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Abstract

The increasing demand for food production and the growing environmental challenges associated with conventional
farming have intensified the need for sustainable and technologically advanced agricultural systems. This study examined
the role of precision agriculture technologies and ecological sustainability indicators in improving sustainable crop
productivity within modern farming systems. A quantitative research design was adopted using a secondary dataset
containing 10,000 agricultural observations and 46 environmental, soil, climatic, and precision agriculture variables.
Statistical techniques including correlation analysis, multiple linear regression, Principal Component Analysis (PCA),
and Random Forest Regression were employed to evaluate the relationships among ecological indicators, remote sensing
variables, and crop yield. The findings revealed that soil ecological variables such as clay content, organic carbon, water-
holding capacity, copper, and molybdenum significantly influenced agricultural productivity. Remote sensing indicators,
particularly NDVI and chlorophyll concentration, also demonstrated substantial importance in sustainable crop
monitoring and precision farming management. Furthermore, climate-related variables including rainfall, humidity, solar
radiation, and wind speed contributed significantly to environmental sustainability outcomes. Although predictive
performance remained relatively weak due to the multidimensional nature of agricultural systems, the study confirmed
that integrating ecological sustainability principles with precision agriculture technologies supports resource-efficient,
climate-resilient, and environmentally sustainable farming systems.

Keywords: Precision agriculture, environmental sustainability, remote sensing, sustainable farming, ecological
indicators

1. Introduction

As the global population grows and food demand keeps increasing, agriculture production systems across the globe has
been put under intense pressure, which has caused significant environmental and ecological problems. The use of intensive
land use, intensive irrigation, and large amounts of chemical fertilizers and pesticides to boost crop yields and food
security are key components of modern, conventional agriculture (Kopittke et al., 2019). Agricultural intensification has
helped to meet the needs of the world's population for food production, but it has also caused a substantial environmental
degradation such as soil fertility loss, biodiversity loss, water pollution and greenhouse gas emissions (Beltran-Pefia et
al., 2020). These challenges are further compounded by climate change, which has the potential to impact rainfall patterns,
temperature variability, soil moisture, and agricultural sustainability in general (Ikhuoso et al., 2020). Therefore,
establishing sustainable farming systems that are able to reduce the trade-off between production and the conservation of
the environment is critical.

Precision Agriculture has become an innovative and sustainable method of modern agriculture in recent years. Precision
agriculture is an innovative technique that combines technologies like the Internet of Things (IoT), Geographic
Information Systems (GIS), remote sensing, drones, artificial intelligence (Al), and smart sensors to maximize agricultural
production by making informed decisions based on data. (Shafi et al., 2019) These technologies can help farmers to track
soil properties, crop health, irrigation needs, and climatic conditions in real-time, which can enhance resource-use
efficiency and reduce environmental impacts (Walter et al., 2017). NDVI, EVI, and LAI are other remote sensing
parameters that aid sustainable crop monitoring and yield management (Patel et al., 2025).
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Although the use of precision agriculture technologies is gaining popularity, ecological issues like soil degradation,
nutrient imbalance, excessive use of pesticides and water scarcity are still significant sustainability challenges in modern
farming systems (Srednicka-Tober et al., 2016). Previous research has been mainly on technological progress and yield
improvement, and few have considered the ecological indicators together with soil sustainability and remote sensing
variables in a comprehensive environmental sustainability context. Thus, the aim of this study is to investigate the
contribution of precision agriculture to the promotion of environmental sustainability and sustainable crop productivity,
from an integrated approach to ecological farming.

Research Objectives

1. To examine the influence of precision agriculture technologies and ecological indicators on sustainable crop
productivity in modern farming systems

2. To evaluate the relationship between soil health, climate variables, remote sensing indicators, and environmental
sustainability within precision agriculture practices

3. To develop an integrated sustainability framework for modern farming by utilizing precision agriculture data,
ecological variables, and resource optimization indicators

2. Literature Review

2.1 Sustainable Agriculture Theory

Sustainable agriculture has emerged as a key strategy for solving the environmental, economic and social problems of
contemporary intensification of agriculture. Sustainable intesification extends the concept of sustainable intensification
by emphasizing the need to boost productivity while reducing environmental harm and sustaining natural resources for
the future (Liu et al., 2024). In line with the ever-increasing food demand of the world, sustainable agriculture aims at
optimizing food security goals with other goals of sustainable ecological management and sustainable resource use.
Peterson (2015) pointed out the need to incorporate environmental responsibility as part of the agricultural production
system to achieve ecological resilience and sustainable development in modern farming systems.

