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Abstract

For agricultural production is used almost 40% of the global land from where it dominates conventional
agriculture which uses large amounts of inputs in the form of fertilizers and pesticides leading to the
contamination of soil, water resources, air pollution and land erosion, affects biodiversity and extinction of
many plants and animals. On the other hand, the world's population is constantly growing and currently
numbers more than 8 billion people and it is estimated that food production will have to double by 2050. In
order to meet the future needs of the population for food raw materials, food production must significantly
increase, and at the same time, the impact of agriculture on the environment and natural resources must be
drastically reduced. Sustainable agriculture is emerging as one of the solutions. This way of agricultural practice
refers to the management and preservation of natural resources through organizational and technological
changes in modern agricultural production in order to satisfy human needs and preserve the environment. One
of the most important natural resources on which the entire agricultural production relies is land. In intensively
cultivated lands, there is a noticeable trend of intense degradation, which represents a major problem facing
humanity. The paper reviews the decrease in soil fertility based on the samples collected during the five-year
monitoring, as well as a proposal for measures to increase fertility and future preservation of this environmental

resource.

Keywords: fertility control; natural resources; preservation of fertility; soil degradation; sustainable

agriculture

Introduction

Agriculture is imperative to human survival as it provides food for the growing world population, plays
a crucial role in economic development and is an important source of livelihood. On the other hand, agriculture
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is the main source of environmental degradation because it is considered one of the main factors affecting
climate change, leads to the depletion of fresh water resources, fish die-offs, contributes to the degradation of
soil fertility and environmental and soil pollution through the use of fertilizers and pesticides, modifies
landscape and damages the ecosystem’s goods and services, including biodiversity at all levels (Horrigan ez al,
2002; Chen and Yada, 2011; Paoletti ez al,, 2011; Popovi¢, 2015; Crews et al., 2018; Bojovi¢ ef al., 2022;
Bozovi¢ et al., 2022; FAO 2022; Zivkovi¢ et al., 2022). Globally agricultural land area is approximately five
billion hectares, or 38% of the global land surface (FAO, 2020). About one-third of this is used as cropland,
while the remaining two-thirds consist of meadows and pastures) for grazing livestock (FAO, 2020, 2022). It
is estimated that food production will have to double by 2050. Approximately a billion people are chronically
malnourished while, on the other hand, agricultural systems are concurrently degrading biodiversity, water,
land, and climate on a global scale (Foley e al., 2005; Foley ez al., 2011; Srednicka-Tober ez al,, 2016). With
the increase in world population the demand for agricultural yields has increased significantly, which has led to
the large use of pesticides and the production of chemical fertilizers in conventional agriculture. The use of
these chemical agents in agricultural fields has led to the degradation of soil quality and fertility. Increased and
indiscriminate use of fertilizers, especially nitrogen and phosphorus, has led to significant soil pollution by
lowering pH, making these nutrients unavailable to crops resulting in loss of productivity.

One of the characteristics of conventional agricultural production is the dominance of annual plants
grown in monocultures. Such crops lead to soil erosion, ecosystem degradation, and an increased number of
pests and weeds that have adapted to the cultivated crop (Crews ez 4/, 2018). Large amounts of different active
substances of pesticides are used to control them, due to the appearance of resistance, which occurs as
concomitant problem in monocultures. In recent decades, soil degradation has become a global problem and a
threat to both agricultural output and the terrestrial ecosystem and one of the most important threats facing
mankind. It is estimated that nearly 2 billion ha of soil resources in the world have been degraded (Jie ez 4/.,
2002). Once lost soil is irreplaceable i.e. 1 ecm of soil may take more than 500 years to form, yet can be lost
within a year (Alam, 2014). Some agricultural practices reduce soil fertility. Continuous cultivation disrupts
the natural cycle that returns abundant in minerals material from plants to the soil, which causes soil to lose its
fertility. The removal of vegetation cover from the land and the use of large fields without boundaries to slow
down the movement of water stimulates soil erosion. Soil compaction resulting from the use of heavy
machinery and inappropriate plowing techniques destroys soil structure and limits water infiltration (Alam,
2014). One option for managing the growing demand for food caused by population growth is sustainable
agriculture, which can also provide financial benefits to agricultural producers while conserving soil and other
environmental resources.

