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characteristics to analyse the suitability of land for cereal crop cultivation, using wheat as an example. The study
identified key factors affecting yields and developed recommendations for effective land management. An AHP
was employed to weight various criteria, including physical, chemical and climatic characteristics. The data
were processed to determine the impact of each factor on land suitability, with consistency checks to ensure
the reliability of the results. The study showed that Flood and erozion hazard characteristics (32.2%) and Soil
pysichal characteristics (25.6%) are the most important physical factors. Acidity (pH) and Cation Exchange Capacity
(CEC) have a significant impact on nutrient availability, while average temperature and precipitation determine
the main climatic conditions for wheat growth. Flood and erosion risks are also addressed for the long-term
suitability assessment. The AHP was used to assess the suitability of land for wheat cultivation, identifying the most
important factors and their weights. Practical recommendations included applying agronomic measures to reduce
erosion risks and improve soil fertility. The results of the study can be used by agronomists, land managers and
policymakers to improve land management, which will contribute to increased agricultural production efficiency
and food security in the face of climate change

Keywords: assessment criteria; soil fertility; erosion risk; climatic factors; land management; agronomic measures

INTRODUCTION

Assessing the suitability of land for growing crops has
been a critical process for ensuring food security, sus-
tainable use of resources and optimising land use. In
the context of global population growth and limited
agricultural land resources, there is a need for accurate
and scientifically sound approaches to determining the
most efficient use of each plot. The production of cereals
such as wheat has become a staple of the diet of many
countries, and optimising their cultivation processes
has had a significant impact on food independence
and ecosystem resilience. Therefore, it was important
that the land allocated for this crop met agricultural
and ecological criteria and provided the highest yields
while preserving soil quality and the environment.

Despite significant advances in the assessment
of land suitability for crops, numerous challenges re-
mained related to the objectivity and accuracy of de-
cision-making in this area. The Analytical Hierarchy
Process (AHP) method developed by T. Saaty (1980)
is widely used in management research, including in
the agricultural sector. It ensures the formalisation of
multi-criteria decision-making processes and provides
by ranking criteria based on their weight. This method
was used to address both quantitative and qualitative
indicators, making it particularly suitable for complex
tasks such as land suitability assessments. However,
studies that have applied this method to the valu-
ation of land for growing grain crops have remained
limited. Numerous scholars have applied AHP to land
valuation in various environmental and economic
contexts. S. Abate and M. Anteneh (2024), as well as
E. Nungula et al. (2024) demonstrated how the phys-
ical and chemical characteristics of soils can be as-
sessed using Geographic Information System (GIS) and
AHP approaches, which ensures accuracy in determin-
ing the optimal conditions for growing grain. J. Oladi-
meji (2024) highlighted the use of GIS-based AHP to
assess land suitability for rice, confirming the impor-
tance of multi-criteria analysis in decision-making,

which is also critical for cereals. D. Ming (2024) and
K. Nabiollahi et al. (2024) emphasised that integrat-
ing machine learning into traditional valuation mod-
els can further improve the accuracy of the results.

R. Makar et al. (2024) and A. Dutta et al. (2024)
demonstrated the successful application of AHP in var-
ious agronomic contexts, showing the potential of the
method to improve land suitability assessment. Nev-
ertheless, a gap in the integration of socio-economic
factors remains, which highlights the need for further
study of this aspect. P. Bazkiaee et al. (2024) demon-
strated how modern remote sensing technologies can
support and improve land suitability assessment, but
there is a need to develop standards for the effective
integration of different data sources into a single AHP
model, which will be an important step for practical im-
plementation in the field of grain production. The study
of Ukrainian scientists M. Lubskyi et al. (2024) modelled
the vulnerability of the steppe landscape and climatic
zone of Ukraine to climate change using remote sens-
ing data. Satellite imagery for vulnerability modelling
was used to address the impact of climate change on
crop productivity, which is also necessary for predicting
changes in land suitability in the face of global warming.

The problem of multi-criteria selection of alterna-
tives, which is relevant for land suitability assessment
tasks, where various factors (climate, soil, accessibil-
ity, etc.) need to be integrated into a single model,
was studied by S. Sveshnikov et al. (2024). This study
provides a methodological framework for the appli-
cation of multicriteria analysis in agricultural and en-
vironmental research and decision-making based on
criteria weighting, similar to the application of the
AHP method for land suitability assessment. Albanian
researchers and world scientists assessed the suitabil-
ity of land based on a multi-criteria analysis to deter-
mine the optimal conditions for agriculture, addressing
various factors such as climate, topography, hydrology
and infrastructure parameters. The use of multi-criteria
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decision-making methods in combination with GIS
provides a detailed assessment of environmental and
socio-economic parameters that are key to sustainable
land use planning in Albania. The study is also carried
out by international experts who use various methods
to assess land suitability, including a specific approach
to structuring multifactorial problems, such as AHP
methods, which provides greater transparency in the
process of determining the weighting of criteria.

In these studies, the authors concluded that AHP is
a consistent way of prioritising factors affecting yield
and environmental sustainability. Despite significant
progress in the use of AHP to assess land suitability,
researchers have noted gaps in the study of specific cri-
teria for growing cereals, namely wheat. For instance,
studies have addressed general factors such as soil
structure, depth and acidity, but have not sufficiently
considered aspects such as erosion risk, water availabil-
ity and climatic characteristics that are crucial for grain
yields. In addition, the study of different environmental
conditions, including those in specific regions such as
Albania, remained underrepresented, limiting the ap-
plicability of existing methods to other climatic zones.

Thus,the study aimed to analyse the weighting coef-
ficients of the criteria for the suitability of land for grain

crops on the example of wheat in the context of Albania
and Ukraine in more detail. This study provided a de-
tailed description of the main criteria that influence the
productivity of cereal land and weighs them using AHP.

