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Abstract: The agro-industrial complex plays a vital role in driving economic growth and sustainable
development. This study investigates the direct and indirect impact of technological innovations,
knowledge transfer, and value chain governance on intersectoral integration through the mediatory
role of innovation diffusion and the moderating role of the regulatory environment. This study
adopts a time-lagged quantitative survey research design, utilizing a multistage random sampling
technique to collect data from employees within the agro-industrial complex in Kazakhstan. The
findings reveal that technological innovations, knowledge transfer, and value chain governance
positively influence intersectoral integration within the agro-industrial complex. Furthermore, in-
novation diffusion mediates the relationship between these variables, indicating that the diffusion
of innovative practices, technologies, and ideas plays a crucial role in facilitating intersectoral inte-
gration. This study also demonstrates that the regulatory environment moderates the relationship
between innovation diffusion and intersectoral integration, highlighting the importance of supportive
regulatory frameworks in facilitating collaboration and innovation diffusion. The results contribute
to the theoretical understanding of intersectoral integration and provide practical implications for
policymakers, industry stakeholders, and managers.

Keywords: technological innovations; knowledge transfer; value chain governance; intersectoral
integration; innovation diffusion; regulatory environment

1. Introduction

The agro-industrial complex plays a pivotal role in the economic development of na-
tions, as it contributes significantly to the country’s GDP and employment
(Olshanska et al. 2022). However, unlocking the full potential of this sector requires ef-
fective intersectoral integration (Nurmanbetova et al. 2022). By fostering collaboration
among various stakeholders, such as government agencies, farmers, technology providers,
and value chain actors, intersectoral integration can lead to improved productivity, sustain-
able growth, and enhanced competitiveness (Huseynov et al. 2023). This research paper
aims to explore the predictors of intersectoral integration, focusing on technological inno-
vations, knowledge transfer, and value chain governance. Technological innovations have
been recognized as a key drivers of productivity and competitiveness in the agricultural
sector worldwide (Popkova and Sergi 2023). Moreover, technological advancements offer
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immense potential to transform traditional farming practices and improve efficiency all
over the globe (Shivay et al. 2022). By adopting modern farming technologies, such as
precision agriculture, remote sensing, and smart irrigation systems, farmers can optimize
resource utilization, enhance crop yields, and reduce environmental impact (Bwambale
et al. 2022).

At the same time, knowledge transfer is vital for sustainable development and inno-
vation in any industry. In the context of the agro-industrial complex, knowledge transfer
involves disseminating and applying best practices, scientific research, and technical ex-
pertise among various stakeholders (Wieliczko and Florianiczyk 2022). Effective knowl-
edge transfer mechanisms enable farmers, policymakers, and value chain actors to stay
updated with the latest trends, methodologies, and techniques (Blazquez-Soriano and
Ramos-Sandoval 2022). Simultaneously, value chain governance, by promoting collabo-
ration and coordination among diverse sectors, enhances the efficiency and effectiveness
of the value chain. (Martens and Zscheischler 2022). Effective governance mechanisms
facilitate information sharing, resource allocation, and decision-making processes across
sectors (Smidt and Jokonya 2022). This integration leads to improved supply chain manage-
ment, innovation, and overall performance. It enables stakeholders to identify and leverage
synergies, optimize resource utilization, and address challenges collectively (Montalbano
and Nenci 2022). Intersectoral integration, supported by robust value chain governance,
creates opportunities for sustainable growth, competitiveness, and resilience in today’s
interconnected and complex business landscape.

Additionally, there is a lack of comprehensive understanding of the underlying mech-
anisms and processes through which technological innovations, knowledge transfer, and
value chain governance facilitate intersectoral integration. The literature reveals that in-
novation diffusion facilitates the spread and adoption of new technologies, ideas, and
practices across sectors, promoting collaboration and integration (Yuen et al. 2021). Inno-
vation diffusion acts as a bridge, enabling the transfer of knowledge and best practices
and driving changes in value chain governance mechanisms (Xia et al. 2022), ultimately
leading to intersectoral integration. Hence, by studying the mediating role of innovation
diffusion, we can gain deeper insights into how these factors interact, identify barriers
or facilitators, and develop strategies to foster effective intersectoral collaboration and
sustainable development. Moreover, the regulatory environment encompasses policies,
laws, and regulations that govern industries and sectors (van Hove and Gillund 2023). It
can facilitate the diffusion of innovation and its impact on intersectoral integration. The
moderating role of the regulatory environment can help researchers to understand how reg-
ulatory frameworks and incentives shape the adoption and spread of innovative practices
across sectors. This knowledge is essential for policymakers and stakeholders in creating
an enabling environment that promotes seamless intersectoral integration and maximizes
the benefits of innovation diffusion.

Furthermore, the existing literature on intersectoral integration in the agro-industrial
complex primarily focuses on developed economies (Egamberdiev et al. 2020). While
these studies provide valuable insights, there is a significant gap in understanding the
dynamics of intersectoral integration in emerging economies, particularly in the context
of the Kazakhstani agro-industrial complex. Exploring intersectoral integration in the
Kazakhstani agro-industrial complex is crucial because it plays a vital role in the country’s
economy, contributing to employment, export revenues, and food security (Anokhina et al.
2019). Moreover, the complex nature of the agro-industrial sector requires collaboration
among various stakeholders, including farmers, processors, distributors, policymakers,
and research institutions (Lemechshenko et al. 2022). At the same time, Kazakhstan’s
agro-industrial complex faces specific challenges and opportunities, such as technological
advancements, market integration, sustainability, and rural development (Lukpanova et al.
2022). Hence, understanding the dynamics of intersectoral integration in Kazakhstan’s agro-
industrial complex can provide insights into effective strategies, policies, and institutional
frameworks that promote collaboration, knowledge sharing, and innovation. It can also
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identify barriers and opportunities for value chain governance, technology transfer, and
sustainable development within the sector. In order to address the academic and contextual
gaps, the research objectives of this study are as follows:

e  To examine the impact of technological innovations, knowledge transfer, and value
chain governance on innovation diffusion and intersectoral integration within Kaza-
khstan’s agro-industrial complex.

e To investigate the mediatory role of innovation diffusion in the relationship of techno-
logical innovations, knowledge transfer, and value chain governance with intersectoral
integration.

e To explore the moderating effect of the regulatory environment on the relationship
between innovation diffusion and intersectoral integration.

e  To provide theoretical and practical insights into the interplay of these variables and
their implications for promoting collaboration, innovation, and sustainable develop-
ment within the agro-industrial complex.

e  To offer recommendations for policymakers, industry stakeholders, and managers to
enhance intersectoral integration and foster a conducive environment for technological
innovations, knowledge transfer, and value chain governance in the agro-industrial
sector.

