 2023). Farmers must embrace this 

data-driven paradigm to maximize crop yields, minimize resource waste, and reduce environmental 

impact. 

 

In an era of growing global food demand, resource scarcity, and environmental challenges, precision 

agriculture technology offers a sustainable solution to meet the worldôs agricultural needs 

effectively. Precision agriculture incorporates advanced technologies such as Geographic 

Information Systems (GIS), Global Positioning Systems (GPS), and Remote Sensing (RS) into 

agricultural practices. These tools enable farmers to manage field variability more effectively, 

optimizing profitability by moving away from traditional blanket treatments. 

 

One significant advancement in precision agriculture is Variable Rate Technology (VRT), now 

integrated into agricultural equipment such as fertilizer and pesticide applicators and yield monitors. 

The rapid development of VRT has been a key driver of precision agriculture's growth, allowing 

farmers to tailor management practices to specific field locations. This localized approach reduces 

input usage while maximizing yields, presenting an attractive proposition for farmers (Anand et al., 

2023). 

 

Achieving high yields and efficiency depends on sophisticated management of soil and water 

resources as well as the precise application of inputs. As an integrated approach to field management 

based on information and technology, precision agriculture enhances agricultural production, 

productivity, and efficiency while simultaneously minimizing negative environmental impacts.  

 

 
Figure 1. Precision farming for sustainable agriculture (Hossain, 2021) 
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Achieving high yields and high resource efficiency simultaneously is a widely recognized challenge 

that requires the integrated application of soil and crop management approaches. Despite the 

growing global population and escalating food demand, crop yields are stagnating in many regions, 

and fertilizer use efficiency is declining rapidly (Yokamo et al., 2022). To address these challenges, 

the Integrated Soil-Crop System Management (ISSM) approach was developed in China. ISSM aims 

to enhance crop yield and nutrient use efficiency without further increasing chemical fertilizer 

application, while also mitigating environmental pollution (Zhang et al., 2011). The ISSM paradigm 

is guided by three core principles: improving soil quality through all feasible and essential measures, 

ensuring cohesive use of diverse nutrient resources and adequately supplying nutrients to meet crop 

requirements, and Integrating soil and nutrient management practices with high-yield production 

systems (Jiao et al., 2018). By aligning soil and nutrient management with sustainable high-yield 

practices, ISSM offers a pathway to address the dual goals of improving agricultural productivity 

and protecting the environment. 

 

4. SOIL AND CROP MANAGEMENT STRATEGIES (SCMS) 
 

Agricultural scientists have long recognized that soil management practices are not only vital for 

maximizing agricultural production but also crucial for mitigating environmental pollution (Shinde 

and Sirsath, 2020). Soil and Crop Management Strategies (SCMS) aim to enhance crop productivity 

and prevent land degradation by optimizing various soil properties-biological, physical, chemical, 

and hydrological-through balanced nutrient management (Esilaba et al., 2005). SCMS are guided by 

two key principles: matching input quantity with crop demand to ensure efficient resource use 

and synchronizing nutrient application with crop growth stages to optimize timing and 

effectiveness (Shah and Wu, 2019). 

 

These strategies not only improve crop yields but also conserve soil resources and protect the 

environment (Cui et al., 2014). Effective SCMS focus on preventing soil erosion, a major contributor 

to land scarcity, while adopting practices that avoid soil contamination and degradation. Soil erosion 

by water and wind is a primary process that degrades the surface structure of exposed soil, resulting 

in the loss of nutrient-rich topsoil. This significantly reduces soil fertility and undermines sustainable 

agricultural practices. By addressing both erosion and contamination, SCMS offers a sustainable 

approach to improving agricultural productivity while preserving environmental health. Recent 

research has shown that land degradation is expected to continue due to the significant increase in 

global GDP by 2050. To ensure future food security, sustainable soil management through efficient 

nutrient management and appropriate soil conservation practices presents some of the key challenges 

(Shinde and Sirsath, 2020). 

 

Effective policies are essential for promoting sustainable soil management. By establishing soil 

quality standards, land use regulations, and incentives for the adoption of sustainable practices, 

governments can encourage farmers to implement soil conservation measures and mitigate land 

degradation (Turpin et al., 2017). 

 

Additionally, government subsidies, grants, and tax incentives for sustainable practices-such as 

cover crops, agroforestry, and organic farming-are crucial for supporting farmersô investment in soil 

health (Turpin et al., 2017). Furthermore, policies that promote farmer education, extension services, 

and knowledge exchange platforms significantly enhance awareness and encourage the adoption of 

sustainable soil management practices (Amundson, 2020). 
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Figure 2. Importance of soil health and management (Srivastava et al., 2024) 

 

5. CEREAL PRODUCTION CONDITIONS IN THE REPUBLIC OF NORTH 

MACEDONIA 
 

According to data from the State Statistical Office, agricultural land in the Republic of North 

Macedonia covered 1.256.854 hectares in 2022. In 2023, there was a slight decrease, with the total 

area falling to 1.250.821 hectares. The sown area in 2022 covered 275.297 hectares, while in 2023, 

it decreased to 269.834 hectares. The largest share of the area under arable land and gardens is 

devoted to cereals, with a total of 158.798 hectares sown in 2022. However, in 2023, this area 

decreased to 156.469 hectares. 

 

Table 1. Cultivated and Sown areas in Republic of North Macedonia (www.stat.gov.mk) 

Year Agricultural area (ha) Total sown areas (ha) Cereals (ha) 

2022 1.256.854 275.297 158.798 

2023 1.250.821 269.834 156.469 

 

In terms of cereal production, wheat and corn account for the largest share of total production. 

According to an analysis of wheat and corn production over the past five years, the highest 

production levels were recorded in 2020 for both crops, with each subsequent year showing a 

continuous decline. 

 
Figure 3. Production of Wheat and Corn in Republic of  

North Macedonia by Year (www.stat.gov.mk) 

https://www.stat.gov.mk/
http://www.stat.gov.mk/
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When analyzing corn production by region and year, the highest production in the Republic of North 

Macedonia occurred in 2020, with a total of 146.434 tons. This was followed by a decline in 2021, 

then an increase in 2022. However, in 2023, corn production reached its lowest point in the entire 

five-year period. Regarding corn production by region, the Polog region leads in production, 

followed by Pelagonia, East, Southeast, Skopje, Southwest, Northeast, with the lowest production 

occurring in the Vardar region. 

 

 
Figure 4. Production of Corn by Region and Year (www.stat.gov.mk) 

 

When analyzing wheat production by region and year, the highest production in the Republic of 

North Macedonia occurred in 2020, with 246.031 tons. This was followed by a continuous decline, 

with the lowest production in 2023 compared to the entire five-year period. Regarding wheat 

production by region, the highest production is in the Pelagonia region, followed by the Northeast, 

Skopje, Vardar, Southeast, East, Polog, and the lowest production in the Southwest region. 

 

 
Figure 5. Production of Wheat by Region and Year (www.stat.gov.mk) 

 

6. STRATEGY OF THE REPUBLIC OF NORTH MACEDONIA FOR 

ADDRESSING AGRICULTURAL CHALLENGES AND INCREASING CEREAL 

PRODUCTION 
 

The Strategy is the third document in the Republic of North Macedonia of its kind that systematically 

outlines the policies to be implemented, offering solutions for addressing both current and future 

challenges. Agriculture is one of the most sensitive sectors to the negative impacts of climate change, 

and crises caused by new animal and plant diseases are becoming increasingly frequent. 

 

The general goals for the sector include improving the competitiveness and sustainability of 

agricultural income, applying ecological practices in production to reduce the impact of climate 

http://www.stat.gov.mk)/
http://www.stat.gov.mk)/
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change and adapt to it, and ensuring the sustainable development of rural areas-all supported by the 

state. Based on the identified weaknesses in wheat production, there is a need to maintain income 

support that sustains the current level of production, reduce production costs, and increase yields, 

especially in the face of increased negative climate impacts that primarily affect productivity. 

 

In the event of market disruptions and a drop in purchase prices below the cost of production, 

intervention measures are legally prescribed in accordance with the law. These measures have thus 

far been applied only in the form of aid for storage in state warehouses. However, other interventions 

require simplification of procedures. 

 

Approximately 38 percent of the country is prone to severe soil erosion due to topographic features 

and heavy rainfall, although in many cases, soil erosion is also caused by unsustainable agricultural 

practices. The objectives of the strategy include increasing agricultural production through 

modernization to better meet domestic consumption with local production, improving the quality of 

Macedonian agricultural products with added value, ensuring food safety and animal welfare, and 

creating conditions for a competitive and sustainable agriculture sector in both domestic and foreign 

markets. 

 

Special emphasis is placed on introducing policies that were neglected in the past, particularly those 

aimed at building human capacity for the adoption of new technologies. The newly established 

Knowledge and Innovation System will connect all stakeholders in the creation of innovations, 

knowledge transfer, and digitalization. It also facilitates the exchange of digital technologies, smart 

agriculture, and production methods based on knowledge and good governance. The negative 

perception of modern technologies among farmers should be addressed through efficient advisory 

services, demonstration farms, and training programs designed to encourage the acceptance of new 

technologies. To mitigate and adapt to climate change, climate-friendly practices will be promoted 

through their inclusion in cross-compliance requirements and increased co-financing of necessary 

investments. Farmers will receive support through appropriate advisory packages on best practices 

and training to reduce the impact of climate change. Policy interventions aimed at protecting soil 

from degradation will include strict adherence to cross-compliance requirements for soil cover, 

erosion protection, and support for investments in precision agriculture. This will involve using 

sensors for the optimal application of agro-technical measures and providing financial support for 

agro-environmental initiatives. 

 

Precision agriculture, which tailors the use of water and fertilizers to crop needs, will be promoted 

through operational programs of producer organizations, supported by the Agricultural Knowledge 

and Innovation System. This will include dedicated advice and training. Income support for grain 

and fodder crops will help maintain the current level of production, especially in the face of increased 

negative climate impacts that primarily affect productivity. 

 

Given the importance of wheat for ensuring food security, direct payments will continue in the next 

period, with higher amounts allocated to producers who achieve higher yields. To increase average 

yields of crops and meet the needs of existing areas, special support measures, along with an 

advisory package for the adaptation of advanced technologies, will be introduced. For the 

restructuring of the agri-food sector, which faces an unfavorable structure and needs modernization, 

the following interventions are planned: investments in the modernization and diversification of the 

technological processes of existing agri-food businesses, including support for crop production 

modernization and the exploitation of production potential in controlled conditions. Special attention 

will be given to implementing innovative technological solutions and production systems. In 

addition to investments aimed at improving physical capital, significant attention should be given to 

enhancing standards, both by adapting the legislative framework and by establishing an effective 

control system. 
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Interventions in the technical and technological improvement of the agricultural sector require the 

mobilization of a wide range of entities, including advisory services, scientific and research 

institutions, and other stakeholders. A broad array of general measures to support agriculture is 

needed, along with the establishment of various forms of administrative and technical support to 

encourage collaboration among these entities. The agricultural advisory system should incorporate 

the economic, environmental, and social dimensions of managing agricultural holdings and land, 

enabling the transfer of information on modern technological advancements and innovations from 

science. 

 

State-supported services should assist farmers and other beneficiaries of national agricultural policy 

in understanding the relationship between farm management, land management, and the application 

of specific standards, especially those related to the environment and climate. Due to the benefits 

for preserving crop growth, yield, and income, it is expected that farmers will more readily accept 

measures for adapting to negative climate effects. Additionally, the introduction of measures to 

mitigate climate change impacts will be encouraged through a greater number of instruments in 

national agricultural policies. 

 

7. CONCLUSION 
 

In conclusion, sustainable cereal production requires a multi-faceted approach that incorporates 

innovative practices such as Climate-Smart Agriculture (CSA), Precision Farming, and Effective 

Soil and Crop Management strategies. These practices are crucial for enhancing productivity while 

minimizing environmental impacts, ensuring long-term food security, and adapting to the challenges 

posed by climate change. The integration of modern technologies, such as renewable energy and 

data-driven farming tools, can significantly improve efficiency, reduce resource use, and promote 

resilience in agricultural systems. However, the successful implementation of these strategies 

depends on overcoming challenges such as financial constraints, technological gaps, and insufficient 

infrastructure, especially in developing regions. 

 

In the context of Republic of North Macedonia, the governmentôs strategic focus on modernizing 

agricultural practices, fostering technological adoption, and mitigating climate change impacts is 

vital for enhancing cereal production and achieving sustainability. Continued investment in training, 

advisory services, and climate-friendly policies will support farmers in adopting sustainable 

practices and improving yields. Ultimately, fostering collaboration between farmers, government 

bodies, and research institutions will be key to developing a resilient and sustainable agricultural 

sector that can meet global food demands while preserving environmental integrity. 
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Abstract: Grain weight per spike is an important yield component, greatly influenced by environmental factors. 

The aim of this research was to examine the stability of different wheat genotypes in terms of grain weight per 

spike under different agroecological conditions. The research was conducted during 2013/2014 at three 

locations (Kragujevac, Sombor, and Kruġevac). The AMMI model was used to assess the genotype Ĭ 

environment interaction. The results of the analysis of the variance of the AMMI model for grain weight per 

spike showed statistically significant differences between the studied genotypes, locations, and their 

interactions. Both genotype and environment contributed 33% to the total variation of the experiment, while 

the contribution of the G Ĭ E interaction was 9.78%. The most stable genotypes were KG-244/4, KG-1/6, KG-

52/23, and KG-307/4, with the KG-244/4 genotype achieving an average value of grain weight per spike at the 

average level of the experiment. The KG-1/6, KG-52/23, and KG-307/4 genotypes had above-average values 

of the observed traits. Kragujevac emerged as the most productive locality, achieving the highest average grain 

weight per spike, though with a significant interaction value. The smallest interaction effect was acquired in 

Kruġevac but with the lowest average value of the studied trait. The genotype KG-52/23 achieved the highest 

average value of grain weight per spike and exhibited the highest stability of all analyzed genotypes. This 

indicates that the genotype KG-52/23 retains good productive characteristics of the spike even in less favorable 

environmental conditions, which makes it suitable for growing in different agroecological conditions. In 

breeding programs, wheat genotypes like this can be the basis for the future improvement of productive traits, 

primarily grain yield. 

 

Key words: Wheat, Grain weight per spike, Stability, AMMI model, Climate change 

 

1. INTRODUCTION 
 

Progress in wheat breeding during the second half of the 20th century is characterized by a 

substantial increase in grain yield, which helped enhance production to meet the growing global 

population (Araus et al., 2008; Mariem et al., 2020). However, this increase in yield is not 

accompanied by improvements in yield stability (Mart²nez-Pe¶a et al., 2023). This lack of stability 
can be attributed to grain yield being a complex trait influenced by multiple components that affect 

its expression, height, and stability (Ġuĺur et al., 2024). One of the key quantitative traits positively 

impacting wheat grain yield is the grain weight per spike (Prodanoviĺ et al., 1999; Desheva and 

Deshev, 2021; Neykov et al., 2022). Although this trait is genetically determined and influenced by 

numerous minor genes, environmental factors play a significant role in its expression (Quintero et 

al., 2018). Ferrio et al. (2006) point out that the amount of assimilates (carbohydrates) available 

during the grain-filling phase and the duration of this period are the primary factors determining 

grain mass.  In plants that experience stress due to high temperatures, drought, or heavy rainfall 

during grain filling, stress can lead to a reduced filling period and a decrease in the availability of 
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assimilates, which will result in the development of smaller, poorly filled grains with lower mass 

(Lukoviĺ et al., 2020; Frantov§ et al., 2022). 

 

Therefore, research focusing on the stability of yield components is essential for enhancing the yield 

potential of wheat and for selecting new varieties that can withstand climate challenges. This 

research aimed to examine the variability and stability of grain weight per spike under different 

agroecological conditions in Serbia during a year with excessive rainfall. 

 

2. MATERIAL AND METHODS 
 

We used 14 winter wheat genotypes as research material, of which 13 were promising lines selected 

at the Center for Small Grains and Rural Development Kragujevac, and one standard variety - 

Pobeda. The experimental part of the research was performed during 2013/2014 at three locations: 

the Institute for Forage Plants in Kruġevac, the Agroinstitute in Sombor, and the Center for Small 

Grains and Rural Development in Kragujevac. The experiment was set up in field conditions in a 

completely randomized block design, in three replications on a basic plot size of 5 m2 (5Ĭ1 m). 

Within the plot, 10 rows were sown, with a row spacing of 0.10 m. Sowing was done mechanically, 

using 600-650 germinated grains per m2 depending on the genotype characteristics. From each 

location, at the full maturity stage, 15 representative plants in three replications (45 plants) per tested 

genotypes were selected to analyze grain weight per spike (g). The assessment of genotype stability 

under different environmental conditions was examined using the AMMI model (Gauch and Zobel, 

1996). The data was illustrated through AMMI 1 and AMMI 2 biplots, facilitating a thorough 

analysis of the genotype Ĭ environment (GĬE) interaction, i.e. provided clear insights into the 

behaviors of genotypes under diverse agroecological conditions. Statistical analysis of the data was 

performed using the computer statistical program SPSS software version and 22 GenStat 12th (IBM 

Corporation, New York, NY, USA; GenStat, 2009). 

 

2.1. Climatic conditions during the experiment period 

 

The average values of air temperature and precipitation sums by month, during the research period, 

are shown in Figure 1 in 2013/2014, October and November experienced slightly increased air 

temperatures across all three sites. The winter was mild with lower precipitation compared to the 

multi-year average. During the wheat growing season, 550.9 mm of precipitation was recorded in 

the area of Sombor, 745.9 mm in Kruġevac, and even 768 mm in Kragujevac, which is significantly 

higher than the multi-year average (35.9 mm, 175.5 mm, and 219 mm, respectively). In addition to 

the large amount, the distribution of precipitation during the most important phenophases of wheat 

development was extremely unfavorable. Thus, during April, Kragujevac received 129.1 mm of 

precipitation and Kruġevac 188.8 mm, which is three times the amount of precipitation compared to 

the multi-year average. Sombor recorded about 42.8 mm of precipitation for the same period. During 

May, Sombor, and Kruġevac recorded twice the amount of precipitation compared to the multi-year 

average (145 mm and 126.6 mm), and in Kragujevac even three times the amount (227 mm). The 

year 2014 was characterized by exceptionally high rainfall in the Republic of Serbia, which caused 

catastrophic floods in some parts of Serbia (Prohaska et al., 2014). 
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a) 

 
b) 

 
c) 

Figure 1. Average values of air temperature and precipitation during the wheat growing season  

in a) Sombor, b) Kruġevac and c) Kragujevac 

 

3. RESULTS AND DISCUSSION 
 

The grain weight per spike is a very important quantitative trait that directly influences grain yield 

(Matkoviĺ Stojġin et al., 2022). This observation alignes with the findings of Desheva and Deshev 

(2021) and Neykov et al. (2022) who indicate that grain yield is more closely related to the grain 

weight per spike than to the length of spikes or the number of grains per spike. The results from 

these studies show that the grain weight per spike ranges from 1.29 g (KG-28/6) to 1.86 g (KG-

52/23), as illustrated in Figure 2. 
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Similar findings were reported by Jockoviĺ et al. (2014) and Ġuĺur et al. (2024), who analyzed winter 

wheat genotypes of different geographical origins. Banjac et al. (2015) noted that, depending on the 

soil type, the average values of the primary spike grain weight can vary widely, ranging from 0.66 

g to 2.77 g. In the agroecological conditions of Sombor and Kruġevac, the genotype KG-52/23 

achieved the highest average primary spike grain weight (1.85 g and 1.68 g, respectively), while in 

Kragujevac this genotype had a value 2.04 g, which is at the level of the standard variety Pobeda 

(2.15 g). The studied wheat genotypes had the lowest average primary spike grain weight in 

Kruġevac and the highest in Kragujevac (Figure 2). 

 

 
Figure 2. Average values for grain weight per spike (g) by genotype and location 

 

The stability of different genotypes under various environmental conditions was further analyzed 

using the AMMI model. The analysis of variance for the AMMI model revealed that all sources of 

variation, both additive (genotype and location) and non-additive (genotype Ĭ environment), had 

highly significant effects on the expression of grain weight per spike. Within the main effects of the 

analysis of variance, an equal contribution of the sum of squares (33%) belongs to the genotype 

factor and the environment factor, while the contribution of the interaction was significantly smaller 

(9.78%) (Figure 3). 

 
Figure 3. The percentage share of genotype, environment and interaction genotype/ 

 environment in the total sum of squares, for the observed trait  
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The results of this study align with the results of Petroviĺ et al. (2015) and Kondiĺ et al. (2017), who 

stated that both genotype and environment significantly influence the variability of grain weight per 

spike. On the other hand, Uroġeviĺ et al. (2023) emphasize that the genotype has the most substantial 

impact on this trait, accounting for 66.7% of the variability, while the environment contributes only 

6.5%, and the GĬE interaction accounts for 12.2%. The analysis of the interaction identified two 

main components. The first main component had a statistically significant effect, explaining 85.6% 

of the variation, whereas the second main component, which accounted for 14.4% of the variation, 

was not statistically significant (Table 1). 

 

Table 1. Analysis of variance of the AMMI model for grain weight per spike 

Source of variation df SS MS F  

Genotype (G) 13 3.34 0.26 11.1322** 

Block 6 0.65 0.11 4.7035** 

Environment (E) 2 3.34 1.67 15.4168** 

G Ĭ E 26 0.99 0.04 1.6564* 

IPCA1 (85.6%) 14 0.85 0.06 2.63** 

IPCA2 (14.4%) 12 0.14 0.01 0.52ns 

Error 78 1.80 0.02 - 

Total 125 10.12 - - 

**Significant at p < 0.01 level, *Significant at p < 0.05 level, nsNon significant 

 

The AMMI 1 biplot illustrates the relationship between the first principal component (IPCA1) and 

the average grain weight per spike across all studied locations. Among the genotypes, G-52/3, KG-

52/23, and KG-1/6 demonstrated the greatest stability related to the first principal component. They 

were followed by genotypes KG-244/4 and KG-307/4. Notably, the KG-52/3 genotype had values 

of grain weight per spike lower than average, KG-244/4 genotype achieved around average values, 

while genotypes KG-1/6, KG-52/23, and KG-307/4 exhibited above-average values for the observed 

traits. In contrast, genotypes KG-40-39/3, KG-191/5-13, and KG-162/7 displayed the highest 

interaction values, indicating significant instability across all three locations. At the Kruġevac 

locality, moderate stability was achieved, but the average grain weight per spike was the lowest 

among all locations. 

 
Figure 4. AMMI 1 biplot analysis of stability of grain weight per  

spike in 14 wheat genotypes in 3 localities 
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The greatest levels of interaction and, consequently, the least stability was observed in Kragujevac, 

where the highest average grain weight per spike was recorded (Figure 4). Studying the variability 

and stability of genotypes in different agro-ecological environments, Dimitrijeviĺ et al. (2011) noted 

that Kragujevac exhibited the highest average values of grain components as a result of a better ratio 

of generative to vegetative parts of the plant, as the plants tended to be shorter in this area. 

Additionally, research by ņuriĺ et al. (2016) indicated that genotypes with the highest value of grain 

weight per spike are characterized by high instability. Zeļeviĺ et al. (2016) also pointed out the 

difficulties in reaching stability in genotypes characterized by high values of certain traits. 

 

Figure 5 shows an AMMI 2 biplot which provides a detailed explanation of the GĬE interaction, 

highlighting how genotypes behave in different environments. The ordinate represents the first 

principal component, accounting for 85.6% of the interaction, while the abscissa represents the 

second principal component, which explains 14.4% of the interaction. Genotypes that are closest to 

the coordinate origin (i.e., the point where both axes intersect) are considered the most stable. In this 

analysis, the genotypes KG-52/23, KG-244/4, KG-199/4, and KG-307/4 was identified as the most 

stable. The environments, i.e. localities, exhibited a similar effect regarding stability. The distance 

of the observed locations from the point where both axes intersect indicates that genotypes did not 

achieve stability at any of the three analyzed locations for the trait being studied. 

 

 
Figure 5. AMMI 1 biplot analysis of stability of grain weight per spike in  

14 wheat genotypes in 3 localities 

 

The period of experimental research is characterized by extremely unfavorable climatic conditions 

during the phenophases of heading, fertilization, and filling of grains. Lower air temperatures and 

excessive rainfall recorded in April and May across all three localities negatively affected the grain-

filling process, resulting in the formation of smaller, poorly filled grains. Matkoviĺ Stojġin et al. 

(2023) indicate that adverse climatic conditions during flowering and grain filling can reduce the 

value of yield components, particularly the weight of grains per spike, which may decrease by as 

much as 31.8%. The results of this study indicate that the Center for Small Grains and Rural 

Development has successfully selected stable wheat genotypes that are adapted to a variety of 

environmental conditions. These genotypes are characterized by improved quantitative traits and the 

ability to achieve high and stable values of grain weight per spike, which is one of the most important 

yield components, even in years pronounced by significant climate changes. 
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4. CONCLUSION 
 

The analysis of variance for the AMMI model established a statistically significant contribution from 

genotype, environment, and the GĬE interaction in the total sum of squares in the experiment 

concerning grain weight per spike. Within the main effects, both the genotype and environment made 

equal contributions to the sum of squares, while the interaction's contribution was significantly 

smaller. This limited interaction effect on the expression of grain yield represents an excellent basis 

for the selection of stable grain yield varieties. Among the genotypes studied, KG-52/23 

demonstrated the highest average yield and greatest stability across all environments. Therefore, it 

can be considered a highly desirable genotype that is well-adapted to various agroecological 

conditions. 
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Abstract: Animal husbandry is the most important branch of agriculture because it produces the most important 

food for people. Forage plants, grasslands and pastures are a cheap and high-quality source of food for animals. 

They create a large vegetative mass and are rich in proteins, carbohydrates and other nutrients. The climatic 

condition in Serbia is favorable for forage production of most important forage crops. The crop structure on 

arable land is very unfavorable, primarily from the aspect of animal feed production and sustainable land use. 

The trend of decreasing areas under arable forage plants, meadows and pastures coincides with the trend of 

decreasing numbers of all types of domestic animals, especially cattle, sheep and pigs. One of the main reasons 

for the decline in livestock production is the low competitiveness and accumulative nature of this production.  
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1. INTRODUCTION 
 

Animal husbandry is the most important branch of agriculture and, in addition to providing 

important food for people, it reflects the level of its development and the level of living standards in 

a country. The importance of livestock farming stems from the fact that meat and milk are an 

indispensable component of the population's diet. On the other hand, livestock production enables 

balanced exploitation of natural resources and employs a significant number of people, especially in 

the sparsely populated hilly/mountainous regions of Serbia. Natural conditions in Serbia, and above 

all the geographical configuration of the terrain, soil quality, agro-ecological conditions are very 

favorable, both for primary arable agricultural production and for the development of livestock, 

especially cattle and sheep production. In addition to the existence of a high genetic potential of 

domestic animals for a certain production, the basic condition for the development of sustainable 

and competitive animal husbandry is the provision of cheap and high-quality animal feed, especially 

bulky animal feed as the dominant in the diet of ruminants (ņorĽeviĺ and Diniĺ, 2007). As a result 

of decades of work by scientific institutions in Serbia, there is a high genetic potential for the most 

economically important traits, both of domestic animals and cultivated forage plants for the 

production of animal feed (ņukiĺ et al., 2007; Tomiĺ and Sokoloviĺ, 2007). Despite all the above, 

looking at statistical data and trends, the state of livestock production in our country can be 

characterized as unsatisfactory. Although livestock production is influenced by a large number of 

factors, the results indicate that one of the causes of the poor state is the insufficient application of 

scientific results, and especially technological solutions in the sphere of production and preservation 

of animal feed. As a result of the insufficient application of production technologies, the genetic 

potential of forage plants for the most important agronomic traits is insufficiently utilized in practice. 
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If we add to this the high losses in yield and quality during conservation and storage of animal feed, 

it is clear that these data should be used to find a way to improve the situation in the livestock sector. 

 

The aim of these research was to present the favorable natural resources of the Republic of Serbia 

(climatic and soil conditions) for the production of animal feed in plain and hilly-mountainous 

conditions, as well as the negative trends in the number of heads in the last few decades. Also, the 

goals and the presentation of the recent results of the scientific research in the field of preparation 

and conservation of animal feed as a basic condition of competitive animal husbandry. 

 

2. CLIMATIC CONDITIONS FOR ANIMAL FEED PRODUCTION IN SERBIA  
 

Serbia extends between 42Á15ǋ and 46Á11ǋ north latitude and 18Á49ǋ and 23Á01ǋ east longitude, and 

80% of the territory belongs to the Southeast European region, while 20% is located in the Pannonian 

Plain and belongs to the Central European region. It is characterized by a continental climate in the 

north of the country and moderately continental climate conditions in the central and southern parts. 

The level of water deposits and temperatures are largely determined by both the relief and altitude, 

as well as latitude and longitude.  

 

Average annual temperatures depend largely on altitude, so that in Vojvodina and central Serbia up 

to an altitude of 300 m they range from 10.5 ÁC in Paliĺ to over 11 ÁC in Niġ and Belgrade. With 

increasing altitude, average annual temperatures decrease, so that in mountains higher than 1000 m 

they range from 6 ÁC on the Peġter plateau to 2.7 ÁC on Mount Kopaonik. Multi-year averages 

indicate that in the plain and hilly regions of Serbia, average temperatures above 5 ÁC are in March, 

while they are already above 11 ÁC in April. In mountainous areas at an altitude of around 1000 m, 

average monthly temperatures above 10 ÁC occur only in May, while at higher altitudes above 1500 

m in June and July. The highest average monthly temperatures on the entire territory of Serbia are 

recorded in July and August, and they range from 20 ÁC to 22 ÁC up to an altitude of 400 m, while 

at higher altitudes they range from 11 ÁC to 16 ÁC. Spring temperatures in March and April are 

similar to the average monthly temperatures in the autumn months, November and October. 

 

The average annual precipitation level, considering the long-term average in Serbia, ranges between 

540 and 970 mm. The northern, northeastern and southeastern parts of the country record the lowest 

multi-year average precipitation, ranging from 539.2 mm in the far north (Paliĺ) to 610.5 mm, as 

recorded in the east (Zajeļar). In these regions, the highest precipitation is in May, June and 

November, and the lowest in February, September and October. In the central parts of Serbia 

(Ġumadija and Pomoravlje), the precipitation level is slightly higher, ranging from 630 to 700 mm, 

and is characterized by slightly higher precipitation during the summer months.  

 

The western parts of Serbia are characterized by higher average annual precipitation, ranging from 

700 to over 800 mm, while in mountainous areas at altitudes above 1000 m, an average of 800 to 

1000 mm of water precipitation falls during the year. The above results show that the amount of 

precipitation in our country is not small, however, its distribution throughout the year is irregular, so 

that very often during the summer months (July and August) dry periods occur, which have an 

adverse effect on the production of animal feed (Figure 1).  
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Figure 1. Average precipitation distribution by the months by the location in Serbia 

(www.hidmet.gov.rs) 

 

Climate change is today's reality with the acceleration of the global warming trend and the 

occurrence of extreme climate phenomena (droughts, floods, tornadoes, typhoons, etc). It should 

also be noted that extremely dry years with annual precipitation of 400 to 500 mm, pronounced dry 

periods and extremely high temperatures exceeding 40 ÁC in July are not uncommon in Serbia 

(Figure 2). Such agro-ecological conditions occasionally cause significant oscillations in the 

production of animal feed, which has an adverse effect on livestock production. Taking into account 

the fact that very little arable land is irrigated in Serbia, it is necessary to find solutions that will 

contribute to more stable animal feed production. Solutions must have a multidisciplinary approach 

and must go in multiple directions, so that their synergy can yield results. First of all, irrigation as a 

direct measure to prevent the water shortage should be implemented wherever conditions exist. 

Then, the issue of more efficient use of existing precipitation and soil moisture conservation is 

related to crop structure, production system and soil cultivation methods. Finally, the creation of 

genotypes that better withstand stress conditions caused by water shortages and high temperatures, 

the introduction and cultivation of species from warm regions and other measures could significantly 

contribute to reducing the risks caused by unstable climatic conditions. The results of monitoring 

global climate factors in the last two decades indicate an increase in temperatures and temperature 

instabilities in all parts of the world. However, the largest oscillations and increases in temperatures 

occur on the European continent and especially in the Pannonian Basin and the Balkan Peninsula 

(Figure 3). In our country, in the last 20 years, the average temperature has increased by about 1.2 

degrees and in the summer period by 1.8 degrees with a tendency for an accelerated increase in 

temperatures (Figure 4). 

 

 
      Figure 2. The average level of precipitation by the location  

      in Serbia (www.hidmet.gov.rs) 

 

http://www.hidmet.gov.rs/
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Figure 3. Temperature changes by the region and year (Eurostat, 2023) 

 

 
Figure 4. Middle global and temperature (ÁC) for the Republic of Serbia,  

with comparation to the average 1961-1990 (Vukoviĺ Vimiĺ, 2024) 

 

3. LAND, THE BASIC CONDITION OF AGRICULTURAL PRODUCTION  
 

Agricultural, or plant production, provides food for people and animals and has a great impact on 

soil properties. Intensive agricultural production has long achieved incredible successes and leaps 

in the production of all agricultural products. The use of large amounts of mineral fertilizers, 

pesticides and soil cultivation systems has caused great damage, not only to the soil, but also to 

watercourses, biodiversity and even the health of ecosystems and people. For all the above reasons, 

it is necessary to adjust the level of land use as a natural resource to the production of sufficient 

quantities of food, but also to implement measures for its protection and sustainable use. 

Economically important forage plants (annual and perennial grasses and legumes), thanks to their 

morphological and biological properties, provide the possibility of efficient land use, production of 

quality animal feed, but also soil protection from negative processes that modern agriculture entails. 

The areas under agricultural land as the main resource for plant production in the Republic of Serbia 

are constantly decreasing. According to data from the Republic Statistical Office (www.stat.gov.rs), 

there are slightly more than 4 million ha of available land on the territory of the Republic of Serbia 

(www.stat.gov.rs), of which about 3.25 million ha are used as agricultural land. With about 0.5 ha of 

arable land per capita, Serbia is among the countries well-provided with this main resource for food 

production. In the structure of crop production, cereals dominate the area, with an increase in the 

area under industrial crops and fruits, while there is insufficient area under fodder and other legumes, 

which makes it impossible to implement crop rotation, as one of the most important agrotechnical 

measures (Figure 5). 
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Figure 5. Structure of plant cultures (Statistical Yearbook of Serbia for 2020)  

https://publikacije.stat.gov.rs/G2021/Pdf/G20212054.pdf 

  

This crop structure allows for the production of corn and stubble grains, but it is absolutely 

unfavorable from the aspect of producing high-quality protein animal feed, preserving and 

sustainable use of soil over a long period of time. Soil, as a natural component of the terrestrial part 

of the Earth's climate system, participates in a series of reactions with human infrastructure and 

settlements. In addition to exploitation and disruption of soil functionality caused by anthropogenic 

factors, climate change represents additional stress for soil health, through reduced precipitation and 

irregular distribution during the growing season (Striļeviĺ et al., 2021). Climate can affect soil 

directly by changing thermal and moisture conditions that are crucial for the formation and 

maintenance of soil quality and the services it provides to the environment, and indirectly, by 

degrading vegetation, which is one of the pedogenetic factors and the main source of organic matter 

for the soil. Climate change has recently had a profound impact on soils in the Republic of Serbia 

and the wider region of Southeastern Europe. Given the rise in global temperatures, changes in 

precipitation patterns and increasingly frequent weather extremes, soil health and productivity are 

under increasing pressure, and climate change is considered the greatest global threat to sustainable 

development (Hou, 2021). 

 

The impact of climate change on soil is reflected in one of the most direct consequences, which is 

degradation. Rising temperatures and changing precipitation accelerate the loss of organic matter, 

which is especially pronounced in the northern parts of Serbia, which directly affects the fertility 

and water retention of the soil itself. Due to the highly variable amounts and distribution of 

precipitation in space and time, the basic rule is to economize with soil moisture (Maleġeviĺ et al., 

2021). Degraded soil is devoid of structure and nutrients, which is reflected in reduced yields and 

makes it difficult to sustain agricultural production. Irregular and intense rainfall, often accompanied 

by long-term droughts, leads to various forms of erosion and makes the soil more susceptible to 

compaction and cracking. 

 

Limited soil fertility is caused by high concentrations of H+ and Al3+ ions, as well as some other 

heavy metals, organic acids, but also by limited nutrient availability and weak microbiological 

activity (Gudģiĺ et al., 2017). Most of the soil in central Serbia has acidic chemical reactions and is 

often deficient in phosphorus. Climate change also affects nutrient availability. Higher temperatures 

lead to an increase in carbon dioxide concentration in the soil, which leads to changes in nutrient 

cycling, a decrease in soil pH, and the availability of nitrogen, phosphorus, and potassium. These 

changes often require increased use of chemical fertilizers, which can further contribute to 

degradation and pollution.  

 

https://publikacije.stat.gov.rs/G2021/Pdf/G20212054.pdf


 

120 

 

Climate change and unsustainable land use lead to a decrease in soil as a resource and its permanent 

loss (Dģeletoviĺ and Simiĺ, 2024). In areas of southeastern Europe, climate change will have a 

negative effect on crop production and soil, primarily due to possible water deficits and the 

occurrence of extreme weather events (prolonged heat waves, hail, storms) that will increase the 

variability of annual production and lead to a reduction in areas suitable for growing plant species 

(Cosentino et al., 2012). 

 

4. FORAGE PRODUCTION ON ARABLE LAND  
 

The dominant characteristic of forage production in the lowland areas is the high prevalence of 

maize on over 1.200.000 ha and grain production of around 4.500.000 tons per year. The largest part 

of maize grain (80%) and a significant part of products, semi-products and by-products of soybeans 

and sunflowers are used for feeding domestic animals. In addition, the largest part of barley produced 

and even a part of wheat and triticale grains are used as forage. 

 

Coarse fodder production takes place on 235.000 ha, which makes up 9% of arable agricultural land, 

which is absolutely insufficient. According to estimates, in order to provide sufficient quantities of 

coarse fodder, the area under arable forage plants should amount to 20% of arable land. However, 

this unfavorable situation is mitigated by the fact that of the total area under arable forage plants, as 

much as 67% is occupied by the two most important and productive perennial forage plants, alfalfa 

and red clover (Stoġiĺ and Lazareviĺ, 2007). In addition to these species, economically important 

perennial leguminous forage species in Serbia are birdsfoot trefoil and white clover in clover-grass 

mixtures (CGM), as well as annual forage plants: fodder peas, fodder vetch, fodder sorghum, Sudan 

grass and fodder rape. 

 

Alfalfa (Medicago sativa L.) is the most important perennial forage legume and it is grown on 

106.000 ha. Depending on soil type and climatic conditions, alfalfa without irrigation can yield from 

6 t ha-1 to 9 t ha-1 in the year of establishment, and in the second year 14-19 t ha-1 of hay with an 

average crude protein content for four cuts of 217 g kg-1 and an annual crude protein yield of 3.12 t 

ha-1 (Radoviĺ et al., 2007). 

 

Alfalfa is most often grown as a pure crop, although it can also be a component of grass-legume 

mixtures for hay production (Lazareviĺ et al., 1999). It is used for feeding domestic animals in 

various forms, most often as hay, but also dehydrated in the form of briquettes, as silage and less 

often as green forage or for grazing. 

 

Red clover (Trifolium pratense L.) is grown as a pure crop in Serbia on about 60.000 ha and it 

successfully replaces alfalfa on soils of increased acidity in lowland and hilly areas. Thanks to its 

developed root and intensive biological nitrogen fixation and favorable effect on the soil, it is very 

important in crop rotation. Due to its poor tolerance to drought conditions, its period of use is short, 

only 2-3 years, and it is mostly grown in the more humid hilly areas of western Serbia. In conditions 

without irrigation in the second year it gives high hay yields (14-18 t ha-1), with a high protein 

content (18-22%) and minerals (Lugiĺ et al., 2001, 2006). 

 

On poorer quality soils, birdsfoot trefoil (Lotus corniculatus L.) plays an important role in providing 

the protein component in animal feed. Although there is no economic justification for this, in some 

areas on soils with increased acidity this species is traditionally grown in pure culture. Due to its 

high adaptability, it is grown in various agro-ecological conditions, even at high altitudes (Steiner, 

1999). 

 

Annual forage plants have a long tradition of cultivation in Serbia and represent an important source 

of bulky and concentrated animal feed. The most important annual forage legumes are field pea 

(Pisum sativum L.) and common vetch (Vicia sativa L.), which are grown on nearly 30.000 ha and 
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are used in various ways. In the agro-ecological conditions of our country, these species provide 

high yields of biomass of excellent quality (Mihailoviĺ et al., 2004). Also, rapid growth and high 

yields of green forage recommend them as very good green manure (Ĺupina et al., 2004). However, 

the reduction of livestock, the dominance of corn in the lowland area, the simplification of the 

production process, the reduction to a smaller number of crops and the increase in energy prices 

have led to a decrease in the distribution of these species. However, in recent years, with the 

introduction of adequate agricultural mechanization and the adoption of conservation technologies, 

these species are increasingly grown with small grain cereals as support crops and are used for the 

production of hay, silage and haylage. Together with reduction of livestock number during the last 

four decades there was a significant reduction in the area under forage crops in Serbia (Figure 6). 

 

   

 
Figure 6. The area under forage crops in last four decades  

in Serbia (data used from Statistical Yearbook) 

 

5. GRASSLAND FORAGE PRODUCTION 
 

Grasslands are communities of primarily herbaceous annual, biennial and perennial plant species 

that cover 30% of the planet's land as permanent cover. Their importance as a spontaneous, natural 

ecosystem is enormous: they represent a habitat for animals, fungi and microorganisms; they 

participate in pedogenesis and prevent erosion processes; they store carbon in the deeper layers of 

the soil, making it inert, which contributes to mitigating the "greenhouse" effect. From the 

perspective of (human) agricultural practice, grasslands are a resource that is the basis for the supply 

of bulky animal feed, i.e. they ensure the stability of the market supply of dairy and meat products 

(Mara, 2012). They are a habitat for pollinators, a source of raw materials for the pharmaceutical 

industry, and an inexhaustible source of genetic material for wild relatives of cultivated plant species 

(Cousins and Lindborg, 2008). Grasslands in the Republic of Serbia covered an area of 556.446 ha 

in 2023, which is a significant decrease compared to 2022, when it was 661.578 ha (SORS, 2024). 

 

A large part of the area under grasslands is in the stage of degradation, as a result of depopulation, 

reduction in livestock, inaccessibility of terrain, low-profitable production of animal feed, lack of 

infrastructure, as well as inadequate subsidy policy. In addition to these anthropogenic factors of 

grassland degradation that are associated with local activities, grasslands also respond to global 

changes in temperature and precipitation (Gobiet et al., 2014). In Serbia, grasslands are most 

common in the hilly-mountainous area, and it is precisely this altitude zone that is sensitive to 

changes in abiotic factors. On the one hand, the existing diversity of autochthonous species is 

decreasing, while on the other hand, the floristic composition is changing towards the presence of 

thermophilic species whose range is expanding due to changing environmental conditions (Dibari 

et al., 2021). Grassland degradation is visible throughout Serbia south of the Sava and Danube rivers, 

and this conclusion was made as a result of the analysis of over 1000 samples of bulky fodder in the 

past 10 years in the laboratory of the Institute of Forage Crops in Kruġevac. Biomass from sown and 

semi-natural grasslands was analyzed and most often, regardless of whether they are established or 

natural communities, the attitude of the owner is inappropriate. Mowing grasslands is carried out in 

the phenological stages of seed maturation or even its complete rejection has occurred. The rest of 
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the plant - stems and leaves that actually make up the bulky meal have also been modified to the 

extent that the proportion of unusable components such as lignin has increased and the resulting 

fodder is in that case not a suitable source of nutrients (Babiĺ et al., 2019). 

 

Due to inadequate fertilization, untimely mowing and other measures, the yield of grasslands is also 

low and amounts to 2,7 t ha-1 in meadows and 2,4 t ha-1 in pastures, which indicates that they are 

lowly productive (SORS, 2024). Some research also indicates that grasslands are generally very 

responsive to fertilization, and that with adequate fertilization, the yield of grasslands can increase 

several times, thus significantly increasing the usability of this resource (Lazareviĺ et al., 2009). 

 

Grasslands generally have the potential to resist climate change through the local expansion of 

species that are tolerant to newly emerging conditions. The key to their adaptability lies in their 

diversity, so the more diverse the communities, the greater their adaptability to changing conditions 

(Baca Cabrera et al., 2021). Grasslands in the Republic of Serbia are characterized by high diversity 

(Stoġiĺ et al., 2007) but low production, and as such they represent a sustainable but not economical 

source of animal feed. In contrast, grasslands in Western European countries are low in diversity due 

to intensive fertilization and exploitation and are mostly dominated by highly productive species. 

According to research by Zorniĺ et al. (2024), intensively fertilized nitrogen treatments are 

dominated by species that have increased requirements for water and nutrients and are suitable for 

lower temperatures. Such characteristics indicate poor adaptability and if fertilization stops, or dry 

conditions with increased temperatures occur, there is a drastic drop in yield, and as some say, even 

a complete loss (Piseddu et al., 2021). This fact is supported by the fact that fertilization is necessary 

to stimulate the natural diversity of lawns, and the best results are achieved by applying phosphorus 

and potassium fertilizers at lower doses (up to 80 kg per ha) or without nitrogen, and that with higher 

amounts of nitrogen, there is a drastic decrease in the natural diversity of lawns (Figure 7). 

 

 
Figure 7. The influence of fertilizaton on biodiversity index in 

 Danthonietum calycinae grassland type (Zorniĺ et al., 2022) 

 

6. SILAGE PRODUCTION 
 

Modern livestock nutrition, especially when it comes to feeding dairy cows, also includes the use of 

silage. In addition to ensuring cost-effective production in this way, ensiling is also important from 

the perspective of sustainability and adaptation to climate change. Corn silage is the most widely 

used silage, both in our country and in the world. Today, 27.340 ha are under silage corn in the 

Republic of Serbia, which represents 2.96% of the total area under corn (SGS, 2024). These areas 

are too small to provide sufficient quantities of silage even for the existing number of ruminants, so 

it is necessary to increase them, especially in a future concept of strengthening livestock production. 

Silage of green biomass of fodder plants enables their earlier removal from production areas and 

more intensive use of land (Rakaġļan et al., 2019). Ensiling corn provides a significantly higher 

yield of energy and nutrients per hectare, compared to the production of corn for grain. Corn silage 

is also important in terms of crop rotation, because by sowing silage corn late, it is possible to ensure 
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two harvests per year, which is important from the perspective of sustainability. In addition, it is 

known that dry matter losses during ensiling (5-15%) are significantly lower than losses during hay 

production (20-40%). So, efficient use of energy sources in agricultural production will prevent 

destruction of natural resources, minimize environmental problems, and improve sustainable 

agriculture (Pervanchon et al., 2002). In addition, the production of greenhouse gasses, such as 

methane (CH4) could be significantly reduced by decreasing the fibre content of the diet. One of the 

acceptable ways to do this is the increase in the proportion of high starch components, such as corn 

silage (Hopkins and Prado, 2007). 