MATERIALS AND METHODS

The study was conducted on the research plots of the
Agricultural University of Tirana and Mykolaiv State
Agrarian University. The data collection included phys-
ical, climatic, chemical and biological soil character-
istics, as well as erosion risks, which were used for
further analysis using the AHP method. In the current
research, AHP was applied to describe the multi crite-
ria evaluation. AHP is a multi-criteria decision-making
approach. AHP technique is the most important point
of this assessment, because careful organization of
sub-criteria of main criteria if weights properly, repre-
sent perfect suitability order and fulfills the goal. The
pair-wise comparison matrix (PWCM) was carried out
for rating and weighting of sub-criteria in each group
as well as for the final main group. For comparing the
two sub-criteria the fundamental scales given by T. Sat-
ty (1980) were used. A nine-point rating scale, based
on a criterion, used by T. Satty is showed in Table 1, in
making this judgment.

Table 1. Importance ranking of pairwise combination of factors

Scale Degree of Explanation
preferences

1 Equally Two activities contribute equally to the objective

3 Moderately Experience and judgment slightly to moderately favor one activity over another

5 Strongly Experience and judgment strongly or essentially favor one activity over another

7 Very strongly An activity is strongly favored over another and its dominance is showed in practice

9 Extremely The evidence of favoring one activity over another is of the highest degree possible of an affirmation
2,4,6,8 Inti;Tj:S'ate Used to represent compromises between the preferences in weights 1,3,5,7 and 9

Reciprocals Opposites Used for inverse comparison

Source: T. Saaty (1980)

The AHP method was chosen as the main method
for weighting and prioritising land suitability criteria.
The AHP can be used for a structured division of com-
plex tasks into separate hierarchical levels, starting
with the research objective (hereinafter referred to as
criteria) and ending with sub-criteria, and provides the
possibility of allocating weights based on expert as-
sessment of each criterion.

The following criteria were used to assess the suit-
ability of the land:

1. Climate indicators: average daily temperature
during the crop cycle and total rainfall during the crop
cycle, which significantly affect crop productivity (Sys et
al.,1991).

2. Physical and quality characteristics of the soil:
data on soil depth (cm), texture, drainage, water availa-
bility (mm/m), and coarse particle content.
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3. Biological and chemical characteristics of the
soil: fertility class (soil fertility classes are determined
by the analysis of 7 agrochemical parameters (pH (H,0),
organic matter %, assimilable P ppm, exchangeable
K me/100 g, exchangeable Mg me/100 g, Ca:Mg ratio,
K:Mg ratio), electrical conductivity (EC), exchangeable
sodium (ESP), and cation exchange capacity (CEC).

4. Flood and erosion risk: slope (%), aspect of the
terrain, erosion risk and flood frequency.

5. Availability: distance to water sources (m) and
roads (km).

This data was analysed using Excel, where the
values were weighted and normalised for each group
of criteria to obtain the final weighting factors. The
weighting process was carried out employing expert
assessments using pairwise comparisons, where each
criterion was assigned relative importance according to




its impact on the suitability of land for growing grain
crops. The obtained values of the pairwise comparisons
were used to calculate the weighting coefficients of
each criterion and then to calculate a generalised as-
sessment of land suitability.

The weightings for each criterion were calculated
in five separate groups, as well as for all criteria togeth-
er to provide a comprehensive assessment of suitabili-
ty. The share of each criterion was presented in tables,
which were used to assess the compliance of land plots
with the criteria for growing grain crops. To process and
analyse the data, Excel was used to calculate weights,
which identified the factors affecting land suitability.
This methodology provides a comprehensive approach
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to assessing land suitability, addressing the various en-
vironmental and technical factors that influence the
choice of sites for growing grain crops.

RESULTS

General results of the assessment of land suitability for
growing grain crops. The results of the assessment of the
suitability of land for growing grain crops, using wheat
asan example,using the AHP method showed the impor-
tance of various factors affecting agricultural produc-
tion. Five main groups of criteria were considered, each
of which contributed to the overall suitability score. Ta-
ble 2 shows the weights of each group of criteria based
on their importance for successful grain production.

Table 2. PWCM for five main groups of criteria

er::?oondhaanz‘:\rd cf\g:'la':thg:’silsctiacls chtes:1lilt:|ajll.c;l:ag|'|::tlear?sctlics Climate Accessibility  Weights (%) Rank
1 1 2 3 4 32.2 1
1 1 1 2 4 25.6 2
1/2 1 1 2 4 22.3 3
1/3 1/2 1/2 1 4 14.1 4
1/4 1/4 1/4 1/4 1 5.8 5
Consistency ratio=4% $=100

Source: compiled by the authors

The evaluation of land suitability for grain crop
production, exemplified by wheat, was conducted us-
ing the AHP. The analysis focused on assessing the im-
portance of various factors that influence agricultural
productivity. The criteria were grouped into five major
categories, each contributing differently to the overall
suitability score. With the highest weighting of 32.2%,
flood and erosion hazard are the most critical factor.
This category reflects the significant impact of environ-
mental hazards on soil stability and crop sustainability.
Ranking second with a weight of 25.6%, the physical
properties of the soil, including texture and depth, play
a crucial role in determining water retention and root
development. Weighted at 22.3% (rank 3), these attrib-
utes include organic matter and soil pH, both vital for
fertility and nutrient availability.

At 14.1% (rank 4), climatic conditions, such as pre-
cipitation, influence water availability and crop viability
but are less influential compared to soil-related factors.
This criterion has the lowest weight of 5.8% (rank 5), as
logistical and infrastructural considerations, while im-
portant,are secondaryto biophysical and environmental
factors.The consistencyratio ofthe pairwise comparisons
was calculated at 4%, indicating reliable and consistent
assessments. The weights and rankings underscore the
dominant role of soil and environmental hazards in
land suitability assessments for grain crop cultivation.