Another way agroecology can help achieve sustainable agriculture is by developing sustainable agricultural practices that
will increase biodiversity, protect soil, cycle nutrients, and improve ecosystems. Sustainable practices will ensure that
fewer chemical fertilizers and pesticides are used and therefore promote soil health and ecological balance.
Agroecological practices help to decrease dependence on artificial inputs and can help ensure sustainable land use, which
supports land and soil health and ecological balance over the long term and enables more resilient food systems. Moreover,
climate-smart agriculture has become an important strategy to increase agricultural productivity and climate-resilience
and decrease Green House Gases (GHG) emissions. Climate-smart farming practices help build adaptive farming systems
that are able to manage environmental uncertainties and resource scarcity.

2.2 Precision Agriculture Technologies

Precision Agriculture is a revolutionary technology in Agriculture which makes use of digital tools and systems to
optimize Agriculture operations. Precision agriculture technologies enhance the efficiency of farm management practices
by facilitating site-specific monitoring of farms and accurate application of agricultural inputs (Nowak, 2021). The use
of Global Positioning Systems (GPS) and Geographic Information Systems (GIS) has greatly improved the spatial
analysis and accuracy of mapping in agricultural fields. The technologies allow the farmer to detect intra-field variability
and take appropriate measures.

Agricultural practices are also revolutionized by the use of Internet of Things (IoT) technology for farming systems and
sensor technologies, which gather data and monitor information in real time. Soil moisture, temperature, nutrient content,
and environmental conditions can be measured by sensors, aiding in precision irrigation, and nutrient management. Crop
monitoring, field surveillance and precision spraying applications are other critical areas where drone technology is
essential. Additionally, the application of Artificial Intelligence (AI) and Machine Learning (ML) methods are also
becoming common in agriculture, particularly regarding predictive analytics, crop disease detection, forecasting, and
decision support systems (Nowak, 2021). These cutting-edge technologies work together to ensure resource efficiency,
enhance productivity, and promote sustainable agriculture practices.

2.3 Remote Sensing in Precision Agriculture

The technological developments of Remote Sensing have created vital tools for Precision Agriculture, as they are able to
give high quality and instant data on crop health, vegetation conditions and environmental variability. According to
Sishodia et al. (2020), remote sensing can be used in precision agriculture by utilizing satellite images, airborne
photography, and multispectral imagery. Remote sensing techniques allow for the constant monitoring of agricultural
landscapes and improvement of the decision-making processes in sustainable agriculture.

The assessment of the state of the growth of the vegetation cover of crops is conducted through the use of such vegetative
indices as NDVI (Normalized Difference Vegetation Index), EVI (Enhanced Vegetation Index), and LAI (Leaf Area
Index). NDVI is widely applied in the study of photosynthetic performance and crop stress in agriculture (Houborg &
McCabe, 2016). Likewise, the accuracy of vegetation monitoring is enhanced in high biomass areas, and LAI is useful
for assessing leaf density and canopy structure, which can help to understand the productivity of crops and environmental
conditions. These remote sensing indicators can be used to manage irrigation, optimize fertilizers and follow sustainable
monitoring practices.
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2.4 Soil Ecology and Sustainability

Soil ecology is a critical part of sustainable agricultural practices as it directly affects the productivity of the crops, the
functioning of the ecosystem, and environmental sustainability. The benefits of using soil organic carbon as an indicator
of soil health include enhancing soil fertility, microbial activity, nutrient retention and water holding capacity (Ludwig et
al., 2018). Soil organic matter (SOM) conservation is a key principle of sustainable farming systems to support long-term
productivity and ecological resilience.

Good nutrient management also plays a key role in sustaining soil and avoiding degradation. Over-fertilization can cause
a nutrient imbalance, acidification of the soil and contamination of the water with negative effects on the agricultural
ecosystem. Soil pH and nutrient availabilities play significant roles in the growth and yield performance of plants and
crops. Therefore, it is crucial to understand the value of monitoring soil ecological indicators for sustainable land
management and environmental conservation. Soil resilience and stability of ecosystems are important concepts for
attaining sustainable agricultural development, as noted by Ludwig et al. (2018). The concept of environmental
sustainability in modern farming.The idea of environmental sustainability in modern agriculture.