In this study, a five-year period of soil analysis was conducted. Based on literature data and reviewed
results of 6943 samples, the authors of the study propose measures to improve soil quality and bring the
conventional management system of agricultural production and land resources closer to sustainable. The aim
of this study was: 1. Soil analysis and comparison of fertility parameters during two samplings (2017 and 2022)
and 2. Proposal of measures to improve soil quality.

Materials and Methods

The soil research has been performed in the districts of Brani¢evo, an administrative area in eastern
Serbia. It is located between 44°42'10"-44°49'08" N and 21° 49'24"-22° 00’50” E and covers the area of
3865 km* According to the latest data of the Statistical office of the Republic of Serbia, census of agriculture
(2012) total available area of agricultural land in the Brani¢evo district is 210,234 ha, of which slightly more
than half (133,748 ha) is used for agricultural production.

The area of Branievo district is characterized by natural heterogeneity - the biggest part of the area is
covered by hills and lower mountains in the southeastern part, while the lower areas cover the northwestern
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part of the region and are located in the valleys of the Velika Morava, Danube, Mlava and Pek rivers. Due to
the presence of different geomorphological entities, surface and underground water and climatic conditions,
different types and subtypes of soil were formed Chernozems (leached, marshy, degraded), Vertisols, Vertisol
allluvial, Vertisol in podzolization, Eutric Cambisols, Eutric Cambisols in podzolazition, riparian black soil
(Humis Gleysols), ponds and swamps (Mrvi¢ ez al., 2016). Agrochemical soil analyzes in 2017 and 2022 were
performed in the laboratory of the Agricultural, Expert and Advisory Service of Pozarevac. In the larger area of
the Branicevo district, soil samples from various agricultural producers were analyzed between 2017 and 2022
to evaluate fertility. A total of 6943 samples were examined, which were taken from a depth of 0 to 30 cm.
Agrochemical analyzes were performed according to the following methods: determination of humus content
by the Kotzmann method (volumetric) - VDM 01; determination of easily accessible potassium by AL method
according to Enger-Richm (flame photometric) - VDM 02 (Figures 1 a-b) and determination of easily
accessible phosphorus by the AL method according to Enger-Richm (spectrophotometric) - VDM 03.

Figure 1. (a.) Flame photometric determination of K,O; (b.) Soil samples from individual producers

Statistical data processing was performed using the program Excel 2016. Data on multi-year climate
parameters of the research site (1990-2020) were collected at the meteorological station Veliko Gradiste (44°
45'144 "N, 21° 30' 29.4" E, altitude 68 m) (www.hidmet.gov.rs), and are shown in Figure 2. For the area of
the Brani¢evo district, a database was developed based on the results of both the first and second samplings,
which was used to compare the soil fertility parameters. Additionally, measures for soil conservation are
suggested, bringing the traditional management system of crop production closer to the more modern form of
sustainable agriculture.
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Figure 2. Multi-year average (1990-2020) of average monthly temperatures and total monthly
precipitation for Veliko Gradiste (44° 45’ 14.4" N, 21° 30’ 29.4" E, altitude 68 m)

Results

Soil analysis

Soil is one of the most important natural resources whose main function is to provide water and
nutrients to the plants that grow in it. It presents the central basis for all agricultural activities. Since humanity
began agriculture, land degradation has been the greatest threat to land productivity. One third of the world's
soil is moderately to highly degraded (Foley e 4/., 2005; Utuk and Daniel, 2015; Lal, 2015; Delgado-Bakuerizo
et al., 2018). This depletion may result from improper soil management and overly intensive farming (Amara
etal.,2017). Crop farming s an extractive process in which growing plants absorb nutrients from the soil. Once
the plants are harvested, the nutrients also go with them and leave the soil system nutrient deficient. This
process is done incessantly without providing enough rest to the land which causes nutrient depletion in soil
(Chaudhari ez al., 2021). Widespread deficiencies of N, P, K, S, Zn, Fe, B etc. are so intense that visual
symptoms are very often observed in major crops (Singh and Mishra, 2012). In intensively cultivated soils are
being depleted with available nutrients especially secondary and micronutrients. Longer use of physiologically
acidic fertilizers can acidify the soil solution (Huangez al., 2023). Stoki¢ ez al. (2022) in their research state that
more than half of the meadow soils (68.21%) were in the group of acidic (pH 4.5-5.5) and strongly acidic soils
(pH 4.5). These acidity groups include 58.84% of field soils, 56.25% of orchards and 35.79% of vineyards
(Stoki¢ et al., 2022). For that reason, evaluation of fertility status of the soils of an area or a region is one of the
most important aspects in the context of sustainable agriculture (Singh and Mishra, 2012). Systematic control
of soil fertility is a measure aimed at monitoring changes in various parameters of soil fertility, i.e. nutrient
content. The basic parameters of soil fertility include the acidity of the soil solution, substitutional acidity, i.c.
acidity of the solid phase, content of carbonate, humus, total nitrogen and readily available forms of phosphorus
and potassium (Stoki¢ ez a/., 2022)