The impact of climatic characteristics on land suit-
ability. To assess the suitability of the land for climatic
characteristics, data were collected average daily tem-
perature during the crop cycle and total rainfall during

the crop cycle in the selected areas. Climate parame-
ters, such as temperature and precipitation, have a sig-
nificant impact on grain production, as they determine
the availability of heat and moisture needed for optimal
plant growth. The weight in % for temperature and pre-
cipitation are 50% for each. Air temperature is a critical
factor in determining the development cycle of wheat.
The ideal temperature range for growing wheat is usu-
ally between 10°C and 25°C. Wheat has an optimum
temperature for seed germination (15-20°C) and grain
development (20-25°C). If the temperature exceeds or
falls below these limits, it can cause plant stress, stunt-
ed growth or even complete crop failure. For example,
excessively high temperatures during the pollination
period can cause grain formation disorders and reduce
yields (Kalenska et al., 2023). Low temperatures, espe-
cially during germination, can slow down development
and make plants more vulnerable to disease.
Precipitation is another important factor that deter-
mines the availability of water to plants. Wheat needs
sufficient water throughout the growing season, al-
though the requirements vary depending on the stage
of development. Optimal rainfall for wheat is typically
350-1250 mm: total rainfall during the crop cycle, de-
pending on the type of soil and climatic conditions in
the region (Sys et al., 1991). Insufficient precipitation
can lead to drought, which causes the soil to dry out
and reduces the availability of water to the root system.
This, in turn, significantly reduces yields and can make
land unsuitable for cultivation. On the other hand, too
much rainfall can be just as damaging as too little.

Scientific Horizons, 2024, Vol. 27, No. 12
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Excessive moisture can cause waterlogging, increase
the risk of diseases such as root rot, and even lead to
floods that destroy crops.

These two climate factors do not act separately but
interact with each other. For instance, in regions with
high temperatures, the need for water increases signif-
icantly, and if there is insufficient rainfall, the soil can
dry out quickly, which worsens conditions for wheat.
In colder regions, where evaporation is less, the same
precipitation may be sufficient to maintain an optimal
water balance. Therefore, the analysis of these factors

should address their interaction and seasonal fluctua-
tions. The results confirm that average temperature and
precipitation levels have a significant impact on land
suitability. For instance, areas where the average tem-
perature exceeds 25°C or where rainfall is less than 600
mm had lower suitability scores.

Analysis of the physical characteristics of the soil.
The assessment of the physical characteristics of the
soil included parameters such as depth, texture, drain-
age,overall water availability and coarse particle levels.
The weighting factors are shown in Tables 3 and 4.

Table 3. The weight of physical characteristics of soil

Criterion AHP value Percentage
Texture 0.37 37%
Soil depth (cm) 0.247 24.7%
Drainage 0.189 18.9%
Coarse particle content 0.122 12.1%
Water availability (mm/m) 0.073 7.3%

Source: compiled by the authors

Table 4. PWCM for physical criteria

Texture Soil depth Drainage Coarse particle content  Water availability Weights (%)
1 2 2 3 4 37
1/2 1 2 2 3 24.7
1/2 1/2 1 2 3 18.9
1/3 1/2 1/2 1 2 12.1
1/4 1/3 1/3 1/2 1 7.3
Cosistency ratio=2% =100

Source: compiled by the authors

The physical characteristics of the soil, such as soil
depth, texture, drainage, water availability and coarse
particle content, are crucial in determining the suitabil-
ity of land for wheat production. Each of these factors
is substantial in providing favourable conditions for
crop growth, affecting water balance, aeration, erosion
resistance and other important aspects. The depth of
the soil determines the amount of space for the de-
velopment of the root system and moisture reserves.
Soils with a depth of more than 100 cm are the best
for growing wheat, as they provide sufficient water
and nutrients to promote sustainable plant growth.
The weight of this criterion is 24.7% which indicates
its significant impact on the overall suitability of land.
Deep soils also have an advantage in terms of drought
tolerance, while shallow soils with a depth of less than
50 cm are often unsuitable for cultivation because they
cannot retain enough moisture.

Texture determines water permeability, aeration
and nutrient retention. Loamy, clay loam and silty loam
soils are the most favourable for wheat due to their
ability to hold water well and provide good aeration.
Sandy soils have the worst suitability due to their low
water-holding capacity. The weight of this criterion is
37%, making texture the most important factor in this
assessment. Research shows that loamy soils promote

Scientific Horizons, 2024, Vol. 27, No. 12

uniform plant development and yields, while exces-
sively sandy or heavy clay soils create difficulties for
the root system. Drainage determines how quickly the
soil can remove excess water. Poor drainage can lead
to waterlogging, which is harmful to wheat, while too
much water can be removed too quickly, causing mois-
ture deficits. A balance in drainage characteristics is key
to maintaining optimal moisture. Wheat requires soils
with moderate drainage, where water is retained long
enough to moisten, but not so long as to cause root rot.

The next indicator determines the amount of mois-
ture that the soil can hold for plant use. High water
availability ensures long-term moisture in the root zone,
which contributes to healthy plant development and re-
duces dependence on precipitation. Under conditions of
moisture deficit, wheat yields decline sharply, therefore
this factor is substantial in the selection of suitable land.
The content of coarse particles in the soil determines
how well the soil can retain structure and store moisture.
A high content of coarse particles such as gravel can re-
duce the soil’s ability to hold water and nutrients, mak-
ing it less suitable for wheat production. The results of
the study show that areas with optimal soil depth, good
drainage and water availability have significant advan-
tages for growing grain crops. On the other hand, a high
level of coarse particles reduces the suitability score.




