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This study investigates the utilization of smart agricultural
technologies to improve resource efficiency in the agro-industry, using
a quantitative approach with a focus on Structural Equation Modeling
- Partial Least Squares (SEM-PLS) analysis. A survey of 250 agro-
industry stakeholders produced descriptive statistics showing a high
mean adoption score (4.2) and a significant frequency of adoption
(75%). Resource efficiency indicators, including average water use (32.5
gallons per hectare), average energy consumption (15.8 kWh per
hectare), and average crop yield (2,800 kg per hectare), were also
assessed. The SEM-PLS results showed strong reliability and validity
of the measurement model, with positive path coefficients indicating
substantial impacts of smart technology adoption on water use
efficiency, energy consumption optimization, and crop yield. The
model showed a satisfactory fit, and bootstrapping confirmed the
robustness of the relationships. The discussion highlights practical
implications for farmers, policymakers, and technology providers,
emphasizing the potential for increased efficiency, reduced costs, and
improved yields through the adoption of smart technologies. This
study contributes valuable insights to the discourse of sustainable
agricultural practices.
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1. INTRODUCTION

The agro industry faces challenges
related to resource inefficiency and
environmental sustainability, necessitating a
shift towards more sustainable and efficient
methods [1], [2]. Conventional agricultural
practices strain vital resources such as water,
energy and land, leading to problems such as
land degradation, water pollution and

biodiversity loss [3]. To address these
challenges, sustainable agricultural practices
offer promising solutions. These include
precision farming techniques, conservation
agriculture practices, and agroecological
approaches that optimise resource utilisation,
improve soil health, reduce erosion, and
promote biodiversity conservation [4]. In
addition, the adoption of innovative
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technologies, such as precision farming and
genetically modified crops with less
environmental footprint, can contribute to
sustainable  agriculture [5]. However,
successful implementation of these practices
requires supportive policies, knowledge
dissemination and stakeholder engagement.

Smart agricultural technologies, such
as precision farming, Internet of Things (IoT)
devices, sensors, and data analytics, have
emerged as promising solutions to address
the challenges faced in agricultural practices.
These technologies have the potential to
revolutionise agriculture by optimising
resource  utilisation = and  increasing
productivity [6]-[9]. By integrating advanced
technologies such as IoT, sensors, and data
analytics, farmers can make informed
decisions about pest control, irrigation,
fertilisation, and crop management in real-
time. These technologies enable the collection
and analysis of data on weather patterns, soil
moisture, and crop health, leading to
increased efficiency, reduced waste, and
higher yields. The use of IoT platforms,
wireless sensor networks, remote sensing,
cloud computing, and big data analytics in
digital farming further enhances the potential
of smart farming technologies. However,
challenges such as interoperability, security,
data governance, and farmer capacity need to
be addressed for successful adoption and
implementation of these technologies.

The adoption of smart agriculture
technologies is critical to improving resource
efficiency and addressing global issues
related to food security, environmental
impact and economic sustainability. These
technologies  integrate  real-time data
collection through various sensors and
sources, such as Internet of Things (IoT)
technologies, automation systems and drones.
These technologies enable smarter decision-
making in the agricultural sector, increasing
competitiveness and productivity in rural
areas [6], [8]. Smart agriculture solutions offer
opportunities to increase efficiency, reduce
production costs, improve product quality,
ensure sustainability, and facilitate resource
management in agriculture [8]. By leveraging

these technologies, farmers can collect real-
time data on weather conditions, soil moisture
levels, plant diseases, and pests, allowing
them to make informed decisions and
optimise crop production. The
implementation of smart farming solutions
requires addressing challenges related to
interoperability, security, data governance,
diversity of farming practices, and farmer
capacity. However, the integration of these
technologies can contribute to improving the
overall competitiveness, sustainability and
resilience of the agricultural sector.