 

Due to the very sporadic production of grass and legume silage, statistical data on their production 

in our country are mainly presented through hay production. The main reason for this is insufficient 

knowledge of ensiling technology, especially when it comes to legumes. Considering climate 

change, the negative side of which is particularly reflected in frequent droughts and floods, the 

introduction of grass and legume silage has significant potential in reducing the risk of total yield 

losses, as well as in increasing the quality and yield of coarse biomass. In addition, proper ensiling 

of grass and legumes contributes to the preservation of nutrients, especially in terms of protein 

content as the most expensive component of the diet. To this end, a cheap and effective measure for 

ensiling grasses and legumes is wilting, or short-term drying. In addition, modern research has 

confirmed that ensiling alfalfa in a mixture with red clover achieves significant protein preservation 

in alfalfa, which is prone to protein degradation (proteolysis) during ensiling (Li et al., 2018, 

Lazareviĺ et al., 2023). It is important to emphasize that protein production from natural and sown 

grasslands significantly contributes to sustainability in terms of soil conservation, compared to 

protein production on arable land. 

 

Recently, there has been a lot of research related to the production of bacterial inoculants that enable 

an optimal balance between the values of the basic quality parameters of silage fermentation. Special 

attention has been paid to the production of new strains of lactic acid bacteria. The advantage of 

bacterial inoculants over other silage additives is that they do not leave residues and do not 

negatively affect animal health and the quality of their products. Therefore, they are also allowed in 

organic agricultural production in Serbia (ņorĽeviĺ et al., 2024), which is significant in terms of 

sustainable livestock production. 

 

7. THE STATE OF LIVESTOCK PRODUCTION IN SERBIA  
 

Looking at statistical data for the period from 1977 to 2022, one can see a drastic decline in the 

number of ruminants for the mentioned period (Figures 8 and 9).  

 
Figure 8. Number of cattle since 1977-2022 in Serbia 
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Figure 9. Number of sheep since 1977-2022 in Serbia 

 

This decline was especially pronounced in cows and sheep in the 1990s, when the number of 

breeding animals was dramatically reduced. This state of affairs was caused by socio-political and 

social turmoil and economic sanctions that the international community declared against our 

country. During that period, due to the impossibility of exports and the economic crisis, Serbia lost 

the markets to which it had exported significant quantities of meat, especially beef, in the 1980s. As 

an illustration of the situation, we cite the data that in 1990, 165.000 tons of veal and beef were 

produced in Serbia, while in 2005 this production amounted to only 90.000 tons (FAOSTAT, 2007), 

while today it is significantly lower. Such data related to the number of cattle are very worrying, 

especially since these are species in which, unlike the decline, the increase in the number of cattle 

cannot follow a rapid upward trajectory. The situation is similar with the number of sheep, which 

after a significant decline in the last few years is slightly increasing. With the rapid decrease in the 

number of cows, due to the increase in milk production per cow, there was no decrease in milk 

production for a long period, but a further decline in the number of dairy cattle would certainly cause 

a deficit in production. The increase in milk production per cow is primarily a result of improved 

genetic potential of dairy cattle, but also better health care and nutrition. Despite the increase in cow 

milk production, the situation is not even close to satisfactory and is far behind Western European 

countries. 

 

Despite negative trends in livestock production, Serbia has a positive balance in foreign trade of 

agricultural products and is incomparably better than almost all countries in the region that are 

candidates for joining the European Union (Figure 10). The worrying state of livestock production 

in Serbia is also indicated by the share of livestock in the value of total agricultural production of 

only 32%, which places us among agriculturally underdeveloped countries. However, many 

agricultural economists believe that the situation in domestic livestock production could improve 

relatively quickly because there is still a significant number of high-quality breeding animals, quality 

human resources and satisfactory natural resources. When observing the state of livestock farming 

in the European Union in the period 2002-2022, it can be concluded that the trends are similar and 

that there is a decline in the number of livestock, especially pigs, sheep and goats (Figure 11). 

Despite the decline in the number of livestock in the EU, there has been no significant decline in 

meat and milk production. 
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Figure 10. The trade of agriculture products in Serbia  

2011-2021 (Eurostat, 2023) 

 

 
Figure 11. Development of different livestock  

in Europe 2002-2022 (Eurostat, 2023) 
 

8. CONCLUSION 
 

Serbia has significant areas of agricultural land suitable for crop production, animal feed production 

and livestock production. Soil and climatic conditions are conducive to the production of fodder 

plants and high-quality, healthy animal feed. 

 

The crop structure in Serbia is generally unfavourable. Corn and cereals are grown on nearly 68% 

of arable land, while fodder plants are grown on only 8-9% of arable land with an insufficient share 

of leguminous plants. This results in overproduction of corn and cereal grains, the inability to respect 

crop rotation, inefficient land use and questionable quality of animal feed. The situation in livestock 

production, especially in cattle breeding, is very unfavourable with a multi-decade trend of 

decreasing headcount. In parallel, the areas under forage plants are decreasing, especially under 

perennial legumes. 

 

Climate change, i.e. the trend of increasing temperatures and decreasing precipitation during the 

vegetation period, is increasingly negatively affecting the stability of bulky fodder production and 

threatens to endanger livestock production. 

 

In such conditions, it is necessary to create and implement agricultural policies that will contribute 

to increasing the competitiveness of domestic agriculture, and especially livestock breeding. This 

includes the regionalization of agricultural production, better use and protection of natural resources, 

the introduction of targeted-linked support measures, increasing the level of knowledge in all 

segments and other measures that would contribute to the development of livestock breeding as the 

most important agricultural branch. 
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Abstract: The treatment with two foliar N applications (T3), was most effective in improving grain weight per 

spike in durum wheat genotypes. Genotype KG-3405-03 showed the highest grain weight under T3 in favorable 

2013 conditions (1.91 g) but experienced the greatest decrease in 2014. In contrast, genotype KG-43-33/1 achieved 

the best results under T3 in the less favorable 2014 season (1.61 g), indicating its adaptability to adverse conditions, 

with foliar N fertilization. KG-28-6 and KG-44-3/1 are more stable and recommended for growing in various 

agroecological conditions. 

 

Key words: Durum wheat, N treatment, Organic production, Genotypic variation 

 

1. INTRODUCTION 
 

Durum wheat (Triticum turgidum L. var. durum Desf.) ranks as the second most widely cultivated 

wheat species globally (Mart²nez-Moreno et al., 2022). According to International Grains Council 

(IGC, 2023), durum wheat is grown on approximately 13.7 million hectares worldwide, producing 

an average of 34.3 million tons of grain between 2018 and 2022. Although its global cultivation area 

is relatively small, durum wheat is a crucial crop and staple food in many Mediterranean regions, 

serving as the primary raw material for various traditional end-products such as pasta, couscous, 

bulgur, and different types of bread (Kabbaj et al., 2017). 

 

Durum wheat is best suited to semi-arid, warm climatic conditions, so it is grown as a winter crop 

in Mediterranean regions. In colder areas with long winters, it is typically sown in spring and 

harvested in early autumn (Bassu et al., 2009; Sieber et al., 2014; Mart²nez-Moreno et al., 2022). In 

Central and Eastern Europe, particularly in the Pannonian region, most durum wheat varieties are 

winter types and are sown in the autumn (Vida et al., 2022). 

 

Despite its good adaptability to dry and arid regions, durum wheat production is highly influenced 

by abiotic and biotic factors, especially drought and high temperatures (Pour-Aboughadareh et al., 

2022; Grosse-Heilmann et al., 2024). Considering these challenges and the ongoing climate changes 

in recent years, the use of various agronomic practices has become increasingly important. These 

practices include adjusting tillage methods, implementing appropriate crop rotation, modifying 

sowing dates, and applying nitrogen fertilizers, which can increase yield and grain quality, but also 

pose environmental risks (Bassu et al., 2009; Knezevic et al., 2014; Morari et al., 2017; Bozek et al., 

2021; Grosse-Heilmann et al., 2024). Therefore, organic fertilizers offer a more sustainable 
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alternative and have been shown to improve soil quality and nutrient availability (Mancinelli et al., 

2023). However, a limitation of organic fertilizers is the potential reduction in crop yield and quality 

(Di Mola et al., 2021). The aforementioned authors suggest that the impact of organic fertilizers on 

the yield and quality of durum wheat is site-specific, with a less pronounced effect on less fertile 

soils with high clay content.  

 

Given the growing consumer demand for reliable products, especially those from organic production 

(Mie et al., 2017; Wang et al., 2019), organic durum wheat production has become a key focus due 

to the increasing interest in organic food (Zeļeviĺ et al., 2022). Therefore, it is essential to select 

durum wheat varieties capable of producing high and stable yields, even in marginal envrionment 

conditions, for both organic wheat growers and breeders (Cs®plŖ et al., 2024). Consequently, it is 

important to investigate diverse durum wheat genotypes within organic farming systems. 

Considering that optimizing nitrogen fertilization is a primary objective of applied agricultural 

research (Ercoli et al., 2013), further studies are needed to determine the optimal fertilizer 

combinations to improve durum wheat production (Zeļeviĺ et al., 2022). 

 

The aim of this study is to determine the impact of genotype, nitrogen fertilization treatments, 

season, and their interactions on the variability of grain weight per spike in durum wheat within an 

organic farming system. 

 

2. MATERIAL AND METHODS 
2.1. Plant material and experimental design 

 

A field experiment was conducted using a randomized block design with three replications on a 

certified organic farm in Ļaļak, Serbia, during the 2012/2013 and 2013/2014 growing seasons. The 

plant material consisted of seven durum wheat genotypes, including three varieties: Windur 

(Germany), Ģitka, and KG Olimpik (Serbia), along with four breeding lines: KG-28-6, KG-3405-03, 

KG-43-33-1, and KG-44-3-1 (Serbia). Each experimental plot was 5 mĮ, and the soil type was 

classified as clay loam. The soil on which the experiments were conducted is acidic and classified as a 

carbonless soil type, with a low pH value and low free CaCO3 content. The soil had a moderate level 

of organic matter and falls under the class of poorly humus soils. It has medium levels of readily 

available phosphorus and potassium. All soil analyses were performed at the Laboratory for Soil and 
Agroecology of the Institute of Field and Vegetable Crops in Novi Sad, Serbia, which is accredited 

according to the ISO/IEC 17025:2017 standard. 

 

The experiment was conducted following the principles of organic wheat production. According to the 

Ordinance on Control and Certification in Organic Production in Serbia, maximum intake of 170 kg N 

ha-1 per year is allowed in organic farming. In the first season (2012/2013), potato was the preceding 

crop, and in the second season (2013/2014), processing crop was beans. In autumn, a starter 

fertilization was applied using 2 tons of organic fertilizer Italpollina (4:4:4) at a rate of 80 kg of pure 

nitrogen per hectare. Sowing was performed on November 2nd in the first season and October 25th in 

the second season, with a seeding rate of 600 seeds per square meter. During the tillering phase in 

February 2013, 500 kg per hectare of organic fertilizer Dix 10 (10:3:3) was applied, providing 50 kg 

of pure nitrogen per hectare. These fertilizers, produced by Hello Nature (formerly Italpollina, Italy), 

were used in the study. Three foliar nitrogen treatments were applied at different stages of plant 

development: T1 (no nitrogen application), T2 (one foliar spray of 0.3% organic fertilizer Trainer at 

the beginning of heading on April 10, 2013, and April 14, 2014), and T3 (two foliar sprays of 0.3% 

organic fertilizer Trainer at heading and anthesis stages, on May 8, 2013, and May 12, 2014), according 

to the recommended commercial rate. Grain weight per spike was analyzed in 10 randomly selected 

plants per main plot at full maturity, determined on the primary spikes. 
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2.2. Agro-meteorological conditions 

 

Meteorological data were obtained from the Meteorological Station of the Fruit Research Institute 

in Ļaļak (Figure 1). In the first season (2012/2013), higher temperatures in April and May (13.2 ÁC 

and 18.2 ÁC) played a crucial role in significantly accelerating plant growth. In contrast, the 

2013/2014 season was marked by lower average temperatures in November and December (7.3 and 

0.5ÁC), which were below the long-term average, resulting in a delay in plant development. In the 

2012/2013 season, the total amount of precipitation was 503 mm, which was higher than in the 

2013/2014 season (413.8 mm). Precipitation in 2012/2013 was more evenly distributed throughout 

the year, with the highest rainfall in December (87.6 mm) and February (68 mm), which provided 

optimal conditions for early crop development. Although rainfall in April and May 2013 was lower 

(37 and 78.5 mm), it was still sufficient to support plant growth. In contrast, vegetation in the 

2013/2014 season was affected by uneven precipitation distribution, with extremely high rainfall in 

May (167.8 mm) and June (149.8 mm), which negatively impacted plant health and crop maturity. 

In the same season, December, January, and February were characterized by very little precipitation 

or complete lack of it, which slowed down plant growth and development. 

 

 
Figure 1. Meteorological conditions during the experiment 

 

2.3. Statistical analysis 

 

To analyze the effect of genotype, foliar fertilization treatments, and year, as well as their interactions 

on the expression of grain weight per spike, an analysis of variance (ANOVA) was conducted using 

the MSTAT-C program (Michigan State University, 1990). Multiple comparisons of the variants of the 

investigated factors were performed using the Least Significant Difference (LSD) test at two 

significance levels, 1% and 5%. 

 

3. RESULTS AND DISCUSSION 
 

The selection of suitable varieties and balanced fertilizer application are key agronomic practices 

for enhancing wheat productivity and quality (Panayotova et al., 2017). Therefore, it was important 

to conduct research on divergent durum wheat genotypes grown under various foliar nitrogen 

treatments and in different seasons. This study presents the impact of these factors and their 

interactions on grain weight per spike. Grain weight per spike is an essential yield component that, 

along with the number of spikes per square meter and the number of spikelets per spike, directly 

affects durum wheat yield (Kendal, 2019). Furthermore, grain weight per spike serves as a useful 

phenotypic marker for selecting suitable wheat genotypes, particularly under drought stress 

conditions (Xu et al., 2023).  
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The analysis of variance shows a highly significant (p ᾽ 0.01) effect of the main factors (genotype, 

year, and foliar nitrogen fertilization treatment) on the phenotypic expression of grain weight per 

spike (Table 1). The largest proportion of variation in this yield component was attributed to 

genotype (25.25%), followed by year (15.57%) and foliar nitrogen fertilization treatment (13.65%).  

 

Table 1. Analysis of variance for grain weight per spike in different durum wheat genotypes 

under three foliar fertilization treatments grown in two vegetation seasons 

Source  

of variation 
df 

Sum of 

Squares 

Mean 

Square 
F-value p-value 

% sum of 

squares1 

Genotype (G) 6 1.948 0.325 15.688**  0.000 25.25 

Year (Y) 1 1.201 1.201 58.034**  0.000 15.57 

Treatment (T) 2 1.053 0.526 25.445**  0.000 13.65 

G × Y 6 1.314 0.219 10.582**  0.000 17.03 

G × T 12 0.171 0.014 0.688ns 0.758 2.21 

Y × T 2 0.069 0.035 1.674ns 0.194 0.89 

G × Y × T 12 0.221 0.018 0.892ns 0.558 2.86 

Error 84 1.738 0.021 ï ï ï 

Total 125 7.714 ï ï ï ï 
** p Ò 0.01: statistically significant effect at the 1% significance level; nsNon-significant (pι0.05) 
1The share of the sum of squares (%) of the analyzed factors and their interactions is expressed 

in relation to the sum of squares of the total (100%). 

 

The largest contribution of the genotype factor indicates the presence of divergence in the studied 

genetic material. Additionally, Zeļeviĺ et al. (2010), Kneģeviĺ et al. (2008, 2015), and Kondiĺ et al. 

(2017) have found that genotype and the external environment significantly affect the variability of 

grain weight per spike in wheat. The G Ĭ Y interaction was statistically significant (p < 0.01), while 

the G Ĭ T, T Ĭ Y, and G Ĭ Y Ĭ T interactions were not statistically significant (p > 0.05). 

 

Table 2 presents the values of grain weight per spike for all genotypes under the analyzed treatments 

and seasons. A comparison of the genotypes, regardless of the treatments applied and the years, 

showed that the genotype KG-3405-03 had the highest average grain weight per spike (1.59 g) and 

was significantly different (p ᾽ 0.05) from the other genotypes, except from the KG-44-3/1 line (1.49 

g). The lowest value of this trait in the trial was observed in the genotype KG Olimpik (1.22 g) 

which was significantly different from the other genotypes, except for Windur (1.23 g). An increase 

in grain weight per spike was observed under the fertilization treatments compared to the control 

(1.27 g), with values of 1.39 g for one foliar spray (T2) and 1.49 g for two foliar sprays (T3), with 

significant differences observed between the treatments. The application of the same foliar 

fertilization treatments had a positive effect on the number of spikes per square meter, number of 

grains per spike, 1000-grain weight, and grain yield for the same durum wheat genotypes (Zeļeviĺ 

et al., 2022). Lopez-Bellido et al. (2012) and Pampana et al. (2013) highlight that split nitrogen 

fertilizer applications improve nitrogen use efficiency, but the crop response significantly depends 

on climate and agronomic practices, such as fertilizer quantity, type, splitting ratios, and application 

timing. Although durum wheat is known for its drought tolerance, it can be negatively affected by 

water stress (De Vita and Taranto, 2019). On average, for all genotypes and treatments, a 

significantly higher grain weight per spike was observed in the 2012/2013 season (1.49 g) compared 

to the 2013/2014 season (1.29 g), which was characterized by considerably lower amount of 

precipitation. Xu et al. (2023) found that grain weight per spike decreased by 31.7% in wheat under 

drought conditions. Saghouri el Idrissi et al. (2023) found that grain yield per plant in durum wheat 

genotypes decreases as water stress increases. 

 

 

 

 



 

132 

 

Table 2. Influence of interaction of genotype, treatment and season on the variation of grain 

weight per spike 

Genotype 

Foliar fertilization 

Average T1  T2 T3 

2013 2014 2013 2014 2013 2014 

Windur 1.19 1.05 1.23 1.13 1.57 1.18 1.22d 

KG Olimpik 1.12 1.09 1.37 1.09 1.56 1.18 1.23cd 

Ģitka 1.36 1.12 1.64 1.16 1.68 1.20 1.36bc 

KG-28-6 1.35 1.27 1.51 1.42 1.60 1.54 1.45b 

KG-44-3/1 1.47 1.44 1.54 1.47 1.56 1.47 1.49ab 

KG-43-33/1 1.09 1.29 1.38 1.40 1.42 1.61 1.37b 

KG-3405-03 1.79 1.21 1.86 1.28 1.91 1.50 1.59a 

Average 
1.33 1.21 1.50 1.28 1.61 1.38 

1.38 
1.27C 1.39B 1.49A 

LSD G Y G Ĭ Y T G Ĭ T Y Ĭ T G Ĭ Y Ĭ T 

0.05 0.135 - 0.191 0.088 NS NS NS 

0.01 0.179 - 0.253 0.117 NS NS NS 

Means followed by different lowercase letter(s) differ significantly between 

genotypes, while means followed by different uppercase letter(s) differ significantly 

between treatments at 5% level of significance: NS- nonsignificant. 

  
The highest average value of grain weight per spike was recorded with the T3 treatment in 

2012/2013 (1.61 g), while the lowest average value was found under the T1 treatment in 2013/2014 

(1.21 g). In 2013, the grain weight per spike under the control treatment (T1) was lower than under 

the other treatments for that season (1.31 g). However, this value was higher compared to the T2 

treatment (one foliar spray) in the less favorable 2013/2014 season (1.28 g), suggesting that the 

season plays a key role in the variation of grain weight per spike among the analyzed durum wheat 

genotypes. Considering only the 2014 season, the T3 treatment also resulted in the highest grain 

weight per spike (1.38 g) on average for all genotypes, compared to the other treatments in that 

season. Therefore, it can be concluded that the application of the T3 treatment improved grain weight 

per spike in both the favorable (2012/2013) and less favorable (2013/2014) growing seasons. 

 

The highest value of grain weight per spike at the experimental level was observed for the genotype 

KG-3405-03 with the application of the T3 treatment in the 2013 season (1.91 g). In the 2013/2014 

season, the highest grain weight per spike was observed in genotype KG-43-33/1 with the T3 

treatment (1.61 g). This genotype has the lowest value in the 2012/2013 season under the control 

treatment (1.09 g). The lowest average grain weight per spike at the trial level was recorded for the 

genotype Windur (1.05 g), followed by the genotype KG Olimpik (1.09 g), under the treatment 

without foliar fertilization during the 2013/2014 season (Table 2). 

 

The G Ĭ Y interaction was statistically significant (p ᾽ 0.01) and was therefore analyzed in detail and 

presented in Figure 2. This significance indicates that different genotypes exhibit varying responses to 

climatic conditions across the studied years. It suggests that the ranking of genotypes in terms of grain 

weight per spike changes from year to year.  
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Figure 2. Grain weight per spike for durum wheat genotypes across the analysed seasons 

 

The genotype KG-3405-03 shows high variation in grain weight per spike, with the highest value of 

1.86 g in the 2012/2013 season, which decreases by 28.5% to 1.33 g in the 2013/2014 season, 

indicating its potential in favorable conditions and significant sensitivity to unfavorable environmental 

factors. In contrast, the genotypes KG-28-6 and KG-44-3/1 showed the least variation between years, 

making them suitable for cultivation in diverse agroecological conditions. The genotypes Windur and 

KG Olimpik demonstrated satisfactory stability, but they do not exhibit high potential for achieving 

elevated grain weight per spike in favorable conditions. The genotype Ģitka showed high variation 

across vegetation seasons, with above-average grain weight per spike in favorable conditions and 

below-average grain weight in unfavorable conditions. The genotype KG-43-33/1 showed an opposite 

trend to the other genotypes, with a higher grain weight per spike in the less favorable 2013/2014 

season (1.44 g) compared to the 2012/2013 season (1.30 g), which had more evenly distributed rainfall 

(Figure 2). This suggests that this genotype responds very well to the application of treatment T3 in the 

2013/2014 season and may have advantages in specific ecosystems. 

 

4. CONCLUSION 
 

Both foliar fertilization treatments increased grain weight per spike in the analyzed durum wheat 

genotypes compared to the control (no treatment). The treatment with two foliar sprays (T3) proved 

to be the most effective in improving grain weight per spike, both under favorable and unfavorable 

environmental conditions. The genotype KG-3405-03 showed the best response to the T3 treatment 

in favorable conditions in 2013, with the highest average value of grain weight per spike (1.91 g). 

However, this genotype also showed the greatest reduction (28.5%) in the less favorable 2013/2014 

season. On average, across all treatments, the genotype KG-43-33/1 achieved significantly higher 

values in the less favorable season compared to the favorable growing season, indicating its 

exceptional adaptability to adverse climatic conditions when foliar fertilization is applied. The 

reason for the higher values in the unfavorable season is that this genotype had the best response to 

the T3 treatment under unfavorable conditions, achieving the highest grain weight per spike (1.61 

g). On the other hand, genotypes KG-28-6 and KG-44-3/1 demonstrated good stability, with above-

average values on the treatment without nitrogen application (control) in both seasons, making them 

suitable for cultivation in diverse agroecological conditions. 
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Abstract: Number of tillers varying depends on genotype capacity, crop density, nutrition, ecoclimatic 

condition and interaction of all named factors. The aim of this study was estimation variability of non-

productive tillering of genetically divergent wheat cultivars grown under different environmental conditions. 

The ten genetically divergent winter wheat varieties were tested in two years with different climatic conditions. 

Experiment carried out on field conditions, design in randomized block and three replications. The seeds of 

varieties were sown at the distance of 0.10 m in rows of 1.0 m length among which was the distance of 0.2 m. 

For analysis of tillering were used 60 plants in full maturity stage (20 plants per replication). The obtained data 

processing for analysis of variance by using MSTAT C (5.0 version). The significant differences between values 

were estimated by F-test and LSD (0.01; 0.05). Similarity among wheat was analyzed by hierarchical method 

of Euclidean distance. The results showed differences among genotypes for non-productive tillering. The 

number of non-productive shoots was the least 0.67 in Kosmajka and the highest 4.67 in Somborka with average 

value 2.52, while in second year the least 1.03 Fortuna and the highest 2.83 in Kremna with average value 1.80 

shoots. In each cultivar the more productive tillers associated with more total initiated tillers. The differences 

between cultivars for tillering are affected by genetic and environmental factors.  

 
Key words: Wheat, Genotype, Variability, Non-productive tillers, Environment  

 

1. INTRODUCTION 
 

Since the limited resources of arable land, there is intensive work on the creation of genotypes with 

higher genetic potential for yield. There are a number of wheat genotypes that can be used as a parent 

variety in crosses in the process of developing new varieties with high yields, improved quality and 

greater adaptability in the variable environmental conditions (Brankoviĺ et al., 2015; Kneģeviĺ et 

al., 2015a, 2020; Thapa et al., 2024).  

 

The improvement in yield in the breeding program includes work on engineering, architecture 

vegetative organs of plants (root, stem, leaf) and generative (ear, seed) which will have the higher 

capacity to increase seed yield, greater adaptive ability on the changed climatic factors and better 

quality (Kneģeviĺ et al., 2018; De Oliveira Silva et al., 2020). To achieve this, it is necessary to 

understanding the genetic control of traits, components of yield and quality, thereof on 
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interconnection in order to obtain a desirable combination of the newly created genotype (Kneģeviĺ 

et al., 2006, 2015b; Shang et al., 2021).  

 

Climatic changes make it difficult to yield predictions of wheat and other plant species, which is in 

addition to generating new genotypes necessary to improve the growing system and thus reduce the 

negative effects of the limiting factors in the production. The increasing of genetic potential for yield 

of varieties contributes to increasing of total yield, which can be accomplished in a different 

environmental conditions (Slafer, 2014; Kneģeviĺ et al., 2021a; Russell et al., 2017), including 

drought and water deficit (Dodig et al., 2008; Sadras and Slafer, 2012; Lollato et al., 2019), high 

temperatures (Reynolds and Ortiz, 2010; Fioreze et al., 2019 ), soil salinity (Matkoviĺ Stojġin et al., 

2022a; 2022b). Increasing genetic potential for yield allows production of larger quantities of wheat 

seed per unit area and thus the total seed yield. This allows planing reduction of sowing area, which 

would reduce the production costs and enhance the degree of protection of natural and agro-

ecosystems (Spink et al., 2000; Valerio et al., 2009; Kneģeviĺ et al., 2016).  

 

Tillering in plants is determined with genetic and environmental factors, and in interaction of 

genotype and environemnt. Wheat which carries of reduced tillering (e.g. tin) genes have shown that 

inhibition of tillering stimulates the development of deeper roots, increases the tiller number, and 

increases the formation of large spikes under drought environments (Houshmandfar et al., 2019, 

2020). Tillering is an underground branching of stem and formation of shoots in the early stages of 

plant development (Assuero and Tognetti, 2010) and has a significant influence on the final yield of 

wheat (Russell et al., 2017). Among tillers appear several productive shoots with developed ear and 

grain, and nonproductive shoots without formed ear or with formed ear without grains (non-fertilized 

spike). The density of wheat crops is directly influenced by the growth and development of 

individual plants. The proportion of productive and nonproductive tillers have affects on structure 

of the population in crop (Kneģeviĺ et al., 2009; Xu et al., 2015). The total number of shoots plants 

(productive and nonproductive) depends on environmental conditions: vegetation area for plants, 

sowing density and mineral nutrition of crops, moisture, light, temperature (Elhani et al., 2007; 

Kondiĺ et al., 2016; Tilley et al., 2019). In terms of the larger vegetation area, optimal mineral 

nutrition and soil moisture plants have higher total tillering (productive and nonproductive 

tillering). Abiotic stress factors at the time of shoot growth may inhibit their formation and at a later 

stage may cause mortify tillers (Xie et al., 2016). Lack of nutrition can have a direct impact on the 

development and emergence of shoots, as well as the balance of auxin and cytokinin but which may 

also affect the interruption of dormancy of lateral buds (Valerio et al., 2009). Depending on these 

factors, the plant may have a significant number of shoots. In terms of water deficit and drought, 

tillering is reduced, which can be used as a criterion for selection, especially in the breeding program 

for drought (Mitchell et al., 2006; 2013). 

 

The aim is to determine the number of non-productive tillers of plants in genetically divergent winter 

wheat varieties in rare sowing systems which grow in formed low density crop in different 

environmental conditions. 

 

3. MATRIAL I METHODS  
 

The 10 geneticaly divergent winter wheat varieties were used for analysis variability of number of 

nonproductive tillers. These wheat varieties were sown which was set up as a randomized block 

design in three replications, on plots size 1 m2 on the field in Kraljevo, Serbia in two growing seasons 

(2015/16 and 2016/17). The seeds of varieties were sown at the distance of 0.05 m in rows of 1 m 

length among which was the distance of 0.2 m. The mode of rare sowing system used to allow plants 

to express their potential for tillering. In full maturity stage, the 60 plants (20 per replication) were 

harvested and used for analysis of tillering. By using MSTAT C version 5.0 were done analysis of 

variance for monofactorial trials in each year. The significant differences between the average values 

were estimated by F-test values. The analysis of variance was performed according to a random 
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block system with one factor and significant differences were tested by means of test value of LSD 

0.05 and LSD 0.01. Similarity among wheat analyzed by hierarchical method of Euclidean distance.    

 

3.1. Weather conditions  

 

The two years of experiment were differed according to measured air temperature and amount of 

precipitation. Obtained values of temperature and precipitation in first 2015/16 and second year 

2015/16 of experiment were compared with average values of previous ten years period (2000-

2010). In the first year of experiment 2015/2016, the average temperature was 9.9 ÁC which was 

higher than average value of temperature in second year (8.7 ÁC) as well higher than average 

temperature of ten years period (8.5 ÁC). In the first year of experiment 2015/2016, the total amount 

of precipitation was 651.00 mm and higher than in second year (523.1 mm) as well higher than in 

average total amount of precipitation for ten years period (417.8 mm). In both years average air 

temperature and total amount of precipitation were higher than in long-term period (2000-2010). For 

developing of plant, the regime of temperature and precipitation in second year were more favorable 

for wheat plant development. For wheat plants emegence in period October - November of second 

year of experiment were more favorable condition than in first year of experiment. During this period 

in the second year the amount of precipitation was 161.7 mm, while in the first amount of 

precipitation was 120.8 mm and average temperature was higher by 0.8 ÁC in the first year than in 

second year. In period februar - april the higher precipitation was in first year (250.5 mm) than and 

second year (174.0mm) while distribution of precipitation was more favorable in the second year. 

The averrage values of temperature for this period were similar in both years (Table 1). 

 

Table 1. Average monthly temperature and total monthly precipitation in Kraljevo 
Temperature and 

precipitation 
Season Oct Nov Dec Jan Feb Mar Apr May Jun Xm Total 

0C 2015/16 11.6 7.3 3.3 -0.1 8.8 7.8 14.1 15.5 21.3 9.96 89.64 
0C 2016/17 10.6 6.8 0.0 -4.7 5.2 10.8 11.1 16.8 22.1 8.74 78.66 

2000-2010 11.8 6.4 1.7 -0.1 2.6 5.9 11.6 16.4 20.4 8.5 76.5 

mm 2015/16 56.8 64.0 9.0 86.2 52.7 157.9 39.9 135.9 48.6 72.3 651 

mm 2016/17 84.1 77.6 9.4 22.0 35.0 57.0 82.0 100 56.0 41.1 523.1 

2000-2010 61.0 44.3 44.6 30.0 29.9 33.2 52.9 52.6 69.3 46.4 417.8 

 

4. RESULTS  
 

In the first year of experiment was established variation for nonproductive tillering, wherein the 

smallest number of non-productive tillers was 0.67 in the variety Kosmajka, and the highest 4.67 

shoots in Somborka wheat variety. In the second year, nonproductive tillering varied between 1.03 

shoots in Fortuna and 2.83 shoots in Kremna variety. The average value for both year of tillering 

was the lowest 1.23 in Kosmajka and the highest 3.07 shoots in Kremna wheat variety.   

 

The average value of unproductive tillering, in the first year, for all varieties was 2.5 shoots, which 

is higher than in the second year in which the average value was 1.8 nonproductive tillers for all 

wheat varieties (Table 2).  

 

By analysis of variance were established significant ans high significant differences among cwheat 

varieties within same year and between years of exsamination of unproductive tillering.  
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Table 2. Variability of number of nonproductive tillering in winter wheat varieties 

Variety 
Year 

Average 
I year II year 

Fortuna 2.767bcde 1.033fg 1.900bcde 

Sasanka 4.033ab 1.303efg 2.668abc 

Danica 3.100bcd 1.667defg 2.383abcd 

Somborka 4.667a 1.300efg 2.983ab 

Kremna 3.300abc 2.833bcde 3.067a 

Kosmajka 0.667g 1.800cdefg 1.233e 

Ġumadija 2.067cdefg 2.433cdef 2.250abcde 

Morava 1.467efg 2.633bcde 2.050 abcde 

KG-56S 1.467efg 1.833cdefg 1.650cde 

Ljubiļevka 1.333efg 1.367efg 1.350de 

Average 2.5 1.8 2.2 

LSD Variety Year 
Variety x 

year 

(0,05) 1.096 0.310 1.550 

(0,01) 1.574 0.414 2.226 

 

Analysis of components variance showed that the interaction genotype / year had the greatest impact 

(49.98%) on the expression of non-productive tillering, while the impact of genotype was 10.7% 

and the impact of the environment (year conditions) was the lowest 4.76% (Table 3)  

 

Table 3. Components of phenotypic variance for nonproductive tillering of wheat - in both years 

Source of variance 

Degree 

of 

freedom 

(DF) 

Sum of 

squares 

(SS) 

Mean of 

Sum of 

squares 

(MS) 

F -test 
Proba 

bility  

Component of 

variance 

s2 Impact 

(%) 

Repetitions (R) 2 0.644 0.322 0.4576 - - - 

Genotypes (G)  9 22.023 2.447 3.4771** 0.0032 0.218 10.70 

Year (E) 1 6.660 6.660 9.4638** 0.0039 0.097 4.76 

Cultivar x Year  

(G xE) 
9 33.809 3.757 5.3381** 0.0001 1.018 49.98 

Error 38 26.742 0.704 - - 0.704 34.56 

Total 59 89.878 -  - 2.037 100 

 

For the non-productive tillering was found similarity for the four pairs of varieties and the remain 

two varieties differed wherein one (KG 56) are joined to third pair varieties (Fortuna and Morava) 

and a variety Sasanka associated to the fourth pair (Sumadia and Danica). These two clusters of 

three varieties (Morava and KG 56) and (Ġumadija, Danica and Sasanka) were mutually similar but 

with a lesser degree of similarity than varieties within them. The pair of varieties Ljubiļevka and 

Kosmajka have similarity to tje cluster of six varieties, but on the lower level of similarity. The 

minimum similarity is expressed between the pair Creamna and Somborka and the formed clusters 

of etight varieties (Figure 1). 
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Figure 1. The similarity of wheat variaties for non-productive tillering 

 

5. DISCUSSION 
 

Tillering of wheat is manifested through underground branching of stem and shoot emerging in the 

early stages of plant development. The number of tillers affects the crop density. The number of non-

productive shoots affects crop density. Shoots that form a spike during development and form seeds 

after pollination and fertilization are productive shoots. Productive shoots play a role in the 

formation of seed yield (Kneģeviĺ et al., 2009). Shoots that do not form a spike during development 

or that form a spike without seeds are non-productive shoots. Non-productive shoots contribute to 

an increase in the total biological yield, and during the growing season they contribute to the vigor 

of the plant, increased green area, and thus increased photosynthesis capacity and production of dry 

mass (Djokiĺ et al., 1992). 

 

In unfavorable conditions (deficit of water, drought) unproductive shoots are more sensitive and dry 

out faster, die out faster. The non surviving shoots could be beneficial if the amount of carbon they 

fix exceeds the carbon retained in these tillers, i.e. the amount the carbon which is not re-distributed 

after their death. In the study of barley was found between the surviving and non-surviving shoots 

whilst they are still healthy (Chafai et al., 1992). The latter study showed that movement of current 

photo-assimilate accounted for most of the carbon exported from non-surviving shoots (Assuero et 

al., 2012). The production of a large number of non-surviving shoots generally appears to be 

detrimental for remobilization dry matter to seed and value of harvest index, but these shoots may 

be advantageous for suppressing weeds (Berry et al., 2003; Kneģeviĺ et al., 2008, 2021b). The non-

surviving shoots will reduce the yield potential in the majority of situations by competing for 

assimilation with the developing spike in fertile shoots, what is more expressed in drought 

conditions. This is important for producers to find balance of seed rate and optimal economic yield 

(Spink et al., 2000).  

 

Environmental factors such as soil fertility, soil moisture, nitrogen nutrition, soil and air 

temperatures have an impact on the manifestation of the potential for tillering. There are differences 

in the response of different wheat varieties of the same environmental conditions, which indicates 

the specificity of the genotype. This indicates that is necessary for each wheat variety to determine 

the optimal density of seeding (Petroviĺ et al., 2008) and the optimum dose of mineral nutrition 

(Kneģeviĺ et al., 2016). The determining of optimal density of crops allows appearance of a large 

number of stems with a productive spike and high productivity of wheat plant what is important to 

achieve a high yield (Valerio et al., 2009).  
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The number of productive tillers and infertile tillers are influenced by agricultural conditions 

including soil moisture, mineral nutrition and accessibility of mineral elements for the absorption, 

the temperature, the brightness and efficiency of the process of photosynthesis and reutilization and 

translocation of organic material (Elhani et al., 2007). The comparison among varieties with different 

tillering studied under different conditions such   as sowing dates and densities, plant nutrition and 

environmental stresses, found that the mobilization of substances in the interaction between the main 

stem and other tillers is not fully understood (Guo and Schnurbusch, 2015; Hendriks et al., 2016; 

Houshmandfar et al. 2019).  

 

In other research found that the high number of tillers reduces the performance of wheat plants under 

drought stress. Nonproductive late tillers do not improve the performance of primary tillers of wheat 

plants under drought stress, mainly in high-tillering cultivars. Assimilates remobilization from late 

tillers to primary tillers can be a function of tillering potential (Fioreze et al., 2020). Tillering of 

wheat plants was expressed under favorable regime mineral nutrition and rainfall. The crop was 

provided with nitrogen and phosphorus nutrition through mineral fertilizers. Nutrition phosphorus 

fertilizer has a high impact on wheat yields (Takahashi and Anwar, 2007; Jeliĺ et al., 2017), while 

the deficit phosphorus results in a lower number of tillers (Valle and Calderini, 2010; Fioreze et al., 

2012). 

 

6. CONCLUSION  
 

Based on the results it was established variation the number of nonproductive shoots in wheat 

varieties examined in experiment conducted in two years which characterized different weather 

conditions. The varying of tillering in the same variety in two different years shows that genotype 

response to changing environmental conditions. The average value of nonproductive tillering for all 

varieties in the second year was 2.5 tillers, which was higher than the average value for all varieties 

in the first year which is 1.8 shoots. Wheat variety Kremna had the highest number of nonproductive 

tillers in average for both years 3.07 shoots and in second year 2.98 shoots, although in the first year 

the variety Somborka had the highest value of tillering 4.67 shoots. Differences between varieties 

were significant and highly significant for nonproductive tillering. On the expression of tillering 

were established influence of genetic factors, environmental factors and the interaction of 

genotype/environment. The interaction of genotype/environment had the highest share, 49.98% on 

nonproductive tillering, genotype has share 10.70% while environmental factors had the lowest 

impact 4.76% on expression of nonproductive tillering. The non-productive tillering contributes to 

a high yield of biomass - mass of the above-ground parts of the plant. 
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Abstract: Spike harvest index (SHI) can be an indicator of partitioning assimilation into seeds vegetative 

biomass and wheat productivity. The aim of this study is estimation of spike harvest index variation in wheat 

varieties grown under different environmental conditions. Twenty genetically divergent winter wheat cultivars 

were included in two years which characterized different weather conditions. On the field experiment in 

randomized block design in three replications, the seeds of varieties were sown at the distance of 0.10 m in 

rows of 1.0 m length with the distance of 0.2 m. For analysis of spike harvest index determined in proportion 

of seed mass spike-1/mass of spike, 60 plants in full maturity stage (20 plants per replication) were used. The 

results showed differences of spike harvest index among varieties and between years of experiment. In the first 

year the variety Pobeda had the highest value of spike harvest index (80.93%) and the Evropa 90 had the lowest 

SHI (75.67%), while in second year of experiment, the variety Zadruga had the highest value of spike harvest 

index (85.00%) and the Ġumadinka had the lowest SHI (75.50%). Differences of SHI in wheat varieties are due 

to response of genotypes to environmental factors as well as interaction of genotype/environment.  

 

Key words: Wheat, Variety, Variability, Spike Harvest index  

 

1.  INTRODUCTION 
 

Wheat represents staple plant species for food consumption which grown on more than 218 million 

hectares and over 720 billion tons seed yield (FAOSTAT, 2016). Wheat production is compromised 

by limited arable land resources, genetic potential of varieties for yield, breeding technology, 

environmental factors, and will become a greater problem given the global warming trend, predicted 

to increase by up to 2 ÁC by 2050, which could lead to greater yield losses if it continues in the 

future, increasing temperature by up to 2 ÁC by 2050, which could lead to further yield losses (IPCC, 

2013; Asseng et al., 2015). This is indicated by data on a decrease in the period 1980-2010 by 5.5% 

of world wheat production due to global temperature increase (Lobell et al., 2011). The 

environmental influence, especially high temperature, water deficit and drought stress are seriously 

limiting yield of wheat (Dodig et al., 2008; Pradhan et al., 2019). Wheat breeding and the creation 

of varieties with increased capacity of productivity components and adaptive capacity for future 

climate change conditions play a significant role in maintaining high wheat production. In wheat 

plants the large number of spikes, number of spikelets and seeds spike-1, seed mass spike-1, thousand 

mass spike-1, are important roles in forming yield. Also, the spike length has a strong indirect 

influence on yield through number of spikelets spike-1 and further on number of seeds, size and mass 

of seeds (Zeļeviĺ et al., 2004).  There are differences in determining the impact number of spike per 

plant and mass of spike per plant based on negative correlation of size of spike and number of spikes. 

https://doi.org/10.46793/MAK2025.145U
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In breeding program in the aim of creating variety with high yield, the concept of plants contains 

more productive tillers, more spikes, spikelets spike-1, seed spike-1, mass of seed spike-1 (Kneģeviĺ 

et al., 2014, 2020). The genetic improvement of is expressed through increase distribution of 

photosynthetic products into seed than in vegetative biomass which results in increasing harvest 

index (HI) and yield potential (Kneģeviĺ et al., 2015a). The genetic improvement of HI and yield 

potential can be achieved through the increasing seed number per unit area, which is an indicator of 

spike fertility (Abbate et al., 2013). In addition to seed number per unit area, an increase in potential 

seed mass is also significant (Calderini et al., 2013). This indicates that model plants need to have 

large spike, spikelets spike-1, and high mass (Kneģeviĺ et al., 2011, 2019), especially high mass of 

seed spike-1 (Kneģeviĺ et al., 2015b). The ratio of seed mass spike-1 and mass of spike variate due to 

number of fertile florets as well number of seeds spike-1. This indicates efficiency of transport and 

translocation of dry matter through vessel bundles (phloem and xylem) to spike and seed of spike, 

as well as indicate index of receptive capacity of seed spike-1 and post-anthesis photosynthetic 

capacity of stem. One of the potential traits to increase seed mass is spike harvest index (SHI), of 

which genetic base is not clearly known yet (Pradhan et al., 2019).  

 

The aim of this investigation is study of variability of seed spike index in wheat vatieties grown 

under different environmental conditions. 

 

2. MATERIALS AND METHODS  
 

In this study included 20 divergent winter wheat varieties, selected in Institute of field and vegetable 

crops Novi Sad and in Centre for Small grains in Kragujevac. These varieties grown on experimental 

field in Kraljevo in two vegetative season 2015/16 and 2016/17. The experiment set up in 

randomized block design in three replications. The seeds of varieties were sown at the distance of 

0.10 m in rows of 1.0 m length with the distance of 0.2 m. For analysis of spike harvest index 

determined in proportion of seed mass spike-1/mass of spike, 60 plants in full maturity stage (20 

plants per replication) were used. Based on the obtained average values of the mass of the seed and 

mass of spike, the spike harvest index is calculated according to the formula: 

 

3ÐÉËÅ ÉÎÄÅØ Ϸ
ÍÁÓÓ ÏÆ ÓÅÅÄÓ

ÍÁÓÓ ÏÆ ÓÐÉËÅ
 Ø ρππ 

 
Obtained data were processed by using the MSTAT C 5.0 version for analysis of variance by the 

mono factorial system for each year. The significant differences between the average values were 

estimated by F-test values. The analysis of variance was performed according to a random block 

system with one factor and significant differences among cultivars according to spike harvest index 

were tested by means of test value of LSD 0.05 and LSD 0.01.   

 

2.1. Weather conditions in the vegetation period  

 

The mean values of temperature and amount of precipitation were different in two years of 

experiment (2015/16 and 2016/17) and in the long-term period (2000-2010). In the first year during 

vegetative season, the average temperature was 9.9 0C and the total rainfall was 651 mm, which is 

significantly higher than in the second year as well than in the ten years period. The average 

temperature in the second year during the growing season was 8.7 0C and similar to the ten years 

period, while the total precipitation 523.1 mm was significantly higher than in the ten years period. 

During the seed filling phase of plants in the first year in April the average temperature was higher 

and in May the average precipitation was higher and favorable than in second year of experiment 

and then in ten year period (Table 1).   
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Table 1. Average monthly temperatures and total monthly precipitation in Kraljevo 

(www.hidmet.gov.rs) 
Parameter  Period Oct Nov Dec Jan Feb March April May June Xm Total 

Temperature 0C 2015/16 11.6 7.3 3.3 -0.1 8.8 7.8 14.1 15.5 21.3 9.96 89.64 

Temperature 0C 2016/17 10.6 6.8 0.0 -4.7 5.2 10.8 11.1 16.8 22.1 8.74 78.66 

Temperature 0C 2000-2010 11.8 6.4 1.7 -0.1 2.6 5.9 11.6 16.4 20.4 8.5 76.5 

Precipitation (mm) 2015/16 56.8 64.0 9.0 86.2 52.7 157.9 39.9 135.9 48.6 72.3 651.0 

Precipitation (mm) 2016/17 84.1 77.6 9.4 22.0 35.0 57.0 82.0 100 56.0 41.1 523.1 

Precipitation (mm) 2000-2010 61.0 44.3 44.6 30.0 29.9 33.2 52.9 52.6 69.3 46.4 417.8 

 

3. RESULTS AND DISCUSSION 
 

The spike harvest index varied from 75.67% in Evropa to 80.93% in Pobeda variety with average 

value of 78.45% in the growing season of first year of experiment. The values of spike harvest index 

in second year of experiment varied from 75.5% in Ġumadinka to 81.67% in Evropa and Diļna 

variety with average value 78.94% of all varieties (Table 2). Wheat varieties with higher spike 

harvest index (SHI) should be characterized by high number of seed spike-1 and a high seed mass 

spike-1, on which values have influence of genotypes and their plasticity and response to 

environmental conditions.  