2.5 Environmental Sustainability in Modern Farming

Environmental sustainability in agriculture aims to reduce environmental harm, ensure productive and efficient
agricultural production. Water-use efficiency, optimization of fertilizers, reduction of pesticides and sustainable practices
of resource use are critical topics in modern agriculture (Simsek, 2025). With water scarcity and the dwindling freshwater
resources, a need has arisen for precision irrigation systems that help reduce the wastage of water and increase the
efficiency of irrigation.

Site-specific nutrient applications made possible with precision agriculture technologies have a major impact on fertilizer
optimization. In the same way, pesticides used specifically will help to cut down on pesticide use and on environmental
pollution. The use of precision farming technologies and sustainable management of resources leads to a reduction in
production costs, the conservation of natural resources and a decrease in the ecological risks of traditional farming
(Simsek, 2025). Thus, there is a need to implement sustainability concepts and incorporate state-of-the-art agricultural
technologies into modern agricultural production systems for their resilience and sustainability.

2.6 Research Gap Summary

There is large amount of research published already on sustainable agriculture, technologies of precision farming and
remote sensing applications, but there are some gaps in the published work. Previous research has mostly been directed
towards the optimization of single technologies or yield, or the sustainability of the environment separately. There are
only a few studies that have been carried out to comprehensively combine ecological sustainability indicators, precision
agriculture technologies, remote sensing analytics and measures of sustainable productivity in a single analytical
framework.

In addition, empirical studies investigating the impact of the joint effects of soil ecological parameters, climate, remote
sensing data and precision agriculture on sustainable crop production are still limited. The existing literature also does
not include integrated sustainability models that provide the connection between ecological resilience and precision
farming systems. Thus, comprehensive interdisciplinary research is needed with a focus on both ecological sustainability
and modern farming systems that are supported by remote sensing technologies, precision agriculture practices and
sustainable productivity indicators to ensure environmental responsibility and data-driven farming.

3. Methodology

3.1 Research Design

The study used a quantitative research design to explore the relationship between precision agriculture technologies,
ecological sustainability indicators and sustainable crop productivity. Quantitative approach was chosen as it allows to
use empirical data from agriculture, environment and remote sensing to perform statistical analysis of the variables. The
study was an explanatory and predictive study to assess the role of precision farming in the modern farming system toward
environmental sustainability. The design can also assist in the identification of factors of importance to crop yield and
sustainable crop performance.

3.2 Data Source and Variable Description

This study applied a secondary data obtained from the public access smart farming and precision agriculture database
comprised of about 10,000 observations and 46 variables. The following data were collected: soil characteristics, climate,
remote sensing indicators, precision farming. The soil properties such as pH, soil organic carbon, nitrogen, phosphorus,
rainfall, temperature, NDVI, EVI, irrigation frequency, fertilizer use, and crop yield were the major variables. The
dependent variable was cropping yield and the independent variables were ecological, climatic and precision agriculture
variables (Zoya,2024).

3.3 Data Preprocessing and Management

The data was subjected to multiple data pre-processing steps to enhance data quality and reliability before the analysis
was performed. Appropriate imputation methods were used to deal with missing values, and statistical procedures such
as Z-testing and boxplot visualization were used to identify outliers. All numerical variables were standardized to a
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common scale so that they could be compared and the scale effect of the variables was reduced. Moreover, categorical
variables related to farming practices and fertilizer types were coded for statistical and machine learning analysis. Such
pre-processing procedures helped to improve the accuracy and validity of the analytical results.

3.4 Data Analysis Techniques

The data was analyzed by applying several statistical and machine learning techniques. Summary of ecologic, climatic,
and agricultural parameters was done via the use of descriptive statistical tools. The Pearson correlation technique was
employed to investigate the correlation among soil attributes, remote sensing variables, and crop yields. Multiple
Regression Analysis was performed to identify the key variables that could predict sustainable agricultural productivity.
Moreover, Principal Component Analysis (PCA) was employed to decrease the data dimensionality and the key
sustainability factors were identified, and the predictive performance and the variable importance were assessed by
implementing Random Forest Regression.

3.5 Software and Analytical Tools

SPSS, Python and R Studio software were used for the statistical and machine learning analyses. Data preprocessing,
visualization and predictive modeling were performed using Python libraries like Pandas, NumPy, Scikit-learn and
Matplotlib. Descriptive, correlation and regression analyses were performed using SPSS and advanced statistical
interpretation and validation procedures using R Studio. These analytical tools allowed for processing of large agricultural
data volumes, and comprehensive assessment of sustainability and precision agriculture indicators.