Assessment of chemical and biological characteris-
tics of the soil. The analysis of the chemical and biolog-
ical characteristics of the soil included an assessment
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of parameters such as soil fertility, EC, ESP and CEC.
Tables 5 and 6 shows the weighting factors and the
corresponding suitability indicators.

Table 5. The weight of bio-chemical characteristics of soil

Criterion AHP value Percentage
Fertility class 0.5 50%
CEC 0.25 25%
ESP 0.125 12.5%
EC 0.125 12.5%
Source: compiled by the authors
Table 6. PWCM for bio-chemical criteria
Soil fertility classes CEC EC ESP Weights (%)
1 2 4 4 50
1/2 1 2 2 25
1/4 1/2 1 1 12.5
1/4 1/2 1 1 12.5
Cosistency ratio=1% =100

Source: compiled by the authors

The chemical and biological characteristics of the
soil have a decisive influence on its fertility and suit-
ability for wheat production. The correct balance of
these indicators provides optimal conditions for the de-
velopment of the root system, nutrient absorption and
overall plant growth. The pH value of the soil is one of
the most important chemical parameters that affect the
availability of nutrients to plants. Wheat grows best in
slightly acidic or neutral soil with a pH of 6.5 to 8. At
this pH value, nutrients such as nitrogen, phosphorus
and potassium are most readily available to the plant
root system. If the pH drops below 6.5, the soil becomes
too acidic, which can lead to toxicity for plants due to
excessive accumulation of metals such as aluminium
and iron. Under alkaline conditions (pH greater than 8),
the solubility of nutrients such as phosphorus decreas-
es, limiting their availability to plants.

Organic matter plays an important role in improv-
ing soil structure, retaining moisture and providing nu-
trients to the soil. High organic content promotes the
development of beneficial microflora, which helps to
break down organic compounds and convert them into
forms available to plants. Soils with an organic matter
content of more than 1.5% are very fertile, providing op-
timal conditions for wheat cultivation. Reducing the or-
ganic content to less than 1% can negatively affect the
water-holding capacity of the soil, reduce its aeration
and lead to a decrease in fertility. CEC measures the abil-
ity of soil to hold cations such as calcium, magnesium,
potassium and sodium, which are essential for plant nu-
trition. A high CEC indicates that the soil can hold more
nutrients and supply plants during the growing season.
For wheat cultivation, a CEC level of more than 24 resin
(+)/kg clay is desirable. This indicates a high content
of nutrients, which contributes to good plant growth. A
low CEC level (less than 5 resin(+)/kg) means that the

soil is not able to retain enough cations, which leads
to rapid leaching of nutrients and a decrease in yield.

Soil EC is an indicator of the concentration of dis-
solved salts. A high EC level may indicate salinity, which
harms wheat growth, as excess salts in the soil can
cause osmotic stress in plants, reducing their ability to
absorb water. The ideal level of EC for wheat is low to
moderate, which ensures normal conditions for plant
growth without the risk of salinity. If the EC increases,
measures to improve soil quality, such as salt washing
or gypsum application, are necessary. The chemical
and biological properties of soil are interrelated and
together determine its fertility. For instance, organic
matter can influence pH and CEC levels, increasing the
soil’s ability to retain nutrients. At the same time, main-
taining a healthy soil microflora helps to decompose
organic matter and enrich the soil with nutrients. As-
sessment of these characteristics is critical for making
decisions about land use in agriculture.

Flood and erosion risk assessment. Flood and ero-
sion risk was assessed based on site slope, aspect and
flood frequency. Tables 7 and 8 shows the weighting
coefficients for each parameter and the suitability indi-
cators under optimal conditions.

The assessment and weighting of slope are a criti-
cal indicator as it directly affects soil erosion and mois-
ture loss. Land with a slope of less than 4% is suitable
for agricultural use, as it has a minimal risk of erosion
and retains moisture better. As the slope increases to
8-16%, the risk of erosion increases, which reduces soil
productivity. The weighting value for slope is 22%, em-
phasising its importance in the overall analysis. When
the slope exceeds 16%, soils become almost unsuitable
for wheat cultivation, as the rapid washing away of the
top fertile layer significantly limits plant growth. Flood
risk and erosion are among the most important factors

Scientific Horizons, 2024, Vol. 27, No. 12
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affecting the suitability of land for agricultural use.
These natural phenomena can cause severe crop losses,
and soil degradation and adversely affect land fertility.
Floods are caused by excessive rainfall, overflowing riv-
ers,or rising groundwater levels,and can lead to signifi-
cant damage to agricultural land. Wheat is a crop that is

sensitive to stagnant water, and prolonged flooding can
cause root rot and plant death. Flood risk assessment
includes an analysis of the frequency and intensity of
precipitation, proximity to water sources such as rivers,
and topographical characteristics that may affect water
accumulation.

Table 7. Flood and erosion risk weights and land suitability

Criterion AHP value Percentage
Slope (%) 0.372 37.2%
Erosion risk 0.292 29.2%
Flood frequency 0.246 24.6%
Terrain aspect 0.09 9%

Source: compiled by the authors

Table 8. PWCM for flood and erosion risk criteria

Slope Erosion risk Flood frequency Terrain aspect (slope direction) Weights (%)
1 1 2 4 37.2
1 1 1 3 29.2
1/2 1 1 3 24.6
1/4 1/3 1/3 1 9
Cosistency ratio=2% =100

Source: compiled by the authors

To assess flood risk, it is necessary to address fac-
tors such as historical data on the frequency and extent
of flooding, as well as the geographical location of the
land plot in relation to water bodies. For instance, land
located in low-lying areas or in proximity to rivers has
a significantly higher risk of flooding. This analysis uses
flood frequency data to rank land parcels by risk level,
from low (where flood risk is minimal) to high (where
there is a significant likelihood of flooding). Floods
can not only destroy crops but also wash away fertile
topsoil, reducing its fertility in the long term. Flooding
also causes nutrient leaching and increases the risk of
plant diseases, making it essential to consider flood risk
when planning agricultural operations. In regions with
a high risk of flooding, agronomists can decide to select
alternative crops that can better tolerate excess mois-
ture or plan drainage systems to protect crops.