 

In previous research of ten wheat cultivars the spike harvest index varied depend on genotypes and 

environmental condition in vegetation season from the 75.9% to 81.9% in first year and from 76.6% 

to 83.1% in second year with average value 79.9% of all varieties. The study of spike harvest index 

in 22 wheat genotypes showed its variation in range from 0.68 to 0.91 Petroviĺ et al. (2002). The 

spike harvest index varied in dependence of system of wheat growing. So, in study spike harvest 

index in wheat (Grļak et al., 2019a) found in average 75%, in sole crop of winter wheat and 71.2% 

in intercrop (wheat/pea), while in spring wheat varieties spike harvest index was 71.9% in sole crop 

and 70.8% in intercrop wheat/pea (Grļak et al., 2019b).  

 

The spike harvest index is the value of ratio seed mass spike-1 and mass of spike. In this study the 

seed mass spike-1 varied in the range from 2.63 g in Zadraga to 3.53 g in Milica cultivar with average 

value 3.15 g in first year of experiment. The values of seed mass spike-1 in the second year of 

experiment varied from 2.48 g in Agrounija to 3.14 g in KG-75 variety and average value was 2.87 

g. The mass of spike varied in the range from 3.3 g in Zadruga to 4.49 g in Milica variety with 

average value 3.97 g in first year of experiment. The values of mass of spike in vegetation season of 

the second year of experiment varied from 3.20 g in Alfa to 3.92 g in Oplenka and 3.90 g in KG-75 

variety and average value was 3.61 g. 

 

In comparison wheat varieties which have high value of seed mass spike-1 (Milica 3.53 g, in first 

year and 3.06 g in second year) and mass of spike (Milica 4.49 g in first year and 3.88 g in second 

year), and other group of varieties with low value of seed mass spike-1 (Zadruga 2.63 g in first year 

and 3.12 g in second year)  and mass of spike (Zadruga 3.30 g in first year and 3.67 g in second 

year), the spike harvest index was similar i.e. in Milica SHI was 78.7% and in Zadruga 9.8% in first 

year while in second year in Milica spike harvest index was 79.07% and in Zadruga 85%. The similar 

or higher spike harvest index inn varieties with lower value of seed mass spike-1 and mas of spike in 

comparison with varieties with high value of seed mass spike-1 and mas of spike value of seed mass 

spike-1 and mas of spike, indicated that the mass of chaff and rachis was higher in the cultivar Danica, 

i.e. that a larger amount of assimilate deposited in the chaff and rachis and was not fully translocated 

into seed (Kneģeviĺ et al., 2021).     
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Table 2. Analisys of variance for spike harvest index 

Variety 
Year 

Average 
2015/16 2016/17 

Evropa 90   75.67f 81.67a 78.67 

Dejana  77.33bcdef 76.43gh 76.88 

Sila  77.37bcdef 80.27bcd 78.82 

Omega   80.40ab 80.83bcd 80.61 

Lasta   79.60abcd 81.53bc 80.56 

Milica   78.73abcdef 79.07cdef 78.90 

Partizanka   79.00abcde 77.33efgh 78.16 

Pobeda  80.93a 77.00fgh 78.96 

Diļna  79.43abcde 81.67b 80.55 

NSR-5  76.37ef 79.00cdef 77.68 

Alfa  79.33abcde 78.33defg 78.83 

Rodna  78.33abcdef 77.33efgh 77.83 

Agrounija  77.67bcdef 75.53h 76.60 

Zadruga  79.83abc 85.00a 82.41 

KG -75  76.96cdef 80.23bcd 78.59 

Ġumadinka  79.47abcde 75.50h 77.48 

Levļanka  79.23abcde 79.87bcde 79.55 

Oplenka  78.77abcdef 76.97fgh 77.87 

Gruģa  78.00abcdef 76.33gh 77.16 

KG-56  76.57def 78.87defg 77.72 

Average 78.45 78.94 - 

 

Generally, in average all studied wheat varieties in second year expressed higher values of seed mass 

spike-1 as well mass of spike than in the second year. However, spike harvest index was higher in 

the second year in 11 variety (Evropa 81.67%, Sila-80.27%, Omega-80.83%, Lasta-81,53%, Milica-

79.07%, Diļna-81.67%%, NS Rana5-79.0%, Zadruga-85.0%, KG 75-80.23%, Levļanka-79.87%, 

KG 56-78.87%) than in the first year (Evropa 75.67%, Sila -77.37%, Omega-80.40%, Lasta-79,60%, 

Milica-78.73%, Diļna-79.43%%, NS Rana5-76.37%, Zadruga-79.83 %, KG 75-76.96%, Levļanka-

79.23%, KG 56-76.57%).  

 

Variation of the spike harvest index in one variety under different conditions shows the manifestation 

of a different response to eco-climatic conditions as an expression of the interaction of genotype and 

external environment. This adaptation of genotypes to different environmental conditions indicates 

the ability of a variety to express its genetic potential in specific environmental conditions (Thungo 

et al., 2019; Subira et al., 2015). The variation of spike harvest index depends on environmental 

conditions indicate genotype capacity for adaptability to change environmental condition, i.e. 

indicate different efficiency for adsorption, utilization of water and minerals and different efficiency 

of photosynthesis and translocation and partitioning of assimilates into seed and vegetative part 

(Rivera-Amado et al., 2019). The identification genetic loci (at the 1B, 2B, 3B, 3D, 4A, 5A, 6A, 6D, 

7A, 7D) associated with spike harvest index as well spike fertility contribute to detect markers that 

are functionally linked to seed yield and harvest index (Pradhan et al., 2019). In early studies showed 

that correlation between spike HI, estimated on the basis 10 spike sample and plot harvest index, 

was low and statistically nonsignificant. Based on this study, one could not recommend using spike 

HI as a predictor of plot harvest index (Hucl and Graf, 1992). Moreover, Pradhan et al. (2019) in 

study found significant genotypic variation for SHI across all environments and that SHI was 

positively correlated with spike fertility (0.32 to 0.41) and seed yield (0.24 to 0.49) and harvest 
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index. Also, they reported that SHI have the potential to increase the efficiency of breeding programs 

aimed at optimizing yield of seeds and its major components in wheat upon validation.  

  

In this study were found significant genotypic variation for spike harvest index in second year 

environments. The analysis of variance established that the differences between the varieties for the 

spike harvest index were significant and highly significant. Differences between vegetation seasons 

for spike harvest index in varieties, indicate that there is an influence of environmental factors on 

the expression spike harvest index. They established significant differences in the average values of 

spike harvest index, indicating genetic divergence of varieties (Table 3).    

 

Table 3. Analisys of components of variance for spike harvest index in two vegetation seasons 

Source of 

variance 

 First year- Vegetation season 2015/16 Second year-Vegetation season 2016/17 

df SS MS F Lsd0,05 Lsd0,01 SS MS F Lsd0,05 Lsd0,01 

Genotypes 2 5.102 2.551 0.7238ns - - 24.864 12.432 5.5227** - - 

Repetitions 19 114.803 6.042 1.7142ns 3.209 4.386 347.775 18.304 8.1311** 2.564 3.505 

Error 38 133.944 3.525 - - - 85.542 2.251 - - - 

Total 59 253.850 - - - - 458.182 - - - - 

ns-nonsignificant differences; p᾽0.05*, p᾽0.01** 

 
In study Kneģeviĺ et al. (2021) found that variation of spike harvest index determined by greatest 

influence of genotype (25.63%) while Petroviĺ et al. (2002) found higher impact of environment. 

The environment conditions had the highest impact on seed mass spike-1 (38.35%) and also on the 

mass of spike (48.63%). Also, variation of values of temperature, precipitation, nutrition has 

influence on increasing of capacity of spike (Petroviĺ et al., 2008; Kneģeviĺ et al., 2016) and seed 

yield (Marijanoviĺ et al., 2010). 

 

On the base of obtained values for spike harvest index the five clusters of similar varieties were 

differentiated in the first year (2015/16) and one variety (Evroppa) that was the most distant in 

similarity from other varieties in all five clusters. The first cluster contains 6 varieties, in which the 

greatest similarity is shown by Dejana and Sila, with which Agrounija is most similar at the highest 

hierarchical level, followed by Rodna and Gruģa, and at an even greater distance by the KG 75 

variety. The second cluster represents a pair of varieties NS rana 5 and Kragujevļanka 5. The third 

cluster contains 5 varieties, within which the greatest similarity was shown by Diļna and Ġumadinka, 

with which the pair of varieties Alfa and Levļanka showed a higher hierarchical level, and with 

these four varieties the variety Lasta showed similarity at a greater distance. The fourth cluster 

contains four varieties, among which the varieties Milica and Oplenka had a high level of similarity, 

and which were like the varieties Partizanka and Zadruga. The fifth cluster represents a pair of 

mutually similar varieties Omega and Pobeda. Among those five clusters the third and fourth cluster 

varieties showed the greatest similarity, then the first and second clusters, and at the next hierarchical 

level, the third and fourth showed similarity with the first and second, with which the fifth cluster 

showed similarity at a greater distance and the lowest similarity with all varieties showed the variety 

Europa (Figure 1).   
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          Figure 1. Similarity of wheat genotypes according to the spike harvest  

       index in the vegetation 2015/16 season  

 

In second year (2016/17) the six cluster mutually sim ilar varieties were established and one variety 

(Zadruga) that was the most distant in similarity from other varieties in all five clusters. The first 

cluster contains two varieties Evropa and Diļna, the second cluster contains four varieties of which 

the greatest similarity was between the varieties Sila and Kragujevacka 75 with which the varieties 

Levļanka and then Omega was with a lower degree of similarity. The third cluster has four varieties 

of which Milica and NS rana 5 showed a high degree of similarity, and with them the varieties 

Kragujevļanka 56 showed similarity and then Alfa with a lower degree of similarity. The fourth 

cluster contains two varieties Dejana and Gruģa. The fifth cluster contains four varieties of two 

mutually similar varieties and Partizanka and Rodna and Pobeda and Oplenka. The sixth cluster has 

two mutually similar varieties Agrounija and Ġumadinka. Among those six clusters, the highest 

similarity was between the fourth and fifth clusters showed the greatest similarity, then the first and 

second. The same level of similarity was shown by the third cluster with formed cluster from the 

first and second, and the sixth cluster with the formed cluster from fourth and fifth clusters, and 

these two groups of three clusters are like each other at a greater distance.  The least similarity with 

all varieties was shown by the variety Zadruga (Figure 2). 
 

 
           Figure 2. Similarity of wheat genotypes according to the spike harvest  

index in the vegetation 2016/17 season  

 

In these studies, the examined wheat genotypes showed a high spike harvest index, which on average 

varies between 76,60% and 82.41% in two vegetation season. In other study of wheat varieties, 

similar values of variation in spike harvest index were found (Kneģeviĺ et al., 2021). The high values 
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of spike harvest index indicate high number of seeds spike-1, harvest index what lead high yield of 

seeds. The significant positive association of spike harvest index found with mass of spike 0.57*, 

number of seeds spike-1 0.62**, thousand seed mass 0.63** and stem harvest index 0.68** found in 

study of 61 advanced lines and five Iranian varieties (Moosavi et al., 2020), which is in agriment 

with previous results reported in reseach (Rahman et al., 2016). For increasing the spike harvest 

index as well other component of yield, the greatest contribution has soil moisture, mineral nutrition 

and accessibility of mineral elements for absorption, temperature, light and photosynthetic process 

and reutilization and translocation of organic matter (Dodig et al., 2008; Rivera-Amado et al., 2019). 

 

4. CONCLUSIONS  
 

In this study were determined significant differences between wheat varieties and between the years 

of experiment according to spike harvest index in both vegetative season. The variation of spike 

harvest index in the same variety in two vegetation season indicate genotype's response to different 

environmental conditions. The highest values of spike harvest index (85.1%) in Zadruga variety 

expressed in the second experimental investigation, while the least (75.50%) in wheat Levļanka in 

the second year of experimental investigation. The differences between genotypes were significant 

and highly significant for spike harvest index. Genetic factors, environmental factors and 

genotype/environment interaction had an influence on the manifestation spike harvest index.   
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Abstract: Characteristics of small grains, such as density of plants number per unit area and development in 

less favorable periods of the year, enable the application of sustainable agriculture principles and the production 

of healthy food. The trial was set up in the Ġumadija District, in four locations, with conventional and 

intercropping system of winter cereals and peas. The intercropping system had an effect on spike length on 

some localities and for some species, while no effect on number of grains per spike. Results showed that the 

main sources of variation had significant effects on examined yield components. 

 

Key words: Small grains, Pea, Intercropping, Yield components 
 

1. INTRODUCTION 
 

Plant production represents the cornerstone of every modern society and has a multiple impact on 

people's lives, especially from an economic and health perspective.  The imperative to produce 

sufficient amounts of food throughout history was largely fulfilled when the yield of wheat varieties 

increased by two-three folds and reached its peak of seed production in the second half of the 20th 

century, during the period of the so-called "Green Revolution" in agricultural production. The main 

characteristics of this movement were the application of varieties and hybrids selected for highly 

intensive production, favoring monoculture, the use of large amounts of mineral fertilizers and 

pesticides, intensive use of mechanization, and the significant consumption of fossil fuels (Leifeld, 

2013). One of the main advantages of this production system was the significant increase in average 

yields of the most important agricultural crops (corn, wheat, rice, etc.), especially in non-developed 

countries in Asia, Africa, and South America. 

 

During the time, research has indicated the existence of negative consequences of agricultural 

production based on this approach, primarily the inadequate use of agricultural land as the most 

important resource, which has resulted in the deterioration of its physical, chemical, biological, and 

microbiological properties (Tadesse et al., 2016). The devastation of agricultural land has led to 

groundwater pollution, a decrease in biodiversity, a pronounced dependence of yields on the applied 

amounts of chemicals (mineral fertilizers and pesticides), while also greatly affecting the healthiness 

of the final product in the form of the presence of harmful residues. 

 

The development of awareness of the disadvantages of conventional production has led to the 

formation of a number of different sustainable production systems based on biological principles, 

which aim to achieve both economic and environmental benefits. The most important goals of 

sustainable agriculture are efficient management of agricultural land, environmental protection in 

the agricultural sector, stabilization of incomes of agricultural workers, technological development 

https://doi.org/10.46793/MAK2025.153P
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and modernization of agricultural production, and improvement of product quality and safety (Imadi 

et al., 2016; Yadav et al., 2020). Unlike conventional agriculture, which is based on high 

investments, sustainable production systems characterize optimization of investment costs through 

rationalization (reduction) of the use of mineral fertilizers and pesticides or their total exclusion. 

 

Small grains, primarily wheat, represent one of the strategic agricultural products whose demand 

has been constantly growing in the first decades of the 21st century. Some of the biological 

characteristics of winter small grains, such as a great number of plants per unit area and development 

in less favorable periods of the year (autumn and early winter), when there are no weed species, 

enable the application of the principles of sustainable agriculture and the production of healthy, safe 

food. Critical periods in terms of the nutrient requirements of small grains are the initial phenophases 

of growth after sowing and intensive development during spring. 

 

The formation of a sustainable model of winter cereal cultivation in intercropping with annual 

legumes (peas, vetches, lupins, etc.) can be one of the ways to overcome the limiting factors that are 

facing modern agricultural production (Jevtiĺ et al., 2023). Symbiotic fixation of nitrogen from the 

air is a feature of legumes and the amounts of nitrogen bound in this way depend on the given 

species, so it ranges from 40-120 kg ha-1a for peas, vetches and lentils, 45-400 kg ha-1 per year for 

clover, and up to 250 kg ha-1 for alfalfa (Tadesse et al., 2016; Stevoviĺ et al., 2020). 

 

Research has shown that the nitrogen from the process of fixation remains available to the next crop, 

but also a significant amount is released by the plants into the soil during the growing season. The 

cultivation of small grains and legumes in intercropping is based on the synergistic relationship 

between the two cultivated species, through the exchange of nutrients through the soil, with an 

increased degree of utilization of sunlight during the process of photosynthesis and the suppression 

of weed species by the optimal density of the intercropping (Bedoussac et al., 2015; DvoŚ§k et al., 

2022). 

 

The main goal of the research is the estimation of created models for sustainable agricultural 

production in comparison of two system of plant growing, solo crops and intercrops of winter cereal 

and annual legumes (winter pea) and to assess the effect of the cropping system on the variation of 

the main yield of plant species. 

 

2. MATERIAL AND METHODS 
 

The experiment was set up in the territory of the Ġumadija District, in four locations (Jovanovac, 

Lapovo, Vojkovci, and Oplaniĺ) during 2022/2023. A trial network was formed with a conventional 

and sustainable production system of winter cereals (barley, wheat and triticale) and winter pea in 

intercropping. The trial included the winter two-row barley variety Rekord, the winter wheat variety 

Kruna and the winter triticale variety KG 20, selected at the Center for Small Grains and Rural 

Development Kragujevac. As a legume within the intercropping with cereals, the first domestic 

winter protein pea variety for grain NS Mraz was selected, with an aphila leaf type. Within the 

intercropped part of trial, seed set of small grains was 90% of normal, as well as for 10% for pea. 

 

2.1. Ġumadija District soils 

 

During the plot selection, crop rotation, i.e. pre-crops on selected plots (corn, potatoes, alfalfa and 

other legumes, etc.), was considered. The selected plots are located at different altitudes (from 137 

m in Lapovo to 591 m in Vojkovci), which must be considered in later discussion of the achieved 

results. It should be noted that several soil types are represented in the Ġumadija District, which 

corresponds to the diverse orographic conditions of the terrain. Seven basic soil types were formed: 

alluvium, smonica, gajnjaļa, podzol, red, brown and skeletoid soils. 
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Before the experiment was conducted, soil sampling was carried out for the purposes of 

agrochemical soil analysis at four selected locations in the Ġumadija District. The tested soil fertility 

parameters were active acidity in H2O and substitution acidity in 1M KCl - potentiometrically, 

humus content (Tyurin, 1953), total nitrogen content (Kjeldahl, 1883), readily available phosphorus 

content (mg P2O5/100 g soil) - Al-method (Riehm, 1943), readily available potassium content (mg 

K2O/100 g soil) - Al-method (Riehm, 1943).  

 

Based on the agrochemical analysis is established that these soils are characterized by a more or less 

acidic reaction, from 4.47 (Vojkovci) to 5.81 (Jovanovac). A high content of humus (organic matter) 

and phosphorus was determined for the Oplaniĺ locality, while the potassium content was high on 

all analyzed plots (Table 1). 

 

Table 1. Agrochemical soil analysis for four localities in the Ġumadija District 

Locality 
Acidity  

 pH 

Humus 

(%) 

Nitrogen 

(%) 

Phosphorus 

P2O5 (mg) 

Potassium 

K2O (mg) 

Oplaniĺ 5.56 4.15 0.16 15.58 37.56 

Jovanovac 5.81 3.95 0.20 9.67 19.40 

Lapovo 5.15 3.80 0.19 3.22 19.40 

Vojkovci 4.47 3.64 0.18 5.86 37.56 

 

2.2. Ġumadija District climate 

 

The Ġumadija District is characterized by a temperate continental climate with pronounced 

variations, due to the significant difference in altitude between different parts of the region. The 

average annual temperature ranges from 9-11 ÁC, in warmer months the average values are above 

10 ÁC and during colder months above - 3 ÁC. The region is characterized by a lower amount of 

precipitation, which places it in the "drier" parts of the Republic of Serbia. The total amount of 

precipitation in the territory of the Ġumadija District is in the range of 700 - 900 mm, although it 

must be noted that in some extreme years this amount can be significantly higher. Based on 

meteorological data of temperature and precipitation amounts in the territory of the City of 

Kragujevac (Figure 1), it can be concluded that the average monthly temperatures recorded during 

the experiment were at the level of the multi-year average (2000-2023). The amount and distribution 

of precipitation during the experiment indicate that these values were above the multi-year average 

during November, December, January, April and especially during June (118.8 mm compared to 

81.4 mm). There were 24 days with precipitation during June, and the amounts ranged from 50 to 

even 300 mm. October 2022, as well as February, March and May 2023, stood out as extremely 

stressful periods in terms of lack of precipitation. The lack of precipitation during October (7.3 mm 

compared to 50.8 mm for the multi-year average) resulted in slow germination and emergence of 

the sown species/varieties in the experiments. Smaller amounts of water sediment during February, 

March and May slowed down the development of crops in conditions of mild winter and spring 

temperatures. 

 

From the available meteorological data, a significant range between night and day temperatures 

during May and June 2023 is noticeable. From the data of the Republic Hydrometeorological 

Institute, it can be observed that a large number of days during May and June (20 days in each 

month) with difference between the minimum night and maximum daytime temperatures was 10 

degrees Celsius or more. This fact can be taken as one of the decisive factors that led to disruptions 

in flowering and fertilization in small grains, especially triticale, weaker grain filling and hence low 

values for the 1000 grains mass and hectoliter mass. 
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 Figure 1. Average temperatures and precipitation amount in the period  

October 2022 - June 2023 and multi-year average (2000-2023) in Kragujevac 

 

Soil preparation at the selected locality and the sowing of the plant cultivars included in experiments, 

was hampered by insufficient rainfall during October (7.3 mm compared to 50.8 mm for the multi-

year average). Therefore, sowing was carried out from October 18 to November 10, 2022. Each 

experiment consisted of a conventional (sowing of small grains) and an intercropped part (sowing 

of small grains and field peas), with the size of the elementary plot per species/variety of 10 m2. 

 

During pre-sowing soil preparation, NPK fertilizer with the formulation 16:16:8 was applied in an 

amount of 300 kg ha-1, while during the growing season, nitrogen fertilizer KAN (27%) was applied 

in an amount of 100 kg ha-1 (conventional part) and 50 kg ha-1 (intercropped part). 

 

During the growing season, protection of the plant cultivars in trial at all locations was conducted, 

while the part of the trial with the combined sowing of small grains and field peas was not treated 

with herbicides. The trial harvest began in late June and ended in mid-July, depending on the tested 

species/variety. 

 

Biometrical analysis of recorded data for spike length and number of grains per spike of the tested 

varieties/species of small grains was based on the application of statistical software GenStat 12th 

(2009) and SPSS 20 (2011). Analysis of variance was conducted according to a completely 

randomized block design (Johnson and Bhattacharyya, 2010). Also, for all examined wheat genotype 

principal components of interaction were established, where the stability level was determined by 

the AMMI1 method. 

 

3. RESULTS AND DISCUSSION 
 

The spike length in the studied cultivars of barley, wheat and triticale varied depending on the 

location and type of trial (Figures 2 and 3). The highest average value for spike length in barley 

variety Rekord (12.81 cm), wheat variety Kruna (11.07 cm) and the triticale variety KG 20 (11.73 

cm) was recorded at the Jovanovac location in the part of the experiment with intercropped sowing. 

According to type of trial, cultivar Rekord intercropped with bean expressed higher average value 

than monocroped in Jovanovac location, as well as cultivar KG 20 in Vojkovci location. 
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C-conventional, S- sustainable 

Figure 2. Average values of spike length 

by species/varieties at the  

examined locations 

Figure 3. Average values of grain number 

per spike by species/varieties at the 

examined locations 

 

The cultivar Rekord achieved the lowest average values for the number of grains per spike compared 

to the wheat and triticale cultivars, which can be explained by the differences in the morphological 

characteristics of the spike. The highest value (29.87) was achieved in the Lapovo locality, within 

the intercropped part of trial survey. The examined wheat and triticale genotypes showed the highest 

average values at the Jovanovac site in both types of trials (over 60 grains per ear). There were not 

recorded such obvious differences between different types of trial for examined trait. Examining 

intercropping of barley and wheat with lupine at different densities, Bitew et al. (2014) found that 

there was no statistically significant effect on spike length and number of grains per spike. 

 

The AMMI analysis of variance revealed statistically very significant effects of treatments, 

genotypes, environments and GEI in the expression of spike length (Table 2). The greatest portion 

in the total variations had the variance for GE interaction (28.38%), while environment and genotype 

variances were lower (20.85% and 5.94%, respectively). 

 

Table 2. Analysis of variance of AMMI model for spike length 

Source df SS MS F Fprob 

Total 719 1404.9 1.95 *  *  

Treatments 23 775 33.7 39.25 0 

Genotypes 5 83.4 16.67 19.42 0 

Environments 3 292.9 97.63 19.92 0 

Block 8 39.2 4.9 5.71 0 

Interactions 15 398.7 26.58 30.96 0 

IPCA1 7 277.4 39.63 46.16 0 

IPCA2 5 104.2 20.83 24.26 0 

Residuals 3 17.2 5.72 6.66 0.00019 

Error 688 590.7 0.86 *  *  

 

AMMI analysis of principal components, IPCA1 and IPCA2, was conducted since the existence of 

significant effect of GEI was established. There were recorded highly significant effects of both 

principal components, wherein IPCA1 covered 69.56% from sum of square of interaction variance, 

while IPCA2 explained additional 26.13%. 
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     Figure 4. AMMI1 biplot analysis of stability for spike length 

 

According to AMMI1 biplot analysis of stability, the most stable genotype was intercropped triticale 

KG 20 with the average spike length above mean value of trial. Intercropped genotype Kruna 

expressed stability, but the average value of examined trait was lower than trial value. Locality 

Vojkovci represented the most stable locality where genotypes did not express significant values of 

spike length. A similar locality was Lapovo with less stable performance. Locality Oplaniĺ expressed 

relatively modest stability while locality Jovanovac is enabling the best conditions for genotypes 

with narrow stability as barley genotype Rekord. 

 

The AMMI analysis of variance for number of grains per spike (Table 3) pointed out statistically 

significant effects of treatments, genotypes, environments and GEI in the expression of examined 

trait. The most important part in the total variations was the variance for genotype effect (74.62%). 

Similar findings were found by Kneģeviĺ et al. (2012) and Kondiĺ et al. (2017). 

 

According to AMMI1 biplot analysis of stability, the most stable genotype for number of grains per 

spike were wheat variety Kruna in the conventional part of trial, as well as intercropped and 

monocropped triticale cultivar KG 20. Intercropped genotype Kruna expressed narrow stability, 

esspecially in localities Jovanovac and Vojkovci. 

 

Table 3. Analysis of ariance of AMMI model or umber of grains per spike 

Source Df SS MS F F prob 

Total 719 208150 289 *  *  

Treatments 23 167734 7293 128 0 

Genotypes 5 155317 31063 545.21 0 

Environmenta 3 8121 2707 17.79 0 

Block 8 1218 152 2.67 0.0068 

Interactions 15 4295 286 5.03 0 

IPCA1 7 3490 499 8.75 0 

IPCA2 5 716 143 2.51 0.02885 

Residuals 3 90 30 0.52 0.66536 

Error 688 39199 57 *  *  
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Figure 5. AMMI1 biplot analysis of stability for number of grains per spike 

 

Each winter wheat variety tolerated the presence of winter peas in intercropping to a different extent. 
V§lyi-Nagy et al. (2023) concluded that number and weight of grains in wheat were decisive in 

terms of yield, which was influenced both by the weather of the given year and the presence of the 

companion plant. While extreme weather events mostly had a negative effect on crop formation, the 

presence of winter peas and their natural nitrogen supply alleviated these symptoms. 

 

4. CONCLUSION 
 

Intercropping of winter cereals (barley, wheat and triticale) with winter pea had some effect on spike 

length on some localities and for some species, while there was no effect on number of grains per 

spike. The obtained research results showed that the main sources of variation (genotype, 

environment, and locality) had statistically significant effects on examined yield components, spike 

length and number of grains per spike. Research on the joint cultivation of small grains and field 

peas, during one production year, is greatly influenced by the locality and the year, which largely 

prevents the creation of an optimal production model in order to achieve the best production results. 

The reintroduction of joint cultivation into agricultural practice must be adapted to each appropriate 

species/genotype, locality and the capabilities of the agricultural producer. Finally, combining the 

joint sowing of different agricultural crops with other agrotechnical measures, primarily crop 

rotation, increases the diversity (diversification) of agricultural production, all with the aim of 

reducing its negative impact on the natural environment and human health. 
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Abstract: This paper presents the results of two-year research (2015/16 and 2016/17) on impacts of different 

agro-technical measures to the yield components of four varieties of winter wheat (Nova Bosanka, 

Prijedorļanka, Orion and Evropa 90), grown on meliorated Deposol in the process of reclamation in the 

terchnogenic soil (Stanari lignite mine area). The aim of the research is to determine the impacts of years, 

different dosages of fertilizers (five treatments: N60+90P60K60, N60+40P60K60, N60+90P37K37, N60+40P37K37 and 
N0P0K0) and variety to quantitative properties of the spikes (spike length and grain number per spike). A field 

experiment was set up following the randomized block design method with four replications. The focus of the 

research was the effect of three factors: year (A), variety (B) and fertilizer (C). Comparative analyses of the 

researched wheat varieties for spike length and grain number per spike were performed by analysis of variance 

2x4x5. The relevance of the differences was tested using the LSD test. The highest mean spike length was 8.5 

cm in the Orion variety, while the smallest mean spike length was 5.0 cm in the Evropa 90 variety. A correlation 

was found between fertilizer treatments, the largest number of grains per spike (48.75) and the smallest number 

of grains per spike (13.00) in the Nova Bosanka variety. ʊhe lowest mean values of the tested parameters were 

measured in the control. The applied agro-technical measures impact the production traits of cultivated crops 

ʦf wheat in the researched agro-ecological conditions. 

 

Key words: Reclamation, Variety, Yield, Mine area Stanari 

 

1. INTRODUCTION 
 

Increasing surface exploitation worldwide, as a means of intense exploitation of mineral ore 

deposits, particularly coal, results in large degradation and destruction of land. The total quantum of 

damaged land in Bosnia and Herzegovina at the beginning of the 21st century was over 20.000 ha. 

The area of land in the Republic of Srpska covered by open pits of minerals on which exploitation 

has been approved amounts to 8.375 ha (Maliĺ, 2023). Having researched the scope and direction 

of the biological phase of rehabilitation in the largest three coal basins in the Republic of Srpska (the 

mines of Gacko, Ugljevik and Stanari), which jointly occupy around 2.000 ha. Maliĺ et al. (2010) 

found that the reclamation process encompassed around 10% of the technogenic land. The primary 

goal of restoring damaged areas that are the result of surface exploitation of ore deposits is to 

establish functionality through managing the newly formed (technogenic) soils.  

 

Out of one billion ha of arable land on Earth, wheat crops account for around 23%, which means 

that 239.215.000 ha of land yield over 600 million tons a year (Roljeviĺ et al., 2011). The largest 

areas under wheat crops are found in Asia (98 million ha), Europe (60 million ha) and Africa (10 

million ha). In recent years, thanks to genetics and agro-technics, and despite climate changes, wheat 

yields are continually increasing (Denļiĺ et al., 2009). Domestic varieties of small grains have the 

genetic potential for yields exceeding 7 t ha-1 (Mandiĺ et al., 2011). Yield enhancement is most often 

linked to increasing the ratio of dry matter in the grain. The productiveness of wheat genotypes is a 
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complex characteristic, the realization of which depends on the expression of a number of 

quantitative properties as its components (Kneģeviĺ et al., 2020). The primary properties in the 

definition of productiveness are the number of spikes per unit of area, the number of grains per spike 

and the mass of the grains per spike (Kraljeviĺ Balaliĺ et al., 2001). However, the realization of these 

quantitative properties results from the activity of minor genes, the degree of their activity being 

dependent on their mutual interaction and outside influences (Periġiĺ et al., 2011). The most 

appropriate way to increase total biomass is increasing the efficiency of photosynthesis; however, 

numerous research shows that spike properties continue to be a limiting factor for wheat yield 

(Borras et al., 2004; Mirales and Slafer, 2007; Zeļeviĺ et al., 2008, 2009; Kondiĺ et al., 2020). 

 

In their analysis of the effect of components of wheat yield to grain yield in 100 most productive 

and 100 least productive wheat genotypes from the Wheat Genetic Collection at the Institute of Field 

and Vegetable Crops in Novi Sad, Kobiljski and Denļiĺ (1997) stated that an increase in the number 

of grains per spike, the mass of the grains per spike or the length of the spike in wheat does not 

always result in increased grain yield, while an increase in spike number per m2 and a larger spike 

index are in fact indicative of larger grain yield. Comparably, the research of Hristov et al. (2008) 

ascertained a highly significant correlation between the height of the plant and the length of the 

spike, between the number of grains per spike and yield per plant, between the mass of 1000 grains 

and yield per plant, and between spike index and harvest index, and also a highly significant negative 

correlation between the harvest index and plant height and spike length. In their two-year research 

Kneģeviĺ et al. (2014) determined the differences in mean values of spike length in the tested 

varieties over two years and under every variation of nitrogen fertilizer. For all genotypes the average 

spike length increased in correspondence to the dosage of nitrogen for both observed years, which 

means that the phenotype variability of spike length is dependent on nitrogen fertilization. In their 

two-year research of 20 wheat varieties from Serbia on very acidic land, Stojkoviĺ et al. (2010) state 

that the average grain number per spike was 31 to 41. 

 

So far, the projected directions for Deposol reclamation in the Stanari coal basin, on the existing 

barren overburden deposit sites, are towards agriculture, afforestation and crops for biomass (Maliĺ 

et al., 2012l, 2023; Maliĺ, 2023). Deposols are characterized by extremely low fertility. The impact 

of reclamation measures and agro-technology, which, with the time of reclamation, and the ruling 

climate impact, act on the technogenic parent substrate, is of crucial importance for the period of 

formation and formed technological fertility of the reclaimed soil (Maliĺ and Markoviĺ, 2021).  

 

The technical reclamation is followed by the agro-technical and the biological phase of reclamation, 

which is being performed on damaged areas at the Stanari lignite mine through increasing fertility 

of the surface layer of the overburden, i.e the Deposol type soil, which is characteristic for its low 

fertility (Maliĺ, 2015), where the need arises for continuous usage of the restored areas. So far, the 

research on direct reclamation in the Stanari coal basin on the Deposols which are undergoing 

reclamation or Deposols that have already been meliorated or reclamated (also called Rekultisol) 

indicates the possibility of cultivating certain agricultural crops (sudangrass, oilseed rape, 

buckwheat, triticale, wheat etc.). In their three-year research cultivating rye, Maliĺ et al. (2013) 

measured a maximum mean yield of 5.5 t ha-1. Continuing the research with two yearsô worth 

measurements on winter wheat, Maliĺ and Mandiĺ (2014) presented a maximum mean grain yield 

of the Prijedorļanka variety at 6.28 t ha-1. The task of the research was to select adequate wheat 

varieties and dosages of mineral fertilizers required for the optimal conduction of the biological 

phase of the reclamation process, and eventually to utilize (repurpose) the reclaimed areas. 

 

The aim of the study is to determine the impacts of years conditions, different dosages of fertilizers 

on variation spike length and grain number per spike in four wheat varieties grown on technogenic 

soil.  
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2. MATERIAL AND METHODS 
 

The research was conducted on a test plot within the inner deposit site of the Raġkovac surface pit 

at the Stanari lignite mine, as part of the biological phase of reclamation (Elektrane Stanari, 

municipality of Stanari, Republic of Srpska, Bosnia and Herzegovina). Over two years (2015-2016 

and 2016-2017) the focus of the research was on the influence of agro-technical measures on the 

quantitative properties (spike length and number of grains per spike) the varieties of winter wheat 

(Triticum aestivum L.) which were grown on meliorated Deposol. Prior to sowing the wheat, the 

agro-technical phase of reclamation was performed using the green manuring method, by growing 

sudangrass, oilseed rape and rye for two consecutive years, which turns primary Deposol into 

meliorated Deposol. The wheat was sown in the autumn in 2015 and 2016 according in the 280 kg 

ha-1 sowing rate. 

 

A three-factor field experiment (2x4x5 type) was set up according to the randomized block system 

method with 4 replications. The size of the base plot was 5 m2 (5x1 m2), while the spacing between 

the blocks and plots was 0.8 m. Factor A represents the two years covered in the research (a1 and 

a2). The second factor, labeled B, is the variety, with four treatments: b1) Nova Bosanka (N.B), b2) 

Prijedorļanka (Prij), b3) Orion, and b4) Evropa 90 (Evropa 90). The first three varieties were selected 

at the Agricultural Institute of the Republic of Srpska (Banja Luka), whereas the fourth (Evropa 90) 

one was selected at the Institute of Field and Vegetable Crops in Novi Sad. 

 

The third factor (C) represents dosages of mineral fertilizer applied initially and during spring 

supplementation, with 5 treatments: c1) N60+90P60K60, c2) N60+40P60K60, c3) N60+90P37K37, c4) 

N60+40P37K37, and c5) control (N0P0K0). The mineral fertilizer used initially was NPK 15:15:15, and 

during supplementation it was KAN (27% N). 

 

Plant samples for analyses were taken in mature stage, and the measurements conducted on the 

wheat crops were performed manually. Statistical relevance was determined using the variance 

analysis method (ANOVA, 2x4x5), while the mean value significant differences were determined 

using the LSD test. 

 

The experiment was set up on the two-year and three-year meliorated Deposol in the reclamation 

process, the texture of the soil being sandy loam, predominantly quartz sand and partly clay 

fractions. Table 1 shows the chemical properties of the meliorated Deposols in the reclamation 

process. 

 

Table 1. Results of the chemical analysis of the Deposol in the reclamation process 

Sample 

number 

pH 
Organic 

matter  

(%) 

Humous 

(%) 

Plant available 

(mg/100g) 

H2O KCl P2O5  K2O  

1 4.9 4.3 4.8 0.7 3.0 5.0 

2 5.7 4.6 5.0 0.1 1.8 2.2 

3 5.8 5.1 3.9 0.5 1.2 1.1 

4 4.7 3.9 4.2 0.1 0.8 1.5 

 

The average rainfall measured in the three-year period (2015, 2016 and 2017) was 1120 mm. In 

the winter, spring and early summer period of wheat vegetation (February-June) the rainfall for 

2016 was 498 mm, and in the same period of 2017 it was 594 mm. The mean three-year air 

temperature was 12 ÁC. 
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3. RESULTS AND DISCUSSION 
 

The following table presents the measured values of spike length of the wheat plants in the two-year 

research period. The mean value is 6.71 cm. 

 

Table 2. The average spike length (cm) 

Fertilization 

(factor C) 

Research year (factor A) 

X (C) 
2016 (a1) 2017 (a2) 

Variety (factor B) Variety (factor B) 

(b1) 

N.B. 

(b2) 

Prij. 

(b3) 

Orion 

(b4) 

Evr.90 

(b1) 

N.B. 

(b2) 

Prij. 

(b3) 

Orion 

(b4) 

Evr.90 

(c1) N60+90P60K60 7.25 7.25 8.25 7.0 7.37 7.37 8.5 8.0 7.62 

(c2) N60+40P60K60 7.0 7.25 7.25 6.75 6.62 5.87 7.87 7.87 7.06 

(c3) N60+90P37K37 5.25 6.25 7.25 6.5 6.37 6.62 6.75 6.25 6.4 

(c4) N60+40P37K37 7.25 7.75 6.5 6.0 6.87 7.12 6.25 6.0 6.72 

(c5) N0P0K0 5.5 6.25 6.5 5.0 5.5 5.75 6.0 5.75 5.78 

X (B) 6.45 6.95 7.15 6.25 6.54 6.54 7.07 6.77 
6.71 

X (A) 6.7 6.73 

ANOVA 

Fexp. 

A B C AB AC BC ABC 

0.01-- 4.43** 17.37** 1.05-- 1.12-- 2.49** 1.08-- 

Lsd0,05 - 2.6 2.37 - - 1.75 - 

Lsd0,01 - 3.78 3.32 - - 2.18 - 

 

 
Figure 1. Interaction effect of the varieties (factor B) and 

fertilizations (factor C) on the spike length of wheat (cm) 

 

Variance analysis shows a statistically highly significant impact of the basic factors of variety and 

fertilization, and their mutual interaction (BC). The maximum mean spike length in both researched 

years was measured in the Orion variety combined with fertilizer N60+90P60K60. The lowest values 

were measured in the control for the Evropa 90 variety in the first year, and for the Nova Bosanka 

variety in the second year. The relations of interaction in Figure 1 show a varying distribution of 

means for the modality of the B factor (variety) in relation to the treatments of the C factor 

(fertilization): c1 (b3 > b4 > b2 > b1), c2 (b3 > b4 > b1 > b2), c3 (b3 > b2 > b3 > b1), c4 (b2 > b1 > b3 > b4), 

and c5 (b3 > b2 > b1 > b4).  

 

Table 3. shows the measured results of the grain numbers per wheat spike. The measured values are 

in the range of 13.00 to 48.75 grains per spike for the researched wheat varieties. 
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Table 3. The average grain number per spike 

Fertilization 

(factor C) 

Research year (factor A) 

X (K) 

2016 (a1) 2017 (a2) 

Variety (factor M) Variety (factor M) 

(b1) 

N.B. 

(b2) 

Prij. 

(b3) 

Orion 

(b4) 

Evr.

90 

(b1) 

N.B. 

(b2) 

Prij. 

(b3) 

Orion 

(b4) 

Evr.90 

(c1) N60+90P60K60 38.25 35.5 36.25 36.5 30.75 33.5 30.0 29.5 33.78 

(c2) N60+40P60K60 20.75 42.0 34.5 32.5 28.25 30.75 28.75 33.75 31.4 

(c3) N60+90P37K37 32.5 24.75 30.0 25.2 48.75 36.0 35.5 34.0 33.34 

(c4) N60+40P37K37 30.75 33.25 30.0 25.0 30.5 34.75 32.25 28.75 30.65 

(c5) N0P0K0 13.0 20.35 15.75 16.5 16.75 15.75 16.0 14.5 16.07 

X (B) 27.05 31.17 29.3 27.1 31.0 30.15 28.5 28.1 
29.05 

X (A) 28.67 29.44 

ANOVA 

Fexp. 

A B C AB AC BC ABC 

0.53-- 1.23-- 34.59** 1.02-- 5.86** 2.17** 0.84-- 

Lsd0,05 - - 2.37 - 2.37 1.75 - 

Lsd0,01 - - 3.32 - 3.32 2.18 - 

  

Variance analysis shows a statistically highly significant impact of the fertilization factor, as well as 

of the year×fertilization (AC) and variety×fertilization interactions. The maximum mean number of 

grains in the first year was determined for the Prijedorļanka variety combined with the c2 

(N60+40P60K60) fertilization treatment, and in the second year for the Nova Bosanka variety with the 

following fertilizer combination: N60+90P37K37 (c3). The lowest values were measured in the control 

for the Nova Bosanka variety in the first year and for Evropa 90 in the second year. Figures 2 and 3 

show the determined interaction effects.   

 

 
Figure 2. Interaction effect of the years (factor A) and 

fertilizations (factor C) on the number of grains per spike of wheat 
 

The relations of interaction in Figure 2 show a varying distribution of means for the modality of the 

C factor (fertilization) over the two years of research (factor A): a1 (c1 > c2 > c4 > c3 > c5), and a2 (c3 > 

c4 > c1 > c2 > c5). 
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Figure 3. Interaction effect of the varieties (factor B) and 

fertilizations (factor C) on the number of grains per spike of wheat 

 

The relations of interaction in Figure 3 show the existence of statistical relevance among the 

individual varieties especially for treatments k2 and k3. In addition, the number of grains per spike 

for the researched varieties for individual fertilization treatments is in the following relation: c1 (b2 > 

b1 > b3 > b4), c2 (b4 > b2 > b3 > b1), c3 (b1 > b2 > b3 > b4), c4 (b2 > b3 > b1 > b4), and c5 (b2 > b3 > b4 > 

b1). 

 

The measured values for the observed quantitative properties of the researched varieties of winter 

wheat in treatments with fertilization are in the range of mean values for domestic wheat varieties 

grown in natural lands. The maximum mean values of spike length for both years (8.25 and 8.5 cm) 

were measured where the applied dosage of nitrogen fertilizer was highest (90 kg ha-1N-1), which is 

consistent with the findings of Kneģeviĺ et al. (2014), stating that wheat spike length increases with 

the increase of nitrogen dosage. As opposed to this property, the maximum mean value of grain 

numbers per wheat spike (48.75) was measured with the same dosage of nitrogen fertilizer, but with 

a lower content of the other elements (N60+90P37K37). The mean grain number per spike for the 

Evropa 90 variety in the fertilized treatments was ranging from 29.8 in the first researched year to 

31.5 in the second year, which is consistent with the two-year mean value of 35 grains for that variety 

as found by Stojkoviĺ et al. (2010). 

 

4. CONCLUSION 
 

The two-year research in growing winter wheat within the biological phase of reclamation of the 

meliorated Deposol in the process of reclamation in the technogenic soil (Stanari lignite mine area) 

found the following component variability for the measured quantitative properties: 

- the mean spike length was in the range of 5.0 to 8.5 cm, with a mean value of 6.71 cm; 

- the measured maximum grain number per spike was 48.75, the minimum was 13.00, with a 

mean value of 29.05; 

- the maximum spike length and grain number were measured when the dosage of nitrogen 

fertilizer was highest, while the lowest values were in the control; 

- the maximum mean wheat spike length was for the Orion variety, and the minimum was for 

the Evropa 90 variety; 

- a correlation was found in the Nova Bosanka variety between fertilization treatment, largest 

number of grains per spike (48.75) and lowest number of grains per spike (13.00); 

- the combination of proper variety selection and appropriate dosages of fertilization has a 

significant impact on the success of the biological reclamation of degraded land; 

- the applied agro-technical measures influence the productive properties of cultivated wheat 

crops in the observed agro-ecological conditions. 
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Abstract: Agricultural production heavily depends on pest and disease outbreaks, which often act as limiting 

factors. While the most environmentally friendly solution would be to completely eliminate or limit chemical 

treatments, such treatments are necessary due to a large number of factors. Therefore, minimizing the number of 

chemical treatments plays a crucial role in environmental protection. In an effort to find the most effective 

insecticide treatment against the economically significant pest cereal leaf beetle (Oulema melanopus L.), we tested 

the efficacy of insecticides in the field. The study was conducted in the area of Laplje Selo, Graļanica Municipality, 

Autonomous Province of Kosovo and Metohija, Serbia. In addition to climate changes that adversely affected the 

crop itself, the presence of pests was recorded, with the cereal leaf beetle (Oulema melanopus) being the most 

prevalent. The research was carried out during 2023/2024 on the ņokiĺ family farm. Agro-meteorological 

conditions were favorable for the survival and development of the pest. The experiment examined the presence of 

the cereal leaf beetle on two wheat varieties, "Zvezdana" and "Sofra," with four variants. The first variant served 

as a control without chemical protection, while the other three variants were treated with insecticides containing 

different active ingredients in concentrations recommended by the manufacturers. Two foliar insecticides were 

used: Decis 2.5 EC (deltamethrin - 25 g L-1) and Laidir 10 CS (lambda-cyhalothrin - 100 g L-1), along with a seed 

treatment before sowing using the insecticide Coup 200 SL (imidacloprid - 200 g L-1). Based on the research 

findings and monitoring of this pest, the highest intensity of infestation was observed in the control variant, 

while both foliar insecticides proved effective in protecting against the cereal leaf beetle. In the variant where 

seeds were treated before sowing, a lower infestation intensity was also recorded, with no significant damage 

observed. The insecticide Decis 2.5 EC demonstrated the highest efficacy when analyzing variations in 

damaged flag leaves. Both foliar insecticides achieved maximum efficacy (100%) 14 days after treatment. 

