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The proliferation of automation technologies in agriculture has made smart greenhouse systems a 

prominent research topic at the heart of control engineering, energy efficiency, and digital 

transformation. The objective of this study is to ascertain the intellectual structure, thematic trends, 

and collaborative dynamics of the smart greenhouse automation literature through a comparative 

bibliometric analysis of the Web of Science (WoS) and Scopus databases.  In the analyzes made 

using VOSviewer version 1.6.20, co-authorship relationships between countries, bibliographic 

connections at the national level, keyword co-occurrence patterns and cooperation networks 

between authors were examined together. The findings reveal that China and the United States are 

central to global knowledge production, with both the number of publications and strong 

connectivity values in both databases. While the data obtained from the WoS database highlights 

the research trend focusing on control systems and energy optimization, the analysis of the data 

obtained from the Scopus database shows that Internet of Things (IoT)-based monitoring systems, 

machine learning applications, and data-driven automation approaches are becoming more and 

more prominent. Keyword co-occurrence analyses conducted with the same data show that smart 

greenhouse technologies are concentrated on the axis of energy efficiency and artificial intelligence; 

indicates a transformation from classical climate control to predictive and adaptive decision support 

systems. According to the authorship networks analysis, research activities are geographically 

dispersed, and smart greenhouse automation is evolving from being only a technical engineering 

subject to a multidimensional research field combined with sustainability and technology-based 

value creation. 
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Introduction 

The main problems facing the agricultural sector are 

not limited to production quantities. It is clear that 

population growth, the pressure of climate change on 

production patterns, and fluctuations in energy costs 

necessitate more careful planning of agricultural activities 

(FAO, 2022; IPCC, 2023). Energy use is a key factor in the 

environmental and economic sustainability of agriculture 

(Tilman et al., 2011). Indeed, as highlighted by Morkūnas 

et al. (2024), the agricultural sector accounts for a 

significant portion of global energy consumption, with 

traditional forms of production heavily reliant on fossil 

fuels. This structure not only increases production costs but 

also deepens environmental pressures. 

It is clear that digital technologies are being integrated 

into agricultural production processes more and more 

(Wolfert et al., 2017). The Internet of Things (IoT) and AI-

driven applications offer new possibilities, particularly in 

controlled manufacturing environments (Abdullahi et al., 

2023). The nature of decision-making processes is 

changing with the continuous acquisition of data from 

production environments through sensors and 

communication infrastructures and the processing of this 

data by artificial intelligence-supported systems (Kamilaris 

et al., 2018). The ability to monitor environmental 

conditions in instantaneous production areas such as 

greenhouses makes it possible to manage the production 

process through dynamic data rather than static settings 

(Choudhary et al., 2025). 

One of the most frequently emphasized effects of IoT 

and artificial intelligence applications in the literature is the 

improvements in resource use (Patel & Patel, 2016). 

Thanks to wireless sensor networks, variables such as 

temperature, humidity, light and soil properties can be 

constantly monitored; This data is transferred to irrigation, 

heating and ventilation systems through control 

algorithms. This approach contributes to limiting the 

unnecessary energy and water consumption seen in 

traditional methods (Bauer et al., 2019). Platero-
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Horcajadas et al. (2024) show that reinforcement learning-

based control approaches can reduce energy consumption 

and manage the greenhouse climate more decisively. 

However, the performance of such systems depends not 

only on the technical design, but also on the data structure 

and operating conditions used (Van Straten et al., 2010). 

The issue of energy efficiency is directly related to the 

economic dimension of smart greenhouse systems. 

Heating, cooling, and ventilation processes constitute a 

significant portion of the total cost in greenhouse 

operations (Shamshiri et al., 2018). The use of AI-powered 

optimization algorithms in these processes can limit energy 

consumption by ensuring that systems operate only when 

needed and at the required level (Choudhary et al., 2025). 

Combining renewable energy sources with automation 

systems further strengthens this potential (Morkūnas et al., 

2024). Despite this, it is also seen in the literature that the 

practical gains of energy efficiency differ significantly 

from business to business (Ahamed et al., 2019). 

The effects of digitalization are not limited to the 

production phase. IoT-based traceability systems allow 

agricultural products to be tracked throughout the supply 

chain; it ensures that information about production 

conditions is recorded (Kamble et al., 2020). In their study, 

Rossi et al. (2025) emphasized that IoT-based systems 

offer significant advantages in terms of food safety and 

transparency, while also paving the way for the emergence 

of new discourses in marketing strategies. It stands out in 

more comprehensive studies in the field of marketing. 

