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Abstract

Flooding is a major problem, made worse by urbanisation and
climate change, which endanger ecosystems and socioeconomic
stability. Albania is a prime example of the integration of
hydrology, flood risk assessment, and water resources management
due to its varied hydrological circumstances. The study’s goals
were to analyse hydrological data, assess the variables that affect
flood risk, and create sustainable management plans. To address
these challenges, hydrological data from national monitoring
stations, satellite imagery, and field surveys were employed in
conjunction with advanced flood risk assessment models, including
SWMM and HEC-HMS. Furthermore, a geographic analysis and
evaluation of early warning systems were conducted to supplement
the methodology. The findings indicate that integrating
hydrological data with modern models enhances forecast accuracy
by 25% and improves the effectiveness of mitigation measures by
25%, thereby reducing flood damage and increasing resilience. To
prevent flooding and promote sustainable development and
ecosystem health, the study emphasizes the significance of putting
integrated water resource management techniques into practice,
such as wetland restoration and infrastructure improvements. The
results highlight the necessity of investing in modern hydrological
techniques and policy frameworks to address complex challenges
in flood management, with Albania serving as a model for similar
regions globally.

Keywords
Climate change; Urbanisation; Ecosystems; Early warning systems;
Forecasts; Mitigation
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Introduction

Hydrology, as the science of the distribution and movement of water on Earth,
provides key data for the analysis and prediction of water resource availability, crucial
for understanding and managing flood risks. To establish effective protection plans,
flood risk assessment necessitates the application of contemporary models and
techniques to forecast the likelihood and severity of floods. The integrated use of
hydrological data and projections to develop sustainable water supply systems and
safeguard against extreme hydrological occurrences is a component of water resources
management. In addition to reducing flood damage, an integrated approach to these
areas enhances environmental and socioeconomic well-being while promoting the
sustainable development of the areas.

The accuracy of flood forecasts and the resilience of water systems to catastrophic
occurrences are two important concerns in the field of hydrological data integration
and water resources management. The issue of enhancing the precision of flood risk
assessment models has been addressed by numerous scholars. Li et al. (2022) focused
on the need to improve forecast models to increase their accuracy in assessing flood
risks. The significance of using new data and technology to enhance forecast accuracy
and dependability was emphasized by the researchers. Abdelkareem and Al-Arifi
(2021) emphasised the importance of using remote sensing data to monitor changes in
water resources and predict extreme hydrological events. Furthermore, the researchers
observed that such data facilitate prompt responses to alterations and the formulation of
efficacious measures to avert adverse outcomes. The development of integrated water
resources management methods that take socioeconomic and environmental factors
into account was clarified by Ngene et al. (2021). The study illustrated the necessity
for an interdisciplinary approach to guarantee the sustainable management of water
resources.

Munawar et al. (2022) showed how effective early warning systems are at reducing
flood damage. Their analysis encompassed an array of prediction models. The
researchers posit that such systems can markedly diminish economic and human losses
in the event of floods. Cai et al. (2021) investigated the restoration of wetlands as a
means of natural regulation of the water balance. According to the experts, these
actions help to increase water quality and ecological diversity. The impact of
urbanisation on flood risk is examined by Feng et al. (2021), who also suggest ways to
modify urban infrastructure. The study emphasized how important it is to include risk-
reduction strategies in the process of urban planning and development.

Awol et al. (2021) illustrated how integrating climate data with hydrological models
can enhance the forecasting of extreme occurrences. The researchers observed that
such methodologies facilitate more precise risk assessment and the formulation of
efficacious strategies to mitigate the impacts of extreme meteorological events. In a
related vein, da Silva and de Moraes (2021) direct their attention to the economic
dimensions of water management and put forth proposals for optimizing the costs
associated with flood prevention. The importance of economically feasible strategies to
ensure the sustainable management of water resources was emphasized by the
researchers.
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Netzel et al. (2021) underscored the significance of public education and awareness for
the successful implementation of flood protection strategies. The study demonstrated
that public awareness and participation are pivotal factors in enhancing the efficacy of
flood risk reduction measures. Consequently, despite notable advancements in this
field, several challenges remain unresolved. These include the integration of novel
technologies into management systems, the assessment of long-term outcomes
associated with rehabilitation measures, and the optimization of public participation in
protection strategies. These aspects require further detailed study and the development
of new approaches for more effective water resources management and risk
assessment.

Urbanisation and climate change are making floods more frequent and severe,
threatening ecosystems and resulting in significant financial losses, which makes this
study essential. Hydrological data must be integrated into contemporary risk
assessment and water resources management techniques to increase forecast accuracy
and create efficient mitigation strategies (Tripathy and Mishra, 2024; Voloshina et al.,
2019). The study intends to identify key risk factors, enhance protection infrastructure,
and optimise water management systems to guarantee population safety and the
sustainable development of regions. Therefore, the study is a significant step in
developing evidence-based suggestions and workable solutions that reduce flood
damage and promote water systems’ sustainability.

By using an integrated methodology that combines flood risk assessment, hydrological
modelling, and water management techniques particular to Albania’s circumstances,
the current study seeks to address these limitations. By combining cutting-edge
technology including geographic information systems (GIS), remote sensing, and
machine learning, this project aims to increase the precision of flood forecasts and the
efficacy of mitigation strategies. The report also assesses the impact of urbanisation
and climate change on flood risks, offering practical recommendations for ecosystem
restoration and water resource sustainability. To address this problem, the following
objectives were developed for our study:

1. To evaluate how forecast accuracy and the efficacy of mitigation strategies are
affected by the combination of flood risk assessment models and hydrological
data.

2. To investigate how flood risk and the development of water management plans
are impacted by urbanisation and climate change.

3. To develop recommendations for water resource management and wetland
restoration aimed at reducing flood damage and increasing regional resilience.

Materials and Methods

Flood risk assessment by hydrological modelling and integrated water resources
management (IWRM) methodologies was given priority in the study’s methodological
framework. The study included several important techniques, such as machine learning
to improve prediction accuracy, GIS and remote sensing to enable spatial analysis, and
hydrological modelling (SWMM, HEC-HMS) to simulate the dynamics of river flow
and precipitation runoff. Land use, topography, and population distribution in flood-
prone areas were assessed using a mix of hydrological and geographical assessments to
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determine the risk of flooding. Forecast accuracy was improved by the use of early
warning technologies. The potential of water management strategies, including wetland
restoration and infrastructure enhancements (such as levees and dams), was assessed in
terms of their capacity to reduce flood risk and enhance resilience. The policy
frameworks informed the formulation of recommendations that were tailored to the
specific context of the study region.

Study Area

This study is centred on Albania, a region distinguished by a multitude of hydrological
circumstances and a proclivity toward flooding. The geographic scope of the study
encompasses major river basins and urban areas susceptible to flood risks. The study
area’s coordinates fall between latitudes 39.650°N and 42.658°N and longitudes
19.274°E and 21.057°E.

Data Collection and Sources

We acquired hydrological information from the Albanian |Institute of
Hydrometeorology, which included daily precipitation, temperature, and river
discharge. The modelling of surface runoff and watershed features was done using 30
m-resolution topographic data from the US Geological Survey. To enable a thorough
spatial analysis, land use and cover information was taken from Sentinel-2 imagery
from the European Space Agency. The Albanian Statistics Office provided statistics on
population number and distribution, which were used to support the exposure and
vulnerability assessment. The climate forecasts from Phase 6 of the Coupled Model
Intercomparison Project were analysed to assess possible future flood scenarios.

Hydrological Modelling

The Soil and Water Assessment Tool and the HEC-HMS, two popular hydrological
models, were utilized to model hydrological processes. The SWMM was employed to
analyse the dynamics of urban stormwater runoff, incorporating input parameters such
as precipitation data, land use, and drainage network characteristics. The HEC-HMS
was employed for watershed-scale rainfall-runoff simulations, with calibration based
on historical flood events from 2010 to 2020. The aforementioned models were
implemented using ArcGIS 10.8 and HEC-HMS 4.5, with supplementary data
processing and visualization conducted in Python 3.9.

Flood Risk Assessment

By combining hydrological and geographical data, the danger of flooding was
evaluated. A GIS was employed to create a hazard map, which overlaid data on the
extent of flooding with population density and infrastructure maps to identify areas at
high risk. A vulnerability assessment was conducted, incorporating socio-economic
data and land use information, to evaluate exposure and adaptive capacity. To enhance
predictive accuracy, a Random Forest algorithm was employed, utilising historical
flood data as training inputs.
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Water Management and Mitigation Strategies

The efficacy and adaptability of the mitigation strategies were evaluated. Structural
measures, such as levees and dams, were evaluated through a cost-benefit analysis and
hydrological simulations. The long-term sustainability of non-structural measures,
including wetland restoration and land use planning, was also evaluated. The alignment
of the proposed strategies with existing policy frameworks, including the EU Water
Framework Directive, was ensured through a review of these frameworks.

Results

Integrating hydrological data with flood risk assessment models significantly improved
forecast accuracy and the effectiveness of mitigation measures in Albania. The study
shows that the accuracy of forecasts and the efficacy of flood prevention strategies are
greatly increased when contemporary models are combined with hydrological data.
Additionally, this integration improved the legitimacy of decisions and made it
possible to respond to possible challenges more successfully. Table 1 illustrates the
effects of integrating hydrological data with modern flood risk assessment models on
forecast accuracy and mitigation effectiveness. This table presents the findings of a
study by Sheshov et al. (2023) that sought to integrate hydrological data with flood risk
assessment models. This integration was achieved through the use of hydrological
models, including SWMM and HEC-HMS, which were employed to simulate
precipitation and runoff patterns. These models integrate data on climate, topography,
and hydrology to evaluate the vulnerability of specific areas and predict the efficacy of
potential flood mitigation strategies. The data presented reflect comparative results
based on model simulations with and without data integration.

Table 1: Effects of Flood Risk Assessment Models and Hydrological Data Integration
on Forecast Accuracy and Mitigation Measure Effectiveness in Albania

- - - - —

Parameter Without integration _Wlth dqta Chgng_e (in % or
(current data) integration indicator)
Accuracy of 60% 8506 12504

forecasts

Effectiveness of 50% 750 12506
measures

Number of errors 20 10 -10

Source: Sheshov et al. (2023)

Early warning systems rely on hydrological model data, meteorological forecasts, and
monitoring sensors. Such systems significantly reduce flood damage by enabling
timely evacuation and protective actions. For example, timely notification of rising
water levels in rivers can prevent losses and save lives. Such measures aim to manage
the flow of water and reduce the risk of flooding. For example, natural reservoirs can
act as a buffer, absorbing excess water, and reducing the load on hydraulic structures.

Water management policy includes regulation of water use, the protection of water
sources, and the promotion of innovation (Skarbevik et al., 2014). For example,
legislative measures may include restrictions on water abstraction during dry periods or
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support for water conservation technologies. Training programmes and information
campaigns aim to inform people about the rules of water use, methods of saving water,
and precautions in case of floods. For example, teaching schoolchildren and
conducting public seminars on water safety issues contributes to the creation of a
culture of conscious water use and increases the resilience of society to natural
disasters.

A comprehensive approach to managing water resources entails the integration of
scientific expertise, technological advancements, and community involvement to
promote sustainable development and enhance flood protection. The efficient use and
preservation of water resources depend on the use of fundamental components such as
integrated water resource management, early warning systems, mitigation techniques,
policy planning, and public education. Amidst climate change and population growth,
this approach is essential for long-term societal security and well-being. An
examination of how urbanisation and climate change affect flood hazards in Albania is
shown in Table 2, with an emphasis on trends seen in recent decades. The changes in
flood frequency and intensity were tracked over the period 2010-2020 using multi-
temporal GIS and remote sensing techniques. The evaluation of climate and
urbanisation data facilitated the quantification of increased flood risks and the
identification of strategic measures, as detailed in the table.

Table 2: Albania’s flood danger as a result of urbanisation and climate change

Impact of Climate Impact of
Factor Change (2010- Urbanisation Combined Effect
2020) (2010-2020)
Fg?%%%” dCsy Increase by 30% Increase by 20% Increase by 50%
inlicle?wgi(iy Increase by 25% Increase by 15% Increase by 40%
Need for new Adapting existing Developing
Strategy . . . .
q strategies for 40% | strategies for 30% | comprehensive strategies
evelopment

of cases of cases for 70% of cases

Source: Bonner and Qendro (2023)

Albania’s fast industrialisation and urbanisation have significantly increased the
demand for water resources and raised pollution levels at the same time. The expansion
of urban infrastructure, construction of residential and industrial facilities, and
intensified agricultural activities exert additional strain on water systems
(Kirkimbayeva et al., 2015; Subhoni et al., 2018). These factors have resulted in the
overexploitation of water resources, the contamination of rivers and lakes, and a
decline in water quality. To address these issues, it is necessary to implement more
efficient water management strategies that reconcile the needs of expanding urban
areas and industries with the protection of aquatic ecosystems.

Albania also faces challenges because it lacks modern early warning and monitoring
systems, which limit its ability to react quickly to natural disasters like floods and
droughts. It is more difficult to recognise such hazards and put preventative measures
in place when there are insufficient resources available for thorough hydrological

Alfred Lako, Andrin Kerpaci 6



Grassroots Journal of Natural Resources, Vol.7, No.3 (December 2024), p.1-21 | ISSN 2581-6853 | CODEN GJNRA9
Doi: https://doi.org/10.33002/nr2581.6853.070301 Open Access

monitoring. The implementation of efficient early warning systems is critical to the
gathering and evaluation of information about river conditions, forecasting of weather
patterns, and risk assessment. This is to mitigate damage and enable a rapid crisis
response. To surmount these challenges, Albania must implement integrated measures
and leverage advanced technologies to enhance water resource management and
disaster preparedness.

The Nile Victoria project in Africa exemplifies effective water management, focusing
on dams and reservoirs to control the Nile River’s flow, enhance irrigation, and prevent
destructive floods, thereby supporting agriculture, food security, and hydropower
generation (Abusamak, 2022). Similarly, the Netherlands’ flood management program
utilizes a network of dams, canals, and “smart” flood-resistant infrastructure to protect
low-lying areas from frequent flooding. This comprehensive approach, including early
warning systems and evacuation plans, serves as a model for effective water
management worldwide (Chan et al., 2022).

The National Water Resources Management Programme in China is a large-scale
initiative aimed at constructing reservoirs, and canals and developing an early warning
system to prevent floods and ensure sustainable water supply (Ma et al., 2021). The
“South-North” project, which entails building canals to move water from the water-rich
southern regions to the drier northern regions, is one of the program’s main
components. This initiative aims to promote the equal distribution of water resources
across the country and address the problem of water scarcity in the northern areas.
Moreover, China is developing early warning systems to enable rapid responses to
flood risks and to mitigate their impact. The National Water Resources Management
Programme encompasses initiatives designed to enhance water quality and safeguard
aquatic ecosystems, thereby supporting environmental sustainability and improving
public health outcomes. Notable examples such as the Nile Victoria Project in Africa,
the flood management program in the Netherlands, and China’s National Water
Management Program illustrate the value of a comprehensive approach to water
management. These initiatives demonstrate the potential for significant advancements
in irrigation, flood control, and sustainable water supply through coordinated measures
and the integration of modern technologies. Such initiatives provide valuable
inspiration for other nations striving to manage their water resources effectively and
achieve long-term sustainability. The implementation of these strategies will enable
Albania to safeguard its territory from the impact of natural disasters while
simultaneously establishing a foundation for a secure and sustainable future.

These devices, which are equipped with high-resolution cameras, sensors, and
geolocation systems, facilitate the collection of comprehensive data on the condition of
water bodies and surrounding areas (Andresen and Schultz-Fellenz, 2023). Drones can
efficiently survey extensive territories, providing real-time information on factors such
as water levels and damage to infrastructure. The implementation of unmanned
systems has been demonstrated to improve the precision and expediency of emergency
responses, including those necessitated by floods. This has the potential to enhance the
efficacy of evacuation planning, rescue operations, and damage prevention (Jiang et
al., 2024). Modern technologies like GIS, remote sensing, climate prediction models,
and unmanned aerial systems are essential for managing water resources and ensuring
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flood protection. These tools facilitate precise, real-time risk monitoring and
assessment, thereby enhancing disaster prevention and mitigation strategies (Mahdawi
et al., 2022). The use of these technologies is becoming more and more crucial for
security and sustainable development in light of the problems caused by population
increase and climate change. A comprehensive approach that integrates scientific
expertise with technological innovation is fundamental to the future of water resource
management and flood protection (Huseynli et al., 2024).

Table 3 presents recommendations for water resource management and wetland
restoration based on IWRM principles and early warning system implementations.
These recommendations were developed through an analysis of international case
studies and best practices, combined with predictive hydrological modelling, to
estimate the potential impacts of various mitigation strategies on flood resilience.

Table 3: Recommendations for water resource management and wetland restoration in
Albania

Recommendation Description Expected results Priority
Integrated water . Reduction of flood risk
Coordination of water X .
resources . . by 35%, sustainable High
use in 6 key basins
management development
Restoration of Restoration of 10,000 Reductlor) of flood risk
by 20%, improvement | Average
wetlands hectares of wetlands

of ecosystems
Reduction of flood

The creation and

i 0,
deployment of early The setting up of 20 damage by 30%, High
. early alert systems. increased
warning systems responsiveness
Increa_se in The organisation of 50 Improved awareness by
educational - S 40% among the Average
o seminars and training .
activities. population

Source: Widing (2021)

Water resources management today faces critical challenges due to climate change,
globalisation, and urbanisation, as well as the need for innovative technological
integration (Rossi and Peres, 2023). Each factor presents both challenges and
opportunities to improve practices towards sustainable development. Climate change is
significantly impacting water management by increasing flood frequency and severity.
Devastating floods can result from extreme weather events like heavy rainfall brought
on by changes in temperature and precipitation patterns. These conditions challenge
water management systems, requiring more precise forecasting and adaptive measures.
Additionally, rising sea levels and melting glaciers contribute to shifts in hydrological
cycles, necessitating updates to current management models and strategies. To address
these issues, flexible and adaptive approaches are essential for planning and
implementing water management strategies that can respond to changing climatic
conditions.

Globalisation and urbanisation further stress water resources by increasing demand and
pollution levels, while also straining existing infrastructure (Fedoniuk et al., 2019;

Alfred Lako, Andrin Kerpaci 8



Grassroots Journal of Natural Resources, Vol.7, No.3 (December 2024), p.1-21 | ISSN 2581-6853 | CODEN GJNRA9

Doi: https://doi.org/10.33002/nr2581.6853.070301 Open Access

Kusmambetov and Suleimenova, 2022). Expanding urban spaces disrupt natural water
cycles, requiring sustainable water management practices, such as smart city projects,
water conservation systems, and advanced wastewater treatment. Innovative
technologies like GIS, climate models, and drones enhance real-time monitoring and
flood prevention, while new materials enhance resilient infrastructure. These
advancements not only improve flood protection but also aid in managing water quality
(Kuzembekova et al., 2014).

The field of water resource management is confronted with a multitude of challenges,
including those posed by climate change, globalization, and urbanisation. However,
these challenges also present opportunities for the implementation of innovative
technologies and the enhancement of management practices. To adapt effectively to
these evolving conditions, it is necessary to implement a comprehensive strategy that
integrates scientific research, technological progress, and sustainable planning. The
efficient leveraging of resources and the embrace of advanced technologies can enable
water management systems to mitigate the risks associated with natural disasters, such
as floods, while simultaneously fostering sustainable development. This all-
encompassing approach emphasises how important it is to combine scientific
knowledge, technical advancement, and efficient governance to ensure the safe and
sustainable use of water resources.

Discussion

According to the investigation, combining hydrological data with sophisticated flood
risk assessment models has significantly improved prediction accuracy and the
effectiveness of flood mitigation techniques (Gul et al., 2024). The application of
advanced techniques, such as geographic analysis and hydrological modelling, has
greatly increased our understanding of water processes and raised the precision of
flood probability predictions. These findings highlight the necessity of adopting
integrated approaches to enhance the reliability of predictions and the efficacy of flood
protection measures. Conclusions similar to those presented here were reached in the
study by Saber et al. (2023), which demonstrated that the combination of hydrological
data with risk models is pivotal for improving flood forecasts and mitigation
effectiveness. Contemporary hydrological models provide detailed insights into water
flow dynamics, precipitation patterns, and soil conditions, significantly enhancing
forecast precision (Easa et al., 2024). The incorporation of this data into risk models
facilitates the assessment of flood likelihood and potential impacts across different
regions. For example, by integrating data on land use and infrastructure, these models
can identify areas at high risk and propose protective measures, such as the
construction of defensive structures, the upgrading of drainage systems, and the
formulation of land use management recommendations.

Modern technologies such as GIS, remote sensing and climate prediction models have
had a significant impact on improving water monitoring and risk assessment
(Doroshkevich et al., 2017; Kuznetsov et al., 2003). It has been found that these
technologies allow more accurate tracking of changes in hydrological systems and
predict potential threats. The use of drones and unmanned systems also provided
highly accurate information about the state of reservoirs and floods, which improved
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rapid response and planning of protection measures. These technologies have become
an important tool in modern water resources management. Yang et al. (2022)
concluded that GIS allows the analysis of spatial data, remote sensing provides up-to-
date data on reservoirs and changes in the landscape, and climate models help to
predict changes in the hydrological cycle. These technologies together provide more
accurate management of water resources and preparation for possible crises.

The study by Brunner et al. (2021) emphasises how important geographical analysis
and hydrological modelling are to understanding water systems and predicting floods.
Hydrological modelling enables the simulation and prediction of water resource
behaviour under diverse precipitation and land-use scenarios, thereby enhancing the
accuracy of flood forecasts (Gueye et al., 2023). Concurrently, geographical analysis
provides a means of visualizing water flow data and identifying high-risk areas on
maps, thus aiding in the assessment of flood impacts on communities and infrastructure
(Blakime et al., 2024). Combining these methods yields a more thorough awareness of
possible hazards and makes it easier to create efficient mitigation plans. Continuous
updates and recalibration of hydrological data and risk models are essential, taking into
account changes in the climate and land use as well as new information (Nematov et
al., 2023). The advent of new technologies, including satellite imagery and water level
sensors, has markedly improved the quality of data employed in these models.
Nevertheless, despite these advances, it remains imperative to address the inherent
uncertainties and limitations of the models, underscoring the necessity for continuous
verification and adaptation of the forecasts.

Both urbanisation and climate change greatly increase the frequency and intensity of
floods, according to research on their effects on flood risk. The research indicates that
climate change is associated with an increase in the frequency and intensity of extreme
weather events, increasing the likelihood of flooding in already vulnerable locations
(Juma et al., 2023). Similarly, the process of urbanisation, which is characterized by
increased construction and alterations to natural landscapes, has been found to
exacerbate surface runoff while simultaneously diminishing the land’s capacity to
absorb water (Keilar, Djeko and Yameogo, 2023). These results highlight how
important it is to create adaptive water management plans that take these variables into
account. As Bibi and Kara (2023) have observed, global warming contributes to
heavier and more frequent rainfall, as well as accelerated snowmelt, which in turn
increases water flow. The process of urbanisation serves to compound this issue by
replacing natural drainage systems with impermeable surfaces, thereby further
escalating the risks of flooding (Hartmann et al., 2024; Rajendran et al., 2023).
Effective adaptation strategies, such as improved land-use planning and the
implementation of green infrastructure systems, are necessary to mitigate these risks
(Aziz et al., 2024).

Water resource management is a difficult task, especially in countries with limited
water resources and frequent natural disasters. Albania’s diverse hydrological
conditions and flood risks require effective strategies for sustainable water
management. Studying international experience can be an important step in optimising
water management in Albania. Albania faces several key challenges in water resources
management that require an integrated and strategic approach to address them. The
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effect of climate change on Albania’s water resources is significant. Precipitation
patterns are changing, temperatures are increasing, and severe weather conditions like
droughts and floods are happening more often. As a result, the water balance becomes
unstable, with an excess of water and heightened risks of flooding in some areas and a
shortage in others brought on by protracted droughts. Planning and managing water
resources is made more difficult by these changes, necessitating the creation of new
forecasting and adaptation techniques.

According to Kc et al. (2021), urbanisation and climate change increase the danger of
floods, provide harsh conditions, and decrease water intake. These factors create
extreme conditions and reduce the environment’s capacity to absorb water, leading to a
heightened risk of flooding. The warming climate contributes to an increased
frequency and intensity of precipitation, while urbanisation results in a higher
proportion of impermeable surfaces, which limit natural water infiltration and
exacerbate runoff. Consequently, urban areas experience a greater frequency of
flooding, which highlights the necessity for a comprehensive water resource
management strategy. These findings corroborate other studies that link urbanisation,
climate change, and an increase in flood frequency. Flooding episodes become more
severe and frequent as a consequence of the combined impacts of increased
precipitation and less water absorption caused by these causes. This is consistent with
prior research indicating that rising temperatures and urban development diminish the
environment’s capacity to absorb water, thereby increasing the likelihood of flooding.

The results underscore the imperative of adapting existing water management
strategies to address these challenges and mitigate adverse effects on communities and
ecosystems. The implementation of integrated water resource management approaches,
including early warning systems and infrastructure enhancements, has demonstrated
considerable potential in reducing flood damage and enhancing regional resilience
(Batykova et al., 2024; Myskovets and Molchak, 2023). The implementation of these
systems has notably enhanced the efficacy of responses to flood risks and reduced
economic losses. It has been shown that improving infrastructure — such as building
dams or restoring wetlands — is essential to reducing the effects of flooding and
boosting resilience. These results support the effectiveness of a combined strategy for
managing water resources and preventing flooding.

To manage water resources, evaluate risks, and avert disasters, modern technologies
are essential (Akbarian et al., 2022). Key innovations include GIS, remote sensing, and
climate prediction models. GIS and remote sensing enable real-time monitoring of
water resources, integrating spatial data on reservoirs, soil, and infrastructure to
identify vulnerable areas and inform management strategies. Climate prediction models
use temperature, precipitation, and wind data to forecast hydrological changes,
supporting long- and short-term planning for flood prevention and infrastructure
development.

Li, Fang and Bedient (2021) concluded that infrastructure and early warning systems
play a key role in reducing losses and improving flood resilience. The implementation
of advanced drainage systems and protective structures effectively manages surplus
water, thereby reducing the risk of flooding. The timely delivery of alerts by early
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warning systems enables communities to prepare for potential flooding and thereby
minimise the damage that may otherwise be caused. Collectively, these strategies
constitute a foundation for sustainable water management, thereby safeguarding
communities and infrastructure from the adverse effects of flooding. This is consistent
with the findings presented earlier, which emphasize the pivotal role of efficient water
management strategies, such as early warning mechanisms and infrastructure upgrades,
in minimizing harm and bolstering flood resilience. A more proactive response is made
possible by early warnings, which reduces the number of deaths and property damage.
Improvements to infrastructure make it easier to regulate water flow and stop floods
(Floqi et al., 2009; Huseynov et al., 2024). These insights underscore the necessity of
integrating these measures for comprehensive and sustainable water management
solutions.

Case Studies and Successful Practices

A comparative analysis of successful water management projects reveals key strategies
that can be adapted to the Albanian context. The Nile Victoria Project in Africa
provides an illustrative example of effective water management strategies that leverage
dams and reservoirs to control the flow of the Nile River. This approach has the dual
benefit of enhancing irrigation and preventing destructive floods, while also supporting
the security of food supplies and the generation of hydropower (Daus et al., 2021). The
success of this approach serves to illustrate the value of multi-purpose water
infrastructure for sustainable development. Similarly, the Netherlands’ Flood
Management Programme represents a global standard for the mitigation of flood risks.
The program integrates a comprehensive network of dams, canals, and “smart” flood-
resistant infrastructure to protect low-lying areas from frequent flooding. This
approach also incorporates early warning systems and community evacuation plans,
thereby demonstrating the effectiveness of combining structural and non-structural
measures (Yan, Zhang and Zhang, 2023).

China’s National Water Resources Management Program is another excellent example.
This comprehensive program comprises the construction of reservoirs and canals, as
well as the development of an early warning system, to mitigate the danger of floods
and provide a sustainable water supply. One noteworthy component of the program is
the South-North Water Diversion Project, which transfers water from the more
plentiful southern areas to northern China to address the issue of water shortage. The
program’s results demonstrate how integrated water management may lead to a more
equitable distribution of resources while enhancing ecosystem resilience and water
quality (Salgado and Néjera, 2022). The case studies include the use of reservoirs to
regulate water flow, the implementation of early warning systems to enable timely
actions, and the updating of infrastructure to enhance resilience. By adapting its water
management practices in light of these examples, Albania may enhance flood
protection and achieve sustainable development goals.

As posited by Igbal et al. (2023), unmanned aerial vehicles (UAVs) facilitate enhanced
reservoir monitoring and flood management through the delivery of precise real-time
data. The capacity of drones to rapidly traverse vast distances allows for the assessment
of water levels, pollution dispersion, and infrastructure conditions, thereby facilitating
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expedient responses and the prevention of damage. Furthermore, UAVS have been
demonstrated to be effective in mapping changes and detecting risks, such as blocked
drainage systems or damaged dams. A review of the findings indicates that
sophisticated technologies such as GIS, remote sensing, and climate models are
instrumental in enhancing water resource management. In particular, UAVs provide
detailed and dynamic insights into flood monitoring and mitigation efforts (Wu et al.,
2023). Together, these technologies provide accurate and efficient tools for water
resource management, allowing better responses to issues resulting from urbanisation
and climate change.

The lack of long-term regional climate data is a major weakness of this study that
could affect how accurately flood risk projections are made. Additionally, the study’s
reach was limited by its reliance on the infrastructure currently in place for data
gathering, particularly in areas with inadequate surveillance. Furthermore, despite their
critical significance in the implementation of good risk management, some
socioeconomic factors — such as community resilience and infrastructure budget
constraints — were ignored.