 

Key words: Pest, Cereal leaf beetle, Insecticides, Pest control 

 

1. INTRODUCTION 
 

Chemical treatment against plant diseases and pests represents one of the most, if not the most 

important protective measures. However, due to improper or excessive pesticide application, can be 

harm beneficial flora and fauna and the overall biodiversity, as well as cause long-term 

environmental damage through various pollution processes (Mahmood et al., 2016). Moreover, the 

excessive use of chemical agents has negative economic consequences for farmers, as a single timely 

treatment is often sufficient to keep pests below the damage threshold that would significantly affect 

agricultural production (Garraway, 2020).  
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Wheat (Triticum aestivum L.) is the most widely used cereal in human nutrition worldwide, serving 

as a significant source of protein, carbohydrates, fats, vitamins, and micronutrients (Kneģeviĺ et al., 

2022; Philips et al., 2011). Today, cereal crops face numerous diseases and pests that cause 

substantial damage globally and locally, averaging around 11%. There have even been cases where 

entire wheat harvests were destroyed. Thus, appropriate protective measures are essential to ensure 

high and quality production (Staletiĺ et al., 2011). Polyphagous insect species, which constitute 

approximately 80% of harmful fauna in cereal fields, along with oligophagous species (around 

20%), reduce the yield and quality of agricultural products worldwide. This poses a significant 

limiting factor in crop production (Ļamprag, 2007). The cereal leaf beetle (Oulema melanopus) is 

one of the economically most significant pests of cereals in Europe. It primarily attacks wheat, oats, 

and barley (Ĺiriĺ et al., 1993; Philips et al., 2011) but can also be found on other cereals (Kostov, 

2001). It is estimated to cause yield reductions of 5-20% in cereal crops (Ihrig et al., 2001; Deutsch 

et al., 2018; Mazurkiewicz et al., 2021), while in Serbia, research shows it reduces yields by 2-30% 

(Dimitrijeviĺ et al., 2001; Stamenkoviĺ, 2004; Milovac and Franeta, 2016). 

 

The larvae of the grain beetle (Oulema melanopus) feed on meristem tissue cells and use their 

mouthparts to damage the upper side of the leaves, in the form of longitudinal, white stripes, thereby 

reducing the photosynthetic surface of the plant leaves, mainly the flag leaf, which has the greatest 

efficiency in the photosynthesis of organic matter (Dimitrijeviĺ et al.,  2000). The greatest damage 

occurs when the flag leaf, essential for seed filling, is affected. Larvae are most prevalent during the 

latter half of May and the first half of June, while adult insects emerge in late June and early July. 

The fourth-stage larvae cause the most damage, accounting for approximately 70% of the total harm 

caused by this species (Milovac and Franeta, 2016). Therefore, it is most effective to control the pest 

during the early larval stages (I-II), when one or two larvae per plant can be observed (Dimitrijeviĺ 

et al.,  2000; Stamenkoviĺ, 2004; Tanaskoviĺ et al., 2012). 

 

Modern plant protection involves a variety of control measures, with chemical protection 

recommended as the last resort in integrated pest management. Due to its effective and rapid action, 

chemical methods remain the dominant and most commonly used approach for combating harmful 

organisms. However, excessive use of insecticides leads to environmental contamination, making it 

crucial to apply treatments at the most appropriate times (Chen et al., 2013). Before applying 

chemical substances (pesticides) against Oulema melanopus, it is necessary to conduct pest 

monitoring and carry out control measures based on population density and damage levels (Walczak, 

2005). There are numerous methods for combating Oulema melanopus, with chemical measures 

being the most widely used. The most commonly used active ingredients in combating this pest 

include deltamethrin, lambda-cyhalothrin, and imidacloprid. Chemical treatments should be applied 

with consideration for the specific pest and environmental impact to ensure sustainable agricultural 

practices (Grļak, 2023). 

 

The aim of this research  was study of  efficacy of insecticides with different active ingredients  in 

preventing and combating a major pest of cereal crops, the cereal leaf beetle (Oulema melanopus 

L.). 

  

 2. MATERIAL AND METHODS 
 

The research was conducted in a field trial at the ņokiĺ family farm, located in Laplje Selo, 

Graļanica Municipality, during the 2023/24 season, on two wheat varieties: "Zvezdana," and 

"Sofra". During the study were occured unfavorable weather conditions occurred, a long dry period, 

uneven germination, and fewer tillers. The winter was with no low temperatures or snow cover, 

which led to wheat development without winter dormancy, thus favoring pest development. 

 

Wheat crops care was conducted by chemical treatment of weed control and disease prevention, 

along with the use of growth regulators. The occurrence and intensity of the cereal leaf beetle 
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(Oulema melanopus) attack were monitored on four variants, arranged in a randomized block design, 

with each variant having three replications on the basic plot 1 m2 in size. Variant 1- control without 

chemical insecticide protection. Variant 2 - plants originated from seeds were treated before sowing 

with the insecticide imidacloprid - 200 g L-1. Variant 3 - plants Foliarly treated with using 

deltamethrin - 25 g L-1. Variant 4 - Foliarly treated with lambda-cyhalothrin - 100 g L -1. The 

treatment of the experimental plot was carried out on April 30, 2024, using a backpack sprayer. The 

efficacy of the insecticides was evaluated using the recommended concentrations: deltamethrin at 

30 ml ha-1 and lambda-cyhalothrin at 70 ml ha-1. The efficacy evaluation was conducted 2, 7, and 

14 days after foliar treatment by determining the number of larvae m-². The insecticide efficacy was 

calculated using Abbott's formula, which is as follows: 

 

ɽ =
U-T

U
x 100 

 

Where: E is the efficacy of the tested insecticide in percentage, U is the number of live larvae in 

the untreated plot,T is the number of live larvae in the treated plot. 

 

The damage caused by Oulema melanopus larvae to flag leaves was assessed on 10 randomly 

selected and marked plants before the appearance of the pest. Damage was evaluated using a four-

level scale (Ulrich et al., 2004). The damage to the leaves caused by this pest was classified into four 

categories (Table 1). The damage was monitored only on the flag leaf and was determined by 

visually estimating the area of the leaf that had been eaten. 

 

Table 1. Wheat leaf damage classes 

Class Damage to Leaf Surface 

Class I (Grade 1) Up to 10% of the leaf surface damaged 

Class II (Grade 2) 10 - 20% of the leaf surface damaged 

Class III (Grade 3) 20 - 40% of the leaf surface damaged 

Class IV (Grade 4) Over 40% of the leaf surface damaged 
 

3. RESULTS AND DISCUSSION 
 

The efficacy of insecticides calculated according to Abbott's formula is shown in Table 2. The 

insecticides Deltamethrin  and Lambda-cyhalothrin were applied foliarly using a backpack sprayer, 

while Imidaclopridwas used as a seed treatment before sowing. The protection was carried out once, 

and the efficacy of the applied insecticides was monitored on days 2, 7 and 14. The assessments 

were performed visually, by examining each variant and looking for the number of live Oulema 

melanopus larvae. 
  

Table 2. Insecticide efficacy (Foliar and seed treatment) 

Variety Treatment 

2 days after 

treatment 

7 days after 

treatment 

14 days after 

treatment 

Live 

larvae 

Efficiency 

(%) 

Live 

larvae 

Efficiency 

(%) 

Live 

larvae 

Efficiency 

(%) 

Z
v
e
z
d

a
n

a Deltamethrin 3 78.57 1 94.44 0 100.00 

Lambda-

cyhalothrin 
4 71.43 1 94.44 0 100.00 

Imidacloprid 7 50.00 8 55.56 8 63.64 

Control 14 - 18 - 22 - 

S
o

fr
a 

Deltamethrin 2 75.00 1 92.31 0 100.00 

Lambda-

cyhalothrin 
2 75.00 2 84.62 0 100.00 

Imidacloprid 3 62.50 3 76.92 5 68.75 

Control 8 - 13 - 16 - 
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The insecticide Deltamethrin, even with the first treatment, showed very good efficacy. After the 

second day, the efficacy was 78.57% for the Zvezdana variety and 75% for the Sofra variety. After 

five days, or seven days post-treatment, the efficacy increased by nearly 20% (94.44% for Zvezdana 

and 92.31% for Sofra). Maximum protection was achieved fourteen days after treatment, when the 

efficacy reached 100%, with no larvae present on the leaves of both wheat varieties. 

 

As for the insecticide Lambda-cyhalothrin, it also showed positive results right after the first efficacy 

assessment. The number of live larvae on the experimental field treated with this insecticide was 4 

for the Zvezdana variety, with an efficacy of 78.6%. The number of live larvae of the grain fluke for 

the Sofra variety was 2, with an efficacy of 75%. Seven days after treatment, the number of live 

larvae found in the field for this experimental group decreased to 1 for Zvezdana, and the efficacy 

increased to 94.44%. For Sofra, 2 larvae of the pest were found, which was the same number as in 

the first assessment, but due to the increase in the number of larvae in the control group, the efficacy 

of the Lambda-cyhalothrin treatment increased to 84.62%. The best result was achieved after 

fourteen days, with 100% efficacy for both varieties. 

 

In the third variant of the experiment, where the seed was treated before sowing with the insecticide 

Imidacloprid, somewhat different results were observed compared to the previous two foliar 

insecticides. Characteristic for this part of the experiment are the data showing that after the second 

day of treatment, the number of live larvae was lower than the number of larvae after fourteen days. 

For the Zvezdana variety, the assessment after the second day showed that the number of live larvae 

was 7, with an insecticide efficacy of 50%. Seven days after treatment, the number of live larvae 

was 8, and the efficacy increased to 55.56% due to the higher number of larvae in the control group. 

For the same variety (Zvezdana), 14 days after treatment, there was an increase in the number of 

larvae, which reached 8. The efficacy again increased to 63.64%, but only because the number of 

larvae in the control group had increased. For the Sofra variety, the assessment after the second day 

showed that the number of live larvae in the Imidacloprid seed treatment was 3, and the insecticide 

efficacy was 62.50%. Seven days after treatment, the number of live larvae remained 3, but the 

efficacy increased to 76.92% due to the increase in larvae in the control group. For the same variety 

(Sofra), 14 days after treatment with foliar insecticides, the number of larvae on the experimental 

group whose seed was treated with Imidacloprid increased to 5. The efficacy decreased to 68.75%. 

 

As for the control variant, the number of larvae constantly increased. On the second day after some 

parts of the experiment were treated foliarly, the number of larvae counted was 14 for the Zvezdana 

variety and 8 for the Sofra variety. Five days later, that number increased to 18 for the Zvezdana 

variety and 13 for the Sofra variety. On the final evaluation day, 14 days after treatment, the control 

variant had 22 larvae for the Zvezdana wheat and 16 for the Sofra wheat. 

 

Looking at the results, we can clearly observe that there was a difference between the two varieties. 

Such results can be explained by the greater affinity of the pest towards the Zvezdana wheat variety, 

since previous field results showed that the wheat stem sawfly chooses the plant species on which it 

will feed. The leaf width in wheat has an impact on reducing oviposition by up to 8 times (Wellso 

and Hoxie, 1988). The quality of the host plants themselves has a significant impact on the ability 

of phytophagous insects (Dosdall and Ulmer, 2004; Carcamo et al., 2005; Ishihara and Suzue, 2011). 

However, another factor that might have influenced the increased number of pests in the Zvezdana 

variety is that this variety had wheat as the preceding crop, while the Sofra variety had corn as the 

preceding crop. Regular crop rotation has extremely positive effects in protecting cereal crops from 

the wheat stem sawfly (Gotlin Ļuljak and Juran, 2016). Additional research in this direction is 

needed to confidently determine what caused the significantly lower number of living larvae on the 

wheat plants of the Sofra variety compared to the plants of the Zvezdana variety. 

 

The four-grade scale, modified and elaborated by Farook et al. (2018), originally described by Rouag 

et al. (2012), was used to assess the attack of the cereal leaf beetle. Damage was monitored only on 
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the flag leaf and determined by visually evaluating the chewed area of the leaf. As part of the 

evaluation, ten randomly selected and marked plants were examined for each experimental group, 

with three replications, making a total of 30 plants evaluated. The attacked plants were categorized 

into four groups according to Table 1. 

 

For both studied wheat varieties, a different degree of damage to the flag leaf as a result of the cereal 

leaf beetle attack was recorded (Table 3).  

 

Table 3. Variation in the number of damaged flag leaves due to the attack of the cereal leaf beetle 

V
a
ri
e

ty
 

Treatment 

Severity of leaf damage 

7 days 14 days 

Healthy 

leaves 

Grade 

1 

Grade 

2 

Grade 

3 

Grade 

4 

Healthy 

leaves 

Grade 

1 

Grade 

2 

Grade 

3 

Grade 

4 

Z
v
e
z
d

a
n

a Deltamethrin 27 3 0 0 0 27 3 0 0 0 

Lambda-

cyhalothrin 
25 5 0 0 0 25 4 1 0 0 

Imidacloprid 25 4 1 0 0 22 6 2 0 0 

Control 5 15 6 4 0 3 17 5 3 2 

S
o

fr
a 

Deltamethrin 29 1 0 0 0 29 1 0 0 0 

Lambda-

cyhalothrin 
27 3 0 0 0 27 3 0 0 0 

Imidacloprid 27 3 0 0 0 24 3 3 0 0 

Control 9 12 6 3 0 8 11 8 3 0 

 

In both wheat varieties, it was found that the majority of plants with leaf damage caused by the 

larvae of the pest O. melanopus had damage to less than 10% of the leaf area (grade 1), a significantly 

smaller number had damage between 10-20% (grade 2), and fewer plants had damage between 20-

40% (grade 3), with the smallest number showing more than 40% damage to the leaf area (grade 4). 

The intensity of damage greater than 40% of the leaf area was observed only in the Zvezdana variety 

and only in the control group (without insecticide) after 14 days, while it was not observed in 

treatments with insecticides or in the Sofra variety. 

 

When observing only the treated plants, the majority exhibited no signs of pest damage, and these 

leaves were classified as healthy. In the case of the Deltamethrin treatment, plants that were affected 

showed a damage intensity of 1 (1 in Sofra, 3 in Zvezdana variety) to 10% of the leaf surface on the 

flag leaves. This level of damage was most prevalent across all treatments, including the control 

group. Damage intensities 3 and 4 were not observed in plants treated either foliar or through seed 

treatment before sowing (Figure 1). 

 

 
Figure 1. Variation of damaged plant leaves after 14 days with O. melanopus in wheat varieties 
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The damage to wheat plants caused by larval infestations of Oulema melanopus L. in open field 

conditions, with the use of insecticides, varied depending on the genotype and the insecticide 

applied. As shown in Figrue 1, the control group of the Zvezdana variety exhibited a higher 

proportion of severe attacks from the cereal leaf beetle (with up to 10 plants rated above 2 for 

infestation). Additionally, when comparing the number of plants with uninfested flag leaves, the 

control group of the Zvezdana variety had only 3 healthy flag leaves, while the control group of the 

Sofra variety had 8 healthy leaves. 

 

The impact of the insecticides in the study yielded expected results, with all treated plants showing 

significantly fewer leaf damages compared to the control group, and a higher number of leaves 

showing no signs of pest damage. Once again, the Sofra variety demonstrated slightly better results. 

In all three treatment groups, Sofra had a higher number of uninfested plants: in the Deltamethrin 

treatment, 29 healthy plants compared to 27; in the Lambda-cyhalothrin treatment, 27 healthy plants 

compared to 25; and in the Imidacloprid seed treatment, 24 healthy plants in Sofra compared to 22 

in Zvezdana. 

 

Looking at the results, it is clear that the two foliar insecticide treatments differed in terms of the 

variation in damage to the flag leaves. Additionally, the seed treatment with Imidacloprid resulted 

in a higher number of infested plants in both varieties (8 for Zvezdana and 6 for Sofra) compared to 

the foliar treatments. 

 

The differences in the intensity of pest attacks among wheat varieties have been confirmed in various 

studies. In an experiment conducted in the United States with entomological cages (Buntin et al., 

2004), where varying numbers of O. melanopus egg masses were introduced into the cages and the 

effects of pesticides were monitored, variability was observed across five wheat varieties at two 

different locations. When analyzing plant resistance types against pests, tolerance is undoubtedly 

the most recognized. This mechanism enables the plant to compensate for pest damage without 

significant impacts on yield components, particularly when compared to plants with lower (or no) 

tolerance. In contrast, antixenosis is another form of resistance, where the plant possesses at least 

one trait that repels pests from attacking (Smith, 2005; Diaz-Montano et al., 2006; Gebretsadik et 

al., 2022). The results may indicate that certain genotypes in the study exhibit some resistance to O. 

melanopus through undesirable mechanisms (antixenosis), such as oviposition and feeding 

deterrents. Similar findings were reported in research conducted on Asian and local winter wheat 

varieties in Canada (El Bouhssini, 2014), where antixenosis was noted in the Asian genotype NN-

100. However, the highest intensity of O. melanopus attacks was observed in Asian genotypes (NN-

41, NN-45, and NN-27). The authors concluded that wheat genotypes developed in Central Asia 

exhibit certain adverse characteristics for pest feeding and oviposition, which should be further 

studied for advancing plant resistance to this pest. 

 

The impact of the insecticide in our study yielded expected results, with all treated plants showing 

significantly less damage to the flag leaves compared to the control. Deltamethrin, used in the 

experiment and which had the best results, belongs to the pyrethroid chemical group, which are 

synthetic derivatives of natural pyrethrins extracted from Chrysanthemum cinerariaefolium 

(Metcalf, 2000). Pyrethroids are 2.250 times more toxic to insects than to vertebrates, primarily due 

to their smaller size, lower body temperature, and greater sensitivity of sodium channels (Bradberry 

et al., 2005). In controlling Oulema melanopus, the best results were achieved using insecticides 

from the pyrethroid "family" (Philips et al., 2011; Reisig et al., 2012). Furthermore, under the 

agroecological conditions of our country, pyrethroid insecticides have proven to be the most 

effective in combating O. melanopus (Milovac and Franeta, 2016), although in Croatia (ņopar, 

2019), despite their excellent efficiency, a slight resistance of the cereal leaf beetle to pyrethroids 

was observed. 
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4. CONCLUSION 
 

Based on the obtained results regarding the larval infestation of the pest Oulema melanopus, it can 

be concluded that the best results were achieved with the insecticide Deltamethrin, containing the 

active ingredient deltamethrin, for both wheat varieties tested. Additionally, the insecticide Lambda-

cyhalothrin also produced very good results, while the seed treatment with the insecticide 

Imidacloprid showed diminishing efficacy over time. 

 

Differences in the intensity of infestation and insecticide efficacy were also observed between the 

two wheat varieties. These differences in pest attack can be attributed to the higher resistance of the 

Sofra variety, but it is also important to consider the role of crop rotation. The wheat variety 

Zvezdana, following a wheat crop as the preceding crop, had a higher number of live larvae in the 

control group compared to the Sofra variety, which had corn as the preceding crop. This suggests 

that crop rotation contributed to the reduction of this pest species. This was reflected in a lower 

number of live larvae, less damage, and the prevention of resistance development to the applied 

treatments. 

 

Timely foliar treatment with a highly effective insecticide, combined with proper agronomic 

practices-particularly crop rotation as one of the fundamental protection measures-can effectively 

protect against economically significant pests such as the cereal leaf beetle. Reducing the number of 

treatments helps decrease production costs and, more importantly, minimizes the impact on 

biodiversity and the environment. 
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Abstract: Intercropping cereals and legumes offers a sustainable and effective strategy for improving the health 

of organic farming systems. By combining cereal crops with legumes, this practice enhances biodiversity and 

promotes natural disease control, reducing the reliance on chemical pesticides and disrupts pest and disease 

cycles, ultimately leading to fewer outbreaks. Furthermore, legumes, such as peas, fix nitrogen in the soil, 

improving soil fertility and reducing the need for synthetic fertilizers. This study aimed to evaluate the variation 

in disease indices (DI) of powdery mildew in monocropping and intercropping systems with peas under 

different environmental conditions across two growing seasons. The field experiment was conducted over two 

consecutive seasons (2017/2018 and 2018/2019) at the Institute of Field and Vegetable Crops in Novi Sad. The 

experiment was set up in a randomized complete block design (RCBD) with four replications. A winter oat 

variety, Jadar, was used, while the intercropping legume was the winter pea variety, Kosmaj. Leaf infection 

percentages were assessed using the modified Cobb scale, and DI was calculated according to the standard 

formula. Statistical analyses, including ANOVA, Tukey pairwise comparisons, and two-sample t-tests, were 

used to determine significant differences in DI between oat plants across seasons and cultivation systems. The 

results of the Two-Sample T-test revealed a statistically significant difference between oats grown in different 

cultivation systems (P-Value = 0.000). Disease indices (DI) were significantly lower in oats grown in a mixture 

with peas (3.21) compared to oats grown as a monocrop (12.79). Tukey Pairwise Comparisons indicated that 

the DI of the stand-alone crop in the first growing season (14.92) was significantly higher than that of oats in 

the mixture during both the first (3.91) and second (2.50) growing seasons. Additionally, the DI of oats in the 

stand-alone crop in the second growing season (10.67) was significantly higher than that of oats in the oat-pea 

mixture in both growing seasons. No significant difference was found between the DI values of the stand-alone 

crops in the two seasons. Overall, the results suggest that intercropping winter oats with peas can reduce 

powdery mildew disease indices under varying climatic conditions. 

 

Key words: Intercropping, Oat, Pea, Monocropping, Diseases 

 

1. INTRODUCTION 
 

Intercropping involves the concurrent cultivation of at least two different crop species grown near 

each other and typically during the same growing period (Li et al., 2014). The growing interest in 

cultivating a variety of plants together stemmed initially from the idea that a system featuring two 

distinct crops could enhance productivity by minimizing their respective limitations. Intercropping, 

particularly when combining cereals and legumes, provides numerous ecological and agronomic 

advantages, such as enhanced soil fertility, improved pest management, greater biodiversity, and the 

possibility of increased yields. However, successful intercropping demands careful planning and 

management to prevent competition for resources and ensure maximum benefits. Strip, mixed, and 

relay intercropping are agricultural practices that can significantly enhance crop yields by optimizing 
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resource use and promoting mutual benefits between different crops. Mixed intercropping, where 

different crops are planted together in the same area, maximizes the use of available space and can 

lead to complementary interactions between plants, such as nitrogen fixation by legumes benefiting 

neighboring crops. By choosing compatible crops with complementary growth patterns and resource 

needs, farmers can maximize the effectiveness of intercropping systems and support more 

sustainable farming practices (Sobkowicz, 2006; Aziz et al., 2015; Saboloviĺ, 2014). 

 

Oat (Avena sativa) is a widely cultivated cereal crop, valued for its nutritional benefits, including 

high fiber content and essential nutrients. However, like many crops, oats are susceptible to various 

diseases, with Blumeria graminis, commonly known as powdery mildew, being one of the most 

significant pathogens. Powdery mildew is a fungal disease that primarily affects the leaves of oat 

plants, leading to the formation of white, powdery fungal growth. Over time, the disease weakens 

the plant by reducing photosynthesis, stunting growth, and ultimately decreasing yield and grain 

quality (O'Brien and White, 2016). 

 

Intercropping oats with legumes, such as peas, is a sustainable agricultural practice that offers 

numerous benefits, particularly in disease management, environmental conservation, and reducing 

the need for synthetic inputs. The combination of cereals and legumes in intercropping systems 

promotes biodiversity, which plays a crucial role in reducing disease pressures and managing pests 

naturally. By fostering a more diverse ecosystem, intercropping can disrupt pest and disease cycles 

that would otherwise affect monocropped oats (Gecaitǟ et al., 2021). 

 

The positive effects of intercropping on disease management are particularly evident in the reduction 

of diseases like powdery mildew. Oats intercropped with peas tend to have lower disease indices 

compared to monocropped oats, as the mixture encourages healthier plant growth through better 

nutrient cycling and less stress. This results in a less favorable environment for pathogens, reducing 

the reliance on fungicides. By minimizing plant disease outbreaks, intercropping also helps maintain 

the long-term health of crops, enhancing productivity and resilience (Arlauskienǟ et al., 2011). 

Intercropping oats with peas presents a promising strategy for managing powdery mildew. By 

promoting competition for resources, acting as a physical barrier to spore spread, altering the 

microclimate, and potentially offering allelopathic benefits, peas help reduce the incidence and 

severity of powdery mildew on oats. This natural approach can serve as an effective complement to 

traditional disease management practices, reducing the reliance on chemical fungicides and 

contributing to more sustainable farming systems (Boudreau and Larkin, 2011; Luo et al., 2017; 

Travadon and McFarland, 2021). 

 

The aim of this study was to determine the variation of disease indices (DI) of powdery mildew in 

oat in monocropping and intercropping cultivating systems with pea under different environmental 

conditions in two growing seasons. 

 

2. MATERIAL AND METHODS   
 

The field experiment was carried out over two consecutive growing seasons, 2017/2018 and 

2018/2019, at the experimental field of the Institute of Field and Vegetable Crops in Novi Sad (45Á 

19Ë N 19Á 50Ë E 80 m). The study was designed using a randomized complete block design (RCBD) 

with four replications. The winter oat variety Jadar was used for the experiment as well as winter 

pea variety Kosmaj. Mixed intercropping which involves planting two or more crops together in the 

same area without a specific row arrangemen was chosen as cultivation system. The sowing density 

per m-2 for monocrop of oat was 157 kg ha-1, whereas the sowing density for the pea monocrop was 

140 kg ha-1. In the mixture 70% seeds of pea of recommended density m-2 and 30% of seeds of 

recommended density m-2 of small grain was used. The mixture was sown with 30 kg ha-1 of pea 

seeds and 140 kg ha-1 of oat seeds. The crops were grown without the use of any fertilizers or 
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pesticides. The winter varieties were sown on October 27 in the first year of the experiment and on 

October 25 in the second year. The climatic factors are provided in Table 1. 

 

Table 1. Values of weather factors during the 2017/18 and 2018/19 growing seasons 
Month Mean monthly  

temperature (ʦC) 

Relative air  

humidity (%) 

Total monthly 

precipitation (mm) 

 2017/18 2018/19 2017/18 2018/19 2017/18 2018/19 

July 24.3 22 56 77 12 81.2 

August 24.8 24 55 68 17.4 51.2 

September 16.9 18.5 70 70 81.5 27.1 

October 12.5 14.9 75 65 38.9 7.4 

November 7.1 8 83 78 40.3 24.6 

December 3.8 1.7 84 88 48.3 59.2 

January 4.3 0 81 87 47.5 45.8 

February 1.2 4.2 86 74 81.9 17 

March 5 9.8 82 57 60.6 15.9 

April  17.2 13.4 60 65 49 54.1 

May 20.4 14.7 67 78 64.2 147.6 

June 21.5 23.2 74 73 163.2 63.7 

 

From each experimental plot, five plants were sampled per repetition, resulting in a total of 20 plants 

for each plant type and cultivation system. The percentage of leaf infection was evaluated using the 

modified Cobb scale, as shown in Table 2 (Peterson et al., 1948; Kiss and Veres, 2017), during the 

phenophase 71-73 BBCH (grain filling; milk maturity). This phenophase was selected because it 

has been found to be closely associated with yield (Wegulo et al., 2009). 

 

Table 2. Percent leaf infection based on Cobb's modified scale for powdery mildew  

 
 

The Disease Index (DI) was calculated using the standard formula, while modified scale with values 

from 0 to 9, on the basis of which the assessment was made, is presented in Table 3. 

 

Table 3. Leaf infection rating scale used to determine the disease index 

Value 0 1 2 3 4 5 6 7 8 9 

Degree of leaf 

infection 

Without 

infection 

1-

10% 

11-

20% 

21-

30% 

31-

40% 

41-

50% 

51-

60% 

61-

70% 

71-

80% 
Ó81% 

 

DI is calculated using the formula where v represents grade of infection (0-9); n - number of plants 

rated with a given rating; i - the highest grade on the scale and N - total number of evaluated plants. 

 

The formula is expressed as follows: DI (%) = (Ɇ (v x n) / (i x N)) x 100. 
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The statistical data analysis was conducted using the Minitab 17 software (trial version). Statistical 

methods used to determine the significance of differences in DI between rye in different growing 

seasons and between different cultivation systems were Analysis of Variance (ANOVA), Tukey 

Pairwise Comparisons and Two-Sample T-Test. 

 

3. RESULTS AND DISCUSSION 
 

The data analysis revealed that the highest DI values were observed in oat as a stand-alone crop 

during the first growing season (14.92). In contrast, the lowest DI values (2.50) were recorded for 

oat in the mixture with peas, during the second growing season. Descriptive statistics are provided 

in Table 4. 

 
Table 4.   Disease index of powdery mildew in oat, in different cultivation systems,  

in two growing seasons 

Variable N Mean SE Mean St Dev 

Oat+Pea (2017/18) 20 3.91 0.81 3.64 

Oat (2017/18) 20 14.92 1.33 5.96 

Oat+Pea (2018/19) 20 2.50 0.74 3.31 

Oat (2018/19) 20 10.67 1.96 8.78 

 

The influence of year, cultivation system and joint effect of cultivation system and year  (ANOVA) 

on disease index are shown in Table 5.  

 

Table 5. Analysis of variance for Disease index of powdery mildew on winter  

oat at different variation sources 

Source DF Adj SS Adj MS F-Value P-value 

Year 1 160.55 160.55 4.70 0.033 

Cultivation System 1 1836.77 1836.77 53.72 0.000 

C. System * Year 1 40.14 40.14 1.17 0.282 

Error 76 2598.42 34.19 - - 

Total 79 4635.88 - - - 

Model Summary 

S R-sq R-sq (adj) R-sq (pred) 

5.8472 43.95% 41.74% 37.89% 

 

Regarding pathogen data, it was confirmed that the climatic conditions of the year had a significant 

impact on the occurrence of powdery mildew and disease index (P-value = 0.033). Cultivation 

system had a significant impact on disease index (P-value = 0.000) but the interaction of the 

cultivation system and the growing seasons did not  have significant impact (P-value = 0.282). 

Looking at the R square it can be concluded that 43.95% of variance in the dependent variable is 

explained by the model. Values of R square (adj) show us that the model is both explanatory and not 

overly complex. Visual representation of data such as normal probability plot and histogram for DI 

of leaf rust residuals is given in Figure 1. 
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Figure 1. Residual plots for DI of powdery mildew on winter oat  

in different cultivation systems 
 

Tukey pairwise comparisons (Table 6) revealed significant differences in Disease Index (DI) values 

across various cropping systems and growing seasons. Means that do not share a letter are 

significantly different. Specifically, the DI of oat as a stand-alone crop in the first (14.92) and second 

growing season (10.67) were significantly higher than that of oat grown in mixture with peas in both 

growing seasons. However, no significant difference was found between the DI of oat as a stand-

alone crop in the first growing season (14.92) and oat as stand-alone crop in second season (10.67). 

There were also no significant differences between oat in mixture from first growing season (3.91) 

and oat in mixture from second growing season (2.50). These findings highlight the variability in DI 

across both cropping systems and seasons, with certain treatments showing pronounced differences 

in disease susceptibility. Differences of means for oat in mixture and oat in monocrop for both 

growing seasons are presented in Figure 2. 
 

Table 6. Tukey pairwise comparisons - Grouping information using the  

Tukey method and 95% confidence 

Factor N Mean Grouping 

Oat+Pea (2017/18) 20 14.92 A 

Oat+Pea (2018/19) 20 10.67 A 

Oat (2017/18) 20 3.91 B 

Oat (2018/19) 20 2.50 B 
 

 
Figure 2. Differences of means for oat in different cultivation systems during both growing seasons 
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A two-sample t-test (Table 7) was used to compare the means of two independent groups,  

specifically the differences between different cultivation systems, to determine whether there is a 

statistically significant difference between them. The results indicate significant statistical difference 

between oat grown in different cultivation systems (P-value = 0.000). DI was significantly lower in 

oat grown in a mixture with peas (3.21) then in independent crop (12.79). This highlights the 

importance of cultivating small grains based on the principles of intercropping for effective pathogen 

control. 

 

Table 7. Two-sample t-test determining the effect of intercropping on winter  

oat as a cropping system in terms of DI 

 N Mean StDev SE Mean 

Oat+Pea DI 40 3.21 3.51 0.55 

Oat DI 40 12.79 7.71 1.2 

Difference = ɛ (Oat+Pea DI) - ɛ (Oat DI) 

Estimate for difference:  -9.58 

95% CI for difference:  (-12.25, -6.92) 

T-Test of difference = 0 (vs Í) T-value = -7.15 P-value = 0.000 DF = 78 

 

Many authors emphasize the significant role of climatic factors in influencing the natural infection 

dynamics (L»iveke and Tammaru, 1995; L»iveke, 1999; Cook et al., 1999; Hardwick et al., 2000; 

Hovmoller, 2001; Krupinsky et al., 2002; Deacon, 2006; Jevtiĺ et al., 2012). Hardwick et al. (2001) 

observed notable differences in the susceptibility of varieties to infections and found a positive 

correlation between the occurrence of foliar diseases and both air temperature and precipitation 

levels from sowing to yield formation. Our results align with these findings, further supporting this 

relationship. 

 

Favorable weather conditions conducive to the development of powdery mildew were observed 

during both growing seasons. In the first growing season, in mid- to late March, an increase in 

temperature and high relative humidity facilitated the emergence of the first pathogen symptoms on 

small grain crops at the budding stage, with powdery mildew being the most prominent. These 

favorable conditions persisted throughout April, supporting the continued development of small 

grain powdery mildew. The agrometeorological conditions, characterized by higher-than-usual 

temperatures for this time of year, also contributed to the accelerated growth of winter crops. In the 

second growing season, April experienced significantly higher precipitation and increased air 

humidity compared to March, which further promoted the occurrence of the disease, with powdery 

mildew symptoms detected on small grains. The optimal temperature range for conidia germination 

of powdery mildew is reported to be between 1 and 30 ÁC, in the absence of water, while the optimal 

range for infection spans from 5 to 30 ÁC (Jevtiĺ et al., 2012). 

 

The reduced intensity of infection in small grains within intercropping systems, compared to those 

grown independently, aligns with findings from several studies, which suggest that intercropping 

small grains with peas helps control pathogens like powdery mildew and leaf rust. While 

intercropping is widely recognized for its potential to enhance biodiversity and reduce disease 

pressure, the precise mechanisms through which it influences these factors are still not fully 

understood. Numerous studies have highlighted that the diversity of host plants in intercropping 

systems can significantly impact pathogen suppression, improving overall disease control. This is in 

line with the findings of our research, which further supports the idea that increased plant diversity 

through intercropping can play a key role in managing pathogen populations and optimizing crop 

health (Mitchell et al., 2003; Garrett et al., 2009; Keesing et al., 2010; Dassou and Tixier, 2016). 

Intercropping holds considerable promise for managing pathogens in agricultural systems; however, 

several questions remain regarding the complex relationships between pathogen infection, crop 

yield, and quality. 
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4. CONCLUSION  
 

In conclusion, intercropping oat with peas demonstrates potential benefits in pathogen management 

by reducing disease pressure, particularly for pathogens such as powdery mildew. While our findings 

support the role of intercropping in improving disease control, further research is needed to fully 

understand the interactions between crop yield, quality, and pathogen dynamics in such systems. 

Additionally, investigating the long-term effects of intercropping on soil health, biodiversity, and 

overall system sustainability will be essential to optimizing intercropping practices. By addressing 

these uncertainties, we can better harness the potential of intercropping as a sustainable strategy for 

integrated pest and disease management in diverse agricultural systems. 
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Abstract: The objective of this study was to examine the feasibility of cultivating sweet corn in the agroecological 

conditions of the Ġumadija region. During 2022/23, the most widespread hybrid of sweet corn on the Serbian 

market, 'Enterprise,' was tested. Two irrigation regimes were applied (full and reduced to 50%) along with a control 

treatment (natural moisture conditions). Harvest and cob analysis were conducted on average 22-25 days after 

pollination. Statistically significant higher values for the studied parameters were measured in the irrigated 

treatments across both sowing dates. 

 

Keywords: Sweet corn, Sowing time, Irrigation regime, Yield components 

 

1. INTRODUCTION 
 

Sweet corn (Zea mays L. var. saccharata Sturt.), belonging to the Poaceae family and Zea genus, is 

a valuable vegetable crop (Sidahmed et al., 2024). It is grown and consumed fresh, either on the cob 

or as frozen kernels (Rattin et al., 2018). The kernels of sweet corn are harvested during the milk 

stage, characterized by a sweet flavour, thin endosperm and pericarp, soft texture, and high 

nutritional value (Oktem et al., 2004; Kwiatkowski and Clemente, 2007; Ugur and Maden, 2015). 

Due to its high sugar and nutrient content and extensive use in the food industry (Budak and 

Aydemir, 2018), sweet corn is among the most significant crops. Optimal productivity and quality 

of this crop depend greatly on several factors, particularly sowing time and irrigation regime, which 

influence key production characteristics such as cob length, diameter, weight, kernel weight, and 

dry matter content. With a short growth period, especially in early hybrids, sweet corn can be 

cultivated across multiple sowing dates under irrigated conditions (Shibzukhov et al., 2021). 

 

In agricultural practice, the introduction of optimal sowing times and an appropriate irrigation 

system can significantly impact yield and cob quality, enhancing adaptation to agro-climatic 

conditions. Sowing time, hybrid selection, soil fertility, and irrigation are the main factors with the 

greatest influence on sweet corn productivity (Dekhane and Dumbre, 2017). The success of stable 

production largely depends on the level of applied agronomy, the skilful choice of hybrids, and 

weather conditions during the growing season (Stojiljkoviĺ et al., 2023). For successful sweet corn 

production, irrigation is essential, and its advantage lies in adaptability to various cultivation systems 

(main, succession, or intercropped) as noted by Revilla et al. (2021). 

 

Previous research suggests that adjusting sowing time can play a critical role in sweet corn's 

morphological, productive, and chemical characteristics. Optimal use of moisture and nutrients, 

along with achieving stable yields, relies heavily on adapting the sowing date (Kara, 2011; Banotra 

et al., 2021; Kēlēn­ et al., 2023). Additionally, selecting an appropriate irrigation method and water 

amount is vital for improving yield and cob quality. Numerous studies have demonstrated the 
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positive impact of irrigation on cob length, showing that additional watering during flowering and 

growth stages increases cob length, while reduced irrigation during these periods shortens it 

(Nemeskeri et al., 2019). 

 

Beyond increasing cob diameter and length, research has also shown the significant impact of 

optimal irrigation on cob and kernel weight. Given the importance of sweet corn production, it is 

evident that sowing time and irrigation regime are critical to its productive characteristics. This study 

aimed to examine the impact of different sowing dates and irrigation regimes on cob length, 

diameter, total cob weight, kernel weight, and dry matter content in sweet corn. 

 

2. MATERIAL AND METHODS  
 

A two-year study was conducted during 2022 and 2023 in the fields of the village of Bresje, Velika 

Plana municipality. The experiment was set up using a randomized block design with four replications. 

Sowing was performed in two planting periods: the first in the regular (spring) season and the second 

in the successive (summer) season. The row spacing was 70 cm, and the plant spacing was 22 cm. The 

study focused on the most widely cultivated sweet corn hybrid in Serbia, Enterprise F1. 

 

Irrigation was applied using a drip system with tapes having a capacity of 10 L m ĭ h ĭ. Two irrigation 

norms were applied: (I) full irrigation norm (100%), (II) 50% of the full irrigation norm, and a control 

treatment under natural moisture conditions. To maintain soil moisture at 60% field capacity, 

measurements were made with tensiometers in all treatments at a depth of 0.3 m. The irrigation norm 

was calculated using the formula: 

 

Nz = 10 Å D Å (FC% vol ï ɗz) = mmÅm -2 

 

Where represents the irrigation norm (mm m Į), is the depth of the soil layer (m), is the field capacity 

limit in percentage by volume, and is the soil moisture read from the tensiometer curve at the measured 

water retention force. The field capacity limit was determined in the laboratory at the Faculty of 

Agriculture in Zemun. 

 

The irrigation duration was calculated from the irrigation norm and the flow rate of the drip tape system 

(10 L h-1 or 10 mm h-1). By halving the irrigation duration, the duration for the reduced irrigation 

volume (50% of the full norm) was determined. Standard agronomic practices for sweet corn 

production were applied throughout the growing season. 

 

Morphological and productive traits of the cobs were measured 22-25 days after pollination on 30 cobs 

per treatment. The dry matter content of sweet corn was estimated using the conventional drying 

method at 105 ÁC to a constant mass. The obtained research results were statistically processed using 

analysis of variance and tested by the LSD test (Least Significant Difference) in IBM SPSS Statistics, 

version 26.0, and are presented in tables and graphs. 

 

3. RESULTS AND DISCUSSION 
 

Table 1 presents the average values of the investigated yield components of sweet corn, which were 

influenced by the sowing date and irrigation norms during the two-year study. The sowing date factor 

did not have a statistically significant impact on the cob length of sweet corn (Table 2). The average 

cob length was approximately 20 cm for both sowing dates. The irrigation factor, however, had a 

statistically significant effect on this trait, with the highest value measured in the IR 100% treatment 

(22.05 cm). 

 

There were no significant differences between the irrigation norms (IR 100% and IR 50%), as shown 

by the measured approximate values in these treatments. Water deficiency negatively affected the 
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cob diameter and length (Moosavi, 2012). Deng et al. (2009) note that cob length is a highly variable 

trait, while Kara (2011) suggests that cob length is dependent on the sowing date. 

 

Table 1. Investigated parameters in both sowing dates under different irrigation norms 

Date of sowing (A) 
Irrigation 

(B) 

Cob 

length 

(cm) 

Cob 

diameter 

(cm) 

Total 

mass cob 

(g) 

Grain 

weight (g) 

Dry matter 

(%) 

I  

Control  19.70 4.26 213.4 122.80 32.57 

IR 50% 21.52 4.80 306 188.00 35.61 

IR 100% 22.05 4.88 318.9 207.40 33.56 

 Average 21.90 4.65 279.4 172.70 33.91 

II  

Control  19.29 4.69 230.00 146.50 34.44 

IR 50% 21.73 5.16 343.30 242.20 34.16 

IR 100% 21.85 5.27 345.30 236.90 39.18 

Average 20.96 5.01 306.20 208.50 35.93 

Average/Average  21.43 4.83 292.80 190.60 34.92 

 

Table 2. Impact of sowing date and irrigation on sweet corn yield components 
Parameters of 

sweet corn 

Cob length 

(cm) 

Cob diameter 

(cm) 

Total mass cob 

(g) 

Grain weight 

(g) 

Dry matter 

(%) 

Factors Anz B** AB** A** B** AB** A** B** AB** A** B**AB** A** B** AB** 

LSD 
p< 

0.05 

p< 

0.01 

p< 

0.05 

p< 

0.01 

p< 

0.05 

p< 

0.01 

p< 

0.05 

p< 

0.01 

p< 

0.05 

p< 

0.01 

Date of sowing 

(A) 
0.61 0.80 0.86 0.11 17.22 22.69 14.25 14.25 0.99 1.36 

Irrigation (B) 0.61 0.80 0.86 0.11 17.22 22.69 14.25 18.78 1.21 1.66 

A x B 1.05 1.38 0.15 0.20 29.82 39.30 24.69 32.54 1.71 2.35 

 

Regarding cob diameter (Figure 1), the average value ranged from 4.88 to 5.01 cm, with sowing 

date and irrigation norms having a statistically very significant impact on this trait. The highest value 

was measured on the second sowing date, under the IR 100% treatment (5.27 cm). Water deficiency 

negatively affects sweet corn development, cob diameter, and mass, as concluded by Nemeskeri et 

al. (2019). Luchinger and Kamilo (2008) state that cob diameter varies depending on the hybrid and 

sowing date. 

 

 
Figure 1. Average values of sweet corn cob length and diameter (cm) 

 

Total cob weight (Figure 2) varied significantly by sowing date, with values ranging from 279.40 g 

for the first sowing date to 306.20 g for the second sowing date. In the non-irrigated treatment, the 
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total ear weight was 213.40 g on the first sowing date and 230.00 g on the second, which is 

considerably lower than the values obtained in the irrigated treatments. The highest average value 

was recorded on the second sowing date under the IR100% treatment, which amounted to 345.30 g. 

There were no statistically significant differences between the total cob mass in the reduced and full 

irrigation norms. Kara (2011), in an experiment with five sowing dates, observed significant 

differences between sowing dates regarding cob length, diameter, and mass. The largest cob 

diameter, length, mass, and number of grains per cob were achieved with sowing on May 1, while 

the smallest parameters were obtained with sowing on June 1. 

 

In the non-irrigated treatment, a decrease in grain yield was observed, particularly in terms of the 

number and mass of grains, which aligns with the results of Ill®s et al. (2022). In the control 

treatment, the average grain mass was 122.80 g on the first sowing date and 146.50 g on the second 

sowing date. The treatments with different irrigation norms resulted in significantly higher values in 

both sowing dates (207.40 g and 242.20 g). Both investigated factors (sowing date and irrigation) 

and their interaction had a statistically significant effect on this trait. Irrigation, especially in post-

sowing treatments, influences yield components, contributing to higher farm income and 

maintaining crop rotation practices (Aydinsakir et al., 2013). Water deficit conditions negatively 

affect the yield and yield components of sweet corn, as noted by Ertek et al. (2013). They also 

mention that the highest yield is achieved with full irrigation, and any reduction in irrigation norm 

leads to a direct decrease in yield. In non-irrigated conditions, yield and yield components vary 

significantly across years and sowing dates (Biberdģiĺ et al., 2018), with the highest yield achieved 

by sowing in mid-and late April in the first year of research, and early and mid-April in the second 

year. Stojiljkoviĺ et al. (2024) also found that late sowing under non-irrigated conditions resulted in 

a drastic yield reduction for all sweet corn hybrids. Recent years, with significant temperature 

fluctuations and irregular rainfall distribution during the growing season, have made irrigation 

crucial for achieving stable yields in sweet corn production. Tupajiĺ et al. (2024) confirmed that in 

both sowing dates, all three sweet corn hybrids under the non-irrigated condition produced the 

lowest values for the investigated parameters. 

 

 
Figure 2. Presents the dry matter content in sweet corn for both  

sowing dates and all treatments. 

 

Dry matter content in sweet corn kernels (Figure 3) showed a statistically significant effect from 

both the individual factors and their interaction. The content of dry matter is crucial for evaluating 

the quality and nutritional value of the grain, because it is the dry matter that affects the energy value 

and nutritional properties of the product. The highest average values were recorded in the first 

sowing date under the IR 50% treatment, amounting to 35.61%, while the best result in the second 

sowing date was achieved in the IR 100% treatment, with a value of 39.18%. Kara et al. (2012) 



 

190 

 

found that dry matter content decreases with later sowing dates in a two-year study. The highest dry 

matter content was achieved with sowing on April 1, which contrasts with the results of this study. 

Water deficiency significantly reduces dry matter content in sweet corn, as noted by Karam et al. 

(2003), whose findings align with those presented in this study. 

 

Drip irrigation allows efficient water to be used by reducing surface water evaporation (Visvanatha 

et al., 2002; Oktem et al., 2003). In the study by Kēlēn­ et al. (2023), optimal sowing times were 

studied in relation to the corn hybrid. They found that later sowing negatively affected ear yield and 

quality in certain hybrids. 