The majority of agricultural lands in intensive production are faced with the depletion of the reserve of
soil organic matter. Severe loss of soil organic matter can cause degradation and reduce soil functionality, its
capacity to provide essential ecosystem services and soil health (Lal, 2020). Therefore, restoration of soil organic
matter content in agroecosystems soils can reverse degradation trends, improve ecosystem services (Banwart ez
al.2015) and advance sustainable development goals (Lal ez 4/, 2018). Most soils contain less than 2% organic

matter, but fertile soil should have between 2 and 8%. Significant amounts of the organic matter in sandy, acid-
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leached soils is in the form of fulvic acids and plant debris. In neutral and alkaline soils a large percentage of the
organic matter is present in the form of humic acids and humin (Pettit, 2004). An increase in soil organic
matter content can partially replace the use of chemical fertilizers and additional irrigation, while restoring the
environment (Lal, 2020). According to Lal (2020), there are two key properties affected by soil organic matter
content: it increases plant available water capacity (PAWC) and increases the availability of essential nutrients
to plants, especially nitrogen (N) (Lal, 2020). Sustainable management of soil organic matter content has
benefits in terms of saving/replacing N and other fertilizers (Johnston e 4l., 2008; Schjenning ez 4l., 2018;
Hijbeck ez al., 2018), together with saving irrigation water (Williams ez 4. 2016; Ankenbauer and Loheide II,
2017).

The results of this study indicate that the average content of humus in the tested samples decreased by
0.53% in a short period of time of only five years (Tables 1). Observing the examined soils according to humus
content, it is possible to see a decrease in the number of samples from the high humus class from 7.68% to
0.63%, medium humus from 58.60% to 45.38% and an increase in the proportion of low humus from 33.60%
t0 53.98%. Johnston ez al. (2008) noted that the loss of reserve organic matter content can reduce the content
of essential nutrients (nitrogen [N], phosphorus [P] and sulfur [S]) Severe loss can also lead to the release of
some toxic elements due to the decrease in chelation and adsorption capacity of the soil (Griftiths ez 4/, 2005;
Gregory et al., 2015; Lehmann ez al., 2017). The range of adequate organic matter reserve levels can differ

between different soil types, climates and farming systems.

Table 1. Average values, absolute minimum, absolute maximum, deviation standard and coefficient of
variance for surveyed soil fertility elements

Elements of fertility Hummus N §20s K0
(%) (%) (mg 100 g') (mg 100 g")
2017
X 353 0.18 14.98 22.39
MIN 1.87 0.09 1.03 5.13
MAX 19.79 0.99 40.00 40.00
6 1.05 0.05 19.66 6.90
CcV 0.30 0.30 131 031
2022
X 3.01 0.15 13.60 26.20
MIN 131 0.07 232 5.52
MAX 552 0.30 40.00 40.00
6 0.68 0.03 10.17 8.99
CcV 0.23 0.23 0.75 0.34

For proper plant growth and development, nitrogen (N) is a crucial macronutrient (Triptahi e 4/,
2022). Nitrogen is essential in the formation of protein, and protein makes up the tissues of most living things
(IFA, 2022). Most plants absorb nitrogen from the soil in mineral form (i.e. NO®” and NH*). Most of the
nitrogen in the soil is in the form of organic compounds (humus 90-95%), which can be used as a source of
nitrogen for plants only after the mineralization process. Lack of nitrogen leads to reduced growth and
development of plants, reduced yield and product quality, as a result of which nitrogenous mineral nutrition is
an imperative in fertilization technology (Triptahi e al,, 2022, Stiki¢ and Jovanovi¢, 2017). According to the
results there was a 0.03% decrease in the average nitrogen content of soil in 2022 as compared to 2017.
Additionally, there were no samples in the very high nitrogen content in 2022 compared to 2.44% in 2017
(Figure 3). The number of samples in the high nitrogen content class in 2022 was also reduced by 16.8%. In
contrast, there was an increase in the number of samples in the medium nitrogen content class by 12.3% (from
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7431 in 2017 to 86.61% in 2022). This is directly related to the loss of organic matter, which unavoidably
causes to an increase in degradation processes in the soil.