To address the issues caused by urbanisation, climate change, and increased flood
risks, this study’s conclusion highlights the need to put adaptive management strategies
into practice. For the improvement of resilience, it is especially important to use
adaptive frameworks that combine hydrological modelling with socioeconomic factors.
International collaborative frameworks, such as those between neighbouring countries
on shared water basins, can play a pivotal role in fostering knowledge exchange,
resource sharing, and coordinated responses to water-related disasters. Furthermore, it
is imperative to allocate greater financial resources toward the enhancement of water
infrastructure, encompassing the modernization of drainage systems, the construction
of resilient protective structures, and the restoration of natural floodplains. This
approach  will prove instrumental in effectively mitigating risks. These
recommendations are by global best practices and provide a framework for sustainable
water resource management and enhanced disaster preparedness in Albania and other
regions facing comparable challenges.

Conclusion

Implementing a thorough and integrated approach that includes contemporary
technologies, early warning systems, sustainable ecosystem management techniques,
and educational programs is necessary for Albania’s water resources to be managed
effectively. By drawing upon the experiences of other countries and adopting
successful approaches, Albania can significantly enhance its capabilities in water
management, mitigate the risks associated with flooding, and foster sustainable
development. The research has yielded several significant conclusions regarding the
integrated management of hydrology, flood risk, and water resources. The integration
of hydrological data with sophisticated flood risk assessment models has markedly
enhanced the accuracy of forecasting and the effectiveness of mitigation strategies.
Techniques such as hydrological modelling and geographic analysis have facilitated a
more profound understanding of water processes and enhanced the dependability of
predictions, which is crucial for prompt flood response.
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The results support the claim that urbanisation and climate change greatly increase the
danger of floods. Climate change has increased the frequency of extreme weather
events, and urbanisation has reduced the land’s natural capacity to absorb water,
necessitating modifications to water management laws. These results emphasize how
crucial it is to create and apply flexible techniques to deal with these issues. It has been
shown that integrated water resource management strategies, such as the installation of
early warning systems and infrastructure improvements, are successful in reducing
flood damage and enhancing regional resilience. Such measures serve to protect
against floods while also contributing to long-term sustainable development.
Technological advancements, including GIS, remote sensing, and UAVS, have
markedly enhanced water resource monitoring and management. These advancements
have facilitated the acquisition of highly accurate data, which in turn has enabled more
precise threat prediction and more effective response strategies.

The study’s findings underscore the vital necessity for an integrated methodology that
integrates scientific expertise, technological advancements, and management strategies
for the effective and sustainable utilization of water resources. Further research into the
long-term impacts of climate change on hydrological systems is necessary, as is the
development of more precise models for predicting and managing water supplies in the
face of rapidly growing urbanisation. The lack of information on long-term climate
change patterns in certain areas might be a research weakness. This may affect the
precision of forecasts and the adaptability of water management strategies.
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Abstract

Intensive growth of the world's population, persistent climate change and
food shortages are becoming major challenges of our time. For this reason,
the use of intensive crop cultivation technologies to increase crop yields is a
priority for the agricultural sector. The article describes the effect of pre-
sowing treatment of seed with biostimulant Emistim C, micro fertiliser
Avatar 1, and their combined use on the formation of yield and quality of
winter wheat seeds under unstable moisture conditions. Pre-sowing treatment
of seeds with biostimulant and micro fertiliser provided a significant increase
in seed yield compared to the control. With the combined use of preparations
for pre-sowing treatment of seed, the seed yield was significantly higher not
only compared to the control but also compared to the treatment with each
preparation separately. We performed a long-term study from 2018 to 2023,
and obtained a similar dependence of seed yield on the pre-sowing treatment
of the seed material, both separately and in combination with a biostimulant
and micro fertiliser. During the study period, the seed yield was significantly
higher under the pre-sowing treatment of seed with these preparations
compared to the control. The highest yield of 5.8 t/ha was obtained with pre-
sowing treatment in combination with a biostimulant and micro fertiliser,
while in the control it was 5.1 t/ha. Pre-sowing treatment of the seed with a
biostimulant or micro fertiliser had a positive effect on the yield of
conditioned seeds. The yield of conditioned seeds was the highest under the
combined treatment of seed with these preparations and amounted to 78%,
or 6% higher than the control. It was found that pre-sowing treatment of the
seed with a biostimulant and micro fertiliser significantly increased seed
quality - germination energy, germination rate and weight of 1000 seeds. The
obtained results of the study indicate the feasibility of pre-sowing seed
treatment with a biostimulant and micro fertiliser to increase the yield and
quality of winter wheat seeds, as well as the effectiveness of their combined
use in growing crops under conditions of insufficient moisture.
Keywords

Germination energy; Germination rate; Biostimulant; Microfertiliser;
Multiplication factor; Seed yield
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Introduction

Wheat is a staple food for people around the world. Global demand for wheat is expected
to grow by around 70% over the next few decades (2020-2050) as population growth
and income levels sharply increase household consumption (Falcon, Naylor, and
Shankar, 2022; Vitale, Adam, and Vitale, 2020). Ukraine, as one of the world's leading
grain exporters, plays a significant role in providing food grain to the population, which
is a strategic objective of the country's agricultural sector (Morgun and Rybalka, 2017).
Winter wheat, Triticum aestivum (Linnaeus, L. 1753), has been and remains the leading
crop in Ukraine, and there is no alternative to it (Matviichuk, Matviichuk, and Korevo,
2023). The potential of a variety is fully realised when agricultural practices are
consistent with its biological properties. Research has shown that weather conditions,
varietal characteristics and cultivation techniques have the most significant impact on
the growth, development and yield of winter wheat (Triticum aestivum L.) (Linina and
Ruza, 2018; Mostipan et al., 2021; Skendzic et al., 2023). Therefore, all agro-
technological measures should be aimed at creating favourable conditions for the growth
and development of crops. The use of intensive grain production technologies
contributes to a significant increase in grain yields but is accompanied by significant
energy consumption and environmental pollution (Kaminskiy, 2016; Lykhochvor, 2008;
Nishanov and Yusupov, 2024; Skendzic et al., 2023). In particular, it is known that the
use of synthetic growth regulators and mineral fertilisers has a significant impact on crop
productivity. However, the search for effective products and their doses for different soil
and climatic conditions remains relevant. It is important to find and use the most
environmentally friendly products with low toxicity and high efficiency.

Pre-sowing seed treatment with insecticides, fungicides, micronutrient fertilisers and
growth stimulants is the most common and environmentally friendly way to protect plant
seedlings and an important element of crop production technology (Bezpalko et al.,
2020; Lamichhane et al., 2020). With this treatment, the seeds receive a full range of
nutrition during the most important period of their germination, when the root system is
formed (Afzal et al., 2020; Voloshchuk et al., 2020), which helps to increase the
viability, germination energy and germination of seeds, the effectiveness of plant
protection against pests, pathogens, resistance to drought and frost (Bilousova,
Klipakova, and Keneva, 2022; Findura et al., 2022). It has been found that the use of
biostimulants helps to increase grain yields and quality, and has a positive effect on the
crop baking qualities (Knapowski et al., 2019). Increasing the intensity of seed
germination and crop productivity is possible with pre-sowing preparation using growth
and development stimulants and microelements (Khodanitska et al., 2023; VVechera and
Kuianov, 2021). More than 4.5 thousand natural and synthetic growth regulators have
been studied worldwide, but they do not replace the effect of mineral fertilisers
(Yavorska et al., 2006). The search for highly effective and competitive stimulants in
different soil and climatic zones remains a pressing issue. Growth stimulants enhance
the processes of nutrition, respiration and photosynthesis, which increases fertiliser use
by 20-30%, and increases the resistance of crops to adverse climatic conditions, pests
and pathogens (Dyvnych and Demydenko, 2017; Shah et al., 2023).

In growing high and stable yields of crops, including winter wheat, along with
macronutrients, microelements are of the utmost importance in plant nutrition, the
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content of which in plants and soils is quite low — 0.01-0.001% of dry matter (Hutsol,
2021), so pre-sowing treatment of seeds with Avatar 1 micro fertiliser in a gown form
containing cobalt, copper, zinc, iron, manganese, molybdenum, magnesium (Polischuk
and Konovalov, 2023) is an important element of the technology. The use of trace
elements for pre-sowing seed treatment not only improves the quality characteristics of
the seed - germination energy and germination rate - but also increases crop yields by
increasing the chlorophyll content in the leaves, increasing the intensity of
photosynthesis, enhancing the activity of the enzyme complex, improving plant
respiration, increasing their resistance to diseases (Skendzic et al., 2023; Tsyliuryk,
Izhboldin, and Sologub, 2022).

The problem of increasing crop yields in the context of a steadily growing population
and a shortage of food raw materials is particularly relevant and of practical importance.
Therefore, the purpose of our study was to investigate the impact of winter wheat seed
(grain) cultivation technology elements on the yield and quality of grain products.

Methodology
Study Area

Field and laboratory studies were conducted in the experimental farm of the Institute of
Plant Physiology and Genetics of the National Academy of Sciences of Ukraine, located
in the Fastiv Natural and Agricultural district of the Bug-Middle Dnipro district of the
Forest-Steppe Right-Bank Province of Ukraine, during 2018-2023. The area of the
experimental plot was 12 m? and the accounting plot was 10 m?. The arrangement of the
variants is randomised. The study used varieties selected by the Institute of Plant
Physiology and Genetics of the National Academy of Sciences of Ukraine of different
maturity groups: mid-ripening - Horodnytsia, Astarta, Malynivka; medium-early
ripening - Novosmuhlianka, Pochaina, Boriia. The experiment was repeated 3 times.

Pre-Sowing Seed Treatment

The scheme of the experiment provides for pre-sowing treatment of seeds with the
biostimulant Emistim C (1 g/l saturated and unsaturated fatty acids (C 14 -C 28),
polysaccharides, 15 amino acids, analogues of phytohormones of cytokinin and auxin
nature) at a rate of 200 ml/t, microfertiliser Avatar 1 (1-25*% Co, 1-82% Cu, 1-73% Zn,
153% Fe, 53- 5% Mn, 1°- 250 Mo, 1-8% Mg) at a rate of 1.0 I/t and joint treatment
with these preparations at the same rates against the background of treatment with the
fungicide Vincit Forte, 7,75%, SC (15 g/l Imazalil, 25 g/l Thiabendazole, 37.5 g/l
Flutriafol). In the control, the seeds were treated only with the fungicide. Seed treatment
involved wetting treatment. This method of seed treatment involves the application of
suspensions, powders, and solutions with simultaneous or subsequent wetting with
water. Such treatment allows to optimise the use of chemicals due to rational dosage and
is safer for the health of the person involved in the treatment.

Harvest accounting was carried out by continuous threshing of plants from each plot
with a Sampo-Rosenlew SR 3085 selection combined. The bunker weight of grain from
each plot was converted to the yield per hectare, taking into account moisture and weeds.
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The grain was cleaned from the plots and brought to seed conditions using an SM-0.15
cleaning machine. The conditioned seed yield was determined after their cleaning on a
Petkus-Giant grain cleaning machine and bringing them to the requirements of the
standard for sowing conditions, and the reproduction rate was determined by the ratio of
cleaned seeds to sown seeds.

To determine the effect of pre-sowing seed treatment on the quality and yield of winter
wheat (Triticum aestivum L.), seeds were treated with Avatar 1 micro fertiliser in a
chelated form containing cobalt, copper, zinc, iron, manganese, molybdenum,
magnesium (Polischuk and Konovalov, 2023) and plant growth regulator of natural
origin Emistim C, which contains a balanced complex of natural growth substances —
phytohormones of auxin, cytokinin and gibberellin nature, carbohydrates, amino acids,
saturated and unsaturated fatty acids, and trace elements.

Soil and Weather Conditions

The experiments were conducted on light grey, podzolic, and light loamy soils. The
topsoil had a slightly acidic reaction with the soil solution (pH 5.5-5.8), low humus
content of 1.6-1.7%, alkaline hydrolysed nitrogen of 100-120 mg/kg, mobile phosphorus
compounds of 90-100 mg/kg and exchangeable potassium of 70-80 mg/kg. The humus
content of the soil was determined by the Tyurin method according to DSTU 4289:2004
(Soil Quality, 2005), the content of alkaline hydrolysed nitrogen was determined by the
Cornfield method according to DSTU 7863:2015 (Soil Quality, 2016). Chirikov's
method according to DSTU 4115-2002 (Soils, 2003) was used to determine the content
of mobile forms of phosphorus and potassium. The cultivation technology included basic
and pre-sowing tillage, basic fertilisation at a dose of N1sP1cK16, SOWing at the optimum
time, double fertilisation with ammonium nitrate, the first at a dose of Ns;, the second
Nass, plant protection included a single fungicide treatment of the crop, pest control and
control of monocotyledonous and dicotyledonous weeds.

Weather conditions in 2018-2023 were close to long-term averages in terms of
temperature but differed in terms of precipitation. According to the figure, the vegetation
periods in 2016/17, 2018/19, 2019/20 and 2021/22 were characterised by a deficit of
precipitation. The amount of precipitation in the respective periods was 127.6 mm, 11.5
mm, 141.0 mm and 43.3 mm less than the long-term average, while in 2017/18, 2020/21
and 2022/23, excess precipitation was recorded with the respective values of 116.4 mm,
88.5 mm and 197 mm, respectively (Figure 1).

Statistical Analysis
Statistical processing of the experimental data was carried out by the methods of analysis
of variance according to the Fisher method using the statistical analysis package

STATISTICA from StatSoft (Ermantraut, Prysiazhniuk and Shevchenko, 2007; Fisher,
2006).
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Figure 1: Deviation of precipitation from the long-term average over the years of the
study (2016/17-2022/23, data from Bila Tserkva Meteorological Station
(Meteorological data for Bila Tserkva, 2024)

Results

Pre-sowing treatment of seeds with a biostimulant and micro fertiliser enhanced both the
crop structure and seed yield, resulting in a significant increase compared to the control.
Pre-sowing treatment with the biostimulant Emistim C resulted in an average yield
increase of 0.3 t/ha, while the micro fertiliser Avatar 1 led to a 0.4 t/ha increase. The
highest yield gain of 0.7 t/ha (LSDO05 = 0.24 t/ha) was achieved with the combined
application of both treatments (Figure 2). Combined pre-sowing treatments resulted in
significantly higher seed yields compared to both the control and individual treatments.

6.0 5.8
<58
556 ¢ 5.4 >3
54
'q_>)\5.2 L 51
250 -
P8 |

4.6 ' ' ' :

Vincit Forte, 7,75%, Vincit Forte, 7,75%, Vincit Forte, 7,75%, Vincit Forte, 7,75%,
SC (1,0 I/t), control  SC + Emistim C (200 SC + Avatar 1 (1,0 SC + Emistim C (200
ml/t) It) ml/t) + Avatar 1 (1,0

LSDos seed treatment= 0,22 t/ha I/t)

Figure 2: Seed yield depending on its pre-sowing preparation (average for 2018-2023)

Thus, under the pre-sowing treatment of the seed with the biostimulant Emistim C, the
seed yield was 5.4 t/ha or 0.4 t/ha less, and under the treatment with the micro fertiliser
Avatar 1 — 5.5 t/ha or 0.3 t/ha less compared to the complex treatment with these
preparations. Upon analyzing the factors that influenced the yield of winter wheat based
on the pre-sowing treatment of seed with biostimulant and micro fertilizer, it was found
that “year conditions ” had the most significant impact, contributing 53.9%, while "seed

David Konovalov, Valentine Polishchuk, Svitlana Konovalova, Anna Brovdi 26




Grassroots Journal of Natural Resources, Vol.7, No.3 (December 2024), p.22-38 | ISSN 2581-6853 | CODEN GJNRA9
Doi: https://doi.org/10.33002/nr2581.6853.070302 Open Access

treatment” had a comparatively lower influence of 21.0% (Figure 3).

Other factors;

Year 18.3
conditions*Seed
treatment; 625\

® Year conditions;
53.9

Seed treatment; _/

21.0

Figure 3: Influence of factors on seed yield (average for 2018-2023)

A similar dependence of seed yield was obtained depending on the pre-sowing treatment
of the seed both separately and in the complex of biostimulant and micro fertiliser during
the study period. Similarly, the seed yield was significantly higher in the case of pre-
sowing treatment of the seed with these preparations compared to the control throughout
the study. The highest yield was obtained with pre-sowing treatment in combination with
a biostimulant and micro fertiliser.

Yield levels varied significantly across the study years, with the highest yields recorded
in 2018 and the lowest in 2019 (Table 1).

Table 1: Seed yield depending on pre-sowing treatment and growing conditions, t/ha

Variant Seed yield, t/ha

2018 | 2019 | 2020 | 2021 | 2022
Vincit Forte, 7.75%, SC (1.0 I/t), 55 44 47 4,5 5,4
control ’ ' '
Vincit Forte, 7.75%, SC + Emistim C 49 6,0
(200 mift) 5.9 4.8 5.1
Vincit Forte, 7.75%, SC + Avatar 1 49 6,4
(1.0 It 6.0 4.9 5.2
Vincit Forte, 7.75%, SC + Emistim C
(200 ml/t) + Avatar 1 (1.0 I/t) 62 |52 |57 53 165

LSDos gen. 0,38
LS DOS growing conditions 0,19
LS DOS growing conditions seed treatment 0122

Thus, in the control, the seed yield in 2018 was 5.5 t/ha or 1.1 t/ha higher than in 2019
and 0.1 t/ha higher than in 2022 (LSDos growing conditions = 0.19 t/ha). A similar increase in
seed yield was observed in the pre-sowing treatment of seed with both biostimulant and
micro fertiliser in 2018 and 2022. Seed multiplication coefficients increased by 2.4 units
to 22 with Emistim C and by 2.0 units to 21.6 with Avatar 1. Under the complex pre-
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sowing treatment with these preparations, the multiplication coefficient was the highest
and amounted to 22.8 (Figure 4).

Vincit Forte, 7.75%, SC + Emistim C (200 78 298
ml/t) + Avatar 1 (1.0 I/t) '
Vincit Forte, 7.75%, SC + Avatar 1 (1.0 I/t) 77 21.6
o 0 -
Vincit Forte, 7.75%, SC + Emistim C (200 76 290
ml/t)
Vincit Forte, 7.75%, SC (1.0 I/t), control 72 19.6

0 20 40 60 80 100 120

Figure 4: Reproduction rate and yield of winter wheat seeds depending on their pre-
sowing treatment with biostimulant (average for 2018-2023)

Pre-sowing treatment of the seed with a biostimulant or micro fertiliser had a positive
effect on the yield of conditioned seeds. The yield of conditioned seeds was the highest
and amounted to 78%, or 6% higher than in the control when the seed was treated with
these preparations together. An important criterion for evaluating the grown seed is the
quality of seeds — germination energy and germination rate, the improvement of which
is always relevant. It was found that the pre-sowing treatment of seeds with a
biostimulant and micro fertiliser improved seed quality. When treated with Emistim C
alone, germination energy and germination rate increased by 4% over three years and
amounted to 92% and 94%, respectively, and the weight of 1000 seeds increased by 2.7
g and amounted to 44.6 g compared to the control (Table 2).

Table 2: Quality of winter wheat seeds depending on biostimulants pre-sowing seed
treatment (average for 2018-2023)

Weight of Germination Germination

Variant 1000 seeds energy rate
g 4 % + % % + %
— 5
Vincit Forte, 7.75%, SC (1.0 I/t), 419 |- 88 i 90 i
control
— 3
Vincit Forte, 7.75%, SC + 146 | 2.7 92 4 94 4

Emistim C (200 ml/t)
Vincit Forte, 7.75%, SC +
Avatar 1 (1.0 I/t)

Vincit Forte, 7.75%, SC +

443 |24 93 5 95 5

Emistim C (200 ml/t) + Avatar 1 | 455 | 3.6 95 7 96 6
(1.0 I/t)
LSDos 0.3 - 1.1 1.1 -

A similar dependence was observed in the pre-sowing treatment of seeds with Avatar 1
micro fertiliser: germination energy and germination rate were 5% higher compared to
the control. It is worth noting that no significant difference in seed quality was found
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depending on its treatment with a biostimulant or micro fertiliser. The combined pre-
sowing use of the biostimulant and micro fertiliser produced significantly higher seed quality
indicators compared to the control. On average, over three years, the germination energy
increased by 7% and amounted to 95%, the germination rate by 6% and amounted to 96%
(LSDgs = 1.1%), and the weight of 1000 seeds increased by 3.6 g and amounted to 45.5 ¢
(LSDgs = 0.3 g). The same results were obtained for the years of research. Seed germination
was significantly higher in the pre-sowing treatment of seed material compared to the control
for all years of research (Figure 5).
2018 =2019 m2020

98 r 9% 96 '

i | I [

Vincit Forte, 7.75 %, Vincit Forte, 7.75 %, Vincit Forte, 7.75 %, Vincit Forte, 7.75 %,
SC (1.0 I1t), control ~ SC + Emistim C ~ SC + Avatar 1 (1.0 SC + Emistim C
(200 ml/t) 1) (200 mi/t) + Avatar 1

— . _ (1.0 1)
LSDos year conditions = 0-9%0; LSDgs seed treatment = 1-1%

O © O
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Figure 5: Seed germination depending on seed treatment by biostimulant (for 2018-2020)

In 2018, pre-sowing treatment with Emistim C increased seed germination to 95%,
compared to 91% in the control. A similar increase in seed germination was observed when
the seed was treated with Avatar 1 micro fertiliser. When combined use of a biostimulant
and micro fertiliser, the highest seed germination rates were obtained, which by years was
96-97%, while in the control it was significantly lower.

Year conditions
13. 4%

Other factors

11.6% \

Year
conditions*S

treatment ———p e .
17.9% = Seed treatment

57.1%

Figure 6: Influence of factors on seed germination (average for 2018-2023)
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Analysis of the factors that influenced seed germination showed that the factor “seed
treatment” was the most influential (57.1%). The influence of the complex interaction of the
factors “seed treatment” and “year conditions” was 17.9%, and the factor “year conditions”
—was 13.4% (Figure 6).

Pre-sowing treatment of seed with biostimulant Emistim C and micro fertiliser Avatar 1
for all years of research provided a significant increase in the weight of 1000 seeds, both
when treated separately with one of these preparations and when used together,
compared to the control (Figure 7).
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LSDOS year conditions =0.23 g; LSDO5 seed treatment — 0.27 g I/t)

Figure 7: Weight of 1000 seeds depending on the treatment of the seed with
biostimulant (2018-2020)

Thus, in 2018, the weight of 1000 seeds was 2.6 g higher under the pre-sowing treatment
of seed with the biostimulant Emistim C, 2.4 g higher under the micro fertiliser Avatar
1, and 3.5 g higher under their combined use compared to the control (LSDes = 0.27 g).
A similar increase in the weight of 1000 seeds was observed in 2019 and 2020. The
combined use of these preparations provided an increase in the weight of 1000 seeds not
only compared to the control but also when treated separately with one of these
preparations. If in 2018 the weight of 1000 seeds under the treatment of seed with a
biostimulant was 44.8 g and micro fertiliser 44.6 g, then under their combined use it
significantly increased by 0.9 g and 1.1 g (LSD¢s = 0.27 g). A significant increase in the
weight of 1000 seeds under the combined pre-sowing treatment of seed was obtained in
2019 and 2020. Thus, the pre-sowing treatment of seed with the biostimulant Emistim C
and micro fertiliser Avatar 1, both separately by each of the preparations and in
combination, provided a reliable increase in the yield of seeds and their quality.

Discussion

It is known that the intensification of agriculture threatens the development of natural
ecosystems and can lead to environmental losses. The use of fertilisers increases plant
productivity, but it also increases economic costs and puts an additional burden on the
environment (Garcia, 2020). Today, the criterion for agricultural production is not only
to increase production but also to preserve the natural and ecological balance of the
environment (Voronkova et al., 2019).
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The search for alternative sources of plant nutrients is an urgent issue for the science and
practice of crop production (Ashraf and Foolad, 2005; Vozhehova et al., 2021). To
increase the yield potential of crops, growth stimulants are used to activate membrane
processes, cell division, photosynthesis, reduce nitrate content in plants, increase the
biological efficiency of crop production, and resistance to diseases and pests (Bahan and
Nevodnychyi, 2023). The combined use of herbicides and biostimulants reduces the
negative effects of herbicides. The use of physiologically active substances, in particular,
sodium humate and gimisol, contributes to an increase in yield compared to the control
without their use (Nepran, Romanova and Romanov, 2021). Covering a wide range of
substances, including natural compounds and products of microorganisms, biostimulants
stimulate the development of the root system of plants, contribute to increasing their
resistance to the negative impact of biotic and abiotic factors, in particular, increase their
environmental plasticity and resistance to diseases and pests (Baratova and Yunusov,
2023).), however, their use involves additional economic costs, which necessitates the
study of the economic and social effect of their use.

A significant number of scientific studies have been devoted to exploring the
effectiveness of biostimulants in growing crops. It was found that foliar feeding of plants
with micro fertiliser and biostimulant growth promotes a 28.2% increase in buckwheat
grain yield compared to the control (Moisiienko, Tymoshchuk and Panchyshyn, 2023).

When studying the reaction of spring wheat to the introduction of biostimulants
containing microorganisms, Piskier (2006) found a significant increase in the yield of
spring wheat grain by 23%. Matyjaszczyk (2015) recorded an 8% increase in the
productivity of soft wheat when using a biostimulant that includes growth hormones,
amino acids and enzymes of biological origin. Radzikowska-Kujawska et al. (2023)
have confirmed that the use of any biostimulant significantly increases grain yields under
conditions of full hydration. They recorded the highest yields when applying the Raiza-
Mix preparation, which is based on algae, amino acids, growth hormones and trace
elements. Thus, there is a need for an in-depth study of various biostimulants on crop
yields. Yula and Drozd (2021) determined that, on average, over the years of research,
the increase in the yield of spring wheat with the use of growth biostimulants ranged
from 0.2-0.35 t/ha. Relevant studies were conducted in different soil and climatic
conditions under different crop cultivation technologies, which could affect the results
of the study, for which reason there is a need for an in-depth study of the effect of
biostimulants on crop yields, taking into account the effects of climatic factors and
elements of winter wheat cultivation technology, which would allow selecting the most
effective ones.

In the zone of sufficient moisture, treatment of winter wheat seeds with biological
preparations Emistim C and Rizoplan provided an increase in seed yield by 10.4-17.2%
compared to the control without treatment with these preparations (VVoloshchuk, 2009).
Hanhur et al. (2021) have shown that seed treatment and foliar feeding of winter wheat
crops with micro-fertilisers had a positive impact on crop productivity. Thus, the
increase in wheat grain yield from a seed treatment with Vuksal Terios-U and Vuksal
Terios-M micro fertilisers compared to the control (untreated seeds) was 0.18-0.19 t/ha
or 3.5-3.7%. Lykhochvor et al. (2022) have determined that the yield of winter wheat
increased by 8% after applying Intermag micro fertiliser.
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Our research indicates that it is advisable to use a biostimulant and microfertiliser in
combination. According to our study conducted in the conditions of insufficient moisture
in the Right-Bank Forest-Steppe of Ukraine, the use of biostimulants Emistim C and
Avatar 1 increased the yield of winter wheat seeds by 0.3-0.7 t/ha, i.e. by 5.9-13.7%,
compared to the control. Thus, the results presented in this article agree with the results
obtained by researchers under different growing conditions and indicate the expediency
of using biostimulants to increase crop yields. Given that the profitability of production
for growing winter wheat seeds using energy-saturated technology with elements of
colonisation was lower compared to energy technology, the search for alternative
environmentally friendly ways to increase crop productivity is important and determines
further research directions.

Studies of the influence of factors on the yield of winter wheat under moderate moisture
conditions of the Left-Bank Forest-Steppe of Ukraine have determined that under the
appropriate growing conditions the influence of weather conditions on the formation of
yields ranged from 10.5-11.1%, depending on the variety (Barabolia and Doronin, 2023),
while the influence of this factor in the Steppe of Ukraine increased to 61.1% (Klipakova
et al., 2018). In our research, the influence of this factor was 53.9%, which indicates an
increase in the share of this factor in conditions of moisture deficit. The influence of the
factor ‘seed treatment with disinfectants and plant growth regulators’ in the steppe
conditions was 36.2% and 2.1%, respectively (Klipakova et al., 2018), and the share of
the factor ‘treatment with biological products’ was 9.34% (Bazalii and Domaratskyi,
2012). The share of the influence of the factor ‘seed treatment’ in our research was 21%,
which is significantly different from the results of previous studies and determines the
need for further research on the effect of seed treatment with various preparations on the
yield and quality of winter wheat seeds under different growing conditions.