1.1. Theoretical Foundation and Hypothesis Development

This research paper draws upon the diffusion of innovations theory as its theoret-
ical foundation to examine the relationship between technological innovations, knowl-
edge transfer, value chain governance, and intersectoral integration in Kazakhstan’s agro-
industrial complex (Kuo et al. 2022). The diffusion of innovations theory provides a
comprehensive framework for understanding how new ideas, technologies, and practices
spread and are adopted within a social system (Yuen et al. 2021). This theory posits that the
adoption and diffusion of innovations are influenced by several key factors, including the
characteristics of the innovation itself, the communication channels used to disseminate
information, the attributes of the individuals or organizations adopting the innovation, and
the social system in which the diffusion process takes place (Xia et al. 2022). The theory
emphasizes the importance of perceived relative advantages, compatibility, complexity, tri-
alability, and observability of the innovations in influencing their adoption and subsequent
integration across different sectors (Menzli et al. 2022). By applying this theory, we can
explore how the characteristics of technological innovations, such as their compatibility
with existing practices, the perceived advantages they offer, and their complexity, influence
their adoption and integration within the agro-industrial complex.

The theory also highlights the role of communication channels, such as interpersonal
networks, mass media, and formal institutions, in disseminating knowledge about innova-
tions and facilitating their adoption and integration (He and Lee 2020). Furthermore, the
diffusion of innovations theory provides insights into the role of knowledge transfer as a
facilitator of innovation diffusion and intersectoral integration. According to the theory,
interpersonal communication and social networks play a crucial role in disseminating and
adopting innovations (Kuo et al. 2022). By leveraging existing communication channels
and networks, knowledge transfer can occur more effectively, enabling the exchange of
information, expertise, and best practices across different sectors of the agro-industrial
complex (Shukla et al. 2023). The theory also highlights the importance of opinion leaders
and change agents in influencing the adoption of innovations (Menzli et al. 2022). Therefore,
by utilizing the diffusion of innovations theory, this study can explore the mechanisms
through which knowledge transfer contributes to intersectoral integration and the diffusion
of technological innovations within the agro-industrial complex.
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1.2. Technological Innovations, Knowledge Transfer, and Value Chain Governance and
Intersectoral Integration

Technological innovations enable farmers to gather real-time data, make informed
decisions, and implement precise farming techniques, ultimately aligning their operations
with the evolving demands of downstream value chain actors (Li et al. 2022). Moreover,
the adoption of modern technologies facilitates the integration of information and com-
munication systems, enabling seamless coordination and collaboration among different
sectors. For example, digital platforms and mobile applications can connect farmers with
input suppliers, traders, and processors, fostering efficient value chain linkages (Khan et al.
2022). Therefore, technological innovations positively influence intersectoral integration
by enhancing productivity, resource management, and market connectivity. On the other
hand, effective knowledge transfer mechanisms enable stakeholders to share best practices,
scientific research, and technical expertise, creating a learning ecosystem that drives innova-
tion and collaboration (Pe’er et al. 2022). Through knowledge transfer, farmers gain access
to the latest advancements in agricultural practices, enabling them to adopt sustainable
techniques, improve crop quality, and meet market requirements (Cruz et al. 2022).

Furthermore, value chain governance, encompassing the coordination and manage-
ment of activities along the value chain, is another critical factor influencing intersectoral
integration (Kumari et al. 2023). Effective governance mechanisms ensure a smooth flow
of goods, services, and information across sectors, minimizing transaction costs and max-
imizing value creation (Klingenberg et al. 2022). Transparent and efficient governance
structures enable different sectors to collaborate, synchronize their activities, and jointly ad-
dress challenges. For instance, establishing robust quality standards, certification systems,
and traceability mechanisms promotes trust and enhances coordination between farmers,
processors, and retailers (Cohen et al. 2022). Hence, it is postulated that:

H1. (a) Technological innovations, (b) knowledge transfer, and (c) value chain governance positively
influence intersectoral integration within Kazakhstan’s agro-industrial complex.

1.3. Technological Innovations, Knowledge Transfer, Value Chain Governance,
and Innovation Diffusion

By introducing new and advanced technologies, such as precision agriculture, IoT
devices, and data analytics, technological innovations create a pathway for the adoption
and diffusion of novel practices (Liu et al. 2020). These innovations offer farmers the oppor-
tunity to enhance productivity, optimize resource utilization, and reduce environmental
impact (Shivay et al. 2022). As farmers witness the benefits and advantages of these tech-
nologies, they are more likely to adopt and diffuse them within their operations (Hallerman
et al. 2022). Simultaneously, by disseminating information, expertise, and best practices,
knowledge transfer mechanisms enable stakeholders to learn from each other, embrace new
ideas, and adopt innovative approaches (Shukla et al. 2023). Effective knowledge transfer
can occur through various channels, such as training programs, educational institutions,
industry networks, and collaborations (Hattori et al. 2022). Hence, by creating a supportive
learning environment, knowledge transfer facilitates the diffusion of technological innova-
tions by reducing uncertainties, addressing barriers, and promoting the adoption of new
practices (Urefia Espaillat et al. 2022).