With the intensification of agricultural production, phosphorus (P) is gaining importance as a non-
renewable resource (Cordell ez 4/, 2009; Gilbert, 2009). The basic feature of phosphorus is its low availability
due to slow diffusion and high fixation in the soil, which can be the main limiting factor for plant growth.
Understanding the link between the soil, rhizosphere, and plants in terms of phosphorus transformation and
mobilization as well as plant responses to phosphorus lack has advanced significantly in the past two decades
(Shen ez al.,, 2011). Including the process of photosynthesis, phosphorus supports the ability of plants to use
and store energy (IFA, 2022). Also, has significance because it helps plants survive cold temperatures and
diseases, it affects yield amount and quality, and a deficiency results in chlorosis and stunted plant growth
(Stiki¢ and Jovanovi¢, 2017). Phosphorus also plays an important role because many metabolic processes
cannot be realized without its compounds and plants cannot complete their cycle of growth and development
(Gupta ez al., 2017; Stiki¢ and Jovanovi¢, 2017). The average content of phosphorus in the tests conducted in
2017 was 14.98 mg 100 g, while the average value in 2022 was 13.60, which is 1.38 mg 100 g less than in 2017
(Figure 3). Despite of the average decrease in phosphorus content in samples in 2022, a positive trend is
observed in the decrease in the number of samples in the low phosphorus content class (from 60.81% in 2017
t0 49.54% in 2022) and the increase in the number of samples in the medium phosphorus content class (from
18.25% in 2017 to 31.15% in 2022). Regardless of the average decrease in phosphorus content in samples in
2022, a positive trend is observed in the decrease in the number of samples in the low phosphorus content class
(from 60.81% in 2017 to 49.54% in 2022) and the increase in the number of samples in the medium
phosphorus content class (from 18.25% in 2017 to 31.15% in 2022). The number of samples in the high
phosphorus content class decreased slightly by 0.64%, from 19.95% to 19.31%. Positive trends in the content
of phosphorus in the soil of the Brani¢evo district are the result of the planned monitoring of soil fertility,
which was financed by the Ministry of Agriculture of the Republic of Serbia and the local self-government.
Individual agricultural producers followed the recommendations for the application of mineral fertilizers in
accordance with the obtained results of soil fertility and cultivated crops.
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Figure 3. Grouping of soils according to the values of examined fertility elements
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Of the major nutrients, potassium (K) is usually the most abundant in soil and has a major impact on
plant growth and yield. The availability of K varies depending on soil properties, i.c. humidity, aeration,
temperature, processing system (Mouhamad ez 4/, 2016). Although it is not a constitutional element and does
not enter into the composition of organic compounds, potassium activates the work of a large number of
enzymes (about 70) and manages a large number of physiological processes in plants. Potassium helps plants
resist disease and has an important role in increasing crop yields and quality. Additionally, potassium protects
the plant in cold or dry conditions, strengthening its root system (IFA, 2022). The soils of the Branic¢evo district
are rich in potassium content, which is the result of the richness of the parent substrate with this element.
Inadequate application of mineral fertilizers, which does not take into account the presence of potassium in
the soil, led to a significant increase in the content of this element in a five-year period. The number of samples
in the high K content class increased from 50.69% in 2017 to 67.72% in 2022 (Figure 3). However, high
content of K in the soil can have a negative effect on the availability of N, magnesium (Mg), calcium (Ca) and
some microelements such as boron (B) and molybdenum (Mo), due to their mutual antagonistic effect (Duki¢
et al., 1998).