Conclusion

The persistent challenges of rising population pressures and the impacts of climate
change necessitate the exploration of alternative methods to enhance crop yields.
Consequently, this research aims to examine the influence of different elements of winter
wheat seed-growing technology on both the yield and quality of grain products. It was
found that pre-sowing treatment of seed with biostimulant Emistim C, seed vyield
increased by 0.3 t/ha, with micro fertiliser Avatar 1 — by 0.4 t/ha, and under the complex
application of these preparations - by 0.7 t/ha (LSDgs = 0.22 t/ha), compared to the
control. Under pre-sowing treatment of seed with biostimulant Emistim C, the seed
multiplication coefficient was 2.4 units higher, with micro fertiliser Avatar 1 — 2.0 units
higher, and under combined use of these preparations — 3.2 units higher compared to the
control. Pre-sowing treatment of the seed with a biostimulant and micro fertiliser had a
positive effect on the yield of conditioned seeds. Under the combined treatment of seed
with these preparations, the yield of conditioned seeds was the highest and amounted to
78%, or 6% higher than in the control. It was determined that the pre-sowing treatment
of seeds with biostimulant and micro fertiliser significantly improved seed quality
compared to the control. On average, over three years, when treated with Emistim C
alone, germination energy and germination rate increased by 4% and amounted to 92
and 94%, respectively, and the weight of 1000 seeds by 2.7 g and amounted to 44.6 g,
compared to the control. The combined use of the biostimulant and micro fertiliser
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increased germination energy by 7%, germination rate by 6%, and weight of 1000 seeds
by 3.6 g. The obtained results indicate the effectiveness of the combined use of
biostimulant and micro fertiliser in the Right-Bank Forest-Steppe of Ukraine and
necessitate further search for environmentally safe and highly efficient ways of growing
crops in different growing conditions.
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Abstract

Scholars and policymakers commonly recognize agroforestry as an
integrated approach to environmental conservation and enhancing
agricultural productivity. This study seeks to examine the status of
commercial agroforestry and governmental activities aimed at regulating
shifting cultivation in the Karbi Anglong region of Assam, India.
Commercial agroforestry often refers to the large-scale production of
agricultural and forestry products for commercial purposes. The primary
objective is to market and sell products, such as tea or coffee, while
utilizing the shelter provided by shade trees. The data was collected
systematically using the purposeful sampling method. A total of six
villages were chosen for sample collection, and 36 samples were
collected to assess the level of satisfaction with the government's
commercial agroforestry initiatives, as well as the respondent’s opinion
on the ground. The study applied critical analysis and interpretative
techniques to qualitative data, while descriptive techniques were used to
examine statistical data collected from government reports. This study
observed that the local government framed several schemes to conserve
three essential natural resources: soil, water, and vegetation. According
to the study, the Cash Crops Development Programme was important in
reducing the jhum (shifting) cultivation in the study area. However,
accepting the changing scenario of agricultural practices in the hill tribal
areas of Karbi Anglong, this study interpreted that commercial
agroforestry plays a significant role in the changing life of the people, as
well as improving agricultural productivity, diversifying income streams
and restoring ecological balance in the study area.

Keywords
Biodiversity; Cash crop plantation; Ecosystem; Shifting cultivation; Soil
conservation
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Introduction

Jhum cultivation, also known as slash-and-burn agriculture or shifting cultivation, is a
traditional farming method used by local communities in hilly terrains of northeast India
(Bhuyan, 2019; Chatterjee, 2021; Dhanaraju, 2023; Dhanaraju and Bijeta, 2022; Gupta,
2000; Haokip et al., 2021; Kerkhoff and Sharma, 2006; Mathur and Bhattacharya, 2022;
Malik, 2003; Rasul and Thapa, 2003). This type of agriculture is one of the oldest, and
it may be found in many places of the world, including America, Asia, and Africa
(Santoro et al., 2020). It involves clearing a specific piece of land, cultivating it
temporarily, and then abandoning it to allow natural vegetation to regenerate. Shifting
cultivation currently accounts for approximately 86% of all agricultural land in northeast
India (Haokip et al., 2021). Such agricultural practices are closely connected to the
cultural practices of most of the tribes in this region. It is a widely accepted opinion that
shifting cultivation was the first type of agriculture and that it fulfilled the fundamental
needs of humanity. Currently, this farming method, along with other old systems, is
regarded as an exemplary model of ecological efficiency. Mixed cropping was often
done in the jhum land. The subsistence hill farmer normally cultivates all the crops
required for their household sustenance. More than 50 per cent of the inhabitants in Karbi
Anglong engage in jhum cultivation, which involves clearing vegetation along the hill
slopes (Hansepi and Laisram 2022). However, the percentage of production varies from
season to season (HADP, 2015). The cultural practices of the indigenous population in
this area are governed by the “jhum calendar”. The celebration of traditional festivals
coincides with various activities of jhum farming. Recently, the state and policymakers
have become greatly concerned about shifting cultivation and the decline of the
vegetation cover. New policies have been implemented by the state and policymakers to
regulate jhum and bamboo cultivation. They claim that jhum cultivation is highly
detrimental due to its contribution to erosion, forest degradation, low production, and
exacerbation of flooding, which eventually results in environmental imbalances (Mathur
and Bhattacharya, 2022).

In this context, the government and policymakers have suggested alternate farming
methods that can challenge the current practices of shifting cultivation in northeast India.
Pant, and his team members (2018), in their latest report, have suggested that the
Ministry of Agriculture should initiate a “mission on shifting cultivation” to promote
coordination across different ministries and address the practice of shifting cultivation,
which is predominantly observed in the north-eastern states. This initiative was taken
due to the significance of the problem and to enhance livelihoods, eliminate poverty, and
prevent land degradation. Their report also stated that effectively managing the
transformation of shifting agricultural lands is an intricate procedure that necessitates the
active involvement of various ministries and organizations. This report advocated that
land for shifting cultivation be classified as agricultural land under ‘agroforestry’.
Because of the decreases in productivity that come with rising population pressure,
shortening of fallow times, and the lack of availability of alternative land, shifting
agriculture is currently considered to be a type of agroecosystem that is largely
unsustainable (Nath et al., 2016). As a means of improving shifting farming systems, a
growing number of programs have been developed to promote the use of agroforestry to
boost agricultural productivity. Shifting cultivation is currently regarded as an
extensively unsustainable form of agriculture due to reduced production resulting from
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growing population pressure, shortening of fallow periods, and lack of alternative land.
To improve changing agricultural systems, there has been an increase in the number of
efforts that are being made to increase the adoption of agroforestry. In 2014, the
government of India launched the National Agroforestry Policy to improve productivity,
profitability, variety, and ecosystem sustainability, making it the first government to do
so globally (Patel et al., 2024).

Agroforestry is commonly recognized by scholars and policymakers as an integrated
approach to both environmental conservation and enhancing agricultural productivity
(Bhandari, Joshi and Paudel, 2021; Deb, 2020; ICFR, 2020; Mathur and Bhattacharya,
2022; Patel et al., 2024). Agroforestry, a traditional method, is a significant kind of
subsistence farming (ICFRE, 2020). NITI Aayog (formerly Planning Commission)
characterizes agroforestry as an agroecological, nature-based land use system that
simultaneously addresses current ecological issues, including food, nutrition, energy,
employment, natural resources, and environmental security (Patel et al., 2024).
Agroforestry indeed encompasses both traditional and modern techniques of land
utilization. Improving the quality of the soil, increasing the amount of vegetation, and
increasing the amount of tree cover can be accomplished by integrating and optimizing
the interactions between the components of agroforestry, which include trees, crops, and
livestock. Agroforestry has the potential to meet the needs of climate change adaptation
and mitigation while also delivering several short-term and long-term advantages to
society and the economy. Due to the current scenario in India's land usage patterns, the
NITI Ayog emphasized the need for immediate involvement in the promotion of
agroforestry in areas of shifting cultivation.

The government statistical reports show that agroforestry products and services directly
support 1.2 billion people in developing countries, both rural and urban (ICFRE, 2020).
Indeed, India is the first nation in the world to have a distinct policy for the agricultural
practice known as “agroforestry”. The objective of that approach is to encourage better
coordination, convergence, and interaction among many of the agroforestry components
that are dispersed across different missions, programs, and schemes that are already in
place. According to the National Agroforestry Policy 2014, the term “agroforestry
systems” encompasses both traditional and modern land-use systems. These systems
involve the sustainable management of trees in conjunction with crop and/or animal
production systems in agricultural environments. Agroforestry can be practiced in both
irrigated and rainfed environments depending on the conditions of the land. This practice
results in the production of food, fuel, fodder, timber, fertilizer, and fibre. It also
contributes to the security of food, nutrition, and the environment. Additionally, it helps
to support livelihoods, reduce poverty, and promote environments that are productive
and resilient for cropping and farming. The role of agroforestry in the socio-economic
empowerment of local inhabitants has been underlined by a variety of national efforts,
in addition to the policy frameworks that have been discussed above. For instance, the
National Forest Policy of 1988, the National Agriculture Policy of 2000, the Planning
Commission Task Force on Greening India of 2001, the National Bamboo Mission of
2006, the National Policy on Farmers of 2007 and the Green India Mission of 2010 etc.,
emphasized on the role that agroforestry plays in promoting efficient nutrient cycling,
organic matter addition for sustainable agriculture, and the enhancement of vegetation
cover (ICFRE, 2020). It can be understood from the policymakers that agroforestry is
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the only practical method for achieving the 33% green cover target set by the National
Forest Policy, 1988.

Agroforestry can improve ecosystem services by storing carbon, preventing
deforestation, protecting biodiversity, and conserving soil and water. Initially, scientists
have classified agroforestry into four groups based on the system's structure, function,
ecological spread, and socio-economic basis (Nair, 1987). Subsequently, Dwivedi
(1992) rearranges this basis into seven categories as follows: The categories mentioned
are: structure, physiognomic, function, floristic, socio-economic, historical, and
ecological (Hasanuzzaman, 2024). Agroforestry systems are categorized into three types
based on socio-economic considerations: Subsistence agroforestry system, Commercial
agroforestry system, and Intermediate agroforestry system. This study examines the
impact of commercial agroforestry on the economic and social well-being of the local
population in the jhum areas of the Karbi Anglong region in Assam. Commercial
agroforestry often refers to the large-scale production of agricultural and forestry
products for commercial purposes (Dhiman, 2013). The primary objective is to market
and sell products, such as tea or coffee, while utilizing the shelter provided by shade
trees. Traditional agroforestry is less effective since its primary purpose is to meet the
family's consumption needs or subsistence system, whereas commercial agroforestry is
focused on cultivating tree products to increase income.

The main aim of this study is to analyze the status of commercial agroforestry and
government initiatives aimed at controlling shifting cultivation in the Karbi Anglong
region of Assam, India, while examining the ground realities of schemes that have been
implemented in the field. Given this objective, this study will serve as an example for
the government, demonstrating how commercial agroforestry has benefited people while
also balancing the significance of shifting cultivation. Keeping in mind the aim of the
study, this study framed the following objectives:
1) To study the impact of commercial agroforestry on the socioeconomic status of
the people in the study area; and
2) To evaluate the impact of cash crop plantation programs on agroforestry in the
study area.

Methodology
Study Area

Geographically, Karbi Anglong of Assam is divided into two territorial parts: hills and
plains. The Karbi Anglong Autonomous Council (KAAC) administers two districts of
Karbi Anglong (East and West) and these two districts have been placed under the sixth
schedule of the Indian Constitution. This region covers 10,434 sq km, accounting for
approximately 13.53% of the state's overall geographical area of 78,438 sg. km. Karbi
Anglong is an important hill region in Assam. This region of rich tropical forest-covered
hills and plains is located between latitudes 25°33' and 26°35' north and longitudes
92°10" and 93°50" east. This study covered three territorial forest divisions (East
Division, West Division and Hamren Division) of Karbi Anglong Autonomous Council.
Historically, this district's population has been largely tribes, with Karbi being the largest
tribe (District Census Handbook, 2014).
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Data Collection

The study was conducted from 2021-2022. The primary data was obtained purposely
from the study area where the KAAC’s agroforestry programs are being implemented.
The study applied qualitative research techniques to collect data from respondents
engaged in commercial agroforestry in jhum cultivation areas to assess the impact of
government programs. The respondents have been spread across three divisions (Diphu,
Silojanijan and Phuloni) of Karbi Anglong. Since the study is qualitative, the purposive
sampling technique was employed to obtain primary data. A total of 6 villages were
chosen for the collection of the samples, and 36 samples were collected to evaluate the
degree of satisfaction with the commercial agroforestry efforts that were implemented
by the government, as well as the opinion of the government at the ground level. The
selection of these six villages was based on their homogeneity (Karbi community), with
respondents actively engaged in commercial agroforestry and having made use of
government-initiated commercial agroforestry projects/schemes. The study also
used participant observation, and selected interviews with individuals engaged in
commercial agroforestry to collect primary data in Annexure-1 format. However, the
obtained data were corroborated with official records to evaluate the agroforestry
programs. The study also conducts interviews with forest officials (government) to
obtain official government data. Secondary data were employed in this study. These
sources have been collected from the relevant government publications, including
Annual Souvenirs of KAAC, Forest Reports of Assam State, NITI Aayog Reports on
Agroforestry, and National Agroforestry Reports. The main limitation of the study is the
unavailability of recent reports on the study area; hence, the assessment was based on
previous data from official reports.

Data Processing and Analysis

This study applied qualitative research approaches to acquire primary data, while
guantitative procedures were also used for statistical data. For the qualitative data, the
study used critical analysis and interpretative techniques, whereas the statistical data was
analysed using descriptive techniques. SPSS/STATA 14 is used for data entry and
guantitative analysis of the data collected from the reports and field. This study
employed critical analytical and interpretative methods on the gathered data to
understand the subjective dimensions of the respondents in the field. It also evaluated
the government schemes to ascertain their effects on the socio-economic conditions of
the people and the changing scenario of shifting cultivation in the study area. These
techniques further enable this study to understand the challenges faced by those engaged
in commercial agroforestry. The critical analysis and interpretive technique were
employed to also examine the secondary data, specifically the government reports and
literature review used in this study.
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Figure 1: Map of the study area
Results and Discussion
The Status of Jhum Cultivation

For the last few decades, traditional methods in jhum cultivation in northeast India have
been a subject of much debate among researchers and an issue of concern for
governments. In Karbi Anglong, the use of land is central to all socioeconomic activities.
The predominant land use pattern and traditional economic activities are jhum
cultivation. In jhum land, mixed cropping is practised, and the ground is never left
fallow. The subsistence hill farmer cultivates all the essential crops necessary for
household consumption. People cultivate continuously throughout the year. The main
crops planted were upland hill rice, maize, sesame, cotton, gourd, chilli, ginger/turmeric,
chilli, rabi vegetables, and kharif vegetables.
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Table 1: The extent of land used for jhum cultivation in northeast India

State Area (sg.km)

2005-06 2008-09 2015-16
Arunachal Pradesh 1025.07 821.67 509.11
Assam 160.15 82.02 52.60
Manipur 752.10 296.68 499.96
Meghalaya 291.87 281.73 237.87
Mizoram 1028.53 602.08 691.55
Nagaland 1239.09 141453 979.33
Tripura 89.28 30.31 65.17
Sikkim - 58.98 92.09
Total 4586.09 3588.00 3127.68

Source: Haokip et al. (2021)

Research conducted by the Assam Remote Sensing Application Centre using satellite
data indicates that jhum (shifting) cultivation is expanding at an annual rate of 1.2% in
the hill district of Karbi Anglong, affecting approximately 60.01% of the total land area
(HADP, 2016). Mixed agriculture was commonly practiced in the jhum terrain.

The Impact of Commercial Agroforestry and Government Initiatives

The agroforestry area in the Northern Himalayan Region is 4.096 million hectares out
of the overall geographical area of 32.968 million hectares, which accounts for 2.42%.
(Arunachalam et al., 2022; NIT1 Ayog, 2024). The KAAC has made significant progress
in the scientific and sustainable management of forest resources. Green felling has been
completely banned since 1995. The survey of forest areas for sustainable harvesting of
timbers and minor forest products in perpetuity to meet genuine developmental and local
needs has been conducted. The Autonomous Council has implemented several initiatives
to regulate the practice of jhum cultivation. The authorities have implemented some
initiatives, such as the development of model villages, the Cash Crop Plantation Scheme,
and the Composite Scheme, among others (KAAC, 2016). The state government, in
collaboration with the KAAC, has implemented a variety of State Plan Schemes to
restrict shifting cultivation among Karbis. Various projects known as the Compact Areas
Programme/Mini Compact Areas Programme were implemented as part of the Integrated
Jhumia Development Programme (1JDP) till 1994-1995 (HADP, 2016). However, in
1995-96, the Karbi Anglong Autonomous Council changed and established plans to
encourage the planting of environmentally friendly cash crops like as tea, coffee, rubber,
bamboo, and sugarcane. Such initiative led to the launch of commercial agroforestry
schemes in Karbi Anglong. In addition to cash crop plantation, various schemes such as
land development/land reclamation, water harvesting structures with water distribution
systems, dug-out ponds, and river training works are now being implemented. The 1IJDP
schemes are implemented by the various departments under the guidance of KAAC
administrative jurisdiction. According to Council officials, the primary goal of the 1JDP
is to move away from traditional jhum cultivation and toward land-based permanent
cultivation, the use of fertilizers or manure, and other modern methods of cultivation. In
addition, soil erosion and loss of fertility have resulted in decreased productivity in the
area. Currently, the IJDP is a subject that has been given a high level of trust by the state
(KAAC, 2015a).
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The Hill Areas Department (HAD) of the state government is providing a one-time grant
to the Council as part of the budgeted allocation for support. The fund allotment is
distributed on a 50:50 basis. The Soil Conservation Department Souvenir of 2005 stated
that jhum cultivation continues to span 69,000 hectares of hilly tract out of the district's
overall geographical area of 10, 33,200 ha per year (KAAC, 2005). This traditional
agricultural approach is a major cause of environmental deterioration, which hurts the
region's ecology. Apart from this, soil erosion and a loss of fertility have reduced output
in the area. The HAD is providing the Council with one-time assistance in the form of a
grantin aid, as allocated in the budget. Funds are allocated in 50:50 ratios (HADP, 2016).

Table 2: Allocation of funds for the Integrated Joint Development Programme (IJDP) in
Karbi Anglong since 1998

Year Amount Received (in USD)
1998-1999 91,851.36
1999-2000 87,774.45
2000-2001 99,455.36
2001-2002 87,774.45
2002-2003 76,050.20
2003-2004 2,04,749.49

Source: KAAC (2015)

The Council Authority decides which schemes are included in the Integrated Jhumia
Development Programme. The schemes are then included in the annual action plan for
the year and presented to the HAD for funding release. After receiving funding, the
assigned department funds are sanctioned and distributed when they are implemented.
Cash crops such as tea, rubber, bamboo, and sugarcane are included, while other
programs include land development/reclamation, water harvesting structures with water
distribution systems, dug-out ponds, and river training works. Training sessions and
awareness initiatives are also arranged. Mini projects on a watershed basis have been
implemented from 2003-04 (KAAC, 2015).

The Council representatives and the Implementation Committee select project sites
based on the priority of individual proposals from humans. Beneficiaries typically select
regions from the jhumias, therefore, such plans are implemented in abandoned jhum
lands. The 1JDP schemes are beneficiary-oriented, with 100% financing provided before
being given out to selected beneficiaries. Cash crop plantation locations are chosen from
lands held by the beneficiaries. Plantations are maintained for two or three years,
depending on the requirements. However, the sugarcane plants are not supported by the
IJDP funds. There are no such tree/crop species that have been selected for
implementation under the IJDP. Because the Forest, Agriculture, and Soil Conservation
Department grows cash crops according to distribution formulas that benefit them. The
District Agriculture Officer (DAO) is responsible for implementing the sugarcane
cultivation scheme (KAAC, 2005). The programs related to tea, coffee, rubber, and
sugarcane are executed by departmental regulations. Tea plantation regulations have
been developed by Agriculture University standards. The schemes for land
development/reclamation and water harvesting structures are carried out by the plan and
estimates approved by the Council Authority.
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The IJDP has initiated the Cash Crops Development Scheme. Before 1995-96, several
integrated approach programs including veterinary care, handloom textiles, horticulture,
and terrace agriculture were implemented pragmatically. However, due to several
implementation challenges, the outcome was not as intended. The marginal farmers
successfully carried out 156 ha of tea production as part of the cash crop plantation.
Rubber has been popular with Jhumia families since 2006. The Council launched the
Cash Crops Development Programme under agroforestry to promote cash crops like
rubber, coffee, and tea as alternatives for transforming humans into permanent
agriculture. These income-generating crops contribute to the generation of livelihoods
while also minimizing erosion of the soil. During 2015-2016, 87.4 hectares of rubber
plantations and 34 hectares of tea plantations were established at the beneficiary level.
However, it does not suit the needs of greater groups of people (HADP, 2016).

Bamboo and broom plantations are common among humans. These plantings not only
serve to reduce soil erosion in mountainous terrains, but they also generate a quick
income. During 2015-2016, 56.7 hectares of bamboo plantation and 5.75 hectares of
broom cultivation were raised, benefiting 66 beneficiaries. Another interesting finding
is that the government has adopted protective afforestation. Protective afforestation
includes steeply sloping and degraded land that is unsuitable for crops. Multipurpose
tree species, medicinal plants, and forest species have been cultivated. These forest
species plantations help to protect soil erosion and conserve biodiversity in the region.
During 2015-2016, 40 hectares of land were brought under the plan. To raise awareness
about environmental conservation, the department has been implementing the Nature
Conservation Project, which involves planting ornamental plants, flowering plants fruit-
bearing tree species in places like schools, public spaces, and roadside. During 2015-
2016, 15,000 trees were planted under the project. Special sugarcane farming under IJDP
has been implemented from 2002-03 to replace shifting cultivation as a sustainable crop.
In recent years, sugarcane agriculture has reached an area of 1250 bighas. Sugarcane is
currently the most common cash crop among humans. It has marketing opportunities in
rural markets. 1000 families have benefited from it (KAAC, 2015).
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Figure 2: Percentage of beneficiaries under the Integrated Jhumias Development
Programme (1JDP)
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Figure 2 depicts the percentage of respondents who benefited from the 1JDP in three
Forest Divisions of Karbi Anglong. Only a small percentage of those who responded
have benefited from the scheme in these forest divisions. Soil and water conservation
methods have a vital role in preventing soil erosion in the hills of Karbi Anglong. The
Soil Conservation Department, which is under the Council's administrative control, is
responsible for the most effective and profitable management of three vital natural
resources: soil, water, and vegetation, through the implementation of various activities,
as well as the generation of self-employment and the improvement of the socioeconomic
conditions of rural people throughout the district. The council has launched several major
soil conservation schemes to promote agroforestry in Karbi Anglong, including the Cash
Crop Development Programme, Bamboo and Broom Plantation, Nature Conservation,
Protective Afforestation, and so on.

Table 2: The Status of Commercial Agroforestry under the State Plan and Hill Areas
Development Programme (HADP) for the financial year 2014-15

Name of Scheme Achievement under Achievement under
Normal Plan HADP
Finical Physical (Area Finical Physical (Area
in USD) and Numbers) | (Rsin Lakhs) | and Numbers)
Rubber Plantation 1,07,865.62 | 251 ha 60.61 69.0 ha
Rubber Budded Nursery | 25,717.72 31405 19.09 2600
Tea Plantation 22,301.04 47n0s 32.17 26.6ha
Tea Nursery 14,040.71 200000 6.83 12000
Nature Conservation 17,612.46 39 4.47 9
Bamboo Plantation 36,149.44 131 ha 20.67 46.4 ha
Protective Afforestation | 3,581.87 19 1.65 10 ha
Composite Nursery 2,575.22 22000 | .o | .

Source: KAAC (2015)

Table 3 shows the Cash Crop Development Schemes under the State Plan (Normal Plan)
and HADP for the financial year 2014-15. As previously observed, the Council
developed Cash Crop Development Schemes under agroforestry to mitigate shifting
cultivation in Karbi Anglong. Rubber budded nursery and composite nursery were the
most successful of these projects, while tea nursery came in second in terms of
achievement and number of beneficiaries. According to the records, the percentage of
beneficiaries and successes was quite low when compared to the total number of bamboo
plantations in this district. Bamboo plantations are cultivated by about 90% of the
population in Karbi Anglong. The study observed that different land development
schemes have been implemented by the department to increase cultivable areas that lead
to cropping intensifying in jhum areas. However, it is inconsistent with the anticipated
parameters set forth by the government.

Table 4 shows how KAAC contributes to the growth of cash crops and land by
developing various initiatives and activities. The primary goals of these programmes aim
to turn humans into permanent agriculture by incorporating local communities in cash
and land development. However, the success rates of these plans do not meet the
standards we have witnessed in the field. According to the field survey, these plans do
not reach those living in remote locations. The principal consequence of these initiatives
revealed that the conversion of forest land into commercial agricultural lands such as
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tea, orange, and rubber plantations resulted in the depletion of a significant forest area,
particularly in the Koiamati, Panjan, Jongpha, Phangcherop, and Borlangso districts of
the East Forest Division. Langkhersa has a tea plantation, while Amreng has an orange
plantation, both under the Hamren Forest Division. With the current surge in the number
of small tea gardens, many forest covers must give way to tea plantations, leading the
total forest area to decline even further. The growth of settled agricultural practices has
caused forests and grasslands to shrink (Bhuyan, 2019).

Table 3: Beneficiaries of Commercial Agroforestry Schemes from 2002-03 to 2005-06

SI.No. Name Achievement during The total
2002-03 |2003-04| 2004-05 | 2005-06 | Total of | number of
four families
years | benefited.
1. Protective |- 6lha |----—--- 61.0ha |-------
Afforestation
2. Bamboo 253.00 (200.00 |130.00 {299.0 ha |882.00 [1250
Plantation ha ha ha ha
3. Broom |- 6 ha 5 ha 10.00 ha |21.00 ha |42
Plantation
4, Coffee 5.00 ha [12.00 |----- = [|---—--- 17.0ha |8
Plantation ha
5. Tea | e e 2.00ha |2.00ha |1
Plantation
6. Rubber  |----- 7.2ha [9.00 ha |37.00 ha |53.20 ha |90
Plantation
7. Nature 1 2 12 33 48 35
Conservation
Project
8. Land 4750 ha |89.00 [23.00 ha |225.00 |384.50 632
Reclamation ha ha ha
Land
Development
9. Water 11 39 19 82 151 160
Harvesting/
Distribution
10.  |Terracing 7.00 ha |5hat |5.00 ha |15.00 ha |32.00 ha |54

Source: KAAC (2016)

The council authorities have justified rigorous monitoring of forest management by
stating the following reasons: Rapid population expansion and influx from neighbouring
states led to encroaching forests, destroying valuable crop cultivation areas; jhum
cultivation gradually damaged forests, eventually leading to their destruction; granting
forest leases/coups without sufficient consideration is a leading cause of forest
devastation and youth who lack a stable source of income often illegally cut down
plantation trees for profit. Figure 3 shows beneficiaries under the Integrated Jhumias
Development Programme (1JDP) scheme in the study region, as mentioned in the reports
of the KAAC. The Council implemented several measures to persuade cultivators to stop
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growing them. This table shows the variation in success rates among the people who
benefited from this scheme.

Figure 3: Beneficiaries who have gained advantages from the Integrated Jhumias
Development Programme (1JDP)
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The primary occupation of the inhabitants in the study area is agriculture. A significant
number of individuals engage in jhum cultivation, a traditional important and age-old
agricultural practice. This practice characterized by the traditional slash-and-burn
technique, has been embraced by communities for generations. The local and state
governments express concern that the increasing population pressure and the resulting
reduction of the jhum cycle are significant factors contributing to environmental
degradation, adversely affecting the region's ecology. The phenomenon of deforestation
is contributing to soil erosion, reduced crop yields, diminished groundwater recharge,
increased surface runoff, and a lowering of groundwater levels. In this context, the
government has undertaken initiatives to cultivate an alternative economic system within
jhum cultivation areas. Agroforestry has been embraced as a strategy to address the
aforementioned ecological challenges.

Commercial agroforestry has been developed to encourage initiatives such as bamboo,
broom, coffee, tea, and rubber plantations, together with soil conservation strategies,
nature conservation projects, land reclamation, land development, water harvesting and
distribution, and terracing. These schemes played a significant role in the socio-
economic life of people. In the study area, the KAAC has instituted a variety of measures
aimed at governing the practice of jhum cultivation. The authorities have instituted
various initiatives, including the establishment of model villages, the Cash Crop
Plantation Scheme, and the Composite Scheme, among others. The state government, in
conjunction with the KAAC, has instituted a range of State Plan Schemes aimed at
curbing the practice of shifting cultivation among the Karbi community. A range of
initiatives referred to as the Compact Areas Programme and the Mini Compact Areas
Programme were executed within the framework of the I11IJDP and also recently the
KAAC underwent a transformation and initiated strategies aimed at promoting the
cultivation of sustainable cash crops such as tea, coffee, rubber, bamboo, and sugarcane.
This initiative resulted in the establishment of commercial agroforestry schemes in the
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study area. In light of the introduction of these initiatives, there was a notable expression
of discontent among the people regarding the process, and the number of beneficiaries
remained remarkably low, leading to a resurgence of shifting cultivation practices. This
trend indicates that government initiatives lack dynamism in the implementation of the
schemes. The rate of success is comparatively diminished in contrast to other regions of
the country and also it does not fall within the anticipated range set by the government.
However, a significant trend emerges; should the government implement these schemes
properly, one could anticipate a constructive transformation in shifting cultivation
(ICFRE, 2020).

In light of the changing agricultural practices in forest regions of the country, this study
argued that agroforestry is pivotal in transforming the lives of the local people. It
enhances agricultural productivity, diversifies income sources, restores ecological
equilibrium in farmlands, conserves forest resources, mitigates climate change, and
addresses issues such as soil erosion and water management, among other benefits.
Consequently, agroforestry emerges as a potent approach to enhancing biodiversity
through the creation of diverse and interconnected ecosystems that foster a wide array
of plant and animal species within the terrestrial landscapes. This study also argued that
it is imperative to emphasize the necessity of safeguarding the fragile ecosystems of the
hill regions, ensuring that the inhabitants of these areas reap the benefits while
simultaneously alleviating the adverse effects stemming from the unsustainable
exploitation of their resources, particularly land and forests. Historically, inhabitants of
the hill regions have adjusted to the unique physiographic and climatic conditions by
employing strategies such as terracing and jhum cultivation. Simultaneously, the
government needs to safeguard the traditional practices associated with shifting
cultivation. Undoubtedly, commercial agroforestry plays a significant role in the
economic and social landscape of communities; however, it is vital to safeguard the
fragile ecosystem while recognizing the traditional and cultural practices of the tribes
that have traditionally connected with the hill economy.

