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ABSTRACT

DESIGN AND PROPOSITION OF TECHNOLOGY
POLICIES TO DIFFUSE GREENHOUSE TECHNOLOGIES IN TURKEY: A
CASE FOR SPEAKING PLANT APPROACH

BAYKAL, Serra
M.S., The Department of Science and Technology Policy Studies
Supervisor: Assist. Prof. Dr. Arsev Umur AYDINOGLU

June 2021, 230 pages

Main purpose of this thesis is to explore closed cultivation environment as greenhouses
under protected cultivation in Turkey, emphasizing advanced production methods in
use, challenges of improving current operations and ways of diffusing advanced tools
and equipment through policies. In order to specify needs and solutions towards
diffusing greenhouse technologies, solutions compatible to Speaking Plant Approach
are centered. Protected cultivation technologies are not diffused at the potential level
in Turkey, compared to countries known with their greenhouse operations and their
scientific contribution in advancing Speaking Plant Approach, as Netherlands and
Japan. Beside of financial investment concerns, key development areas need to be
investigated with an interdisciplinary aspect to ensure policies have a holistic
approach. Functional categories are designed and elaborated in accordance with
Technological Innovation System approach to generate policy instruments and
recommendations. The functional analysis underlines problems to be addressed, in
parallel to prioritization made by actors taking part in public policies in agricultural
concerns. Accordingly, greenhouse owners selected by different size of operations are
included to this study to understand producer needs and expectations in the field.

Bearing in mind the country-based resources and infrastructure on greenhouse
iv



operations and technologies, policy instruments are presented according to both
greenhouse owner expectations and perspectives of public servants in Chambers of

Agriculture.

Keywords: Speaking Plant Approach, Greenhouse, Greenhouse Technologies,
Technological Innovation System, Policy
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TURKIYE’DE SERA TEKNOLOJILERININ YAYGINLASTIRILMASINDA
GEREKLI TEKNOLOJI POLITIKALARININ TASARLANMASI VE ONERILER:
KONUSAN BITKI YAKLASIMI ORNEGI

BAYKAL, Serra
Yiiksek Lisans, Bilim ve Teknoloji Politikas1 Calismalari Bolimii

Tez Yoneticisi: Assist. Prof. Dr. Arsev Umur AYDINOGLU

Haziran 2021, 230 sayfa

Bu tezin amaci, Tirkiye'de korumali tarim ve seracilikta kullanilan gelismis iiretim
yontemlerini aragtirmak, mevcut operasyonlari iyilestirmenin zorluklarini belirlemek
ve turetimde kullanilabilecek teknolojik ¢oziimlerin politika yolu ile yaymanin
yollarin1 vurgulamaktir. Bu kapsamda seracilikta kullanilabilecek teknolojileri
belirlemek adina Konusan Bitki Yaklagimi temel alinmistir. Hollanda ve Japonya gibi
sera isletmeciligi ve Konusan Bitki Yaklagiminin ilerletilmesinde bilimsel katkilar1 ile
bilinen iilkelere kiyasla, korumali tarim kapsamindaki sera teknolojilerinin
Tiirkiye’deki yayilimi iilke potansiyelinin altinda kalmaktadir. Temel iyilestirme
alanlarinin belirlenmesi i¢in ii¢ iilkenin farkli fonksiyon ve dinamiklerinin, disiplinler
arast bir bakis acisiyla incelenmesi gereklidir. Fonksiyonel kategoriler, politika
araclar1 ve Oneriler, Teknolojik Yenilik Sistemi yaklasimina gore tasarlanmis ve
detaylandirilmigtir. Fonksiyonel analiz, tarimsal alanda kamu politikalarinda yer alan
aktorlerin yaptig1 Onceliklendirmelere paralel olarak ele alinmasi gereken ana
sorunlarin altini1 ¢izmektedir. Ana problemler ise, farkli biiytikliikteki operasyonlarda
yer alan sera sahipleri, sahadaki {iretici ihtiyac¢ ve beklentilerini kapsayici bir sekilde

ortaya konmaktadir. Sera isletmeciligi ve teknolojilerine yonelik politikalar, iilke bazli
Vi



var olan kaynaklar ve altyapilar da g6z 6niinde bulundurularak hem sera ¢alisanlarinin

ihtiyaclari hem de Ziraat Odasi ¢alisanlarinin bakis agilarina gore sunulmaktadir.

Anahtar Kelimeler: Konusan Bitki Yaklasimi, Sera, Sera Teknolojileri, Teknolojik
Yenilik Sistemi, Politika
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CHAPTER 1

INTRODUCTION

For centuries, agriculture stood mainstay as a factor of growth and self-
sufficiency. Many Latin American and Asian countries used agricultural development
for their economic transformation (Diao et al., 2007). India, through its Green
Revolution, stands as an important example. Green Revolution’s objective was to
adopt high-yield varieties, which eventually shifted India to be a key exporter of wheat
(Freebairn, 1995; Sebby, 2010). Next to being a factor of economic development,
agriculture is important for national recovery and self-sufficiency. Whilst being among
most sensitive sectors against battles, civil wars, and large migration flows, national
food stocks are compensated through agricultural reforms during post-war periods.

There are two perceptions on agriculture’s role in today’s world. At one side,
agriculture is not considered a fundamental factor for economic development, but
rather an element for poverty reduction (Christiaensen et al., 2011). On the other side,
scholars motivated by Hirschman and Fields, define agriculture as a multiplier of
economic development (Dzemydaite, 2017; Fields, 2004; Hirschman, 1958). Kalecki
(1966) provides one of the arguments on that issue: “The point is that in an
underdeveloped economy agricultural production is beset with a variety of limitations,
which would prevent it from growing at a high rate even if all material resources were
available” (Lopez & Assous, 2010). Kalecki’s study was on the nature of economic
growth and food demand. Kuznets also agreed on agriculture’s contribution through
net output, production contribution per worker and agricultural labor force (Kuznets,
1961).

Agricultural activities in Turkey are serving more than self-sufficiency in terms
of input supply to industrial sectors, agricultural export and employment opportunities
(Yavuz, 2005). As per Maslow's hierarchy of needs, agricultural activities are in a

wide spectrum starting from basic human needs to self-development.
1



Yet, due to insufficient awareness on organic and sustainable farming and
tendency to avoid high price on products, good agricultural practices in Turkey serves
for export (Eryilmaz et al., 2015). As result, agricultural production became one of the
“Strategic Locomotive Sectors” in Vision 20232,

Either for economic development or for poverty reduction, agriculture is an
inevitable part of life. Simply because, food production remains among basic needs of
humanity (Berners-Lee et al., 2018; Harari, 2011; Pawlak & Kotodziejczak, 2020).
Discussing agriculture apart from development — or vice versa — is not possible.
Hayami and Ruttan (1970) emphasize the dependency of agricultural development to
substantial investment on technical and institutional infrastructures Thereafter,
“induced innovation model” is adopted, considering technical changes in agriculture
as endogenous factors in economic systems (Diao et al., 2007). Even though this
theory re-studied by other scholars (Grabowski, 1979), the idea of using
interdisciplinary linkages for agricultural development remained still.