 

Muslimah et al. (2023) state that drip irrigation is a highly productive and economical agricultural 

practice in sweet corn production. Dagdelen et al. (2006) determined that water deficiency 

significantly impacted corn yield, with the highest yield achieved in the irrigated treatments. Pandei 

et al. (2000) found that non-irrigated conditions led to a yield reduction of 22.6-26.4%. 

 

 
Figure 3. Dry matter content in sweet corn in both sowing dates across all treatments. 

 

4. CONCLUSION 

 

Based on the results of the research, it can be concluded that sweet corn can be successfully grown 

in the agroecological conditions of the Ġumadija region in both sowing periods. The sowing date 

had a statistically significant impact on the examined parameters, with the best results, on average, 

achieved in the post-sowing period in both years of the study. In treatments with different irrigation 

norms (reduced and full norm), statistically significantly higher values for yield components were 

observed compared to those in the control treatment. Good results were also achieved with the 

application of drip irrigation, even with a reduced irrigation norm (50% of the full norm). This 

indicates favourable economic aspects in sweet corn production, ensuring more stable yields in dry 

years, which are a consequence of the significant climate changes witnessed in recent years. 
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Abstract: The buckwheat is a current plant due to its compliance with the demands of sustainable agriculture and 

the high standards of the modern population when it comes to food and dietary regimes. The aim of the work is to 

explain the influence of sowing densities on grain yield of common buckwheat and the existence of economic 

reasons for increasing the sowing density. So, 12 genotypes were examined, in 2 years and 3 sowing densities: 

160, 120 and 80 kg grains m-2. Results showed there was not a significant difference between average grain yield 

reached by 120 and 160 kg grains m-2. Such result indicates economic viability of buckwheat growing. 

 

Key words: Buckwheat, Grain yield, Sow density 

 

1. INTRODUCTION 
 

Contemporary, sustainable agriculture faces to very difficult task nowadays: to improve production 

and provide sufficient amounts of health safe food, for the growing human population, but to reduce 

use chemical matters and soil degradation and meet all other ecological and socioeconomical 

requirements. Consequently, it needs changes in practices agriculture, in comparison with 

conventional, industrialized agriculture, has been done. Beside numerous new and modified 

agricultural methods, these changes necessarily refer to the sowing structure and the choice of plant 

species cultivated. Buckwheat (Fagopyrum sp.) is a promising environmentally friendly crop that 

can contribute to the balance between biodiversity benefits and crop yield and meet all above-

mentioned requirements and challenges of contemporary agriculture. Its advantages are: high 

adaptability to organic and sustainable agricultural practices, weed suppressing, allelopathic effects, 

different uses in agriculture practice (cover crop, fodder, green manure), high valued grain chemical 

composition and high qualitative products with wide range of benefits in everyday life and healthy 

diet, important role in food and biotechnology industries and rich source of desirable genes 

(Zamaratskaia et al., 2023).  

 

Buckwheat is a pseudocereal, alternative minor crop, with long cultivation tradition, for more than 

7.000 years. It originated from Asia, but, nowadays, buckwheat is mostly grown in Eurasia, Nordic 

countries, but in North America, too. Two worldwide most cultivated species are common 

buckwheat (Fagopirym esculentum) and Tartary buckwheat (F. tartaricum), although about 4,500 

buckwheat varieties are known in the world, adapted to growing in certain climatic and production 

conditions, used, mainly, as forage and in traditional medicine (Naumoviĺ, 2017). In general, the 

morphological characteristics and growing technology of Tartary buckwheat are like common 

buckwheat, but there are some differences. Tartary buckwheat has many desirable characteristics 

such as higher seed yield, self-pollination ability, frost resistance, and overall plant vigor (Gavriĺ et 

al., 2018). 
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Taking into consideration all agronomical and qualitative advantages of buckwheat and the 

compatibility specific characteristics of its products with the requirements of the contemporary 

human population, it would be expected its production would continuously grow.  Buckwheat 

production, on the contrary, has shown oscillations, during the last period, in the world. Vieites-

Ćlvarez et al. (2024) analyzed buckwheat production, in period 2013-2023 and registered decreasing 

from 2.263.764.35 tons in 2013 to 187.506.797 tons, in 2021. At the same time, the growing area 

decreased from 2.263.608 ha worldwide to, seven years later, to 1.988.534 ha. In the meantime, 

according to FAO, in 2017, buckwheat was cultivated in 25 countries with the total cultivated 

acreage of 3.940.526 ha with the total production was 2.056.585 t 

(www.fao.org/faostat/en/#data/QCL). Pirzadah and Rehman (2021) concluded that such trend is, 

probably, related to more than one reason, citing, among others, erratic yield, indefinite growing 

cycle, difficult during harvesting, tendency for abortion of flowers, sensitivity to freezing conditions, 

the presence of allergy-inducing compounds, economic limitations, consumers habits, etc. The 

possibility for more mass and stable cultivation of buckwheat is a combination of modern and 

classical selection methods in breeding buckwheat in order to overcome the difficulties of low yield, 

difficult harvesting and unstable flour quality, preharvest sprouting resistance, shattering resistance 

and lodging resistance (Morishita et al., 2020; Nikoliĺ et al., 2024). Such an approach requires a 

well knowing structure of yield, specific conditions and environmental and agronomic factors 

influencing grain composition and formatting as well as other physiological processes in plant.   

 

Sowing density, or plant population, plays a crucial role in determining the spatial arrangement of 

plants, which in turn affects the availability of light, water, and nutrients, as well as intra-plant 

competition for these resources. The sowing rate, per area unit, depends on the sowing way and 

differs from 40 to 100 kg ha-1. Consequently, literature data is different when it comes to optimal 

number of plants per area unit, concluding, however, there is significant sowing density effect on 

the yield and more of the other traits and qualitative indicators, too (Gavriĺ et al., 2018). Several 

studies have shown that optimizing sowing density is vital for achieving maximum grain yield, as 

both low and high plant populations may lead to suboptimal productivity due to underutilization or 

excessive competition between plants, respectively (Aozane da Rosa et al., 2022; Wan et al., 2023). 

Zhou et al. (2023) investigated Tartary buckwheat, concluded that increasing sowing density causes 

grain to increase, up to one level, while further increasing cause grain yield reduction. As sowing 

density increases, several factors show a continuous decline, including root characteristics, 

chlorophyll (a, b), transpiration rate, the number of main stem nodes, branches and leaves, grain 

number and weight per plant, along with the 1000 - grain weight. On the other hand, plant height 

and the level of malondialdehyde (MDA) in leaves increase progressively as sowing density rises. 

 

According to Nikoliĺ et al. (2019), average grain yield in buckwheat, grown in condition of stubble 

growing and irrigation, is obtained in the highest density, but difference, compared to less density 

variant, was a slight and unprofitable economically. Recent studies emphasize the need to fine-tune 

sowing densities in different environmental conditions to optimize productivity (Nickhil and 

Chettry, 2021).  

 

This research aims to review the effects of sowing density on the grain yield of common buckwheat 

(Fagopyrum esculentum Moench), examining the relationship between plant population and yield 

potential and synthesizing findings from various studies.  

 

2. MATERIAL AND METHODS 
2.1. Climate and soil conditions during experiment conducting 

 

Buckwheat is very sensitive to the lack of moisture, especially during the first development phases, in 

period of rooting, during flowering and yielding period. During the later phases, excess moisture causes 

a lot of negative effects. Influences of temperatures are rather strong, too. During 2010, 360.4mm 

precipitation was in May and July, while 125.6 mm precipitation only or almost three times less were 
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in the same period in 2011. It means 2010. was more favorable in terms of soil moisture, necessary for 

germination. During July and August, almost the same precipitation sums (120 mm, averagely) were 

in both of investigation years in generative phase (impregnation and grain filling phases). This 

precipitation sum could be a limiting factor to obtain more yield per unit area because it is a critical 

period for buckwheat. Air temperatures in vegetative phase of development (intensive growth of trees 

and branching) were very favorable during both of investigation years. Buckwheat does not tolerate 

high temperatures. Growth is already slowing down at 28 oC, as the percentage of impregnation and 

grain formation (Popoviĺ et al., 2013). The optimal temperature for growth and development is 20 ÁC 

while temperatures above 30 ÁC, during flowering phase, followed by low air moisture, cause drying 

and falling flowers and bad pollination. 

 

2.2. Plant material and experiment method 

 

The trial was set up on carbonate meadow black soil, during 2010 and 2011. The investigation included 

12 genotypes: P2, P4, P5 (NS plus), NS buckwheat, P9 and P10, as domestic and P6, P11, Darja, 

Bamby, Oberon and Bylly, as foreign cultivars. The experiment was designed as a block system, in 

three replications, with an area of elementary plot 20 m- 2. The distance between rows was 25cm. 

Sowing was in accordance with planned sowing density (80, 120 and 160 grains m-2). These sowing 

rates are less than literatures recommendations which are up to 300 grains m-2, and up to even 500 

grains m-2, sowing handily (Popoviĺ et al., 2013). The sowing was done on 15th May in 2010, but on 

10th May in 2011. The harvest was done in moment when 2/3 of yield were ripped respectively when 

grains of the latest genotype were dark brown. The harvest was one - phased, done on 20th August, in 

2010. and on 12th August, in 2011. The grain yield was measured per each plot and appropriate sowing 

density. Based on that, average yield was calculated and expressed as t ha -1, on the base of 14% grain 

moisture. 

 

2.3. Statistical method  

 

Grain yield (t ha-1) was calculated per year and per sow density as well as average annual value, which 

includes all sowing densities. Data were analyzed statistically using two factorial models of analysis 

of variance according to Hadģivukoviĺ (1973). The differences of means were tested using an LSD test 

at p = 0.05 and p = 0.01 probability levels. Coefficient of variation was done, too.  

 

3. RESULTS AND DISCUSSION 
3.1. Grain yield 

 

Buckwheat grain yield is unstable and vary, in dependence on year and growing conditions, genotype 

and applied technology, in range of 1 to 4 t ha-1. Average grain yield, for all tested genotypes, was 

2.00 t ha-1, in 2010 (Table 1). Among genotypes, grain yield varied from 1.42 t ha-1 (Oberon) to 2.51 

t ha-1 (P 2). As many as five genotypes (P2, Darja, P5/NS plus, P11 and Bylly) showed highly 

statistically significant higher grain yield in relation to average experimental value. Coefficient of 

variation was 4.49%. Average grain yield per sowing density was approximately the same in variants 

160 grains m-2 and 120 grains m-2while in variant 80 grains per m-2 it was significantly lower, even 

twice as low. Nikoliĺ et al. (2019) determined similar interrelations between sowing densities and 

grain yield in buckwheat grown in stubble sowing and irrigation conditions. The highest average 

grain yield is obtained in density of 160 grains m-2, then in density of 120 grains m-2, but difference 

was a slight, only 80 kg or 3.49% that means both sowing density variant could be applied 

successfully in buckwheat planting technology. Sowing density of 120 grains m-2 has, however, 

priority due to economic viability. These authors emphasized stronger impact of genotype than 

environmental factors on grain yield. 

 

Average grain yield, in density variants varied from 1.23 t ha-1 (80 grains m-2) to 2.43 t ha-1, in 

density variant 160 grains m-2 (Table 1).  
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Table 1. Grain yield (t ha-1) buckwheat genotypes in 2010. 

Genotype 
Grain yield (t ha -1) (14% of moisture) Average grain yield 

per genotype 

160 grains m-2 120 grains m-2 80 grains m-2 

Oberon 1.44- - 1.52- - 1.29 1.42- - 

P2 2.76++ 2.58++ 2.20++ 2.51++ 

Darja 2.47 2.92++ 1.52++ 2.30++ 

P4 2.39 2.22 1.11 1.91- - 

P5 (NS plus) 2.60+ 2.68++ 1.14 2.14++ 

P6 2.48 2.54+ 1.03-  2.02 

Bamby 2.19- - 1.91- - 0.82- - 1.64- - 

NS buckwheat 2.47 2.14- - 1.08 1.89- 

P9 2.43 2.11- - 0.89- - 1.81- - 

P10 2.09- - 1.87- - 0.79- - 1.58- - 

P11 3.07++ 2.71++ 1.44+ 2.41++ 

Bylly 2. 79 3.03++ 1.51++ 2.44++ 

Average 2.43 2.35 1.23 2.00 

LSD 0,05 149 141 164 85 

LSD0,01 202 191 223 112 

Cv 3.64 3.55 7.90 4.49 

 

The difference between grain yield in variant 120 grains per m-2 (2.35 t ha-1) in relation to 160 grains 

per m-2 variant was slight. Genotype Oberon showed the least grain yield in both sowing densities: 

1.522 t ha-1 and 1.44 t ha-1 in 120 grains m-2 and 160 grains m-2, respectively. Bylly was the highest 

yielding genotype in variant 120 grains m-2 (3.03 t ha-1), but P11 (3.07 t ha-1) in variant 160 grains 

m-2. As Table 1 shows, statistically significant and statistically highly significant higher yield were 

achieved by P5 (NS plus) and P2, P11 and Bylly, in sowing density 160 grains per m-2, respectively. 

Three genotypes obtained statistically highly significant less average grain yield (Oberon, Bamby 

and P 10) compared to experiment average. In sowing density 120 grains m-2, six genotypes obtained 

statistically highly significant (P6) or statistically significant higher average grain yield (P2, Darja, 

NS plus, P11 and Bylly) compared to experiment average. Coefficient of variation was 3.64% (160 

grains per m-2), 3.55% (120 grains per m-2) and 7.90 (80 grains per m-2). 

 

The highest variation was registered in the smallest density. In that variant, average grain yield of 

each genotype varied from 0.79 t ha -1 (P 10) to 2.20 t ha -1 (P 2). Mainly, the same genotypes as in 

the rest of variants (P11, P2. Darja and Bylly) expressed statistically significant or statistically highly 

significant higher grain yield compared to experiment average. In 2011, average grain yield of tested 

genotypes, for all of sowing densities, was 1.71 t ha-1, significantly less than in 2010 (Table 2). Grain 

yield, regarding tested genotypes, varied from 1.10 t ha-1 (Oberon) to 2.75 t ha-1 (Darja). Genotypes: 

P2, Darja, P4, NS plus and P6 showed highly statistically significant higher grain yield compared to 

average grain yield while others, except Bylly, were highly significant lower yielding varieties 

compared to the average value. Coefficient of variation was only 2.41%. In such growing conditions 

in this year, that were less favorable for growing buckwheat compared to 2010, average yield, 

according to sowing densities, was uniform: 1.74 t ha-, 1.77 t ha-1 and 1.63 t ha-1 in sowing density 

160 grains m-2, 120 grains m-2 and 80 grains m-2, respectively. Many authors (Berdin et al., 2018; 

Vieites-Alvarez et al., 2024; Knicky et al., 2024) considered sowing rate and pointed out, mainly, 

dependence on sowing method, cultivars, soil type and soil cultivation methods. Hence, the most 

recommended sowing rate is 200-500 seeds m-2 , although recommendations of 90-160 seeds m-2 are 
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also found, confirming the need to know all those specifics in the context of determining the 

appropriate sowing density. 

 

Table 2. Grain yield (t ha -1) buckwheat genotypes in 2011. 

Genotype 
Grain yield (t ha -1) (14% of moisture) 

Average 

160 grains m-2 120 grains m-2 80 grains m-2 

Oberon 1.12- - 1.10- - 1.22- - 1.15- - 

P2 2.41++ 2.27++ 1.94++ 2.21++ 

Darja 2.75++ 2.28++ 1.50 2.18++ 

P4 1.93++ 2.36++ 1.54 1.94++ 

P5 (NS plus) 2.12++ 2.52++ 2.50++ 2.39++ 

P6 2.22++ 2.04++ 2.09++ 2.12++ 

Bamby 1.27- - 1.31- - 1.32- - 1.30- - 

NS buckwheat 1.04- - 1.57- - 1.65 1.42- - 

P9 1.53 1.46- - 1.69 1.56- - 

P10 1.41- - 1.34- - 1.36- - 1.37- - 

P11 1.39- - 1.30- - 1.06- - 1.25- - 

Bylly 1.63 1.70 1.72 1.69 

Average 1.74 1.77 1.63 1.71 

LSD 0,05 118 124 199 39 

LSD0,01 160 168 269 52 

Cv 4.03 4.14 7.21 2.41 

 

P2, P5 (NS plus) and P6 obtained highly statistically significant higher yield in all sowing densities 

variants. Oberon, Bamby, NS buckwheat, P10 and P11, on the contrary, were highly statistically 

significant lower yielding genotypes, regardless of the density variant. The highest variation of grain 

yield values was registered in the lowest sowing density (7.21%). Differences among tested 

genotypes were even up to 2.5 times (from 1.06 t ha-1, P11 to 2.50 t ha-1, NS plus) in variant 80 

grains m-2.  

 

Average values of grain yield for both of investigation years, for each sowing density variants, are 

presented in Table 3. It can be seen that average grain yield for each sowing density, for both of 

investigation years, was 2.09 t ha -1, 2.06 t ha -1 and 1.43 t ha -1 in variant 160 grains m-2, 120 grains 

m-2 and 80 grains m-2, respectively. Genotypes obtained average grain yield, for both of investigation 

years and all of densities variants, in range of 1.28 t ha -1 (Oberon) - 2.36 t ha -1 (P2). Average value of 

grain yield, finally, was 1.86 t ha -1, but coefficient of variation 4.83.  

 

Ecological factors and expression of investigated genotypes have caused differences and division of 

genotypes, according to average grain yield, for all sowing densities, into three groups: high ï 

yielding (P2, Darja, P5/NS plus, P6 and Bylly), average yielding (P4 and P11) and lower yielding 

(Oberon, Bamby, NS buckwheat, P9 and P10). It can be noticed that the average yield of tested 

genotypes, in 120 grains m-2 and 160 grains m-2 densities was almost the same, but grain yield in 80 

grains m-2 variant was significantly lower. That deviation was more pronounced in 2010, when the 

ecological conditions for growing buckwheat were more favorable.  Gavriĺ et al. (2018), during three 

study years (2011-2013), used three different sowing densities: 200, 300 and 400 seed m-2 and 

registered increasing of grain yield of Tartary buckwheat align with increasing plant density as well 

as impact of year of study on this trait. The plant density, however, did not have a significant effect 

on other traits, like: plant height, 1000-grain weight, hectoliter mass and phenol contents. Zhou et 

al. (2023) discovered a somewhat different correlation. Namely, increase in sowing density of 

Tartary buckwheat caused, continuously, a decrease the root morphological indices and activities, 
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chlorophyll a, chlorophyll b and carotenoid contents, many enzymesô activities, net photosynthetic 

rate, transpiration rate, main stem node, branch and leaf numbers, grain number and weight per plant, 

whereas plant height increase. The yield of buckwheat first increased and then decreased with the 

increase in sowing density. Besides that, they observed simultaneous impact of sowing density and 

application of nitrogen and concluded that sowing at an appropriately high density can promote the 

increase in the yield of Tartary buckwheat populations under low nitrogen conditions and is 

recommended for use in production to achieve the high-yielding and nitrogen saving cultivation of 

Tartary buckwheat. Xiaomei et al. (2018) noticed the same influence of sowing density and nitrogen 

fertilization on the agronomic traits, grain yield and the leaf photosynthetic characteristics, in 

common buckwheat. 

 

Table 3. Average grain yield, for both of investigation yield 

Genotype 
Grain yield (t ha -1) (14% of moisture) 

Average 

160 grains m-2 120 grains m-2 80 grains m-2 

Oberon 1.28 1.31 1.25 1.28- - 

P2 2.59 2.43 2.07 2.36++ 

Darja 2.61 2.60 1.51 2.24++ 

P4 2.16 2.29 1.32 1.92 

P5 (NS plus) 2.37 2.60 1.82 2.26++ 

P6 2.35 2.29 1.56 2.07++ 

Bamby 1.73 1.61 1.07 1.47- - 

NS buckwheat 1.76 1.86 1.37 1.66- - 

P9 1.98 1.79 1.29 1.69- - 

P10 1.75 1.60 1.08 1.48- - 

P11 2.23 2.01 1.25 1.83 

Bylly 2.21 2.37 1.61 2.06++ 

Average 2.09 2.06 1.43 1.86 

LSD 0,05      84 

LSD0,01     111 

Cv 4.83 

   
Wan et al. (2023) studied changes of buckwheat grain yield under different sowing densities and 

phosphorous rate and recommended 90 plants per m-2 and 75 kg ha-1 P application rate as the best 

management. They stressed that high sowing density reduces efficiency of P use and contribution of 

P to crop yield. Similar trend, as it is described in research Zhou et al. (2023) has been observed in 

investigation Yang - xiu et al. (2016) and refered to common buckwheat. This study deals with 

whether conditions in growing season, too, in relation with grain yield. The results showed that in 

the growth season with more rainfall, with the increase of density, the plant height, the seed number 

per plant, grain weight per plant, thousand seed weight and seed setting rate showed a trend of 

decrease, but the yield increased. In the growth season with less rainfall, however, with the increase 

of density, grain yield increased, at the first, then decreased as well as the number of main stem 

section, seed number per plant, grain weight per plant and thousand seed weight. 

 

4. CONCLUSION 
 

The buckwheat (Fagopyrum esculentum Moench.) is a current plant species due to its specific traits 

and compliance with demands of sustainable agriculture and contemporary population when it 

comes to food and dietary regimes.  According to obtained results and comparation with average 

grain yield, regardless of the sowing densities, there were three groups of genotypes: high - yielding 

(P2, Darja, P5/NS plus, P6 and Bylly), average yielding (P4 and P11) and lower yielding (Oberon, 
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Bamby, NS buckwheat, P9 and P10). Higher grain yield, in relation to average value, in both of 

experimental years, is results of genetics factors or interaction genotype x environmental factors. 

Allthough the higher grain yield, in both of experimental years, was reached in variant 160 grain m-

2, that difference was not significant and sowing density 120 grain m-2 is recommended as the most 

suitable for the North Baļka region.  

 

As buckwheat production has extremely varied, at global level, it is necessary to register all of 

obstacles limiting its growing and to work to overcome them, which includes practical research and 

new breeding approaches, with a combination of modern and classical methods. 
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Abstract: Food sovereignty is the human right to healthy and culturally appropriate food produced through 

ecologically sound and sustainable methods, and the right of people to define their own food and agriculture 

systems. Food security exists when all people, at all times, have physical and economic access to sufficient, 

safe, and nutritious food that meets their dietary needs and food preferences for an active and healthy life. In 

contrast to food security, which focuses on ensuring that enough food is available, food sovereignty emphasizes 

control over food production and distribution by local communities. Shifting the focus from food security to 

food sovereignty essentially represents a reconnection between nature, food, and people. The right to seeds is 

at the basis of each community's food sovereignty, what is possible to achieve only in the system of farmers' 

seeds. Farmer seed systems are a critical contribution to food sovereignty and farmersô rights. For over 10.000 

years, people have freely saved, selected, exchanged, and sold seeds, using and reusing them for sowing and 

food production. The farmers' seed system is defined by the long-standing continuous renewal and free 

distribution of seeds and knowledge among people. Seeds are gifted, shared, or traded in informal and formal 

markets. These seeds are more resilient to climate change, pests, and pathogens, and they also ensure a more 

diverse food system and a dynamic global ecosystem. Today, farmers' rights to seeds, crucial for their survival, 

are seriously threatened and are in decline worldwide. These seed systems are undermined by inadequate 

legislation and insufficient support from governments and public research, primarily as the result of a protected 

seed market based fundamentally on intellectual property rights and trade agreements. Farmers' seed systems 

are vital for preservation of plant genetic diversity of all agricultural crops. It is increasingly expected that 

global climate change, combined with other factors, will significantly alter this agricultural biodiversity. Broad 

efforts will be needed to help reduce the climate vulnerability of current agricultural production systems and 

building more resilient and adaptive agroecosystems. The farmers' seed system and the associated traditional 

agricultural practices are key factors for adaptation. 

 

Keywords: Plant genetic resources, Adaptation, Resilience, Farmers' rights, UNDROP 

 

1. INTRODUCTION 
 

The term food sovereignty was first brought to international attention at the World Food Summit 

organized by the Food and Agriculture Organization of the United Nations in 1996. It was put 

forward by La V²a Campesina1, an international movement that coordinates organizations of small- 

and medium-sized producers, agricultural workers, rural women and Indigenous communities from 

 
1 La Vía Campesina, founded in 1993, is an international movement bringing together millions of 

peasants, landless workers, indigenous people, pastoralists, fishers, migrant farmworkers, small and 

medium-size farmers, rural women, and peasant youth from around the world. Built on a solid sense 

of unity and solidarity, it defends peasant agriculture for food sovereignty 

(https://viacampesina.org/en/international-peasants-voice/) 

https://doi.org/10.46793/MAK2025.201DJ
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Asia, the Americas and Europe. During the 1996 World Food Summit, La V²a Campesina presented 

a set of mutually supportive principles as an alternative to the world trade policies and to realize the 

human right to food. In their statement, Food sovereignty: a future without hunger (1996), they 

declared: ñFood sovereignty is a precondition to genuine food securityò (Pimbert and Claeys, 2024). 

Food sovereignty is a concept that emphasizes the right of people, especially farmers, to define their 

own food and agricultural systems. It is closely linked to local control over food production and 

access to resources, including seeds, land, and water. In contrast to food security, which focuses on 

ensuring that enough food is available, food sovereignty emphasizes control over food production 

and distribution by local communities (Patel, 2009; van Willenswaard, 2015). There are six 

principles of food sovereignty defined by Declaration by Ni®l®ny: focuses on food for people; values 

food providers; localises food systems; puts control locally; builds knowledge and skills; work with 

nature (Ni®l®ny, 2007). Over the past two decades, food sovereignty has been discussed and 

defended under the leadership of La V²a Campesina. For food sovereignty advocates, ideas about 

seeds need to be liberated from todayôs dominant vision of modernity and the corporate enclosure 

of the commons (Pimbert, 2019). 

 

As it is mentioned by Dokmanoviĺ (2020), food sovereignty is a specific concept and, at the same 

time, an overarching right, an alternative model of development and a political framework, with 

objective to realize the rights of local food producers and rural people to determine their own food 

and agriculture systems. About twenty states have already integrated food sovereignty in their 

constitutions and legislation. Beside, this, the Latin American and Caribbean Parliament and of the 

Pan-African Parliament develop a model law that would assist states to include food sovereignty in 

their legislation. 

 

In Bosnia and Herzegovina (BIH) and neighboring countries, there is not much research activities 

about food sovereignty, if we exclude rare works that deal with this issue from a legal perspective, 

as a matter of basic human rights (Dokmanoviĺ, 2020) or the activities of citizen associations that 

have raised this issue in BIH in connection with agroecological transition (Miĺiĺ et al., 2021, ņuriĺ 

and Miĺiĺ, 2023). Serbia was the only country in the former Yugoslavia that was self-sufficient in 

food. However, the latest data suggest that it is also losing that self-sufficiency in animal husbandry 

(Brankov and Matkovski, 2022) but also in the most important part of sovereignty, seed production 

(Internet link 1). 

 

Rights to seed are an integral part of food sovereignty. They encompass the ability of farmers to 

save, exchange, and reuse seeds without legal or commercial restrictions. Historically, farmers have 

maintained biodiversity and adapted crops to local conditions through locally adapted traditional 

practices. However, modern intellectual property laws, particularly those governing plant breeders' 

rights and patents, increasingly restrict these traditional practices, threatening both agricultural 

biodiversity and farmers' rights (Fakhri, 2021). Seed commons, i.e. the collective management of 

seeds and associated knowledge, is a major aim of food sovereignty, which is crucial alternative and 

should led to the dead end of industrialized agriculture (Pimbert, 2022b). 

 

Today, broadly there are two different seed systems: farmers' seed system and commodity 

(industrial) seed system (Fakhri, 2021). In farmers' or traditional seed systems, farmers save seed 

from each cycle, while farmers in formal (commodity, industrial) seed systems typically purchase 

seed every cycle. In traditional seed systems, farmers select seed according to local and cultural 

preferences, making natural and human selection to act together and providing to local adaptation 

of different landraces (Mastretta-Yanes et al., 2024). By this way, the farmers' seed systems are 

fundamental for generating of evosystems services, i.e. evolutionary processes as a resuls of the 

maitaining and use of genetic diversity (Faith et al., 2010). 

 

Farmers' seed systems are defined by the long-standing continuous renewal and free distribution of 

seeds and knowledge among peoples. Through the hystory of humankind, seeds are gifted, shared, 
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or bought and sold in informal and formal markets. Farmers' seed is more adaptable to local 

conditions and as such more resilient against climate change, pest and pathogens. It is base for more 

diverse food system and more dynamic global ecosystem. Today, farmersô right to seeds, vital to 

their survival, is seriously threatened and is regressing throughout the world. The farmers' seed 

systems have been endangered by inappropriate legal frame and by insufficient support from 

governments and public research. This is largely the result of protected seed market, based 

essentially on intellectual property rights (IPRs) and trade agreements (Fakhri, 2021). 

 

Farmer seed systems and farmers' varieties make a critical contribution to food sovereignty (Pimbert, 

2022a). Farmers know that good food comes from good seeds. However, farmersô varieties have 

become increasingly vulnerable due to many negative circumstances, including climate change, loss 

of small farms, market pressures, and seed privatization. As a result, farming communities and their 

local seed systems eroded, with grave repercussions on local food systems (Seed Change, 2019). 

 

Commodity (industrial) seed systems, in contrast, are dedicated to the reproduction of homogeneous 

material and varieties dependent on chemical inputs. These varieties fall under regimes of property 

and contract law. The main purpose of such systems is a profit making and production of food as 

much as possible. However, these systems are unstable and unsustainable by themselves. They are 

very dependent on farmers' seed systems, and natural biodiversity, who provide them with initial 

breeding material. However, the farmers' seed system depends on farmers' rights to freely store, use, 

exchange and sell their seeds. Consequently, when states do not adequately protect and support 

farmers' seed systems, they in weaken and destabilize ecosystems, but also violate the basic people's 

human rights. The more the seed system relies on property regimes and contract law, the more 

institutional mechanisms are needed to ensure the protection of human rights. Certification systems 

also carry the same risks as property regimes and contract law, albeit to a lesser degree. In systems 

where a plant and its genetic material (seed) are commodity, there are a small number of people who 

more easily control the seed by limiting access to the others. Here is not only a question of preserving 

biodiversity, but a question of its sustainable use through multiplication and selection, which implies 

always releasing and continuing to maintain the best seeds. The seed must be sown in order to 

regenerate ("conservation is by use"). Furthermore, seed exchange is essential for the global 

development and adaptation of new crops and knowledge in response to climate change, pests, 

diseases and human food security needs (Fakhri, 2021). 

 

Although the western Balkan region is the richest in biodiversity in Europe and it is known for a 

large number of autochthonous varieties and local populations of all agricultural crops, the issue of 

conservation and sustainable use of vital genetic resources has not been adequately resolved (Rivera 

et al., 2018; FAO, 2021). Serbia is a member of The International Treaty on Plant Genetic Resoures 

for Food and Agriculture (ITPGRFA), while BIH has not joined this agreement, which is the most 

important mechanism for farmers' rights and the rights of local community seeds2. Both countries 

are parties to the Convention on Biological Diversity (CBD)3, whereby Serbia is also a party to the 

Nagoya Protocol on Access to Genetic Resources and the Fair and Equitable Sharing of Benefits 

Arising from their Utilization to the Convention on Biological Diversity (ABS Nagoya Protocol) 

until BIH had not ratified this protocol4. During the adoption of the United Nations Declaration on 

the Rights of Peasants and Other People Working in Rural Areas (UNDROP), Serbia voted for this 

document while BIH abstained together5. This suggests that farmers' rights in BIH are at a low level 

and that politicians do not deal with them, while Serbia had made progress and there are stronger 

movements for food sovereignty, as research suggests (Dokamoviĺ, 2020; Brankov, 2022). In 

 
2 https://www.fao.org/plant-treaty/countries/membership/en/ 
3 https://www.cbd.int/information/parties.shtml 
4 https://www.cbd.int/abs/nagoya-protocol/signatories 
5 https://digitallibrary.un.org/record/1656160?ln=en 
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connection with the conservation of genetic resources, both countries have a program for the 

conservation of plant genetic resources and established public gene banks (Rivera et al., 2018). There 

are also civil society organizations in both countries with succesful community seed banks inside 

the "Frame of Life"6 (Paġtriĺ, Mionica) and Foundation Alica7 (Banja Luka) which actively work on 

advocating for farmers' rights and farmer's varieties as well as agroecology and agrobiodiversity 

both within their communities and regionally through two networks: Balkan Seed Network 

Association (Pautrat and Willard, 2023) and BILIM network (Bucini et al., 2024). 

 

The aim of research is to analyze the farmers' rights in connection with food sovereignty with a 

special emphasis to rights to seed in the light of the EU seed marketing regulation reform. 

 

2. FARMERS' RIGHTS TO SEED 
 

The rights of farmers, local communities and indigenous peoples are guaranteed by a number of 

international legal instruments. All international agreements dedicated to the conservation and 

sustainable use of plant genetic resources contain provisions about the right of farmers, indigenous 

peoples and local communities, above all the right to seeds. Regardless of all these mechanisms, 

there is a lot of ambiguity regarding the implementation of farmers' rights in national legislations. 

 

The most important international mechanisms regarding the Farmers' Rights today are ITPGRFA8 

and UNDROP9, but both are interconnected with other ones, such UPOV Covention10 and CBD11 

and (Golay and Batur, 2021). 

 

Before WTO12 and its TRIPS13 Agreement (1995), intelectual property rights (IPRs) over seeds and 

varieties remained a regional issue, mainly in the US and EU. US developed patents system over 

plants in mid-twentieth century. EU developed system based on plant varieties protection (PVP) 

after 1961. TRIPS requires from WTO members to implement an IPRs regime with certain minimum 

requirements. Art. 27 (3) (b) obliges MS to provide protection for plant varieties either by patents, 

by an effective sui generis system or by any combination there of. But it does not define what is 

meant by "an effective sui generis system". The combination of TRIPS Agreements and UPOV 

Convention forced farmers to have a relationship with breeders. 

 

The 1978 UPOV Convention (UPOV, 1961; 1972; 1978) implicitly recognizes farmers' right to save, 

use and exchange seeds, leaving farmers to only seek permission from the IPR holder if they sell the 

seed. The 1991 UPOV Convention reframes farmers' rights to save, use and exchange seed as an 

optional privilege that MS can elect to enact. (Since 1998, States can only join the 1991 Convention). 

 
6 https://www.okvirzivota.org.rs/ 
7 http://alica-foundation.org/sr/ 
8 International Treaty on Plant Genetic Resources for Food and Agriculture 

(https://www.fao.org/plant-treaty/en/) 
9 United Nations Declaration on the Rights of Peasants and Other People Working in Rural Areas 

(https://digitallibrary.un.org/record/1650694?ln=en&v=pdf) 
10 International Convention for the Protection of New Varieties of Plants 

(https://upovlex.upov.int/en/convention) 
11 Convention on biological Diversity (https://www.cbd.int/) 
12World Trade Organization was established in 1994, started from 1 January 1995. Its predecessor 

organization is the GATT - General Agreement on Tariffs and Trade established in 1948. 

https://www.wto.org/ 
13The Agreement on Trade-Related Aspects of Intellectual Property Rights is Annex 1C of the 

Marrakesh Agreement Establishing the World Trade Organization, signed in Marrakesh, Morocco 

on 15 April 1994. https://www.wto.org/english/tratop_e/trips_e/trips_e.htm 
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US and EU style IPRs system for plant varieties did not initially concern most countries focused 

their efforts on supporting farmers' seed system. But with the TRIPS agreement, these countries had 

to enact some sort of system to protect plant varieties. 

 

The concept of Farmersô Rights obtained international recognition for the first time in 1989 in the 

context of the International Undertaking on Plant Genetic Resources (IUPGR; IU), originally 

adopted by the FAO Conference in 1983. In the same year, FAO established the Commission for 

Plant Genetic Resources (which is transformed in Commission for Genetic Resources for Food and 

Agriculture in 1995; hereafter: Commission). In that time, genetic resources are seen as common 

heritage of humankind. In the 10 years since its adoption, the IU has evolved through interpretative 

resolutions reflecting the growing recognition of the need to reconcile plant breedersô rights with the 

interests of developed countries. Therefore, the issue of national sovereignty over PGR has become 

a mechanism through which developing countries have sought to redress the asymmetry in the 

benefits that developed and developing countries derive from PGR. The first interpretative 

resolution (4/89) provided a consistent interpretation of the recognition that breedersô rights are not 

necessarily in conflict with IP. Farmersô rights were also recognized, defined in the second resolution 

(5/89) as ñrights arising from the past, present and future contributions of farmers to the 

conservation, improvement and provision of access to plant genetic resources, in particular those in 

centres of origin/diversityò The emergence of the concept of Farmers' Rights was motivated more 

as part of a political effort to redress the perceived imbalance of the increasing use and expansion of 

Plant Breeders' Rights than as a legal concept or property right. States agreed that Farmers' Rights 

should be recognized through an international fund, a fund that had never been operationalized. 

(Correa, 2017). 

 

The CBD (1992) represented a fundamental change in the way in which genetic resources were 

exchanged and viewed and no longer were they seen as the common heritage of humankind. They 

fell under national sovereignty with controlled access, and private breeding arised with IPRs (plant 

breedersô rights & patents), as countries increasingly asserted sovereign rights over their biological 

and genetic resources and control over their access (Wynberg et al., 2021). While the concept of 

Farmersô Rights was known when the negotiation of the Convention on Biological Diversity (CBD) 

took place, the Convention did not make any reference to it. However, Resolution 3 of the Nairobi 

Conference for the Adoption of the Agreed Text of the CBD recognized the need to seek solutions 

to two outstanding matters concerning plant genetic resources, one of which was ñthe question of 

farmersô rightsò (Correa, 2017). From the mid-1990s, the Commission began the negotiation process 

for a revision of the IU to bring it into line with the CBD. The negotiations for the revision of the 

IU started, in November 1994, at first extraordinary session of the Commission. They continued 

until 3 November 2001, when the Thirty-first FAO Conference adopted the International Treaty on 

Plant Genetic Resources for Food and Agriculture (ITPGRFA), by unanimity (IPGRI, 2004). 

 

ITPGRFA, in fact was the first legally binding instrument to formally acknowledge the tremendous 

contribution made by farmers, local communities and Indigenous Peoples in developing and 

conserving crop diversity (Moore and Tymowski, 2005). Article 9 of the ITPGRFA advocates for 

the recognition, realization and promotion of Farmersô Rights relating to plant genetic resources for 

food and agriculture. National governments are enjoined to promote, protect and implement 

Farmersô Rights by protecting relevant traditional knowledge, making provision for farmers to 

participate equitably in sharing benefits, and ensuring that farmers participate in national decision-

making related to plant genetic resources. In addition to these provisions, the importance of the right 

of farmers to save, use, exchange and sell farm-saved seed/propagating material is affirmed (FAO, 

2023). 

 

The acceptance of the concept of Farmersô Rights in the ITPGRFA (Treaty) were among the most 

contentious issues in the seven years of negotiations leading to the adoption of the ШITPGRFA. The 

adopted text has set out a general umbrella to promote a set of policies relevant to farmersô use and 
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conservation of plant genetic resources for food and agriculture, but it has not provided a precise 

definition of such rights because of objections od lobbyists of private seed companies from 

developed countries (USA, Canada). Regardless, it has created a platform for initiatives to improve 

farmersô participation in decision making and to support their activities as both producers and 

breeders (Correa, 2017). The ITPGRFA recognizes the right relating to seeds as a component of 

Farmersô Rights in a preambular paragraph and in the text of the Treaty with a non-binding 

formulation of this rights, although the Treaty has the legally binding nature as such. Such contex of 

Farmersô Rights is unable to derogate international obligations that the contracting parties may have 

under other binding international treaties, such as UPOV 1991. While this is the current legal 

situation, the ITPGRFA indicates the direction in which the national and international law should 

evolve in order to ensure the effective recognition of farmersô contributions to a sustainable 

agriculture and food security. The concept of Farmersô Rights recognized the role of farmers as 

custodians of biodiversity and helped to draw attention to the need to preserve practices that are 

essential for a sustainable agriculture (Correa, 2017). 

 

To assist Contracting Parties in promoting and implementing Farmersô Rights, the Governing Body 

of ITPGRFA established the Ad Hoc Technical Expert Group on Farmersô Rights with mandate to 

develop tools for implemenation of the Artcicle 9. This group developed document with 32 options 

drawing on the experiences of Contracting Parties and stakeholders after survay (FAO, 2023). 

 

Beside all above mentioned mechanisms, the UN adopted the Declaration on the Rights of Peasants 

and Other People Working in Rural Areas in which peasants' right to seeds is recognized (UNDROP, 

2018). The States shall 'support peasant seed system, and promote the use of peasant seeds and 

agrobiodiversity' (Article 19(6)). They shall 'ensure that seed policies, plant variety protection and 

other IP laws, certification schemes and seed marketing laws respect and take into account the rights, 

needs and realities of peasants' (Article 19(8)). UNDROP aims to strengthen the rights of peasants 

and rural workers, including their rights to land, seeds, biodiversity and a healthy environment. 

Relevant aspects of UNDROP that relate to the right to seeds include (Golay and Batur, 2021): 

- The right to seeds: UNDROP explicitly recognizes the right of peasants to save, use, 

exchange and sell seeds saved on farms. It also protects traditional knowledge and agricultural 

biodiversity. 

- Participation in decision-making: Promotes the inclusion of peasants and rural workers in 

decision-making processes that affect their rights and resources. 

- Protection from displacement: The Declaration emphasizes the protection of rural 

communities from displacement and the imposition of agricultural models that threaten their 

livelihoods and cultural practices. 

 

3. EUROEPAN UNION SEED MARKETING REGULATION AND RIGHTS TO 

SEED 
 

The current European Union (EU) rules on the production and marketing of seed originally dating 

from the 1960s. The aim of the legislation was to increase productivity and create a competitive seed 

industry. In the current EU seed legislation14, the exchange and sale of seeds by farmers fall into the 

definition of seed marketing. This means that all farmers, no matter their size and activity (whether 

 
14 EU seed marketing regulation reform started in 2019. In July 2023, the European Commission 

presented a draft for new regulation on the production and marketing of seeds and propagating 

material (e.g. fruit tree cuttings or seed potatoes). In April 2024, the European Parliament called for 

improvements to protect agro-biodiversity and farmers' rights. The Agriculture Ministersô 

discussions are still ongoing. Trialogue negotiations between the Commission, Council, and 

Parliament could begin in spring 2025 under the Polish Presidency of the Council (Arche Noah, 

2024). 
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they engage in seed or food production), need to comply with the strict rules of the EU Seed 

Marketing Directives, and consequently with all trade and property mechanisms (WTO, TRIPS, 

UPOV, IPRs). They can only exchange quality-controlled seeds of registered varieties (Arche Noah, 

2024). EU seed marketing legislation has been criticised for contributing to the reduction of crop 

diversity by imposing strict regulations that favour uniform, commercially grown varieties over 

traditional and indigenous varieties. This framework has made it challenging for smallholder farmers 

and seed producers to market diverse and locally adapted seeds, thereby jeopardising agricultural 

biodiversity and food sovereignty (ARC2020, 2023). 

 

National implementation of EU rules has been unequal at best. Farmer communities are thus affected 

very differently across the EU, facing outright violation or conditional recognition of their rights to 

seeds (Golay and Batur, 2021). But, there are sizeable differences between national seed laws across 

the EU. Regardless of such general seed marketing regulation, the member countries have 

implemented the ITPGRFA article in their national laws on seeds, which regulates the rights of 

farmers to seeds. Examples from Austria, France, Denmark, Norway, and Italy and are given below. 

 

Austrian seed laws allow the transmission of seed by farmers, peasants or seed users against payment 

or in kind for the purpose of conservation if the person does not trade in seed, if the variety is not 

registered (except conservation and amateur varieties) and if the transmission is done in small 

quantities. In fact, the exchange of seed for the protection of plant genetic resources between farmers 

and seed users does not mean Ămarketingñ. Austrian seed saversô and farmersô organizations had 

successfully fought for a non-exclusive way of registering traditional seeds at the national level 

(GRAIN, 2015). 

 

In France, seed exchanges between peasants are considered to fall under the regime of mutual 

assistance, and are not subject to seed marketing legislation (GRAIN, 2015). Danish legislation takes 

into account the realities of farmer seed systems, and allow for the exchange of seeds amongst 

farmers, and sale of unregistered varieties under certain conditions for non-commercial use of seeds. 

By this interpretation, marketing of plant genetic resources that are not intended for commercial 

production, or ñnon-commercial seedsò, are not regarded as subject to the legislation (Nordplus, 

2015; Foreningen Frßsamlerne, 2022). 

 

Norway became a member of UPOV in 1993, based on the 1978 Act of the UPOV Convention. Even 

though the 1991 Act was adopted by many other countries at that time, Norway chose to adhere to 

the 1978 Act. In 2004, the government proposed changes to the Plant Breeders' Rights Act and to 

join the 1991 Act of the UPOV Convention. However, this proposal spurred public debate. After the 

election in 2005, the new government withdrew the proposed changes in the PVP legislation on the 

grounds that they limited Farmers' Rights. At the same time, the breeding industry was promised to 

receive stronger government support for the development of varieties that are suitable to Norwegian 

conditions and adapted to climate change. Based on this agreement, farmers in Norway could 

continue to save and use farm-saved seed and propagating material of protected varieties without 

paying any remuneration to the holder of the plant variety protection right (FAO, 2014). 

 

In accordance with the objectives of the ITPGRFA, Italian regional laws15 have emerged as one of 

the most interesting institutional attempts at European level towards enhancing and protecting 

 
15 Regional Law 64/2004 óThe protection and enhancement of local breeds and varieties of interest 

to agriculture, husbandry and forestryô. 

Regional Law 15/2000 óThe protection of autochthonous genetic resources of interest to agricultureô. 

Regional Law 25/2001 óThe protection of autochthonous genetic resources of interest 

to agricultureô. 

Regional Law 11/2002 óThe protection of autochthonous genetic resources of interest to agriculture 

and forestryô. 
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agricultural biodiversity. The regional laws highlight the importance of supporting farming systems 

that are close relationship with the territory and local communities, creating sufficient juridical space 

for the varieties that are not part of the óformalô seed system. In addition, the Constitutional Law Nr. 

3 of 18 October 2001 óAmendments to Title V Part II of the Constitutionô amends the legislative area 

of responsibility between State and Region defining which matters are the exclusive responsibility 

of the State and which are subject to joint State/Region legislation. Not being expressly earmarked 

for either State or joint legislation, agriculture is one of the residual matters of Regional 

responsibility (Bertacchini, 2011). 

 

A new success in fight for farmers' seed in EU is the adoption of Regulation (EU) 2018/848 of the 

European Parliament and the Council regarding the production and marketing of plant reproductive 

material from organic heterogeneous material (OHM) of certain genera or species. However, the 

regime only applies within the boundaries of organic production. It may thus not completely cater 

to the needs of landraces, or varieties that have been deleted from the national lists due to the loss 

of mainstream commercial interest, but could still be interesting for conservation purposes, or for 

the specific qualities they have (Batur et al., 2023). 