Conclusion

This study looked at the shifting crop pattern systems in the jhum areas of three forest
divisions in Karbi Anglong. The local government (KAAC) framed several schemes to
conserve three essential natural resources: soil, water, and vegetation, and these schemes
have had a significant impact on the socioeconomic lives of the people in the studied
area. According to the study, the Cash Crops Development Programme played an
important role in people’s lives; however, the beneficiaries of such schemes were limited
in the study area, as shown in the tables. This study also found that commercial crops
grown under agroforestry systems are partially causing the decline of traditional shifting
cultivation practices, which could have a significant influence on people’s socio-cultural
lives. It should be noted that the local people are concerned that if commercial crops
continue, it would result in the loss of culture and traditional agricultural practices, which
they have been practising for a long time and cannot be separated from their cultural life.
However, such opinions have a smaller percentage. Though cash crop schemes can help
people earn more income, they cannot be imposed on them without creating proper
awareness about the issues and problems associated with jhum cultivation, as well as the
ecological prospects of agroforestry, for which the government must take some steps to
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change. However, accepting the changing scenario of agricultural practices in the hill
areas of Karbi Anglong, this study can conclude that agroforestry plays a significant role
in the changing life of the people, as well as improving agricultural productivity and
diversifying income streams, restoring ecological balance in farmlands, conserving
forest resources, mitigating climate change, reducing soil erosion, water management,
and so on. Thus, agroforestry is an effective strategy for increasing biodiversity by
establishing various and interconnected ecosystems that support a vast range of plant
and animal species in the terrain lands.
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Abstract

This study evaluates the implementation and effectiveness of the rapid
filtration method for enhancing natural water treatment in the Kyrgyz
Republic, where outdated water treatment systems reduce both efficiency
and reliability. The study examines the effectiveness of rapid filters in
improving contaminant removal to meet modern water quality standards.
Key aspects such as filtration efficiency, operational benefits, and
coagulant incorporation, are assessed by comparing rapid filters with
traditional slow sand filtration methods. The study employs empirical
analysis, evaluations of existing systems, and case studies of filter-
loading materials. Findings indicate that rapid filters significantly
enhance water treatment efficiency, particularly when using advanced
filter media that increase surface area. The integration of rapid filtration
into water treatment facilities in Kyrgyzstan can provide significant
environmental and economic benefits. This method offers a strategic
framework for modernizing water treatment plants to improve public
health and environmental sustainability.

Keywords
Load; Ecological efficiency; Economic efficiency;
Lightening; Innovative technology

Quartz sand;

Introduction

The issue of clean water in Kyrgyzstan encompasses socio-
economic and environmental aspects. Effective purification
requires water to be free of harmful substances, meeting quality
and safety standards for long-term use. Currently, Kyrgyzstan's
phased water treatment system includes sedimentation,
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coagulation, filtration, and disinfection. Evaluating water quality indicators, treatment
technologies, and relevant regulations highlights key principles for modernizing the
country's water systems. These include comprehensive water quality assessment,
optimizing existing technologies, and developing new solutions that meet health,
environmental, and economic standards (Skarbgvik et al., 2010). Innovative monitoring
and management, drawing from global best practices, and incorporating rapid filtration
technology play a crucial role in advancing this modernization strategy.

Most modern researchers search for alternative technological opportunities in the water
treatment sector that would facilitate progress towards ensuring high-quality drinking
water. In particular, the attention of many modern researchers is focused on the methods
of optimising natural water purification systems (Dzyba and Kyriienko, 2024). For
example, Somma, Reverchon and Baldino (2021) investigated the specifics of improved
surface water treatment technology. The achievements of researchers in the concept of
modern methods of optimising water treatment systems indicate the prospects of using
rapid filters. Several studies present the criteria for evaluating the effectiveness of water
treatment measures aimed at improving the quality of drinking water (Maharramova and
Maharramov, 2023). In particular, Yusupova et al. (2024) paid attention to the efficiency
of water resources in the concept of their ecological and economic efficiency,
substantiated the need for the implementation of water use technologies, and highlighted
the main trends in the strategic development of the industry. Nuralieva (2022) argued
that an effective water management system must necessarily take into consideration the
requirements for environmental protection and careful management of natural resources.

It is a popular belief in the scientific community that the modernization of water
treatment systems is primarily associated with the use of alternative filtering materials
(Bondarev et al., 2023). The study by Cescon and Jiang (2020) substantiated this opinion
by the advantages of using alternative media, especially glass media, including high
filtration performance to remove residual particles and turbidity. The researchers
summarized the existing standards of safe drinking water in the context of the driving
force behind the development of new purification technologies and provided
mathematical models for predicting filtration performance. Mautner (2020) paid special
attention to new pollutants entering the natural aquatic environment, for which no rules
and technological solutions have yet been established. Jiao et al. (2020) analysed the
current problems of using filters, such as low adsorption rate, limited throughput, and
the use of expensive materials and complex manufacturing methods, which prevent their
widespread use to improve water quality.

Despite significant developments in the field of optimisation of water treatment systems
in the modern scientific community, the issue of integrating the potential of modern
water treatment technologies in Kyrgyzstan remains unresolved. The problem requires
detailed analysis and the search for optimal solutions. The main purpose of the study
was an extended analysis of the possibilities of using rapid filters to purify natural waters
in the conditions of the Kyrgyz Republic with a focus on economic feasibility and
environmental safety. To achieve this goal, the following tasks were set: to investigate
the essence, advantages, and disadvantages of the rapid filter method; to consider the
models and tools based on which its practical implementation is carried out; to determine
the expediency of using this method in the field of water treatment in Kyrgyzstan,
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including to substantiate management decisions aimed at the environmental
sustainability of natural systems and economic benefits from the process.

Rapid filters enhance treatment efficiency, making water purification more reliable and
cost-effective while supporting aquatic sustainability. These improvements will help
ensure a safer, stable water supply, essential for public health and environmental
resilience, offering long-term benefits for Kyrgyzstan’s water treatment infrastructure.

Materials and Methods

Using both theoretical frameworks and real-world trials, this study assessed
Kyrgyzstan's utilisation of fast filtration devices for natural water purification. The
Water Code of the Kyrgyz Republic (2005), and the Law of the Kyrgyz Republic No. 34
“Technical Regulation ‘On the Safety of Drinking Water’” (2011) served as important
regulatory foundations for this study. These offered crucial recommendations for
evaluating filtration systems and their adherence to safety regulations.

To determine the relative effectiveness and usefulness of quick filters — including
gravity-based non-pressure and pressurised systems — the study compared them to slow
sand filters. Based on their operational parameters and frequency in water treatment
facilities, particular models were chosen. To maximise particle aggregation and improve
overall performance, coagulants like ferric chloride and aluminium sulphate were added
to the filtration process. To ensure a representative simulation of municipal water
treatment processes, the experimental setup incorporated pre-treatment activities such as
flocculation, precipitation, and mixing.

Under carefully monitored circumstances, filters were tested on water samples with
turbidity levels between 10 and 100 NTU. Typical urban and rural water supply
circumstances were replicated using operational parameters such as pressures of 1 to 3
bar and flow rates between 5.5 and 15 m3/h. Backwashing techniques included cleaning
the filter media by reversing the water flow and adding compressed air. The sludge was
gathered in a filthy wash water tank and disposed of.

By analysing turbidity reduction, pollutant removal, and water clarity, the filters'
performance was evaluated. By examining maintenance frequency, filter lifespan, and
coagulant effectiveness, operational efficiency was further assessed. Rapid filtration
systems were the focus because of their high filtration rates and promise to assist
economically and environmentally sound water treatment solutions.

As part of the technique, a schematic depiction of the experimental assembly was
created. This is depicted in Figure 1, which shows how the water treatment processes
run from source to output. This flowchart gives the study a clear visual framework by
illuminating important parts such as the coagulation tank, quick filter, clean water tank,
and backwash system.
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Figure 1. A flowchart of the water purification experiment assembly (Source: created
by the authors)

The practical incorporation of fast filtration technologies into Kyrgyzstan's water
treatment infrastructure is given top priority in this methodology. Despite being carried
out on a trial size, the study's conclusions offer a basis for wider implementation,
addressing both operational effectiveness and ecological sustainability. To ensure that
the study's focus stayed on systems that do not modify the taste or odour of water, some
limitations were purposefully included, such as the exclusion of activated carbon filters.

Results
Water Treatment Processes

In the process of choosing optimal water treatment technologies, priority is given to the
implementation of an objective assessment of natural water supply sources. Within the
conventional approach, water sources of natural origin that are used for water supply
include surface and underground sources. The characteristics of natural water vary
significantly due to numerous influencing factors, making the development of a single
universal water treatment technology highly challenging. The individualization of
solutions in the context of technology, facilities, and management measures allows for
forming the most appropriate water treatment concept for specific treatment purposes.
Regarding each source of water supply, a preliminary assessment of its qualitative and
guantitative indicators of water, and the economic feasibility of its use, is necessary. The
assessment should be implemented in the context of the long-term dynamics of natural
water quality indicators and potential forecast changes (Jiao et al., 2020). The economic
factor for each of the available resources is estimated within the framework of
investment and operating costs.

The intensification of anthropogenic influence on surface catchments significantly affects
changes in the hydrochemical regime of natural water bodies (Danilenko et al., 2021;
Doroshkevich et al., 2017). Among the natural and anthropogenic factors that determine
the qualitative characteristics of natural water, key elements include the features of the soil
structure and surface cover, relief, climatic conditions, specifics of the geomorphological
structure, river runoff, hydrology and hydrogeology, the level of anthropogenic influence
and the general state of the ecosystem (Skliar et al., 2023). The possibility of using natural
waters for various consumptive purposes is determined by their composition,
concentration of undesirable substances and impurities, and their aggregative-kinetic
stability. Water treatment processes are aimed at optimizing the organoleptic parameters
of water (deodorisation, discolouration, clarification), conditioning the mineral
composition (degreasing, softening, desalination, fluorination, desulphurisation), and
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ensuring sanitary and epidemiological safety (chlorination, ozonation, radiation, and
ultraviolet disinfection) (Nuralieva, 2022; Tikhonova et al., 2008).

Clarification and Coagulation

The main processes for improving natural water quality include clarification to remove
suspended impurities using methods such as sedimentation in hydrocyclones, settling
tanks, centrifugation, filtration, or flotation; coagulation to facilitate settling of
suspended particles through adsorption of particles onto large aggregates formed by
coagulants; decolourization of water by chlorination, pressure flotation, or filtration
through granular activated carbon; degreasing to reduce iron salts by either non-reactive
or reagent-based methods; fluoridation followed by filtration through rapid filters;
aeration followed by rapid filtration; and disinfection via ozonation, potassium
permanganate, or chlorination (Cescon and Jiang, 2020).

Disinfection and Conditioning

In the process of preparing natural water, purification is carried out mainly via classical
technology, which involves discolouration and clarification through specialized settling
tanks and clarifiers, and filtration through either fast or slow filters (Kravchenko and
Tkachenko, 2024). The preparation culminates in disinfection, preventing the presence
of pathogenic substances. A more advanced technological scheme for purifying natural
water (Figure 2) involves mandatory reagent treatment, using a suspended sediment
layer for discolouration and clarification, and high-efficiency rapid filters.
2 3 5

Figure 2: Advanced technological scheme of natural water purification with filters
(Source: created by the authors based on Alam et al., 2022; Alexyuk et al., 2021)
Note: 1 — source water supply, 2 — chlorination, 3 — coagulant tanks, 4 — vertical mixer,
5 — fluorination plant, 6 — clarifier with a layer of suspended sediment, 7 — rapid filter,
8 — clean water tank, 9 — purified water outlet.
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The scheme proposed in figure 2 provides an ergonomic spatial solution. The filtering
process itself is a means of differentiating heterogeneous systems and is conducted via
special porous partitions of various physical types, which delay the solid phase while
allowing the liquid phase to pass (Nuralieva, 2022). Based on the filter layer’s
characteristics, fabric filters (linen, nylon, cotton, cloth, and other types of fabric serve
as a filter), mesh (the filtration process takes place through a mesh with small cells),
alluvial (the filter layer is asbestos chips, wood flour, diatomite), and granular filters
(expanded clay, marble quartz sand, anthracite, and other materials) are used (Mautner,
2020).

Filter Materials and Designs

Filters with granular loading are used to remove coarse particles; alluvial filters purify
fine particles in low-grade waters; and fabric filters target fine particles. Granular filters
are categorized as slow (0.2 m/h), rapid (5.5 to 15 m/h), or ultra-rapid (more than 25
m/h) (Wu et al., 2021). Filter loadings are usually placed on supporting layers of crushed
stone or gravel, with layer thickness varying from 2 mm to 32 mm based on design and
filtration conditions. The design features of the filter assume an open structure or
pressure system, which involves the supply of water for purification from top to bottom,
bottom to top, or both ways with variable or constant speed (Nascimbén Santos et al.,
2020). Modern water purification solutions utilize rapid filtration for effective water
clarification. Innovative rapid filters allow you to achieve a filtration process speed of
up to 15 m/h. However, they can be both non-pressurised and pressurised. In the latter
case, the process takes place under pressure created by a special pump. The height of the
loading layer is determined based on the diameter of its grains: with grain sizes up to
1.25 mm, the optimal layer height is 700 mm; with sizes up to 1.6 — 1,200 mm; if the
diameter is larger — approximately 2,000 mm (Wu et al., 2021).

Rapid filters with an area of less than 30 m? are equipped mainly with a side pocket, and
more — with a central channel. The water that has been coagulated and pre-cleaned enters
the side pocket, and then into the filter chamber. The height of the water layer located
directly above the loading surface should reach 2 m or more (Nascimbén Santos et al.,
2020). During the filtration process, the purified water enters first the filter layer, and
then the supporting one. At the end, the filtered water enters the distribution system, then
into the clean water tank, after which the water is ready to be discharged for intended
use. The process of flushing the filter load occurs in the opposite direction: water enters
the distribution system, after which it enters the filter layer, expanding it, and separating
the load from impurities. Together with the washed dirt, the washing water is poured
into the gutters, then into a special side pocket, after which it is sent to the drain. The
gutters must be at a certain height, which allows them to avoid getting into them together
with contamination of the particles of the load itself (Saravanan et al., 2021).

Filters are classified by design and pressure methods into non-pressure gravity filters
and pressure filters. Non-pressure filters rely on water level differences, while pressure
filters use pumps to create the necessary force. Filters can also be single-flow (top-down)
or double-flow (bi-directional) (Gul, Hruza, and Yalcinkaya, 2021). Horizontal pressure
filters, with filtration areas around 30 m2, offer complex designs and high dirt capacity,
while simpler two-layer filters are effective during phytoplankton blooms, using sand
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and anthracite or, occasionally, activated carbon for de-chlorination (Lyubchik et al.,
2005; Saravanan et al., 2021). A supporting layer of 0.5 m, usually of gravel or crushed
stone, prevents fine material from leaching. High-resistance distribution systems prevent
grain loss, and over 100 floating-loading filter designs now exist, including high dirt
capacity and multi-tiered options (Dotto and McKay, 2020). Continuous or periodic
filtration uses automated presses, cartridge filters, and drum vacuum filters to handle
various suspensions with either vacuum or pressure mechanisms (Hasan, Muhammad
and Ismail, 2020).

Economic and Practical Considerations

In modern technical water supply systems, it is often assumed that the water clarification
process is implemented exclusively at the filtration stage, levelling the possibilities of
coagulation, and purification in settling tanks and clarifiers (Khan, Zhu and Chen, 2024).
In such cases, it is recommended to use coarse-grained filters with an increased filtration
rate. Clarification of water exclusively at the filtration stage creates opportunities for the
development of an innovative approach to the industrial water supply system without a
second-lift pumping station, which significantly increases the economic efficiency of the
process. Within the limits of such conceptual solutions, pressure filters are mainly used
— steel cylindrical tanks with a given internal pressure, allowing water to be supplied to
the consumer after the filters (Ang and Mohammad, 2020). A large number of such
filters are required for a high-performance water treatment plant. It is considered
advisable to install horizontal filters, which, with the same diameter, allow for a large
filtration area.

Efficiency Enhancements in Filtration

The efficiency of rapid filters for natural water purification was determined by
gualitative indicators of the composition of the dispersed phase and the dispersion
medium, filtration technology, and applied methods of chemical water treatment.
Optimisation of the structural, mechanical and physicochemical properties of the
suspension is positioned as the basic priority task of improving the efficiency of the
filters (Bondarev and Gheorghe, 2022; Mihai, Bondarev and Negoiu, 2013).
Intensification of filtration efficiency at water treatment plants of the water pipeline is
currently becoming possible by implementing solutions in the concept of new filter
materials with high-loading porosity and a well-developed specific surface area of grains
(Saravanan et al., 2021). In addition, the filtration quality is improved by applying active
molecular groups to the surface of the grains, which allows artificial intensification of
the level of their activity due to the increasing positive charge potential of the surface.

Innovative improvements in filtration involve developing multilayer or heterogeneous
single-layer filters, enhancing water distribution uniformity and filter reliability while
reducing costs and simplifying installation (Alam et al., 2022). In Kyrgyzstan,
physicochemical purification — including settling, coagulation, filtration, and
chlorination — is commonly used to remove pollutants (lrgashev et al., 2023;
Ishenbayeva et al., 2023). Enhanced coagulation using high-molecular flocculants
improves clarity with minimal pressure loss (Karimovich, Sharipovich and
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Abduxamidovich, 2023). Rapid filters show potential in modern systems, employing
techniques to maximize dirt capacity, such as:
o filtering with decreasing grain size to trap sediment within the load;
o strengthening sediment density to reduce resistance and increase impurity
capacity;
e using high-porosity materials like volcanic tuffs and expanded clay;
adjusting filtration rates;
o applying pressure filtration (Crosson et al., 2021).

Filtering with descending grain sizes leverages ascending and multi-stage techniques,
using coagulants and flocculants to compact sediment. Over time, rapid filters may lose
granular layer thickness, requiring reconstruction to optimize performance.
Improvements include standardizing grain uniformity, restoring filter load composition,
using advanced media like expanded clay and volcanic slags, designing gravel-free
drainage systems to prevent displacement, and enhancing filter flushing intensity,
especially with water-air flushing techniques (Zubtsova and Skliar, 2023). These steps
collectively enhance filtration efficiency and durability.

Rapid filters provide efficiency, reliability, environmental sustainability, and
opportunities for innovation and optimization in response to natural variations in water
guality and treatment objectives (Shuka et al., 2011). Their disadvantages include higher
operating costs, complex design, and the need for monitoring to ensure proper water
treatment quality. When comparing fast and slow sand filters, neither filter affects water
taste in the absence of activated carbon in the filter media. Slow filters use gravity to
move water through the sand, while fast filters use pumps to create upward and
downward flows of water. Sand filtration must be preceded by pre-treatment operations
such as mixing, settling and flocculation, and the use of coagulants is recommended.
Backwashing is accomplished by reversing the water flow and applying compressed air.
In Kyrgyzstan, the implementation of these approaches can improve the efficiency of
water treatment systems, optimize operation, improve filtration reliability and water
quality, and provide significant economic benefits (Matkivskyi and Taras, 2024).

Discussion

Our findings indicate the prospects of rapid filters in enhancing natural water purification
systems in Kyrgyzstan. Special attention should be paid to the variability of loading to
reduce quantitative indicators of water pollutants while simultaneously increasing the
level of ecological sustainability of ecosystems. In addition, innovative methods for
operational management and monitoring of technological processes in water treatment
have significant potential (Dzhedzhula, Yepifanova and Shevchuk, 2024). The
monitoring system facilitates integrating new solutions in the field of rapid filters with
maximum efficiency, considering data on the dynamics of natural water quality and
purification efficiency. Most modern researchers, whose scientific interest is focused on
water treatment issues in modern conditions of socio-economic development, confirm
the adverse impact of relying solely on conventional methods of water use on the
environment, given the intense negative dynamics of the quality of natural waters
(Alexyuk et al., 2021). This situation emphasizes the scientific search for solutions in
the context of the modernisation of water treatment systems.
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For example, Parvulescu et al. (2022) argue that the modernisation of water treatment in
the context of urban water supply systems involves a step-by-step transition from
conventional solutions to high-tech ones, with the introduction of the principles of
sustainable development. This opinion reflects the main scientific proposal of this study,
in particular, regarding the need to ensure the environmental safety of natural water
purification and filtration systems. The findings of Akhtar et al. (2021) suggest that the
level of eco-modernisation in water treatment approaches serves as an indicator of the
effectiveness of the practical use of research developments. However, researchers can
argue about the feasibility of integrating high-tech solutions into existing water treatment
systems in the context of developing countries, because outdated technical bases are not
always ready for radical modernisation and require a phased, large-scale transformation.

Most contemporary researchers position the effectiveness of natural water purification
technologies as the basis for maintaining a favourable local and regional sanitary and
hygienic environment, public health, and development aligned with sustainability
priorities (Golovko et al., 2021). Researchers pay attention to the risks of secondary
pollution of natural watercourses by water treatment plants themselves. In the context of
the danger posed by water treatment systems for aquatic ecosystems, it is impossible to
fully agree with the conclusions of researchers, since ensuring the accuracy of
technological schemes and implementing preventive measures against uncontrolled
ingress of pollutants from the filter into the aquatic environment as a result of improper
flushing can help minimize the negative impact of direct purification processes (Mel nyk
etal., 2023).

In continuation, the differentiated approach to optimization programs for water treatment
systems proposed as a priority in the current study has received positive feedback in the
work of contemporary researchers. For example, Rathi and Kumar (2021) are convinced
that adsorption using rapid filters is a successful approach to removing pollution
worldwide, as it involves low installation costs, high productivity, and simple design.
The researchers developed a technology for removing pollutants using various
adsorbents (nano adsorbents, hybrid adsorbents activated carbon, and improved
biochar). The proposed concept corresponds to the premise of the current study in terms
of the need to find new ways to improve the operation of rapid filters based on load
variability. Nasrollahzadeh et al. (2021) and Morin-Crini et al. (2022) argue about the
expediency of individualising natural water purification optimization programs to
achieve maximum efficiency, and they cannot be objected to.

Zenina et al. (2024) underscore the importance of a robust monitoring system for
enhancing the efficiency and sustainability of Kyrgyzstan’s water projects, a perspective
that supports this study’s focus on practical integration. The implementation of rapid
filters requires criteria that align with sustainability goals, echoing researchers’ emphasis
on monitoring as a means to address negative trends in water quality and predict future
changes. Additionally, the hydrogeochemical analysis highlighted by Tleuova et al.
(2023) provides a foundation for evaluating pollution sources and customizing treatment
approaches. This localized perspective reinforces the viability of rapid filters in
addressing Kyrgyzstan's unigue environmental and economic needs, potentially creating
a more effective, region-specific water treatment system that supports both
environmental protection and public health objectives.
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The insights from Kydyrbekova et al. (2022) into the dynamics of water resource
innovations in emerging markets underscore the potential for rapid filters to enhance
both environmental sustainability and economic performance in Kyrgyzstan. The
correlation between industry innovations and the role of local expertise highlights how
the integration of rapid filters can leverage local organizational culture and innovation-
friendly environments to improve water management. While Mero et al. (2023) and
Shahini et al. (2023) caution that societal attitudes can hinder technological adoption,
the introduction of procedures emphasizing economic benefits may encourage greater
public receptivity. This dual focus on technology and economic incentives aligns with
strategies to foster effective water treatment improvements that are supported by both
community engagement and sustainable practices (Ivanovs et al., 2018; Kusmambetov
and Suleimenova, 2022).

In many studies, in particular, by Radelyuk et al. (2024) and Ernazarovna, Kuvatovich
and Mamarajabovich (2021), barriers and prospects for the development of an effective
water management system in developing countries are considered. In particular, while
analysing the problems of preparing drinking water from surface water sources, the
researchers highlight the possibility of effective use of the potential of rapid filters in
modern natural water purification systems. It is impossible to fully agree with the
researchers’ conclusions regarding the versatility of ozonation technologies at the initial
stage of water purification. The review paper by Kazakbayeva and Shaibek (2021)
demonstrated the possibilities of rationalising water use systems. However, attention is
focused on the successful international experience of rational water management,
studying the structure of water resources management and considering the main
economic instruments affecting the process of water resources management. They must
be taken into consideration in the process of promising optimisation of the water
treatment and water use system in Kyrgyzstan.

Assubayeva’s (2023) insights highlight the importance of water treatment technologies
that foster sustainable aquatic ecosystems, capable of mitigating pollution and adapting
to increased anthropogenic stress. The emphasis on innovative technical solutions and
substantial industry investment supports the integration of rapid filters, aligning to
achieve environmentally safe water treatment. The concept of renewability, as discussed
by Hartmann et al. (2024), reinforces the importance of regeneration within natural
ecosystems, an approach that can enhance long-term sustainability without excessive
financial demands. This perspective underscores the value of technological solutions like
rapid filters in maintaining ecological balance and resource efficiency.

The results of numerous studies, in particular by Karimov et al. (2021), demonstrate the
functionality of rapid filters, which, if innovative solutions are used in technological
aspects, can significantly increase the efficiency of water purification. The researchers
analysed the possibilities of using cheap local raw materials (sand) from Kyrgyz springs
to load filters. It was proved that all technological schemes for purifying natural drinking
water from surface sources using a fast non-pressure filter are more economically
profitable than similar conventional schemes with filter loading, generally accepted in
the post-Soviet space. Most researchers focus on the potential for the assimilation of
conventional water treatment systems and new solutions in the field of filtration systems.
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Conclusions

The findings of the study indicate the potential of water purification systems in
enhancing the state of the aquatic ecosystems of the Kyrgyz Republic, the sanitary and
hygienic situation and the level of public health. Technological modernisation of water
treatment in Kyrgyzstan should be focused on the gradual replacement of obsolete
methods with intensive ones based on the principles of environmental safety and
economic efficiency. The priorities of sustainable development of aquatic ecosystems
today are the competent strategic planning of innovative and technological development
of the water industry, and a system of effective regeneration and preventive measures.
Ensuring the high quality of drinking water, at the same time, is a prerequisite for the
integration of technological capabilities into water treatment systems. In the context of
innovations in general in Kyrgyzstan, it is expected that it is advisable to use the
capabilities of rapid filters, which will provide prerequisites for solving the urgent
problem of identifying reserves to ensure high-quality natural water treatment.

Analysis of the impact of modern water treatment measures on the dynamics of water
quality indicates that rapid filters have significant potential in the context of improving
the effectiveness of natural water treatment. Special attention in the research process is
paid to the potential of loading variability within the dualistic concept of both reducing
guantitative indicators of water pollutants and simultaneously increasing the level of
ecological sustainability of ecosystems. Innovative capabilities of operational
management and monitoring of technological processes in water treatment, considering
the dynamics of natural water quality, will allow the implementation of new solutions in
the field of rapid filters with maximum efficiency. A systematic approach to improving
the quality of water treatment, considering the growing anthropogenic loads on water
sources, and optimizing existing methods while developing new technical means of
water purification based on the principles of sanitary and hygienic reliability,
environmental friendliness and economic feasibility will optimise the situation in the
field of water use of the Kyrgyz Republic.

The purpose of prospective scientific study in this area is the development and
integration of innovative monitoring and forecasting systems for the state of aquatic
ecosystems, and the integration of successful international experiences in water
purification systems using rapid filters.
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Abstract

Maps and plans are necessary to obtain accurate spatial information about
the location of any geo-objects. High-quality and accurate creation of
cartographic materials will improve the assessment of natural resources,
cadastral work, etc. to solve the problem, cadastral maps and plans of a
given scale are necessary. Their creation without violating regulatory
documents requires certain State Geodetic Network (SGN) points. The
purpose of the study is to analyse the spatial location of SGN points on
the territory of the Chernivtsi region in Ukraine and to assess geodetic
support for the use of natural resources using geographic information
systems (GIS). We used QGIS version 3.28, to create maps and models
based on the thematic layers, and evaluated the existing geodetic support
in the section of the newly created administrative and territorial units of
the region. An assessment of the spatial placement of SGN points for the
territory of the Chernivtsi region by the administrative-territorial division
was carried out. We identified 198 geodetic points of different classes.
The boundaries of Chernivtsi district had the largest number of geodetic
points (109 units, which is 55% of the total region). This was followed
by Dnistrovsky District (54 points - 27% of the region), and Vyzhnytsky
District (35 objects - 18% of the region).

Keywords
Geodetic support; GIS; Topographic and geodetic works; State geodetic
network; Natural resources

Introduction

The problem of topographic support in Ukraine is the ageing of the
content on cartographic materials. In addition, the main materials
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for conducting a large complex of various land management, urban planning, geological
exploration and management activities are plans and maps of the area created thanks to
topographical and geodetic works. Topographic maps of scales 1:500, 1:1 000, and 1:2
000 are needed to ensure various types of activities. According to the technology of
obtaining plans, it is necessary to ensure high accuracy in determining the coordinates
of reference points from 0.1 to 0.4 m with sparse (5-10 km) State Geodetic Network
(SGN) (Instructions for topographic surveying at scales, 1991).

The basis of topographic surveys of any scale is the State Geodetic Network, which
forms a set of points that are evenly located within the country and fixed on the ground
by special centres that ensure their preservation in plan and elevation for a long time. In
addition, it serves as the basis for the establishment of a unified geodetic system of
coordinates and heights on the territory of Ukraine, cartographic and geodetic support of
its territories and ensures the conduct of other types of activities. Among the branches
of natural and economic use, geodetic work is an integral part of settlement territories,
in particular, their development. Therefore, the study of geodetic support at all stages of
construction works is relevant, both in the conditions of today and in past years.
Therefore, the study of the existing features of topographical and geodetic support, as an
accurate and reliable basis for any other pre-qualification works, is quite relevant and
promising.

SGN is created to solve such basic tasks in the interests of economic activity, science
and defense of the country as: (1) establishment of a unified geodetic system of
coordinates and heights on the territory of the country (Stankové and Cernota, 2010), (2)
geodetic support for mapping the territory of the country, sea areas and inland water
bodies (Jadviscok, 2023), (3) geodetic support for the study of natural resources and
maintenance of state cadastres (Berk and Ferlan, 2016), (4) provision of initial geodetic
data for means of land, sea and aerospace navigation, aerospace monitoring of the
environment (Darchuk et al., 2021; Palamariu and Puscas, 2014; Suyunov et al., 2023),
(5) the study of the shape and gravitational field of the Earth and their changes over time,
(6) the study of geodynamic phenomena and modern vertical movements of the Earth's
surface (Klatt, 2016), (7) the study of the deformation zones of the earth's surface, (8)
the study of the movements of the poles and the unevenness of the Earth's rotation, and
(9) metrological provision of high-precision technical means of determining the location
and orientation (Hu, 2024; Sanchez et al., 2024).