This thesis is an interdisciplinary study combining agricultural technologies
and technology policies. There are numerous research areas in agricultural studies.
Since agriculture is an immense field of study, focuses are given to different issues as
location, production method, product or technology. This thesis takes greenhouse
cultivation under protected cultivation as the main agricultural field and questions the
current and potential usage of advanced technologies in production. Protected
cultivation eliminates external factors arising from geographical and climate factors,
thanks to its closed and laboratory-similar environment. Therefore, it creates a great
potential for scientific and interdisciplinary studies.

Studies of protected cultivation involve different concepts as horticulture,
agronomy, plant sciences, agricultural engineering, food science technology,

entomology, soil science, microbiology and so on (Figure 1).

1 http://www.tsv2023.org/index.php/stratejik-lokomotif-sektorler/41-uncategorised/143-tarim-gida-ve-
hayvancilik.html
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Figure 1: Top 5 Research Areas in Protected Cultivation

Source: Web of science, filtered with “protected cultivation”

Under protected cultivation, there are 103 results on multidisciplinary studies
(Figure 1). Among those studies, majority of the concept involves investigation and
assessment of technological applications and scientific methods on productivity and
cultivation process of different products. Yet, studies on policies to bring current
grower knowledge and ways to diffuse necessary technologies are limited. There are
several studies involving the dynamics of Turkey. Main focus is given to product-
based requirements, trade potential, competition power and climate affects in different
greenhouse types.

Protected cultivation in Turkey goes back to 1940s (Sevgican, 1999). Since
then, businesses are located in the south regions where favorable climate and
geothermal sources exist. Along with the developments in production techniques,
high-tech greenhouses also take part in agricultural production with climate control
systems, advanced growing technologies and integrated production and production
techniques (Tuzel & Oztekin, 2016).

Under protected cultivation, businesses operate mainly in greenhouses and

tunnels. Also, it is possible to grow in soil and soilless environments. Today, modern



greenhouses have usually soilless production and control techniques of production
inputs. Controlled techniques are usually adopted in closed greenhouses, semi-closed
greenhouses and classical modern greenhouses (Silleli et al., 2020). Different types of

greenhouses and tunnels of Turkey are detailed in Table 1, in terms of area of land.

Table 1: Areas for Land under Protective Cover by Type

GLASS PLASTIC HIGH LOW
GREENHOUSES GREENHOUSES TUNNEL TUNNEL
2010 80772 230 543 81521 170 969
2011 78 878 247 962 108 910 175701
2012 80 728 278 730 95 095 163 207
2013 80 739 278 661 97 986 157 737
2014 80 976 298 651 107 095 156 720
2015 79977 306 074 112 674 161 541
2016 80 137 328 745 112 974 169 867
2017 85749 355121 119 899 191 399
2018 78 110 368 527 114 232 211 222
2019 75 495 378 670 111 038 224 400
2020 80779 401 795 104 258 218 326

Source: Ministry of Agriculture and Forestry, Land under protective data have been

compiled since 1995

Along with increasing area of lands, good agricultural practices and organic
farming also improved in Turkey. Today, greenhouse cultivation addresses more than
consumption. With trade-oriented objectives, shift to food health and environmental
impact concerns came to stage (Yilmaz, 2014). Coupling this shift with changing
indoor and outdoor climate conditions, technological improvements become an
inevitable part of greenhouse cultivation for quality and yield (Cemek et al., 2015).

Even though such shift contributes on production development; integrated
control and monitoring for diseases, pets, fertilization and irrigation remain limited
(Kurtaslan, 2021). Studies also suggest that grower decisions are applied rather than
automated scheduling and plant-specific need examination, except from few high-

4



technology greenhouses (Kacira et al., 2004). This creates a large gap between small
and large firms in terms of network, financial capabilities and technology. Hence,
prioritization of the government bodies and policy makers towards advanced
greenhouse cultivation remains limited. To that end, industrial prioritization mainly
depends on institution-based objectives and capabilities.

This thesis elaborates one of the advanced greenhouse production method for
protected cultivation, namely Speaking Plant Approach (SPA). While investigating
current status of Turkish greenhouses, technology diffusion approaches lessons learnt
from two selected innovation systems are taken into consideration as guidance. Japan
and the Netherlands are selected as best-practice countries to follow their steps in
adopting SPA related technologies.

Japanese agriculture involves different scales of farming with advanced plant
management systems. For that reason, precision agriculture and SPA are quite
appealing for a variety of actors in Japan. They include but not limited to farmers,
government officials, private sector members and academic institutions (Sasao &
Shibusawa, 2000). Hence, Japanese policies are designed to integrate advanced
technologies to different business areas (Deguchi et al., 2020). Greenhouse cultivation,
as part of agricultural operations, also takes part in these policies. Thanks to numerous
actor involvement and comprehensive policy designs, Japan represents one of the best
examples to understand SPA applications and relevant steps for technology adoption
strategies.

The Netherlands, on the other hand, is known by being one of the giants in
greenhouse cultivation. 80% of cultivated land in Southern region is under glass
greenhouse (Could High-Tech Netherlands-Style Farming Feed the World?, 2019a).
Modern greenhouse cultivation, especially among European countries, is far most
represented by Dutch businesses (Tataraki et al., 2020). Apart from scientific and
technological diffusion, Dutch greenhouses are examined in terms of their part in
national economy and trade. In that sense, commercialization and successful business
applications are catching aspects to choose the Netherlands as the second best-practice
example.

To contribute to the potential of greenhouse cultivation in Turkey, this thesis
primarily aims to (1) understand greenhouse cultivation in Turkey and advanced
production methods, (2) challenges of improving current greenhouse operations, and

5



(3) identify ways of diffusing advanced tools and equipment through policy
recommendations. To achieve these three aims, following research question is asked:
in comparison to Japan and the Netherlands, how should early technology policies be

designed to adopt SPA in greenhouse operations?

1.1 Organization of the Thesis

In the Second Chapter, a detailed literature review is provided. Literature
review starts with introducing agricultural innovation path throughout the history.
Afterwards, precision agriculture and SPA are further detailed to understand the
potential contribution of this method to traditional practices. Examples from empirical
studies and historical evolution of SPA applications are also emphasized. Hence,
interdisciplinary studies having similar context are also presented. Finally, the research
question is asked and theoretical framework is detailed. Constructing the theoretical
framework from Technological Innovation Systems (TIS), functional analysis for
policy development is elaborated. After examining literature on policy development
under innovation system approach, the need for having a tailor-made framework is
explained.

In the Third Chapter, tailor-made theoretical framework and methodology are
presented. First, functions involved in the analysis are detailed. Second, methodology
is explained including the reasoning of selected data, methods of analysis and the
degree on answering the research question with existing sources.

In the Fourth Chapter, findings are discussed under each selected function.
Findings are descriptive in two ways. First, they are describing current status of
greenhouse cultivation in Turkey. It is necessary to see strengths and weaknesses of
the sector, so that needs of producers are better identified. Second, problematic issues
against effective technology diffusion policies are presented. These issues are pointing
out key areas to focus in designing policy instruments. Each function and problem are
important to ensure a long term and sustainable technology diffusion objective, so that

producer needs are better addressed.



In the Fifth Chapter, concluding remarks are given. Re-emphasizing everything
elaborated throughout the analysis, limitations of this study is detailed. Thus,

discussions and future research topis are given.

1.2 Significance of the Thesis

This thesis contributes to existing literature in four aspects. First, the design of
technology diffusion policies is centered, instead of studying a particular cultivation
method. Majority of agricultural studies are addressing a product or production
method. While new techniques and scientific contribution are seen in those studies,
interdisciplinary approach from social sciences are not quite adopted. This thesis
differs from those by focusing on a technology policy approach.