This research is designed with a
multifaceted approach to achieve several
objectives. Firstly, it aims to assess the current
level of adoption of smart agricultural
technologies within the agro-industry.
Secondly, the research seeks to quantify the
impact of these technologies on key resource
efficiency parameters, including water usage,
energy consumption, and crop yield. Thirdly,
it aims to identify the factors influencing the
adoption and success of smart agricultural
technologies in improving resource efficiency.
Lastly, the research aims to provide evidence-
based recommendations for stakeholders,
such as farmers, policymakers, and
technology providers, based on the research
findings. Addressing a significant research
gap, while existing literature acknowledges
the potential benefits of smart agricultural
technologies, this study sets out to
comprehensively quantify their impact on
resource  efficiency  through  rigorous
quantitative analysis. By doing so, it
contributes valuable insights to the ongoing
discourse on sustainable agriculture.

2. LITERATURE REVIEW

2.1 Smart Agricultural Technologies

Smart agricultural technologies, such
as precision agriculture, IoT devices, drones,
and data analytics, have the potential to
revolutionize traditional farming practices.
These technologies aim to optimize field-level
management of crop farming by utilizing
satellite imagery, GPS, and sensors for
resource management, crop monitoring, and
decision-making processes in agriculture. The

Vol. 2, No. 01, February 2024: pp. 28-34



West Science Islamic Studies

a 30

Internet of Things (IoT) enables real-time data
collection and analysis on factors like weather
patterns, soil moisture, and crop health,
allowing farmers to make informed decisions
about pest control, irrigation, and
fertilization. Additionally, the use of drones
and connected analytics provides access to
real-time quality data that can be acted upon,
management, pest
management, and agriculture precision.

improving crop

Overall, these digital innovations create a
connected and intelligent farming ecosystem,
offering solutions to the challenges faced by
traditional farming practices [10].

2.2 Resource Efficiency in Agriculture

Efficient resource management in
agriculture is crucial for sustainable practices.
Smart agricultural technologies, such as IoT-
based sensors, offer promising solutions for
precise resource management. These sensors
enable real-time monitoring of soil moisture
levels, allowing for optimized irrigation
practices and reduced water wastage.
Additionally, precision agriculture
techniques contribute to efficient nutrient
utilization and crop management, potentially
reducing the environmental footprint of
farming activities [11]. By utilizing these
technologies, farmers can make informed
decisions about pest control, irrigation, and
fertilization, leading to increased efficiency,
decreased waste, and higher crop yields.
Overall, the application of smart agricultural
technologies can help address critical
concerns such as water scarcity, energy
consumption, and land utilization, leading to
more sustainable farming practices [12].

2.3 Adoption of Smart Agricultural
Technologies

Understanding the factors
influencing the adoption of smart agricultural
technologies is crucial for their successful
integration into farming practices. Previous
research identifies key determinants such as
farmers' technological literacy, access to
information, and economic incentives [8]. The
perceived benefits, including increased yields,
reduced costs, and enhanced sustainability,
play a pivotal role in influencing farmers'
decisions to adopt these technologies [13].

However, challenges such as initial
investment costs, technical complexities, and
limited awareness remain barriers to
widespread adoption [14], [15].

2.4 Impact on Resource Efficiency

Research examining the impact of
smart agricultural technologies on resource
efficiency has demonstrated positive
outcomes. Integration of precision farming
techniques has resulted in a significant
reduction in water usage while increasing
crop yields [16]. IoT-enabled devices for
precision  irrigation  optimize = water
consumption and enhance overall water use
efficiency in agriculture. These findings
underscore  the potential of smart
technologies to mitigate resource constraints
and improve overall productivity.

3. METHODS

This study employs a quantitative
research  approach  to  systematically
investigate the utilization of smart
agricultural technologies and their impact on
resource efficiency in the agro-industry. A
structured survey will collect numerical data
from a sample of agro-industry stakeholders.
The selected approach allows for a rigorous
analysis of the relationships between
technology adoption and resource efficiency
parameters. The population for this study
includes farmers, agricultural technology
providers, and policymakers involved in the
agro-industry. To ensure a representative
sample, stratified random sampling will be
employed, considering factors such as
geographical location, farm size, and the level
of technological infrastructure. The target
sample size is set at 250 participants,
calculated to achieve statistical significance.

3.1 Data Collection

Data will be collected through a
structured survey instrument, comprising
closed-ended and Likert-scale questions. The
survey will cover aspects such as the current
adoption of smart agricultural technologies,
resource efficiency indicators (water usage,
energy consumption, crop yield), perceived
benefits and challenges, and factors
influencing technology adoption. The survey
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will be distributed online and offline,
providing flexibility for participants to choose
their preferred mode of response.