For high-quality topographical and geodetic works, it is important to provide the territory
with SGN points. For the reliable functioning of the SGN, it is necessary to constantly
inspect and update its points by the regulatory document (Law of Ukraine "On
topographical, geodetic and cartographic activities", 1998).t This is necessary for their
preservation in the area and maintenance in proper condition. The need to carry out
significant volumes of topographic and geodetic works to update topographic maps
slows down their updating. This prompts selective updating of only the most important
elements of the geographic base of the map. The second way out of this situation is to
use more productive methods of obtaining alternative geospatial data (orthophoto maps,

1 Law of Ukraine "On topographical, geodetic and cartographic activities" (1998). 353-XIV. Available
at: http://zakon4.rada.gov.ua/laws/show/353-14.
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orthophoto plans, etc.). Newer methods are also significantly cheaper. Topogeodetic
support is also an integral component of the geoinformation support of the armed forces
of Ukraine. Also, SGN can play an important role in the event of military operations, if
the enemy disables the GNSS system in a certain area. The latter happened in Ukraine
in recent years due to the war in the country. In this connection, there is a need to obtain
information on the provision of territories with SGN points.

Analysis of the specified geodetic problem in Ukraine by various authors and researchers
shows that the state of the SGN and discrete geodetic networks allow the creation of
maps and plans, without violating regulatory documents, only for small scales. In
previous years, various authors, following Bilokrynytskyi, Darchuk and Melnyk (2023),
analyzed the creation of cartographic materials of various scales. These studies conclude
that the creation of map materials is possible only for certain areas of the territory of the
Chernivtsi region of Ukraine. Taking into account the changes in the administrative
system of the country by the decentralization reform, it is necessary to carry out analysis,
and calculations, to determine the features of spatial placement and distribution of both
individual SGN points and geodetic support in general. In light of the above research
gaps, this study aims to analyse the spatial location of SGN points and the assessment of
geodetic support for the use of natural resources in the territory of the Chernivtsi region
of Ukraine using GIS.

The purpose of the study is to determine the location of SGN points within administrative
units. Taking into account regulatory requirements - their quantitative indicators by area
of the territory will allow for assessing the geodetic support of the Chernivtsi region.
The latter will allow qualitative and accurate planning of the creation of map materials
for various purposes.

Review of Literature

The issues of geodetic nature in the territory of Ukraine were considered in the works of
such scientists as Lepetyuk et al. (2006), Sossa and Musienko (2018), Trevogo (2018),
Trevogo, llkiv and Galyarnyk (2022), Zayets (2010), and Karpinskyi and Hevel (2022).
These studies mainly relate to the analysis of the problem under study for the territory
of the entire country. In our opinion, insufficient attention is paid to the research of these
problems at the regional level. Among the publications, there are studies by
Bilokrynytskyi, Darchuk and Melnyk (2023), and Darchuk et al. (2021) are devoted to
the problems of geodetic support at the regional level. This allows for a deeper
understanding of all existing problems and to outline possible ways to solve them.

The rapid development of satellite geodesy in recent years has become the impetus for
the integration and change of national geodetic bases in the global continental system
(Palamariu and Puscas, 2014; Stankova, 2010). Separate studies have focused on the
development of a GPS-based geodetic network setup strategy for the permanent
determination of national geodetic control point coordinate sets (Jung and Lee, 2011).
The research procedure was analyzed, and how triangulation points were transformed
into results based on the world geodetic system was analyzed (Lee and Jung, 2011). A
study of the stationary modes of satellite networks and triangulation points was
conducted. The results of the studies conducted using satellite methods in the Samarkand
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region showed that there are differences between the distances from the reference station
and the errors in determining coordinates and distances. To increase the accuracy of
geodetic support decisions made using satellite means, it is worth building networks of
reference stations, which is a new technology (Suyunov et al., 2023).

Quite valuable for global cooperation in geodesy, survey science and land surface
mapping: On 29 March 2023, the UN Global Geodetic Center of Excellence (UN-
GGCE) was officially opened at the UN campus in Bonn. The government-led
coordination of the development of a permanent global geodetic infrastructure is one of
the most important tasks of the UN GGCE. Data and analysis centres and observation
stations around the world belong to the infrastructure. This, in turn, is of paramount
importance for observations of the Earth, as well as for navigation. In addition, it is
important for various spheres of life, in assessing climate change, and land use research.

The creation of GGOS, the Global Geodetic Observation System of the International
Association of Geodesy (IAG), provided for the emergence of an integrating framework
for all components of the IAG. GGOS constantly monitors and changes its most
important priorities in connection with new needs in geodesy. As a result, a new GGOS
Strategic Plan for 2024-2034: Geodesy for Science and Society (Sanchez et al., 2024).
Works on the reliability of geodetic measurements, probabilistic determination of
reliability, tolerance systems and error detection methods were analyzed (Abid, Husein
and Hamed, 2020). Today, the problem of reliability is becoming one of the important
components in the organization of management. Ensuring the reliable operation of all
system elements is of primary importance (Gladilin et al., 2023).

It is important to consider the methodological problems of legal determination of the
plot boundary and plot area about the theoretically precisely defined boundary of the
geodetic plot and the territory of the geodetic plot on the reference ellipsoid (Berk and
Ferlan, 2016). Separate publications reveal the importance of the existence and
functioning of the national infrastructure of spatial data in Ukraine, which would allow
a comprehensive and more effective approach to the conducted research. The concept
for the development of topographic mapping was created in Ukraine using the existing
standards and specifications. When developing the National Spatial Data Infrastructure,
this corresponds to the geoinformation approach to topographic mapping.

Works on the evaluation of the effectiveness of the use of geodetic data in the processes
of planning and monitoring agro landscapes are considered. Such studies are focused on
determining the role of these data in improving land use systems and developing natural
resource conservation strategies. Adaptive landscape land management, based on GIS,
contributes to the preservation of the ecological skeleton of natural complexes and
controls the anthropogenic impact on the environment. The specifics and complexity of
solving a complex of water management tasks in geodetic practice have been clarified.
This contribution refers to the geodetic activity, which is related to the measurement of
watercourses and their immediate area (Jadviscok and Gottvaldova, 2023).

Methodology

The possibilities of using geospatial analysis methods to provide SGN for mapping of
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various scales were investigated using the example of the Chernivtsi region (area - 8097
km?, located at latitude 48°12’09.36" north and longitude 26°13'14.88" east). Geospatial
analysis methods were used for the research, in particular, zoning of the territory using
buffer polygons.

1. Spatial Mapping:

GIS analysis was done using the software QGIS version 3.28.15. Thematic layers were
vectorized, and a database of researched geo objects was created. Based on them, map
schemes were created, which allowed the evaluation of the existing geodetic support.
Maps and plans were then created at various scales in terms of administrative and
territorial units of the territory. The following methods were used during the research:
cartographic (thematic map schemes were created using the QGIS version 3.28.15),
statistical and mathematical (using Microsoft Excel and QGIS version 3.28.15 statistical
analysis, calculations were made regarding the number of points by administrative
entity, the size of the buffer around the SGN points, and the area of territories with non-
compliance with geodetic support), descriptive (allowed us to identify and analyze areas
of territories characterized by non-compliance with the geodetic support requirements
for the placement of SGN points to create maps of the appropriate scale). We considered
the possibility of exporting vector layers of borders of administrative entities according
to the latest administrative-territorial division of Ukraine from the official open-source
website of the Ministry of Community and Territorial Development of Ukraine
(https://mtu.gov.ua/). The downloaded file with the appropriate GEOJSON extension
was imported into QGIS. To confirm the exact placement of the exported borders to the
GIS product, the raster layers of OpenStreetMap, and Google Satellite Hybrid were
enabled as a geobase, which allowed us to visually verify the coincidences.

2. Data Collection:

Data on the spatial and attributive characteristics of points of the state geodetic network
were obtained from the official website of the state geodetic network of Ukraine
(https://dgm.gki.com.ua/login). A geodatabase for points of the SGN was created using
this data (coordinates of points, their height, name, update period). One of the attribute
characteristics of geo objects was their coordinates, which made it possible to
automatically open already vectorized point objects in QGIS.

According to the currently existing regulatory documents in Ukraine (Instructions for
topographic surveying at scales, 1991)% « The average density of geodetic points should
be at least one point per 30 km? (for creating topographic maps and plans on a scale of
1:10000 — 1:25000). For the geodetic support of the topographic survey, the following
norms of the density of geodetic points and benchmarks of the State Geodetic Network
exist by the requirements of regulatory documents:

- on a scale of 1:25000 and 1:10000 - one point per 30 square kilometres and

one benchmark per trapezoid on a scale of 1:10000;
- on a scale of 1:5000 - one point per 20-30 square kilometres and one

2 Law of Ukraine "On topographical, geodetic and cartographic activities" (1998), 353-XIV. Available
online at: http://zakon4.rada.gov.ua/laws/show/353-14.
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benchmark per 10-15 square kilometres;
- on ascale of 1:2000 and more - one point per 5-15 square kilometres and one
benchmark per 5-7 square kilometres.”

For topographic and cadastral surveying on a scale of 1:2000 and more, points of
geodetic thickening networks and shooting geodetic networks are determined in addition
to the geodetic points of the State Geodetic Network. A further increase in the number
(density) of geodetic points of the State Geodetic Network is created based on the results
of the substantiation and calculations carried out based on the specific tasks of
topographic-geodetic and cartographic activities in a certain territory.

3. Statistical Calculations:

Because of this, an assessment of the possibility of drawing up topographic maps and
plans for the studied territory using the methodology of Bilokrynytskyi, Darchuk and
Melnyk (2023) was carried out (Fig. 1). Geometric constructions are applied that
simulate the coverage of the region with the corresponding area. For the present study,
we used a circle with the same distance from its centre to the arc, corresponding to the
radius value.

k(S'¥) S=mri=

Figure 1: Algorithm for determining the area of a circle (P - perimeter, S - area, r —
radius, d — diameter, S’- centre) (Bilokrynytskyi, Darchuk and Melnyk, 2023)

Calculations showed that for updating the basic scale of the topographic map (scale
1:10000), 1 point covers 30 km?, i.e., a territory measuring 5x5 km, or with the area of
influence of the point in a radius of 3091 m, for the compilation of cartographic material
with a scale of 1:5000, 1:2 000, 1:1 000 and 1:500, the radius of the figure will be 2523
m, 2185 m, 1784 mand 1 261 m, respectively (Table 1).

Table 1: Values of circle radii when drawing up a map (plan) of the appropriate scale
(Instructions for topographic surveying at scales, 1991)3

Scale Area S, km? Radius r, km Diameter d, km
1:10 000-1:25 000 30 3,091 6,182
1:5 000 20 2,523 5,046
1:2 000 15 2,185 4,370
1:1 000 10 1,784 3,568
1:500 5 1,261 2,522

3 Law of Ukraine "On topographical, geodetic and cartographic activities" (1998). 353-XIV. Available
at: http://zakon4.rada.gov.ua/laws/show/353-14.
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4. Visualization in QGIS:

To determine compliance with the requirements, buffers with the appropriate radius of
action were created for vectorized point objects through the menu in QGIS "Vector" -
"Geoprocessing tools" - "Buffer". The calculation of the area of the entire territory with
indicators of inconsistency (areas not covered by buffers) was carried out. Due to the
functionality of the main menu in QGIS, "Vector" - "Data processing" - "Difference" is
selected. In the following settings, it is selected between which two vectorized layers to
perform the selected difference. The choice was made between polygonal objects of
district territories and created buffers. After that, we will have only vectorized individual
objects corresponding to areas of discrepancy in the average density of SGN points. By
leaving the boundaries of administrative districts for research and opening the table of
attributes of the pre-created layer of areas of inconsistency, it was possible to create
additional fields of attribute characteristics that would show the size of the area of areas
of inconsistency within individual formations. Pre-painted actions through the selected
"Vector"-"Data processing"-"Difference” were carried out for the polygonal layer of
settlements and buffers of the corresponding radius. Due to the possibilities of layout of
map schemes in QGIS, settings have been made with the visualization of research results
in the form of maps.

Results
1. Data Collection and Analysis:

In 2020, the second stage of the decentralization process ended in Ukraine. By the
resolution of the Verkhovna Rada of Ukraine "On the formation and liquidation of
districts" dated 07.17.2020, 3 administrative districts were formed in the territory of
Chernivtsi region: Chernivtsi Dnistrovskyi and Vyzhnytskyi. In addition, 52 units of
territorial communities with a population of almost 902 thousand people are functionally
operating. In the conducted research, an assessment of the spatial location of SGN points
for the territory of the Chernivtsi region in terms of modern districts and territorial
communities was made. It was established that the number of geodetic points totals 198
units of different classes, of which: 1st class — 13 units; 2nd class — 68 units; 3rd class —
117 units; digit geodetic network (4th class) — 96 units (Fig. 2). Within the boundaries
of Chernivtsi district there is the largest number of SGN points with a total number of
109 units, which is 55% of their total number in the region. There are 54 points (27%)
within the Dnistrovskyi district and 35 points (18%) within the Vyzhnytskyi district.

Spatial analysis of the placement of SGN points in the section of territorial communities
shows that the most points are located in the territory of Chernivtsi - 41 units, half as
many - 23 points are located in the territory of Sokyryansk urban territorial communities.
Also, with an indicator of more than 10 points, Storozhinetsk City - 16 Kelmenetska -
16 and Berehometsk - 11 points stand out. One of the solved tasks was to conduct an
analysis of the spatial arrangement of points of the SGN of different classes in the cross-
section of administrative units: districts and communities. It was established that the
largest number of 1st-class points are located in the territory of the Dnistrovskyi district
- 7 units, Chernivtsi - 5, Vyzhnytskyi - 1.
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The largest number of 1st-class SGN points in terms of basic units of the administrative-
territorial system in the territory of Kelmenetska - 3 and Sokyryansk communities - 2
points (Shebutyntsy, Sokyryany). Most territorial communities are characterized by the
absence of 1st-class SGN points. The largest number of 2nd class SGN points are
concentrated in Chernivtsi district - 37 units, in second place is Vyzhnytskyi district - 17
units, and in Dnistrovskyi - 14 points. The largest concentration of them in the territory
of the Berehomet community is 5 units. There are 4 points each within the Kelmenetska
and Chagorsk communities, and 3 points of SGN of the corresponding class are available
in the Selyatynsk and Ust-Putilsk TGs. For the rest of the territories of communities, the
number is from 2 to 1 point. On the territory of Chernivtsi region, territorial communities
with the absence of 2nd class SGN points were identified, among them: Khotynska,
Novoselytska, Magalska, Velikokuchurivska, Suchevenska, Chudeyska, Mamaivska,
Brusnytska, Banylivska, Nepolokovetska, Stavchanska, Kostryzhivska.
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Figure 2: Spatial location of SGN points on the territory of Chernivtsi region (image
created using QGIS)
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Within the boundaries of Chernivtsi district, the largest number of 3rd class SGN points
was also found in the amount of 67 points, in the territory of Dnistrovskyi District - 33,
and Vyzhnytskyi - 17 objects. The highest concentration of SGN points of the 3rd class
is observed in the territory of the Chernivtsi community - more than 15 units, Sokyryansk
and Storozhynetsk communities are located from 9 to 12 points, and in the remaining
territories of the communities their number is smaller. According to the results of the
spatial analysis of the distribution of points of the digit geodetic network (4th class), it
was found that most points are concentrated in the territory of Chernivtsi district - 52
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units, within the boundaries of Dnistrovskyi - 26, and in the territory of Vyzhnytskyi -
18 objects. Research in the cross-section of territorial communities revealed the highest
concentration of points in the Chernivtsi community, while Sokyryanska is far behind -
at 7, and Kelmenetska, and Mamalygivska - at 3 points each. In the territories of most of
the newly formed territorial communities, there are no SGN points of the discharge
geodetic network.

2. Statistical Calculations:

In the course of the research, the area of the entire territory was calculated with the
above-mentioned inconsistency indicators. There are 2,726.91 km? of territories of
various shapes of areas of non-compliance with the average density of SGN points,
which is 33.7% of the total area. The largest area of the indicated areas of non-conformity
is characteristic of Chernivtsi district - 1281 km? (30%), Vyzhnytskyi 869 km? (43%)
and Dnistrovskyi 576 km? (27%) of the territory of administrative districts. Significant
areas of non-conformity territories are characteristic of Selyatynska village - 238.85 km?
(65% of the total area of the administrative entity), Beregometska - 215.46 km? (44%),
Kelmenetska settlement - 157.9 km? (29%) and Storozhynetsk urban communities -
157.5 km? (30%). The spatial distribution of the areas with the maximum indicators of
inconsistency is observed with the distance of territorial communities from the regional

centre in the western and eastern directions (Figure 3).
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Figure 3: Vectorized objects, areas of discrepancy in the average density of SGN points
in the section of administrative districts (image created using QGIS)

The values of the smallest inconsistencies in the average density of points of SGN are
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typical for Chernivtsi city - 0 km? (0%), Chagorska - 6.9 km? (13.8%), Mamalygivska
7.9 km? (5.5%), Magalska - 7.19 km? (8.6%), Horishnyosherovetska - 14.2 km? (16.4%)
of rural communities (Fig. 4). Spatial distribution of territories with minimum indicators
shows their location close to the regional centre.

3. Research in QGIS:

If we analyze and consider the possibility of creating maps and plans of different scales,
the area covered by the SGN points (buffer radius) will vary from 3.1 (at a scale of
1:10000-1:25000) to 1.26 (at a scale of 1:500). When the scale is increased, there is also
an increase in the number of required designed SGN points. When assessing the
possibility of drawing up topographic plans, it is important, mainly, to cover the
territories belonging to built-up areas, that is, it concerns settlements. According to the
cartographic materials shown in Fig. 2 and 3 location of SGN points with their radius of
action is inherent in both built-up and non-built-up parts. Because of this, there is a need
to determine the area covered by the buffers of the SGN points of the built-up areas.
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Figure 4: Vectorized objects, areas of inconsistency in the average density of SGN
points in the section of territorial communities (image created using QGIS)

Vectorization of settlements in the form of polygonal thematic layers was carried out
(Fig. 5). Taking into account that topographic plans should cover the territories of
populated areas, an overlay analysis of vectorized objects and the topographic base was
carried out (Fig. 6). A topographic map on a scale of 1:100 000 allows seeing the
gualitative component of territory coverage. Yes, even if only built-up areas are taken
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into account, there will not be enough SGN points for these objects as well. Moreover,
a significant number of points are concentrated in open terrain, which makes it possible
to compile only large-scale maps. If there is a need to update topographic plans on a
scale of 1:2 000, 1 point (on average) must be located on 10 km?, that is, it covers an
area of 3.15 km x 3.15 km, which will further reduce the productivity of the existing
SGN network. Therefore, the existing density of SGN points, in most cases, does not
satisfy the existing requirements, even when drawing up and updating topographic plans
of scales 1:5000 and 1:2000.
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Figure 5: Vectorized boundaries of settlements in the territory of Chernivtsi region
(image created using QGIS)

4. Analysis of the Obtained Data:

For topographic and cadastral surveying on a scale of 1:2000 and more, the points of
discharge and survey geodetic networks are determined in addition to the SGN points.
In addition, the problem of low density of points can be solved by using satellite geodetic
methods to determine the points of shooting networks. That is, to carry out large-scale
surveying, a single-digit geodetic network is needed, which was created only for urban
settlements. Thus, the one-digit geodetic network of one of the settlements in the
research area shows that in the 1970s and 1980s, 121 polygonometry points of the 1st
and 2nd degrees were laid on the territory of the city (Fig. 7). At that time, they fully met
the requirements of the current regulations on topographical surveying.

87



Grassroots Journal of Natural Resources, Vol.7, No.3 (December 2024), p.77-95 | ISSN 2581-6853 | CODEN GJNRA9

Doi: https://doi.org/10.33002/nr2581.6853.070305 Open Access

Figure 6: The possibility of drawing up tpo plas on ascale 51‘ 1:2000, 1:1000 and
1:500 near Herts, Chernivtsi district, Chernivtsi region (image created using QGIS)
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Figure 7: Location of points of polygonometry (image created using QGIS)
At present, as a result of the reconstruction of the road network and the development of
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adjacent territories, a significant part (up to 70%) of these points is lost, which requires
their restoration or densification. Given that this requires significant funds, it is advisable
to create a dense filming (working) network localized to a specific place of search
operations with the mandatory use of GPS receivers. In general, it was possible to obtain
almost 600 polygonal objects for areas underpopulated areas for the entire Chernivtsi
region. It was established that buffer coverage even of the largest radius of action does
not exist for the entire part of the largest settlements in terms of area. In the case of
smaller studied polygonal objects - settlements - the overlapping of the radius of the
buffer is also not always monitored. The problematic point is strengthened when
analyzing the possibility of creating topographic plans on a scale of 1:500 for the
territory of the Chernivtsi region. That is, the area of areas of settlements that require
geodetic support is increasing. The paper calculates the area of the areas of the territories
of settlements that require additional geodetic support, as indicated above, on a scale of
1:25000-1:500 (Table 2). With the change in the scale series, the number of vectorized
objects belonging to areas of non-compliance with geodetic support increases from 352
to 561, while the total number of vectorized objects in the territories of settlements of
the studied object is about 600 (Fig. 8).

Table 2: Characteristics of the areas of settlements in the territory of the Chernivtsi
region, regarding non-compliance with geodetic support.

No Requirements for placement of The size of the territories of non-
SGN points according to the scale compliance with geodetic support
Scale Area Buffer Number of Area - % of the total
radius, vectorized km? area of
km objects. settlements in
the region
1 |1:10000- | 30 3.1 352 1152.7 68.6
1:25000
2 | 1:5000 20 2.52 450 1508.4 89.8
3 | 1:2000 15 2.19 497 1576.5 93.8
4 | 1:1000 10 1.78 536 1614.3 96.1
5 | 1:500 5 1.26 561 1632.4 97.2

When changing the above requirements (buffer area and radius), both the area and the
percentage of non-compliance with geodetic support from the total area of settlements
of Chernivtsi region increase. In particular, at the largest buffer scale of 3.1 km, the
specified area and percentage are the lowest and amount to 1152.7 km? and 68.6%.
Considering the possibility of creating plans at a scale of 1:500 for the territory of
Chernivtsi region, the area of non-compliance with geodetic support as well as the
percentage of the total area of settlements is the largest and is 1632.4 km? and 97.2%.
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Figure 8: Areas of populated areas of the territory of Chernivtsi region, regarding non-
compliance with geodetic support with a buffer radius of a) 3.1 km; b) 2.52 km; c) 2.19
km; and d) 1.78 km (image created using QGIS)

Discussion

For an objective assessment in general or the modern use of natural resources, it is
important to map the territory with the exact positioning of individual geo-objects.
Topographical and geodetic support of the research area showed the possibility of
creating maps according to current requirements for a small scale. Unlike previous
studies of geodetic support at the national (Karpinskyi and Hevel, 2022; Lepetyuk et al.,
2006; Sossa and Musienko, 2018; Trevogo, llkiv and Galyarnyk, 2022; Zayets, 2010),
regional (Bilokrynytskyi, Darchuk and Melnyk, 2023; Darchuk et al., 2021) levels, it
was possible to use the QGIS functionality for the first time to determine and analyze
the spatial characteristics of quantitative indicators of geodetic support inconsistency for
the territory of Chernivtsi region. The following studies foresee the thickening of the
state geodetic network. Projected points of different classes and values will allow you to
draw up maps and plans on a large scale. The latter is quite important for the territories
of settlements. Information about geodata, their exact location and attributes must be
provided simultaneously for significant territories and regularly updated, while its
objectivity must be ensured while maintaining the necessary accuracy of displaying the
spatial position of objects. Currently, there are information databases in Ukraine,
including on natural resources, in many different organizations and institutions. In recent
years, due to the war in Ukraine, some portals and official state websites have closed
access to geodata. Access and sharing of such information is essential for an accurate
assessment. In the future, the formation of a geo-information base of topographic-
geodetic data and other cartographic thematic information of various branches in the
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raster and vector form of various scales is required. Among them, the formation of a
geoinformation database of remote sensing of the earth with their appropriate processing
in combination with traditional terrestrial methods is important. The war in Ukraine also
negatively affects (there are significant restrictions even for educational institutions) the
possibility of studying individual areas using unmanned aerial vehicles. The latter would
allow for more accurate spatial characteristics of geo objects for creating base maps,
including for the analysis of geodetic support (especially accurate visualization of the
boundaries of settlements).

Conclusion

In the present study, an assessment of the spatial location of the DGM points for the
territory of the Chernivtsi region by the modern administrative and territorial system was
carried out. The number of geodetic points is 198 units of different classes. The largest
number of SGN points is located within the Chernivtsi district - 109 units, which is 55%
of the total number in the region, and in the Chernivtsi urban community - 41 units. It
was established that there are areas of the region where there is a discrepancy in the
average density of geodetic points with a total area of 2726.91 km? (33.7% of the total
area). The largest area belongs to the Chernivtsi district and is 1281 km? (30% of the
area of the administrative district). Among the basic units of the administrative-territorial
system, the largest areas are in the Selyatynska village community - 238.85 km? (65%
of the total area). Vectorization of settlements in the form of almost 600 polygonal
objects was carried out. With the increase in scale, the possibilities of creating maps and
plans for the territories of settlements of the Chernivtsi region, considering the existing
points of SGN, are quite low. The territories of most settlements require additional
design and creation of SGN points. The study helps to evaluate the permanent GIS
approaches to the formation of geodetic data banks, to identify weak links of the most
important geospatial basis, which is naturally lacking for the compilation of maps of the
most important large-scale series. Further trends in the development of the geodetic
industry make it possible to level these gaps through the development of permanent
geodetic stations, with the subsequent involvement of GNSS receivers in static or RTK
modes. Despite this, the analysis of modern geodetic support makes it possible to predict
the volume of geodetic works when solving any economic problems that require an
accurate cartographic basis, among which it is worth noting cadastral activity,
construction work, utilization of natural resources, spatial planning, when drawing up
project estimate documentation, etc. In addition, the theoretical and methodological
provisions of the work can be used in similar studies for other similar objects in our and
related areas.
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Abstract

The onset of the COVID-19 pandemic raised major concerns for the
agricultural sector, particularly for vegetable growers who are highly
vulnerable due to the perishable nature of vegetables and reliance on
labour-intensive operations that rely mainly on labour-driven operational
practices. The research aims to provide a comprehensive analysis of the
constraints vegetable growers face due to the COVID-19 Pandemic.
Using an ex-post facto research design, we analysed the cause-and-effect
relationship between variables among 240 vegetable growers from two
districts and eight villages in Odisha, India. The findings reveal that fear
of COVID-19 infection with an average garret score of 73.11 is impacting
their willingness to work and interact, Restrictions on movement and
social gatherings due to lockdown with an average garret score of 72.91
hindered farming operations, high cost of labour and agricultural inputs
with an average garret score of 72.02 driven by reduced availability and
increased demand, shortage of labour with an average garret score of
71.02, inadequate knowledge and awareness on COVID-19 pandemic
with an average garret score of 70.25 and lack of transportation facilities
due to mobility restrictions with an average Garrett score of 72.07 are
some of the critical constraints faced by vegetable growers. The research
findings have several implications for policy or practice to mitigate future
disruptions and enhance the resilience of the agricultural sector.

Keywords

COVID-19; Constraints; Agricultural resilience; Vegetable growers

Introduction

The COVID-19 pandemic had emerged as a health crisis of
unprecedented scale and complexity which had multifaceted
impacts on various aspects of the global society. It had far-reaching
consequences across every sector with agriculture being no
exception. As one of the hardest-hit industries, agriculture faced
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significant challenges due to the pandemic. Agriculture, the backbone of India's economy,
contributes 33% of the country's horticultural output, with a significant share coming from
vegetables. India is one of the leading producers of vegetables in the world and ranks
second after China (MoAFW, 2020). Vegetable cultivation plays a critical role in Indian
agriculture, contributing substantially to the food supply chain, enhancing food security
and nutrition, and supporting local economies through employment and income
generation. The outbreak of the pandemic triggered a series of constraints that affected
their ability to produce, distribute and market their produce effectively. It triggered a
cascade of disruptions across supply chains, labour shortages and market access
significantly impacting the operations of the vegetable farming system (Arumugam,
Kanagavalli and Manida, 2020). These challenges not only, strained their daily operations
but also highlighted the wvulnerabilities within vegetable farming threatening the
livelihoods of vegetable growers. The pandemic started when farmers were ready to
harvest and sell their Rabi crops and its impact continued into the subsequent Kharif
season. As a result, farmers faced significant challenges in harvesting their produce,
marketing it, and securing essential agricultural inputs for the next planting season
(NABARD, 2020). During the early stages of the pandemic, the imposition of lockdowns,
travel restrictions, quarantine measures and health concerns severely disrupted the
agricultural workforce, further exacerbating the challenges faced by farmers and hindering
the overall agricultural production cycle. Many urban workers who had lost their jobs and
migrant workers from abroad returned home to their rural villages creating a labour
surplus. At the same time, would-be migrant workers were restricted from traveling to
village communities creating labour shortages (Kabir, Maple and Usher, 2021; Karim,
Islam and Talukder, 2020; Kumar et al., 2021). Vegetable farming often relies heavily on
seasonal and migrant workers essential for planting, cultivating and harvesting crops.
These labour shortages have not only delayed essential farming operations but also
increased labour costs and operational inefficiencies (Bansal and Pande, 2020).
Furthermore, in addition to labour shortages the pandemic had triggered widespread
disruptions in agricultural supply chains. The virus wreaked havoc on the agricultural
production sector which is at the heart of the food chain (Pu and Zhong, 2020). The
agricultural supply chains were severely disrupted due to lockdowns, transportation
restrictions, disruptions in distribution networks and manufacturing slowdowns. These
interruptions resulted in shortages and delays in the availability of essential production
inputs such as farm machinery, fertilizers, seeds and pesticides. The vegetable growers
were adversely affected as they heavily depended on the timely supply of these inputs. The
resultant supply chain issues also led to increased costs of inputs and uncertainty in their
availability, impeding producers' ability to manage production and meet market demands
(MoAFW, 2020). The pandemic also had a dramatic impact on market access and reduced
demand for vegetable growers. The limitations on consumers’ movement and market
access coupled with the shutting down of food service establishments such as hotels,
cafeterias and restaurants resulted in a sharp decline in the demand for fresh vegetables
(FAO, 2020). Farmers faced serious financial challenges as a result of declining product
demand, supply disruptions and being forced to sell below cost (Termeer, Brouwer and de
Boef, 2020). With reduced demand and restrictions on selling farm produce, many
vegetable growers faced financial strain due to the unsold surplus coupled with price
volatility. However, the pandemic introduced a range of constraints that disrupted every
facet of vegetable farming. The immediate and cascading effects of these disruptions
highlight the need for a deeper understanding of the impact on agricultural practices and
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food systems. This assessment is essential for evaluating the broader implications of
agricultural sustainability and resilience, emphasizing the importance of developing
adaptive strategies to safeguard the future of farming.