Second, this thesis attempts to re-structure existing policies in favor of
advanced greenhouse cultivation in Turkey. Turkish government policies on
greenhouse cultivation are found limited with energy saving priorities or financial
incentives through bank credits. The context of policy instruments given in this thesis
goes one step further. Issues beyond heating and energy concerns are explained and
prioritized.

Third, this thesis plays an introductory role in designing technology policies
favoring SPA in Turkish greenhouses. While being the first academic study on SPA
application and relevant policy instruments in Turkey, advantages of systematic policy
design method are highly emphasized. Meaning that, same research and analysis
structure are applicable to different technologies in agricultural practices. Agricultural
Technology and Innovation studies aiming to apply the same theoretical framework
are highly encouraged.

Fourth, functional analysis given in literature is re-designed by adding an
additional function. Methodological contribution involves F7: Public Awareness and
Information Network as an added-value to existing literature. While existing studies
emphasize similar context through investigating the relationship between actors, this

thesis separates the sources of communication, networking and awareness raising.



CHAPTER 2

LITERATURE REVIEW

2.1 Agriculture, Science, Technology and Innovation

Farming has the same scope as scientific experiments (Hoffmann et al., 2007).
In that sense, farmers are acting as scientists, rather than industrial workers. They are
not solely subject to provide inputs for food and textile, but also to take cautions
against soil erosion, nutrient loss, water flows and floods (Oliver et al., 2013).
Accordingly, DeWalt suggests agricultural innovation to be combined with indigenous
knowledge of farmers for ecologically sustainable solutions (Dewalt, 1994).
Nevertheless, Scientific Revolution prioritized artisans and mechanics more than
agricultural workers (Deborah Fitzgerald et al., 2018). For that reason, agricultural
development attributes did not show considerable success until 1960s (Ruttan &
Hayami, 1973). Albert Moseman puts his concern as: “Perhaps the most certain
feature about building national systems for agricultural research is that neither
significance nor their processes are well understood” (Busch & Lacy, 1983).

Rosenberg (1971) outlines the earlier interaction between science, technology,
society, and agriculture through “agricultural experiment stations”. Similar to today’s
Research and Development Centers, these stations concerned with both technological
development and societal impacts of agriculture (Danbom, 1986). They were
important in designing alliances and policies with the aim of agricultural technology
development. Yet, they were still focused to have chemical inputs to have a
technological change (Danbom, 1986; Marcus, 1985). As of 1970s, agricultural
development broadened its concept from chemical interests and entered to a transition
path from resource-based to technology-based practices (Kristensen, 1997). This

transition brough different aspects into agricultural practices.



First, new methods influenced rate of return and productivity levels. In that
framework, mechanization also played an important role (Anderson, 2005). Second,
social roles and relationship between farmers-scientists came to stage (Byerlee et al.,
2009; Fitzgerald, 1991). Consequently, subjects like system of production, women
employment in agriculture, and actor-network theories became important study areas
in agricultural development (Deborah Fitzgerald et al., 2018).

Hughes explains the relationship among institutions, individuals, theories, and
machineries by: “technology is both a shaper of, and is shaped by values” (Blake,
1990). Transferring his approach into agricultural technology development, two types
of knowledge are essential: (1) basic knowledge to overcome exogenous factors
against production and (2) knowledge on institutional structures for technology
adoption strategies (Smithers & Blay-Palmer, 2001).

As per the first type of knowledge, modern agricultural technologies focused
on eliminating exogenous factors in value chain. This means, in hypothetical sense,
humans communicating with nature and addressing its needs for productivity. Second
type of knowledge, on the other hand, deals with the technological trajectories in
agricultural value chain and innovation systems. While these trajectories are not
exceptional for agricultural operations, they target greater concepts as adaptation to
climate changes, strengthening food security, biodiversity, natural resource
management and public and private partnership (Possas et al., 1996; Touzard et al.,
2015).

Bearing in mind Hughes’s statement, this thesis deals with the second type of
knowledge and functional framework to adopt necessary technologies. Selected
production method (SPA under Precision Agriculture) and method of analyzing
relevant innovation system (TIS as part of Innovation System Approach) are detailed

in the next two sections.

2.2 Precision Agriculture

There are several taxonomies to define precision agriculture. Some scholars
use the methodological aspects to understand precision agriculture. These include

process of collection, interpretation, and usage of crop data (Buick, 1997; Gebbers &



Adamchuk, 2010). Some scholars, on the other hand, matches the conceptual
framework to tools (Mcbratney et al., 2005; Mulla, 2013). Meaning that, precision
agriculture is considered as a combination of guidance systems, recording
technologies, and reacting technologies (Balafoutis et al., 2017). Among all, most
generic and comprehensive definition for precision agriculture is: “the right treatment
in the right place at the right time” (Gebbers & Adamchuk, 2010, p. 828).

Initial reference of precision agriculture goes back to 1980s (Baylou, 1987;
Cowan, 2000; Krutz, 1983; Lowenberg-DeBoer & Boehlje, 1996; Pitts et al., 1986;
Schueller, 2009). At that time, main objective of was to understand and manage means
of drainage, landscape, soil features, texture, nutrition, and pH level through soil
survey (Oliver et al., 2013). Together with the adaptation of microcomputers,
agriculture is exploited through advanced tools and methods. This was the beginning
of “Farming by Soil Types” concept, so as called Precision Agriculture (Robert, 1999).

Together with challenges faced throughout the history, agricultural engineers
integrated multidisciplinary concepts to solve sustainability problems in agriculture
(Maohua, 2001). Having numerous spotlights within the value chain, sustainable
agriculture could be defined by following:

Sustainable Agriculture as the one that, over the long term, enhances
environmental quality and the resource base in which agriculture
depends; provides for basic human food and fiber needs; is
economically viable; and enhances the quality of life for farmers and
the society as a whole. (Bongiovanni & Lowenberg-Deboer, 2004, p.
360).

Correspondingly, means of sustainability of precision agriculture are explained

under profitability, productivity, safety and quality, decision-making process, and

environmental friendliness (Table 2).

Table 2: Concerns of Agricultural Sustainability and Link to Precision Agriculture

Agricultural profit is challenging to measure due to its nature of mixed
results (Lowenberg-DeBoer & Swinton, 1997). Still, there are several
suggestions implicating risk assessment to be based on variability of crop
yield (Olson, 1998; Zhang et al., 2002), risk reduction hypotheses (C.
Profitability Oriade & Popp, 2000) and bio economic model on control systems (C.
A. Oriade et al., 1996). Among all profitability analyses, precision
agriculture practices showed positive results by optimizing inputs and
reducing any type of overusing (Lambert & Lowenberg-DeBoer, 2000).

Agricultural productivity is achievable through diminished input costs
Productivity and time saving (Soto et al., 2019). Once farmers and agronomists.
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Table 2 (continued)

Food Safety
and Quality

Management
Support

Environmental
Impacts

understand the characteristics of plants and exogenous environment,
decision support systems could define biophysical attributes of crop and
how to react towards them (Liaghat & Balasundram, 2010). By meaning,
productivity is the core concept of precision agriculture because it deals
with effective use of existing natural resources.