Based on the results, the main soil problem in Brani¢evo district is the lack of organic matter. The lack
of organic matter leads to a lack of N, reduced activity of beneficial microorganisms, reduction of adsorptive
capacity of the soil, reduced buffering capacity of the soil, destruction of structural aggregates of the soil,
reduction of water and air capacity and erosion of the soil due to loss of structure. All these processes inevitably
lead to further soil degradation.

Discussion

Improvement strategies based on the analysis of the fertility parameters

Soil degradation trends can be reversed by conversion to a restorative land use and adoption of
sustainable management practices (Lal, 2015; Utuk and Daniel, 2015; Bastan e 4/, 2017; Laki¢ ez al., 2020;
Popovi¢ et al., 2020; 2021; 2022; Burié et al., 2023; Markoski et al., 2023; Simi¢ et al., 2023). Sustainable
agriculture includes, inter alia, soil and water conservation; crop rotation; diversified crop and livestock
farming; integrated pest management practices; limited use of synthetic herbicides, pesticides, and fertilizers;
low input agriculture; and organic farming (James, 2006; Stevanovi¢ e# al., 2022). The sustainability of
agriculture can be increased and by integrating crop and livestock production, using hedgerows, cover crops
and water tanks to attract populations of beneficial insects, bats and birds, favoring crop rotation and
intercropping over monoculture. Planting part of the land in trees and other perennial crops, long-term
rotations, managing pastures to support a diverse selection of forage plants, planting off-season cover crops
(Earles and Williams, 2005), using natural organic pesticides (neem oil, lavender oil, cottonseed oil, garlic oil,
peppermint oil, etc.) (Mfarre and Rara, 2019) and solid waste management (Chev ez 4/, 2019) are ways in
which we can manage agricultural land and at the same time enable long-term sustainability of natural
resources. For sustainable agricultural management and prevention of soil degradation processes, the dynamic
nature of soil is of primary importance, which is a direct manifestation of soil microbes (Tscharntke ez 4/, 2012;
Popovi¢, 2015; Paustian ez al., 2016; Alfoeldi ez al., 2002; Gouda ez al., 2018).

Plant nutrients can be provided by mineral, organic or organo-mineral fixation or the weathering of soil
minerals (Milunovié¢ ez al., 2022; Lakié ez al., 2022; Kosev et al., 2022; Bakmaz et al., 2023; Vasileva et al., 2023).
The fertilizer industry produces mineral or manufactured fertilizers which content nitrogen, phosphorous and
potassium, (or NPK), which are the primary nutrients in plant nutrition and also in manufactured fertilizers.
Plants absorb more nitrogen than any other element. A wide range of products supplying one or more essential
mineral nutrients to plants are available to farmers today. Growers can also combine fertilizer applications with
plant biostimulants — a tool for sustainable agriculture (IFA, 2022).
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According to the IFA (2020) plant biostimulants are products that contain substances and/or micro-
organisms whose function when applied to plants or the rhizosphere is to stimulate natural processes
independently of the product’s nutrient content to enhance/benefit nutrient uptake, nutrient efficiency, and
tolerance to abiotic stress, yield, and crop quality. Therefore, plant biostimulants are an important tool for
sustainable agriculture. They are complementary to mineral fertilizers by improving availability, assimilation,
translocation, and use of certain plant nutrients.

Examples of plant biostimulant components:

®  Humic substances, which include humic and fulvic acids, are among the most common organic
substances, making up much of the organic matter in the world's soils and play a vital role in soil
fertility and plant nutrition. They are formed in the soil as byproducts of the decomposition and
microbial metabolism of plant and animal residues (Pettit, 2004; IFA, 2020). The nutritional quality
of harvested food and fodder is superior if plants are grown on soils containing humus. In addition,
plants grown on such soils are less susceptible to stress, are healthier and give higher yields (Pettit,
2004).

®  DPlants and seaweed extracts contain some compounds with biostimulant effects that can stimulate the
growth of roots and shoots, flowering and fruit development, positively influence the development of
cells and tissues, providing increased access and use of available plant nutrients (IFA, 2020).

®  Peptides and amino acids as important molecules in plant mechanisms because they are the basis of
proteins. Some bioactive peptides are able to modulate important physiological functions of plants
(IFA, 2020).