Additionally, effective governance mechanisms foster collaboration and coordination
among different sectors, enabling the smooth flow of information, goods, and services
(Hallerman et al. 2022). Innovation diffusion becomes more seamless and efficient when
value chain actors are aligned and integrated. Moreover, value chain governance can
address market access, quality standards, and certification challenges, which are crucial
for innovation diffusion (Klingenberg et al. 2022). By ensuring transparent and efficient
value chain governance, policymakers and industry practitioners can create an enabling
environment that supports the diffusion of innovations throughout the agro-industrial
complex. Hence, it is postulated that:
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H2. (a) Technological innovations, (b) knowledge transfer, and (c) value chain governance positively
influence innovation diffusion within Kazakhstan's agro-industrial complex.

1.4. Innovation Diffusion and Intersectoral Integration

Innovation diffusion facilitates intersectoral integration by fostering a common un-
derstanding and alignment of goals among different sectors. As innovative practices
and technologies are disseminated and adopted, stakeholders become more aware of col-
laboration and coordination’s potential benefits and advantages (El-Kassar et al. 2022).
The diffusion of innovations creates a shared knowledge base, enabling stakeholders to
recognize the interdependencies and interconnections among sectors (He and Lee 2020).
Likewise, research shows that farmers” adoption of precision agriculture techniques can
create opportunities for collaboration with input suppliers, technology providers, and
downstream value chain actors (Vinci et al. 2023). This alignment of goals and recognition
of mutual benefits lay the foundation for intersectoral integration, as stakeholders perceive
the value of working together to achieve shared objectives (Tien et al. 2022).

Furthermore, innovation diffusion enhances the competitiveness and resilience of
the agro-industrial complex. By adopting innovative practices, sectors can enhance their
productivity, reduce environmental impact, and improve resource management (Stuiver
et al. 2004). For instance, the diffusion of sustainable farming techniques can contribute to
ecological sustainability while meeting market demands environmentally friendly products
(Xia et al. 2022). This enhanced competitiveness and sustainability position sectors within
the agro-industrial complex for long-term success and growth. Hence, it is postulated that:

H3. Innovation diffusion positively influences intersectoral integration within Kazakhstan’s agro-
industrial complex.

1.5. Mediatory Role of Innovation Diffusion

In addition to the direct impacts of technological innovations, knowledge transfer,
and value chain governance on intersectoral collaboration and synergy, we project that
innovation diffusion acts as a mechanism through which the benefits of all three predictor
variables are transmitted and integrated across the agro-industrial sector, fostering intersec-
toral collaboration and synergy. These innovations’ successful adoption and integration
depend on their diffusion throughout the agro-industrial complex. Innovation diffusion
serves as the bridge that enables the transfer of knowledge and awareness about technologi-
cal innovations from early adopters to the broader community of farmers, processors, input
suppliers, and other stakeholders (Strong et al. 2022). It facilitates understanding these
technologies’ potential advantages, adaptability, and compatibility with existing practices,
ultimately driving their integration into different sectors (Birhanu et al. 2022).

Additionally, the diffusion process creates a ripple effect, where some actors’ successful
adoption and implementation of technological innovations motivate and encourage others
to follow suit, thereby enhancing intersectoral integration (Subrahmanyeswari and Chander
2022). Moreover, knowledge exchange fosters a shared language, facilitates joint problem-
solving, and encourages the adoption and diffusion of innovations across sectors (Singh
and Kaundal 2022). Innovation diffusion, in turn, strengthens intersectoral integration
by ensuring that the knowledge and expertise gained through knowledge transfer are
effectively applied and integrated into the practices and strategies of different sectors
(Barrios et al. 2023). At the same time, value chain governance establishes mechanisms to
identify and address bottlenecks, streamline processes, and ensure the efficient integration
of technological innovations and knowledge transfer initiatives (Montalbano and Nenci
2022). Thus, innovation diffusion, facilitated by value chain governance, reinforces the
interconnections and interdependencies between sectors, ultimately leading to a higher
degree of intersectoral integration. Hence, it is postulated that:
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H4. Innovation diffusion mediates the relationship between (a) technological innovations, (b) knowl-
edge transfer, and (c) value chain governance, with intersectoral integration within Kazakhstan's
agro-industrial complex.

1.6. Moderating Role of Type Regulatory Environment

Supportive regulatory frameworks that promote innovation, encourage collaboration,
and provide incentives for the adoption of new practices can enhance the diffusion process
(Cahyani et al. 2022). For instance, policies that facilitate access to financing for innovation
projects, offer tax incentives, or provide subsidies for technology adoption can stimulate
innovation diffusion and encourage intersectoral collaboration (Ahmed et al. 2022). Such
regulations create an environment conducive to adopting and integrating innovations,
enabling stakeholders to overcome financial, legal, or technical barriers (Borsatto and
Bazani 2021). A supportive regulatory environment can accelerate the diffusion process
and contribute to increased intersectoral integration by reducing the risks and uncertainties
associated with innovation adoption (Verburg et al. 2022). The moderating role of the
regulatory environment is crucial in shaping the impact of innovation diffusion on intersec-
toral integration. A favorable regulatory environment can amplify the positive effects of
innovation diffusion on integration by providing the necessary support, incentives, and
frameworks for collaboration (Mariani et al. 2022). It can foster a culture of innovation,
encourage stakeholders to adopt and integrate new practices, and facilitate the alignment
of regulations and standards across sectors. Research also shows that, by reducing barriers
and providing a level playing field, a supportive regulatory environment enables stake-
holders to harness the full potential of innovation diffusion (Hu et al. 2023), leading to
enhanced intersectoral integration. Hence, it is postulated that:

H5. The regulatory environment moderates the relationship between innovation diffusion and
intersectoral integration within Kazakhstan’s agro-industrial complex.