 

Seed legislation, while allowing for the informal exchange that characterizes farmersô seed systems 

and recognizing their role in seed production and the conservation of on-farm agrobiodiversity, 

should also recognize that farmers develop plant varieties adapted to their local agro-ecological 

conditions through continuous selection of farmersô varieties. Such an approach would be consistent 

with the obligations of States not only to conserve but also to ensure the sustainable use of 

agrobiodiversity, as enshrined in Articles 6, 8 and 10 of the CBD and Articles 5 and 6 of the 

ITPGRFA, together with the realization of farmersô rights enshrined in Article 9 of the ITPGRFA 

and Article 19 of the UNDROP (Batur at al., 2021). 

 

The European Union is currently reviewing its legislation on seed marketing, patent rights and the 

regulation of new genomic techniques (NGTs). These proposed changes have significant 

implications for seed rights and food sovereignty, in particular for traditional farmersô practices and 

control over seeds. While the proposal offers avenues for diversifying the seed market, it has been 

criticized for failing to fully recognize and protect farmersô rights to seeds as enshrined in the 

UNDROP. Critics argue that the proposal could negatively impact farmersô farming systems and 

represents a missed opportunity to fulfill international human rights obligations related to the right 

to food and seeds (Batur et al., 2023).  

 

The proposed legislative changes have several potential implications: 

- Farmersô Rights: There are concerns that the new regulations may not adequately protect 

farmersô traditional rights to save, use, exchange, and sell seeds, especially if NGTs are deregulated 

and patented varieties become more prevalent. 

- Biodiversity: The emphasis on commercially grown, uniform varieties could lead to a 

reduction in agricultural biodiversity, making food systems more vulnerable to pests, diseases, and 

climate change. 

- Food Sovereignty: By potentially limiting farmersô control over seeds and favoring 

corporate interests, the proposed law could undermine food sovereignty, which emphasizes the rights 

of local communities to control their own food systems. 

 

If the proposal is not substantially revised, it will become a missed opportunity to integrate peasantsô 

rights to the EU seed marketing legislation, with dire consequences for food security and agricultural 

biodiversity in the European Union (Batur et al., 2023). 139 organisations - civil society and farmers' 

 
Regional Law 3/2003 óThe protection of animal and plant resources in the Region of the Marchesô. 

Regional Law 1/2008 óThe protection of local breeds and varieties of the Region of Emilia Romagna 

of interest to agricultureô. 
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initiatives, regional seed companies as well as nature conservation and development organisations 

from 23 European countries sent a joint letter to the 27 EU Agriculture Ministers in December 2024 

calling for urgent improvements to EU seed legislation and they warn: óThe current legislative 

proposal is a major threat to the diversity of our crops and the right of our farmers to their own 

seedsô(Arche Noah, 2024). 

 

4. CONCLUSION   
 

Despite all international instruments, the implementation of Farmersô Rights remains inconsistent 

and faces several challenges: 

- Legal obstacles: Many countries have adopted intellectual property laws that prioritize the 

rights of commercial plant breeders over traditional farmersô practices, limiting their ability to freely 

use seeds. 

- Lack of support: Inadequate government support for traditional seed systems and 

insufficient investment in public agricultural research undermine farmersô rights. 

- Corporate influence: The dominance of multinational agribusinesses in the seed market 

poses significant challenges to maintaining seed sovereignty and biodiversity. 

- Efforts to implement the ITPGRFA and UNDROP are essential to ensuring food sovereignty 

and protecting farmersô rights to seeds. Strengthening these frameworks and supporting local seed 

systems is vital for sustainable agriculture, biodiversity conservation and the resilience of food 

systems in the face of climate change and other global challenges. 

- While the legislative changes proposed by the EU aim to modernize seed marketing and 

accommodate new technologies, they have sparked significant debate regarding their impact on 

farmersô rights, biodiversity, and food sovereignty. It is crucial that policymakers carefully consider 

these implications to ensure that the new regulations support sustainable and equitable agricultural 

practices. 

 

Community seed banks and CSOs are essential in fostering sustainable agricultural systems, 

protecting farmersô rights, and ensuring long-term food sovereignty in Serbia, Bosnia and 

Herzegovina, and beyond. Supporting and scaling up these initiatives can significantly contribute to 

resilient local food systems and the empowerment of farming communities. 
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Abstract: Modern agriculture involves dealing with challenges from climate change, environmental pollution, 

depletion of natural resources, as well as pressure to cope with dependence on agricultural inputs with aim 

sustainable management of crop production and the environment. Weeds are one of the most challenging 

problems facing agricultural production, while modern agriculture relies heavily on synthetic herbicides for 

weed control. The excessive use of synthetic herbicides has contributed significantly to soil degradation, 

environmental pollution and adverse effects on non-target organisms and human health. Also, long-lasting 

exploitation of herbicides with one target site in plants has resulted in the evolution of weeds resistant to 

herbicides. Due to all these problems, there is a need to develop a sustainable, environmentally friendly tool 

for weed management. One great field for discovering new approaches for weed control is allelopathy and 

allelochemicals. Allelopathy is a biological phenomenon of chemical interaction between plants and this 

phenomenon has great potential to be used as an effective and environmentally friendly tool for weed 

management in agriculture. Previous studies showed that some plant species possess potent allelochemicals 

that have great potential to be ecofriendly bioherbicides. 

 

Key words: Allelopathy, Allelochemicals, Bioherbicides, Weed control 

 

1. INTRODUCTION 
 

Climate is defined as the sum of the weather conditions of a given area, quantified as long-term 

statistics of meteorological variables (temperature, wind, precipitation and sunshine hours) that are 

essential for the growth, development and productivity of vegetation, animals and people (World 

Meteorological Organization, 1992). In recent decades, changes in climate have caused significant 

impacts on natural and human ecosystems, on agriculture, and on the growth of all plant species, 

including crops and weeds (Kang and Banga, 2013; Chauhan, 2013). 

 

Weeds are one of the most challenging problems facing agricultural production all over the world. 

Weeds compete for light, nutrients, water, and space that reduces crop growth and yield. 

Additionally, weeds also harbor insect pests, bacterial, fungal and virual pathogens, further reducing 

the crop yield (Chauhan, 2020). Modern agriculture relies heavily on synthetic herbicides for weed 

control. The heavy reliance on herbicides has resulted in 533 unique cases of herbicide-resistant 

weeds globally with 273 species. Weeds have evolved resistance to 21 of the 31 known herbicide 

sites of action and 168 different herbicides. Herbicide-resistant weeds have been reported in 101 

crops in 72 countries. The heavy reliance on herbicides with similar mechanisms of action (MOA) 

has resulted in 513 unique cases of herbicide-resistant weeds globally across 267 species (Heap, 

2024). In addition, there are several other negative consequences related to excessive use of 

herbicides, such as high chemical costs, potential leaching and runoff into groundwater, or concerns 

with recycling irrigation water (Poudyal and Cregg, 2019). Public concerns over the impact of 

herbicides on human health and the environment are also increasing. Due to the evolution of 

herbicide-resistant weeds, lack of new herbicides with new MOA and public awareness with 
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synthetic herbicides, there is a need to develop a sustainable ecofriendly tool to manage weeds. One 

great field for discovering such tools is the use of plant based natural compounds called 

allelochemicals to control weeds. Allelochemicals have the potential to be used as natural herbicides 

to control certain types of weeds (Khamare et al., 2022).  

 

The focus of this review is to provide an overview of previous research on allelopathic plants, 

allelochemicals, and the use of allelopathy in crop production and the ways in which allelopathy 

could be used for weed control in the context of climate change. 

 

2. WEED CONTROL IN MODERN AGRICULTURE  
 

One of the most important elements to sustaining life and promoting good health is ensuring access 

to enough safe and nutritious food. It is estimated that agricultural production may encounter many 

difficulties in securing food production for the rapidly growing human population in the coming 

years. The worldôs population is expected to increase by 2 billion persons in the next 30 years, from 

7.7 billion currently to 9.8 billion in 2050 (Hernandez-Tenorio et al., 2022).  

 

To withstand these harsh challenges induced by abiotic and biotic factors the world needs to adopt 

novel and improved agricultural practices and strategies for high sustainability and productivity 

(Khursheed et al., 2023). Among the major biotic constraints, weeds are considered the most harmful 

to agricultural production (Gharde et al., 2018). Worldwide huge crop losses have been found to 

result from heavy weed infestations. Crop losses due to weeds continue to reduce the available 

production of food and cash crops worldwide. It is very difficult to indicate the yield loss due to any 

single weed species; therefore, the loss is estimated as the collective effects by all weed species. 

Globally, compared to other biotic factors, weeds produced the highest potential loss at 34%, with 

animal pests and pathogens being less important-with losses of 18 and 16%, respectively (GğŃb et al., 

2017). Integrated Weed Management (IWM) is a long-term comprehensive approach to controlling 

and mitigating infestation in fields incorporating physical, genetic, biological, cultural and chemical 

weed management techniques (Jabran et al., 2015). Farmers usually rely on quick and effective 

synthetic herbicides which represent the backbone of the agri-food sector in its endeavor to secure 

food production and suppress yield losses, but their application is perceived as an obstacle to the 

achievement of sustainability (Lykogianni et al., 2021). The excessive use of chemical herbicides 

has contributed significantly to soil degradation, environmental pollution, and adverse effects on 

non-target organisms and has been proven to have deleterious effects on human health. The 

consequences of the inappropriate adjustment of herbicides to the weed species occupying the fields, 

the use of herbicides at the wrong plant developmental stage and under unsuitable weather 

conditions are the accumulation of active compounds in the soil, the accumulation of weed species, 

and the acceleration of the evolution of resistant biotypes (Motmainna et al., 2021). Long-lasting 

exploitation of herbicides with one target site in plants has resulted in the evolution of weeds 

resistant to herbicides (Soltys et al., 2013).  

 

The complete exclusion of chemical control of weeds is impossible with current agrochemical 

practices, so it is necessary to develop novel classes of herbicides with new mechanisms of action 

and target sites. Reducing the large-scale use of herbicides and introducing organic production 

systems requires the combined efforts of all actors in the food value chain (Mohring and Finger, 

2022). In the face of climate change, increasing consumer awareness of crop protection products 

and fertilization, coupled with unconventional methods to ensure safe and superior agricultural 

products are in high demand (GğŃb et al., 2017). The need for safe food production and eco-friendly 

trends in weed management forces scientists to develop innovative solutions. There is a growing 

need for new herbicides with safer toxicological and environmental profiles. Natural compounds 

provide a wide selection of potential new environmentally safe herbicides, so-called 

ñbioherbicidesò, which are based on compounds produced by living organisms (Soltys et al., 2013). 

Bioherbicides are broadly defined as products derived either from living organisms or their 
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secondary metabolites to suppress target weed populations without harming the environment (Scavo 

and Mauromicale, 2021). Recently, among the proposed approaches, research on allelopathy has 

become increasingly prevalent in weed management for agroecosystems (Hoang Anh et al., 2021). 

 

3. ALLELOPATHY AND ALLELOCHEMICALS 
 

Allelopathy refers to the direct or indirect effect of plants upon neighboring plants or their associated 

microflora or microfauna by the production of allelochemicals that interfere with the growth of the 

plant (IAS, 2018).  The word allelopathy is derived from two separate Greek words, allelon meaning 

of each other or mutual and pathos meaning to suffer or feeling. The chemical interaction between 

plants has been known for thousands of years but the term óallelopathyô was first used by Austrian 

scientist Hans Molisch in 1937 (Willis, 2007). 

 

Allelochemicals can affect vital physiological processes in plants, such as respiration, 

photosynthesis, cell division and elongation, membrane fluidity, protein biosynthesis, and the 

activity of many enzymes, and they might also affect tissue water status (Field et al, 2006; Hussain 

and Reigosa, 2011; Hussain et al., 2020). They belong to many chemical families, such as phenols, 

flavonoids, terpenoids, glucosinolates, benzoquinones, and cyanogenic compounds (Li et al., 2010; 

Hussain et al., 2020).   

 

Phenolics are a class of the most important and most common plant allelochemicals that are known 

to be present in a variety of plant tissues, including stem, leaf, root, flower, pollen, or fruit.  Phenolics 

can be generally classified into phenolic acids, flavonoids, coumarins, lignins, tannins, stilbenes and 

others and are found in many plant species including weeds (Figure 1) (Puig et al., 2018; Li et al., 

2020; Khamare et al., 2022). Nine flavonoid compounds have been isolated and identified from 

Abuthilon theophrasti (Matğawska and Sikorska, 2005), while the phenolic composition of Ambrosia 

artemisiifolia includes isorhamnetin, quercetin, and kaempferol (Mihajloviĺ et al., 2015). Chemical 

constituents of Xanthium strumarium include phenolic compounds such as gallic acid, 

protocatechuic acid, quercetin, chlorogenic acid, caffeic acid, rutin, and feluric acid (Srinivas et al., 

2011). The mechanism of allelopathy associated with phenolic compounds includes interfering with 

hormone activity, membrane permeability, photosynthesis, respiration and synthesis of organic 

compounds in susceptible plants (Latif et al., 2017).  

 

Terpenoids are classified based on the number of isoprene units in their carbon skeleton, e.g. monoter 

penes, sesquiterpenes, diterpenes, sesterpenes and triterpenes. Asteraceae plants are a natural source 

of allelopathic sesquiterpenes and sesquiterpene lactones. They can inhibit the enzyme asparagine 

synthase, thereby preventing growth and can also interfere with mitochondrial cell organelle 

respiration and the release of proteins into the plasma membrane (Ara¼jo et al., 2021; Nair et al., 

2022).  

 

Coumarins are abundant in plants families Apiaceae, Rutaceae, Asteraceae and Fabaceae (Bachheti 

et al., 2020). A C7-hydroxyl group in the coumarin structure seems to contribute significantly to the 

herbicidal activity of this family of compounds. A7-hydroxycoumarins, such as umbelliferone, 

esculetin, and scopoletin, have received interest as eco-friendly herbicides and are known for their 

allelopathic effect (Galan-P®rez et al., 2022). 
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Figure 1. Representative allelochemicals from the classified  

14 categories based on their chemical similarities (Khamare et al., 2022) 

 

4. ALLELOCHEMICALS AND WEED CONTROL 
 

Allelopathic interactions play an important role in agricultural ecosystems due to their impact on 

crop growth. Allelopathy may contribute to integrated weed control by incorporating cover crops as 

living or dead mulches, and/or crop residues into the soil. There is a viable prospect of using 

allelopathic mechanisms as an environmentally friendly tool for weed control in cropping systems 

without relying on synthetic herbicides. The incorporation of allelopathic plants into agricultural 

strategies will enhance sustainable crop production due to the positive effects of these practices on 

soil fertility, organic matter content and ecosystem biodiversity (Kostina-Bednarz et al., 2023). 

 

Many allelochemicals are water-soluble and water acts as the carrier and medium for allelopathic 

activity (Farooq et al., 2011). Water soluble allelochemical extract from different parts of allelopathic 

species, such as leaves, stems, roots, and seeds have great potential to be used for controlling weeds. 

It has been reported that there are about 400.000 compounds in plants with allelopathic potential, 

and only about 3% of these compounds have been identified for their herbicidal activity (Einhellig, 

1996). These allelochemicals can control the germination and growth of weeds through various 

modes of action (Kostina-Bednarz et al., 2023). 

 

Research by Ġĺepanoviĺ et al. (2021) found that aqueous extracts of the cover crop Camellina sativa 

inhibited germination, shoot length, root length, and fresh seedling weight, as well as early growth 

of the invasive weed species Ambrosia artemisiifolia. Sariĺ-Krsmanoviĺ et al. (2021) studied the 

effects of water extracts produced from fresh leaves of Xanthium strumarium and A. artemisiiflia on 

the weeds Abutilon theophrasti and Chenopodium album. The extracts from A. artemisiiflolia leaves 

caused significant reductions in A. theophrasti fresh weight and height, while X. strumarium water 

extracts caused a negligible decrease in both parameters in A. theophrasti. In these treatments C. 

album exhibited higher sensitivity than A. theophrasti. In a study conducted by ņorĽeviĺ et al. 

(2022) the herbicidal potential of walnut leaf extract (Juglans regia) against two weeds Amaranthus 

retroflexus and Ch. album was investigated. The results obtained from biological tests showed a 

significant negative effect of walnut leaf extract on germination and seedling growth of the tested 

weeds. Although it affected the growth of corn seedlings in vitro similarly to the tested weeds, corn 

germination was less sensitive to the treatment, and the extract did not have a significant negative 

effect on oxidative stress conditions in corn plants. The findings showed that walnut leaf extract may 

have a promising role in replacing chemical herbicides in corn. 
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5. BIOHERBICIDES BASED ON ALLELOCHEMICALS  
 

Plant-based allelochemical bioherbicides are becoming increasingly popular with the aim of 

protecting the environment and human health from the excessive use of synthetic herbicides, as well 

as overcoming the phenomenon of weed resistance (Scavo and Mauromicale, 2021). Most 

allelochemicals are totally or partially soluble in water making them easier to apply and safer for 

use in the environment (Lengai and Muthomi, 2018). Before an allelochemical can be used as an 

herbicide, it must meet certain criteria. It is necessary to identify its chemical structure, know its 

mechanism of action, determine its persistence in the soil, its effect on the environment, non-target 

organisms and human health (Soltys et al., 2013; Khursheed et al., 2023).  

 

Allelochemicals could be used as tem plates to synthesize novel herbicides. For example, several 

studies have been performed to develop new herbicides using coumarins because of their bioactivity 

and the results showed that some of the novel compounds had the same inhibitory effect on weeds 

as the commercial herbicide acetochlor. In their study Zhao et al. (2021), designed and synthesized 

a series of new phenoxypyridine derivatives containing the natural product coumarin. These 

compounds showed excellent herbicidal activity under greenhouse conditions, like the commercial 

herbicide oxyfluorfen. The herbicidal activity of these compounds was significantly affected by the 

types of substituents introduced at the phenoxypyridine and coumarin rings. The visual injury and 

growth status of the test crops were observed at regular intervals and the crop selectivity tests showed 

that maize, cotton, and soybean had excellent tolerance to the new compound, but rice and wheat 

were damaged.  

 

Bioherbicides are prepared from plant parts or modeled after natural substances when it is necessary 

to prepare the plant material and then extract it using solvents or distillit to obtain the corresponding 

extracts or essential oils. The quality of the obtained extracts is influenced by the type of solvent 

used and the extraction method. Dried plant parts are generally preferred due to the higher yield of 

the active ingredient. Solvents with low toxicity, high capacity to dissolve large amounts of 

compounds, easy evaporation and preservatives should be used for extraction (Lengai and Muthomi, 

2018).  

 

The challenge of the widespread use of bioherbicides is to optimize formulation and application 

methods that will allow the active agent to be evenly introduced to the targeted area without 

excessive use of the product. Precise application of the substance at the site of the weed to be 

controlled without exposing the crop significantly increases the effectiveness of the bioherbicide 

One should bear in mind that the cost of bioherbicides must be competitive to become realistic alter 

natives to conventional herbicides (GğŃb et al., 2017; Kremer, 2019).   

 

Therefore, it is imperative to find an optimal solution that would simplify the procedures and enable 

the development of new bioherbicides with a competitive price acceptable to agricultural producers 

and thus increase their application (Ġunjka and Mechora, 2022).  

 

However, widely developed bioinformatics and cheminformatics support the discovery of new 

bioherbicidal compounds. The basis for the design of new compounds using specialized computer 

programs is the precisely identified and characterized chemical structure of allelochemicals. 

Chemoinformatic tools can propose structures of similar compounds and after several alterations, 

lead to improvements in their activity and stability. An example of this was the modification of 

leptospermone (Soltys et al., 2013). Owing to its herbicidal properties leptospermone-a triketone 

identified in 1977. has been used to create numerous highly active chemical analogs such as 

SulcotrioneÈ and MesotrioneÈ (Kostina-Bednarz et al., 2023). Other products that are not 

herbicides perse but have been synthesized and produced based on natural molecules are 

phosphinothricin (a biosynthetic version of glufosinate) and bialophos (a microbial phytotoxic 

product) (Cordeau et al., 2016). 
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However, there are also some factors that limit the full adoption of bioherbicides in weed control. 

The biodegradation, type, and concentration of allelochemicals released into the environment 

depend on the combined effects of the plant itself and environmental factors which are sometimes 

difficult to control. The relatively short environmental half-life of allelochemicals is good from an 

environmental toxicology standpoint. However, an herbicide must persist sufficiently long to have 

the desired effect and to be effective (Motmainna et al., 2021). It should be noted that, compared to 

synthetic herbicide, botanical herbicide releases into the environment a mixture of allelochemicals, 

with a qualitative and quantitative composition that is difficult to precisely predict. A single 

allelopathic compound may not show allelopathic activity individually in a certain situation but 

might increase allelopathy in association with other allelochemicals. It is therefore important to 

evaluate interactions such as synergy, antagonism and incremental effects, between different 

allelochemicals (Motmainna et al., 2021). Allelochemicals have multi-site action in plants without 

the high specificity which is achieved in the case of synthetic herbicides and are also highly dose 

dependent. Under field conditions, high doses of allelochemicals are necessary to achieve the desired 

efficacy, and the concentration of these bioactive components is dictated by the environment under 

which they grow (Scavo and Mauromicale, 2021).  

 

6. CONCLUSION 
 

In recent decades, changes in climate have caused significant impacts on agriculture, on the growth 

of all plant species, including crops and weeds. Modern agiculture usually rely on quick and effective 

synthetic herbicides for weed control which represent the backbone of the agri-food sector in its 

endeavor to secure food production and suppress yield losses. Soil degradation, environmental 

pollution and adverse effects on human health and non-target organisms are a consequence of the 

excessive use of synthetic herbicides. Currently, it is difficult to replace chemical weed management 

entirely, but an integrated weed management approach may lead to success. The concept of 

allelopathy can be employed in integrated weed management and reduced use of synthetic 

herbicides. Studies showed that allelochemicals can be integrated with other weed management 

practices to get better weed control, reduce herbicide use, reduce production costs and avoid any 

herbicide resistance. However, there are also some factors that limit the full adoption of 

allelochemicals in weed control. The use new and modern methods of bioinformatics and 

cheminformatics to identify the chemical structures and mechanisms of action of allelochemicals 

can be a starting point for designing formulations and the synthesis of novel agrochemicals based 

on allelochemicals as a natural product. 
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Abstract: Over the past decades, climate change has induced transformations in the weed flora of arable 

ecosystems. In soybean production, weeds can have a very negative impact on yield and grain quality and can 

complicate the harvest of the crop. Phytocenological assessments in soya before and POST-EM application 

showed 14 weed species were present: Abuthilon theophrasti L., Amaranthus retroflexus L., Ambrosia 

artemisiifolia L., Bilderdykia convolvulus L., Chenopodium album L., Cirsium arvense L., Convolvulus 

arvensis L., Echinochloa crus-galli L., Hibiscus trionum L., Lamium purpureum L., Portulaca oleracea L, 

Sorghum halepense (L.) Pers., Stellaria media L. and Trifolium repens L. Out of 14 species, as many as 4 

belonged to invasive weed. It indicates that invasive weeds provide good models for the rapid changes, partly 

because invasive weeds exhibit unique evolutionary mechanisms integral to their success hanging temperatures, 

moisture regimes and extreme climate events operate universally, but invasive plant species are generally better 

equipped than native plants to adapt. 

 

Key words: Soya, Environmental changes, Weed species 

 

1. INTRODUCTION 
 

Climate change on a global scale was noticed and presented several decades ago (National Science 

Board U.S. 1974), However, awareness of the problems and consequences of climate change is still 

insufficiently developed, and investments in solving these problems are disproportionate. Climate 

change is one of the greatest global challenges. The world is already facing many problems brought 

about by climate change, and predictions indicate that there will certainly be more of them in the 

coming decades. It is believed that climate change causes a chain of problems that require an 

integrated approach to identifying factors that limit yield, which will likely have a significant impact 

on overall agricultural production in the future (IPCC, 2014). It is uncertain to expect an increase in 

air temperature, changes in the amount and distribution of precipitation, an increase in the variability 

of climatic factors, and the occurrence of extreme climatic events in the future (Bekavac et al., 2010). 

Climate change impacts many activities, but its effects on agricultural production could be acute. 

Climate change, in combination with an increasing world population, is predicted to escalate the 

global need for farmland, a resource that is already in high demand (Barrow et al., 2008) and 

dwindling rapidly. Estimates of annual damages in agriculture due to temperature increase or 

extended periods of drought will be more costly than damages in other activities. Yield losses are 

caused both by direct effects of climate change on crops and by indirect effects such as increased 

inputs in crop production for weed control (Korres et al., 2016). In recent years, there has been a 

massive expansion and change of weed species on the territory of Serbia because of the trend of 

climate warming, increased concentration of CO2 and other gases. This affects the spread of already 

existing weeds, as well as the appearance of new, even more aggressive non-native invasive weed 

species (Radiļeviĺ et al., 2008). Invasive plant species represent a major problem and a hindrance 

to the preservation of biodiversity (McNeely et al., 2001) and a hindrance to the preservation of 
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biodiversity, causing significant and irreversible changes in the environment, primarily changes in 

the floristic structure. Invasive weed can define as a plant that is either native or non-native and may 

have negative effects on either natural ecosystems or agroecosystems but must clearly be invasive 

in that it exhibits a tendency to rapidly colonize and spread to occupy new niches (Clements, 2017) 

than we can understand.  Invasive weeds provide many examples of more rapid evolutionary modes 

and are designed to respond rapidly to environmental stressors associated with disturbance 

(Clements et al., 2004). This is particularly evident in soybean crops, as in recent years there has 

been a fluctuation in soybean yields, indicating challenges and potential for growing this crop in 

Serbia. In soybean production, weeds can have a very negative impact on yield and grain quality 

and can complicate the harvest. The application of herbicides is the most common measure, which, 

in combination with other practices, ensures effective weed control, facilitates production, and 

contributes to economic profitability and stability (Mladenoviĺ et al., 2024). However, excessive 

pesticide use can significantly disrupt the microbiological balance in the soil and negatively affect 

the quality of agricultural products, the environment, and production costs. The issue of climate 

change can be approached from various perspectives, and this paper presents how global climate 

change affects the composition of weed flora and the increasing occurrence of invasive weed 

species. 

 

The aim of the research is to determine the weediness of soybean crops after herbicides application 

and to examine whether changes in the environment (long periods of drought and high temperatures) 

affect the intensification of certain weed species. 

 

2. MATERIAL AND METHODS 
 

A field trial was conducted at the Marko Kovaļeviĺ agricultural estate in Velika Greda in Banat 

(Figure 1). During the spring of 2024 the trial design were a randomized block system with four 

replications and a basic plot area of 25 m-2 in soybean and the weed density was determined by 

counting the individuals using a frame with dimensions of 1Ĭ1 m. Pre-sowing soil preparation was 
done at the last week of March and sowing of soybeans on April 23. Weediness of the plot was 

noticed immediately before sowing, so for that reason pre-emergence herbicides: Max 51 (a.i. 

flumioksazin 510 g kg -1, WG) in amount 120 g ha-1, Glifomark (a.i. glifosate 480 g L-1, SL) in 

amount 3 L ha-1 and Mont 960 EC (a.i. S-metolachlor 960 g L-1, EC) in amount 1.2 L ha-1 were 

applied immediately after  

soybean sowling. 

 

 

Figure 1. Marko Kovaļeviĺ agricultural estate in Velika Greda (Alibunar) 

 

Post-emergence herbicide Corum (a.i. bentazon 480 g L-1 + imazamox 22,4 g L-1, SL) in amount 1.2 

L ha-1, Bentamark 480 SL (a.i. bentazon 480 g L-1, SL) in amount 0.5 L ha-1 and Kloman (a.i. 

klomazon 480 g L-1, EC) in amount 0.15 L ha-1 were applied when the soybeans were at the first true 

leaf stage. Although the same combination of herbicides was planned for the second treatment, due 

to the favorable results of the phytocenological assessment, the planned split application was 

omitted, and it was decided to use Kletox extra (a.i. Kletodim 240 g L-1, EC) in amount 1 L ha-1 with 
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the addition of Dash EC in amount 0.5 L ha-1, which gave effective control results to control Sorghum 

halepense (L.) Pers. Phytocoenological assessments were performed after sowing, 7 and 14 days 

after the first and second post emergence applications. At the same time, weed infestation of control 

plots without application of pesticides (NT) was also monitored. In Figures 2 and 3 the average 

minimum and maximum monthly temperatures and average rainfall for the municipality Alibunar 

are shown. 

 

 

  
Figures 2 and 3. Average minimum and maximum monthly temperatures and average rainfall 

for the municipality Alibunar 

 

3. RESULTS AND DISCUSSION 
 

During the first phytocenological assessment immediately after sowling in the treatments (T) and 

control (K) 3 weed species (Ambrosia artemisiifolia L., Chenopodium album L., Stellaria media L. 

were observed. Phytocenological assessments 7 and 14 days after first post emergence application 

in treatman (T) showed only Sorghum halepense, while in the control, 14 weed species were present: 

Abuthilon theophrasti L., Amaranthus retroflexus L., Ambrosia artemisiifolia L., Bilderdykia 

convolvulus L., Chenopodium album L., Cirsium arvense L., Convolvulus arvensis L., Echinochloa 

crus-galli L., Hibiscus trionum L., Lamium purpureum L., Portulaca oleracea L., Sorghum 

halepense (L.) Pers., Stellaria media L. and Trifolium repens L. After 7 days of the second post 

emergence application, 100% herbicide efficacy was observed on S. halepense in T, while in the NT 

without pesticide, 14 species were detected. 
 

In the research of two soybean crop locations, the effective of herbicides was tested, and 8 and 7 

weed species were identified, respectively (Samardģiĺ et al., 2024), while in our case, it was recorded 

14 weeds from 10 familias, 12 belong to broadleaf weeds, and only two are narrow-leaved species 

(Sorghum halepense (L.) Pers and Echinochloa crus-galli L.) (Figure 4). In a year like this one, with 

extremely high temperatures and a long summer drought period, it is confirmed that the fact is that 

Echinochloa spp. is a weed of warm regions that requires high temperatures for dry matter 

production and growth (Maun and Bennett, 1986). Although Sorghum halepense (L.) Pers was 

successfully controlled in the herbicide trial, it should not be forgotten that this species is one of the 

most economically significant weeds in field crops (Vrbniļanin et al., 2009). Perennial weeds like 

S. halepense may become more difficult to control, if increased photosynthesis stimulates greater 

production of rhizomes and other storage organs (Patterson, 2017). 
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Figure 4. The presentation of weed species in treatments with 

herbicides application (T) and in the control plots (NT) 

 

15-20 years ago, the most common and dangerous weeds were Amaranthus retroflexus L., 

Chenopodium album L., Sinapis arvensis L., Cirsium arvense L., Datura stramonium L.  Sorghum 

halepense (L.) Pers., while in the last 4-5 years, in addition to the above, they are considered the 

most important weeds which belong to invasive species: Ambrosia artemisiifolia L., Iva xantifolia 

L., Abutilon theophrasti L., Xanthium strumarium etc. (Radiļeviĺ et al., 2008). In our study, our 

research out of the 14 species, as many as 4 invasive species were observed. It is known that invasive 

weeds provide good models for the rapid changes, partly because invasive weeds exhibit unique 

evolutionary mechanisms integral to their success hanging temperatures, moisture regimes and 

extreme climate events operate universally, but invasive plant species are generally better equipped 

than native plants to adapt (Clements and Jones, 2022). 

 

Soya as a crop typically grown during the spring season and it is particularly susceptible to weed 

competition in the early growth stages. This competition can result in losses of approximately 40-

60% of the potential yield (Samardģiĺ et al., 2024) and the critical period for weed control in soybean 

is between 30 and 45 days after the sowing (Pacanoski, 2014). The soybean crop has a lower habitus 

than corn, and it often happens that weeds that sprout later (avoid control measures) outgrow the 

crop, shade it, flower and bear fruit. The biggest problem in soybean crops is caused by the following 

species Chenopodium album L. because its cosmopolitan distribution and its ability to cause damage 

and Ambrosia artemisiifoila L. Ragweed is a neophyte which inhabits various crops and ruderal 

habitats. Considering that it is an invasive and aggressive species, sometimes 100% eradication is 

necessary to reduce the frequency of allergic reactions in individuals sensitive to pollen and to 

prevent seed formation (Janjiĺ et al., 2011), as the seed retains its viability in the soil for over 40 

years, making its reproductive potential extremely high with permanent presence in the soil seed 

bank (Levente et al., 2003). Also, Abutilon theophrasti L. is a very strong competitor for life support 

and natural resources, especially for light (Vrbniļanin, 2015). The results of the phytocenological 

assessment in a year like this one with extremely high temperatures and a dry summer period 

confirmed that compared with crops, weeds have more variable characteristics as they have not been 

subjected to the same degree of selection for specific favorable traits (e.g., lack of seed dormancy, 

uniform growth, high yields). Weeds tend to exhibit greater potential capability to adapt to stress 

than crop plants (Korres et al., 2016) (Figures 5 and 6). 
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Figures 5 and 6. Phytocenological assessments after post emergence application 

(T) and in the control plots (NT) 

                

4. CONCLUSION 
 

In recent decades, we have observed global climate change, fluctuations in soybean yields, increased 

weed infestations, the rise of invasive weed species, and the uncontrolled use of herbicides. Clearly, 

research on weed evolution in response to climate change has advanced considerably over the last 

several decades, but there are still many questions to be explored more fully if we are to approach 

the goal of devising more proactive management strategies. This is one of the reasons why, in 

addition to monitoring yields, scientists increasingly for phytocenological assessments of weeds in 

crops. During 2024, a year of extremely high temperatures and a long dry period, we estimated that 

the soybean crop has 14 weed species, of which 4 are invasive which confirmed that weeds adapt 

more easily and quickly to extreme conditions. 
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Abstract: Climate change has been one of the biggest problems in agriculture production worldwide. High 

temperatures and low precipitation had led to devastating losses and have been one of the biggest contributors in 

appearance of some of plant diseases and pests that transmit some of pathogens. Temperatures rise in last year has 

been in great disproportion in comparison with multiyear average temperatures for each region where sugar beet 

has been grown with deviations of almost 5 ÁC in some months. Precipitation was very low, during months when 

sugar beet needed it the most it was the lowest. Following high temperatures and low precipitation we had some 

shift in plant pathogens and pest appearances which led to development of certain diseases caused by Aphids and 

Cixiids. Impact on sugar beet production is extreme not only in yield losses but in sugar content and quality. This 

led to big problems in factories since more complex processes had to be used in order to get sugar. Those factors 

have a huge impact but are very unpredictable, varying from year to year, and need to be addressed in order to 

stabilize sugar beet production.  

 

Key words: Sugar beet, Climate change, Plant disease, Plant pests, Serbia 

 

1.INTRODUCTION 
 

Climate change caused by global warming is the main cause of changes in the world with enormous 

impact on agricultural production (Nordhaus, 1991; Pearce et al., 1996; Cline, 2007). One of main 

symptoms of climate change is the increase in average temperatures (Christensen and Hewitson, 

2007). This occurrence is influenced by natural and artificial factors, mostly by increase of 

greenhouse gases and aerosol concentration which lead to changes in our climate system in general. 

Carbon dioxide was recognized as main cause of global warming in 1985 by World Meteorological 

Organization (WMO) and United Nations Environment Programme (UNEP) and was followed by 

Intergovernmental Panel on Climate Change (IPCC), organized in 1988 for purpose of research and 

studies of climate change. Those researchers found that global warming caused by human activities 

has been started since middle of 20th century and if continue with fossil fuel consumption by rate it 

will cause increase of average temperatures by 6.4 ÁC by the end of 21st century (IPCC, 2007, 2022). 

High temperatures lead to decrease in yield and quality of product especially when combined with 

long periods of low precipitation or even droughts (Schlenker and Roberts, 2008).  

 

One of the important factors of climate change is short, mild winters and early springs, without or 

with low snowfall during winter. This affects overwintering of pathogens and pests, or their earlier 

emergence in vegetation. Missed assessment of application timing, higher probability for earlier 

disease development, appearance of new pathogens and pests are some of consequences. Agriculture 

is highly dependable on climate, so climate changes affect it the most (Gupta et al., 2020). The 

vulnerability of agriculture is even more significant since it is production directly connected to 

climate conditions, production under the open sky.  
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Climate in Serbia is diverse, depending on region. Report on observed climate change impacts on 

agriculture in Serbia (2019) showed that temperatures will probably rise to 4.3 ÁC by the end of the 

century and stated significant climate change in Serbia, especially during summers and falls. Study 

showed that precipitation changes were not stable but rather wary from year to year, but are always 

present in summer months, with higher number of heath waves. Boģaniĺ and Mitroviĺ (2019) 

estimated that during period from 2000 to 2015 Serbia had losses of over 5 billion EUR caused by 

climate changes events. This has an enormous impact on countries economy and development of 

society in general. This year (2024) in Serbia we had heat waves and long periods without 

precipitation, in some parts of country up to 60 days without rainfall. Those sites were mostly in 

regions where sugar beet is grown, which affected production severely. Sugar beet grooving region 

is based in Autonomous Province of Vojvodina, that occupies the northernmost part of Serbia 

(Trkulja et al., 2015, 2017). Different problems caused by shifts in temperature and humidity were 

noticed in different regions of Vojvodina province during seasons 2023 and 2024, like sugar beet 

Aphid Pemphigus betae Doane and ᾶCandidatus Phytoplasma solaniᾷ, a novel problem in sugar beet 

production (Ĺurĺiĺ et al., 2021). Considering that agriculture is a vital part of humankindôs survival 

it is of outmost importance to deal with issues accordingly in each country of the world. 

 

The aim of research was to determine the impact of high temperatures and low precipitation in shift 

of problems present in fields and finding best solutions for those newly developed diseases and pest. 

 

2. CLIMATE CHANGE INFLUENCE ON SUGAR BEET CROPS, DETECTION OF 

NEGATIVE EFFECTS AND PROPOSAL SOLUTION 
 

Both high temperatures and low precipitation are some of the greatest consequences of climate 

change affecting agriculture on a large scale. Those parameters are followed trough years on multiple 

locations in Serbia. Republic Hydrometeorological Service of Serbia and Forecasting-reporting 

service officially collect data from multiple weather stations. Along with them, Sunoko company 

has its own weather stations on several locations in Vojvodina region for its own data collection and 

information regarding trial localities. Combined, those stations give us information about large set 

of parameters, but most importantly regarding temperatures and precipitation. That information 

gives us insight about changes in weather conditions, but also about conditions for disease 

development or pests activation in field, through Daily Infection Values (DIVs). Those data are of 

most importance in quick and timely application of pesticides in fields for plant protection. The 

importance of this is multilayered, from economics to ecologic. Producers need to reduce usage of 

pesticides and any delay in treatment means more problems with pathogens and pests and multiple 

treatments applied. If done on time, this is ecologically important because we use less products 

during plant protection, thus pesticides residues are downgraded in fields. During years of research, 

we followed the connection of weather changes and disease and pest development in fields. We 

collected samples from all over Vojvodina region to determine disease and pest development in sugar 

beet fields caused by climate change. Together with infected plants, we also collected different pests 

present in sugar beet production. Pests were collected in traps in multiple fields trough Vojvodina 

region.  

 

Data collected from weather stations showed us that big change regarding temperatures in Serbia 

had happened in last few years. Higher temperatures were measured than average when compared 

with representative period (Figures 1 and 2). What is also noticed is the difference in temperature 

deviation from average temperatures when compared years 2023 and 2024 with each other. During 

2024 there were many more days with extremely high temperatures and heath waves. In the spring, 

the difference in average temperatures was recorded of 4.4 ÁC at the beginning compared to 

representative period, with little less deviation during May. Extremely big differences are recorded 

during summer months when sugar beet is in the stages of intensive growing. During 2023 those 

differences were also higher than representative period, but not in scale like during 2024, with even 

lower temperatures than representative period during months of April and May.   
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Figure 1. Monthly average temperatures in 

comparison to multy-year average, 

Vojvodina, 2023. 

Figure 2. Monthly average temperatures in 

comparison to multy-year average, 

Vojvodina, 2024. 

 

Looking at data regarding precipitation it is determined that balance is damaged, and that soil does 

not have sufficient water supplies (Figures 3 and 4). Like with temperatures, precipitation is also 

different when comparing years 2023 and 2024 directly. At the beginning of 2023 conditions were 

little more favorable than in 2024 year. 2024 expressed deficit in water from the beginning of the 

season to May in which had some rainfall.  In most places in the region of Vojvodina was a period 

of 60 days without rainfall, or with local rainfall of no significance during the 2024 season. 

 

  
Figure 3. Balance of rainfall in comparison to 

needs 2023, Vojvodina (mm) 

Figure 4. Balance of rainfall in comparison to 

needs 2024, Vojvodina (mm) 

       

Year 2023 was one of the hottest years in history but was followed by even hotter 2024 and according 

to Copernicus - the European Union's Earth Observation Programme, 2024 was a second record-

breaking year, following the exceptional 2023 (The 2024 Annual Climate Summary). High 

temperatures and low precipitation brought a lot of problems in plant production and different 

phenomena were noticed. Plants drying was detected, with different percentage trough Vojvodina 

region. During 2024 we had a higher percentage of dead plants from drought than we had during 

2023. Root rot and rubbery roots were significant phenomena detected during monitoring period, 

but origin of those is not the same in all production regions.  

 

Monitoring Baļka region (part of Vojvodina Province) in 2023, almost no root rot was detected, 

even when we appeared it was at random, low incidence and frequency. During 2024 an increase in 

root rot was detected in this region. Following this problem, we detected presence of sugar beet root 

Aphids in every checked field (Figure 5). The phenomenon was in abundance and made great impact 
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on sugar beet production with effect of lover yield and sugar content but also ecological impact 

trough needs of application of insecticides in order to save production. Root Aphids made sugar beet 

plants more susceptible to plant pathogenic soil fungi that cause root rots subsequently. Among the 

most important there were Macrophomina phaseolina and Fusarium species. Also, we had a lot of 

saprophytic pathogens present in those roots.  

 

 
Figure 5. Sugar beet roots infested with root lice 

 

During summer months rubbery roots were detected followed by root rot and finally plants death. 

Difference between years 2023 and 2024 was observed. Also, significant differences are recorded in 

appearance in different parts of Vojvodina province. ᾶCandidatus phytoplasma solaniᾷ is considered 

to be the main reason of this phenomena. Another name, trivial one is "stolbur" phytoplasma. Vectors 

that transmit this disease are Cixiid planthopers, mainly Reptalus panzeri, Reptalus artemisiae (R. 

quinquecostatus) and Hyalesthes obsoletus. During 2023, with lover average temperatures than in 

2024 almost 98% of rubbery roots were infected with phytoplasmas, followed by root rot and finally 

death of plants. Each year monitoring of their flight in fields has been done, especially in Banat 

region since their appearance is on highest level in this part of Vojvodina. During 2024 when 

temperatures were even higher than in 2023, with mild winter and hot spring, cixiid emerged earlier 

and we had less share of phytoplasma in total root rot, at rate of almost 60% rubbery roots that end 

up being infected with phytoplasmas. This is still a high number, but less than in 2023. The 

emergence of cixiids in 2024 was 4 weeks before it was expected. The peak of flight was in the first 

two weeks of June, after which appearance in fields drastically downgraded. This is all due to climate 

change and changes in temperatures. Usually, peak of cixiidas flight was between 1 and 15 July, but 

warm winter and spring made adults to emerge earlier. Srem region had biggest difference in 

percentage of root rot caused by phytoplasmas, with differences from more than 97% in 2023 to 

about 29% in 2024. Baļka region had appearance of symptoms only on border zone with Banat 

region and it was random in fields, with no epidemic phenomena. 

 

The main problems caused by climate change are hard to control, since agriculture production 

depends on weather. Nevertheless, there are some steps that we can do in order to manage production 

better and give sugar beet help to grow healthier, readier to face all challenges during vegetation. To 

better control appearance of phytoplasma disease in fields we recommend sets of mitigation 

measures. We separated those mitigation options into 4 different categories, of which every is of 

outmost importance in order for this production to be productive even in extreme years like 2024 

was. The first group represents good agrotechnical practices which include: soil undermining, soil 

processing done in optimal terminus and humidity, intermediate cultivation, crop rotation, minimum 

number of passes and reducing tire pressure. Soil undermining gives a better environment for sugar 

beet to grow, to keep humidity, to disperse more equally and take more from soil during vegetation. 

If processing is done at the optimal time, we do eliminate clumping that can appear if it is done in 
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period with more humid soil. Reducing the number of passes keeps soil from damage, together with 

reducing tire pressure we keep soil compaction in order to have looser arable and soil that retains 

humidity better. The second mitigation part is varieties choice for each region, and it should be done 

in accordance with analyses done. The third part is monitoring of pests and disease infection in field, 

which is one of the most important parts of controlling problems in production of sugar beet. 

Depending on precise pest flights determination and disease infection, we can give timely 

recommendations for pesticide use. If this is missed, we can have a problem that can be doubled. If 

we miss control of pests and disease, there after we need to use more pesticides to protect sugar beet. 

Other ways are ecological, from reason of overuse of products in field to control problems, which 

lead to more residues in soil. Finally, if the situation with sugar beet health in fields is not satisfactory 

and can decrease with pass of time, earlier start of campaign is something that is recommended in 

order to save as much sugar beet as possible.  

 

3. DISCUSSION   
 

Agriculture is the branch of production the most connected and dependable to the environment. 

Every step of production is susceptible but mostly production of plants because of its specific 

organization, duration and dependence on weather conditions. Climate change has and will have a 

great impact on agricultural production (Gautam, 2009). IPCC imply that it is particularly important 

for agriculture to adopt measures to minimize damages and work on reduction of greenhouse gases 

emission because even when those decrease, climate warming will continue for several decades, so 

were problems caused by this (IPCC and Kyoto Protocol). Anupama (2004) stated that variations in 

temperature and precipitation cause epidemic of diseases and pests which affect food production 

system through food security and lower harvests. Any and every problem in agriculture production 
is directly connected to food chain supply (Fan, 2012) and therefore impacts economics (Kohler and 

Maseli, 2012; Fahad and Wang, 2017). In Serbia, sugar beet production is one of the vital food 

productions and climate changes had impacted it greatly by levering yield and sugar quality and also 

making processing in factories difficult. There are predictions of IMF (2017) that temperature rise 

and decrease in rainfall will decrease production by 1,7% and 0,35%, respectively. Zhai and Zhuang 

(2012) determined that pattern variation of pests and diseases decrease production, which was one 

of the highest problems detected in sugar beet fields in Serbia trough years, making sugar beet 

production more complicated and shifting approach in terms of production technology. Warmer 

winters are followed by increase in diseases and pests during vegetation (Mendelsohn et al., 1994), 

and even in Serbia brought new problem in some regions that were not as important before, like 

sugar beet root Aphid in Baļka region. Very dry seasons with mild winters are favorable for sugar 

beet root Aphid development, and during drought in Minnesota in 1980s there was infestation 

detected in some parts of the state (Campbell and Hutchison, 1991). Connection is determined in 

more use of pesticides because of bigger populations of certain pests to harmful effect on ecosystems 

in general (Malla, 2008), even more so if monitoring is not done properly and timing in control of 

diseases and pests is missed and more products need to be used in order to save production. New 

treatments became obligatory in order to control cixiids that transmit phytoplasma disease in fields 

and without proper monitoring of pest flight it is impossible to do it in timely manner. Soil is of 

outmost importance for plant growing and its fertility is endangered (Sinha et al., 1998) so it is very 

important to maintain water, air and root movement in soil and its compaction. Only this way plants 

can grow healthier which leads to easier protection and better plant defense system. Water deficiency 

is eminent during vegetation when rainfall is low, and temperatures are high, so plant production is 

reduced in yield and quality (Imhen Institute, 2010). In Serbiaôs sugar beet production, we manage 

to determine some crucial problems developed because climate changes, primarily because reduced 

rainfall and high temperatures. The direct influence of those changes is on cycles of development 

and epidemiology of pests that transmit those diseases or damage plants directly. One of the most 

important shifts is in root roots where we have different origins of problem depending on weather 

conditions during each season. In this paper we emphasize significance of root Aphids and cixiids 

causing root rot and transmitting phytoplasmas that subsequently cause rubbery root and root rot. 
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To minimize damage caused by those diseases, we determined steps that showed us significant 

positive impact on sugar beet production. Climate changes are very complicated for production, but 

individual measures can mitigate their effect on production.  