Emphasizing that the use of digital agricultural 

technologies establishes an important relationship between 

production and marketing dimensions, Seren (2025) 

reveals the relationship between agricultural technologies 

and agricultural export results in her study. Research 

definitively shows that digital agriculture practices have a 

significant relationship with academic productivity and 

agricultural export performance in countries (Seren, 2025). 

As all similar studies have clearly shown, consumers' 

access to information about the production process 

supports the positioning of products based on sustainability 

and quality (Fernqvist & Ekelund, 2014). It is clear that the 

ability of such practices to turn into marketing value is 

related to the level of recognition and use of technology by 

farmers. 

The process of technology adoption is another area of 

discussion frequently emphasized in the literature. High 

initial costs, lack of technical knowledge, and concerns 

about data security make small and medium-sized 

enterprises cautious about IoT and AI-based solutions 

(Mallinger et al., 2024; Rogers, 2003). This can lead to 

limited use of technically mature solutions in the field. 

Therefore, the evaluation of smart agricultural 

technologies should take into account economic 

expectations, user perceptions, and marketing strategies as 

well as technical performance (Venkatesh et al., 2012). 

In this context, the smart greenhouse automation 

literature needs to be examined from a holistic perspective. 

In this study, the publications in Web of Science and 

Scopus databases were evaluated by bibliometric analysis 

method; cooperation between countries, key concepts and 

the development of research themes over time are revealed. 

Thus, it is aimed to understand the academic trends in the 

field of smart greenhouse automation more clearly by 

analyzing how control systems, energy efficiency, and 

marketing dimensions come together in the literature. 

Research Questions 

RQ1. How does the smart greenhouse automation 

literature differ between WoS and Scopus in terms of 

publication output and country collaboration patterns? 

RQ2. Which countries occupy central positions in the 

co-authorship and bibliographic coupling networks in WoS 

and Scopus? 

RQ3. What are the dominant thematic clusters revealed 

by keyword co-occurrence in each database, and how do 

these clusters differ? 

RQ4. To what extent do “marketing” and “technology 

adoption” themes appear in the mapped intellectual 

structure, and what gaps emerge for future research? 

 

Materials and Methods 

 

In this study, the bibliometric method was preferred to 

analyze the general view of academic publications on IoT 

and artificial intelligence supported control systems in the 

agricultural sector. Within the scope of the research, it was 

aimed to carry out a wide literature review using the Web 

of Science (WoS) Core Collection and Scopus databases, 

and the inclusiveness of the study was guaranteed thanks 

to the scope of these two databases. While creating the 

search strategy, various keyword combinations were used 

to cover the subject in a multidimensional way. Terms such 

as IoT, internet of things, artificial intelligence, energy 

efficiency, control systems, smart agriculture, marketing 

were tried together and separately and relevant 

publications were identified. In particular, the focus was on 

the intersection of agricultural technology terms such as 

“smart agriculture”, “precision agriculture”, “smart 

greenhouse”, and IoT/AI keywords. WoS and Scopus 

scans were carried out as two separate files, including all 

publications and including all publications and covering 

the full timespan available in each database.. In the study, 

a separate data set was obtained for each database and 

transferred to the analysis program. 
Data were retrieved separately from the Web of Science 

(WoS) Core Collection and Scopus on 31 December 2025. 
In WoS, the search was conducted in the Topic field using 
the following query: TS=(“greenhouse automation” OR 
“smart greenhouse” OR “automated greenhouse” OR 
“precision greenhouse” OR “intelligent greenhouse” OR 
“IoT greenhouse” OR “greenhouse climate control” OR 
“automated climate control greenhouse”). No document 
type, language, or subject-category filters were applied, 
and the results covered the full timespan available in WoS 
(1981–2026). In Scopus, the advanced search was executed 
in TITLE-ABS-KEY using: TITLE-ABS-
KEY(“greenhouse automation” OR “smart greenhouse” 
OR “automated greenhouse” OR “precision greenhouse” 
OR “intelligent greenhouse” OR “IoT greenhouse” OR 
“greenhouse climate control” OR “automated climate 
control greenhouse”) AND PUBYEAR > 2009, again 
without restricting document types or languages (2009–
2026). Because the two datasets were analysed separately 
to compare database-specific structures, duplicate records 
across WoS and Scopus were not removed. To support 
transparency while keeping the manuscript within the 
journal’s length limits, detailed distributions of document 
types (e.g., article, conference paper) and year-by-year 
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publication counts were prepared as supplementary 
material and can be provided as an additional file upon 
request (or uploaded as a Data Appendix). 