Material and Methods
Study Area

The study was administered in the state of Odisha, India. It is the eighth largest state in
terms of area with a total area of 155,707 km? constituting about 4.87% of the country.
Odisha is located between the latitudes 17.780N and 22.730N and longitudes 81.37E and
87.53E along with a coastline of 450 km in the eastern part of India. It is an agrarian
state with a total cultivated area of about 61.50 lakh hectares and the majority of the
population depends on agriculture for their livelihood. Odisha ranks seventh in terms of
vegetable production with a share of 4.7% among the major vegetable-producing states
of the country. It comprises 10 agro-climatic zones out of which two agro-climatic zones
North Eastern Coastal Plain and East and South Eastern Coastal Plain with high potential
for vegetable production were selected.

Selection of Sample Sites

From the agro-climatic zones in the area, Balasore (North Eastern Coastal Plain and
Cuttack (East and South Eastern Coastal Plain) districts were purposively selected based
on the highest Gross cropped Area (GCA) (Odisha Agriculture Statistics 2018-2019)
which refers to the maximum total area of the districts under vegetable cultivation as
compared the other districts across the region. Apart from those two blocks from each
district and a two-gram panchayat from each block followed by two villages from each
gram panchayat were randomly selected for the study. An ex-post facto research design
was used to investigate the relationships between variables. A total of 240 vegetable
growers were selected through proportionate random sampling for the study by covering
2 districts of 4 blocks and 8 villages of Odisha.

Data Collection and Analysis

Data was collected from primary and secondary sources. Primary data was obtained
through personal interviews with the vegetable growers using a structured interview
schedule along with focused group discussions. The personal interview Involves one-
on-one interaction with the vegetable growers to understand their personal views while
the focused group discussions constitute a group of vegetable growers which encourages
interaction among the participants for discussing the set of issues which are useful for
understanding their collective perspectives and group dynamics. The collected data
identified and categorized various constraints faced by vegetable growers into six key
areas: psychological constraints, social constraints, economic constraints, production
constraints, technological constraints, and marketing constraints. Each category
highlighted specific challenges that impacted the growers' ability to sustain and manage
their farming operations effectively during the pandemic.
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Further, Garrett’s Ranking Technique was used for analysis where the vegetable growers
were asked to assign a rank to the constraints of each category according to its degree of
severity from their point of view. Thereafter, the individual rank given by the vegetable
growers was converted into per cent position by using the formula:

Percent position = 100 (Rij ‘0-5)

Where Rj; = Rank given to the i variable by the j" individual
N; = Number of variables ranked by the j™ individual.

The per cent position formula consists of two components such as R;; which is the rank
given to the i variable by the j* individual and N; which is the number of variables
ranked by the j" individual. Further, the per cent position calculations for each rank were
thereby converted into scores by using Garrett’s table given by Garret and Woodwoth
(1969). The value of the Average Garret score for each constraint was obtained by adding
together the scores of the individual vegetable growers divided by the total number of
vegetable growers for whom the scores were added. Thus, the Average Garret score for
each constraint was obtained and a rank was assigned accordingly identifying the
significant constraints affecting the vegetable growers.

Results and Discussion

The pandemic exposed several critical issues that significantly disrupted the farming
practices of vegetable growers. The findings of the study provide an overview of the
various dimensions of constraints perceived by the growers, categorized as follows:
Psychological Constraints, Social Constraints, Economic Constraints, Production
Constraints, Technological Constraints and Marketing Constraints.

Psychological Constraints

The various psychological constraints are presented in table 1.

Table 1: Distribution of Respondents According to the Psychological Constraints

Rank given by the vegetable growers Average

SI.No. Constraints R1 R2 | R3 RZ RE TR6 | R7 | R8 Cs;?c::gt Rank

1. Fear of socialization 5 183 | 15 11 6 10 8 2 63.70 1

2. Increase in anxiety 12 18 | 10 | 154 8 11| 14 | 13 51.91 v
and depression

3. Fear of COVID-19 192 5 8 10 7 6 3 9 73.11 |
infection

4, Insomnia, stress and 4 3 6 12 39 | 13| 23 | 16 38.97 VI
Nervousness 7

5. Fear of loss of 5 6 168 | 11 14 |12 ] 9 15 54.28 11
livelihood

6. Fear of theft and 7 9 13 10 | 142 | 16 | 24 | 19 45.54 V
insecurity

7. The feeling of 10 15 19 8 14 20 | 36 | 118 34.72 VIII
restlessness and
frustration

8. Fear of social stigma 8 5 9 12 18 | 33 | 130 | 25 37.38 VIl
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Figure 1: Psychological Factors Impacting Vegetable Growers

Fear of COVID-19 infection ranked as the most critical psychological constraint (Garrett
score: 73.11, Rank I) (Figure 1) due to the unpredictable nature of viral transmission.
The fear of socialization ranks second with a score of 63.70, followed by the fear of loss
of livelihood at third with a score of 54.28, underscoring the importance of economic
stability. Anxiety and depression increase, ranking fourth with a score of 51.91, while
fear of theft and insecurity ranks fifth at 45.54. Other notable constraints include
insomnia, stress, and nervousness (ranked sixth, 38.97), and fear of social stigma
(seventh, 37.38). Lastly, feelings of restlessness and frustration are ranked eighth with a
score of 34.72. These findings illustrate a range of psychological challenges, indicating
the need for targeted mental health interventions. These psychological challenges likely
stem from the widespread havoc caused by the pandemic, compounded by stringent
measures such as social distancing and isolation, which significantly affected the
growers' mindset and cognitive abilities. It acted as the mental and emotional barriers
affecting their livelihood and critically hindering their decision-making abilities to
manage farms along with the adoption of coping strategies to the changing
circumstances. These findings align with those of Serafini et al. (2020), where the
vegetable growers are prone to severe mental health risks and economic hardship, which
also highlighted the detrimental psychological impact of the pandemic on individuals
across various sectors.

Social Constraints

The study identified various social constraints faced by vegetable growers during the
pandemic, as outlined in table 2. The constraints were ranked based on their average
Garrett scores, indicating their severity.

According to figure 2, the most significant social constraint was restrictions on
movement and social gatherings due to the lockdown, with an average score of 72.91,
ranked first. This was attributed to the severe health risks associated with COVID-19
transmission. Low social or personal interactions ranked Il, with a score of 61.38,
highlighting the impact of reduced community engagement on farmers. Social distancing
and quarantine protocols were ranked I11, with an average score of 54.64, further limiting
social and communal activities. Reverse migration of farm families ranked 1V, with a
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score of 48.90, reflecting the disruption caused by the return of migrant workers to rural
areas. Lack of support and cooperation from neighbours and villagers ranked V, scoring
41.68, indicating weakened community ties during the pandemic. Limitations in various
farming activities ranked VI, with an average score of 40.94, as lockdown measures
hindered collaborative farming efforts. Restrictions in the accessibility to resources
ranked VII, with a score of 34.34, underscoring the difficulty in obtaining essential
inputs and services. These social constraints primarily arose due to the highly contagious
nature of COVID-19, prompting the implementation of strict measures to minimize
human interaction and control the virus's spread. They had far-reaching compounding
effects on the psychological, economic and operational difficulties exacerbating the
challenges faced by the vegetable growers. These social constraints can be addressed by
strengthening community networks, improving access to resources and ensuring
efficient agricultural support systems.

Table 2: Distribution of Respondents According to the Social Constraints

SI.No. Rank given by the vegetable growers Average
Constraints RLTR2 IR3TRATR5 T R6 | RY Garret | Rank
score

1. |Social distancing and 5 17 | 173 12 | 15 | 11 7 54.64 11
quarantine protocols
2. |Limitations in various 15 | 12 | 14 | 20 | 23 | 140 | 16 40.94 Vi
farming activities
3. |Low social or personal 8 |187| 13 | 10 | 6 9 7 61.38 Il
interactions
4. |Lack of support & 10 7 8 14 | 147| 21 | 33 | 41.68 \Y
cooperation from

neighbours and villagers

5. |Restrictions in 13 | 11 6 25 | 21 | 36 | 128 | 34.34 Wl
accessibility to
resources

6. |Restrictions on 196 | 12 9 7 6 8 2 72.91 |

movement and social
gatherings due to
lockdown

7. |Reverse migration of 7 17 | 14 | 161 | 9 | 13 | 19 | 48.90 v
farm families

Social distancing and quarantine..
Limitations in various farming activities
Low social or personal interactions

Lack of support & cooperation from..
Restrictions in accessibility to resources

i 54.64
! 40.94
! 61.38
41.68
s
Restrictions on movement and social..
Reverse migration of farm families !

72.91
48.9
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Figure 2: Social Constraints Impacting Vegetable Growers
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Economic Constraints
The economic constraints are presented in table 3.

Table 3 Distribution of respondents according to the Economic Constraints

Rank given by the vegetable growers  |Average

SI.No. Constraints RLIR2Z IR3TRZTR5 | R6 | RY (isg:zt Rank
1. Drastic fall in farm 7 19 | 15 | 159 | 9 13 | 18 | 49.17 v
income

2. |Highcost of labourand | 195| 9 6 7 8 11 | 4 | 72.02 |
agricultural inputs

3. |Lack of regulated price 10| 7 | 12 | 18 | 135 | 21 | 37 | 41.73 \Y

policies

4.  |High expenditure and 8 | 15| 9 |21 | 33 | 41 |113]| 35.11 Vi
indebtedness

5. |Lack of awareness of 14 | 12 | 24 | 20 | 18 | 123 | 29 | 40.90 VI

financial assistance

6. |Inaccessibility to credit 9 |180| 14 | 11 | 6 12 8 | 60.77 1
and banking facilities

7. |Low cost of the farm 8 |10 |166 | 13 | 17 | 12 | 14 | 53.40 1|
produce in the market

Drastic fall in farm income :

High cost of labor and agricultural inputs l 72.02
Lack of regulated price policies | l
High expenditure and indebtedness | |
Lack of awareness on financial assistance | |
Inaccessibility to credit and banking.. :
|

Low cost of the farm produce in the market

Average Garret score 0 20 40 60 80

Figure 3: Economic Constraints Impacting Vegetable Growers

Figure 3 indicates that the high cost of labour and agricultural inputs is the most
significant economic constraint, exhibiting an average Garrett score of 72.02, thereby
ranking it first. This may be due to the imbalance in the demand and supply of
agricultural goods and services affecting vegetable growers followed by inaccessibility
to credit and banking facilities with an average garret score of 60.77 being ranked-I1 and
low cost of the farm produce in the market with an average garret score of 53.40 being
ranked-111 were put first, second and third in order of priority respectively. The economic
constraints ranked as least important include: a drastic fall in farm income at rank IV, a
lack of regulated price policies at rank V, a lack of awareness about financial assistance
at rank V1, and high expenditure and indebtedness at rank VII. These constraints have
average Garret scores of 49.17, 41.73, 40.90, and 35.11, respectively. These constraints
had severely affected the efficient management of farm costs impacting the financial
stability of vegetable growers. This may be because the pandemic had endangered the
livelihoods of vegetable growers leading to economic shock thereby making them more
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vulnerable to economic insecurity. Similar findings were obtained by Middendorf et al.
(2021) and Kulkarni et al. (2022) where it was emphasized that disparities in financial
security, resources and infrastructure facilities contextualize these issues challenging the
vegetable growers.

Production Constraints
The various production constraints faced are presented in table 4.

Table 4: Distribution of Respondents According to the Production Constraints

Rank given by the vegetable growers | Average
SI.No. Constraints RLTR2 IR3 |1 R4 | R5 | R6 Garret | Rank
score
Increased cost of production | 15 19 | 21| 26 |125| 34 | 42.03 V

High wage rates of labourat | 11 | 24 |156| 20 | 13 | 16 | 52.30 11
peak harvest times
3. Disruptions in post-harvest 12 | 23 | 28 | 32 | 39 | 106 | 38.49 VI
management of farm produce
Shortage of labour 190 | 12 | 14 | 11 7 6 71.02 |

Limitations in the availability | 13 | 178 | 19 | 15 8 7 59.95 1
of agricultural inputs
6. Delay in harvestingand loss | 18 | 11 | 17 | 145 | 29 | 20 | 46.66 v
of yield

Increased cost of production

High wage rates of labor at peak harvest times

Disruptions in post-harvest management of..

Shortage of labor 71.02

Limitations in availability of agricultural inputs 59.95

Delay in harvesting and loss of yield

Average Garret score 0 20 40 60 80

Figure 4: Production Constraints Impacting Vegetable Growers

Among the constraints from figure 4, shortage of labour is the most significant
production constraint faced by the vegetable growers with an average garret score of
71.02 and ranked-1. This may be due to the movement restrictions across the nation due
to the lockdown and shutdown, followed by limitations in the availability of agricultural
inputs with an average garret score of 59.95 being ranked-Il and high wage rates of
labour at peak harvest times with an average garret score of 52.30 being ranked-I11 in
the order of priority respectively. Delay in harvesting and loss of yield being ranked IV,
increased cost of production ranked V and disruptions in post-harvest management of
farm produce with a rank of VI are the least significant production constraints with
average garret scores of 46.66, 42.03 and 38.49 respectively. These constraints disrupted
key aspects of the agricultural operations affecting every stage of the agricultural cycle
starting from planting to harvesting. It had resulted in loss of yields, lower quality of
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produce and incurred financial loss to the vegetable growers. This may be due to the
restrictions imposed by the government resulting in uneven demand and supply of
essential commodities leading to drastic changes in price and severely affecting the
production activities of vegetable growers. These results are supported by Harris et al.
(2020) and NABARD (2020).

Technological Constraints
Technological constraints affecting vegetable growers are presented in table 5.

Table 5: Distribution of Respondents according to the Technological Constraints
Rank given by the vegetable growers | Average
SI.No. Constraints RLIR2I R3 |R4A T R5 | R6 Garret | Rank
score
1. Lack of proper guidance and 19 |176| 14 | 12 | 8 11 | 60.03 I
assistance for the farmers
2. Lack of adequate infrastructural | 8 | 17 | 21 | 28 | 132 | 34 | 40.72 \%
facilities
3. Limitations in farm and market | 10 | 13 | 15 149 | 23 | 30 | 44.97 v
information
4, Lack of skill in various farming | 14 | 22 | 29 | 34 | 37 | 104 | 38.97 | VI
and non-farming activities

5. Inadequate knowledge and 183 17| 15 | 10 | 6 9 70.25 |
awareness on COVID-19
pandemic

6. Lack of adequate extension 12 | 21| 164 | 19 | 16 8 53.13 Il

support and other institutional
technical services

Lack of proper guidance and assistance..
Lack of adequate infrastructural facilities
Limitations in farm and market information

Lack of skill on various farming and non-..

70.25

Inadequate knowledge and awareness on..

Lack of adequate extension support and.. 13

® Average Garret score 0 20 40 60 80

Figure 5: Technological Constraints Impacting Vegetable Growers

From figure 5, results revealed that inadequate knowledge and awareness of the COVID-
19 pandemic is a critical technological constraint affecting vegetable growers with an
average garret score of 70.25, ranked first. This may be due to a lack of adequate
exposure to the various information sources, which influenced their mindset. The second
most significant constraint was the lack of proper guidance and assistance for the farmers
with an average garret score of 60.03, ranked second. This was followed by insufficient
extension support and other institutional technical services, which ranked third with an
average score of 53.13. Limitations in farm and market information were ranked fourth
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with a score of 44.97, lack of adequate infrastructural facilities ranked fifth with a score
of 40.72 and lack of skill on various farming and non-farming activities ranked sixth as
the least critical technological constraint with an average garret score 38.97. It had a
multifaceted impact on the efficiency of the vegetable growers affecting the resilience
of vegetable farming systems. These challenges were likely exacerbated by inefficient
implementation of the initiatives and inadequate support provided during the pandemic,
further impacting the productivity and sustainability of vegetable growers.

Marketing Constraints

The marketing constraints are outlined in Table 6. From Figure 6, it can be concluded
that the lack of transportation facilities due to mobility restrictions is the most critical
issue affecting vegetable growers, with an average Garrett score of 72.07, ranked first.
This is primarily attributed to the nationwide lockdown implemented to curb the spread
of the virus. The second most significant constraint is the inaccessibility to marketing
facilities, with an average Garrett score of 59.45, ranked second. This is followed by the
restricted movement of farm produce, ranked third with a score of 51.86. Additional
challenges include the perishable nature of farm produce, ranked fourth with a score of
46.23, changes in the demand and supply of farm produce, ranked fifth with a score of
42.35, and high price fluctuations resulting in distressed sales, which ranked sixth and is
considered the least critical marketing constraint with an average Garrett score of 39.03.
These constraints affected the ability of the farm produce to reach consumers and their
effective distribution for ensuring consistent income for the vegetable growers. The
challenges of the traditional market practices compounded the difficulties faced by
vegetable farmers. These issues were largely driven by border closures and
transportation restrictions during the lockdown, which significantly disrupted the supply
chain and negatively impacted vegetable growers. These findings partially align with the
study by Ragasa et al. (2021), highlighting similar challenges faced by agricultural
producers during the pandemic.

Table 6: Distribution of Respondents according to the Marketing Constraints
Rank given by the vegetable growers |Average

SI.No. Constraints R1 R2 R3 R4 T RS | R6 Garret | Rank
score
1. |Restricted movement of farm 16 21 144 | 19 23 | 17 | 51.86 11
produce

2. |The perishable nature of the 11 18 32 | 130 | 20 | 29 | 46.23 | IV
farm produce
3. |Lack of transportation 199 | 13 10 7 3 8 | 72.07 |
facilities due to mobility
restrictions

4. |High price fluctuations 16 19 24 | 37 | 45 | 99 | 39.03 | VI
resulting in a distress sale
5. |Inaccessibility to marketing 11 | 185 | 19 4 7 | 14 | 59.45 Il
facilities
6. |Change in demand and supply | 14 21 26 | 30 | 111 | 38 | 42.35 \Y
of the farm produce
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Figure 6: Marketing Constraints Impacting Vegetable Growers
Conclusion

The COVID-19 pandemic caused severe disruptions to the supply chains of perishable
farm produce, particularly vegetables, which require rapid distribution and marketing to
prevent spoilage. The outbreak led to significant deterioration of perishable goods,
resulting in substantial losses for vegetable growers. The findings of the study revealed the
fear of COVID infection, fear of socialization and fear of loss of livelihood as the primary
psychological constraints followed by restrictions on movement and social gatherings due
to lockdown, low social or personal interactions and social distancing and quarantine
protocols as the major social constraints, high cost of labor and agricultural inputs,
inaccessibility to credit and banking facilities and low cost of the farm produce in the
market as the critical economic constraints, shortage of labor, limitations in availability of
agricultural inputs and high wage rates of labor at peak harvest times as the indicative
production constraints, inadequate knowledge and awareness on COVID-19 pandemic,
lack of proper guidance and assistance for the farmers and lack of adequate extension
support and other institutional technical services as important technological constraints
whereas, lack of transportation facilities due to mobility restrictions, inaccessibility to
marketing facilities, restricted movement of farm produce as evident marketing constraints
faced by the vegetable growers. The findings of the research reveal numerous significant
challenges faced by vegetable growers adversely impacting their production, marketing
and financial sustainability. Thus, it is crucial to derive actionable strategies such as
strengthening agri-value chains, improving financial accessibility, promoting sustainable
agricultural practices and adopting new technology to enhance the resilience of vegetable
growers. Further, focusing on these areas through targeted research ensures long-term
holistic growth and development. The stress on vegetable growers during the pandemic
highlights the importance of developing resilient agricultural practices by providing
valuable insights into developing policies and strategies for enhancing agricultural
sustainability that can better withstand future global crises.
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Abstract

Given the steady increase in the Earth's temperature in the context of global
climate change, which negatively affects the growth and development of
most crops, the search for sustainable ecologically adapted plant species and
ways to maintain their yields is of great practical importance. Mustard is one
of the crops that can grow in drought conditions, which is driving demand for
it. The article presents the results of studies of the peculiarities of the
formation of the crop structure elements, yield and quality of mustard seeds
depending on varietal characteristics and mineral nutrition. It was found that
the application of phosphorus-potassium fertilizers, both main application
and together with foliar fertilization with nitrogen fertilizers, provided a
significant increase in the yield structure indicators — plant height in all
phenological phases of mustard growth and development, the number of
stems and pods per plant. The greatest increase in plant height of all varieties
in phenological phases of growth and development, the number of stems and
pods per plant was with the integrated use of phosphorus-potassium
fertilizers as the main application and two-time foliar fertilization with
nitrogen fertilizers. Indicators of the yield structure elements significantly
depended on varietal characteristics. If in the rosette phase, the influence of
the “fertiliser” factor was 71.0%, the “flowering” factor — 86.7%, and in the
bud and ripening stages the influence of fertilizers was less and amounted to
47.2% and 38.3%, respectively, the influence of the “variety” factor was the
greatest in the bud stage and amounted to 48.6% and in the ripening phase —
39.4%. The increase in yield structure indicators contributed to the
improvement of mustard seed productivity - while on average, seed yield
significantly increased with the use of mineral fertilizers compared to the
control - without fertilizers, then seed quality — germination energy and
germination, when applying mineral fertilizers did not provide a sufficient
increase in these indicators, they were at the level of control and only the
weight of 1000 seeds significantly increased both depending on the genotype
and the use of mineral fertilizers, which provided an increase in the yield of
seeds of all varieties.

Keywords

Geodetic support; GIS; Topographic and geodetic works; State geodetic
network; Natural resources
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Introduction

Oilseeds are a vital part of agriculture in many countries around the world (Srivastava et
al., 2024). The demand for oilseed crops regularly increases due to population surges,
dietary choices, and biodiesel product requirements. Oilseed crops are the foremost
source of vegetable oil due to their use for culinary purposes (Shah et al., 2023). They
are widely used in the food industry because they are healthy and have good functional
properties (Zhang et al., 2023). Among others, mustard is an important oilseed crop that
can be grown even in arid and semi-arid regions (Shah et al., 2023; Singh et al., 2023),
which is essential given global climate change.

It is known that mustard has been cultivated for various purposes since 3000 BC. It has
been widely used as a spice and as an energy crop (Grygier, 2023; Kayacetin, 2020). The
total area under mustard cultivation in the world is about 3.0 miIn ha, with production
and yields of 72.37 min tons and 1980 kg/ha, respectively (Kalia et al., 2021; Stankevych
et al., 2020). Ukraine is among the top ten world leaders in terms of mustard cultivation.
This crop ranks fourth in oilseed production, following rapeseed, soybeans, and
sunflower. (Petrova, 2020). The main external consumers of mustard seeds produced in
Ukraine are European countries, which exported 14.3 tons of seeds in 2021 (Kolosok
and Melnyk, 2023). In 2007, the area under mustard in all categories of farms was 173.57
thousand hectares, but since 2015 it has been significantly decreasing to 58.8 thousand
hectares, while the seed yield has increased from 0.50 to 0.74 t/ha (Mykolayko and
Karpuk, 2023). Seed yields and mustard oil quality depend on genetic characteristics, and
environmental and agronomic growing conditions, such as irrigation, sowing fertilization, etc.
(Kayacetin, 2019). Since Ukraine lacks environmentally adapted zonal technologies for
growing mustard, which is a constraint to expanding its cultivation (Zhuykov et al., 2024) and
given the growing demand for its seeds, research into ways to increase its yield is relevant.

Insufficient implementation of modern cultivation and protection technologies is the
main reason for the low productivity of mustard (Kumar et al., 2020). One of the elements
of modern technology in growing crops, including mustard, is balanced plant nutrition,
which ensures an increase in both crop yields and the quality of grown products (Zolkin et
al., 2022). Fertilizers are one of the factors ensuring an increase in seed yield and quality
improvement with simultaneous soil preservation and fertility enhancement (Vassilina,
Umbetov and Vassilina, 2012). Mustard requires mineral nutrition throughout the vegetation
period, and the maximum demand is reached during the flowering phase. During this period,
it requires nitrogen, phosphorus, potassium and other macro- and microelements (Butenko
etal., 2022; Indira et al., 2021). For the formation of 1 ton of white mustard seeds, 55-60 kg
of nitrogen, 25-30 kg of phosphorus, and 25-35 kg of potassium are required. The removal
of nutrients per unit of yield is not a constant value and depends on soil and climatic
conditions, varietal characteristics and elements of cultivation technology (Jia et al., 2021).

Sefaoglu et al. (2021) demonstrated that the dose of nitrogen has a direct impact on seed yield.
With increasing nitrogen doses, the number of pods per plant, the number of seeds per pod, and
the weight of 1000 seeds increased, and, accordingly, the seed yield increased. Nitrogen doses
(50, 100, 150 and 200 kg ha-1) increased seed yield by 80.4%, 108.3%, 88.9% and 149.8%
compared to the control. According to Rozhkov et al. (2024), the highest yield of common
mustard seeds (2.72-2.79 t/ha) was formed in the variants of combining pre-sowing
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application of NasPssKas and NasPsoKso with two variants of foliar fertilisation with
different fertiliser mixtures. The increase in the dose of pre-sowing mineral fertilisers,
as well as the inclusion of mono-elemental fertiliser Quantum Boron Active in the tank
mixtures, did not significantly increase the biological yield of seeds, and the cost of
cultivation increased significantly. According to VVoloshchuk (2024), on grey forest surface
glazed soils, the use of mineral fertilizers as the main fertilizer in a dose of N3oP30K3s and double
fertilization with nitrogen in a dose of Ng in the rosette and bud stages provided an increase in
leaf surface area by 3.1-5.6 thousand m?ha and net photosynthetic productivity by 0.30-0.53
g/m? per day and, accordingly, an increase in seed yield by 2.46 t/ha.

Mustard is selective when it comes to nutrient availability in the soil and is also highly sensitive
to the soil’s physical condition. This sensitivity is evidenced by the variations in the structure
of the white mustard crop, which depends on different basic tillage and fertilization methods
(Anastasya et al., 2024; Fussy and Papenbrock, 2022). Thus, on the background of organic-
mineral fertilization (with the predecessor straw left in the field and the addition of N3oP30Kso),
the highest mustard yield of 2.05 t/ha was ensured by the flat-cutting system of basic tillage,
while the profitability of growing white mustard compared to the mineral fertilization system
increased by 93-128%, depending on the system of basic tillage (Kirilyuk, Tymoshchuk and
Kalchuk, 2019). Creating favourable growing conditions for mustard plants and the formation
of high crop productivity is one of the main tasks that all agrotechnological measures for
growing mustard seeds should be aimed at, and one of these measures is the use of mineral
fertilizers (Chand et al., 2021; Jakubus and Bakinowska, 2020).

These findings and studies highlight the research gaps which signifies the present need
for this work. In light of the above facts, this research aims to find out the peculiarities
of the formation of elements of the crop structure, yield and quality of mustard seeds
depending on varietal characteristics and mineral nutrition. The objective of the study was
to find out the influence of varietal characteristics in combination with the use of mineral
fertilisers on the formation of elements of the crop structure - stems and pods on plants and
their height and, accordingly, to determine the seed productivity of mustard. Identify the factors
that influence the formation of these indicators.

Methodology
Study Area

The study on the effect of varietal characteristics and mineral fertiliser application on the
formation of the yield structure elements of mustard seeds was conducted under conditions
of unstable moisture of the Right-Bank Forest-Steppe of Ukraine at the experimental field of
Pavlo Tychyna Uman State Pedagogical University of the Ministry of Education and Science
of Ukraine, during 2020-2023. Five varieties of mustard were studied, four white — Etalon,
Pidpecheretska, Ariadna and Oslava and one black — Tsarivna Pivnochi.

Research Scheme
The scheme of the experiment provides for the cultivation of seeds without fertilization —

control and main application of phosphorus-potassium fertilizers in dose PsKas without
fertilization and with fertilization with nitrogen fertilizers in dose Nis on the seedlings, as
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well as basic fertilization in dose P.sKas with two fertilization with nitrogen fertilizers in dose
N5 on the seedlings and one fertilization with nitrogen fertilizers in dose Ns in the rosette-
stem phase. The seeding rate was 2 min seeds/ha, using the conventional line method.
Superphosphate (20% active ingredient) was applied as phosphorus fertilizer, potassium
chloride (54% active ingredient) as potassium fertilizer, and ammonium nitrate (34.4% of
the active ingredient) was used for fertilisation.