Beside the monetary impacts, a controlled and guided system is strongly
correlated with quality and safety measures. Not only the productivity,
but also the quality improvement of yield is altered by the soil and
fertility (Tardaguila et al., 2011). Relatedly, technology-driven solutions
prioritize taking necessary precautions against extreme weather
conditions, pests, insects and fungal infestations (Dryancour, 2017).
Keeping and sharing the real-time plant data during the cultivation not
only guide farmers how to react against any unforeseen circumstances
but also track plant status to make sure the cultivation and storage
processes are in accordance with health and safety standards.

Decision support systems have high impact on farm management for both
cultivation and storage processes (Erickson & Widmar, 2015). Decisions
on hybrid selection, arable land rentals, fertilizer applications, chemicals,
and fuel intakes are depending on the crop or soil characteristics (Mulla,
2013). Therefore, decision making processes involve well-established
communication networks between the producer and the land or
greenhouse environmental control system (Ehret et al., 2001). Precision
agriculture promotes a strong communication with the soil and crop, so
that farmers can obtain more data to make better decisions to reach all-
round objectives (Olson, 1998).

Water pollution, floods, erosion, crop damages, GHG emissions, and
destruction in biodiversity are among potential environmental impacts of
farm operations. Hence, Olivier describes consequences of over
application of fertilizers and pesticides as part of environmental
degradation (Oliver et al., 2013). Technological solutions are studied as
mitigating measures against any potential environmental damage of farm
operations (Balafoutis et al., 2017; Fuglie & Bosch, 1995; Hudson &
Hite, 2003; Oliver et al., 2013; C. A. Oriade et al., 1996). These studies
involve irrigation control systems (Goumopoulos et al., 2014),
application of optimal level of nitrate contamination for yield
productivity (Biermacher et al., 2009), controlled pest and pesticide
treatment (Oliver et al., 2013). These concepts are highly interlinked with
precision agriculture practices in terms of how much, when or exactly
where to use these production inputs to have minimum environmental
damage.

While precision agriculture comes with numerous assets, there are still

challenging issues. In sum, there are two problematic categories: finance and

perception.

Precision agriculture requires technologically advanced equipment and tools,
which brings a high cost of investment (Long et al., 2016; Ondoua & Walsh, 2017,
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Wiebold et al., 2015). Hence, inability to access financial resources also impacts agri-
businesses, which is a frequently seen problematic (Long et al., 2016). As for almost
all businesses, investment costs are first-in-mind before taking a step towards
automation and technological improvement. In order to get the maximum return on
investment, producers should be aware of their needs and be clear on their long-term
objectives.

Thus, perception-related factors (as psychological, demographic, and
sociological factors) are affecting how agricultural businesses grow. In that sense, age
and background greatly matter in technology adoption (Tey & Brindal, 2012).
Younger farmers have better potential to adopt technology driven solutions since they
might be less reluctant to change. Thus, they might better understand the technological
value-add (Mahant et al., 2012). Yet, there is always a risk of positive illusions for this
target group (Vishwanath, 2009). Therefore, agricultural technologies should
compromise new methods of doing the traditional activities, rather than suggesting a
bottom-up changes.

There are numerous production methods under precision agriculture. These
methods are differing by product needs, existing natural resources and technological
infrastructure. Methods and technologies related to precision agriculture are not
examined: however, one of the production method for greenhouse cultivation is
selected. Next section details historical development and exemplary details from

academic literature on SPA.

2.3 Speaking Plant Approach

Growth path of each plant differs from other, not only based on external factors
such as light, water and humidity, but also their own characteristics. To achieve an
understanding and external control on behavioral status of plants, SPA is proposed
(Udink ten Cate et al., 1978). Optimization of calculation and techniques to monitor
and control plant reactions with real-time measurement are the core concepts (Tetsuo
Morimoto & Hashimoto, 1998). In that sense, SPA simply deals with qualitative

understanding of plant behavior through data collection and analysis.
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First proposed in 1978 as a system theory of greenhouse cultivation, SPA has
been studied in the manner of behavioral control modelling. Coming up to 21% century,
SPA studies faced several changes in academic studies due to advancing technologies
and increasing usage by greenhouse businesses. To understand the academic study
concentration for SPA, abstracts published between 1978-2020 in Web of Science,
Google Scholar, Science Direct, Academia, Springer, Semantic Scholar and Sage

Journals are examined. Figure 2 shows number of studies since 1978 with more detail.
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Figure 2: Number of academic results for "Speaking Plant Approach” between 1978-
2020
Source: Web of Science, Google Scholar, Science Direct, Academia, Springer,

Semantic Scholar and Sage Journals, filtered with “Speaking Plant Approach”

By eliminating overlapping publications, 294 studies are selected and analyzed
by their title, author keywords and abstracts. In this analysis, a categorization is made
by following titles: review, model development, testing, system development,
interdisciplinary study, method development, Al applications, hardware system
introduction, policy and technology development.

After the theoretical studies presented at the end of 1970s; technical testing,
control algorithms, computer processing systems, and different modelling approaches
are started to be investigated. By 1985, pilot studies and artificial intelligence
applications are introduced to be applied in modern greenhouses.

Between 1978 and 1987, academic studies were mainly involving reviews and

testing of proposed approach including recent developments at that time, features of a
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controlled and modern greenhouse, latest practices, system concepts, modelling
techniques, controlling mechanisms, examination of changes for a certain crop or
condition and so on. In a way, studies showed how to approach this method in
greenhouses and why.

Once testing and pilot studies come in front, number of studies almost doubled
in each decade. Relatedly, method development studies increased considerably as of
1988. Meaning that, studies started to consider SPA from wider understanding and to
go one step further from the preliminary works.

Excluding some engineering aspects identified on 1990s, interdisciplinary
works accelerated as of 2000s, mainly on education and training, policy implications,
and location based best practices. There are studies on intelligent agriculture and its
policy implications (Shi et al., 2018), modern greenhouse design characteristics (Von
Elsner et al., 2000), and smart irrigation methods (Karasahin et al., 2018).

Today’s advanced sensing systems use SPA to apply computer-based and
automated solutions for controlled environments. Figure 3 provides a generic

visualization of the described control and measurement system.
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Figure 3: Logic of Speaking Plant Approach in a Cultivation System

Source: Hashimoto and Morimoto (2009) (Redesigned)

Such advanced and interconnected cultivation system acquires a variety of sensor

technologies to make accurate estimations for the psychological status of plant. That
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being said, SPA is applicable for intelligent greenhouses, rather than conventional
greenhouses to control exogenous factors and plant status (Arima, 2011). Some of the
examples from literature are described below:

e Setting temperature level as control input and color change as output to
examine heat treatment to delay the fruit ripening for tomatoes (T. Morimoto
et al.,, 1997). Research suggests that optimal temperature level should be
searched for effective ripening delay via a simulation using genetic algorithms.

e Applying chlorophyll fluorescence induction imaging system to examine plant
health for tomatoes (Takayama et al., 2011). Imaging system aims to detect
drought stress level to understand plant health status.

e Testing an environmental control system, using mushroom’s bioelectric
potential as biosensor to operate four lighting conditions (Tetsuo Morimoto &
Hashimoto, 2009). Study argues that mushroom as biosensor could maximize
factory productivity while minimize energy usage and production costs.

Regardless of the complexity and variety of tools, precision agriculture was found

profitable with an average of 68% success rate (Gebbers & Adamchuk, 2010). Bearing
in mind of method, system, and technology development studies, SPA also plays a part
in interdisciplinary studies. Studies having similar methodological approach and
agricultural development purpose are presented in Table 3.