Soil erosion is the process of losing the top, most
fertile layer of soil due to water or wind (Yermakov et
al., 2021). Water erosion is particularly dangerous on
agricultural land where the natural vegetation has
been removed for crops. Assessing the risk of soil ero-
sion involves analysing the slope, rainfall intensity, soil
structure and vegetation type. Lands with steep slopes
or loose soils that lack sufficient vegetation cover are
particularly vulnerable to erosion. The slope of the sur-
face is one of the most important factors in erosion.
The steeper the slope, the higher the likelihood that
the water flowing downhill will wash away the topsoil.
In regions with frequent and intense rainfall, the risk
of erosion increases even more. The lack of vegetation
also contributes to erosion, as plants not only protect

Scientific Horizons, 2024, Vol. 27, No. 12

the soil from the impact of raindrops but also help to
anchor the soil with their roots.

Erosion leads to the loss of the fertile soil layer
that contains the most nutrients and organic matter.
This reduces land productivity and requires additional
measures to improve soil conditions, such as fertilisa-
tion or erosion control. To reduce the risk of flooding
and erosion on agricultural land, various management
methods are used. These can include planting forest
belts, terracing slopes, using cover crops and creat-
ing drainage systems. It is also necessary to monitor
weather conditions and forecasts to minimise potential
damage to crops. Planning land use with flood and ero-
sion risk in mind helps to protect soils from degrada-
tion and preserve their fertility for future generations.
The results indicate that areas with a slope of less than
10% and low flood levels are more suitable for growing
grain crops. The slope has a particularly significant im-
pact, as it significantly affects the risk of erosion.

Assessment of accessibility to water sources and
routes. The accessibility of land plots, namely their dis-
tance from water sources and roads, is an important
factor in assessing the suitability of land for agricul-
tural use. This criterion has a significant impact on the
efficiency of land use, as proximity to key infrastructure
elements is directly related to logistical costs and ease
of resource management. Accessibility was considered
one of the important components of the analysis, as it
facilitates the process of land cultivation, transporta-
tion of products, and provision of water, which is critical
for growing grain crops. Sites located closer to water
sources received higher scores for suitability. Water is




one of the key elements for sustainable crop growth,
and proximity to natural water sources or artificial ir-
rigation systems reduces irrigation costs. Land that re-
quires high costs for water delivery may be less suita-
ble for intensive agricultural use, as this significantly
affects its profitability. The distance to water sources
also determines the possibility of prompt water supply
during periods of drought, which ensures more stable
yields and reduces the risks associated with moisture
shortages. Thus, proximity to water sources contributes
to the suitability of land for agricultural use, especially
for crops that require regular irrigation, such as grain.
The availability of transport infrastructure, namely
proximity to roads, is an equally important criterion for
determining land suitability.Land located closer to roads
receives higher scores because convenient access to
transport routes reduces the logistical costs of deliver-
ing agricultural products to markets or storage facilities.
Transportation is an important component of profitabil-
ity, and distance from roads can significantly increase
costs and delivery times, which is especially important
for perishable products (Bulgakov et al., 2019). In the
context of cereals, which require significant volumes of
transport after harvest,good transport links are a crucial
factor for optimal land use. Thus, plots located close to
roads are more attractive in terms of suitability, as they
facilitate access to necessary services and resources.
In general, the accessibility criterion addresses key
aspects that affect the profitability and convenience of
land cultivation. Proximity to water sources reduces ir-
rigation costs and ensures a stable water supply, which
is important for agricultural production, especially in
regions with changing climatic conditions (Yeraliye-
va et al., 2017). Proximity to roads reduces the cost of
transporting products, making land more attractive for
agricultural investment. Application of the AHP meth-
od to assess the suitability of land for agriculture in
Albania and Ukraine. The application of the AHP meth-
od to assess the suitability of land for agriculture is of
particular importance for countries such as Albania and
Ukraine. Both countries have large agricultural areas,
but face unique challenges, making the AHP method
particularly valuable for comprehensive land valuation.
Albania due to its mountainous landscape, should
efficiently use domestic resources (Shahini, 2024). For
this country, every available plot, especially in the face
of growing demand for food and the increased threat of
environmental degradation, should be employed with
maximum efficiency. The AHP method can be used to
thoroughly assess various factors such as soil texture,
depth, climatic conditions, access to water resources
and flood risk. This allows for science-based decisions
on land management and contributes to sustainable
agricultural development, which is a priority for Alba-
nia. In addition, AHP is affordable and can be effectively
integrated with GIS tools, enabling spatial analysis that
addresses the geographical complexity of the country.
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As one of the largest agricultural countries in Eu-
rope with fertile soils and a large volume of agricul-
tural exports, effective land management is critical to
the economy. However, due to the diversity of climatic
zones and significant variations in soil quality across
different regions, there is a need for methods that allow
for a comprehensive assessment of land suitability. The
AHP method accounts for both agroecological factors,
such as soil moisture, acidity and temperature, as well
as socio-economic aspects, such as access to infrastruc-
ture and logistics, which are important in the context
of Ukraine’s large territory. For crops such as cereals,
which are strategically important for Ukraine, AHP can
help identify the most productive areas and optimise
resource allocation. The AHP method provides a struc-
ture for complex decisions by combining different cri-
teria and allowing for the optimal use of land. This is
especially relevant in the context of climate change
and the threat of soil degradation. For both countries,
the application of AHP can be the basis for developing
effective agricultural policies aimed at increasing pro-
ductivity with minimal environmental impact.