3.2 Survey Instrument Development

The survey instrument is developed
based on an extensive review of existing
literature and consultation with experts in the
field. Questions are designed to capture
quantitative data that aligns with the research
objectives. The instrument will undergo a
pilot study to ensure clarity,
comprehensibility, and relevance before the
main data collection phase. A pilot study will
be conducted with a small subset of the target
population to assess the reliability and
validity of the survey instrument. Participants
will be asked to provide feedback on the
clarity and relevance of the questions.
Adjustments will be made to the survey
instrument based on the pilot study results,
ensuring the validity and reliability of the
data collected during the main study.

3.3 Data Analysis

Descriptive statistics, encompassing
means, frequencies, and percentages, will be
employed to succinctly summarize crucial
variables such as the adoption of smart
technologies and  resource efficiency
indicators. This analysis serves as an initial
exploration of the data, shedding light on
trends within the sample. For a more in-depth
examination of the relationships between
variables, Structural Equation Modeling with
Partial Least Squares (SEM-PLS) will be
utilized. SEM-PLS is chosen for its suitability
in accommodating smaller sample sizes and
facilitating the exploration of intricate
relationships among latent constructs (Chin,
1998). The analysis will entail several steps,
including model specification, where the
theoretical ~ model  representing  the
relationships between the adoption of smart
agricultural technologies and resource
efficiency parameters will be defined. The
measurement model will establish the
reliability and validity of latent constructs
through factor analysis to ensure accurate
reflection of underlying constructs by chosen
indicators. The structural model will
scrutinize relationships between latent

constructs, testing hypotheses related to the
impact of smart technology adoption on
resource efficiency. The assessment of model
fit will evaluate the overall adequacy of the
model in explaining observed relationships,
while bootstrapping will be conducted to
assess the robustness of results and estimate
confidence intervals for parameter estimates.

4. RESULTS AND DISCUSSION

4.1 Descriptive Statistics

The comprehensive survey
conducted among 250  agro-industry
stakeholders has yielded valuable data,
providing a detailed snapshot of the current
landscape concerning the adoption of smart
agricultural technologies and key resource
efficiency indicators. Regarding the adoption
of smart technologies, respondents reported a
mean adoption score of 4.2 on a scale of 1 to 5,
indicating a high level of acceptance and
integration within the surveyed population.
Furthermore, 75% of respondents reported
actively adopting these technologies,
emphasizing their relevance and acceptance
in the agro-industry. In terms of resource
efficiency indicators, the mean water usage of
32.5 gallons per acre reflects insights into
water conservation measures implemented
through  smart technology  adoption.
Similarly, the mean energy consumption of
15.8 kWh per acre suggests energy-efficient
practices, potentially reducing environmental
impact and operational costs. The mean crop
yield of 2800 kg per hectare serves as a pivotal
indicator of increased productivity associated
with smart technology adoption. The
distribution of adoption scores exhibited
balanced
representation across the adoption spectrum.
Additionally, the wvariability in the
distribution of resource efficiency parameters
enables a nuanced understanding of diverse

normalcy, indicating a

practices and outcomes within the surveyed
population.

4.2 Structural Equation Modeling
Results

The Structural Equation Modeling -
Partial Least Squares (SEM-PLS) analysis was
conducted to unravel the intricate
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relationships between the adoption of smart
agricultural technologies and resource
efficiency parameters. The results below
provide a detailed overview of the findings.

In the measurement model, reliability
and validity assessments were conducted,
revealing robust results. Cronbach's alpha
values for each latent construct, including
Adoption (0.85), Water Usage (0.82), Energy
Consumption (0.87), and Crop Yield (0.89),
demonstrate excellent internal consistency
and reliability. The factor loadings for
indicators within each construct, ranging
from 0.80 to 0.90 for Adoption, 0.75 to 0.88 for
Water Usage, 0.78 to 091 for Energy
Consumption, and 0.82 to 0.93 for Crop Yield,
all exceeded 0.7, indicating strong convergent
validity. Moreover, the Average Variance
Extracted (AVE) values for Adoption (0.75),
Water Usage (0.80), Energy Consumption
(0.77), and Crop Yield (0.85) surpassed the
squared  correlations  between latent
constructs, confirming discriminant validity.
These comprehensive assessments affirm the
reliability and validity of the measurement
model, providing a solid foundation for
further structural analysis in the study.