1.7. Theoretical Framework

This study’s theoretical framework is represented in Figure 1, which illustrates the
interplay between technological innovations, knowledge transfer, value chain governance,
innovation diffusion, and intersectoral integration. Drawing on the diffusion of innovations
theory and existing literature, the framework visually represents the relationships and
dependencies among these key variables, highlighting the moderating role of the regulatory
environment in shaping the association between innovation diffusion and intersectoral
integration.

Regulatory

Environment

H5a, b, c

-Technological Innovations Hla,b,c

-Knowledge Transfer s

-Value Chain Governance . H2ab.c Innovation 3 Intersectoral
Diftusion Integration

Hiab.c

Figure 1. Theoretical Framework.

2. Research Methodology

A multistage random quantitative survey research method was employed in this study
(Mansoor et al. 2022b). In the first stage of data collection, the researchers identified a list
of organizations operating within the Kazakhstan agro-industrial complex. A random
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selection of organizations was made, ensuring representation from various sectors and
regions (Noor et al. 2022). In the second stage, a random sampling of employees was
conducted within each selected organization. The number of participants selected from each
organization was proportional to its size to ensure an equal representation of employees.
To contact the potential respondents, the researchers used a combination of methods,
including email, telephone calls, and personal visits. They explained the purpose of
this study, assured confidentiality, and requested participation. Out of the initial contact
attempts, a certain number of respondents agreed to participate. The response rate was
calculated by dividing the number of respondents who agreed to participate by the total
number of individuals contacted. Data collection occurred at two time points using a
time-lagged approach. At Time 1, data collection took place from 1 August 2022 to 30
October 2022. After a four-week gap to minimize the potential bias of immediate recall,
Time 2 data collection was conducted from 1 December 2022 to 28 February 2023. The
researchers distributed the survey questionnaires to the participants during these periods
and provided clear instructions on completing and returning them. Upon the completion of
both data collection periods, the researchers received a data set of 542 filled questionnaires
from the participants who completed the survey at both Time 1 and Time 2. The number of
questionnaires filled and included in the analysis was calculated by cross-referencing the
participant IDs and matching the responses from both time points. The multistage random
sampling technique, along with the time-lagged data collection method, allowed the
researchers to gather information from a diverse group of employees within the Kazakhstan
agro-industrial complex. The data collected at two different time points provided valuable
insights into the temporal dynamics of the variables of interest, enhancing the validity and
reliability of the findings of this study.

2.1. Demographic Characteristics of the Respondents

In terms of gender, the respondents consisted of 54% male and 46% female employees.
The age distribution of the participants revealed that 18% were between 18 and 25 years
old, 32% were between 26 and 35 years old, 28% were between 36 and 45 years old, and 22%
were 46 years old and above. Regarding educational attainment, 12% of the respondents
held a high school diploma or equivalent, 35% had a bachelor’s degree, 38% possessed a
master’s degree, and 15% had a doctoral degree or higher. The participants’ job positions
within the agro-industrial complex were also examined. The findings showed that 25%
of the respondents held managerial positions, 42% were in technical or specialized roles,
20% were administrative staff, and 13% were in other job categories. The distribution of
participants across sectors was as follows: 30% from agriculture and farming, 25% from
food processing and manufacturing, 18% from logistics and distribution, 12% from research
and development, and 15% from other sectors. The demographic characteristics of the
respondents provided a comprehensive understanding of the sample composition in terms
of gender, age, educational background, job positions, and sector representation. These
characteristics contributed to the diversity and representativeness of the study sample,
ensuring a broader perspective on the association between study variables.

2.2. Measures of this Study

This study employed established measurement scales to assess the variables of this
study. To assess the level of technological innovations, the researchers employed a scale by
Jahanmir and Lages (2016). This scale consists of 10 items that capture various dimensions
of technological innovations, including adopting new technologies, investment in research
and development, and implementing innovative practices. The knowledge transfer scale by
Chang and Chuang (2011) was utilized to measure the extent of knowledge transfer among
stakeholders. This scale comprises 12 items that assess knowledge sharing, knowledge
absorption, and knowledge utilization across sectors. The value chain governance scale,
developed by Christian et al. (2011), was employed to evaluate the effectiveness of value
chain governance mechanisms. This scale consists of 8 items that capture aspects such as
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coordination, trust, and collaboration within the value chain. The innovation diffusion
scale adapted from Kappelman (1995) was used to measure the diffusion of technological
innovations across sectors. This scale includes 9 items that assess the rate of adoption,
perceived relative advantage, and compatibility of innovations. Finally the, the level of
intersectoral integration was assessed using the intersectoral integration scale developed
by Yalley and Sekhon (2014). This scale consists of 7 items that capture the extent of
collaboration, coordination, and information sharing between different sectors.

2.3. Descriptive Statistics

The descriptive statistics (Table 1) presents the summary statistics of the study variables.

Table 1. Descriptive statistics of study variables.

Variables Mean STD Skewness Kurtosis Max. Min.
Technological Innovations 4.58 0.89 —0.27 1.45 6.23 2.14
Knowledge Transfer 3.92 1.12 —0.51 1.12 5.87 1.23
Value Chain Governance 415 0.96 0.12 0.88 5.67 2.34
Innovation Diffusion 3.75 0.98 0.06 0.95 5.43 1.56
Intersectoral Integration 3.98 0.87 —0.13 1.32 5.87 2.11
Regulatory Environment 3.45 1.02 —0.34 1.08 521 1.76

Note: All values are based on a scale of 1 to 7, where higher values indicate higher levels of the respective
variables.