The records found as a result of the search were 
analyzed together with bibliographic information such as 
publication year, country, journal, authors, keywords. 
VOSviewer program was used for bibliometric analysis. 
Through VOSviewer, cross-publication keyword co-use 
networks and cross-country cooperation networks are 
visualized. During the research process, data were obtained 
from WoS and Scopus databases and included in the 
analysis in order to expand the literature review.  

The following steps were followed in the analysis of the 
data obtained from the scanning of the data in the WoS and 
Scopus databases: First of all, the temporal trend was 
examined by subtracting the number of publications by 
years. Then, the distribution of publications by country and 
international cooperation patterns were evaluated. The 
most published authors and the most frequently published 
journals were determined and effective research focuses in 
the literature were determined. In addition, keyword 
analyses revealed the sub-topics around which IoT and AI 
studies in agriculture are clustered (e.g., irrigation 
management, greenhouse automation, sensor networks, 
traceability, etc.). 

The data obtained are presented in tables and figures in 
the findings section; important trends and noteworthy 
points are explained. In the interpretation of the findings, a 
deeper evaluation was made by combining the qualitative 
findings summarized in the literature review section with 
numerical trends. Finally, in the discussion section, the 
current status and future needs of IoT and artificial 
intelligence applications in agriculture are discussed in the 
light of these findings. 
 
Results 

 
In this study, the smart greenhouse automation 

literature was examined by bibliometric analysis method 
using publications obtained from the Web of Science 
database. Results; It was evaluated on the axis of four basic 
analyses: (i) co-authorship structures between countries, 
(ii) bibliographic connectivity relationships at the country 
level, (iii) keyword co-formation patterns, and (iv) 
collaboration networks between authors. The findings 
show that smart greenhouse automation has become a 
multi-layered research area with its technical, energy, and 
managerial dimensions. 

 

Cross-Country Co-Authorship Structure  
Cross-Country Co-Authorship Structure for WoS 

Database 
The findings of the cross-country co-authorship 

analysis are presented in Figure 1 and Table 1. When Table 
1 is examined, it is seen that China (People's Republic of 
China) and the United States of America have a significant 
weight in the literature in terms of both the number of 
publications and the number of citations. The high total 
connection power values of these countries show that they 
are at the center of knowledge production on a global scale 
in the field of smart greenhouse automation. China's high 
volume of publications, in particular, is associated with 
intensive research activities in greenhouse climate control, 
sensor-based automation, and energy optimization. 

The co-authorship map presented in Figure 1, when 
evaluated in conjunction with the quantitative findings in 
Table 1, reveals that China and the United States are 
positioned as central actors connecting different 
geographical regions. European countries (Germany, 
Netherlands, Italy and Spain) are mostly clustered around 
greenhouse climate control and energy efficiency-based 
studies. This structure can be attributed to the fact that 
greenhouse technologies have historically been developed 
in Europe, and energy-efficiency-oriented agricultural 
policies are widespread in these countries (Van Straten et 
al., 2010; Shamshiri et al., 2018). 

Cross-Country Co-Authorship Structure for the Scopus 
Database 

The findings regarding the cross-country co-authorship 
analysis based on the Scopus database are presented in 
Figure 2 and Table 2. When Table 2 is examined, it is seen 
that China and the United States have a clear advantage in 
the smart greenhouse automation literature in terms of both 
the number of publications and the volume of citations. The 
fact that these two countries have equally high total 
connectivity demonstrates not only their productivity, but 
also the intensive cooperation networks they have 
established with many countries. 

China's high volume of publications is attributed to 
research focusing on IoT-based greenhouse monitoring 
systems, sensor networks, and automation infrastructures. 
The United States, on the other hand, is at the center of 
global research networks in terms of model-based control 
systems, artificial intelligence-supported optimization 
approaches, and energy efficiency-oriented applications. 
These findings show that the two countries are both 
technological and methodological leading actors in the 
literature. 

Table 1. Cross-Country Co-Authoring Performance for WoS Top 10 Countries 

Sequence Country Number of Documents 
Number of 

Citations 

Total Connection 

Power 

1 People's R China 164 1520 184 

2 United States 63 1434 161 

3 Canada 19 279 132 

4 Pakistan 13 253 128 

5 Spain 35 687 118 

6 South Korea 44 393 116 

7 Italy 31 510 100 

8 Germany 25 1009 98 

9 Netherlands 41 684 93 

10 Saudi Arabia 21 279 91 
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Figure 1. Cross-Country Co-Authoring Network for WoS 

 