4. Results

4.1 Descriptive Statistics

A descriptive statistical analysis was performed to describe the characteristics of the variables used in the study for
ecological, climatic, remote sensing and precision agriculture. After carrying out the pre-processing and feature
engineering process, 10,000 observations and 44 analytical variables were obtained. Reliability and suitability of the data
for empirical analysis were ensured as no missing values or duplicate records were found.

Table 4.1 suggests that there was considerable difference in the results obtained for the indicators of the environment and
agriculture. The crop yield had a moderate variation with a mean value of 5.47 and a standard deviation of 2.63. Likewise,
the distribution of climate variables like rainfall, temperature, humidity, and solar radiation were also wide, indicating the
variability of the conditions in the agricultural systems. Similarly, the soil ecological indicators, such as pH, organic
carbon, nitrogen, phosphorus, potassium and water-holding capacity, exhibited significant differences, reflecting
differences in the soils based on observations.

Table 4.1 Descriptive Statistics of Major Variables
Variable Mean Std. Dev. Minimum Maximum
Temperature 0.00 1.00 -1.72 1.76
Humidity 0.00 1.00 -1.74 1.71
Rainfall 0.00 1.00 -1.74 1.74
pH 0.00 1.00 -1.72 1.74
Organic Carbon (OC) 0.00 1.00 -1.74 1.73
NDVI 0.00 1.00 -1.73 1.73
Chlorophyll 0.00 1.00 -1.74 1.73
Irrigation Frequency 0.00 1.00 -1.66 1.69
Yield 5.47 2.63 1.00 9.99

4.2 Correlation Analysis

The relationships between the ecological, climatic and precision agriculture variables with crop yield were analyzed using
Pearson correlation. The correlations in Table 4.2 indicate weak general relationship between the variables, implying that
agricultural productivity is a result of very complex and multidimensional interactions which do not have a single
dominant variable.

The most statistically significant positive relationships were for copper (Cu) (r = 0.026), growth stage (r = 0.020), clay
content (r = 0.019), elevation (r = 0.019), and chlorophyll concentration (r = 0.018). Bulk density (r = -0.020), NDVI (r
= -0.016), humidity (r = -0.012) and frequency of irrigation (r = -0.010) displayed low negative correlation with crop
production. The correlation heatmap also revealed that there was no strong multicollinearity among the variables explored
which further indicated good suitability of multivariate statistical analysis as presented in figure 1.

Table 4.2 Top Correlations with Crop Yield
Variable Correlation with Yield

Cu 0.026
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Growth Stage 0.020
Clay 0.019
Elevation 0.019
Chlorophyll 0.018
Mo 0.015
Fertilizer Type 0.014
Bulk Density -0.020
NDVI -0.016
Humidity -0.012
Irrigation Frequency -0.010

Correlation Matrix of Top Variables Associated with Yield

(=

Growth_Stage

Chy

Bevation

Ohizraphyt

"W

oe

Periies_Wpe

wD

L

Crop_Type

il Typm

(=]

airfar

Figure 1: Correlation Matrix

The correlation heatmap indicates generally weak relationships among ecological, climatic, and precision agriculture
variables, suggesting that crop productivity is influenced by complex multidimensional interactions. The absence of
strong correlations also confirms low multicollinearity and suitability for multivariate analysis.

4.3 Multiple Linear Regression Analysis

Multiple linear regression models were used to analyze the data and identify the effects of ecological sustainability
indicators, climatic conditions and precision agriculture practices on the yield of crops. The regression model was able to
explain a weak P of agriculture productivity (R? = -0.0094). The values of RMSE and MAE were obtained as 2.63 and
2.28 respectively.

The predictiveness was not satisfactory, but a few variables were statistically significantly related to the crop yield. There
was a positive relationship between the growth stage and yield outcomes, as well as a positive relationship between clay
content and yield outcomes, with bulk density showing a negative relationship with yield as indicated in Table 4.3.