Table 3: Similar Studies from Literature

Authors Details of Studies

Objective of this study is comparing Scotland and the Netherlands
on the basis of their systemic structures, functions, failures, and
merits of agricultural innovation systems. Both methodological
work and preliminary results showed that proposed strategies are
useful in impacting on direction and rate of innovation in
agricultural operations.

Lamprinopoulou et
al., 2014

This study concerns with the systemic problems in New Zealand
for agricultural innovation system capacity. Main importance of
this paper is to show systemic functions and problems in an

Turneretal.,, 2016  integrated analysis for New Zealand along with considering their
interconnections. Thus, historical background and persistent
structural and institutional factors are also examined.

The investigation of dairy innovation system has been made in
Ethiopia to identify technical, economic, and institutional barriers
for further development. Seven innovation functions are included
in this study and problems with structural elements are identified.

Kebebe et al., 2015
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Table 3 (continued)

This article looks into the impact of public-private partnership
Hermansetal., s . X .
2019 within agricultural innovation systems and how to set feedback
loops. The scope of study consists of four cases from the history of
innovation.

Innovation platforms, which is considered a part of participatory

practices in innovation system, are observed within Africa region.
Davies et al., 2018 For that purpose, nine platforms in agricultural sector are selected

and analyzed in terms of complex nature of innovation system.

Objective of this study is to analyze a technology-specific
application (Queensland Fruit Fly) in terms of pest management

Kruger, 2017a approach in innovation system. Area-wide management is centered
to ensure an enabling environment.

This study highlights applications to strengthen complex
agricultural practices as biosecurity. Taking area-wide management

Kruger, 2017b approach to apply a systemic approach, a functional-structural
analysis is presented.

Regional and structural dimensions on systemic problems under
structural-functional analysis have been provided in this article.
Regional functions in innovation systems are said to be neglected.

Minh, 2019 Structural components are defined as infrastructures, actors and
institutions along with how they might create blocking
mechanisms.

This paper observes agroforestry systems in Europe. Through

Borremans et al., observing actor involvement and gap implementations, a

2018 comprehensive agricultural innovation system is examined.

This article investigates socio-economic barriers of agricultural
innovation system in UK fresh production. As methodological

Menary etal., 2019 approach, this paper applies functional-structural analysis.

Agroecology, especially in terms of diffusion relevant problems in
agroecology, has been analyzed in this study. Such technological

Schiller et al., 2020  innovation system is concentrated to Latin America region,
Nicaragua.

Main objective of this paper is to map nanotechnological
Maghabl et al., 2018 innovation system in Iran.

This study evaluates factors impacting bio-based economy in
Tani, 2018 Europe, with a specific focus on Strategic Niche Management.

Main objective of this study is to provide structural and functional
analysis of Turkish olive and olive oil industry. Barriers, weak

Giirkan, 2015 points in structures, and functional reviews are provided from
innovation system framework for Turkey.

SPA studies investigated so far are presenting either an introduction of
techniques or analysis of the level of enabling environment to adopt such method.

Under second type of studies; national policies and use agricultural innovation to
16



address national strategies are also discussed. Even though certain objectives as
eliminating CO2 emissions, addressing climate change or effective usage of natural
resources are always priority; technology diffusion aspects for greenhouse cultivation
remains limited.

SPA involves different tools and methods, which are currently in use in Turkey.
Nevertheless, these tools and methods are not always known as part of SPA. Therefore,
boosting SPA relevant technologies is not elaborated as part of policy studies. To
address this lacking, this thesis asks the following research question: in comparison to
Japan and the Netherlands, how should Turkish technology policies be designed to
adopt SPA in greenhouse operations?

To answer this question, a systematic policy design method should be adopted.
It is, therefore, required to define innovation systems and how innovation system
approach is applicable to policy design. In the academic literature, policy designs —
involving technological chance and innovative solutions — are studied under
innovation systems, divided into four categories: national innovation system, regional
innovation system, technological innovation system, and sectoral innovation system.
Next section provides a short summary of historical development, characteristics, and

evolution of innovation system approach.

2.4 Evolution of Innovation System Approach

The story of innovation system (IS) approach goes back to 1841 to Friedrich
List’s work named “The National System of Political Economy” (Jun et al., 2016).
List was in fact a strong name for the political economy studies but his work influenced
innovation system approach and technology policies along. According to Freeman, he
was one step ahead of contemporary theorists in terms of emphasizing the importance
of learning and formal academic institutions as part of economic growth (Freeman,
1995). Thereafter, List’s perspective towards the determinants of economic growth is
shaped innovation system approach.

Innovation system approach — initially introduced as national innovation
system — started to gather attention by the middle of 1900s. Leontief’s ‘input/output

analysis’ and Dahmén’s ‘development block’ approach represented two sides of the IS
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concept within the evolutionary transition path (Bo Carlsson et al., 2002; Erixon, 2009;
Kurz & Salvadori, 2006).

While Leontief emphasized more static approach in parallel with neo-classical
Ecole, Dahmén’s marks on structural tensions highlighted the role of entrepreneurship,
alike to Schumpeter’s evolutionary perspective (Erixon, 2009; Schumpeter, 2000).
Leontief looked from classical economy perspective in which his analytical framework
consists of observable and measurable indicators (Kurz & Salvadori, 2006). Even
though he reflects systemic and neo-classical perspective, his input-output matrix
influenced systemic flow of funds and knowledge (Sener et al., 2017). Dahmén, on the
contrary, studied development blocks which indicate structural imbalances or tensions
within the economy against industries and firms investing in research and innovation
(Erixon, 2009). Schumpeter also incorporated development blocks in the innovation
clusters (Schumpeter, 1939).

Towards the end on 1900s, Kline and Rosenberg described ‘chain-linked
model’, to be used in different innovation scenarios (Micaélli et al., 2014). Their model
associated factorial elements in private and public institutions and interaction among
them. Assisted by the ‘chain-linked model’, they introduced ‘commercial innovation’
concept, which illustrates innovation activities motivated by both market forces and
scientific boundaries (Kline & Rosenberg, 1968). Within this concept, they explained
the complex nature of innovation centering the importance of analytic design. Based
on their study, analytical design is described as: “a study of new combinations of
existing products and components, rearrangements of processes, and designs of new
equipment within the existing state of the art”(Micaélli et al., 2014).

Much in accordance with Schumpeter, Kline and Rosenberg opened a new
perspective in innovation studies. They argued that design is the initial phase of
innovation, next to research and development. Thus, they argued research to be
effective to solve problems by feedback mechanisms. Feedback mechanism, within
this context, is the initial point of system approach enabling interactive learning and
interconnection between different structures.

With such academic foundation, three scholars namely Freeman, Lundvall and
Nelson became the crossroad for today’s innovation system concept. Innovation
system was mainly associated with national innovation system at first. Nevertheless,

regional, sectoral or technological innovation systems are proposed as studies
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expanded. As result, innovation system approach became more complex, yet more
holistic. To understand the whole concept, sometimes it is required to divide the

overall system into sub-system (Edquist, 2013).

2.4.1 National Innovation System

National Innovation System (NIS) involves cultural values, norms, regulations,
and policies in national borders, linked to technological change and innovation (B. A.
Lundvall, 1998). Accordingly, Freeman (1995) emphasizes innovation as a condition
in economy for competitiveness, both among firms and nations. Even though there are
certain common points between both, Lundvall studies national innovation system
from more micro-perspective.