® It has been shown that microbial biostimulant products (fungi and bacteria) enhance plant growth and
increase availability and uptake of nutrients, help plants tolerate abiotic stress, improve crop quality
and general soil condition. In the plant nutrient space, the most common biological products include
nitrogen-fixing bacteria, phosphorus solubilizing bacteria, and mycorrhizal fungi (IFA, 2020). About
80 to 90% of plant species are colonized by arbuscular mycorrhizal fungi (AMF) which, in this
symbiotic relationship, facilitate plant uptake of mineral nutrients (as first phosphate and nitrogen)
and draw organic nutrients from the plant (Jiang ez 4/, 2017,). Plants with arbuscular mycorrhiza
through the symbiosis, among other benefits, receive protection from pathogens (Veresoglou and
Rillig, 2012; Madawala, 2021) weed control (Veiga et al., 2011; Bozovi¢ er al, 2022) and better
enduring adverse conditions (Lehmann ez /., 2017; Madawala, 2021).

o Inorganic compounds that include some chemical elements that promote plant growth and may be
essential to particular taxa (IFA, 2020).

Other possibilities for improving soil quality and fertility:

®  Organic fertilizers — their use in agriculture is significant, primarily because they release nutrients
slowly and avoid giving too much nitrogen, phosphorus or potassium. In addition, they help create a
good environment for beneficial soil organisms, such as earthworms, which improve soil structure by
incorporating organic matter into the topsoil while creating drainage and air tunnels (Olle and
Williams, 2021).

®  Biochars are carbon-rich materials that could sequester carbon in soils improve soil properties (Glaser
et al., 2014) findings demonstrate that biochar-fertilizer combinations have a better performance than
pure fertilizers, in terms of yield and plant nutrition;

®  Natural pesticides are natural materials (for example - vinegar, mint or red chili pepper.) work as killers
or repellents to reduce or destroy pests and unwanted organisms that affect human health, agricultural
crops and environment as well. Unlike synthetic pesticides, organic pesticides help to achieve the
environmental sustainability and more easily decompose (Mfarre and Rara, 2019).



Stupar V et al. (2024). Not Bot Horti Agrobo 52(1):13389

o Use of Plant growth-promoting rhizobacteria (PGPR). Plant growth promoters function as a
coevolution between plants and microbes showing antagonistic and synergistic interactions with
microorganisms and soil. Soil revitalization using plant growth promoters can be achieved by bio-
fertilization, root growth enhancement, rhizoremediation, disease resistance, etc. (Gouda ez a/., 2018.)

o Using legumes in cropping systems increase biological nitrogen fixation. This method also reduces
energy costs and improves biodiversity and soil physical conditions (Peix ez a/. 2015). Although
legumes are important crops for human and livestock food, their cultivation remains below that of
other crops, such as cereals. This is the result of the replacement of traditional agricultural systems by
industrialized systems, mainly based on cereals, which rely heavily on fossil fuels, and as a result, the

area of most legumes (pea, fava bean, vetches and lupine) in temperate conditions has declined across
the world in the last 50 years (Rubiales and Miki¢, 2015).

Conclusions

One of the biggest problems facing modern agriculture is soil degradation. In degraded land, there is a
noticeable lack of nutrients, which inevitably leads to a decrease in crop yield and quality. Global food
production will double by 2050, therefore sustainable solutions are needed to improve agriculture in order to
increase yields, preserve land resources and environmental resources in a way that would guarantee the
satisfaction of current human needs, as well as the provision of future generations. For the desired long-term
quality of the soil, balanced plant nutrition is necessary, i.c. a balanced supply of nutrients in the soil. Some of
the proposals to achieve this while promoting sustainability are:

¢  Reduction of all types of erosion;

e Installation of an isolation belt, trees and bushes as a natural shield;

® increasing organic matter in the soil with harvest residues and green manure;

® cncouraging the work of microorganisms that will transform organic matter into a form available to
plants;

¢ Intensification of crop rotation and diversification of crops;

¢ Planting clover, legumes and other crops that fix nitrogen in the soil;

® Reduction of intensive tillage and introduction of integral or conservation tillage;

¢ Grazing, optimal intensity;

¢ Production planning so that the biological potential of soil, water and other resources can be
regenerated.

Long-term soil management by applying the proposed measures contributes to restoring natural soil
fertility and reducing erosion, i.c. increasing crop productivity while minimizing the potential impact on land
resources and the environment, which are the basic principles of sustainable agriculture.
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