 

4. CONCLUSION 
 

On the base of research established changes of temperature and precipitation in area of cultivation 

sugar beet in Serbia and intensive phenomenon of root Aphids and cixiids causing root rot and 

transmitting phytoplasmas which further cause rubbery root and root rot. In Serbia in warm winters 

are increase in diseases and pests during vegetation, particularly appearance sugar beet root Aphid 

in Baļka region. The variation of pests and diseases due to climate change have impact to decrease 

sugar beet production, in Serbia what require mitigation measure and adapting technology of 

production. To minimize damage caused by those diseases, we determined steps that showed us 

significant positive impact on sugar beet production. The control cixiids that transmit phytoplasma 

disease in fields can conduct through proper monitoring of pest flight, soil fertility by maintain water, 

air and root movement in soil and its compaction 
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Abstract: Climate change is increasingly exerting a negative impact on the sustainability of agricultural 

production. The application of numerous plant protection agents and crop fertilizers contributes to soil, food, 

and water pollution, as well as increased greenhouse gas emissions, thus influencing climatic parameters. 

Conversely, climate change, through altered precipitation patterns, rising air temperatures, hailstorms during 

summer, and spring frosts, increases the intensity of plant diseases, insect outbreaks (including resistant strains), 

and vegetation changes, all of which disrupt sugar beet production. These interrelations between climate and 

sugar beet production technology necessitate the modification of existing production methods. In response, the 

Research Center of Sunoko is investigating and implementing various methods, such as soil and plant tissue 

analyses, weed control machinery, biopreparations, and non-chemical disease and weed control measures. 

These efforts aim to preserve the environment, mitigate climate impacts, and achieve high yields. The goal of 

Sunokoôs sustainable sugar beet production is to develop new cultivation technologies that responsibly manage 

natural resources, soil, surface and groundwater, biodiversity, and the safety and health of humans and animals. 

 

Key words: Sugar beet, Climate change, Sustainable production 

 

1. INTRODUCTION 
 

The concept of sustainable agriculture entails a continuous link between a healthy environment and 

good yields. The growing demand for food drives the development of new agricultural technologies 

and methods. However, the pursuit of higher profits has often overshadowed environmental 

preservation, resulting in climate changes that increasingly threaten agricultural sustainability. 

 

The excessive use of plant protection agents and fertilizers contributes to soil, water, and food 

contamination and accounts for 10-12% of greenhouse gas emissions (M¿ller et al., 2016). As human 

activities exacerbate environmental degradation, climate changes are altering precipitation patterns, 

air temperatures, and seasonal occurrences such as hailstorms and frosts, intensifying plant diseases, 

insect proliferation, and resistant weed strains (Piao et al., 2019). 

 

Climate change is among the greatest challenges society faces today, with predominantly negative 

effects on agriculture (IPCC, 2014). Olesen et al. (2011) noted years ago that regions such as the 

Pannonian Plain are particularly susceptible to climate change, with summer heatwaves and 

droughts severely impacting crop cultivation. 

 

Sugar beet cultivation in these conditions faces significant stress, transitioning from dry winters to 

hot summers. Yield projections suggest climate change may increase sugar beet yields in northern 

Europe but decrease them in central regions like northern France, Belgium, and Poland between 

2021-2050 (Jones et al., 2003). These challenges necessitate the adaptation of sugar beet cultivation 

technologies to address climate-induced stress while safeguarding environmental resources. 
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The aim of the research is to present the technology of sugar beet production at Sunoco, and the 

principles of developing a new cultivation technology with a responsible impact on natural 

resources, soil, underground and above-ground water, biodiversity, safety and health of people and 

animals. 

 

2. SUGAR BEET PRODUCTION IN SERBIA AND WORLDWIDE 
 

The largest sugar beet producers globally include China, Russia, France, the United States, and 

Germany (FAOSTAT, 2024). Annually, approximately 40 million tons of sugar are produced 

worldwide, with 80% originating in Europe (Draycott, 2006). In Serbia, sugar beet cultivation 

increased by 12.4% in 2024 compared to the previous year, covering 46.839 hectares. However, 

compared to the 10-year average (2014-2023), the increase was only 3.3% (www.stat.gov.rs). 

Statistical analyses indicate that while global sugar beet production has stagnated since 2006, Serbia 

has experienced a significant decline, from 3.19 million tons in 2006 to 1.67 million tons in 2022 

(Figures 1 and 2). 

 

  

  
Figure 1. Production sugar beet in Europe  

and World 

Figure 2. Production sugar beet in Serbia 

 

3. CLIMATIC FACTORS AND SUGAR BEET PRODUCTION 
 

Sugar beet has been cultivated since the 18th century, with consistent advancements in varieties and 

farming technologies. Modern varieties boast sugar content exceeding 18%, compared to 4% in the 

past (McGrath et al., 2018). Numerous abiotic factors, especially climatic factors, are important 

factors in achieving high yields. As they change, sugar beet production also fluctuates (Figures 1 

and 2). In general, climate change is one of the biggest challenges of today. Prolonged waves of high 

temperatures causing dry periods, stormy weather, heavy rainfall in short time intervals, etc. are 

parameters for organizing sustainable agriculture. 

 

In the territory of the largest sugar beet production in Serbia (Vojvodina) long-term analyses showed 

reduction in precipitation and a temperature increase of 2.9 ÁC by 2024, directly impacting sugar 

beet production. A more detailed monthly analysis showed that the temperature in March/April was 

on average 3.8 ÁC higher, and in the period when the biggest problem with precipitation was 3.9 ÁC 

compared to the same period for the ten-year average. On the other hand, the analysis of precipitation 

http://www.stat.gov.rs/
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showed that the winter period (October-March) did not provide enough moisture (50 mm less than 

for the same period in the ten-year average). Also, a large lack of moisture is noted in the July-

August period, 55 mm less (Table 1). Both factors are closely related and together affect the sugar 

beet yield: directly on the development of roots and leaves and indirectly on the development of 

pathogens and insects that damage young beet plants. 

 

Table 1. The ratio of precipitation and temperature in 2024 compared to the ten-year average 

 October-March April  May Jun July August September 

Lack of 

precipitation 
-50 -15 + 22 -5 -34 -76 +50 

Temperature 

rise 
- + 4,4 + 1,3 + 3,1 + 3,7 + 2,5 0 

 

The occurrence of drought affects yield reduction (> 50%), determines root quality and especially 

white sugar yield (Fasahat et al., 2018). Sucrose accumulation (decreases 15-20% of fresh mass) of 

sugar beet is affected by drought stress by restricting leaf development and root growth (Hoffmann, 

2010). The content of sucrose affects the content of white sugar, and the content is greatly influenced 

by biotic factors: physical properties of the soil, climate, moisture reserves in the soil, plant nutrition, 

duration of stress, etc. (Mohammadian et al., 2001). On the other hand, drought and high 

temperatures disrupt the structure and quality of the soil, which hinders the development of the sugar 

beet root system. Due to all of the above, Sunoko adapts its production to all the challenges that 

agricultural production faces due to climate change. At the same time, the company and its Research 

Center take care to adapt the production technology in accordance with the requirements and care 

for the environment. Analysis of the quality of sugar beet roots showed that soil compaction due to 

drought affects poor root development, the appearance of rot and reduced sugar content. In the fields 

of Sunokos, after analyzing the volume of the soil (compaction), it was found that one of the causes 

of the occurrence of root rot was found. Due to the drought, the soil was too compacted (1.4-1.5 g 

cm-3) and the sugar beet root had no space to develop. Soil samples were colected with a probe at 

several localities (A1, A2, A3 and A4) (Table 2). After the statistical analysis, it was found that at a 

depth of 50 cm in samples A1 and A2, the volume of the soil improved and thus the percentage of 

root rot was lower (A1 = 42% and A2 = 0%, Table 2). Contrary to this, in the other two samples, the 

percentage of rot increases because the volume of the soil was well above 1.4 g cm-3. 

 

Table 2. Volumetric mass of soil and percentage of rotten roots 

Soil Depth (cm) 
Sample A1 Sample A2 Sample A3 Sample A4 

Volumetric mass of soil (g cm-į) 

10 1.22 1.14 1.10 1.21 

20 1.04 1.26 1.26 1.49 

30 1.43 1.17 1.52 1.39 

40 1.48 1.50 1.52 1.44 

50 1.37 1.33 1.46 1.40 

% root rot  42% 0% 75% 57% 

 

The wetness of the soil and the appearance of the crust (Figure 3) that occurs after heavy rainfall 

greatly affects young plants. turnips. Because of this phenomenon, machines are introduced that 

break up the crust but at the same time mix the applied fertilizer into the deeper layers of the soil. 

However, inter-row cultivation mixes weed seeds (Posner et al., 2008) and increases their abundance 

in the crop. Improperly performed inter-row cultivation (the time when crop rows are closed) 

damages the leaves and opens the way for pathogens to enter. 
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Figure 3. Cultivation of the sugar  

beet crop 

 

The problem of the presence of a large number of weeds and a developed resistant population of 

weeds is solved by the introduction of machines for the mechanical destruction of weeds, all with 

the aim of reducing the use of pesticides and preserving the environment (Figures 4 and 5). 

 

  
Figure 4. Harrow with spring tines Figure 5. Harrow with rotating star 

 

One of the ways to take care of the environment is to perform a soil analysis before applying crop 

fertilizers. The company Sunoko conducts soil and leaf analysis on its arable land and the producers 

it cooperates with due to proper crop feeding and reduced application of fertilizers containing 

various metal elements (Figure 6). Achieving high yields, i.e. good root development and a higher 

percentage of sugar, depends on the presence of macro and micro elements: N, P, K, Mg, Na, Ca, 

Cu, Fe, Mn, Zn, Mo, Ni and B (Amin et al ., 2013; Rassam et al., 2015; Li et al., 2023). 

 

 
    Figure 6. ICP-OES, Perkin Elmer  

                      Avio 200 

 

Another measure of the Sunoko company to alleviate the stress of young sugar beet plants and 

increase yields while protecting the environment is the application of biological preparations (eg. 

based on Bacillus spp.). The preparation is an effective tool for controlling pathogens that attack the 

root, leaf, flower and stem. Bacteria produce plant hormones that stimulate cell division and plant 

growth and enhance resistance to stress conditions. Experiments with the application of biological 

preparations have shown that after application there is a greater leaf mass (73.74% vs control 
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26.26%), a lower level of infection with phytopathogenic fungi (eg. Cercospora beticola, Figure 7), 

an increase in yield (Figure 8) and better digestion (Figure 9). 

  

 
Figure 7. Influence of Bacillus spp. on appearance Cercospora beticola 

 

 
 

Figure 8. Influence of Bacillus spp.  

on yield 

Figure 9. Influence of Bacillus spp. on 

digestion 

 

3. CONCLUSION 
 

Climate change presents a pervasive limiting factor for sustainable sugar beet production. Achieving 

high yields, sustainable agriculture, and environmental preservation requires the adoption of 

innovative and adaptive farming technologies, along with rational pesticide and fertilizer use. These 

measures are critical to meeting the challenges of agricultural production under fluctuating climate 

conditions. 

 

¶ To adapt sugar beet production to the impact of climate change, Sunoco is implementing 

innovative measures in production technology, including. 

 

¶ Monitoring soil and plant material fertility and, based on this, programming the optimal 

application of mineral substances and metal-based fertilizers. 

 

¶ Introduction and application of biopreparations, i.e. biological agents based on Bacillus 

spp. in order to improve plant resistance to stress, reduce pathogen attacks and increase 

sugar content and yield. 

 

¶ Use of weed control machinery: Mechanical weed control reduces pesticide reliance, 

preserving soil health and biodiversity. 
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Abstract: The paper examines the importance of biodiversity protection factors in the Republic of Serbia. The 

research was conducted during 2024, using the structural equation model. Research findings show that habitat 

preservation has the greatest impact on increasing the value of biodiversity in the Republic of Serbia, that is, that 

education and involvement of members of local communities has the least impact on increasing the value of 

biodiversity in the Republic of Serbia. The findings suggest that an integrated approach to biodiversity protection 

is needed in the Republic of Serbia 

 

Key words: Biodiversity, Serbia, Structural equation model, Biodiversity protection factors 

 

1. INTRODUCTION 
 

Biodiversity, or biological diversity, is defined as the variability of living organisms, including 

species diversity, genetic diversity within species, and ecosystem diversity (Taylor et al., 2020). This 

definition implies that the biodiversity of a particular region encompasses the collection of all genes, 

species, and ecosystems found within that area. The diversity of genes and their combinations in a 

given region leads to morphological variations among individuals and populations within species, 

as well as taxonomic diversity of species within communities or ecosystems. These differences result 

in functional differentiation within specific species (Bartkowski, 2017), ultimately affecting the 

diversity of ecosystems themselves. The preservation of this biological diversity is of paramount 

importance for maintaining the health of our planet and the well-being of all organisms, including 

humans. Biodiversity contributes to ecosystem stability, provides resources for food, medicine, and 

materials, and plays a critical role in regulating climate, water quality, and soil health. Unfortunately, 

human activities such as urbanization, industrialization, overfishing, deforestation, and pollution 

pose significant threats to biodiversity. These activities lead to habitat loss, species extinction, and 

ecosystem fragmentation. Estimates suggest that over one million species are currently threatened, 

which has far-reaching consequences for ecosystems and human society. Thus, the protection of 

biodiversity has become an urgent global obligation. This protection not only involves the 

conservation of endangered species but also the establishment and maintenance of ecosystems, 

support for sustainable practices, and the promotion of awareness regarding the importance of 

biodiversity. International efforts, such as the Convention on Biological Diversity (CBD), aim to 

unite countries in a collective fight against biodiversity loss through various strategies and action 

plans (Halkos and Matsiori, 2022). 

 

Biodiversity conservation is a complex process that requires the integration of various strategies and 

approaches while considering numerous factors. Despite the fact that there is no general consensus 
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in scientific and academic circles regarding the number and significance of the factors influencing 

biodiversity, there is agreement that the following are essential: habitat conservation involves the 

establishment of protected areas, such as national parks and nature reserves, aimed at minimizing 

human activities that lead to environmental degradation. Sustainable resource management refers to 

the use of natural resources in a manner that meets the needs of present generations without 

compromising the ability of future generations to meet their own needs. Pollution reduction 

encompasses a range of strategies and measures aimed at decreasing or eliminating contaminants in 

air, water, and soil to preserve ecosystem health and human welfare, as well as to improve 

environmental quality. Education and the involvement of local communities in addressing critical 

issues related to biodiversity conservation involve activities aimed at developing and implementing 

projects, promoting traditional knowledge, and engaging community members in decision-making 

processes regarding biodiversity protection (Halkos and Jones, 2012).  

 

The impact of these factors can best be understood through their influence on the value of 

biodiversity. It is well established that biodiversity possesses intrinsic value, which is reflected 

through the utility that humans derive from the use of natural resources or the elements of 

biodiversity. This value can be both direct and indirect (Nguyen, 2023). While direct benefits of 

biodiversity have market value (price) and can be quantifiably estimated to some extent, greater 

challenges arise when addressing indirect values (Paul et al., 2020). Consequently, expressing the 

value of biodiversity is a complex task. Currently, the widely accepted method for measuring 

biodiversity value is through seven sub-dimensions defined by Alho (2008): intrinsic, market, 

political, aesthetic, anthropocentric, and compensation value. 

 

In light of the aforementioned, the purpose of this study is to examine the significance of key factors 

in biodiversity conservation. The aim is to (i) quantify the impacts of these key factors to determine 

which of them has the greatest influence on environmental protection in the Republic of Serbia (ii) 

ranking these factors to ensure that limited resources are allocated effectively to achieve maximum 

benefits for increasing biodiversity value with minimal investment of finite resources. 

 

2. MATERIAL AND METHODS 
 

The analysis of theoretical concepts of biodiversity value, the study adopts the following research 

model, as depicted in Figure 1. The model indicates that the total value of biodiversity depends on 

four factors of biodiversity conservation. Furthermore, based on the presented model, the following 

three hypotheses can be defined, which facilitate the achievement of the main objective of the study. 

 

 
Figure 1. Research model 

 

Å H1: All factors of biodiversity conservation have a statistically significant and positive impact on 

the total value of biodiversity in the Republic of Serbia. 
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Å H2: In the Republic of Serbia, habitat conservation has the greatest significance on the total value 

of biodiversity. 

Å H3: Sustainable resource management and pollution reduction have an equal impact on the value 

of biodiversity in the Republic of Serbia. 

 

Table 1. Questionnaire 

Varijable Item 
Factor loadings 

TV HC SM PL EI 

Total value (TV) 

Biodiversity in the Republic of Serbia is diverse 0.743         

Biodiversity is beneficial for social well-being in the 

Republic of Serbia 0.713         

The Republic of Serbia is characterized by untouched 

nature 
0.784         

Natural landscapes are aesthetically pleasing. 0.773         

Human activities do not threaten biodiversity in the 

Republic of Serbia 0.801         

Humans depend on biodiversity. 0.832         

Scientific research based on the study of biodiversity in 

the Republic of Serbia has great potential 0.725         

Preventive expenditures for the protection of 
biodiversity in the Republic of Serbia are sufficient 0.713         

Habitat 

conservation 

(HC) 

The current state of habitats in my area is satisfactory.   0.717       

Awareness of habitat protection is high in my local 

community. 
  0.498       

I often participate in habitat restoration and cleaning 
activities. 

  0.576       

Habitat conservation is essential for the preservation of 

biodiversity. 
  0.689       

Sustainable 

resource 

management 
(SM) 

Local authorities effectively manage natural resources.     0.811     

All community members are aware of the importance 

of sustainable resource management. 
    0.645     

Practices such as recycling are important for my 

community. 
    0.725     

I am taking personal steps towards the sustainable use 

of resources 
    0.711     

Pollution 

reduction (PR) 

Local authorities are taking adequate measures to 

reduce pollution in our community.       0.698   

Citizens are aware of the ways in which their behavior 

can contribute to reducing pollution. 
      0.348   

Pollution education programs are available and useful 

for my community. 
      0.451   

Reducing pollution is a priority for our local 

community. 
      0.973   

Education and 
Involvement of 

Local 

Communities in 
Addressing 

Important Issues 

in Biodiversity 
Conservation (EI) 

I participated in educational programs on 
environmental protection.         0.739 

Educational initiatives on biodiversity conservation are 

important to my community. 
        0.673 

Citizens are sufficiently informed about the problems 

of biodiversity protection. 
        0.742 

I often look for information about biodiversity 

protection from different sources.         0.591 

 

Note: All items with a factor loading of less than 0.5 were omitted from further analysis. There was no 

cross-loading between items, all with values higher than 0.3. So we can talk about good convergent 

and divergent validity of the questionnaire Respondents rated the items from the questionnaire using 
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a five-point Likert scale, ranging from (1) "strongly disagree" to (5) "strongly agree." The adequacy 

of the sample was tested using the KMO (Kaiser-Meyer-Olkin) test of sampling adequacy (KMO 

value = 0.891). The results of the validity test conducted on the questionnaire are presented in Table 

1. The results of the factor analysis reveal that the questions are organized according to the 

anticipated patterns, thereby ensuring the reliability of the questionnaire for future analysis. The data 

collected for this study were analyzed using the JASP statistical software for structural equation 

modeling. 
 

The research was conducted on a sample of 52 experts in the field of environmental protection in 

the Republic of Serbia, all of whom possess substantial work experience in this area. Data were 

collected using a structured questionnaire, which was constructed based on an analysis of the expert 

literature. Since this is a new questionnaire, it was tested through exploratory factor analysis. The 

questionnaire is presented in Table 1. The study was carried out during the year 2024. To confirm or 

refute the established hypotheses, structural equation modeling was employed. 
 

3. RESULTS AND DISCUSSION 
 

Before the estimation of model parameters, a detailed correlation analysis was conducted. A key 

requirement for the appropriate application of factor and structural analysis is that the variables 

exhibit strong correlations. The correlation matrix, presented in Table 2, illustrates the 

interrelationships among the variables measured within the model. Additionally, it includes the 

average extracted variance, which measures the reliability of the multi-item sections, as well as 

Cronbach's alpha. Furthermore, the fit indices for the structural equation model are also displayed 

in Table 2. 
 

Table 2. Correlation matrix, AVE, reliability and goodness of fit indices 

  TV HC SM PR EI 

TV 1     

HC 0.434 1    

SM 0.236 0.438 1   

PR 0.321 0.286 0.348 1  

EI 0.261 0.367 0.557 0.256 1 

AVE 0.748 0.767 0.685 0.699  

Cronbach 

alfa 
0.811 0.888 0.756 0.759 

 

RMSEA (root mean square error of 

approximation)  
0.023 

 

RMSR (root mean square residual) 0.052  

NNFI (non-normed fit index)  0.926  

AGFI (adjusted GFI)  0.899  
 

As can be seen from Table 2, the variables are correlated with each other. The AVE for each construct 

is greater than the squared correlation coefficient for the corresponding interconstructs, which 

confirms the discriminant validity of the model. Cronbach's alpha values in all cases are above 0.7, 

which indicates an acceptable level of reliability for each construct. Additionally, construct 

reliability was further supported by the fact that all AVEs exceeded 0.6. The fit indices indicate that 

the proposed JASP structural model fits the data well. The results of the confirmatory factor analysis 

are presented in Table 3. 
 

The results presented in Table 3 show that the hypothesis H1, which states that all factors of 

biodiversity protection have a statistically significant and positive impact on the total value of 

biodiversity in the Republic of Serbia, is proven and that H1 can be accepted as valid. This finding 

emphasizes the need for an integrated approach to nature protection. Through a combination of 

education, active community engagement, sustainable resource management, habitat conservation 
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and pollution reduction, it is possible to significantly improve the state of biodiversity in the 

Republic of Serbia. These results indicate the importance of continuing and strengthening these 

practices in order to ensure the long-term survival and prosperity of biological diversity in the 

country. The finding that habitat conservation is key to maintaining healthy ecosystems. The finding 

shows that this factor has the greatest impact on biodiversity protection in the Republic of Serbia. 

Obtaining such a result, hypothesis H2, is proven and can be accepted as valid. In other words, the 

finding indicates that in the Republic of Serbia, protected areas represent the best way to preserve 

biodiversity, which positively affects the overall biological diversity and its value. 

 

Table 3. Results of hypothesis testing 

Variable Coefficient 
Stand.       

Error 

Critical 

value 
p value Results 

HC NTV 0.237 0.011 21.545 0.000 

        H1 accept 
SM NTV 0.192 0.027 7.111 0.000 

PRNTV 0.098 0.002 49.000 0.000 

EI NTV 0.076 0.007 10.857 0.000 

The coefficient for HC has the highest positive value and is statistically 

significant 
            H2 accept 

The value of the coefficient for SM is significantly higher than the value 

of the coefficient for PR 
H3 not accept 

 

The finding that sustainable resource management has the greatest impact, after habitat conservation, 

on biodiversity protection indicates that the adoption of sustainable practices can lead to a reduction 

in pressure on resources and an increase in biodiversity in the Republic of Serbia. The result of this 

is an increase in its value. However, the finding that sustainable resource management has a 

significantly higher coefficient than pollution reduction clearly indicates the greater importance of 

the former compared to the latter. This finding indicates that hypothesis H3, which states that these 

two factors have the same impact, cannot be accepted as valid and that hypothesis H3 must be 

rejected. This finding indicates that pollution is a very big problem in the Republic of Serbia. Illegal 

landfills are a particularly big problem.  

 

Although education plays an important role in increasing awareness of the importance of 

biodiversity, awareness alone is not always sufficient to motivate individuals to actively engage. 

Many people may be informed about the issues, but the lack of practical tools or opportunities to get 

involved can reduce the effect of educational ones. In some cases, access to education can be 

problematic. If educational programs are not adapted to the specific needs of the community or 

culture, their impact may be limited. Also, the lack of resources or support for implementing 

educational activities can significantly reduce their effectiveness. For this reason, the Republic of 

Serbia should work on improving educational programs and encouraging local communities to 

become more actively involved in making decisions regarding the preservation of their environment. 

 

4. CONCLUSION 
 

Based on the analysis of the impact of various biodiversity protection factors in the Republic of 

Serbia, we can conclude that habitat preservation, sustainable resource management, pollution 

reduction and the involvement of local communities are key elements that significantly contribute 

to the preservation of biological diversity. These factors not only directly improve ecosystem health, 

but also promote community awareness and engagement, which is essential for the long-term 

conservation of natural resources. 

 

However, the findings indicate that education, although important, has a limited impact on protecting 

biodiversity. This may be due to a number of reasons, including a lack of practical application of 

new knowledge, a weak connection between awareness and action, as well as challenges in accessing 
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appropriate training. Therefore, future biodiversity protection strategies should focus on an 

integrated approach that will include not only education, but also practical initiatives, support for 

local communities, and active management of natural resources. 

 

By combining these elements, it is possible to create a sustainable framework for the preservation 

of biodiversity in Serbia. Given the importance of biological diversity for ecosystem services and 

the general well-being of society, it is essential to develop and implement policies that effectively 

address all aspects of nature conservation, in order to ensure a healthier and more sustainable 

environment for future generations. 
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Abstract: Climate change poses a significant global threat, prompting increased focus on energy efficiency and 

savings, which play a crucial role in reducing greenhouse gas emissions. In Serbia, energy efficiency is two to 

three times lower than in EU countries, with the housing sector being the largest consumer. Between 2014 and 

2016, energy efficiency measures in public buildings in Novi Sad yielded substantial savings 1.812.998 kWh/year 

and ú 77.718 annually. For every ú 0.48 invested, 1 kWh/year of energy savings was achieved, along with a 

reduction of 439 tons of CO2 emissions annually. 

 

Key words: Climate change, Energy savings, Public buildings, Novi Sad 

 

1. INTRODUCTION 
 

The City of Novi Sad is a vital urban center in Serbia, recognized as the second largest city in the 

country. It serves not only as the largest local self-government unit but also holds the distinguished 

status of being the capital of the Autonomous Province of Vojvodina (Aġonja and Rajkoviĺ, 2017). 

This significant role within the region underscores Novi Sad's cultural, economic, and political 

importance. Novi Sad is a city's with the most notable attributes is its strategic geographical position, 

situated on crucial transport corridors that enhance its connectivity both regionally and 

internationally. The city is well-served by an international highway that runs through it, establishing 

a critical link between Southeastern Europe and Western Europe. In addition, the Danube River 

flows through Novi Sad, providing vital waterway access that connects Western European countries 

to the Black Sea, further elevating the city's logistical significance. 

 

Novi Sad's urban area encompasses 15 suburban settlements, together covering a total expanse of 

702.7 km², while the city center itself occupies 129.4 km² (Official Gazette of the City of Novi Sad, 

2016). This extensive area not only highlights the cityôs growth and development but also reflects 

its capacity to accommodate a diverse population and various economic activities. 

 

In terms of climate, Novi Sad exhibits characteristics of both moderate continental and fully 

continental climates, allowing residents to experience all four seasons. The average annual 

temperature in the city is 10.9 °C, with January temperatures typically hovering around -1 °C, while 

July brings warmer weather, averaging 21.6 °C. This climatic diversity contributes to the vibrant 

lifestyle and array of outdoor activities available to inhabitants and visitors like Aġonja (2017). 

 

The main research addressed to analyze energy savings in public buildings in the City of Novi Sad 

after the implementation of EE measures. The study analyzed the level of energy efficiency (EE) 
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measures implemented in public buildings, based on which energy savings and savings on reduced 

annual Cʆ2 emissions were calculated.  

 

The aim of the study is to determine the impact of the implemented measures primarily on energy 

savings, financial savings and environmental conservation. The aim of the research in the study is 

to recognize the savings of environmental CO2 (tCO2/year) and energy-final energy (kWh/year), 

through the implementation of EE measures and the construction of RES plants. 

 

 2. MATERIAL AND METHODS 
 

The research is focused on assessing the energy savings achieved in public buildings within the City 

of Novi Sad. The EE measures to which the research problem relates are reconstruction of the 

heating system, replacement of worn-out joinery, replacement of energy-inefficient lighting, 

insulation of buildings, etc.) (Vukasoviĺ and Todiĺ, 2024).  

 

In this research is included 200 public buildings in the City of Novi Sad, among them is included 

facilities of institutions in: education, culture healthcare, and administrative buildings, which are 

located in the City of Novi Sad. Among them the examination specifically focused on 27 distinct 

public buildings (Table 1). 

 

Table 1. Public buildings that are the subject of research (Aġonja, 2024) 

Groups of public buildings by function 
Types of public 

buildings 

Number of 

buildings 

CULTURAL INSTITUTIONS 

Cultural centers 2 

Theaters 2 

Museums 2 

Other 8 

HEALTH INSTITUTIONS 
Health centers 6 

Medical centers 28 

EDUCATIONAL INSTITUTIONS 

Preschools 73 

Elementary schools 40 

High schools 16 

COLLECTIVE ACCOMMODATION 

FACILITIES 

Nursing homes 1 

Other 2 

ADMINISTRATIVE BUILDINGS  Urban buildings 30 

 

Based on the identified problem and the focus of the research, two hypotheses were established: 

¶ The implementation of energy efficiency (EE) measures in public facilities can result in 

average total annual final energy savings of 500.000 kWh per year for the period from 2020 to 

2022. 

¶ The implementation of EE measures in public facilities can lead to average total annual 

reductions in CO2 emissions of at least 150 t CO2 per year for the same period (2020-2022). 

 

3. RESULTS AND DISCUSSION 
 

It is unofficially estimated that there are over 16.000 public buildings in the Republic of Serbia that 

need energy renovation (Aġonja et al., 2017; Vasiĺ, 2018). This requires the repair of insufficient 

insulation, outdated heating systems, poor carpentry, etc., or the renovation or replacement of all the 

aforementioned deficiencies in these buildings. After completing the calculations, the data regarding 

energy savings estimates for public buildings in the City of Novi Sad were analyzed. The 
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comprehensive data summarizing the total energy savings resulting from the implementation of EE 

measures in public buildings within the City of Novi Sad are presented in Table 2.  

 

Table 2 presents key parameters related to investments in energy efficiency (EE) measures 

implemented in public buildings over the period from 2014 to 2016. Total investments for the 

applied EE measures significantly increased during the observed period, rising from ú 132.747 in 

2020, to ú 197.062 in 2021, and reaching an impressive ú 540.801 in 2022. This trend indicates a 

comprehensive approach to energy renovation and the willingness of local authorities to invest in 

enhancing energy efficiency. 

 

Table 2. Total energy savings after the implementation of EE measures in public  

buildings in the territory of the City of Novi Sad (Aġonja, 2024)  

Parameters observed 2020 2021 2022 Total 

Total investments for ɽɽ 

measures applied - (ú) 
132.747 197.062 540.801 870.610 

Total annual final energy 

savings - FES (kWh/year) 
343.662 373.625 1.104.711 1.812.998 

Savings ï (ú/year) 13.385 12.226 52.107 77.718 

CO2 savings - (tCO2/year) 67 83 289 439 

 

Total annual final energy savings (FES) also experienced a significant rise, from 343.662 kWh in 

2020 to 1.104.711 kWh in 2022. This increased energy saving reflects the success of the 

implemented measures and their effectiveness in reducing energy consumption in public facilities. 

 

In terms of financial savings, a decrease was observed in 2021 (ú 12.226) compared to 2020 (ú 

13.385), but savings increased again in 2016 to ú 52.107. This fluctuation may be attributed to higher 

investments made in 2023, resulting in considerable reductions in energy consumption and, 

consequently, greater savings. 

 

CO2 emissions reductions also demonstrate a positive trend, with a total reduction of 439 tCO2 across 

the entire observed period. These estimates highlight that the energy efficiency measures applied 

significantly contributed to the decrease in harmful gas emissions, which is crucial for environmental 

preservation and combating climate change. 

 

Novi Sadôs is strategic location and substantial urban area, and diverse climate makes it a notable 

city in Serbia, with a bright future ahead as it continues to develop and enhance its role within the 

region. Considering the aforementioned, an important question for Novi Sad is how to become a 

leader in energy saving in public buildings. Therefore, the purpose of the paper is to assessment of 

energy savings in public buildings in the city of Novi Sad after the implementation of energy 

efficiency measures. the city of Novi Sad was among the first cities in the Republic of Serbia to 

implement energy efficiency measures, which, among other things, emphasize increasing the use of 

energy from renewable sources (Vukasoviĺ and Todiĺ, 2024). 

 

The City of Novi Sad covers the energy and water expenses for these observed facilities. However, 

this number does not include buildings under the jurisdiction of public utility companies, which are 

responsible for their own energy and water costs. 

 

Overall, the results from the table indicate that investments in energy efficiency measures in public 

buildings in Novi Sad yielded positive outcomes in terms of energy savings and CO2 emissions 

reductions. This further emphasizes the importance of such investments for a sustainable future. 
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4. CONCLUSION 
 

Based on the conducted research on the topic "Assessment of energy savings in public buildings in 

the City of Novi Sad after the implementation of energy efficiency measures," two hypotheses have 

been confirmed. The analysis of the research findings, focusing on the applied energy efficiency 

(EE) measures from 2020 to 2022, shows that total final energy savings exceeded 500.000 

kWh/year, reaching a total of 1.812.998 kWh/year. This result validates the first hypothesis. 

Additionally, it was determined that the overall reductions in CO2 emissions surpassed 150 

tCO2/year, with a total reduction of 439 tCO2/year, thus confirming the second hypothesis as well. 

 

Based on the benefits analysis of the implemented EE measures, several additional initiatives are 

recommended for public buildings, including the management of heating, cooling, and ventilation 

systems, the reconstruction of lighting systems, and the improvement of thermal insulation. 

Furthermore, the construction of solar power plants and systems with solar collectors for hot water 

preparation is advised. 

 

To further enhance energy efficiency at the local level, it is essential to provide incentive pricing for 

future thermal energy producers utilizing renewable energy sources (RES), maximize the use of 

locally available resources such as agricultural biomass, and significantly implement cogeneration 

systems for simultaneous heat and power generation. These recommendations have the potential to 

lead to substantial improvements in energy efficiency, emission reductions, and environmental 

preservation in the City of Novi Sad. 
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Abstract: In this paper, a group of selected factors of importance for the sustainable development of agritourism 

in Serbia was assessed using the fuzzy logic of expert decision-making, i.e. the objective multi-criteria decision-

making method SiWeC (Simple Weight Calculation). The aim of the research was to determine the significance 

of the criteria that influence the potential further development of this branch of tourism in our country. The 

results show the successful application of the selected method, where the criterion ñActive participation in 

tourism activitiesò together with the criterion ñEnvironmental qualityò received the highest rating from the 

experts. Given the results obtained, it is necessary to improve the criteria that were rated the worst in the future, 

i.e. work on greater cooperation with the local community through expanded and improved marketing activities 

of hosts, i.e. service providers. The method used for assessing the criteria thus gains greater transparency in 

research in this area, and as such needs to be further developed. 
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1. INTRODUCTION 
 

Nowadays, there is an increasing emphasis on improving rural areas, and the way to achieve this is 

to develop tourism, or tourism activities in them. In addition to the development of tourism activities, 

attention should also be paid to their sustainability. Therefore, it is necessary to develop the 

principles on which sustainability is based. Thus, Tseng et al. (2019) believes that the emphasis of 

sustainability is on the application of values and principles that aim to direct human activities in a 

responsible and coordinated manner with environmental and social consequences. Also, as 

Prevolġek et al. (2020) concludes, the concept of sustainability in tourism implies the presence of 

economic, environmental and social dimensions as the primary criterion of sustainability. Jeloļnik 

et al. (2013) believe that sustainability related to tourism is usually framed by its large share in the 

GDP of a country, and that it exerts an impact on a balanced regional and contributes to the further 

increase in foreign direct investment in a country. 

 

Agritourism represents a diverse offer of agricultural activities, most often on small and medium-

sized farms. (Giaccio et al., 2018) Agritourism as such has its roots at the beginning of the last 

century. It represents an unusual combination of tourism and agriculture and, as Puġka et al. (2020) 

notes, is not the only form of tourism that can occur in rural areas of a country. The existing 

interaction between agriculture and tourism is crucial for the socio-economic stability of rural areas, 

thus enabling farmers to maintain their agricultural practices while engaging visitors (Baby and Kim, 

2024). Palmi and Lezzi (2020) believe that agritourism is a form of multifunctionality in agriculture, 

which presupposes the preservation of rural landscapes and biodiversity, thereby strengthening 

employment and providing sustainability to rural areas. Thus, farmers use this multifunctionality to 

achieve full integration of farm income on the one hand and raise tourist awareness about the role 

of agriculture in preserving the environment, natural resources, cultural heritage, as well as traditions 

and customs (Giaccio et al., 2018; Puġka et al., 2020). Kousar and Kausar (2024) believe that the 
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practice of agritourism varies greatly across regions, emphasizing their cultural, economic and 

ecological characteristics, thereby promoting their sustainable development and unique rural 

experiences. 

 

Based on the previous statement, the subject of this paper will be the sustainability of agritourism in 

the Republic of Serbia, or rather, determining the importance of the characteristics that influence its 

development. The need for research lies in the fact that Serbia is a rural country with a well-rooted 

tradition and historical and cultural heritage, preserved nature, which can best demonstrate its 

financial valorization through the development of this type of tourism. For this purpose, it is 

necessary to investigate the factors that influence sustainability, or rather, to show their individual 

importance. 

 

For the purpose of evaluation, multi-criteria analysis methods play a major role, which have taken 

their place in a large number of works by the author in the previous period. Mahaptra et al. (2023) 

using the AHP method identifies key indicators of impact on rural tourism (agritourism) in India. In 

his study, the cultural factor plays the greatest role in the development of rural tourism, followed by 

criteria such as heritage and local quality factors. Wu et al. (2022) using a hybrid fuzzy multi-criteria 

decision-making model selects the most suitable agritourism location in Vietnam, while Vazin et al. 

(2024) also using a fuzzy decision-making model identifies certain villages suitable for agritourism. 

Using the Delphi method and the AHP multi-criteria decision-making method. Park et al. (2017) 

assess the quality of accommodation in rural tourism, and ways to improve and expand them. Many 

other authors also use multi-criteria analysis methods for the purpose of selecting factors of influence 

for the development of sustainable agrotourism potential (Muhacir and Tazebay, 2017; Anabestani, 

2016; Puġka et al., 2022; Adamov et al., 2020; Nedeljkoviĺ et al., 2022). 

 

The aim of the research was to determine the significance of the criteria that influence the potential 

further development of this branch of tourism in our country. 

 

2. MATERIAL AND METHODOLOGY 
 

The research process is presented in the following flowchart (Figure 1), in the elaboration of which 

the available scientific and professional material was used as a source of information, as well as a 

questionnaire sent to the engaged experts to fill in. The first step was to determine (define) the criteria 

that will be used in the research. The selection was narrowed down to ten criteria that are presented 

in the following Table 1. After that, a framework research model was formed, and the selection of 

experts in the subject area was initiated. Given that this is an expert decision-making process, it was 

necessary to obtain as precise an assessment as possible of the criteria that were forwarded to the 

selected experts via questionnaire. The research involved 6 experts whose structure was such that it 

consisted of employees in tourism organizations who have many years of experience in this field. 

After that, the selected selection method was applied, and the final ranking was made. The results 

are given in the continuation of the paper, as well as a description of the applied method. Finally, the 

necessary conclusions were drawn. 
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Figure 1. Research methodology 

 

Table 1. Evaluation criteria 

ID Criterion Explanation 

1 Price 
Examination of monetary rewards for the use of agrotourism 

facilities. 

2 Location 
Examination of the spatial accommodation of agrotourism 

capacity. 

3 Marketing 
Examining whether the promotion of sustainable tourism 

offers is necessary. 

4 
Quality of service 

provided 

Examination of the quality of the provided sustainable 

agritourism offer. 

5 
Helping the local 

community 

Examining whether the use of agritourism offers contributes 

to improving the standards of the local community. 

6 
Collaboration with the 

local community 

Examining the possibility of helping the local community by 

users of agritourism offers. 

7 
Active participation in 

tourism activities 

Survey of the participation of users of sustainable 

agritourism in all the content offered. 

8 
Availability of natural 

resources 
Examining the availability of natural resources. 

9 Environmental quality 
Examining the quality of the environment in the agritourism 

offer. 

10 Diversity of resources 
Examining the diversity of sustainable resources in the 

agritourism offer. 

 

The classical logic of decision-making and evaluation of given criteria finds its place in research 

where the information is complete and accurate. For this purpose, it is particularly desirable to use 

objective methods for calculating weighting coefficients. In the case of incomplete and inaccurate 

ÉĲũĲĦƣŔŸŰШŸŉШċŊƖŔƣŸƨƖŔƚůШƚƨƚƣċŔŰċĤŔũŔƣǃШĦƖŔƣĲƖŔċ 

Definition of criteria  

Formation of the research model 

Expert selection 

Research criteria evaluation 

Approach fuzzy SiWeC methodology 

 

Rank of criteria weight 
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information of a subjective nature, it is important to apply fuzzy logic in research. In this case, the 

research uses fuzzy logic and thus converts linguistic values into a fuzzy number system. For the 

purposes of this paper, the fuzzy scale shown in the following Table 2 was used. 

 

Table 2. Linguistic evaluations and fuzzy membership  

functions (Puġka et al., 2024) 

Linguistic Values Fuzzy numbers 

Very low (VL) 1, 1, 2 

Low (L) 1, 2, 4 

Medium low (ML) 2, 4, 6 

Medium (M) 3, 5, 7 

Medium good 

(MG) 
5, 7, 9 

Good (G) 7, 9, 10 

Very good (VG) 9, 10, 10 

 

For the evaluation of the criteria, i.e. obtaining the necessary weight coefficients, we used the 

innovative fuzzy subjective method of multi-criteria decision-making SiWeC (Simple Weight 

Calculation). The method was developed by Puġka et al. (2024) and is characterized by simplicity 

both for decision-makers and for the calculation itself. The method was developed in two directions, 

namely as a regular SiWeC method (crips numbers) and a fuzzy SiWeC method that we will use 

further in the work. By using it, we popularize the method and set the basis for its further 

development and application in the subject area. The steps of the fuzzy SiWeC method are given 

below: 

 

Step 1. Experts determine the importance of each criterion. 

Step 2. Linguistic values are transformed into fuzzy numbers, represented as: 

 

ὼ ὼȟὼ ȟὼ  

 

where Ørepresents first, Øsecond, and ὼthird fuzzy number. 

Step 3. The fuzzy numbers are normalized as: 

ὲ
ὼ

άὥὼ ὼ
ȟ
ὼ

άὥὼ ὼ
ȟ
ὼ

άὥὼ ὼ
 

 

where άὥὼ ὼis the maximum value across all criteria. 

Step 4. Calculation of standard deviation (ίὸȢὨὩὺ). 

Step 5. The normalized ratings are weighted using the standard deviation values: 

 

ὺ ὲ ίὸȢὨὩὺ 

 

Step 6. The sum of the weighted values for each criterion is calculated: 

 

ίǿ ὺ 

 

Step 7. The fuzzy values of the criteria weights are computed as: 
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Step 8. Defuzzification of the weights criteria 

 

ύ
ύ τ ύ ύ

φ
 

 

3. RESULTS AND DISCUSSION 
 

Table 3 presents the linguistic values obtained, or scores, using the fuzzy number scale presented in 

the previous Table 2. Previously, the expert assessment was given by the experts via a questionnaire 

using scores from 1 (worst) to 7 (best). The next step is to form a fuzzy decision matrix (Table 4). 

 

Table 3. Experts evaluations of the criteria importance 

Expert C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 

E1 G MG M VG G G VG G VG MG 

E2 MG MG ML G MG MG VG VG G VG 

E3 VG VG G VG G G MG MG G MG 

E4 MG VG MG G G MG VG G VG MG 

E5 G VG MG MG G MG VG VG G G 

E6 G G M VG M M VG G VG MG 

 

Table 4. Fuzzy decision matrix 

Expert C1 C2 C3 C4 C5 C10 

E1 (7,9,10) (5,7,9) (3,5,7) (9,10,10) (7,9,10) (5,7,9) 

E2 (5,7,9) (5,7,9) (2,4,6) (7,9,10) (5,7,9) (9,10,10) 

E3 (9,10,10) (9,10,10) (7,9,10) (9,10,10) (7,9,10) (5,7,9) 

E4 (5,7,9) (9,10,10) (5,7,9) (7,9,10) (7,9,10) (5,7,9) 

E5 (7,9,10) (9,10,10) (5,7,9) (5,7,9) (7,9,10) (7,9,10) 

E6 (7,9,10) (7,9,10) (3,5,7) (9,10,10) (3,5,7) (5,7,9) 

 

After forming the fuzzy decision matrix, we perform the intended calculation steps using the given 

method. Through the following graph 1, we see that criterion 7, or ñactive participation in tourist 

facilitiesò, received the highest score (Figure 2). Immediately following is the criterion 

ñenvironmental qualityò. The worst rated criterion was ñmarketingò, as well as the criterion 

ñcooperation with the local communityò. The assessment results show an increasing interest in active 

participation and a healthy and clean environment, thus escaping from the urban areas in which they 

live every day. 

 

Although active participation in tourist activities was rated the best, cooperation with the local 

community itself was not rated the best, which indicates that tourist facilities are still used 

sporadically or randomly, without any pre-arranged organization, which is also confirmed by the 

assessment of marketing activities obtained through expert opinion. The research somewhat 

coincides with the results of the research by Nedeljkoviĺ et al. (2022) and the study by Puġka et al. 

(2022), where priority is given to criteria that promote sustainable development and environmental 

protection. It is also interesting to note that the ñpriceò criterion did not receive the highest rating. 
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Figure 2. Ranking of criteria 

 

4. CONCLUSION 
 

Agrotourism today represents an important niche of a country's tourist offer. As a complex activity 

with diverse content that it can afford to its users, many factors influence its sustainable 

development. For this reason, the paper attempted to determine the significance of the selected 

factors and select the most important ones using an adequate innovative method. Active participation 

in tourist content and the quality of the environment represent the most important factors for users. 