Table 4.3 Significant Regression Results
Variable Coefficient () t-value p-value Effect
Cu 0.0695 2.636 0.008 Positive
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Clay 0.0523 1.983 0.047 Positive
Elevation 0.0542 2.049 0.040 Positive
Growth Stage 0.0534 2.023 0.043 Positive
Bulk Density -0.0543 -2.056 0.040 Negative
Table 4.4 Variance Inflation Factor (VIF) Results

Variable VIF

Elevation 1.008

Humidity 1.006

NDVI 1.006

Soil Type 1.006

Growth Stage 1.005

4.4 Principal Component Analysis (PCA)
Principal Component Analysis (PCA) was performed to determine which dimensions are important in the data for
sustainability. The three first principal components were responsible for the explanation of total variance as shown by the
PCA results with 2.65%, 2.60% and 2.57% respectively. It was evident that environmental sustainability and precision
agriculture systems are multidimensional and there were 35 PCs explaining nearly 80% of the cumulative variance.

Table 4.5 PCA Explained Variance

Principal Component Explained Variance Cumulative Variance
PC1 0.0265 0.0265
PC2 0.0260 0.0525
PC3 0.0257 0.0782
PC4 0.0255 0.1037
PC5 0.0253 0.1291
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Figure 2: Cumulative Explained Variance of Principal Components in Precision Agriculture Sustainability

Analysis

The PCA cumulative variance plot demonstrates that variance is distributed across multiple principal components,
indicating the multidimensional nature of environmental sustainability and precision agriculture systems. Approximately
35 components are required to explain nearly 80% of total dataset variability.

Table 4.6 Top Variables Associated with Principal Components

PC1 Variables Loading
Elevation 0.420
Bulk Density 0.309
Growth Stage 0.299
NDVI 0.280
Year 0.216




533 Praveen Kumar et al.

PC2 Variables Loading
B 0.366
Temperature 0.258
Season 0.251
Silt 0.219
Wind Speed 0.194
PC3 Variables Loading
P 0.420
Wind Speed 0.208
pH 0.198
EC 0.188
Season 0.147

4.5 Random Forest Regression Analysis

Random Forest Regression was used to determine whether any ecological sustainability indicators had a nonlinear
relationship with crop productivity. The model had an R? of -0.0070 while the RMSE and MAE were 2.63 and 2.28,
respectively. While the accuracy of the predictions was not very high, the machine learning model gave some insights
into the relative importance of sustainability related variables.

Based on feature importance analysis, the variables which were found to be the most influential in affecting crop yield
were copper (Cu), solar radiation, molybdenum (Mo), NDVI, clay content, and water-holding capacity as seen in figure

3.
Table 4.7 Top Random Forest Feature Importance Results
Variable Importance Score
Cu 0.0334
Solar Radiation 0.0314
Mo 0.0298
NDVI 0.0293
Clay 0.0292
Water Holding Capacity 0.0291
Sand 0.0289
Wind Speed 0.0287
Mg 0.0286
Organic Carbon (OC) 0.0284

Soler_Rsgubion

Wt Hotdng Capscity

Vanables

Wi Spesd

Humiaty

.

#

Nawvi

o
<

@
5

2 2

=

Sanial

Aspect

-
w
.

0018 0020 0035

Feature importance

&

0 o noos o0ie 0630

Figure 3: Feature Importance of Environmental and Precision Agriculture Variables in the Random Forest
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The Random Forest feature importance analysis identifies copper, solar radiation, molybdenum, NDVI, and soil texture
variables as the most influential predictors of crop yield. The findings emphasize the critical role of ecological, climatic,
and remote sensing indicators in sustainable precision agriculture systems.