The mean values indicate the average level of each variable across the sample. For
example, the mean of technological innovations is 4.58, suggesting a moderate level of
technological innovations in the agro-industrial complex. Similarly, the mean of knowledge
transfer is 3.92, indicating a moderate level of knowledge transfer among stakeholders.
The standard deviation represents the variability or dispersion of responses around the
mean. A higher standard deviation suggests greater diversity in the responses. For instance,
the standard deviation of value chain governance is 0.96, indicating moderate variability
in the perceptions of value chain governance among respondents. Skewness measures
the asymmetry of the distribution of responses. Negative skewness values indicate a left-
skewed distribution, while positive skewness values indicate a right-skewed distribution.
For instance, the skewness of technological innovations is —0.27, indicating a slightly
left-skewed distribution. Kurtosis measures the peakedness or flatness of the distribution.
Positive kurtosis values indicate a leptokurtic distribution (more peaked), while negative
kurtosis values indicate a platykurtic distribution (flatter). For example, the kurtosis of
knowledge transfer is 1.12, indicating a slightly leptokurtic distribution. The maximum
and minimum values represent the highest and lowest scores observed for each variable.
For example, the maximum value for innovation diffusion is 5.43, indicating the highest
level of diffusion of innovations across sectors.

2.4. Correlation Analysis

The correlation (Table 2) presents the bivariate correlations between the study variables.

Table 2. Correlation matrix of study variables.

Variables 1. 2. 3. 4. 5. 6.
1. Technological Innovations 1.00 0.64* 0.72* 0.54* 0.58 * 0.46*
2. Knowledge Transfer 1.00 0.55* 0.47 * 0.63 * 0.39 *
3. Value Chain Governance 1.00 0.62* 0.55* 0.51*
4. Innovation Diffusion 1.00 0.58 * 0.48 *
5. Intersectoral Integration 1.00 0.57 *
6. Regulatory Environment 1.00

Note: * Correlation is significant at the 0.05 level (2-tailed).
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Technological innovations showed a significant positive correlation with knowledge
transfer (r = 0.64, p < 0.05), value chain governance (r = 0.72, p < 0.05), innovation diffusion
(r = 0.54, p < 0.05), intersectoral integration (r = 0.58, p < 0.05), and a moderate positive
correlation with the regulatory environment (r = 0.46, p < 0.05). These results indicate that
higher levels of technological innovations are associated with increased knowledge transfer,
stronger value chain governance, greater innovation diffusion, improved intersectoral
integration, and a more supportive regulatory environment within the agro-industrial
complex. Knowledge transfer exhibited a significant positive correlation with value chain
governance (r = 0.55, p < 0.05), innovation diffusion (r = 0.47, p < 0.05), intersectoral
integration (r = 0.63, p < 0.05), and a moderate positive correlation with the regulatory
environment (r = 0.39, p < 0.05). These findings suggest that higher levels of knowledge
transfer are associated with better value chain governance, increased innovation diffusion,
enhanced intersectoral integration, and a more favorable regulatory environment.

Value chain governance showed a significant positive correlation with innovation
diffusion (r = 0.62, p < 0.05), intersectoral integration (r = 0.55, p < 0.05), and a moderate
positive correlation with the regulatory environment (r = 0.51, p < 0.05). These results
indicate that stronger value chain governance is associated with higher levels of innovation
diffusion, improved intersectoral integration, and a more supportive regulatory environ-
ment. Innovation diffusion exhibited a significant positive correlation with intersectoral
integration (r = 0.58, p < 0.05) and a moderate positive correlation with the regulatory envi-
ronment (r = 0.48, p < 0.05). These findings suggest that higher levels of innovation diffusion
are associated with increased intersectoral integration and a more favorable regulatory
environment. Intersectoral integration demonstrated a significant positive correlation with
the regulatory environment (r = 0.57, p < 0.05), indicating that improved intersectoral
integration is associated with a more supportive regulatory environment.

2.5. Reliability Analysis

The reliability analysis displays Cronbach’s alpha coefficients for each study variable,
indicating the internal consistency or reliability of the measurement scales used (Hair and
Sarstedt 2021). Cronbach’s alpha values range from 0 to 1, with higher values indicating
greater internal consistency. The reliability analysis results indicate that the scales used in
this study exhibit satisfactory levels of internal consistency. The technological innovations
scale, consisting of 10 items, demonstrates a Cronbach'’s alpha coefficient of 0.82, suggesting
good reliability. The knowledge transfer scale, comprising 12 items, demonstrates a Cron-
bach’s alpha coefficient of 0.87, indicating high internal consistency. This suggests that the
items within the scale consistently measure the construct of knowledge transfer. The value
chain governance scale, consisting of 8 items, shows a Cronbach’s alpha coefficient of 0.76,
indicating acceptable reliability. This suggests that the scale captures the intended aspects
of value chain governance in a consistent manner. The innovation diffusion scale, compris-
ing 9 items, demonstrates a Cronbach'’s alpha coefficient of 0.79, suggesting good internal
consistency. This indicates that the items within the scale consistently measure the diffusion
of technological innovations. The intersectoral integration scale, consisting of 7 items,
exhibits a Cronbach’s alpha coefficient of 0.85, indicating high internal consistency. This
suggests that the scale consistently measures the level of intersectoral integration among
the respondents. The regulatory environment scale, comprising 6 items, demonstrates
a Cronbach’s alpha coefficient of 0.72, suggesting acceptable internal consistency. This
indicates that the scale reliably measures the perceptions of the regulatory environment.
Overall, the reliability analysis confirms that the measurement scales used in this study are
reliable and consistent in capturing the intended constructs of technological innovations,
knowledge transfer, value chain governance, innovation diffusion, intersectoral integration,
and the regulatory environment.
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2.6. Model Fit Indices

The model fit indices assess the goodness-of-fit of the proposed theoretical model.
It provides insights into how well the proposed theoretical model fits the observed data
(Sarstedt et al. 2017). The Chi-Square test of model fit yielded a significant value of 201.76
with 98 degrees of freedom (p < 0.001). While the Chi-Square test is significant, it is
important to consider other fit indices to determine the overall model fit. The Root Mean
Square Error of Approximation (RMSEA) value of 0.065 indicates a good fit for the model,
since it is below the recommended threshold of 0.08. The Comparative Fit Index (CFI)
value of 0.946 suggests an acceptable fit, as it exceeds the threshold of 0.90. Similarly,
the Tucker-Lewis Index (TLI) value of 0.930 indicates an acceptable fit. The Standardized
Root Mean Square Residual (SRMR) value of 0.042 suggests a good fit, as it is below the
recommended threshold of 0.08. Overall, the model fit indices indicate a satisfactory fit
of the proposed theoretical model to the observed data. These results suggest that the
proposed model provides a reasonable fit to the data, indicating that the collected data
support the relationships among the study variables (technological innovations, knowledge
transfer, value chain governance, innovation diffusion, intersectoral integration, and the
regulatory environment).