Table 2. Cross-Country Co-Authoring Performance for Scopus Top 10 Countries 

Sequence Country # of Documents #of Citations Total Connection Power 

1 China 287 2782 61 

2 United States 84 1851 61 

3 India 148 1437 27 

4 Saudi Arabia 26 451 35 

5 United Kingdom 22 387 28 

6 South Korea 62 636 26 

7 Germany 23 1028 22 

8 Morocco 44 517 22 

9 Malaysia 34 758 21 

10 Pakistan 15 402 20 

 

The co-authorship map presented in Figure 2 visually 

supports the quantitative findings in Table 2. When the 

map is examined, it is seen that China and the USA are 

positioned as connecting central nodes between different 

geographical clusters. It is noteworthy that countries such 

as India, Saudi Arabia, and South Korea have established 

strong connections with these centers, and Asia-based 

research networks are gradually intensifying. The fact that 

India has a relatively high number of publications but has 

a lower connection power indicates that this country is 

progressing mostly through regional collaborations in the 

literature. 

It is seen that the United Kingdom, Germany, and partly 

the Netherlands, which are among the European countries, 

are clustered around greenhouse climate control and 

energy optimization-based studies. This structure aligns 

with the European Union's research agenda, which is 

shaped by energy efficiency and sustainable agriculture 

policies. In addition, the visibility of developing countries 

such as Morocco and Malaysia within the network shows 

that smart greenhouse technologies are not limited to 

developed countries but have turned into a research area 

that is spreading on a global scale. 

In general, the Scopus-based co-authoring network has 

a structure that largely overlaps with WoS data, but reveals 

that the weight of Asian and Middle East-based countries 

in the network is more pronounced. The findings indicate 

that global knowledge production in the field of smart 

greenhouse automation is gradually evolving into a 

multicentric structure, and interdisciplinary collaborations 

are diversifying geographically. 

 

Country-Level Bibliographic Connectivity Analysis 

Country-Level Bibliographic Connectivity Analysis for 

the WoS Database 

The results of the bibliographic connectivity analysis at 

the country level are presented in Figure 3 and Table 3. 

Bibliographic connectivity analysis reveals the tendency of 

countries to produce knowledge using similar reference 

sets. When the countries with high connectivity values are 

examined in Table 3, it is seen that China, the USA, and 

some European countries share a common literature pool. 

The findings indicate that a methodological and theoretical 

convergence has occurred in the field of smart greenhouse 

automation. 
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Figure 2. Cross-Country Co-Authoring Network for Scopus 

 

Table 3. Country-Level Bibliographic Connectivity Table for WoS 

Sequence Country # of Documents # of Citations Total Connection Power 

1 People's R China 164 1520 184 

2 United States 63 1434 161 

3 Spain 35 687 118 

4 South Korea 44 393 116 

5 Italy 31 510 100 

6 Germany 25 1009 98 

7 Netherlands 41 684 93 

8 Saudi Arabia 21 279 91 

9 India 36 299 82 

10 Malaysia 16 493 81 

 

The map presented in Figure 3 reveals that there are 

strong bibliographic relations between these countries and 

that especially control systems, energy management and 

artificial intelligence-based optimization studies are 

progressing through common references. The frequent 

reference to model-predictive control (MPC), fuzzy logic, 

and machine learning-based approaches in the literature 

indicates that the field has entered a process of maturation 

in terms of technique (Zupic & Čater, 2015). Additionally, 

developing countries have adopted similar reference 

structures, indicating the dissemination of technological 

knowledge on a global scale, moving towards 

standardization. 

Country-Level Bibliographic Connectivity Analysis for 

Scopus Database 

Country-level bibliographic connectivity analysis 

based on the Scopus database reveals the structure of cross-

country knowledge production and reference sharing in the 

field of greenhouse automation (Figure 4). The results of 

the analysis show that China, India, and the United States 

in particular occupy a central position in the literature in 

terms of both document production and total connection 

power. The fact that China has the highest total connection 

power can be explained not only by the fact that this 

country produces a high number of publications, but also 

shares strong common bases of reference with other 

countries. 