As the main difference, Lundvall (B. A. Lundvall, 1998) underlines feedback
mechanisms under user-producer experience as part of the system. Instead of
differentiating nations, he focuses on gaps in capitals and capabilities of users and
producers (B. A. Lundvall, 2010). To apply Lundvall’s approach into meso and macro
level analysis, learning economy approach is introduced (B.A. Lundvall & Johnson,
2006). Learning economy approach indicates knowledge creation as part of social
process of learning. Therefore, innovation said to be happened in interactive
environments where firms and markets have mixed nature.

Nelson (1993a) contributed to NIS through examining institutions and
mechanisms in innovation process of 15 selected countries. Even though the study had
a strong NIS emphasis, Nelson also got into sectoral innovation systems and

consideration of internationalization.

2.4.2 Regional Innovation System

Questions remained, however, regarding the dynamics of NIS. To exemplify,
Malerba (2002) looked into two innovation systems that co-exist in Italy, and their
impact on each other. The study showed smaller systems influencing complex ones
through entrepreneurship and networks. As result, questions arise as how NIS impacts
even more advanced systems?
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Globalization perspective and regional economy concept are not described
solely by geographical borders, but also by localization of firm groups. Silicon Valley
or Route 128 are examples applying knowledge/resource network as a way of
clustering (Asheim & Isaksen, 2002; Enright, 2000; Saxenian, 1996). Globalization
enlarged the conceptional borders of innovation. For instance, Schumpeter
emphasized innovation being linked to entering new markets and experiencing
interactive learning (Cooke et al., 1997). There were also suggestions on multinational
organizations having local characteristic, reflecting ‘home-based multinationals’
(Enright, 2000).

In any case, opportunities of regional system are far more convincing for the
modern world, in regard to cooperation opportunities, access to sources, grounding an
adaptive behavior for global-scale competition, effective information exchange
network and short feedback loops (Enright, 2003). In a way, NIS was seen as less
developed sub systems of regional innovation systems, or RIS (Cooke et al., 1997;
Nelson, 1993b).

2.4.3 Sectoral Innovation System

NIS and RIS teach us to ask how to identify borders and boundaries for a
system. Beside of the firm localization and clustering approaches, sectoral dimensions
are highly used to study economy, business management, history, and innovation.
There are several approaches to deal with sectoral dynamics, regardless of the
geographical location. Geroski (1998), to exemplify, studied market boundaries
through trading markets, anti-trust markets, and strategic markets. Breschi and
Malerba (2001), on the other hand, perceived the sectoral system as group of entities
using sectoral technologies to develop sectoral products.

Sectoral innovation system (SIS), arise from changes in sectoral dynamics, is
based on the interactivity among firms. Due to its main focus on learning process,
knowledge and interactive nature, SIS is part of the evolutionary perspective of IS
approach. Only boundedly rational actors can act, learn, and search in uncertain and

continuously changing circumstances (Malerba, 2002). As result of such sectoral
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interactive clustering, certain nations or regions gain the competitive advantage in the
global economy.

To analyze the dynamics of advantages of this system, Porter (Porter, 1998)
represents ‘diamond’ approach. According to him, industrial competition depends on
four factors: (i) factor conditions; (ii) demand; (iii) complementary, subsidy and
supporting sectors; (iv) firm strategy, structure and rivalry (Jin & Moon, 2006). This
was reflecting a modern approach to the ‘commercial innovation’ concept of Kline and
Rosenberg (Micaélli et al., 2014). In sum, Porter’s approach considers innovation as a
commercial activity, generated as a result of firm interaction within the same industry,

regardless of being within or without national borders.

2.4.4 Technological Innovation System

Understanding boundaries of innovation system is an evolving concept.
Technological innovation system (TIS), within this concept, can be defined in a similar
manner of sectoral innovation system, only by focusing on specific technology
dynamics, rather than an industry (B Carlsson & Stankiewicz, 1991). Having much in
common with sectoral and national innovation system, technological innovation
system considers a variety of institutions to generate, diffuse and store skills and
artifacts to create innovation. Yet, it is different from others due to its applicability to
emerging markets in addition to matured market systems (Markard et al., 2015; Negro,
2007).

TIS is initially introduced by Carlsson and Jacobsson (1994) as a research
program of Sweden’s technological system and factory automation. Covering both
empirical and theoretical framework, it became an important source for not only
academicians but also policy designers for governments and international
organizations. TIS tries to understand technological changes and how to respond
existing problems against such change. As Metcalf (1994) puts in words: “Science is
international, user-supplier links are increasingly international, and multinational
corporations make deliberate choices about the national location of R&D facilities”

(Metcalfe, 1994, p. 940).
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In sum, innovation system approach develops within a continuum. Not only
the target sector, but also the system-based factors should be elaborated to design a
methodology for policy development. Under agricultural innovation and precision
agriculture context, SPA requires different technologies and technical skills for
sustainable operation in greenhouses. Dynamics of SPA are best suited with TIS. The
reason is, main focus of SPA is to transform traditional production methods through
technology. Therefore, technology-driven policy design for greenhouse cultivation is
needed. Next chapter summarizes analytical literature and details most-suitable

methodological approach.
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CHAPTER 3

THEORETICAL FRAMEWORK AND METHODOLOGY

This chapter introduces research method, based on the theoretical framework
of IS approach. There are three sub-sections. First, reasons behind the choice of
conceptual framework are roughly defined, coupled with the terminology used in this
thesis. That is to say, using functional analysis to understand TIS is further discussed.
Second, elements in designing a tailor-made functional analysis are elaborated.
Conceptual framework is redesigned to be compatible for research question.
Therefore, each function and sub-function are detailed by its definition and relevance
with research question. This section also involves main limitations. Third,
methodological approach compelling functional analysis is described. To that end,

research methods and their interpretation in policy analysis are justified.

3.1 Functional Analysis in Technological Innovation Systems

TIS involves different components of processes between actors and their
interaction. While they all vary on the environment, technological infrastructure,
socio-economic or cultural elements, they also serve to same purpose: technological
development. On a conceptual level, all “functions” are used to classify and define a
technology as dynamics of creation, development, and diffusion (Bergek, et al., 2008).

Initially, functional analyses studied resistance to change, market information
stimulation, information exchange and function specifications (Bergek, et al., 2008;
Markard et al., 2015). While identification and performance assessment behave as a
strong foundation, functions are not static structures by meaning. On that ground,
studies evolved to interaction of functions in IS (Bergek et al., 2005; Bergek &

Jacobsson, 2003; Hekkert et al., 2007; Jacobsson et al., 2004; Liu & White, 2001),
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which led market failure approach to become systemic failure approach (Woolthuis
etal., 2005). Market-failure approach suggests that actors within a certain environment
are independent from each other. Therefore, boundaries within the system are quite
straight forward and interaction is excluded from the analysis. Systemic failures, on
the other hand, are observed through the interaction of actors, institutions, and
infrastructures. Main objective is to understand complementarities and mismatches
within the system (Bleda & Del Rio, 2013). Above all, Bergek and Edquist draw a
compelling view in understanding functionality of IS (Bergek & Jacobsson, 2003;
Edquist, 2013). Through comparative studies; functional performance mapping
enables to make feasible policies, either between systems in the target area, or similar
systems in elsewhere (Bergek, Jacobsson, et al., 2008). That is to say, functional
analyses continue to re-shape the scope of IS approach and policy making.