4.3 Structural Model

The study's path  coefficients
demonstrate a notable impact on resource
efficiency resulting from the adoption of
smart technologies in the agro-industry. The
positive path coefficients, with values of 0.72
for water usage, 0.68 for energy consumption,
and 0.58 for crop yield, signify a statistically
significant positive relationship between
smart technology adoption and
improvements in  resource efficiency
parameters. As smart technology adoption
increases, there is a concurrent enhancement
in water usage efficiency, optimization of
energy consumption, and a boost in crop
yield.

Furthermore, the model fit analysis,
including Comparative Fit Index (CFI), Root
Mean Square Error of Approximation
(RMSEA), and Standardized Root Mean
Square Residual (SRMR), indicates a
satisfactory overall fit of the model to the data.
The bootstrapping results strengthen the

reliability of the findings, as all path
coefficients were statistically significant (p <
0.001), underscoring the robustness of the
relationships. The confidence intervals, not
crossing zero, provide additional assurance of
the stability and reliability of the results.

In summary, the Structural Equation
Modeling using Partial Least Squares (SEM-
PLS) approach establishes a well-fitting
model with strong reliability and validity. The
positive path coefficients and the robustness
confirmed through bootstrapping analysis
contribute empirical support for the
hypothesis, shedding light on the intricate
dynamics between the adoption of smart
technologies and resource efficiency in the
agro-industry.  These  findings  have
substantive implications for guiding decisions
in the agro-industry toward more sustainable
and efficient practices.

DISCUSSION

The high mean adoption score and
the substantial percentage of adopters
emphasize a positive inclination toward the
integration of smart agricultural technologies.
This aligns with previous research indicating
a growing acceptance of these technologies
within the farming community (Qrunfleh et
al,, 2017). The SEM-PLS results reveal a
significant  positive impact of smart
technology adoption on various resource
efficiency parameters. Specifically, the study
demonstrates that as the adoption of smart
technologies increases, there is a noteworthy
improvement in water usage efficiency by
0.72 units (p < 0.001). Additionally, energy
consumption  optimization = shows a
substantial 0.68-unit improvement associated
with increased adoption (p < 0.001).
Moreover, the adoption of smart technologies
is linked to a 0.58-unit increase in crop yield
(p < 0.001). These findings align with prior
research, such as studies by Li et al. (2020) and
Pathan et al. (2019), which emphasize the
resource-saving  potential of precision
agriculture and IoT-based solutions.

Practical Implications

Farmers: The study provides concrete
evidence supporting the adoption of smart
technologies for resource optimization. With
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a mean adoption score of 4.2, farmers are
poised to benefit from improved efficiency,
reduced costs, and increased vyields by
embracing these innovations.

Policymakers:  Policymakers can
leverage these findings to design and
implement supportive policies, subsidies, and
educational  programs, fostering the
widespread adoption of smart agricultural
technologies.

Technology Providers: Companies in
the agricultural technology sector can utilize
these insights to enhance their product
offerings, addressing the specific needs and
concerns of the agro-industry.

Limitations and Future Research

Acknowledging the limitations, such
as potential response bias and the specific
context of the study (based on the sample),
opens future research.
Longitudinal studies, comparative analyses,
and investigations into the barriers of
technology adoption could further enrich our

avenues for

understanding of smart technology's role in

5. CONCLUSION

In conclusion, this research provides
comprehensive insights into the adoption of
smart agricultural technologies and their
impact on resource efficiency within the agro-
industry. The high adoption scores and
frequencies  underscore  the
inclination towards technology integration
among stakeholders. The SEM-PLS analysis
reveals a significant positive relationship
between smart technology adoption and
resource efficiency parameters, substantiating
the potential benefits for water usage, energy
consumption, and crop yield. Practical
implications include

positive

actionable
recommendations for farmers, policymakers,
and technology providers to
sustainable practices. Acknowledging
limitations and proposing avenues for future
research, this study contributes to the
evolving landscape of precision agriculture
and sets the foundation for continued

enhance

exploration of smart technologies in

agriculture.

sustainable agriculture.
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