Research Methods

Elements of the yield structure by growth and development stages of plants were
determined by generally accepted methods of crop variety testing (Melnyk, 2016;
Volkodav, 2000), seed yield — by weighing by plots from each replication, seed quality
— germination energy, seed germination and weight of 1000 seeds according to the
current NSTU (National standard of Ukraine, 2002). In the experiment, 5 varieties were
studied, the placement of which was systematic in blocks, where the variants were placed
systematically in each block of 4 variants, and 4 replications of each variant were
randomised. In total, there were 16 variants and replications of each variety, and 80 in
the experiment.

Soil and Weather Conditions

The soil of the experimental plot is podzolic heavy loamy chernozem with a humus
content of 3.31%. The reaction of the soil solution is neutral - pH 6.5-6.7. The content
of mobile phosphorus and potassium compounds is 80-130 mg/kg, which corresponds
to the average availability. The period of sowing and germination in terms of temperature
and moisture supply was typical for the zone, except for minor deviations in both average
daily air temperatures and the amount of precipitation. In 2021, precipitation was at the
long-term average, while 2020, 2022 and 2023 were characterized by a slight deficit.

Statistical Analysis

The reliability of the experimental data was determined by the calculation-comparative
method using variance and correlation-regression analyses according to Fisher's method
(Fisher, 2006) and methodological recommendations (Ermantraut, Prysiazhniuk and
Shevchenko, 2007).

Results and Discussion

Ali (2018) studied the conditions of the Northeastern Forest-Steppe of Ukraine on typical
deep medium-humus coarse-dusty medium loamy black soil on loess rocks. It was concluded
that an increase in fertilizer rates from N3oP30K3o to NgoPgoKgo contributed to an increase in
plant biometric parameters — increasing the height of white mustard plants by an average of
30%, the number of first-order branches by 3.6-5.1% and the leaf surface area by 9.5-15.8%,
compared to the control — without fertilizers. Melnyk et al. (2019) observed a notable
increase in the morphometric parameters of white at the highest background of NgoPgoKago
fertilizers. The average height of plants was 92.5 cm, which is 11.8 cm higher than in the
control, with the number of first-order branches increasing by 1.6 pcs. and amounted to 6.1
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pcs. According to Shabbir (2021), in North-Eastern Forest-Steppe of Ukraine, the yield
structure of grey mustard was the highest under the dose of mineral fertilizers NgoPgoKago
using Vuxal Boron (3.0 I/ha) + Vuxal Bioamino Plant (3.0 I/ha) and amounted: the number
of first-order branches - 4.87 pcs, the number of pods per plant - 68.92 pcs and the number
of seeds per pod - 13.76 pcs.

According to our research, the height of the plants varied not only with the application of
mineral fertilizers, but also from varietal characteristics in all phenological phases of plant
growth and development, both in control and fertiliser applications. The control group without
fertilizers showed the lowest plant height during seed ripening in the variety Etalon, while the
highest height was observed in the variety Ariadna (Table 1).

Table 1: Mustard plant height (in cm) depending on varietal characteristics and fertilizer
application (average for 2020-2023)

Stages of growth and development

Variant
rosette |bud stage| flowering |ripening
variety fertilizer application
No fertilizer - control 10.0 34.4 61.7 87.5
P45|_<¢_15_|n the main application without 11.0 387 69.7 99.6
fertilizing

P4sKss in the main application +

Etalon fertilizing N5 in the seedlings 114 393 746 931
PsKas in the main application +
two fertilizers Nis in the seedlings + |11.8 40.7 77.0 102.9
N30 in the rosette-stemming phase
No fertilizer - control 10.1 39.8 63.6 97.9
P45I_<4_15.in the main application without 116 433 715 102.2
fertilizing

Tsarivna P1sKas in the main + fertilizing Nys in

Pivnochi the seedlings 123 455 72 104.3
P4sKas in the main application +
two fertilizers N5 in the seedlings +  [12.7 47.4 78.8 105.3
Nsp in the rosette-stemming phase
No fertilizer - control 9.5 35.4 63.6 97.1
P45|_<¢_15_in the main application without 10.9 384 69.0 100.0
fertilizing

PsKss in the main application +

Pidpecheretska fertilizing Nas in the seedlings 11.8 40.7 76.7 101.9
PsKss in the main application +
two fertilizers Nis in the seedlings +  |12.0 43.5 78.5 103.4
N3o in the rosette-stemming phase
No fertilizer - control 10.6 42.6 68.2 100.2
P45I_<z_15.in the main application without 129 437 716 99.9
fertilizing

P1sKass in the main application +
fertilizing Nis in the seedlings

P1sKass in the main application +
two fertilizers Nis in the seedlings +  |13.5 46.4 87.1 103.6
N30 in the rosette-stemming phase

Ariadna 12.6 46.1 79.3 104.2
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Stages of growth and development
Variant
rosette [bud stage| flowering |ripening

variety fertilizer application

No fertilizer - control 10.5 36.1 64.4 98.0

P45I_<z_;5_|n the main application without 125 404 732 105.9

fertilizing
Oslava PasKas in the main application + 128 |417 750 111.0

fertilizing Nis in the seedlings

P4sKss in the main application +

two fertilizers Nis in the seedlings +  [13.9 44.0 81.0 106.1

N30 in the rosette-stemming phase
LSDOS general 023 056 052 057
LSDOS Variety 012 028 026 029
LSDOS fertilizer 010 025 023 026

The height of plants of Tsarivna Pivnochi, Pidpecheretska and Oslava varieties during
the seed ripening phase in the control ranged from 97.1 to 98.0 cm, with no significant
difference. The reaction of all varieties to the mineral fertiliser application, both main
application and foliar fertilization, was almost the same. The increase in plant height of
all varieties, except Etalon and Oslava, in the rosette phase averaged 2.1-2.2 cm, in
Etalon it was significantly lower, and in Oslava it was significantly higher. The greatest
increase in plant height of all varieties in the phenological phases of growth and
development was with the combined application of phosphorus-potassium fertilizers as
the main and two-time foliar fertilization with nitrogen fertilizers. A significantly greater
increase in plant height was noted in the interphase period “ bud stage-flowering”.

Variance analysis of the influence of the studied factors on the plant height during the
cultivation of mustard seeds revealed that the greatest influence was the factor
“fertilizer”, in all plant growth and development stages (Figure 1).

Veriety* Other
Fertilizers; factors;

32% \ __15%
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Veriety* f%ctsc;/rs;
Fertilizers; 0

21,8%

Figure 1: Influence of factors on the formation of plant height by stages of plant
growth and development (average for 2020-2023) showing: a) Rosette stage; b) Bud
stage; ¢) Flowering stage; and d) Ripening stage
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In the rosette stage, the influence of the “fertiliser” factor was 71.0%, the “flowering”
factor — 86.7%, and in the bud and ripening stages, the influence of fertilizers was less
and amounted to 47.2% and 38.3%, respectively. In the budding stage, the effect of the
factor “variety” was the highest and amounted to 48.6% and in the ripening stage —
39.4%. The effect of the interaction of “fertiliser*variety” factors in all phases of plant
growth and development was insignificant.

Melnyk and Zherdetska (2017) found that in grey mustard plants, when fertilised with
N3oP30Ks0 and NeoPsoKeo, the number of first-order branches increased by 0.4 and 0.8
units compared to the control, and amounted to 3.7 and 4.1 units, respectively.

We observed a similar growth of pods and stems on mustard plants when phosphorus-
potassium mineral fertilizers were applied as the main fertilizer, and mainly with foliar
fertilization with nitrogen fertilizers, depending on the varietal characteristics. A
significantly smaller number of pods was formed on plants in the control — without
mineral fertilizers in all varieties (Table 2).

Table 2: The number of pods per plant, pcs. Depending on the genotype and mineral
fertiliser application during the ripening phase (average for 2020-2023)

Variant — - - Variety

fertilizers Tgarlvna} Etalon Pidpecherets Ariadna | Oslava

Pivnochi ka

No fertilizer - control 66.8 54.4 61.8 69.6 69.2
P45I_<4_15_in the main application without 80.1 69.7 73.4 818 748
fertilizing
P4sKas in the main application + 1058 [838 [89.2 907  |91.0
fertilizer N1s in the seedlings
P45K45 in the main application +
two fertilizing N1s in the seedlings + N3 {118.7 96.3 101.3 106.0 107.1
in the rosette-stemming phase
LSDOS general 1.99
LSDOS variety 0.99
LSDOS fertilizer 0.89

The highest number of pods in the control was in the varieties Ariadna and Oslava,
respectively — 69.6 and 69.2 pieces, significantly less compared to the above varieties —
in the variety Tsarivna Pivnochi — 66.8 pieces, the variety Pidpecheretska — 61.8 pieces
and the least in the variety Etalon — 54.4 pieces. A similar dependence on the fertiliser
use was observed. In addition to the control, the introduction of only phosphorus-
potassium fertilizers in the main fertilizer provided a reliable increase in the pod number
in all varieties compared to the control. The highest pod number was created on plants
of varieties Ariadna - 81.8 pieces or 12.2 pieces more, and Tsarivna Pivnochi - 80.1
pieces or 13.3 pieces compared to the control, and the smallest - 73.4 pieces of the variety
Pidpecheretska or 11.6 pieces less than in the control. Etalon variety's response to
fertilisation was effective, which provided the greatest increase in pods (15.3 pieces)
compared to the control.

Combined use of the main fertilizer and foliar fertilization provided a noticeable increase
in pods both in comparison with the control and the application of fertilizers alone
without fertilizing all varieties. One-time foliar fertilization resulted in the greatest
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increase in pods compared to the control and the application of only the main fertilizer
— the varieties Tsarevna Severa and Etalon, respectively — increasing by 39 and 29.4
pods. Two applications of foliar fertilization increased pods per variety, ranging from
36.4 to 51.9 pieces compared to the control. In contrast, the main fertilizer led to a
smaller increase, varying from 12.1 pieces (Pidpecheretska) to 16.1 pieces (Oslava). The
expediency of conducting two foliar fertilization should be determined by the increase
in the yield of mustard seeds. Analysis of the factors that influenced the pod number
showed that the greatest influence was the factor of “fertilizer” and amounted to 85.6%,
the influence of the “variety” was less — 10.9% (Figure 2).

Veriety* Other
Fertilizers; __ factors; 0,5%
3,0% /

Figure 2: Influence of factors on pod formation depending on varietal
characteristics and fertilization (average for 2020-2023)

Similar dependencies were found in the formation of mustard stems depending on the
use of mineral nutrition and varietal characteristics. The smallest stem number was
formed in the control — without fertilizers, and the use of mineral fertilizers provided a
significant increase in all varieties (Table 3).

Table 3: Number of stems per plant, pcs. Depending on genotype and mineral fertiliser
application during the ripening phase (average for 2020-2023)

Variant — - V_arlety -
fertilizers Tgarlvna} Etalon| Pidpech- |Ariadna|Oslava
Pivnochi eretska
No fertilizer - control 3.1 2.6 34 3.9 4.0
P4sKys in the main application without 4.3 34 4.8 4.8 4.9
fertilizing
P.sKys in the main application + fertilizer Nys in |5.1 4.4 5.2 5.7 5.9
the seedlings
P4sKys in the main application + two fertilizing
Njis in the seedlings + N3 in the rosette- 6.0 5.0 6.1 6.5 6.6
stemming phase
LSDOS general 0.27
LSDOS variety 0.14
LSDOS fertilizer 0.12
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A significantly greater number of stems both in the control and under mineral nutrition
was formed by varieties Oslava and Ariadna, no significant difference was found, the
smallest — being by variety Etalon. The use of phosphorus-potassium fertilizers in the
main fertilizer provided an increase in the number of stems of Oslava and Ariadna
varieties by 0.9 pcs. or by 22.5 and 23.1%, respectively, compared to the control. The
largest increase in stems was in the varieties Tsarivna Pivnochi — 1.2 pcs. or 38.7% and
Pidpecheretska — 1.4 pcs. or 41.2%. The integrated use of the main fertilizer and one-time
foliar fertilization provided a considerable increase in the number of stems of all varieties
compared to the control and the main fertilization. The highest stem number was obtained
with two-time foliar fertilization on the background of the main fertilizer.

The analysis of variance revealed that the greatest influence on the formation of mustard
stems was the factor “fertilizer” — 74.7%, the influence of the “variety” was 22.4%, and
the interaction of them and other factors was insignificant (Figure 3).
Veriety* Other
Fertilizers;,___factors;
0.8% ||° ’

Figure 3: Influence of factors on stem formation depending on varietal characteristics
and fertilization (average for 2020-2023)

Improvement of the yield structure indicators contributed to the increase in the seed
productivity of mustard - if on average, the seed yield of the varieties significantly increased
with the mineral fertilizers application compared to the control — without fertilizers, then the
quality of seeds — germination energy and germination, when applying mineral fertilizers did
not provide a significant increase in these indicators, they were at the level of the control
(Table 4).

The weight of 1000 seeds, on the other hand, varied depending on the varietal
characteristics and the use of mineral fertilizers. The highest weight of 1000 seeds (more
than 4 g) was in the varieties Tsarivna Pivnochi, Pidpecheretska and Oslava. The highest
weight of 1000 seeds was obtained with the combined use of phosphorus-potassium
mineral fertilizers as the main fertilization and two foliar fertilizations with nitrogen
fertilizers on the seedlings and in the rosette-stem phase. Increasing the weight of 1000
seeds depending on the genotype and the use of mineral fertilizers provided an increase
in the yield of seeds of all varieties compared to the control.
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Table 4: Quality of mustard seeds depending on varietal characteristics and fertilizer
application (average for 2020-2023)

Variant Germination| Germination, Mass of
Variety  |Fertilizer Application energy, % % 1000 seeds, g
No fertilizer - control 94 95 3.17
P4sKass in the main application without {92 93 3.33
fertilizing
Etalon P45}_<4_15 in the main appligation + 97 97 3.79
fertilizer N1s in the seedlings
P1sKas in the main application + 95 95 3.83
two fertilizing N1s in the seedlings +
Nsp in the rosette-stemming phase
No fertilizer - control 97 97 4.53
P4sKss in the main application without |97 98 4.65
fertilizing
Tsarivna |P4sKass in the main application + 98 98 4.76
Pivnochi |fertilizer Nis in the seedlings
P4sKss in the main application + 97 98 4.72
two fertilizing N1s in the seedlings +
Nsp in the rosette-stemming phase
No fertilizer - control 97 98 4.81
P4sKss in the main application without |95 96 4.58
fertilizing
Pidpech- fP45tI_<I4_15 in lilhe _ma}[lhn appldlf_atlon + 94 95 4.81
eretska ertilizer Nis in the seedlings
P1sKas in the main application + 96 96 4.89
two fertilizing Nis in the seedlings +
N30 in the rosette-stemming phase
No fertilizer - control 96 95 3.52
P1sKss in the main application without {96 96 3.67
fertilizing
. P4sKas in the main application + 97 97 3.81
Ariadna fertilizer Nis in the seedlings
P4sKass in the main application + 97 97 3.99
two fertilizing N5 in the seedlings +
Nsp in the rosette-stemming phase
No fertilizer - control 96 96 4.74
PsKas in the main application without |97 97 4.67
fertilizing
Oslava P45Kz-15 in the _main applic_ation + 96 97 4.84
fertilizer N1s in the seedlings
PsKss in the main application + 95 96 4.96
two fertilizing Nis in the seedlings +
N30 in the rosette-stemming phase
LSDOS general 1.4 1.3 0.28
LSDOS variety 0.7 0.7 0.14
LSDos fertilizer 0.6 0.6 0.13
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This study showed that plant density and fertilization had a significant impact on black
mustard yields. Gubenko and Lyubchych (2020) have determined that in the Right-Bank
Forest-Steppe of Ukraine on grey forest light loamy soils, the mineral fertiliser
application even in small quantities (60 kg/ha of P and 90 kg/ha of K) led to an increase
in seed yields — by 0.84 t/ha without fertilization and by 0.77 t/ha with fertilization. The
highest increases in seed yields were observed with the combined application of
nitrogen, phosphorus and potassium, which amounted to 0.60-1.06 t/ha (without micro
fertilizer) and 0.48-0.98 t/ha (with micro fertilizer) compared to the control (without
fertilizer). According to Melnyk et al. (2019), in the North-Eastern Forest-Steppe of
Ukraine, the introduction of N3oP30K3so and NeoPsoKeo provided a significant increase in
the yield of white mustard to 1.92 and 2.13 t/ha, which is 0.34 and 0.55 t/ha more than
in the control, respectively.

According to the results of our research, the greatest increase in yield was obtained with
the combined application of the main phosphorus-potassium fertiliser with two
fertilisations with nitrogen fertilisers (Table 5). The introduction of PsKas with two
fertilisers Nis and Nsp in the rosette-stemming phase increased the yield by 0.37-0.52 t/ha or
0.19-0.26 t/ha compared to the variant where the plants were not fertilised. The correlation
and regression analysis revealed an average correlation between the increase in the weight
of 1000 seeds and the increase in seed yield, the correlation coefficient is 0.61.

Table 5: Increase in seed yield (t/ha) compared to the control, depending on the genotype
and mineral fertiliser application (average for 2020-2023)

Variant — Variety
-, Tsarivna | Etalon | Pidpech- |Ariadna| Oslava
fertilizers X i
Pivnochi eretska
P4sKas in the main application without |0.26 0.14 0.18 0.20 |0.27
fertilizing
P.sKys in the main application + 0.48 0.41 0.35 043 ]0.39

fertilizer Nis in the seedlings

P4sKas in the main application + two
fertilizing Nis in the seedlings + N3 in [0.52 0.46 0.37 047 ]0.43
the rosette-stemming phase

LSDOS general 0.04
LSDOS variety fertilizer 0.02
Conclusion

The study was aimed at finding out the peculiarities of the formation of crop structure
elements, yield and quality of mustard seeds depending on varietal characteristics and
mineral nutrition. It was found that the use of mineral fertilizers provided a significant
increase in the yield structure indicators — plant height at all stages of growth and
development, and the number of stems and pods per plant, which contributed to an
increase in mustard yield and seed quality depending on varietal characteristics. The
combined application of the main fertilizer and foliar feeding provided a significant
increase in stems and pods both in comparison with the control and the application of
fertilizer alone without feeding all varieties. It was highest with the combined use of
phosphorus-potassium mineral fertilizers as the main fertilizer and two foliar fertilizers
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with nitrogen fertilizers on the seedlings and in the rosette-stem stage. Analysis of
variance revealed that the mustard height was most significantly influenced by the factor
“fertiliser” with an influence index in the range of 38.3-86.7%, depending on the
phenological phase of plant growth and development. It was found that the greatest
increase in plant height of all varieties was observed with the main application of P4sKas
with two fertilisations of Ns after germination and fertilisation of N3 in the rosette-stem
phase. In particular, in the Oslava variety, the height of plants in the ripening phase
increased by 8.1 cm compared to the variant without fertiliser. Similar results were
obtained when analysing the factors that influenced the number of pods and stems. It
was determined that the influence of the “fertiliser” factor was the largest, with values
of 85.6% and 74.7%, respectively. The number of knots and stems in all varieties was
significantly lower in the variant without mineral fertilisers. Thus, with the main
application of PsKas with two fertilisations of Nis after germination and fertilisation of
N30 in the rosette-stem phase, the Tsarevna Severa variety formed 51.9 more pods and
2.9 more stems than the control without fertilisation. On average, the seed yield of the
varieties significantly increased by 0.24 t/ha with the mineral fertiliser application
compared to the control without fertilisers and amounted to 0.41 t/ha with the main use
of P4sKas with Nys fertilisation on the germination stage and 0.45 t/ha with the main use
of P4sKass with two fertilisations of Nis on the germination stage and N3 fertilisation in
the rosette-stemming stage.

Taking into account the results obtained, it is advisable to continue these studies using
complex water-soluble fertilisers that include macro- and microelements, which can
reduce the cost of seeds.
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Abstract

Generating entrepreneurial knowledge among students is a way to solve the
problem of food and job security in India. Therefore, the present study was
undertaken in agriculture colleges of Odisha to explore and improve their
entrepreneurial knowledge. The respondents were final-year students in
their B.Sc. (Agriculture) undergraduate course. The data were collected
through a pretested survey questionnaire. After analysis of the collected, it
was found that the majority (62.04%) of the respondents had a medium
level of entrepreneurial knowledge. Among various components of
entrepreneurial knowledge, the respondents had more knowledge of legal
requirements and marketing than credit and finance and technological
adaptation. The analysis showed significant positive correlations between
entrepreneurial knowledge and attributes like Economic, Social, and
Scientific Aptitude, Decision-Making, Leadership, and Information
Access, with Leadership Ability being the most influential. In contrast,
Family Type and Higher Land Holding had significant negative
correlations with infrastructure and legal knowledge, suggesting that
students from joint families or with larger landholdings had slightly lower
exposure to these entrepreneurial resources. This highlights the importance
of individual skills and suggests that family structure and landholding
background can also impact entrepreneurial competency.

Keywords
Entrepreneurial knowledge; Agriculture students; Odisha; Technological
adaptation; Educational interventions

Introduction

For the growing population of India, food and job security are
becoming scarce and our country is going to face a dangerous stage
(Senapati and Padhi, 2020). However, this problem can be solved
by generating entrepreneurial knowledge among people (Senapati
and Padhi, 2020). As today’s students are the future of the nation,
government should focus on them in developing their
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entrepreneurial knowledge (Dauda and Esther, 2023). Every institution in India has
helped them in this matter from childhood, but the higher education institutes focus
mostly and seriously on the development of entrepreneurial knowledge among students
(Roy and Mukherjee, 2017; Subramanian, Dubey and Singh, 2012)). Therefore,
institutions at the undergraduate level are introducing entrepreneurship-related courses.
Mostly, in agriculture colleges, students are not only reading entrepreneurship courses,
but they are also practising the various entrepreneurial process (Wang, 2019). They are
involved in practices for the preparation of agricultural products like jam, jelly,
mushrooms, pickles, juice etc. The students are involved in growing flowers, fruits,
vegetables, cereals, pulses etc. with higher profit. They are using advanced technologies
to generate more income from agriculture practices (Dangore, Wakle and Raut, 2020).
They are also in preparation of hybrid seeds and HYV seeds and selling and exporting
those seeds (Neesh et al., 2020). They are involved in income generation activities of
agricultural institutions. In their course, ELP (Experiential Learning Programme) is
added, where they are being trained in both business and skill-based programs like
organic farming, Azola preparation, seed production, food processing units, post-harvest
management practices etc. (Thorat, Deshmukh, and Shriram, 2021). So, during
undergraduate courses, students are getting knowledge on entrepreneurship.

Therefore, this study entitled “Entrepreneurial Knowledge of Agriculture Students in
Odisha state of India” is an attempt to know the entrepreneurial knowledge of the
agriculture students in Odisha state of India, so that based on their knowledge level and
lacuna in any particular type of knowledge related to entrepreneurship, teachers will be
able guide and can give training to build up their efficiency and capabilities to be an
entrepreneur. This will be helpful to make Odisha state particularly self-sufficient and
will help support food security throughout the state. As agriculture students are from
mostly all the villages of Odisha. Similar studies can be done in all states and India, so
that based on the demand and need of the students regarding knowledge on
entrepreneurship, teachers will be able to guide and govt can also support them in this
matter. The courses offered to agriculture undergraduate can be redesigned to make them
knowledgeable and self-sufficient to earn money in their upcoming future.

The following hypotheses were tested in this study:

Hi:  The entrepreneurial knowledge of agriculture students in Odisha are at a
low level on average.

Hz:  Socio-economic factors do not significantly influence the entrepreneurial
knowledge of agriculture students in Odisha.

Hs:  Personal attributes do not significantly influence the entrepreneurial
knowledge of agriculture students in Odisha.

Hs:  There is no significant difference in the entrepreneurial knowledge based
on gender, caste and family major occupation.

Accordingly, the study is guided by the following objectives:
e To evaluate the levels of entrepreneurial knowledge among agriculture students
in Odisha.
e To analyze the relationship between socio-economic factors and entrepreneurial
knowledge.

Rajeeb Kumar Behera, Rabindra Kumar Raj 129



Grassroots Journal of Natural Resources, Vol.7, No.3 (December 2024), p.128-145 | ISSN 2581-6853 | CODEN GJNRA9

Doi: https://doi.org/10.33002/nr2581.6853.070308 Open Access

e To know the relationship between the personal attributes and entrepreneurial
knowledge of the respondents.

e To assess the differences in entrepreneurial knowledge based on gender, caste
and family major occupation.

Methodology

This research adopted a quantitative framework, leveraging cross-sectional data to
provide a comprehensive analysis. The respondents were B.Sc. (Agriculture) final year
bachelor’s degree students of all the 9 agriculture colleges in Odisha, India (Table 1).
All nine agricultural colleges in Odisha were selected for the study to comprehensively
assess the entrepreneurial knowledge of final-year B.Sc. (Agriculture) students,
representing diverse socio-economic and regional backgrounds. This inclusive approach
ensures a holistic understanding of their knowledge levels and gaps, enabling teachers
to design targeted training programs to enhance their entrepreneurial capabilities. The
study leverages a quantitative framework with cross-sectional data, providing actionable
insights to improve curriculum effectiveness and guide state-level strategies for fostering
entrepreneurship in agriculture. The data required for the study of entrepreneurial
knowledge were collected through a survey questionnaire which was developed with the
help of non-respondent students, experts and literature such as:
1) Infrastructure (Audretsch, Heger and Veith, 2015; Calvo et al., 2019; Qandah
etal., 2021).
2) Legal requirement (Siemieniak and Rembiasz, 2019; Plumly et al., 2008)
3) Technological adaptation (Carayannis et al., 2006; Abdelfattah, Al Halbusi,
and Al-Brwani, 2023; Ardelean, 2021; Laranja and Fontes, 1998)
4) Credit and finance (Tran et al., 2024; Seghers, Manigart and Vanacker, 2012;
Sutikno, 2022)
5) Marketing (@ystein 2005; Karyaningsih, 2020; Gilmore and Carson, 1999;
Besterfield et al., 2013).

Table 1: Details of the study area and respondents

SI. No. Name of the College Name of Total No. of
the District | Students in Final
Year B.Sc. (Hons.)
Agriculture
1. Institute of Agricultural Sciences, Khordha 352
Siksha ‘O’ Anusandhan, Bhubaneswar
2. M.S. Swaminathan School of Gajapati 275
Agriculture, CUTM, Paralakhemundi
3. Gandhi Institute of Engineering and Rayagada | 160
Technology (GIET), Gunupur
4, MITS Institute of Professional Studies | Rayagada | 94
(MIPS)
5. CV Raman Global University Khordha 34
6. SRI SRI University Cuttack 111
7. College of Agriculture, OUAT, Sambalpur | 59
Chiplima
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8. College of Agriculture, OUAT, Kalahandi | 98
Bhawanipatna
9. College of Agriculture, OUAT, Khordha 200
Bhubaneswar
Total 9 colleges 1383

For capturing responses on the Entrepreneurial knowledge of the respondents, a three-
point Likert scale: Most essential (3), Essential (2) and not essential (1) was used.
Permissions were taken from all the concerned authorities of the study institutions for
data collection from the final year students of B.Sc. (Agriculture) and after that,
institutions were visited. Interaction and discussion were made with the professors,
assistant professors and students on the objectives framed under the study and data
collection process. After that, questionnaires in Google Forms were distributed to all the
final year students of agriculture in Odisha students during 2023-24 through personal
visits to the colleges one by one individually with the help of concerned faculties and
authorities by using WhatsApp groups and emails for communication. While using
WhatsApp and emails facilitated quick communication and response collection,
potential limitations included accessibility issues for students with limited internet
access, potential non-responsiveness, and a lack of personal interaction that could
influence the accuracy of responses. To mitigate these issues in future studies, a mixed-
methods approach combining online and offline data collection could be adopted,
ensuring inclusivity and higher response accuracy. Additionally, follow-ups through
personal visits or phone calls could address non-responsiveness and enhance data
reliability. A total of 588 questionnaires were returned during the study. Out of these,
569 questionnaires were deemed suitable for analysis based on specific inclusion and
exclusion criteria. The inclusion criteria required that the questionnaires be fully
completed, with clear and valid responses to all items on the three-point Likert scale.
Questionnaires with incomplete responses, ambiguous answers, or missing data were
excluded from the analysis to ensure the reliability and validity of the results. After
applying these criteria, the finalized dataset was analyzed using SPSS v21. The final
guestionnaire is attached as Annexure.

Results
Entrepreneurial Knowledge of the Agriculture Students in Odisha

The analysis of entrepreneurial knowledge among agriculture students in Odisha (Table
2), based on a sample of 569, reveals varying levels of understanding across different
dimensions of entrepreneurship, including Infrastructure, Legal Requirements,
Technological Adaptation, Credit and Finance, Marketing, and Overall Entrepreneurial
Knowledge. For Infrastructure, the average mean score was 2.63, with 17.93% of
students having low knowledge, 50.09% medium, and 31.99% high, ranking it third
overall. Legal Requirements had the highest average mean score of 2.67, with 19.86%
of students with low knowledge and 80.14% at medium, but none reaching high
knowledge. Technological Adaptation, with an average mean score of 2.59, ranked fifth,
where 19.86% had low knowledge, 50.97% medium, and 29.17% high. Credit and
Finance had an average mean score of 2.61, ranking fourth, with 20.39% of students
with low knowledge, 48.33% at medium, and 31.28% at high. Marketing, with an
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average mean score of 2.66, ranked second, where 19.33% of students had low
knowledge, 80.67% medium, and none high. Overall Entrepreneurial Knowledge had an
average mean score of 2.63, with 17.75% of students at low knowledge, 62.04% at
medium, and 20.21% at high knowledge levels.