The findings presented in Table 4 reveal that 

developing countries are becoming increasingly visible in 

the field of greenhouse automation and smart agricultural 

technologies. The fact that countries such as India, 

Morocco and Saudi Arabia have high bibliographic 

connectivity values shows that greenhouse automation, 

IoT-based control systems and energy efficiency-oriented 

studies have gained momentum in these countries in recent 

years. Italy's prominence among European countries can be 

attributed to its methodological contributions in areas such 

as greenhouse climate control, model predictive control, 

and sustainable agricultural practices. 
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Figure 3. Bibliographic Connectivity Network by Country for WoS 

 

Table 4. Top 10 Most Effective Countries in Bibliographic Connectivity Analysis According to Scopus Data 

Sequence Country # of Documents # of Citations Total Link Power (TLS) 

1 China 287 2782 3084 

2 India 148 1437 2201 

3 USA 84 1851 1781 

4 Morocco 44 517 1400 

5 South Korea 62 636 1084 

6 Saudi Arabia 26 451 995 

7 Italy 38 624 848 

8 Indonesia 52 187 779 

9 Egypt 24 254 728 

10 Mexico 25 409 711 

 

When the network structure in Figure 4 is examined, it 

is seen that the clusters formed between countries are not 

only based on geographical proximity, but also on similar 

research themes and technical approaches used. The 

findings show that knowledge production in the 

greenhouse automation literature has a multicentric 

structure on a global scale, and academic interaction 

between countries is increasing. The findings reveal that 

greenhouse automation studies have gone beyond being 

just a technical research area and have turned into an 

interdisciplinary research field integrated with energy 

efficiency, sustainability, and agricultural marketing 

strategies. 

 

Keyword Co-occurrence Analysis  

Keyword Co-occurrence Analysis for WoS Database 

The findings regarding the keyword co-occurrence 

analysis  are presented in Figure 5 and Table 5. The results 

in Table 5 show that the concepts of “greenhouse”, “smart 

greenhouse”, and “greenhouse climate control” are at the 

center of the literature. The high repetition and connection 

strength values of these concepts reveal that greenhouse 

automation constitutes the main research focus. 

The keyword map presented in Figure 5 shows that 

three basic thematic axes stand out in the literature. The 

first axis encompasses digital control systems, centered 

around the concepts of IoT, sensors, and automation. The 

second axis includes themes of energy efficiency, climate 

control, and sustainability. The third axis represents 

artificial intelligence-based decision support systems 

shaped around the concepts of machine learning, deep 

learning, and optimization. This thematic structure largely 

aligns with the trends in smart agriculture and digital 

greenhouse management highlighted in previous studies 

(Li et al., 2020; Abdullahi et al., 2023). 
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Figure 4. Country-Level Bibliographic Connectivity Network According to Scopus Data 

 

Table 5. Most Frequently Used Keywords for WoS (Top 10) 

Sequence Keyword Occurrences Total Connection Power 

1 greenhouse 107 151 

2 smart greenhouse 83 109 

3 greenhouse climate control 70 80 

4 IoT 42 75 

5 internet of things 38 69 

6 climate control 26 49 

7 Smart Agriculture 29 40 

8 Precision Agriculture 21 39 

9 Automation 17 37 

10 Machine Learning 24 36 

 

The fact that the keyword patterns are strongly related 

to the concepts of energy efficiency and optimization 

suggests that smart greenhouse automation is not only 

aimed at increasing production but also as a tool to reduce 

energy costs and promote environmental sustainability. 

These findings also explain the prominence of concepts 

such as energy saving, carbon footprint reduction, and 

environmentally friendly production in the marketing 

discourse of greenhouse automation systems (Rossi et al., 

2025). 

Keyword Cooccurrence Analysis for Scopus Database 

Keyword co-occurrence analysis based on the Scopus 

database clearly reveals the thematic structure and research 

trends of the smart greenhouse and greenhouse automation 

literature. When the findings presented in Table 6 are 

examined,  it is  seen that the keyword greenhouse has both 

the highest number of occurrences and the strongest link 

value. These findings show that greenhouses are still 

positioned as the main research object in the literature and 

are strongly associated with other technological concepts. 

The high co-occurrence values of the keywords smart 

greenhouse, IoT and internet of things reveal that 

greenhouse systems are becoming increasingly digital and 

physical production environments are managed through 

cyber-physical systems. It is understood that IoT-based 

sensor networks, in particular, play a central role in the 

real-time monitoring and control of environmental data. 

This trend shows in the literature that sensor technologies 

and wireless communication infrastructures have become 

an integral part of greenhouse automation studies. 

The concepts of machine learning and automation that 

stand out in the keyword network map  indicate a paradigm 

shift from classical control systems to data-driven and 

predictive approaches. Machine learning-based models are 

increasingly being used in the optimization of critical 

parameters such as temperature, humidity, and energy 

consumption. The findings show that greenhouse 

automation is not just a technical control problem but is 

integrated with artificial intelligence-supported decision-

making processes. 
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On the other hand, the keywords precision agriculture 

and smart agriculture exhibit strong connections within the 

network, suggesting that greenhouse automation is part of 

a broader agricultural transformation process. This finding 

is not only the production efficiency of greenhouse 

systems; It also shows that it is considered in the context of 

resource efficiency, sustainability, and energy 

management. Therefore, the Scopus-based findings 

confirm that smart greenhouse research has gained a 

multidisciplinary structure and that there is a strong 

interaction between control engineering, artificial 

intelligence, and digital agriculture literature. 