2.7. VIF and Tolerance

The variance inflation factor (VIF) and tolerance values are measures of multicollinear-
ity, assessing the degree of correlation between independent variables. Table 3 displays the
VIF and tolerance values for each study variable. The VIF values range from 1 to above 3,
with values greater than 3 indicating high multicollinearity. Conversely, tolerance values
range from 0 to 1, with values closer to 1 indicating lower multicollinearity (Mansoor
et al. 2022a). The results show that all variables in this study have VIF values below the
threshold of 3, ranging from 1.68 to 2.01. This indicates a low level of multicollinearity
among the study variables. Similarly, the tolerance values range from 0.50 to 0.60, which
are sufficiently high, indicating that multicollinearity is not a concern in the model. These
results suggest that the study variables are not highly correlated with each other, ensuring
the reliability of the regression coefficients and minimizing the potential for biased estima-
tions. Therefore, based on the VIF and tolerance values, it can be concluded that there is no
significant multicollinearity issue among the study variables, providing confidence in the
accurate estimation and interpretation of the regression model.

Table 3. Regression analysis results.

Hyp. Predictor Variable f3 Values p-Value t-Statistics

Hia Technological Innovat1qns — 0.328 <0.001 <0.001
Intersectoral Integration

Hlb Knowledge Transfer = 0.278 <0.001 <0.001

Intersectoral Integration
Hic Value Chain Governance — 0.215 <0.001 <0.001
Intersectoral Integration
Technological Innovations —
Innovation Diffusion
Knowledge Transfer —
Innovation Diffusion
H2c Value Chain Governance — 0.186 <0.001 <0.001
Innovation Diffusion
Innovation Diffusion —

H3 Intersectoral Integration 0-546 <0.001 <0.001

H2a 0.382 <0.001 <0.001

H2b 0.297 <0.001 <0.001
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2.8. Regression Analysis
2.8.1. Direct Hypothesis
The regression analysis was conducted to examine the direct impacts of the indepen-

dent variables on the dependent variable and mediator. Table 4 depicts the detailed results
for all direct hypothesized links.

Table 4. Variance inflation factor (VIF) and tolerance values.

Variables VIF Tolerance
Technological Innovations 2.01 0.50
Knowledge Transfer 1.85 0.54
Value Chain Governance 1.72 0.58
Innovation Diffusion 1.93 0.52
Intersectoral Integration 1.68 0.60
Regulatory Environment 1.78 0.56

Technological innovations demonstrated a significant positive impact on intersectoral
integration (3 = 0.328, p < 0.001), indicating that an increase in technological innovations
leads to higher levels of intersectoral integration. Similarly, knowledge transfer significantly
positively affected intersectoral integration ( = 0.278, p < 0.001), suggesting that knowl-
edge transfer contributes to greater intersectoral integration. Additionally, value chain
governance significantly positively impacted intersectoral integration (3 = 0.215, p < 0.001),
implying that effective value chain governance enhances intersectoral integration. Moving
to the direct impacts on the mediator, the results revealed that technological innovations
had a significant positive effect on innovation diffusion (3 = 0.382, p < 0.001), indicating that
technological innovations contribute to the diffusion of innovations. Similarly, knowledge
transfer showed a significant positive impact on innovation diffusion (3 = 0.297, p < 0.001),
suggesting that knowledge transfer facilitates the diffusion of innovations. Furthermore,
value chain governance significantly positively affected innovation diffusion (3 = 0.186,
p <0.001), indicating that effective value chain governance promotes the diffusion of innova-
tions. Additionally, innovation diffusion had a significant positive impact on intersectoral
integration (3 = 0.546, p < 0.001), suggesting that increased innovation diffusion leads to
higher levels of intersectoral integration.

2.8.2. Mediation Analysis

The Sobel test was conducted to assess the significance of the indirect effects of
the independent variables on the dependent variable through the mediator (innovation
diffusion).

For the indirect effect of technological innovations on the DV, the standardized co-
efficient was 0.102, yielding a z-score of 3.72 (p < 0.001), indicating a significant indirect
effect (see Table 5). Similarly, the indirect effect of knowledge transfer on the DV had a
standardized coefficient of 0.079, resulting in a z-score of 2.91 (p = 0.004), indicating a signif-
icant indirect effect. However, the indirect effect of value chain governance on the dv had a
standardized coefficient of 0.051, resulting in a z-score of 1.82 (p = 0.069), which did not
reach statistical significance at the conventional alpha level. These Sobel test results provide
evidence for the indirect effects of technological innovations and knowledge transfer on
the dv through the mediator, innovation diffusion. However, the indirect effect of value
chain governance on the dv did not reach statistical significance.
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Table 5. Sobel test results for indirect effects.

Indirect Effect [3-Values Z-Score p-Value

Technological Innovations — Innovation

Diffusion — Intersectoral Integration 0-102 3.72 <0.001
Knowledge Transfer — Innovation

Diffusion — Intersectoral Integration 0.079 291 0.004

Value Chain Governance — Innovation 0.051 1.82 0.069

Diffusion — Intersectoral Integration

2.8.3. Moderation Analysis

The moderation analysis was conducted to examine the role of the regulatory envi-
ronment as a moderator in the relationship between innovation diffusion and intersectoral
integration (see Table 6). The results of the moderation analysis indicated that the regula-
tory environment significantly moderated the relationship between innovation diffusion
and intersectoral integration (3 = 0.157, p < 0.001). This finding suggests that the impact of
innovation diffusion on intersectoral integration is contingent upon the regulatory environ-
ment. Specifically, the positive relationship between innovation diffusion and intersectoral
integration becomes stronger when the regulatory environment is more favorable. The
findings underscore the need for policymakers and organizations to create a conducive
regulatory environment to maximize the positive impact of technological innovations on
intersectoral integration in the agro-industrial complex.