DISCUSSION

The study, based on the AHP, confirmed the importance
of a comprehensive approach to soil assessment, which
includes a detailed analysis of physical, chemical, bio-
logical and climatic characteristics. This approach was
used to more accurately determine soil quality, fer-
tility and ability to support different types of vegeta-
tion. Physical characteristics such as soil texture and
structure affect water-holding capacity, while chemical
properties, including pH and nutrient content, deter-
mine the ability of plants to grow. Biological charac-
teristics, such as microbial activity, play a key role in
the decomposition of organic materials and the supply
of essential elements to the soil (Drobitko & Kachano-
va, 2023). Finally, climatic conditions, such as tempera-
ture and humidity, also have a significant impact on all
other aspects, shaping the overall soil ecosystem. An
integrated approach that addresses all these factors is
therefore essential for effective land management and
sustainable agricultural development.

Various studies have used AHP methods to assess
land suitability in different agricultural and environ-
mental conditions, confirming the effectiveness of these
methods in multicriteria analysis. A study by A. Ezra et
al. (2023) in Nigeria employed AHP to create maps of
suitability for growing certain cereals, addressing cli-
mate and soil characteristics. This study emphasised
the importance of spatial analysis for effective man-
agement of agricultural areas. C. Singha et al. (2023) in
West Bengal employed the Fuzzy AHP method to de-
termine the suitability of land for rice and potato cul-
tivation. The focus was on climatic indicators, such as
rainfall, which proved to be an important factor in en-
suring optimal conditions for crops. These conclusions
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were consistent with the results of studies where cli-
mate factors also played an important role in determin-
ing land suitability.

In Turkey, B. Sargin and S. Karaca (2023) conduct-
ed a study to assess the suitability of land for wheat
and barley in semi-arid conditions. In that study, drain-
age and soil physical characteristics were considered
as the main criteria affecting productivity, which was
slightly different from the focus of this study. Shaloo et
al. (2022) employed the AHP method and geospatial
techniques to analyse the suitability of land for cereals
in North India. The study showed that factors such as
climatic conditions, soil physical characteristics,and ac-
cess to water resources have a decisive impact on crop
productivity. The results highlighted the importance of
multi-criteria analysis in land valuation to accurately
identify the most productive areas, which is similar to
the approach used in this study to the integrated land
valuation for agriculture.

In Nigeria, M. Ahmed and D. Jeb (2014) conducted
a study that also used the AHP method to assess the
suitability of land for sorghum cultivation. This study
demonstrated that the key factors affecting productiv-
ity include topography, climate conditions and access
to water. The study demonstrates the similarity in the
importance of multi-criteria methods for justifying ag-
ricultural decisions in different regions, in particular in
conditions that require accurate analysis of water avail-
ability for crops.Astudy by D.Debalke et al.(2023) in Ethi-
opia addressed physical soil properties, such as depth
and texture, to assess the suitability of land for crop pro-
duction in a rainfed area. This study showed that these
factors had a significant impact on productivity, espe-
cially for crops that depend on a stable water supply.

A study by F. Garbaba and B. Wolteji (2024) in the
Guder sub-basin, Northwest Oromia, Ethiopia, also used
geospatial technologies to assess the suitability of land
for wheat and maize cultivation. The researchers stud-
ied how the combination of physical soil characteris-
tics and climatic conditions can affect the efficiency of
crop production. The results confirmed that GIS in com-
bination with multi-criteria analysis (as in this study)
provide accurate data to determine the optimal areas
for agriculture. This makes it possible to assess the
potential of land at the regional level, considering the
specific climatic and soil conditions of each site. The
study confirms the importance of adapting methodolo-
gies such as AHP and GIS for agricultural regions with
different climatic conditions.

In China, L. Xue et al. (2023) assessed the suitability
of land for integrated rice culture using AHP and GIS
for detailed spatial analysis. The study showed that
the AHP method was used to more accurately deter-
mine the optimal conditions for crops in specific cli-
matic zones. Thus, the results of the study confirmed
the importance of multi-criteria methods for analysing
the suitability of land for different crops in different
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climatic and geographical conditions. H. Abbasi and
M. Zeeshan (2023) also used an integrated GIS and AHP
approach to determine the suitability of sites for hybrid
solar-biomass power plants. Although the scope is en-
ergy-related, the approach is consistent with the meth-
odology used in this study of land suitability for crops.
The study addressed a multi-criteria analysis that in-
cluded environmental and infrastructural factors such
as resource availability, which is similar to the analysis
of accessibility to water sources and transport routes
for determining the productivity of agricultural areas.
Thus, the study showed the versatility of AHP and GIS
that can be adapted to different sectors to assess the
suitability of land, whether for agricultural purposes or
energy projects.

According to a study by A. Wubalem (2023), using
AHP to model land suitability in the semi-arid regions
of Ethiopia, demonstrated that the method effective-
ly assesses topographic and soil features. The study
emphasised the importance of surface slope and soil
structure for irrigated agriculture, which is consistent
with the findings of this study on the importance of
topographic characteristics for soil fertility and effi-
cient drainage. F. Sadiq et al. (2023) assessed the suit-
ability of land for soybean production in Nigeria using
a multi-criteria GIS-based approach. Parameters such
as soil quality and climatic conditions are significant
in their modelling. This confirms the importance of cli-
mate factors, which were also included in this study.
The values of average air temperature and total precip-
itation as the main climatic parameters were justified
because they determine the moisture supply of the soil
and affect the wheat development cycle.