Functional analysis in this thesis consists of dynamics in diffusion of advanced
greenhouse technologies. Therefore, following questions are asked:

— What are the characteristics of market for this TI1S?

— What are the applicable functions?

— How functional performance of TIS could be measured?

— Are there any limitations in this theoretical framework? If yes, how they could

be minimized?

3.1.1 Characteristics of TIS

Greenhouses in Turkey are generally using traditional and low-cost methods
(Sevgican et al., 2000). Technologically advanced greenhouses exist, albeit in a limited
number. There are several reasons of not switching to automated or advanced method
of production. Starting with good weather conditions, routines adopted to traditional
solutions for generations and unavailability of investment capital are among first in
mind reasons. As result, quality of production is also dependent on climate conditions
and existing natural resources.

SPA is not commonly known concept, but still in use for some greenhouses.
For that reason, approaching this TIS as a ‘nursing state’ market is found fitting (Bleda
& Del Rio, 2013). Nursing state market is mainly characterized with its limited size,
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awareness, and scientific information exchange. In this framework, SPA-related
technologies are labelled as “new technologies” and market is not fully developed for
technological diffusion. While nursing states carry specific difficulties in it, a great
potential for learning space is still attractive in policy making.

In short, nursing state markets have complex natures to examine. Balance
between being selective in applicable functions and still being comprehensive has the
upmost importance. As a way of policy level adoption in such cases, a combination of
functional and structural elements are suggested (Wieczorek & Hekkert, 2012).

Therefore, identification of functions is the core concept for theoretical framework.

3.1.2 Functions of TIS

Functions within TIS are studied by numerous scholars (including but not
limited with Bengt-Ake Lundvall, Christopher Freeman, Charles Edquist, Staffan
Jaconsson, Bo Carlsson, Anna Bergek). Table 3 shows five selected studies showing

the core concepts of functional analysis in the literature.

Table 4: Functions in different IS studies

(Johnson &  (Chaminade (Bergek,
(Borras, 2004)  Jacobsson, & Edquist, ('\gi ZI. HZ%lBl%rt Hekkert, etal.,
2001) 2006) N 2008)
Knowledge
Production of  Creation of development Knowledge
knowledge ‘hew’ Knowledge Knowledge development and
Diffusion of knowledge inputs diffusion diffusion
knowledge through
networks
Guidance of _ Influence on the
the direction of Support Guidance of the direction of
the search services search search
process
Guidance of Constituents ~ Entrepreneurial ~ Entrepreneurial
innovators of ISs activities experimentation
. Markets:
Formation of demand side Markgt Market formation
markets f formation
actors
Control of Constituents Creation of i ot
Legitimation
knowledge of ISs legitimacy J
usage
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Table 4 (continued)

Appropriation of
knowledge

Reduction of
technological
diversity
Reduction of risk

Financial Supply of Resource Resource
innovation resources mobilization mobilization
. Positive ..
Alignment of | Positive
externa externalities
tors :
ac economies

There is no right and wrong categorization in literature. All studies are
depending on their own research question and targeted IS to work on. Thus, they are
overlapping in terms of conceptual coverage. To exemplify, constituent of IS involves
entrepreneurial activities and regulative measures together. This thesis is influenced
greatly from Hekkert et al., 2007 because the systemic components are differentiable

based on those functional titles.

3.1.3 Performance Measurement of TIS Functions

There is no straightforward method to evaluate functional performance.
Functional dynamics provide detailed description for the whole TIS through identified
strengths and problematic areas (Borras & Edquist, 2013; M. P. Hekkert et al., 2007).
Interpreting functional dynamics for performance measurement, requires examining
existing methods (Carlsson et al., 2002).

Identifying problem categories under each function is suggested by Hekkert et
al (2007). Wieczorek (2009) goes one step further and describes these categories as
policy rationales to replace market failure approach. In this framework, 5-level scales
are proposed to be assigned to each function and its systemic instruments (Bergek et
al., 2010).

At the very end, either to handle problems or to maintain advantageous courses

of action, identified problems are linked to policy instruments (Borras & Edquist,
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2013; Smits & Kuhlmann, 2004). This thesis defines policy instruments as services to
facilitate changes in a dynamic environment. They are useful to stimulate learning
process, to articulate demand, to foster interaction, to develop necessary infrastructures

and to develop strategies.

3.2 Limitations in Theoretical Framework

Limited market dynamics are found challenging to work on because of
uncertainty, underdeveloped market functions and perceptions on financial risks.
Innovation is an act of human — without the perfect information — and that is why it
always encloses uncertainty (Smits & Kuhlmann, 2004). Nonetheless, policy
instruments exist to promote the learning process and raise awareness. This is in even
a greater level for unmatured markets. Afterall, actors are not perfectly rational agents.
They build their own rational based on the information they receive. This creates an
opportunity for public policies to both initiate and enlarge the learning process in a
system. Thereafter, they eliminate the uncertainty in the system.

Additionally, policy design perspectives are criticized for searching one
solution for everyone. Main argument is that policy instruments become independent
from goals and focused on fixing the market failures. Market failure approach does
not apply to every case, especially between developed and underdeveloped market
studies. Instead, policies should be designed around the existing market functions to
establish correct linkages. On that manner, policies are suggested to drive innovation
in a particular direction within the market dynamics (Park, 1999).

Financial risks, at last, are correlated with high investment costs, which is even
higher for early-stage technologies. Thus, availability of relevant skills and relevant
infrastructures sometimes increase the risk of investment. For sectors like agriculture,
governments play a leading role to diminish financial risks that private institutions
take. As Mazzucato expresses:

the state has played a role that goes beyond the Keynesian emphasis on
taxation, subsidies, spending and regulation, and the Schumpeterian

emphasis on creating the ‘right conditions’ for innovation and growth

(Mazzucato, 2011).
State interventions for early-stage technologies do not require direct support as

tax incentives, especially in sectors like agriculture. States should rather create a
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market by exploring networks, interactions, and opportunities. Only then first movers
become more active in network alignment and demand articulation (Bergek et al.,
2010; Bleda & Del Rio, 2013).

While all have a reasonable point, these challenges should also be considered
as parts of the innovation process in a system. All in mind, the goal is to answer how
to structure policies so that greenhouse technologies in favor of SPA are diffused and
adopted. Before jumping into any conclusion, mismatches and barriers in the overall
TIS must be identified. Thus, functional dynamics of the target TIS must be
understood, so that policies are feasible and applicable for all involved actors. To that
end, this thesis is structured on functional analysis method in a comparative study.
Functional analysis involves both static performance of sub-functions and the
interaction among involved actors. In that sense, there is a hint of structural analysis,
yet without identifying strict categories like financial or infrastructural structures.
Comparative study, on the other hand, has a role to establish an optimal point to see
whether target system is advantageous or lagging behind. While comparing different
systems, systemic characteristics are taken into consideration. After all, it is neither
possible nor aimed to find one-fit-for-all solution.