Table 6. Moderation results.

Hypothesis 3-Values p-Value

H5: Regulatory Environment*Innovation

Diffusion — Intersectoral Integration 0.157 <0.001

3. Discussion and Conclusions

The results indicated that technological innovations positively influenced intersec-
toral integration, suggesting that adopting and implementing advanced technologies play
a crucial role in promoting collaboration and integration among different sectors. This
finding aligns with previous research emphasizing the importance of technological advance-
ments in fostering intersectoral cooperation (Liu et al. 2020; Shivay et al. 2022). Moreover,
knowledge transfer was found to have a significant positive impact on intersectoral inte-
gration. This implies that exchanging and disseminating knowledge and expertise among
different sectors contribute to enhanced coordination and synergy (Barrios et al. 2023).
Organizations that actively engage in knowledge-sharing practices are better positioned
to overcome sectoral boundaries and foster collaboration, leading to improved intersec-
toral integration. Furthermore, this study revealed that effective value chain governance
positively influenced intersectoral integration. Robust governance mechanisms ensure
smooth coordination and cooperation among various actors involved in the value chain,
enabling seamless integration across sectors (Kumari et al. 2023). This finding underscores
the significance of establishing effective governance structures and processes to promote
intersectoral collaboration and integration.

The results of this study also shed light on the impact of technological innovations,
knowledge transfer, and value chain governance on innovation diffusion within the agro-
industrial complex. The findings revealed that technological innovations significantly
influenced the diffusion of innovation, indicating that the adoption and implementation of
advanced technologies are key drivers in facilitating the spread of innovation across sectors.
This aligns with prior research highlighting the pivotal role of technological advancements
in driving innovation diffusion (Vrontis et al. 2022; Xu et al. 2023). Furthermore, knowledge
transfer was found to have a significant positive impact on innovation diffusion. This
suggests knowledge transfer positively influences intersectoral integration by creating a
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shared knowledge base, enabling stakeholders to align their goals, and fostering coopera-
tive relationships. Additionally, value chain governance was found to positively influence
innovation diffusion. Robust governance structures and processes enable the identification,
evaluation, and implementation of innovative ideas, contributing to the widespread adop-
tion of new practices (Sorge et al. 2022). Hence, value chain governance fosters a conducive
environment for intersectoral integration by aligning incentives, resolving conflicts, and
promoting fair trade practices.

The findings also revealed a significant positive relationship between innovation dif-
fusion and intersectoral integration, suggesting that the spread and adoption of innovative
practices across sectors contribute to enhanced collaboration and integration among dif-
ferent industry players. This study’s results align with previous research emphasizing
the importance of innovation diffusion in breaking down sectoral boundaries and fos-
tering collaboration (Menzli et al. 2022; Xia et al. 2022). By diffusing innovative ideas,
technologies, and practices, organizations can overcome barriers and promote cross-sector
partnerships, leading to improved intersectoral integration. The findings also suggest
that innovation diffusion acts as a mechanism through which the positive impacts of
technological advancements, knowledge sharing, and effective governance practices are
transferred to intersectoral integration. Innovation diffusion serves as a bridge, facilitating
the adoption and spread of innovative ideas, technologies, and practices across different
sectors, thereby promoting collaboration and integration. Additionally, the mediatory role
of innovation diffusion underscores the importance of actively promoting and facilitating
the diffusion process. Organizations and policymakers should focus on creating an envi-
ronment that encourages the adoption and implementation of innovations, establishing
channels for knowledge exchange, and supporting initiatives that enable the dissemination
of innovative practices.

The results revealed that the type of regulatory environment significantly influenced
the strength and nature of the relationship between innovation diffusion and intersec-
toral integration. Specifically, the analysis demonstrated that a more favorable regulatory
environment strengthened the positive relationship between innovation diffusion and
intersectoral integration. This implies that, when the regulatory environment is supportive
and conducive to innovation and collaboration, the impact of innovation diffusion on
intersectoral integration becomes more pronounced (Teng 2022). These findings emphasize
the importance of regulatory frameworks and policies in facilitating intersectoral collabora-
tion and integration. Policymakers should focus on creating an enabling environment that
promotes innovation, removes barriers, and encourages cross-sector partnerships (Hartanto
et al. 2021; Hu et al. 2023). By implementing supportive regulations and providing incen-
tives for collaboration and knowledge sharing, policymakers can foster an ecosystem where
innovation diffusion can thrive, ultimately leading to enhanced intersectoral integration
within the agro-industrial complex.

3.1. Theoretical Implications

Theoretically, this study contributes to the existing body of knowledge in several
ways. Firstly, the findings support and extend the existing diffusion of innovation theory,
linking it to intersectoral integration within the agro-industrial complex. The significant
impacts of technological innovations, knowledge transfer, and value chain governance
on intersectoral integration align with the theory emphasizing collaboration and synergy
among different sectors. This study provides empirical evidence that these factors play
a crucial role in promoting intersectoral integration and can serve as a basis for further
theoretical development in the field. Secondly, this study highlights the mediatory role
of innovation diffusion in the relationship between technological innovations, knowledge
transfer, value chain governance, and intersectoral integration. This finding extends the
understanding of how innovation spreads across sectors and influences collaboration and
integration. This study contributes to the literature by emphasizing the importance of
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actively promoting and facilitating innovation diffusion as a mechanism for enhancing
intersectoral integration.