Co-authorship Structure Between Authors 

Co-authorship Structure Between Authors for WoS 

Database 

The findings regarding the inter-author co-authorship 

analysis are presented in Figure 7 and Table 7. When Table 

7 is examined, it is seen that certain groups of researchers 

are in a central position in the literature. It is understood 

that these authors are largely focused on control systems, 

greenhouse climate modeling, and energy optimization. 

 

 
Figure 5. Keyword Co-Occurrence Network for WoS 

 

Table 6. The 10 Most Frequently Used Keywords in Keyword Co-Occurrence Analysis According to the Scopus Database 

Sequence Keyword Occurrences Total Link Power (TLS) 

1 greenhouse 191 355 

2 smart greenhouse 150 222 

3 IoT 108 265 

4 internet of things 86 179 

5 sensors 50 133 

6 Precision Agriculture 50 121 

7 Smart Agriculture 61 112 

8 Automation 36 111 

9 Machine Learning 39 84 

10 greenhouse automation 40 59 

 

Table 7. Co-authorship Characteristics of the 10 Most Influential Authors in the Literature 

Sequence Author # of Documents # of Citations Total Connection Power 

1 Shamshiri, R.R. 12 420 65 

2 Van Straten, G. 9 380 58 

3 Li, T. 11 310 54 

4 Zhang, Y. 10 295 52 

5 Rossi, F. 8 260 49 

6 Abdullahi, M. 7 240 46 

7 Platero-Horcajadas, S. 6 215 44 

8 Kim, J. 7 205 42 

9 Wang, L. 9 198 41 

10 García, C. 6 185 39 
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Figure 6. Map of Keyword Co-occurrence Network According to Scopus Database 

 

 
Figure 7. Author Co-authorship Network for WoS 
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Table 8. Scopus – Inter-Author Co-Authorship Top 10 Authors 

Sequence Author Name Number of Documents Number of Citations Total Connection Power 

1 Xu, Lihong 25 560 44 

2 Zejli, Driss 13 312 31 

3 Hu, Haigen 12 309 29 

4 El Bouaydi, Rachid 9 11 22 

5 Adami, Davide 7 9 20 

6 Bajit, Abderrahim 8 6 20 

7 Bua, Cristian 7 9 20 

8 Giordano, Stefano J. 7 9 20 

9 Jackson, David W. 8 10 19 

10 Achour, Yasmine 7 360 17 

 

 
Figure 8. Inter-Author Co-Authoring Network According to the Scopus Database 

 

The author co-authorship map presented in Figure 7 

shows that the field is centered around specific 

methodological schools. While European-based researchers 

focus more on energy efficiency and control algorithms, Asia-

based authors focus on application-oriented IoT and sensor-

based solutions. These findings prove that smart greenhouse 

automation has become an interdisciplinary and international 

field of research, and knowledge production is developing 

through global collaborations (Shamshiri et al., 2018; Platero-

Horcajadas et al., 2024). 

When evaluated as a whole, bibliometric findings based 

on WoS and Scopus databases reveal that the smart 

greenhouse automation literature is concentrated on the 

axes of control systems, IoT, artificial intelligence, and 

energy efficiency. The common patterns obtained in both 

databases indicate that the field is technically mature; on 

the other hand, marketing, technology adoption, and 

sustainability-based studies remain relatively limited. In 

this respect, the findings indicate that smart greenhouse 

automation has evolved beyond being an engineering-

based research field into a multidimensional 

transformation area that needs to be considered together 

with its economic, managerial, and marketing dimensions. 

When the table and map results are evaluated together, it is 

seen that the field has reached technical maturity, but at the 

same time, marketing, technology adoption, and 

sustainability dimensions are gaining more and more 

importance. In this respect, the findings reveal that smart 

greenhouse automation is not only an engineering-based 

research field, but also a versatile transformation area with 

economic and managerial dimensions. 

Co-authorship Structure Among Authors for the WoS 

Database 

The inter-author co-authorship analysis based on the 

Scopus database shows that limited but intense 

collaboration clusters are prominent in the literature 
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focused on smart greenhouse systems, IoT-based 

agriculture, and automation  (Figure 8). When the map is 

examined, it is seen that the network is concentrated around 

a few central writers and these centers generally consist of  

researchers producing in the fields of technical control 

systems, greenhouse automation and data-based 

agricultural technologies. 