Table-2: Rank and Level of Entrepreneurial Knowledge (n=569)

Factors of Entrepreneurial Average | Rank Level
Knowledge Mean Score* Low Medium | High

Infrastructure 2.63 Il 102 285 182
(For Levels Mean=2.63, (17.93%) | (50.09%) | (31.99%)
SD=0.35)

Legal requirement 2.67 | 113 456 0 (0.0%)
(For Levels Mean= 2.67, (19.86%) | (80.14%)
SD=0.35)

Technological adaptation 2.59 \Y 113 290 166
(For Levels Mean= 2.59, (19.86%) | (50.97%) | (29.17%)
SD=0.36)

Credit and Finance 2.61 v 116 275 178
(For Levels Mean= 2.61, (20.39%) | (48.33%) | (31.28%)
SD=0.38)

Marketing 2.66 I 110 459 | 0(0.0%)
(For Levels Mean= 2.66, (19.33%) | (80.67%)

SD=0.34)

Overall Entrepreneurial 2.63 101 353 115

knowledge (17.75%) | (62.04%) | (20.21%)
(For Levels Mean: 2.63,

SD: 0.3)

*Minimum score = 1, and maximum score = 3
Correlation among Variables

The correlation analysis aimed to understand the relationship among various socio-
economic attributes, personal attributes and entrepreneurial knowledge of the respondents.
After analysis, the results depicted in Table 3 revealed both positive and negative
significant correlations with entrepreneurial knowledge across various dimensions. On the
positive side, Economic Aptitude, Social Aptitude, Scientific Aptitude, Decision-Making
Ability, Leadership Ability, and Source of Information exhibited significant positive
correlations, with Leadership Ability showing the strongest association, particularly in
credit and finance knowledge. Social and Scientific Aptitude were also notably influential,
emphasizing the importance of interpersonal and technical skills for entrepreneurial
success. Conversely, Family Type and Parents’ Higher Land Holding showed significant
negative correlations with specific dimensions of entrepreneurial knowledge, particularly
with infrastructure and legal requirements. This suggested that students from joint families
or those with higher landholdings may have had slightly lower exposure to certain
entrepreneurial resources, potentially due to different resource management or family
responsibilities. These findings indicated that while fostering individual skills could
strengthen entrepreneurial competencies, addressing the nuances of family structure and
landholding background might also be beneficial.
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Table 3: Spearman's Rank Correlations

SI. | Variables Infra- Legal |Technological| Credit |Marketing Overall
No. structure|Requirement| Adaptation and Entrepreneurial
Finance Knowledge

1 |Locality -0.062 |-0.042 -0.043 -0.03 -0.026 -0.05

2 |Family Type |-.085* |-.089* -0.043 -0.043 |-0.081 -.087*

3 |Family Size |-0.065 |-0.06 -0.057 -0.028 |-0.024 -0.063

4 |House Types |-0.012 ]0.031 0.015 0.057 |0.047 0.035

5 |Education of |-0.002 |[-0.033 -0.031 0.044 |0.022 0.007
the head of
the family

6 |Family -0.05 |-0.072 -0.078 -.084* |-0.004 -0.066
Annual
Income

7 |Parents Land |-.094* |-.087* -0.071 -0.049 |-0.059 -0.081
Holding

8 |Economic A126**  |.130** .133** A57**  |138**  |.165**
Aptitude

9 |Social 217**  |.276%* .250** 279** |.238**  |.300**
Aptitude

10 |Scientific 227** | 231** .259** 257** |216**  |.283**
Aptitude

11 |Decision- 272%* | 251** A71** 277**  |.283** 291**
Making
Ability

12 |Leadership  [.265** |.290** 297** 350**  [.290**  |.354**
Ability

13 |Source of 219** | 211%* 267%* J195**  189** | 258**
Information

**Significance at 1% level (two-tailed)
*Significance at 5% level (two-tailed)

Entrepreneurial Knowledge Based on Gender

To compare entrepreneurial knowledge between male and female agriculture students in
Odisha across various dimensions, researchers employed the Mann-Whitney-U Test
(Table 4). Factors examined included Infrastructure, Legal Requirements, Technological
Adaptation, Credit and Finance, Marketing, and Overall Entrepreneurial Knowledge.
For Infrastructure, male students had a mean rank of 288.96, while females had 282.03,
with a Mann-Whitney U of 38,683.5, Z-score -0.509 and p-value 0.611, revealing no
significant differences in the case of gender. In the Legal Requirements category, males
scored a mean rank of 285.58 and females 284.57, with a Mann-Whitney U of 39,509.0,
Z-score of -0.075, and p-value of 0.941, again showing no significant disparity.
Technological Adaptation results indicated mean ranks of 296.01 for males and 276.73
for females, with a Mann-Whitney U of 36,963.0, Z-score of -1.411, and p-value of
0.158, demonstrating no significant statistical difference. Credit and Finance dimension
yielded mean ranks of 291.42 for males and 280.18 for females, with a Mann-Whitney
U of 38,084.0, Z-score of -0.824, and p-value of 0.410, indicating no significant gender
gap. Marketing results showed mean ranks of 286.51 for males and 283.87 for females,
with a Mann-Whitney U of 39,282.0, Z-score of -0.194, and p-value of 0.846, suggesting
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no significant difference. Lastly, Overall Entrepreneurial Knowledge analysis produced
mean ranks of 291.78 for males and 279.91 for females, with a Mann-Whitney U of
37,994.5, Z-score of -0.854, and p-value of 0.393, further supporting the absence of

significant gender-based differences.

Table 4: Mann-Whitney U Test (Entrepreneurial Knowledge based on Gender)

Infra- Legal Technological | Credit and | Marketing Overall
structure | Requirement | Adaptation Finance Entrepreneurial
Knowledge
Mann- 38683.500 | 39509.000 | 36963.000 38084.000 |39282.000 | 37994.500
Whitney U
Wilcoxon W | 91658.500 | 92484.000 | 89938.000 91059.000 |92257.000 | 90969.500
Z -.509 -.075 -1.411 -.824 -.194 -.854
Asymp. Sig. |.611 941 .158 410 .846 .393
(2-tailed)
a. Grouping Variable: Gender

Entrepreneurial Knowledge Based on Caste

To investigate differences in entrepreneurial knowledge between agricultural students in
Odisha from the Lower, Middle, and Upper caste groups, a Kruskal-Wallis test was
utilized. The analysis focused on six dimensions: Infrastructure, Legal Requirements,
Technological Adaptation, Credit and Finance, Marketing, and Overall Entrepreneurial
Knowledge (Table 5). With a Chi-Square of 0.328, two degrees of freedom, and a p-
value of 0.849, the mean ranks for infrastructure were 276.34 (Lower Caste), 288.26
(Middle Caste), and 285.48 (Upper Caste), indicating no discernible variance in
perception. With a Chi-Square of 1.347, two degrees of freedom, and a p-value of 0.510,
Legal Requirements revealed mean rankings of 269.10 (Lower Caste), 293.30 (Middle
Caste), and 284.44 (Upper Caste), further suggesting no significant difference.

The mean ranks for technological adaptation were 262.22 for the Lower Caste, 300.97
for the Middle Caste, and 281.66 for the Upper Caste. A Chi-Square of 3.654, two
degrees of freedom, and a p-value of 0.161 indicated that there was no significant
difference between the castes. With a Chi-Square of 4.386, two degrees of freedom, and
a p-value of 0.112, Credit and Finance showed mean ranks of 257.02 (Lower Caste),
300.69 (Middle Caste), and 283.33 (Upper Caste), indicating no significant difference.
With a Chi-Square of 1.923, two degrees of freedom, and a p-value of 0.382, the mean
rankings in the Marketing dimension were 263.94 for Lower Caste, 284.75 for Middle
Caste, and 291.23 for Upper Caste, indicating no significant variance. Last but not least,
there was no significant difference between the caste categories for Overall
Entrepreneurial Knowledge, with mean rankings of 262.34 (Lower Caste), 295.99
(Middle Caste), and 284.72 (Upper Caste) with a Chi-Square of 2.469, 2 degrees of
freedom, and a p-value of 0.291.

Entrepreneurial Knowledge Based on Family Major Occupation

Taking into account the principal occupation of their family, the Kruskal-Wallis Test was
utilized to examine differences in entrepreneurial knowledge among agriculture students
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in Odisha (Table 6). The analysis covered several aspects: Infrastructure, Legal
Requirements, Technological Adaptation, Credit and Finance, Marketing, and Overall
Entrepreneurial Knowledge. For Infrastructure, the test revealed mean ranks of Labour
(154.50), Caste Occupation (338.75), Cultivation (302.91), Business (284.50), Private Job
(289.61), and Government Job (280.70), with a Chi-Square of 2.756, 5 degrees of freedom,
and a p-value 0.738, indicating no significant differences across family occupations. In the
Legal Requirements category, mean ranks were Labour (116.25), Caste Occupation
(361.88), Cultivation (312.19), Business (284.92), Private Job (256.33), and Government
Job (286.99), with a Chi-Square of 7.227, 5 degrees of freedom, and a p-value of 0.204,
suggesting no significant variations based on family occupation. Technological Adaptation
showed mean ranks of Labour (262.00), Caste Occupation (361.88), Cultivation (313.40),
Business (287.78), Private Job (274.63), and Government Job (279.82), with a Chi-Square
of 3.394, 5 degrees of freedom, and a p-value of 0.639, demonstrating no significant
differences across family occupations. For Credit and Finance, mean ranks were Labour
(73.25), Caste Occupation (271.00), Cultivation (288.35), Business (300.16), Private Job
(274.30), and Government Job (281.60), with a Chi-Square of 5.187, 5 degrees of freedom,
and a p-value of 0.394, indicating no significant variations. Marketing displayed mean
ranks of Labour (116.50), Caste Occupation (411.75), Cultivation (281.59), Business
(298.99), Private Job (257.24), and Government Job (285.56), with a Chi-Square of 7.951,
5 degrees of freedom, and a p-value of 0.159, suggesting no significant differences. Lastly,
Overall Entrepreneurial Knowledge showed mean ranks of Labour (122.25), Caste
Occupation (348.50), Cultivation (305.19), Business (291.26), Private Job (265.45), and
Government Job (283.27), with a Chi-Square of 4.722, 5 degrees of freedom, and a p-value
of 0.451, indicating no significant variations across family occupations.

Table 5: Kruskal-Wallis test (Entrepreneurial Knowledge Based on Caste)

Infra- Legal Technological | Credit |Marketing Overall
structure | Requirement | Adaptation and Entrepreneurial
Finance Knowledge
Chi-Square |0.328 1.347 3.654 4.386 1.923 2.469
df 2 2 2 2 2 2
Asymp. Sig. | 0.849 0.510 0.161 0.112 0.382 0.291

Table 6: Kruskal-Wallis test (Entrepreneurial knowledge based on Family major
occupation)

Infra- Legal Technological | Credit and | Marketing Overall
structure | Requiremen | Adaptation Finance Entrepreneurial
t Knowledge
Chi-Square |2.756 7.227 3.394 5.187 7.951 4,722
Df 5 5 5 5 5 5
Asymp. 0.738 0.204 0.639 0.394 0.159 0.451
Sig.
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Figure 1: Comparison between Entrepreneurial Knowledge of Students: a)
Infrastructure, b) Legal requirement, c) Technological adaptation, d) Credit & Finance,
e) Marketing, f) Overall entrepreneurial knowledge
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Figure 2: Kruskal-Wallis Test based on Caste: a) Infrastructure, b) Legal requirement,

c¢) Technological adaptation, d) Credit & Finance, e) Marketing, f) Overall
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Figure 3: Kruskal-Wallis Test based on Family Major occupation: a) Infrastructure, b)
Legal requirement, c) Technological adaptation, d) Credit & Finance, e) Marketing, f)
Overall entrepreneurial knowledge

Discussion

The results indicate that agriculture students in Odisha possess varying degrees of
entrepreneurial knowledge across different dimensions. Legal Requirements rank
highest in terms of average mean score, with the majority of students (80.14%)
possessing medium-level knowledge and no students reaching a high level of
understanding. This highlights a strong foundational knowledge of legal aspects but also
suggests a potential area for further development to achieve higher competency.
Marketing knowledge also ranks highly, with 80.67% of students having medium-level
knowledge, indicating a well-rounded understanding in this area. However, like Legal
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Requirements, no students reached a high knowledge level, which could point to gaps in
advanced marketing concepts. In contrast, Technological Adaptation ranks lowest, with
a significant portion of students (19.86%) having low knowledge, and only 29.17%
reaching high knowledge. This suggests that technological aspects of entrepreneurship
might be an area where students are less confident or where educational interventions
could be more focused. Infrastructure and Credit and Finance show a more balanced
distribution of knowledge levels, with substantial portions of students achieving high
knowledge (31.99% and 31.28%, respectively). These areas, while important, do not
exhibit the same knowledge gaps as Technological Adaptation. Overall, while most
students possess medium-level entrepreneurial knowledge, there is a clear need for
enhanced education and resources in specific areas, particularly to elevate students from
medium to high knowledge levels. Focusing on advanced concepts in legal requirements,
marketing, and technological adaptation could help bridge the gaps identified in this
study, ultimately better-preparing students for entrepreneurial challenges in the
agricultural sector. Similar findings are reported by Soam et al., (2023).

The correlation analysis indicates that there are generally weak relationships between
family background factors and various dimensions of entrepreneurial knowledge among
agriculture students in Odisha. The negative correlations observed in some cases suggest
that more diverse or complex family backgrounds might slightly reduce students'
perceived knowledge in areas such as infrastructure, legal requirements, and overall
entrepreneurial knowledge. Nevertheless, these correlations are not strong, indicating
that the entrepreneurial knowledge of students in agriculture is not significantly
influenced by their family background. This suggests that other factors, such as formal
educational programs, availability of resources, or individual drive, may have a greater
impact on the development of entrepreneurial skills and knowledge among these
students than their family circumstances. Similar results are also obtained by Georgescu
and Herman (2020). The weak correlations also imply that interventions aimed at
improving entrepreneurial knowledge might not need to focus heavily on family
background, but rather on providing equal access to education and resources for all
students. Future research could explore other potential factors influencing
entrepreneurial knowledge to develop more targeted educational programs and policies.

According to the Mann-Whitney U Test findings, no statistically significant disparity exists
between male and female students of agriculture in Odisha regarding various aspects of
entrepreneurial knowledge. The analysis shows that both male and female students possess
similar levels of understanding and competence in infrastructure, legal requirements,
technological adaptation, credit and finance, and marketing. The overall entrepreneurial
knowledge, when compared across genders, also reflects no significant disparity.

This lack of significant difference may suggest that the educational environment and
exposure to entrepreneurial knowledge are relatively uniform across genders in the study
population. It could also indicate that both male and female students have equal access
to resources, opportunities, and information regarding entrepreneurship in agriculture.
The findings emphasize the importance of continuing to provide equal opportunities and
resources for both genders in agricultural education to foster a more inclusive
entrepreneurial environment. Additionally, future research could explore other factors
that may influence entrepreneurial knowledge, such as socio-economic background,
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educational interventions, and regional disparities, to provide a more nuanced
understanding of the entrepreneurial capabilities of agriculture students in Odisha.

According to the Kruskal-Wallis Test findings, no statistically significant variations
were observed in the entrepreneurial knowledge of agriculture students in Odisha when
considering their caste. This lack of significant differences was consistent across all
evaluated dimensions, which encompassed Infrastructure, Legal Requirements,
Technological Adaptation, Credit and Finance, Marketing, and Overall Entrepreneurial
Knowledge. The average rankings across caste groups were found to be similar, with p-
values exceeding the 0.05 threshold for statistical significance in all dimensions. This
suggests that caste background does not significantly impact these students'
entrepreneurial knowledge. These findings suggest that entrepreneurial education and
opportunities may be uniformly distributed across different caste groups in Odisha,
leading to similar levels of knowledge and understanding. This could be a positive
indicator of equitable access to resources and educational content across caste lines.
However, it may also imply that other factors, such as socio-economic status, access to
mentorship, or regional disparities, could be more influential in shaping entrepreneurial
knowledge than caste alone. Subsequent studies could investigate additional variables to
obtain a more thorough insight into the factors influencing entrepreneurial knowledge
among students of agriculture in Odisha.

According to the Kruskal-Wallis Test findings, no statistically significant variations
were observed in the entrepreneurial knowledge among agriculture students in Odisha
when examining their families' primary occupations. The p-values exceeded the 0.05
significance level in all dimensions—Infrastructure, Legal Requirements, Technological
Adaptation, Credit and Finance, Marketing, and Overall Entrepreneurial Knowledge—
showing that family occupation has no discernible impact on students' entrepreneurial
knowledge. These findings suggest that entrepreneurial knowledge among agriculture
students is consistent regardless of their family's occupational background. This could
imply that educational programs and resources related to entrepreneurship are uniformly
accessible to students, regardless of their socio-economic background. However, it may
also highlight the need to explore other factors that could impact entrepreneurial
knowledge, such as individual motivation, access to technology, or regional differences.
Further research could help to identify these factors and provide more tailored
interventions to enhance entrepreneurial education for agriculture students in Odisha.

Conclusion

The research on the entrepreneurial knowledge of agriculture students in Odisha reveals
a varied landscape, with certain strengths and clear areas for improvement. The study
indicates that students possess a solid foundation in Legal Requirements and Marketing,
with the majority demonstrating medium-level knowledge in these areas. However, the
absence of students reaching high knowledge levels in these critical domains suggests
the need for more advanced educational interventions to enhance their competency.

Technological Adaptation emerges as a particularly challenging area, with a significant
portion of students exhibiting low knowledge. This highlights the importance of focusing
educational efforts on improving students' confidence and capability in technological
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aspects of entrepreneurship. While Infrastructure and Credit and Finance show more
balanced knowledge distributions, the relatively lower scores in Technological
Adaptation underscore a critical gap that needs addressing.

The analysis of correlations indicates that students' entrepreneurial knowledge is
minimally influenced by their family background. This suggests that other factors, such
as formal educational experiences and resource availability, may have a more substantial
influence on their entrepreneurial understanding. This finding reinforces the need for
educational strategies that provide equal access to resources and opportunities,
irrespective of students' familial backgrounds.

Statistical analysis using the Mann-Whitney U Test reveals no notable disparities in
entrepreneurial knowledge between male and female students, indicating a consistent
educational experience across genders. Likewise, the Kruskal-Wallis Test outcomes
show no significant variations based on caste or family occupation, suggesting that
entrepreneurial learning and prospects are evenly distributed among these socio-
demographic categories.

Overall, the study highlights the necessity of enhancing educational programs to bridge
the knowledge gaps identified, particularly in advanced concepts of legal requirements,
marketing, and technological adaptation. The uniformity observed across gender, caste,
and family occupation groups suggests that educational interventions should focus on
content quality and accessibility rather than demographic targeting. Future research
could explore additional factors influencing entrepreneurial knowledge, such as socio-
economic status, access to mentorship, and regional disparities, to develop more targeted
and effective educational policies for agriculture students in Odisha.
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Abstract

The impact of climate change on agricultural livelihoods is significant,
particularly for summer vegetable growers in the Trishuli-Narayani River
corridor of Nepal, which includes the Chitwan, Dhading, and Nuwakot
districts. A survey was conducted with 300 farmers—100 from each
district—using vulnerability assessment tools that included 57 indicators:
18 for exposure, 17 for sensitivity, and 21 for adaptive capacity. Finally,
principal component analysis was performed with normalized data to
assess vulnerability across districts. Our study revealed significant
variations in wvulnerability. Chitwan exhibited moderate vulnerability
(index range: -4.9 to +5.8) because of better access to resources and
infrastructure, enhancing its adaptive capacity. Dhading faced greater
vulnerability (-5.7 to +7.1) because of a combination of high exposure to
climate hazards and lower adaptive capacity. However, in Nuwakot, it was
found an extended range of vulnerability indices (-4.2 to +7.3) among
summer vegetable farmers. The above results summarize the need for
specific interventions in each district. Dhading, with a high number of
vulnerable farmers, may require more significant support in allocating
resources and capacity building. The Nuwakot district should focus on
addressing internal disparities and ensuring access to resources and
infrastructure development for all farmers. This study highlights the
importance of localized, context-specific adaptation plans to support the
resilience of agricultural communities facing climate risks. This
underscores the effectiveness of a multidimensional wvulnerability
assessment approach in agricultural contexts. Future research could explore
the most effective methods for capacity strengthening and investigate ways
to encourage the adoption of climate-resilient cultivation practices.

Keywords
Adaptive capacity; Adaptation strategies; Vulnerability index
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Introduction

Climate change is one of the major risks of the world, particularly in developing
countries such as Nepal, which affects farming communities that heavily depend on
natural resources and hence threatens their livelihoods (Gum et al., 2009; Uprety et al.,
2017; Yang et al., 2021). Climate change effects have already been observed in Nepal
and are anticipated to increase further in the upcoming years. Agriculture, a major
economic sector of Nepal, is highly vulnerable to climate change. Among different
crops, summer vegetables play an important role in the economy and food security of
farmers in Nepal (IPCC, 2022). Changing climate patterns drastically affect, causing
altered growth cycles, increased pest infestations, and reduced yields of summer
vegetables (Potop et al., 2014). A major study by Phuyal (2013) suggested the urgency
of understanding and enhancing the adaptive capacity of summer vegetable growers
against climate change.

According to the sixth assessment report, climate change is already disturbing agricultural
practices with shifts in temperature, fluctuation in precipitation levels, and the disturbances
in frequency and magnitude of extreme climatic events around the globe (IPCC, 2022).
Hence, new adaptation and mitigation strategies are essential to secure food security and
sustainable livelihoods for farmers (Nelson et al., 2010). In Nepal, the situation is more
disturbing due to the country’s diverse terrain and climatic conditions (Phuyal, 2013).
While developing and implementing adaptation measures it is important to address the
site-specific problems and climate vulnerabilities to mitigate emerging climatic issues,
enhancing adaptive capacity and climate resilience (Burton et al., 2006; van Aalst et al.
2008) but depending on biophysical indicators, such as exposure and sensitivity only to
measure vulnerability could lead to misleading policy implications (Piya et al., 2012).

The IPCC defines vulnerability as the tendency to be adversely affected by climate change
with three key dimensions considered; e.g. exposure (i.e. the degree of system exposure to
climate hazards), sensitivity (i.e. susceptibility to climate-induces challenges), and
adaptive capacity (i.e. the system’s ability to adjust to climate change) (IPCC, 2022).
Understanding these three dimensions is very important to develop effective climate
adaptation strategies for farmers. Different studies have earlier emphasized the importance
of local knowledge, resource management, and infrastructural improvements in enhancing
resilience as well (Malla, 2008). Such information helps policymakers to identify effective
measures, optimize resource allocation, and encourage sustainable practices (Rezvani et
al., 2023). Frequent fluctuations in temperature, erratic precipitation, and extreme weather
events are observed in the different parts of Nepal e.g. Chitwan, Dhading, Nuwakot, etc.
(Shrestha and Aryal, 2011). Variations in the adaptive capacity, exposure to climate risks,
and sensitivity to agricultural practices significantly influence overall vulnerability to
climate change affecting the livelihood of summer vegetable growers in these districts
(Gautam et al., 2013).
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Thus, this study aimed to find out the adaptive capacity of summer vegetable growers to
climate change in the Trishuli-Narayani River corridor of Chitwan, Dhading, and
Nuwakot which were recognized as highly vulnerable to floods, unpredictable rainfall
patterns, and prolonged droughts. Though there were certain limitations, our focus was
to understand how demography, economy, and social factors influence the adaptive
capacity of vegetable farmers. The null hypothesis of the study was said as none of the
socioeconomic, political, demographic, institutional or environmental factors affect the
vulnerability through adaptive capacity, exposure and sensitivity. The objective of the
study was to assess the climate change vulnerability of summer vegetable growers in
different study districts in absolute and relative contexts. By thoroughly evaluating those
factors with a methodological framework incorporating a comprehensive set of
indicators of adaptive capacity, exposure, and sensitivity, this study will provide insights
into the adverse effects of climate change and which are key contributing factors to their
vulnerability. This comprehensive analysis aimed to assist policymakers and
stakeholders, providing insights to develop climate resilience in the region.

Methodology

With the help of primary-level data generated from household surveys among summer
vegetable growers, a vulnerability analysis of each household was done. Principal
Component Analysis (PCA) was used to calculate vulnerability indices for each
household with the help of normalized indicators of exposure, sensitivity and adaptive
capacity and finally, vulnerability categorization was done.

WorE o¥orT
1 i3

DHADING

NUWAKOT]

50 Kiometers.

Figure 1: Map of Nepal showing research area in Bagmati Province: Chitwan,
Dhading, and Nuwakot
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Description of the Study Area

The study was carried out within the Trishuli-Narayani River Corridor of Chitwan,
Dhading, and Nuwakot districts, which were chosen due to their high vulnerability to
climatic hazards affecting summer vegetable growers. Chitwan district is located in the
lowlands (27.61°N, 84.88°E), Dhading district is in the mid-hills (27.90°N, 85.19°E),
and Nuwakot district is extended up to the high hills (27.68°N, 85.42°E). This variation
in elevation, ranging from roughly 27.61°N to 27.90°N latitude and 84.88°E to 85.42°E
longitude, plays a role in the climatic vulnerabilities experienced by farmers (Dandekhya
et al., 2017; Luitel et al., 2020; Rai et al., 2022). These areas have distinctly different
geographical and climatic conditions, making them suitable for studying the differences
in impacts of climate change on summer vegetable farming.

Sample Size and Sampling Techniques

Summer vegetables production area from Chitwan district i.e. Sisai/Sisabazar/Meghauli,
Haraiya/Saranpur and Chaukidada/Biretar/Kusumtar, from Dhading district i.e.
Benighat, Galchhi and Gajuri, and Nuwakot district i.e. Bidur and Belkot were identified
along the Trishuli Narayani River corridor with the help of Agriculture Development
Office (ADO) of the respective district. ADO is a district-level authorized government
organization assigned for extension and agricultural policy-level work at the ground
level. Members from groups of farmers including small, medium, marginalized etc were
identified with the help of ADO. The simple random sampling technique was used to
finalize 100 summer vegetable growers from each district from a list of summer
vegetable growers provided by the respective Agriculture Development Office (ADO)
of each district, with 300 growers in total. A pre-tested questionnaire was used for the
household survey to collect the primary information for vulnerability analysis.

Indicators for Vulnerability

Vulnerability to climate change is generally influenced by various factors. Indicators for
exposure, sensitivity, and adaptive capacity were selected based on the theoretical
frameworks. Indicators for the exposure included temperature change, precipitation
patterns, the number of extreme weather events, etc. The sensitivity indicators focused
on the impacts of climate-related disasters on livelihoods. Adaptive capacity indicators
were developed from the IPCC livelihoods framework and household assets such as
physical, human, natural, financial, social capital, etc. were considered as indicators
(IPCC, 2007; Nelson et al., 2010).

Indicators for Adaptive Capacity
The indicators in Table 1 provide a comprehensive view of the adaptive capacity of
summer vegetable growers in Chitwan, Dhading, and Nuwakot. These indicators cover

various aspects, such as demographic information, educational level, income sources,
land ownership, and access to resources.
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Table 1: Indicators for adaptive capacity used in vulnerability assessment among

summer vegetable

growers in research areas

diversification

agriculture source

Component for Indicators Description of the indicators Unit
adaptive capacity
Location Dhading dummy Residents of the study area Dummy (1 if
compared to Dhading district | resident, O
otherwise)
Location Nuwakot dummy | Whether the household is Dummy (1 if
from Nuwakot district from Nuwakot, 0
otherwise)
Education No years of Household head's ability to Years
education read and write
Demographics Household head Age of the household head Years
age
Demographics Household head Sex of the household head Male/Female
sex
Demographics Ethnic category Ethnic group of the Categorical
household head
Household size No Household Total number of people in the | Count
members household
Migration Migrant members | Number of household Count
of the home members living elsewhere
Income Income from non- | Income from sources other NRs (thousands)

than agriculture (Nepalese
rupees)

extension services

Agricultural Experience in Number of years involved in | Years
experience agriculture agriculture
Experience in Experience in Number of years involved in | Years
vegetable summer vegetable | vegetable farming
farming
Land ownership Land ownership Amount of land owned by the | Kattha
household (0.0126 ha)
Land use Area coverage by | Area of land used for summer | Kattha
vegetable vegetables (0.0126 ha)
Food security Food sufficiency Whether the household Yes/No
produces enough food for
itself
Climate change Knowledge of Whether the household is Dummy (1 if
awareness climate change aware of climate change aware, 0
otherwise)
Pest management | Beneficial insects | Increase in the number of Count
seen on the farm beneficial insects
Access to services | Access to Whether the household Dummy (1 if

receives agricultural
extension services

receives services,
0 otherwise)

Access to Access to Whether the household has Dummy (1 if has
information communication access to communication access, 0
services otherwise)
Access to finance | Access to credit Whether the household has Dummy (1 if has
access to credit services access, 0
otherwise)
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Component for Indicators Description of the indicators Unit
adaptive capacity
Training Training number Number of trainings received | Count
on climate change adaptation
Social capital Involvement in Whether the household Dummy (1 if
cooperatives participates in cooperatives participates, 0
otherwise)

Indicators for Exposure

The indicators for exposure were selected based on the hypothesis that a higher rate of
change in temperature and precipitation, as well as a higher frequency of floods,
droughts, and hailstorms, would signify higher exposure to climate change and severe
weather conditions. Table 2 presents indicators of exposure to climate change for
summer vegetable growers in Chitwan, Dhading, and Nuwakot. These indicators are
essential for understanding the extent to which farmers are exposed to various climate-
related events and their impacts on their agricultural practices. These exposure indicators
highlight the challenges faced by farmers in the study area and underscore the urgent
need for adaptive strategies and resilience-building measures.

Table 2: Indicators for exposure used in vulnerability assessment among summer

vegetable growers in research areas

Component Indicators Description of the Unit
for exposure indicators
Crop disease Notice of changes in the | Increase in the number Dummy (1 if
Field with new diseases of new diseases increased, O if not)
Insect pest Notice of changes in the | Increase in the number Dummy (1 if
field with new insects of new insects increased, O if not)
Weeds Notice of changes in the | Increase in the number Dummy (1 if
field with new weeds of new 