Notably, M. Gunal et al. (2022) also applied AHP in
the semi-arid region of Central Anatolia to assess the
suitability of land for wheat production. They found that
soil texture, pH, and slope were the key parameters that
determined land productivity. This is in line with the
findings of this study, where soil texture was given the
highest weight among physical factors (27%) and slope
(22%) was also found to be highly relevant. Soil pH was
also emphasised in this study as one of the most impor-
tant chemical factors affecting plant nutrient availabil-
ity. A. Pilevar et al. (2020) used the integration of fuzzy
logic, AHP and GIS to assess land in semi-arid regions
for wheat and maize production. This study confirmed
that a combination of different analytical methods can
address the complex relationships between climate
and soil characteristics. The consideration of complex
environmental conditions and the use of a multi-cri-
teria approach ensured accuracy in determining land
productivity, which is consistent with the findings of
this study that multiple assessment methods should be
integrated to increase the reliability of results.

M. Tadesse and A. Negese (2020) used GIS and AHP
to assess land in the Agamsa sub-basin of Ethiopia and
found that slope and soil texture were key factors for




sorghum production. This highlights the importance of
topography and soil texture, which were also demon-
strated in this study to be significant factors for wheat
production. The similarity in the results indicates the
universality of these factors in the agriculture of dif-
ferent crops. A. Al-Hanbali et al. (2022) studied the suit-
ability of land for rice cultivation in Tanzania, with a
focus on the use of GIS and AHP to address topographic
and soil characteristics. The approach, which included
an analysis of topography and soil structure, is consist-
ent with the findings of this study, which also highlight-
ed the importance of slope as a factor affecting erosion
and water conservation.

S. Han et al. (2021) addressed climate change and
its impact on land suitability in Jilin Province, China, us-
ing remote sensing techniques combined with AHP.The
research highlighted the importance of climate change
adaptation, which is a critical aspect of this study. The
study confirmed that climate change can affect the
long-term productivity of land and that considering
seasonal fluctuations in temperature and precipitation
is important to ensure sustainable agricultural produc-
tion. V. Ramamurthy et al. (2020) focused on assessing
land suitability for maize in the semi-arid conditions of
South India using an integrated GIS and AHP approach.
The authors concluded that such an approach allows
for more accurate identification of productive land
plots, which coincides with the results of this study on
the benefits of multi-criteria land assessment.

K. Naima et al. (2022) developed a comprehensive
model of land suitability for cereal production in the
remote Sahara region of Algeria, considering the spe-
cific extreme climatic conditions that characterise this
arid region, as well as the problems associated with soil
salinity. The study highlighted the importance of soil
chemistry, in particular parameters such as pH and CEC,
which correlates with the findings of this study on the
critical importance of soil chemistry for the successful
cultivation of wheat and other cereals. The impact of
soil salinity was also considered in detail as a poten-
tially limiting factor for agronomic productivity in some
parts of this project. This highlighted the need to ad-
dress not only the physical but also the chemical char-
acteristics of the soil when planning agricultural activ-
ities in regions with similar environmental conditions.
B. Kalaiselvi et al. (2024) highlighted the importance
of sustainable agricultural production in semi-arid re-
gions of India, using GIS and AHP to promote crop di-
versification. The authors determined that the introduc-
tion of modern technology can improve the efficiency
of land planning and management, which is consistent
with the recommendations of this study on the use of
remote sensing and GIS for monitoring and planning.

Lastly, a study conducted by G. Tesfaye et al. (2024),
focuses on mixed cereal and legume cultivation in
Ethiopia, which is a relevant aspect of modern agri-
culture. The authors emphasise the importance of a
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balanced approach to the use of natural resources,
which can have a significant impact on the sustaina-
bility of agricultural systems. Their findings, which em-
phasise the need to address the interactions between
different crops, point to the importance of integrating
agronomic practices to improve overall production ef-
ficiency. This is also of great importance in the context
of land suitability assessments, as optimising the use
of resources can not only increase yields but also help
to maintain ecological balance in the region. Thus, the
study highlights the importance of integrating physical,
chemical and climatic factors for a comprehensive land
use assessment, which is consistent with the results of
many previous studies. Further research could focus
on modelling climate change scenarios and improving
land management practices to enhance adaptive strat-
egies for food security.

CONCLUSIONS

This study applied the AHP before assessing the suit-
ability of land for cereal production using wheat as an
example. This approach made it possible to accurate-
ly determine the impact of various physical, chemical,
biological and climatic factors on the potential yield
of land. As a result, clear qualitative and quantitative
indicators were obtained that were used to rank land
plots according to their suitability. The analysis high-
lighted the critical factors influencing land suitability
for grain crop production, emphasising the dominant
role of soil and environmental characteristics. Flood
and erosion hazard, with a weight of 32.2%, emerged
as the most significant factor, reflecting its substantial
impact on soil stability and long-term agricultural via-
bility. Soil physical characteristics ranked second with
a weight of 25.6%, underscoring the importance of tex-
ture, depth, and slope in water retention, aeration, and
root development. Soil biological and chemical char-
acteristics, with a weight of 22.3%, were ranked third,
demonstrating the crucial influence of soil fertility pa-
rameters such as pH, organic matter,and CEC on nutri-
ent availability and plant growth. Climate, accounting
for 14.1%, was identified as the fourth most influential
criterion, as precipitation and climatic conditions play
an essential but less critical role compared to soil-re-
lated factors. Accessibility, with a weight of 5.8%, was
the least significant factor, as logistical and infrastruc-
tural considerations are secondary to the biophysical
attributes of the land. The consistency ratio of 4% val-
idated the reliability of these weightings, ensuring a
robust and systematic evaluation of land suitability for
grain crop production. Climatic factors, including av-
erage temperature and total precipitation, determine
the main conditions for wheat growth. The optimum
temperature range (15-25°C) and adequate rainfall
(350-1250 mm per year) provide the best conditions
for the development of the crop. At the same time, the
risk of flooding and erosion affects the long-term suit-
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ability of land, as excess water and soil loss can cause
substantial agronomic issues.