In the continuation of the development of this form of tourism, it is necessary to animate the local 

population more, as well as to establish greater cooperation with potential tourists through additional 

marketing activities. Also, the paper successfully applied the fuzzy innovative method of multi-

criteria decision-making, which can be successfully used in future similar research. 
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Abstract: Food preservation is determined by a group of processes whose goal is to maintain the quality of food 

for as long as possible, i.e., to prevent its spoilage or decay altogether. Preserved food remains usable for a long 

time, even in areas far from the place of production (farms, meat industries, processing industries, etc.). The 

preservation of food and the simultaneous achievement of a longer shelf life, while not changing its production 

performance, have always been and will continue to be fundamental goals for humans, as food is the basis for the 

life of every organism, including humans. A long time ago, humans began using different methods to preserve 

food, and because of this, there is a variety of experiences with some of the techniques and principles upon which 

modern food preservation processes are based, such as salting, drying, smoking, freezing, storing in oil, etc. 

 

Key words: Food preservation, Termal preservation, Sterilization 

 

1. INTRODUCTION 
 

Preservation of food is a method of preserving its beneficial and high-quality characteristics for a 

longer period, allowing it to remain unchanged both qualitatively and quantitatively. There are many 

methods and different approaches to food preservation, as different types of food require different 

treatments. Practically all people are using many methods but, the most used method is thermal 

preservation of food method because it allows the longest shelf life for processed products. 

Something important about preservation food is that method of food preservation guarantees 100% 

sterility and an unlimited shelf life, as a small portion of microorganisms remain active in even the 

most minimally processed food. Therefore, every food, especially canned food, must always have 

an expiration date.  

 

The aim of the paper is to analyze food preservation methods with a focus on thermal food 

preservation methods 

 

2. DEVELOPMENT OF FOOD PRESERVATION 
 

Food preservation is a crucial aspect of modern food production and distribution, aimed at maintaining 

food quality and maximizing nutritional benefits. This process involves a variety of techniques, 

including growing, harvesting, processing, packaging, and distribution, all of which contribute to 

extending the shelf life of food items (Tuward, 2024). 

 

2.1. The foundation of the canning industry 

 

The foundations of the canning industry were laid in the early 19th century, when certain cooks of the 

time started using thermal sterilization as a means of preserving food. This led to the establishment of 

the food canning industry, which developed rapidly and significantly. The accelerated development of 

food preservation technologies and the extension of shelf life were further aided by the discoveries of 

https://doi.org/10.46793/MAK2025.257V
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Louis Pasteur and later advancements in process techniques. Such achievements and improvements in 

the methods and techniques for the food canning industry are very important and have become 

increasingly important for the modern way of life and the organization of society as a whole. The food 

canning industry not only enables the supply of food that is less dependent on the time and place of its 

production, but it also stimulates production and reduces the risk of spoilage. (Kishor, 2024). 

 

In practice, as well as in literature, it is acknowledged that food spoilage is primarily caused by the 

activity of insects and rodents, but most often and easily by microorganisms and other pests, as well as 

by enzymes present in the food, and other reactions leading to the degradation of individual 

components of the food. This is often due to the influence of external temperatures, oxygen in the air, 

light, water, and even aging. These factors in nature rarely act alone, most often acting simultaneously. 

In practice, when food is exposed to certain temperatures, and in a humid environment, it naturally 

comes into contact with air and oxygen, which makes it unstable in terms of its safety. In such 

conditions, the activity of microorganisms or indigenous enzymes increases. Due to these reasons, the 

type and intensity of the changes that affect the reduction of quality depend on the type of food and the 

environmental conditions. The quality of food with living tissue (for example, fruits and vegetables), 

i.e., fresh food, can be diminished by metabolic processes. After the cessation of metabolism, atrophy 

and death of the tissue occur, leading to a decrease in the food's quality, influenced by enzymatic 

activity in the food itself (for example, autolysis, oxidation, and other changes in fish and meat) or due 

to attacks by microorganisms. 

 

Every food is exposed to the action of microorganisms, which directly attack and spoil it. 

Microorganisms break down food and, with the help of enzymes, decompose complex nutrients into 

simpler compounds that they use for nutrition, releasing waste products in the process. The 

environmental conditions that affect the activity of microorganisms include temperature, acidity, and 

the presence of oxygen. Food preservation, as a science, introduces methods based on understanding 

and eliminating, or at least reducing, the conditions for the activity of individual types of 

microorganisms.  

 

There are numerous methods for preserving food, but traditional food preservation almost exclusively 

involves preventing spoilage caused by microbial activity. Once the organism dies, the balance 

characteristic of every living tissue is disrupted, and under the influence of its own enzymatic systems, 

changes occur in the color, texture, taste, and smell of the food. These same changes and disruptions 

can also occur when the temperature and oxygen from the air are not properly controlled and regulated. 

The higher temperatures applied during food preservation can negatively affect the quality of the 

product, so it is essential to carefully select the conditions for food processing. The combined effect of 

increased temperature, oxygen, and light particularly negatively impacts certain key components of 

nutrients (such as vitamins, lipids, colorants, and aroma substances). The activity of water in various 

biological, chemical, and physical processes such as microbial activity and development, enzymatic 

and non-enzymatic reactions, crystallization, and other less influential processes is an important factor 

in the stability and longevity of food. 

 

The term "water activity" (aw) refers to the ratio of the partial pressure of water vapor present in the 

food (pw) to the partial pressure of pure water vapor (pÁw). It is a measure of the proportion of "free 

water," i.e., water that is not permanently bound to the components of the food, and on which 

microbiological, biochemical, and chemical processes (i.e., processes of food spoilage) depend. The 

water activity (aw) in relation to the minimum values (awmin) differs significantly for specific 

biological processes of microflora and the chemical changes in the food itself. 

 

Pests such as rodents, parasites and others are more active and frequent in unhygienic environmental 

conditions, where food is not stored properly or under expected conditions. Thus, even though they 

directly contaminate food with eggs, fibers, and excrement, pests also make it easier for 

microorganisms to penetrate food by damaging it. 
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Food that is stored for long periods becomes more susceptible to spoilage, except for food that 

undergoes long biochemical processes or is stored in appropriate, pre-determined conditions that 

contribute to its longevity. Such products include meat products, cheeses (such as feta and kashkaval), 

preserves, wines, and similar items. 

 

The principles and methods of preservation are usually classified into two groups: principles and 

methods of abiotic (without life) and anabiotic (revival) preservation. These are applied mainly for the 

long-term storage of food intended for use or processing at times when fresh food is unavailable or in 

places where it is not produced. 

 

3. TERMAL PRESERVATION OF FOOD 
3.1. Food preservation through thermal process 

 

Thermal treatment is one of the oldest methods of food preservation practiced extensively all over the 

world. These processing applications can be practiced at home and in industries. This paper aims to 

provide a short description of these heat treatments. It will make clear the basic concept of Blanching, 

Pasteurization, Sterilization, and Hot Filling. (Dewan, 2020). Food preservation from this perspective 

cannot only be considered as a process to prevent spoilage due to microbial activity. In practice, 

multiple basic principles and methods of preservation are often combined. In literature, besides this 

classification, there is also a classification of preservation into physical, chemical, biological, and 

combined methods, based on the nature of the process. 

 

3.2. Thermal sterilization - thermal preservation process 

 

Thermal sterilization as a preservation process is based on an established theory and includes various 

steps, such as the preparation of raw materials and packaging of products in the thermal sterilization 

process. The process involves both general and specific operations of food preservation. Additionally, 

specific phenomena related to the spoilage of products preserved through thermal sterilization occur. 

 

3.3. Thermal sterilization - basis of preservation 

 

To destroy microorganisms and inactivate enzymes, food is packaged in hermetically sealed containers, 

most commonly cans, and then undergoes thermal sterilization. Depending on the method, the food is 

sterilized either after it is sealed in the packaging or beforehand. Achieving the expected durability and 

quality of the product is the primary issue of sterilization, and it requires selecting the appropriate 

thermal process conditions to achieve an optimum balance of preservation, while simultaneously 

preserving the organoleptic and nutritional properties of the food subjected to the preservation process. 

Thermal sterilization has been used to achieve long-term shelf stability for canned foods and is now 

used for a broad range of products. The majority of shelf-stable foods are thermally processed after 

being placed in the final containers (Farid et al., 2006). 

  

To achieve the desired outcome during preservation, it is necessary to determine the parameters of the 

thermal treatment during processing and then choose the technological conditions for sterilization with 

minimal degradation and production costs. First and foremost, it is important to know which 

microorganisms can be responsible for food contamination, as well as which ones can be considered 

as reference or key microorganisms for assessing the effectiveness of sterilization. For the 

contaminants, it is essential to understand the properties of the food, particularly water activity (aw) 

and acidity (pH), as these influence the potential for microbial growth and thermal resistance, as well 

as the hygiene conditions during production and storage. The appropriate microorganism is selected 

based on its thermal resistance and its ability to be pathogenic. Thermal treatment during sterilization 

will effectively destroy all other microorganisms that could develop in the food if it destroys the 

reference microorganism. 
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4. SPECIFICITY TERMAL PRESERVATION OF FOOD 
4.1. Thermal resistance of microorganisms 

 

The term "thermal resistance" refers to the ability of microorganisms to survive thermal treatment. It 

was initially determined through lethal time or, in English terminology, the "time-to-death," which 

referred to the amount of time required for thermal treatment to destroy all microorganisms at a specific 

temperature. Recently, the term "time-to-death" has been replaced with "thermal reduction time," 

indicating the time required to reduce the population of a microorganism.  

 

There are other appropriate principles for short-term food preservation, one of which is to keep the 

organism from which the food is derived alive for as long as possible, ideally until just before the food 

is used. Another principle applies when the time between the death of the organism from which the 

food is obtained and the time of use is longer. In such cases, the food must be cleaned, cooled, and 

protected from spoilage as quickly as possible. 

 

4.2. Principles of food preservation through abiotic and anabiotic states 

 

The principles of food preservation through abiotic (without life) and anabiotic (revival) states stem 

from the understanding that microorganisms are the cause of spoilage, and the key to preservation is 

controlling their activity. In this regard, the principles of abiotic preservation include the removal or 

complete destruction of microorganisms from food, with simultaneous protection from any 

contamination, while the principles of anabiotic preservation focus on suppressing or limiting 

microbial activity by creating unfavorable conditions for their development, without entirely 

destroying them. 

 

The principles of abiotic preservation are based on sterilization methods, such as: thermal sterilization, 

ionizing radiation, ultrasound, well-known chemical sterilization, and ultrafiltration. In contrast, the 

principles of anabiotic preservation are based on methods such as cooling (psychroanabiotic), freezing 

(cryoanabiotic), biological preparation (cenoanabiotic), chemical preparation (chemoanabiotic), and 

other suitable methods such as modern preservation in controlled or modified gas atmospheres. 

 

D is an exponential function of temperature, which can be represented by the expression: 

 

ÌÏÇ =  

 

In this case, D1 and D2 are the times for a tenfold reduction in temperatures T1 and T2, and z is the 

temperature change that causes a tenfold decrease in D (tenfold destruction rate of microorganisms), 

so that z = T1-T2 when D1/D2 = 0.10. Under the same conditions, each type of microorganism is 

characterized by a specific value of z. These values typically range from 5 to around 14 ÁC. It is 

generally considered that D decreases tenfold when the temperature increases by 10 ÁC. For example, 

for Clostridium botulinum, z is 10 ÁC. 

 

An increase in temperature accelerates chemical reactions that lead to the degradation of important 

components in food, and these reactions become two to three times faster. With the same sterilization 

effect, the natural properties of the food degrade much less when the effect is achieved through short-

term thermal treatment at a higher temperature, as opposed to when the thermal process takes longer 

at a lower temperature. This is why some sterilization methods, such as high temperature short time 

(HTST), high short sterilization (HSS), and ultra-high temperature (UHT), rely on brief thermal 

treatment at high temperatures. However, because these processes require rapid heat exchange with the 

environment, their application is usually limited to food sterilization where such exchange can occur, 

such as with convection in liquid or semi-liquid foods. The advantages of rapid heat exchange are 
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especially well utilized in sterilization before packaging, most commonly in products like long-life 

milk, juices, etc.   

 

4.3. Microbiological aspect of a sterilized product and its microbiological stability 

 

The microbiological aspect of a sterilized product, or its microbiological stability, is assessed based on 

the probability and possibility of microorganism survival before thermal treatment. According to the 

accepted theoretical model, it is not possible to achieve absolute sterility of food through thermal 

treatment for a specific time, since the rate of microorganism destruction follows certain laws. Thus, 

the number of microorganisms or spores before thermal treatment is observed, then the number of 

surviving microorganisms after thermal treatment at a constant temperature T for a certain time is 

determined, and for all this, the time for a tenfold reduction at that temperature must also be established. 

In practice, the so-called commercial sterility is most often calculated, and it is achieved through 

sterilization based on established operational parameters, whereby thermal treatment reduces the 

microbial population and the activity of the remaining microflora to a level where the risk of spoilage 

of the canned product is minimized. In everyday practice, the possibility of spoilage of a canned food 

is not assessed individually but for the entire production batch by product type and production 

conditions.  

 

4.3.1. The thermal treatment for the sterilization of food  

 

In which pathogenic microorganisms can develop must be such that the probability of their survival is 

very low. The risk of spoilage of canned food due to non-pathogenic microorganisms can be 

significantly higher if no excessive commercial damage is risked. In such cases, sterilization may be 

sufficient if one microbial cell or spore survives in a thousand cans, for which a shorter thermal 

treatment is adequate. The regime required for sterilization can be determined experimentally and 

calculated and graphically or analytically displayed, based on the values of heat penetration into the 

product obtained experimentally. In such cases, it should be considered that the thermal resistance of 

microorganisms is greatest when the pH of the food to be sterilized is around 7, but the lower the pH, 

the higher the rate of microorganism destruction. Accordingly, food is classified as weakly acidic (with 

pH more than 5) and acidic (with pH lower than 5). 

 

For the sterilization of acidic foods (for example, fruit products, so-called pickled products), which 

spoil under the activity of yeasts and non-spore-forming bacteria, thermal treatment up to 100 ÁC 

(pasteurization) is sufficient. In contrast, the temperature for sterilizing weakly acidic foods must be 

greater than 100 ÁC. The plants and processes for thermal sterilization differ primarily depending on 

whether the sterilization occurs before or after packaging or if these methods are combined. 

Before packaging, food in liquid, semi-liquid, and paste-like form is sterilized. In such cases, the 

packaging is sterilized by filling it with boiling sterilized food, but if this packaging sterilization is not 

sufficient, the sealed product is additionally subjected to thermal treatment. 

 

Today, with more advanced methods, techniques, and technologies in the food industry, so-called 

aseptic processes are increasingly used, which involve sterilization, cooling, and then packaging. In 

such cases, the packaging must be sterile, and the food is cooled after sterilization, followed by filling 

and sealing (of the packaging) under aseptic conditions. Under these conditions, the slow cooling of 

canned food, which leads to its degradation, is avoided. Aseptic conditions for the filling and sealing 

of packaging in these processes are created by an atmosphere of dry saturated or superheated steam. 

Food in solid form, such as fruit, vegetables, meat, etc., is generally sterilized after packaging in sealed 

containers, most often cans. 
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4.4. Selection plants as a part of the system for canning with sterilization before packaging 

 

The choice of plants for canning with sterilization before packaging depends on the properties of the 

food, the type of packaging, and its capacity. In such plants, various heat exchangers are used for the 

sterilization of food enclosed in packaging, which are structurally designed for rapid heat transfer and 

achieving fast thermal treatment (Jildeh et al., 2021).  

 

For the sterilization of food enclosed in different types of packaging, both continuous and batch 

processes under atmospheric and elevated pressure are used. The simplest device is a water bath heated 

by steam, either directly or indirectly. For larger capacities, there are continuous plants for sterilization 

in a water bath and cooling in a single flow, including tunnel pasteurizers. In these devices, cans usually 

move on conveyors and are sterilized by heating through jets of hot water or saturated steam directed 

directly at the packaging of the product. 

 

Sterilization under high pressure, higher than atmospheric pressure, is carried out in autoclaves. Due 

to the increasing use of continuous lines, older batch-type vertical and horizontal autoclaves are being 

gradually phased out, and continuous or automated batch autoclaves are being introduced. These better 

meet the requirements of modern packaging and enable much better results and greater cost-

effectiveness in sterilization. 

 

5. CONCLUSION 
 

Food preservation involves a series of processes through which microorganisms in food are 

destroyed or their growth and reproduction are halted. Regardless of the applied preservation 

method, the nutritional and biological value of the food must be preserved. Thanks to preservation, 

food can be stored for extended periods (from several months to several years) and can be used 

outside of its season and outside the place of production. In exceptional conditions (war, poor 

harvests), preservation can ensure food reserves. When preserving food, it is never completely 

sterilized. One reason for this is to preserve the quality of the food, and another is that such food 

provides an excellent medium for the reproduction of microorganisms, which could potentially 

contaminate it. Preserved foods that can be stored for a longer time are called canned goods. These 

are products preserved by heat in hermetically sealed metal cans. Semi-canned goods are preserved 

foods with a limited shelf life (5-6 months), which are stored at temperatures of 0-5 ÁC and require 

specific storage conditions. Preservation methods that act on microorganisms can be: Physical-

chemical, chemical and biological. 

 

6. REFERENCES 
 

Dewan, F. (2020). Thermal Treatment of Food Preservation. BangabandhuSheikh Mujibur Rahman 

Agric. Univ., 1-15. doi: 10.13140/RG.2.2.16633.49761/1  

Farid, A.G., Abdul-Ghani Al-Baali, Mohammed M. (2006). Thermal Sterilization of Food. Food 

Engineering Series, FSES, 1-16. 

Tuward, J. (2024).  Food storage and preservation. Futuristic Trends in Agriculture Engineering & 

Food Sciences, Volume 3, Book 24, 102-115.  

Kishor, B. (2024). Canning of Fruits and Vegetables. Current Trends in Post Harvest Management. 

www.researchgate.net/publication/380465426_canning#fullTextFileContent 

Jildeh, Z.B., Wagner, P.H.Schöning, M.J. (2021). Sterilization of Objects, Products, and Packaging 

Surfaces and Their Characterization in Different Fields of Industry: The status in 2020. Special 

Issue: Engineering of Functional Interfaces. doi.org/10.1002/pssa.202170039 

 

 

http://www.researchgate.net/publication/380465426_canning#fullTextFileContent


 

263 

 

 
doi:10.46793/MAK2025.263M 

WEED FLORA COMPOSITION IN EXCEPTIONALLY HOT AND  

DRY YEARS 
 

Maja Meseldģija1*, Milica Dudiĺ1, Radovan Begoviĺ2, Milica Vraneġeviĺ1 
 

1Faculty of Agriculture, University of Novi Sad, Novi Sad, Serbia 

*maja.meseldzija@polj.edu.rs; milica.dudic@polj.edu.rs; milica.vranesevic@polj.edu.rs 
2Kite doo Novi Sad, Ļenej, Serbia, radovan.begovic@kitedoo.rs 

 
Abstract: Maize crops are affected by weeds which can reduce yield and by climate change which can 

positively or negatively affect both crops and weeds. The aim of study was analysis of weed species (biological 

and ecological characteristics) in maize weed community under extreme climate conditions. The investigation 

was performed during the maize vegetation season in 2017 and 2024, as exceptionally dry and hot years. The 

weed flora in maize consisted of 12 species in 2017 and 10 species in 2024, with dominance of broadleaf weeds. 

The most represented life forms were therophytes (75% and 80% through the years), with a significant 

dominance of weed ruderal species. Ecological analysis indicated that the maize agroecosystems were 

moderately dry (Fxↄ = 2.31), neutral in pH value (Rxↄ = 3.30), eutrophic (Nxↄ = 3.81), moderately rich in humus 

(Hxↄ = 2.87), well-aerated (Dxↄ = 3.37), warm (Txↄ = 4.31), lighted (Lxↄ =3.93) and unsalted (S- =75%; S+ = 25%). 

These species are adapted to the moderate continental climate conditions (Kxↄ = 3.12). The variations in weed 

population observed between two years in the studied areas can be attributed to climate conditions, which play 

a crucial role on life cycle duration, weed spread and population dynamics. In 2017 most common weeds were 

Ambrosia artemisiifolia (14.25 weeds m-2) and Chenopodium album (32.50 weeds m-2), with a total weeds 

abundance of 99.75 weeds m-2. In 2024, which was warmer and with less precipitation during the vegetative 

period, the dominant weed species was Setaria viridis (10.50 weeds m-2) with total weeds abundance of 22.50 

weeds m-2. Results showed that weeds in maize fields undergo notable shifts over time driven by climate change 

and site-specific factors in relation to long-term average of temperature and precipitation. 

 

Key words: Maize crop, Weeds, Biological and ecological characteristics, Climate change 

 

1. INTRODUCTION 
 

Maize (Zea mays L.) along with wheat and rice is among the worldôs most important food crops. It 

is widely used for food production, animal feed and energy purposes (Grzanka et al., 2022). 

Protecting maize from weeds, pests and diseases is essential in order to avoid the large losses they 

cause in maize yield and quality (Triveni et al., 2017). Weeds compete with crops for water, light, 

and nutrients, which can reduce crop yield and quality (G¿rb¿z et al., 2023) and also can serve as 

hosts for diseases and pests. According to Oerke and Dehne (2004), weed pressure can reduce maize 

production by up to 37%, underscoring the importance of effective weed control during the early 

stages of crop growth. The critical period of weed competition in maize is from 1 to 8 weeks after 

sowing (Jhala et al., 2014), during which timely weed management becomes necessary in order to 

realize the maximum yield potential (Triveni et al., 2017). Changes in climate and atmosphere are 

directly affecting growing conditions for plants. Climate change is predicted to result in rising 

temperatures and reduced precipitation during spring and summer in Europe, with a consequence, 

that will affect crops and weeds (Peters and Gerowitt, 2014). The impact of climate change on weeds 

may manifest as expansions in geographic ranges, changes in species life cycles and shifts in 

population dynamics. As weeds migrate, the structure and composition of weed communities within 

natural and managed ecosystems will change (Ramesh et al., 2017). These changes in weed biology, 

ecology and competitive potential in the wake of climate change will lead to complex crop-weed 
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interactions, requiring adaptive strategies. Certain weeds may go extinct, while others may become 

more aggressive invaders. Typically, weeds are colonizers, possessing distinctive biological 

characteristics and ecological adaptability that allow them to dominate crops in a habitat with 

changed environmental conditions (Anwar et al., 2021). Trends such as increasing average annual 

temperature, precipitation extremes and greenhouse gas emissions are already visible, which 

inevitably affect weed composition, leading to changes in the ecological and bio-ecological traits of 

certain weeds at the population level (Lukaļeviĺ and Ġtefaniĺ, 2023). Changes in the composition 

of weed flora on the territory of Serbia has become evident both in the most important crops and in 

ruderal habitats during the past decades. A total of 213 types of weeds develops in the maize crop in 

Serbia, with 192 of dicotyledonous (90%) weeds and 21 species of monocotyledonous weeds (10%) 

(Simiĺ and Stefanoviĺ, 2006). Examining the interactions between climate and weeds, various 

strategies can be devised to reduce yield losses and economic damage caused by weeds such as 

integrated weed management, planting resilient crop varieties, adjusting planting dates, adopting 

site-specific weed control, rotating and mixing herbicides, and employing mulching and tillage 

practices (Kaur et al., 2024). 

 

The aim of this research was to analyze floristic composition and abundance of weeds in maize crops 

under the different climate conditions for two, extremely dry and hot years, before herbicide 

application. 
 

2. MATERIAL AND METHODS 
 

The floristic study of weed species was conducted in a maize crop during 2017 and 2024, as 

exceptionally hot and dry years, in North-West Baļka district. The maize hybrid in 2017 was AS 72 

(FAO maturity group 640) sown on April 6th, and in 2024 hybrid was DKC5685 (FAO maturity 

group 480) sown on April 10th, at the recommended seed rate. The soil on the survey plots belongs 

to the chernozem soil type. Species were identified by Flora of SR Serbia I-IX (Josifoviĺ, 1992), 

Flora of Serbia I (Sariĺ, 1992) and Flora Europeae I-V (Tutin et al., 1964). Life forms were 

determined by Ujvarosi (1973), flowering time and weed site category by Ļanak et al. (1978), and 

ecological indices by Landolt (1977) and Kneģeviĺ (1994). 
 

The weed abundance was determined using the method of square meter. Data for monthly 

temperature and precipitation in the study area for 2017, 2024 and long-term average of temperature 

and precipitation (1991-2020) were obtained from the Republic Hydrometeorological Service of 

Serbia (www.hidmet.gov.rs). The average temperature and precipitation during the maize vegetation 

are displayed in Figures 1 and 2. Statistical analysis of the data was performed using STATISTICA 

13 (TIBISCO Software Inc, 2020). 
 

 
Figure 1. Monthly air temperature (ÁC) during the vegetative season  

of maize crop in 2017-2024 and long-term temperatures 

http://www.hidmet.gov.rs/
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Figure 2. Monthly precipitation (mm) during the vegetative season  

of maize crop in 2017-2024 and long-term percipitation 

 

3. RESULTS AND DISCUSSION 
 

The floristic study of weeds observed in maize crop during the experimental period identified 12 

species in 2017 and 10 species in 2024 (Table 1), with broadleaf weeds being the most represented 

group. All species were classified into 9 families and 13 genus. Three grass weed species (class 

Liliopsida) from Poaceae family were recorded, while the remaining 13 species belonged to class 

Magnoliopsida, with the family Asteraceae being represent with 3 species, and families 

Chenopodiaceae, Solanaceae and Amaranthaceae represented by 2 species each. The prevalence of 

plant life forms is a good indicator of their adaptability to environmental factors. An analysis of the 

biological spectrum of weeds in the study indicated a therophytic character of weed flora with 

predominance of therophytes which made up 75% (9 species) in 2017, and 80% (8 species) in 2024, 

including also the majority of the species which affect weediness the most. Among these, T4 

therophytes which typically develop in spring and their seed matured in late summer were dominant 

(13 species). In contrast, T1 therophytes were represented by only one species Veronica persica 

(Table 1). The presence of therophytes is typical for ecosystems which are under strong 

anthropogenic influence and points the instability of the weed flora (Kovaļeviĺ, 2008; Brdar-

Jokanoviĺ et al., 2017). Geophytes were less prevalent, constituting 25% of the weed flora in 2017 

and 20% in 2024. Within this group, G1 geophytes, characteristic for having rhizomes were present 

with one species (Sorghum halepense), while G3 geophytes characteristic for having adventitious 

buds on the root were presented with two species (Cirsium arvense and Convolvulus arvensis). All 

weed species were categorized as weed ruderal (WR) species, except Ambrosia artemisiifolia, 

Datura stramonium and Xanthium strumarium, which were classified as ruderal (R) plants, and V. 

persica, which was categorized as a weed species (W). 
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Table 1. Weeds present in maize crop with their life forms, category according to site, ecological 

index and years of appearance 

Family Plant species 
Life 

form 

Category 

according to site 

Ecological index Years 

F R N H D L T K S  

Amaranthaceae 

Amaranthus blitoides S. 

Watson 
T4 WR 2 3 4 3 3 4 5 3 - 2024 

Amaranthus retroflexus L. T4 WR 2 3 4 3 3 4 4 3 - 2017 

Asteraceae 

Ambrosia artemisiifolia L. T4 R 2 3 4 2 2 4 5 3 + 2017 

Cirsium arvense (L.) Scop. G3 WR 3 3 4 3 4 3 4 3 + 2017 

Xanthium strumarium L. T4 R 3 3 5 3 2 4 5 3 + 2017 

Chenopodiaceae 
Chenopodium album L. T4 WR 2 3 4 3 4 4 3 3 - 2017/2024 

Chenopodium hybridum L. T4 WR 3 4 4 3 3 4 4 4 - 2017/2024 

Convolvulaceae Convolvulus arvensis L. G3 WR 2 4 3 3 4 4 4 3 - 2017/2024 

Solanaceae 
Datura stramonium L. T4 R 3 3 4 4 4 4 5 2 + 2017/2024 

Solanum nigrum L. T4 WR 3 4 4 3 4 4 4 3 - 2017/2024 

Boraginaceae Heliotropium europaeum L. T4 WR 2 4 4 3 3 4 5 4 - 2024 

Poaceae 

Setaria glauca (L.) Beauv. T4 WR 2 3 4 2 3 4 4 3 - 2017 

Setaria viridis (L.) P. Beauv. T4 WR 2 3 4 2 4 4 4 3 - 2024 

Sorghum halepense (L.) 

Pers. 
G1 WR 1 2 3 3 3 4 5 3 - 2017/2024 

Lamiaceae Stachys annua L. T4 WR 2 4 2 3 4 4 4 4 - 2024 

Plantaginaceae Veronica persica Poir. T1 W 3 4 4 3 4 4 4 3 - 2017 

Total 9 16 average 2.3 3.3 3.8 2.8 3.3 3.9 4.3 3.1  

T ï therophyta (T4 ï germinate in the spring and produce seeds at the end of summer; T1 ï germinate in the autumn and 

produce seed in early spring); G ï geophyta (G1 ï geophytes characteristic for having rhizomes, G3 ï geophytes characteristic 
for having adventitious buds on the root); W- weed species; WR ï weed ruderal species; R ï ruderal species; F ï humidity; R 

ï pH; N ï nutriments; H ï humus content; D ï dispersity; L ï light; T ï temperature factor; K ï continentality; s ï salinity 

 

The flowering time of weed species is a crucial factor for the timely application of weed control 

measures to prevent their seed production. Analysis of flowering time revealed that most of them 

start flowering in June (12 species), with most completing their time of flowering in September. The 

earliest flower was V. persica (starting in March), while the shortest flowering time of only one 

month (in June) had Setaria glauca, Setaria viridis and S. halepense (Figure 3). 

 

 
Figure 3. Flowering time of weeds in maize crop 

 

The results of the ecological analysis of weeds in maize crop showed that examined agroecosystems 

were moderately dry (Fxↄ = 2.31), slightly acidic to neutral reaction (Rxↄ = 3.30), relatively rich in 

nitrogen compounds (Nxↄ = 3.81), with moderate content of humus (Hxↄ = 2.87), well aerated (Dxↄ = 

3.37), hight lighted (Lxↄ =3.93), warm (Txↄ = 4.31) and predominantly non-saline (S- =75%; S+ = 

25%). The conditions at the studied localities are characteristic of a moderately continental climate 

(Kxↄ = 3.12) (Figure 4). 
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Figure 4. Ecological analysis of all weeds in maize 

 

The differences in weed population observed between 2017 and 2024 in the investigated area can 

be attributed to climate conditions, which have a significant influence on the weed spread, life cycle 

duration and population dynamics (Anwar et al., 2021; Begoviĺ et al., 2023). In the context of 

climate change, soil moisture and temperature are the primary factors affecting the composition and 

distribution of weed species. During sowing (April) and the early growth stage of maize (June), the 

average temperatures in both years of study were higher than the long-term average (1991-2020). In 

2024, the highest temperatures were recorded (Figure 1), exceeding the long-term average (xↄ=17.84 

°C) by 2.42 °C. In the same year, July and August had higher temperatures by 3.8 °C and 4.5 °C, 

respectively. The period from April to October in 2024 was warmer and featured less levels of 

precipitation, which were approximately 300 mm, compared to 2017, when the precipitation was 

351 mm. The distribution of precipitation differed significantly between the two years. The spring 

was followed by a warmer summer with less precipitation than the long-term average, suggesting a 

warmer start of growing season and accelerate the emergence and early growth of weeds. Midway 

through the growing season (July) 55.60 mm of rain was recorded in 2017, and 60.70 mm in 2024, 

which was below the long-term average (63 mm) (Figure 2). Favorable distribution of precipitation 

was noted in 2017, whereas 2024 was characterized by a lower distribution, especially in August 

when only 2.9 mm of rainfall was recorded. Such reduced precipitation can further decrease crop 

yields, especially during the grain-filling stages, which are sensitive to drought. Lee (2011) reported 

that increasing temperature by 4 °C advanced the emergence of Chenopodium album and Setaria 

viridis by 26 and 35 days, respectively, and flowering time by 50 and 31.5 days. Similarly, 

Umkulzhum et al. (2024) observed that high temperatures promote the vigorous growth of Datura 

stramonium, so this plant could serve as a promising candidate in the context of climate change. 

 
Figure 5. The presence and number of weed flora during the 2017 and 2024 
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The maize-weed community at the examined localities consisted of 16 species, with an average 

density of 61.12 individuals m-2 over two years. The total number of weed species varied between 

years. In 2017, 12 species were recorded, with a total weed density of 99.75 m-2. The most prevalent 

species were Chenopodium album (32.50 weeds m-2), Ambrosia artemisiifolia (14.25 weeds m-2), 

Datura stramonium and Xanthium strumarium (9.25 weeds m-2) (Figure 5). The least represented 

species during this year were Cirsium arvense and Veronica persica (2.25 weeds m-2). Generally, 

weeds do not have an equal distribution or significance in crops across all regions of Serbia. In the 

broader area of Serbia, the most common species in maize are Abutilon theophrasti, Amaranthus 

retroflexus, Ambrosia artemisiifiolia, Bilderdykia convolvulus, Chenopodium album, Cirsium 

arvense, Convolvulus arvensis, Cynodon dactylon, Datura stramonium, Hibiscus trionum, Panicum 

crus-galli, Polygonum lapathifolium, Setaria glauca, Setaria viridis, Solanum nigrum, Sonchus 

arvensis, Sorghum halepense, Symphytum officinale and Xanthium strumarium (Nedeljkoviĺ, 2021). 

In contrast, 2024 was characterized by slightly lower precipitation and higher air temperatures 

especially during the growing season (April-September), and total of 10 weed species were recorded, 

with an overall density of only 22.50 weeds/m2, which is significantly lower than in 2017. The 

floristic composition of weeds this year did not include species such as Amaranthus retroflexus, 

Ambrosia artemisiifolia, Cirsium arvense, Setaria glauca, Veronica persica and Xanthium 

strumarium. The most dominant species in 2024 was grass weed Setaria viridis (10.50 weeds m-2; 

46.67%), and less represented were Amaranthus blitoides (2 weeds m-2), Chenopodium hybridum (2 

weeds m-2) and Sorghum halepense (2 weeds m-2), with a representation of 8.89%. Other species 

were even less prevalent. Across both years, an increase in the proportion of annual weed species 

(13 in total) was observed, attributed to the application of agrotechnical and chemical measures. 

Some study indicated that Setaria viridis would be a problematic weed in maize cropping systems 

due to its synchrony with maize emergence, likely stimulated by increased temperature (Peters and 

Gerowitt, 2014). Therefore, this species would become a competitor of maize at enhanced 

temperatures at the time of emergence (Ramesh et al., 2017). The obtained results indicate that the 

floristic composition of weeds in maize undergoes changes, reflected in the types of species, their 

number, and overall abundance, which are influenced by climate changes and site-specific 

conditions over the years. 

 

4. CONCLUSION 

 
Floristic investigation of weed species in maize crops found a total of 12 species in 2017 and 10 

species in 2024. The most common species were from the Asteraceae and Poaceae families. 

Examined weed flora is dominated by weed ruderal plants, and therophytes constituted the majority 

of the weed flora (75% in 2017 and 80% in 2024), indicative of their adaptability to the 

anthropogenic and climatic pressures (exceptionally hot and dry conditions) of the studied 

agroecosystems. The ecological analysis showed that examined agroecosystems were moderately 

dry, with neutral pH values, moderately rich in organic compounds, well aerated, well-lit, warm, 

non-saline, and characterized by conditions of moderately continental climate. In 2017, with higher 

precipitation and moderate temperatures, total weed density peaked at 99.75 weeds m-2, dominated 

by annual species Chenopodium album (32.50 weeds m-2) and Ambrosia artemisiifolia (14.25 weeds 

m-2). Conversely, 2024, characterized by slightly lower precipitation and higher temperatures during 

the growing season, saw a significant decline in weed density to 22.5 weeds m-2 and a shift in 

dominance to thermophilic weed Setaria viridis (10.5 weeds m-2). The results highlight those 

climatic variations, particularly temperature and precipitation relation to long-term average (1991-

2020), along with locations to weed management strategies, drive a significant shift in weed 

community in maize crops. 
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Abstract: Climate change is one of the most pressing global challenges of the 21st century, influencing various 

ecological processes and species distributions. One of the many species affected by these changes is Ambrosia 

artemisiifolia, a plant native to North America that has established itself in various regions and successfully 

spread to all continents except Antarctica over the last two centuries. Known for its potent allergenic pollen, 

common ragweed presents a significant threat to public health, agriculture, and ecosystems. As climate change 

continues to alter environmental conditions, its spread and impact are likely to intensify. Climatic changes have 

become increasingly evident in Serbia, particularly over the last two decades. In our region, we are witnessing 

hotter summers and a growing imbalance in rainfall during the growing season. However, these conditions did 

not limit the spread of ragweed, which has become increasingly common in Serbia, particularly in ruderal 

habitats. 

 

Key words: Ragweed, Novi Sad, Ruderal habitats 

 

1. INTRODUCTION 
 

Ambrosia artemisiifolia is native to North America but has become widespread in Europe since its 

introduction in the late 19th century (Essl et al., 2015). The plant has been aptly characterized as a 

highly successful dominant species thriving in abandoned areas, even under harsh ecophysiological 

conditions in extreme and unpredictable environment (Singh and Mathur, 2021). This species is 

inotorious for producing the allergenic pollen, which affects millions of people annually (Lake et 

al., 2017). In Europe, Ambrosia species have been linked to a significant rise in respiratory allergies 

in regions where they are found, impacting approximately 13.5 million individuals and incurring 

annual healthcare costs of up to 7.4 billion euros. (Schaffner et al., 2020). The increase in its 

distribution and abundance has been attributed to various factors, including land use changes, 

agricultural practices, and climate variability (Ziska et al., 2011). With global temperatures rising 

and weather patterns shifting due to climate change, understanding the potential impacts on A. 

artemisiifolia is crucial for predicting future ecological and public health challenges. 

 

The primary drivers of global climate change are urbanization, agriculture, industrial activities and 

the greenhouse effect. These climatic changes contribute to the annual rise in carbon dioxide (CO2) 

levels and surface temperatures on Earth. In general, climate change pertains to any alteration in 

climate that can adversely affects living organisms, including humans, plants and animals, ultimately 

harming the environment. It encompasses a range of environmental changes, including rising 

temperatures, altered precipitation patterns, and increased atmospheric CO2 levels (Kabir et al., 

2023). These factors can significantly influence the growth, reproduction and distribution of A. 

artemisiifolia. 

 

The Earth's average surface temperature is approximately 14 ÁC and has risen by nearly 1 ÁC over 

the last century. This elevation has altered precipitation patterns, resulting in either decreased or 

increased rainfall in various regions (Singh and Kumar, 2022). Higher temperatures can extend the 
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growing season for A. artemisiifolia, allowing it to germinate and thrive in previously unsuitable 

regions. Studies have shown that elevated temperatures significantly enhance the plant height, male 

inflorescences size, and pollen release duration (Cheng et al., 2023). Warmer autumn temperatures 

extend the growing season for ragweed.  

 

Additionally, the effect of doubling the CO2 levels led to a significant increase in the pollen count 

(Sikoparija et al., 2017). Wayne et al. (2002) found that the doubling of atmospheric CO2 

concentration resulted in a 61% increase in pollen production per ragweed plant. Singer et al. (2005) 

showed that recent and anticipated rises in CO2 levels could directly enhance the allergenic 

properties of ragweed pollen, potentially increasing the prevalence and/or severity of seasonal 

allergies. Furthermore, Ambrosia pollen collected near busy roadways exhibited greater allergenicity 

than the pollen from natural vegetative areas (Wayne et al., 2002). This not only intensifies the plant's 

allergenic effects, but also enhances its competitive edge over native species, further promoting its 

spread. 

 

Warmer spring temperatures result in earlier flowering and prolonged pollen production. In Europe, 

A. artemisiifolia is less common in the far north and far south due to environmental constraints. In 

the north, thermal and photoperiod limitations hinder its growth and, even though the populations 

can reach maturity and produce seeds, low temperatures and cold climate promote extinction. On 

the other hand, in the southern edge of its habitat, drought is considered a major factor limiting its 

invasion. However, global warming may render previously unsuitable regions in northern and 

northeastern Europe favorable for the species, enabling its expansion (Makra et al., 2015). 

 

Changes in precipitation can also affect the distribution of A. artemisiifolia, which is sensitive to 

very low or very high annual precipitation variability, indicating a general sensitivity to precipitation 

extremes (Case and Stinson, 2018). In Europe, strong summer droughts currently limit the ragweed's 

spread (Gallien et al., 2016). As climate change alters rainfall patterns, increased precipitation in 

certain areas may further enhance ragweed growth. 

 

Climatic changes have become increasingly evident in Serbia, particularly over the last two decades. 

A comparison of mean air temperatures during the summer months from 1981 to 2024 revealed that 

the summer of 2024 was the warmest, with precipitation levels below the average for this reference 

period. However, these conditions did not limit the spread of ragweed, which has become 

increasingly common in Serbia, particularly in ruderal habitats. 

 

The aim of the research is to estimate the effects of temperature and precipitation on the ragweed's 

appearance, spread in the monitored areas and duration of the pollination. 
 

2. MATERIAL AND METHODS 
 

In this study the included data comprise of the registered micro-localities with the ragweed 

occurrence during the growing season from May to October in four consecutive years, from 2021 to 

2024. The monitoring and determining the numbers, coverage and persistence of ragweed 

populations, as well as of the other allergenic species, was conducted in 14 suburbs of the 

municipality of Novi Sad. The weather data for the municipality of Novi Sad was sourced from the 

Republic Hydrometeorological Institute of Serbia, while the pollination calendar information was 

obtained from the City Administration for Environmental Protection in Novi Sad. 

 

2.1. Weather conditions  
 

From May to October 2024 was the warmest year, with notable temperature peaks in July (26.9 ÁC) 

and August (27.5 ÁC), while 2021 and 2023 had cooler conditions, particularly in May and June. 

Precipitation varied significantly, with 2023 being the wettest in May (124.8 mm) and 2022 
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experiencing extremes, including very dry conditions in May (17.9 mm) and heavy rainfall in 

September (159.0 mm). August was particularly wet in 2022 and 2024, while 2023 and 2021 had 

moderate rainfall overall. October was relatively stable, with 2021 being wetter and 2023 the driest. 

Overall, 2024 was the hottest, and 2022 showed the most dramatic precipitation variability. 
 

The average monthly temperatures and precipitation for Novi Sad and its surrounding areas for the 

four studied years compared with the reference period 1991-2020 can be seen in Tables 1 and 2. 
 

Table 1. Average monthly temperatures (ÁC) for Novi Sad and its surrounding areas and their 

evaluation using the percentile method relative to the reference period 1991-2020. 
 March April  May June July August September October November 

2021 6.2 9.6* 16.0** 23.3### 25.5### 22.1 17.9# 10.6** 7.2 

2022 5.5** 10.9* 19.1## 23.9### 25.1### 24.6## 16.8 13.7# 7.6 

2023 9.0# 10.4* 17.2 21.5 24.7## 23.7 21.4### 16.6### 8.4# 

2024 11.5## 15.3## 18.1# 24.3### 26.9### 27.5### 19.5## 13.5# 5.1* 

*- very cold, **- cold, #- warm, ##- very warm ###- extremely warm (www.hidmet.gov.rs) 

 

Table 2. Average monthly precipitation (mm) for Novi Sad and its surrounding areas and their 

evaluation using the percentile method relative to the reference period 1991-2020. 
 March April  May June July August September October November 

2021 42.8 55.1 62.9 23.9### 114.4* 46.4 16.4# 88* 114.6** 

2022 1.1 54.5 17.9### 43.6# 13.8## 103.9* 159.0*** 31.0 44.7 

2023 25.3 63.9* 124.8** 35.4# 58.2 39.9 63.5 11.4# 83.8* 

2024 / / / 57.3# 29.4 1.2## 130.1** 48.3## 59.5 
#- dry, ##-very dry, ###- extremely dry, *- rainy, **- very rainy, ***- extremely rainy (www.hidmet.gov.rs) 

 

3. RESULTS AND DISCUSION 
 

This study examines the impact of temperature and precipitation on the occurrence and spread of 

ragweed in the observed areas, with a focus on their impact on the duration of the ragweed 

pollination period from 2021 to 2024. The research found a different number of micro-localities with 

ragweed occurrence during the growing season from June to October in one year. Differences 

between years during the period 2021-2024, were also found in the number of micro-localities with 

ragweed occurrence in each month from June to October (Figure 1). According to the analysis of the 

average monthly air temperatures and precipitation levels for the same timeframe, it is observed  that   

the lower average temperatures in May 2021 led to a deceleration in the development of ragweed, 

resulting in the issuance of the first orders for its suppression only in mid-June of that year. 

According to official data from the City Administration for Environmental Protection in Novi Sad, 

the first ragweed pollen grains were detected in the air on July 1, with the main pollen season starting 

and ending five days later than the average. In June 2024, the warmest month compared to previous 

years, there was an intensification in ragweed growth, with as many as 323 micro-localities infested 

throughout all suburban settlements of the municipality of Novi Sad, surpassing numbers from 

previous years. 

 

Similarly, in 2022, extreme mean air temperatures in June and July, coupled with an unusually dry 

May and a very rainy or extremely rainy period in August and September, resulted in the shortest 

period with elevated pollen values recorded. The mean daily temperatures in September were within 

average values only in 2022 when a notable number of micro-localities under ragweed were 

observed and mapped compared to the same month in preceding years. Overall, 2024 stood out as 

the warmest among the examined years, leading to the mapping of the highest number of microsites 

and recommendations for early mowing (starting as early as May). During 2024, measuring stations 

in Novi Sad noted the appearance of ambrosia pollen in the air as early as June 9, the earliest date 

compared to the three previous years. 

 

http://www.hidmet.gov.rs/
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Finally, substantial precipitation in May 2023 hindered the emergence and growth of ragweed, 

resulting in the least number of microsites hosting the plant during June and July compared to the 

same period in other examined years. This, combined with high average temperatures in September, 

influenced the pollination calendar, causing the main pollen season to end five days earlier than 

usual. 

 

 
Figure 1. Number of micro-localities with ragweed population in suburban  

settlements of the municipality of Novi Sad 

 

4. CONCLUSION  
 

The impact of climate change on the spread of Ambrosia artemisiifolia in Serbia presents significant 

ecological, agricultural, and public health challenge. As environmental conditions continue to shift, 

the potential for this invasive species to expand its range and increase its prevalence is high. From 

the analysis of the presented data, it can be seen that extreme rainfall, as well as droughts, are not a 

limiting factor for the spread of ragweed or the emergence of new populations in micro-localities. 

Precipitation and air temperature somewhat dictate the beginning of the growing season and the 

length of the pollination period, but the increasingly frequent extremes of these parameters do not 

seem to restrict ragweed pollination. Constant monitoring is essential to provide the most accurate 

predictions of ragweed pollen occurrence and to anticipate its further spread. Regular surveillance 

and suppression efforts will play a critical role in managing the ecological and public health impacts 

of this invasive species. 

 

Based on the obtained results, precise recommendations can and are being given to the competent 

institutions regarding the timing and methods of the ragweed control in order to prevent pollination, 

fruiting and further spread of this invasive species. 
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