The findings presented in Table 8  reveal that authors 

such as Xu, Lihong, Zejli, Driss, and Hu, Haigen are 

among the core actors of the network in terms of both the 

number of documents and the total connection strength. In 

particular, Xu, Lihong's high level of connectivity suggests 

that this author is a bridge between different research 

groups  and supports interdisciplinary collaborations. 

The colored clusters on the map suggest that co-

authorship relationships are generally  shaped around 

geographical proximity, similar methodological 

approaches,  and control-automation-based technical 

expertise. For example, in some clusters, model-based 

control, optimization and greenhouse climate management 

issues come to the fore; in other clusters, it is seen that IoT, 

sensor networks and data collection infrastructures are at 

the center. 

This structure shows that the work within the scope of 

Scopus has a high technical depth but a fragmented 

character in terms of collaboration. In the literature, 

marketing, energy efficiency and sustainability dimensions 

are mostly articulated to technical studies; however, it is 

understood that these themes have not yet evolved into 

broad and integrated co-authorship networks. These 

findings indicate that  there is significant potential for 

multidisciplinary research teams that consider control 

systems and marketing and sustainability approaches 

together in the future. 

To improve transparency and comparability, Table 9 

summarizes the main differences between the WoS and 

Scopus datasets used in this study. 

 

Discussion 

 

The bibliometric analysis carried out using Web of 

Science data in this study reveals that academic interest in 

IoT and artificial intelligence-based control systems in the 

agricultural sector has increased significantly in recent 

years. The acceleration observed in the number of 

publications, especially after 2015, coincides with the 

trends previously reported in the literature (Abdullahi et al., 

2023; Choudhary et al., 2025). This increase is closely 

related to the rising energy costs in agriculture, the pressure 

of climate change on production, and the maturation of 

digital technologies (Morkūnas et al., 2024). 

The central location of terms such as “smart greenhouse”, 

“IoT”, “energy efficiency”, and “control systems” in the 

keyword co-occurrence analysis indicates that the literature is 

largely focused on controlled agricultural environments and 

energy optimization. It is clear that areas such as greenhouse 

automation and climate control are the production 

environments where the tangible benefits of IoT and AI 

applications can be most clearly observed (Platero-Horcajadas 

et al., 2024). The findings are clear: AI-supported control 

algorithms provide significant energy savings compared to 

classical control approaches. This explains why these 

technologies have become the focus of research (Platero-

Horcajadas et al., 2024). 

 

Table 9. Comparison of the Web of Science (WoS) and Scopus Datasets 

Item Web of Science (WoS) Scopus 

Search date 31 December 2025 31 December 2025 

Query fields 
Topic (TS: title, abstract, author keywords, 

Keywords Plus) 
TITLE-ABS-KEY (title, abstract, keywords) 

Query string 

(“greenhouse automation” OR “smart 

greenhouse” OR “automated greenhouse” 

OR “precision greenhouse” OR “intelligent 

greenhouse” OR “IoT greenhouse” OR 

“greenhouse climate control” OR 

“automated climate control greenhouse”) 

TITLE-ABS-KEY(“greenhouse automation” OR 

“smart greenhouse” OR “automated greenhouse” OR 

“precision greenhouse” OR “intelligent greenhouse” 

OR “IoT greenhouse” OR “greenhouse climate 

control” OR “automated climate control greenhouse”) 

AND PUBYEAR > 2009 

Filters 

applied 
None None 

Records 

retrieved (n) 
724 1,282 

Time span 

(years) 
1981–2026 2010–2026 (PUBYEAR > 2009) 

Main analysis 

outputs 

reported in 

this study 

Country co-authorship; country 

bibliographic coupling; keyword co-

occurrence; author co-authorship 

Country co-authorship; country bibliographic 

coupling; keyword co-occurrence; author co-

authorship 

Key 

takeaway 

WoS results emphasize control systems and 

energy optimization, with China and the 

United States as central hubs and clusters 

structured around greenhouse climate 

control and optimization themes. 

Scopus results show stronger prominence of IoT-

based monitoring, machine learning, and data-driven 

automation, indicating a shift from classical control 

toward predictive and adaptive decision-support 

systems while maintaining China and the United 

States as major hubs. 
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When the distribution of publications and cooperation 

networks by countries are examined, it is seen that 

countries such as India, the United States and China come 

to the fore in the literature. The findings can be attributed 

to the fact that these countries both have large agricultural 

production capacities and increase public and private 

sector investments in digital agricultural technologies 

(Abdullahi et al., 2023). In addition, the intensity of 

cooperation networks between countries shows that smart 

agriculture has become a global research area, and 

knowledge production is increasingly realized through 

international partnerships. 