Thirdly, this study identifies the moderating role of the regulatory environment in
the relationship between innovation diffusion and intersectoral integration. This finding
adds to the knowledge regarding the contextual factors that influence the effectiveness
of innovation diffusion in driving collaboration and integration. This study highlights
the significance of creating a supportive regulatory environment to maximize the positive
impacts of innovation diffusion. The theoretical implications of this study suggest that a
comprehensive understanding of intersectoral integration requires considering multiple
factors, including technological innovations, knowledge transfer, value chain governance,
innovation diffusion, and the regulatory environment. The findings contribute to de-
veloping and refining theoretical frameworks that explain the dynamics of intersectoral
collaboration and integration in the agro-industrial complex. Future research can build
upon these theoretical implications by exploring other contextual factors, examining differ-
ent industry settings, and investigating the long-term effects of intersectoral integration on
organizational performance and industry growth. By expanding the theoretical foundation,
researchers can provide a more comprehensive understanding of the complex relationships
and dynamics involved in intersectoral integration, ultimately guiding policymakers and
industry stakeholders in fostering collaboration and sustainable development within the
agro-industrial complex.

3.2. Practical Implications

The practical implications of this study provide valuable insights for policymakers,
cindustry stakeholders, and managers within the agro-industrial complex. The findings
offer actionable recommendations to enhance intersectoral integration, innovation diffusion,
and overall industry development. Firstly, this study highlights the importance of fostering
technological innovations within the agro-industrial complex. Policymakers should create a
supportive ecosystem that encourages research and development, promotes investment in
innovative technologies, and incentivizes organizations to adopt and implement advanced
technological solutions. Industry stakeholders can leverage technological innovations to
improve productivity, quality, and sustainability while facilitating the diffusion of these
innovations across sectors. Secondly, knowledge transfer initiatives should be prioritized
to promote collaboration and innovation diffusion. Organizations can establish knowledge-
sharing platforms, collaborative networks, and partnerships to exchange ideas, expertise,
and best practices among different sectors. Policymakers can support such initiatives by
providing funding and resources for knowledge transfer programs, training opportunities,
and educational initiatives to enhance industry professionals’ skills and knowledge.

Thirdly, effective value chain governance mechanisms are crucial for promoting inter-
sectoral integration. Organizations should establish strong governance structures, commu-
nication channels, and collaboration frameworks that facilitate coordination and cooper-
ation among value chain actors. Policymakers can contribute by developing regulations
and policies that encourage collaboration, promote fair trade practices, and ensure a level
playing field for all stakeholders within the agro-industrial complex. Furthermore, this
study emphasizes the need for a supportive regulatory environment that encourages inno-
vation, removes barriers, and promotes collaboration. Policymakers should review and
revise existing regulations to create an enabling environment for innovation diffusion and
intersectoral integration. This may involve streamlining bureaucratic processes, providing
financial incentives, and fostering a culture of innovation and entrepreneurship. Practical
implications also include the development of innovation diffusion strategies that leverage
the mediatory role of innovation diffusion.

Organizations can implement targeted initiatives to promote the adoption and diffu-
sion of innovative practices, technologies, and ideas across sectors. Collaboration platforms,
innovation hubs, and knowledge-sharing events can facilitate the spread of innovation and
enhance intersectoral integration. By implementing these practical recommendations, poli-
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cymakers, industry stakeholders, and managers can foster a collaborative and innovative
ecosystem within the agro-industrial complex. This, in turn, can lead to improved produc-
tivity, competitiveness, and sustainable growth while addressing industry challenges and
creating new opportunities for all stakeholders involved.

4. Limitations and Future Directions

One limitation of this study is the potential lack of generalizability of the findings.
This study focused on the agro-industrial complex in a specific geographic region and used
a specific sample of respondents. Therefore, the results may not fully represent other indus-
tries or regions. Future studies should aim to replicate the research in different contexts
to validate the findings and enhance generalizability. Another limitation is the reliance
on self-reported data, which may be subject to bias. Participants might provide socially
desirable responses or inaccurately recall information, leading to potential measurement
errors. Future studies could employ alternative methods, such as observation or objective
measures, to overcome self-reporting bias and provide more accurate data. This study
utilized a time-lagged data collection method, which introduced a time gap between the
measurement of variables. While this approach allows for examining temporal relation-
ships, it may also introduce potential biases due to changes in the external environment or
participants’ circumstances over time. Future research could consider longitudinal designs
to capture real-time changes and minimize the impact of time-related biases. Another
limitation is the potential for self-selection bias in the recruitment of participants. Em-
ployees who voluntarily participated in this study may have different characteristics or
motivations compared to those who chose not to participate. This could introduce bias and
affect the external validity of the findings. Future research could employ random sampling
techniques to mitigate self-selection bias and ensure a more representative sample.

5. Conclusions

This study sheds light on the critical factors influencing intersectoral integration and
innovation diffusion within the agro-industrial complex. The findings highlight the piv-
otal role of technological innovations, knowledge transfer, and value chain governance
in fostering collaboration and synergy among different sectors. Innovation diffusion acts
as a mechanism through which the positive impacts of these factors are transferred to
intersectoral integration. This study emphasizes the importance of actively promoting and
facilitating innovation diffusion to enhance collaboration and integration. Furthermore, the
regulatory environment was identified as a key contextual factor, with a more favorable
environment strengthening the relationship between innovation diffusion and intersectoral
integration. Policymakers should create an enabling environment that encourages innova-
tion, collaboration, and knowledge sharing to foster a conducive ecosystem for intersectoral
integration. Hence, it is suggested that a comprehensive understanding of intersectoral
integration requires considering multiple factors, guiding the development of theoretical
frameworks for sustainable industry growth. Additionally, this study offers actionable
recommendations for policymakers and industry stakeholders to foster a collaborative
and innovative ecosystem. By implementing these insights, the agro-industrial complex
can achieve enhanced productivity, competitiveness, and sustainable growth, addressing
industry challenges and creating new opportunities for all stakeholders.
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