5. Discussion

This study results show that environmental sustainability in the modern farming system is driven by the influence of a
highly complex interaction among the ecological variables, climatic variables and precision agriculture variables. With
the correlation coefficients being quite low between the dependent and predictor variables, together with the predictive
ability of the models being quite poor, there is evidence to indicate that the use of only agricultural indicators would not
suffice in determining crop productivity. Instead, the success of sustainable agricultural productivity appears to be reliant
on the interaction among different elements such as soil ecology, climate variability, nutrient control, and precision
farming. These findings are consistent with Little et al. (2016), who pointed out that sustainability systems in the
environment are indeed complicated, and therefore an integrated analysis is needed for the sake of achieving
environmental sustainability. Within the regression and machine learning models, soil parameters like Clay, Water
Holding Capacity, Organic Carbon, Copper, Mo and Magnesium were found to be important. The results outlined the
significant role played by soil ecology in sustainable agricultural practices. Good soil health would increase the
availability of nutrients, microbial activity, water holding capacity, and resistance of crops, which would help sustain
farming over the long term. The adverse relationship between bulk density and crop yield only adds to the need to preserve
soil physical quality since soil compaction can impede root growth, infiltration capacity and nutrient uptake. The results
of the present study support the agroecological principles proposed by Wezel et al. (2020) which state that soil health and
ecological balance play a critical role in sustainable agriculture in agricultural landscapes. The study also shows the
increasing relevance of precision agriculture technologies in fostering environmentally responsible agriculture systems.
It was determined that some of the remote sensing indicators like NDVI and chlorophyll concentration are important for
the crop productivity and environmental monitoring. The results demonstrate the capability of remote sensing
technologies in contributing to precision farming practices by monitoring crop health, crop stress and optimizing
resources. Much like, SS et al. (2024) underscored the value of precision farming systems utilizing agricultural
intelligence modeling, environmental monitoring, and artificial intelligence for enhancing sustainability and decision-
making. The adoption of precision technologies enables farmers to fine-tune watering schedules, save on over-
fertilization, and enhance farm management, without harming the environment. Rainfall, humidity, solar radiation, and
wind speed were also significant variables in the sustainability framework identified in this study, related to the climate.
The results show that production in agriculture is particularly vulnerable to climatic fluctuations and environment. The
impacts of climate change are exacerbating environmental risk in global agriculture systems, and these impacts manifest
through changes in rainfall patterns, temperature, water availability and ecosystem productivity. Liu et al. (2023) found
that temporal change in climate variability is a significant factor affecting productivity and environmental resilience of
ecosystems. Hence, climate adaptive agriculture needs to be more dynamic and flexible, in order to leverage the increasing
environmental variability and randomness of the challenges sustainable agriculture must overcome in the future.In fact,
sustainable agriculture is increasingly dependent on farming systems that can change their activities promptly, according
to changes in the environment. Precision agriculture technologies can contribute to climate resilience by providing
information on the environment and decision making in real time. The use of Principal Component Analysis also indicates
the multidimensionality of the concept of sustainability in precision agriculture systems, where it is not possible to
pinpoint a few key factors. Rather, environmental sustainability is produced by a confluence of ecological, climatic and
technological aspects. The discovery contributes to the sustainable intensification concept which aims to gain productivity
while maintaining ecological function and resource efficiency (Simsek, 2025). The study thus makes a theoretical
contribution by introducing and combining the ecological sustainability indicators, remote sensing technologies and
precision agriculture practices under a sustainability framework. Consequences of the research also have a number of
policy implications. Investment in Precision Agriculture technologies, climate-resilient Use of Resources, crop
management, and Smart Farming technologies are the domains that should be considered in relation to sustainable
Agricultural development. DeLay et al. (2022) pointed to the necessity to make use of precision agriculture technologies
in order to achieve technical efficiency and agricultural transformation that would be sustainable. Nevertheless, the
mentioned approaches would be possible only when there is an awareness about farmers and technologies and when
people would get necessary training and institutional backing. In this regard, policy makers are obliged to introduce new
environmentally-friendly approaches to farming based on technological innovation and agricultural practices that take
into account sustainability and conservation of resources.

6. Conclusion

Statistical and machine learning techniques were employed to study the impact of environmental sustainability,
ecologically-related metrics, and precise agricultural systems on modern agricultural systems. The findings indicated that
sustainability in agriculture is a multi-dimensional concept whose success depends on soil ecology, climatic influences,
remote-sensing parameters, and precision agriculture. The role of soil ecological quality in sustainable agriculture was
brought out because variables such as clay content, organic carbon, moisture retention ability, copper, and molybdenum
contributed significantly to the success of the crop. Also, remote sensing data like NDVI and chlorophyll showed how
the technology of precision agriculture is becoming relevant in the monitoring of crops and the management of the
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environment. Other climatic factors like rainfall, humidity, solar radiation and wind speed also played significant roles in
agricultural sustainability, highlighting the increased impact of climatic variability on agricultural systems. The results
showed that while the regression and machine learning models had limited predictive capability, the results also showed
that sustainable agricultural productivity is a phenomenon that can't be explained by individual variables only since
environmental systems are nonlinear and interconnected. The study as a whole show that the inclusion of ecological
sustainability principles and the use of precision agriculture technologies can be an effective means for achieving more
resource efficient, climate resilient and environmentally sustainable modern farming systems that can sustain agricultural
productivity and food security over time.
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