Although the bibliometric maps are dominated by 

technical terms (e.g., IoT, sensors, automation, energy 

efficiency, and AI-enabled control), the presence of 

marketing-related keywords indicates that smart 

greenhouse automation is also being positioned as a value 

creation and diffusion challenge rather than solely an 

engineering problem. In practice, greenhouse automation 

technologies create market-facing outcomes such as 

product quality consistency, traceability, reduced chemical 

inputs, and resource efficiency, which can be translated 

into differentiation claims for end consumers and 

institutional buyers. However, the keyword structure 

suggests that these market-oriented narratives remain 

comparatively underdeveloped in the core intellectual 

structure of the field, implying that the “marketing” 

dimension has not yet formed a mature cluster equivalent 

to the dominant technical themes. 

From a technology adoption perspective, this 

underrepresentation is noteworthy because the commercial 

impact of smart greenhouse solutions depends on how 

growers perceive relative advantage, compatibility with 

existing practices, cost–benefit expectations, and perceived 

risks (e.g., data security, vendor dependence, and maintenance 

complexity). Therefore, future research can strengthen the 

field by integrating adoption-oriented frameworks (e.g., 

innovation diffusion and acceptance perspectives) with the 

operational performance lens, and by examining how market 

readiness, stakeholder trust, and value communication shape 

the uptake of IoT/AI-based greenhouse systems. Such work 

would also help link technical performance indicators (e.g., 

yield stability, energy savings) to market outcomes (e.g., price 

premium potential, channel acceptance, and reputation 

effects), thereby supporting a more genuinely 

multidimensional research agenda.Bibliometric findings 

reveal that technical-oriented studies are dominant in the 

literature, but the marketing and adoption dimension is also 

gaining increasing visibility. In particular, the inclusion of 

concepts such as traceability, transparency, and consumer 

trust in keyword networks shows that IoT and artificial 

intelligence applications are gaining importance not only in 

terms of production efficiency but also in terms of marketing 

products and creating brand value (Rossi et al., 2025). This 

trend aligns with the growing expectations for sustainability 

and ethical production in agricultural products. 

However, the frequent emphasis on technology 

adoption barriers in the literature suggests that there are 

still significant challenges in translating technical potential 

into practical implementation. High initial costs, lack of 

technical knowledge, and data security concerns pose 

significant barriers, especially for small-scale 

manufacturers (Choudhary et al., 2025; Mallinger et al., 

2024). In this context, the increasing inclusion of 

marketing and adoption themes in bibliometric analysis 

suggests that future studies should focus not only on 

engineering solutions but also on user-centric design and 

marketing strategies. 

 

Conclusion 

 

This study presented a bibliometric evaluation of the 

literature on IoT and artificial intelligence-based control 

systems in agriculture based on Web of Science data. The 

findings show that studies focused on greenhouse 

automation and energy efficiency have a central position in 

the literature and that academic interest in these fields has 

increased rapidly in recent years. The interdisciplinary 

nature of the publications reveals that smart agriculture has 

become not only a technical subject, but also a holistic 

research area with economic and marketing dimensions. 

The study results confirm that IoT and artificial 

intelligence-supported control systems have a high 

potential to provide energy savings and resource efficiency 

in agricultural production. However, the increasing 

presence of marketing, traceability, and technology 

adoption themes in the literature suggests that technical 

performance alone is not sufficient for the 

commercialization and proliferation of these technologies. 

Manufacturers' perception of return on investment, 

consumer trust, and transparency expectations stand out as 

determinants of the technology's success (Rossi et al., 

2025; Mallinger et al., 2024). 

The main limitation of this study is that the analyzes are 

limited to Web of Science and Scopus databases. Although 

two large international citation databases were used 

together, the fact that Google Scholar or regional indexes 

were not included in the analysis can be considered as a 

factor that may limit the scope of the literature. The use of 

different databases together in future studies may offer a 

broader and comparative perspective. Additionally, 

supporting bibliometric analyses with qualitative content 

analysis or field studies will contribute to a deeper 

understanding of the effects of smart agricultural 

technologies in real application conditions. 

In conclusion, this study reveals the current state of the 

IoT and artificial intelligence-based control systems 

literature in agriculture and emphasizes the importance of 

considering energy efficiency and marketing dimensions 

together. The findings are considered to be a guide for both 

researchers, policymakers, and industry stakeholders. 
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