The AHP method is relevant for agricultural coun-
tries such as Albania and Ukraine, as it can be used to
efficiently assess and plan land use, accounting for spe-
cific soil and climatic conditions. In Albania AHP can bey
used to optimise ground use,accounting for food growth
demand and environmental risks. In Ukraine, which is
a major exporter of agricultural products, AHP can be
used to assess both natural and infrastructural factors
that are critical for productive and sustainable agricul-
ture. In this way, AHP contributes to the development
of agricultural policies that increase productivity and
minimise environmental impacts, ensuring the rational
and sustainable use of land resources in both countries.

Practical recommendations include the use of ap-
propriate agronomic measures to reduce the risk of ero-
sion, such as terracing on slopes and the use of cover
crops. In regions with a high risk of flooding, drainage
systems and protective plantings are recommended.
To improve fertility, organic fertilisers can be used to
increase CEC levels and improve soil structure. Key ar-
eas for further research include a deeper analysis of

long-term risks to farmland. In addition, consideration
should be given to integrating modern technologies,
such as remote sensing and GIS, to better map land and
monitor its suitability.

The limitations of the study include the depend-
ence of the results on the accuracy of the data used
for the analysis and the limitations of the AHP method,
which may require additional verification in real-world
conditions. Moreover, the impact of seasonal and long-
term climate change has been partially considered,
which may affect the conclusions on land suitability.
Further research should address the impact of seasonal
climate change and the use of modern technology to
more accurately assess land resources.
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AHoTauif. OuiHka nNpuaaTHOCTI 3eMenb A9 BUPOLLYBAHHS 3E€PHOBMX KYAbTYp € aKTyanbHWM MUTaHHAM A4
3abe3neyeHHs CTanoro CiNbCbKOroCMOAAPCbKOro BMPOOHMUTBA Ta MiABULLEHHS MpPOAOBONbYOi H6e3neku. Meton
aHanisy iepapxint (MAI) € ebekTMBHMM MeToAOM GaraToKpuTepianbHOI OLIHKM, IKMIA CMCTEMATUYHO BPaXOBYE BCi
napameTpu. MeToto focnifxeHHs ByB aHani3 BUKOPUCTAHHS METOAY aHani3y iepapxii A BU3HAYEHHS BaroMocTi Ta
NPiOPUTETHOCTI Pi3HUX PYHTOBO-KNIMAaTUYHMX XapaKTEPUCTUK AN aHANi3y NPUAATHOCTI 3eMenb ANS BUPOLLYBAHHS
3epHOBMX KyNbTyp Ha MpuWKAaai nwexuui. B pesynbraTi pocnigkeHHs Oyno BM3HAYEHO KIHOYOBI (GakTopu, WO
BMJIMBAOTb HA BPOXAWHICTb, Ta pO3p0obneHO pekoMeHAaLii WoL0 ePEKTUBHOIO YNPaBiHHA 3eMENbHUMU pecypcamu.
[ins 3BaXKyBaHH$ pi3HMX KpWUTEpIiB, BKIOYAOUM di3nyHi, XiMiYHI Ta KNIMATUYHI XapakTepucTuKu, 6yno BUKOPUCTAHO
MeToq, aHani3y iepapxiit. aHi 6ynu 0bpobneHi ang BU3HAYEHHS BNAMBY KOXHOMO (GaKTopy Ha NpUAATHICTb 3eMAi 3
nepeBipKOK Ha Y3rofKeHicTb AN 3abe3neyeHHs HaAiMHOCTI pe3ynbTaTiB. JocnifkeHHs Mokasano, Wo Hanbinbw
BaXIMBUMU Di3UYHMMM (DAKTOpaMM € XapaKTepucTuku Hebesneku noseHer Ta eposii (32,2 %) Ta i3nyHi
XapaKTepUCTUKK PYHTY (25,6 %). KucnoTHictb (pH) Ta eMHicTb KaTioHHOro 06MiHy (EKO) MatoTb 3Ha4YHUI BMNIMB Ha
[OCTYMNHICTb NOXMBHUX PEYOBUWH, TOAI SIK CEpeAHs TeMnepaTypa Ta KifibKiCTb ONafiB BU3HAYaTb OCHOBHI KNiMaTUYHI
YMOBM AN pOCTY MLUeHML. P3nkn noBeHel Ta epo3ii TakoX po3rnsaaoTbCs A5 4OBrOCTPOKOBOI OLLiHKM NPUAATHOCTI.
[ns ouiHKM NpWMAATHOCTI 3eMenb AN BMPOLLYBAHHS MNweHuLi Byno BMKOPUCTAHO METOA aHanisy iepapxid, Lo
[03BOAMUO BM3HAYUTK HaMBaXAUBIiWi dakTopu Ta ixHi0 Bary. [TpakTMuHi pekoMeHAaLii BKAKYanM 3acToCyBaHHS
arpoTeXHIYHUX 3aXOAIB AN 3MEHLIEeHHS epo3iMHMX PU3MKIB Ta MOKPALLEHHS POAKYOCTI FpyHTIB. Pe3ynbtati
LOCNIKEHHS MOXYTb OYTM BMKOPUCTaHI arpoHOMaMu, 3eMieBnopsSAHMKaMK Ta NONITUKAMKU AN BOOCKOHANEHHS
YNpaBniHHA 3eMeNbHUMKU pecypcamu, WO CApUaTUME MiABULLEHHIO e(dEeKTUBHOCTI CilbCbKOroCnoAapCbkoro
BMPOOHMLTBA Ta MPOAOBO/bLYOI Be3nekn B yMoBax 3MiHM KniMaTy

KniouoBi cnoBa: Kputepii OLIHKM; POAIOYICTb FPYHTIB; €PO3iMHUIA PU3KK; KNAIMATUYHI aKTopu; YNpaBAiHHA
3eMeNlbHMMU pecypcamu; arpoTexHivHi 3axoam
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