There are different uncertainties and underdeveloped conditions in targeted
nursing state market. Such limitations encourage this thesis to redesign the existing
theoretical framework. Functional dynamics in target system should be elaborated;
however, borders of functions must be set at first. At this point, the question is: are
there any data on functional elements in the system? Hence, this thesis involves a
comparative study. Therefore, same question is asked to all involved systems in order
to establish a comparative baseline. Theoretical Framework is again explained in the
next section, answering: (i) What are the applicable functions? (ii) How can we
measure functional performance of this TIS? and (iii) What are the characteristics of

comparative systems?

3.3 Redesigning Theoretical Framework: Applicable Functions

Similar to the evolution of functional analyses in IS, several approaches
(Bergek, Hekkert, et al., 2008; M. P. Hekkert et al., 2007; Johnson & Jacobsson, 2001)
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are combined in this thesis, to find the best-fit functional frame. That being said, seven
functions are identified in this thesis. Each given function aims to find problems in the
TIS for greenhouse sector in Turkey. Short glimpse of functions in this thesis is given

by Figure 4, followed by detailed explanations.
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3.3.1 Knowledge Development and Diffusion (F1)

Knowledge development activities address how well the system develops
scientific and technological information. As the title speaks for itself, knowledge
diffusion activities represent the level of exchange of this information. This thesis
elaborates knowledge creation and diffusion together, unlike studies like Hekkert et al
(2007). To simply put, one is considered meaningful only when other exists.

To understand functional performance of F1 in this TIS, eight sub-functions
are identified: academic studies, agricultural knowledge creation rate, agricultural
knowledge transfer rate, university concentration to agricultural studies, university-
industry collaborations, researchers in agricultural sciences and patents in agricultural
operations. Academic studies, agricultural knowledge and transfer rate, researchers in
agricultural sciences and relevant patent applications are presented to understand the
level of knowledge development and diffusion. In that sense, these sub-functions are
close to quantitative analysis. University-industry collaboration and concentration to
agricultural studies, on the other hand, investigates the capabilities of existing
knowledge and scientific abilities. University concentration is upmost the crucial sub-
function of this capability analysis. Main consideration of the emphasized
concentration is given whether top ranked academic institutions prioritize agricultural
studies. In short, this function looks into both the availability and the quality of

academic work in agricultural technology.

3.3.2 Entrepreneurial Activities (F2)

Entrepreneurship is the point where innovation searches its commercial value.
There are different concentrations on entrepreneurial subjects. To exemplify, Robert
Solow sees entrepreneurial activities as a tool for economic growth. Scholars close to
Schumpeter’s Ecole might interpret entrepreneurship as the ability to combine existing
things in a creative manner (Schumpeter, 2000). On the other side, some scholars
define entrepreneurship as an academic concept (Rothaermel et al., 2007; Siegel et al.,
2007). That being considered, this thesis considers entrepreneurship as a commercial

act of innovation.
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At first, overall entrepreneurship ecosystem is defined and elaborated. It is
important to understand the universe that this function deals with. Once the border
lines are set, agricultural entrepreneurship can find its share in the ecosystem. In that
sense, functional performance of F2 is evaluated based on both general entrepreneurial
activities and agricultural entrepreneurship. Academic entrepreneurship is not given
among sub-functions of F2, due to unavailability of data. While data unavailability
might implicate presence problems in a system, it is still a hypothesis to be tested by

other methods.

3.3.3 Guidance of Research (F3)

When a new technology is at the initial stage for diffusion, limits in market
must be examined. Technological tools are limited and simply cannot answer each and
every need (M. P. Hekkert et al., 2007). The reason of that, diffusion policies and/or
strategies must be aware of market needs and market limitations concurrently.

Main question that F3 asks is: in which market this technology can reach out
the final user? The answer involves not only incentives given, but also overall market
behavior and existing infrastructure. Accordingly, Hekkert and Negro (2009)
exemplify this function as announcement of a policy goal to show some sort of
legitimacy and to promote resource allocation. Therefore, the interactive process
between producers, consumers (end-users), and other actors are detailed under F3.

That is being said, six sub-functions are identified for F3 performance
evaluation: agricultural producer supports, complementary goods and services,
demand characteristics, greenhouse manufacturing sector, and digitalization policies
applicable to agriculture. Current state of agricultural production is showed through
simple supply and demand indicators. Complementary factors and available
greenhouse manufacturing sector, on the other hand, reflects the factors pushing
businesses to invest in themselves. Digitalization policies, at last, provide an insight

on infrastructural elements on technology adoption in agricultural businesses.
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3.3.4 Market Formation (F4)

“From Schumpeter to Porter innovation-thinkers have recognized the
importance of an advanced market, of well-articulated critical demand as a driving
force for innovation” (Hekkert, et al., 2011, p. 7). Institutional changes for innovative
applications often require an evolved market (Bergek, et al., 2008). Nevertheless, an
early-stage technology might have constraints in competing with existing
technologies. For that reason, a learning market should be established, in accordance
with the knowledge development function.

Five sub-functions are identified under F4, explaining market size and
characteristics, productivity level, value of agricultural activities, industry
associations, agricultural trade, and bilateral relations. Market characteristics,
productivity, and the rate of return of this productivity in agricultural operations are
used for descriptive manner. Industry associations and trade relations, on the other
hand, shows the interactions between different actors in the market. Based on the
existing actors involved in these interactions, answers to following questions are
searched: On what ground these interactions happen? Are they enough to maintain a
knowledge transaction in the market? Are there any barriers in trade relations? To sum
up, having a supportive side to F3 through market-specific drivers, this function’s role

is to understand the sequence on market formation.

3.3.5 Creation of Legitimacy (F5)

F5 reflects compliance with institutions through regulations, national agendas,
and policies. Hence, legitimacy is a strong influence on perception, expectation, and
strategic decisions to formulate new industries or to develop an existing one (Bergek,
et al., 2008).

There are no sub-functions under F5. Rather, objective is to draw a picture on
system’s history in agriculture, how it reacted to change and development before and
motivations behind agricultural development. While there are numerous indicators to
make quantitative analysis to evaluate a functional performance, this function

investigates the background and the evolution path of systems. That is why F5 is
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slightly different than the rest of the functions. Instead of identifying and elaborating
the dynamics between actors, F5 is designed to see the interaction of past and the
present. Objective is to make a prediction on future, of course, because every action in
a system should have a reaction — which is fed by the past.

Taking a technology diffusion policy as example, market research does not
necessarily provide sufficient data on how to respond user (consumer) needs. Culture,
history, sociology and even psychology are necessary to make such research “holistic”.
In this thesis, factors affecting the TIS and agriculture in the past are detailed. Not to
make any conclusion, but to have a better insight on the unwritten systemic elements

as societal behavior, cultural aspects, and motivations.

3.3.6 Mobilization of Resources (F6)

TIS involves a number of layers to analyze, therefrom mobilization of
resources is also a wide concept. Again, the balance between making a comprehensive
evaluation and selecting the best-fit sub-functions requires careful examination.
Initially, resources necessary to answer research question are identified. Available data
and its potential to make a meaningful argument resulted in considering two sub-
functions: financial and human resources.

First, the allocation of human resource and skills are analyzed. Main focus on
human resource mobilization is given to the level of newly graduate employment.
Education opportunities are not meaningful without transforming the technical
knowledge into economic activities. Thus, the way youth interpret career opportunities
in greenhouse cultivation draws important notes on mismatches and waste of
resources, if any.

Second, financial resources will be taken under consideration. Objective is to
see whether TIS is able to allocate necessary financial sources to promote
entrepreneurship, management, and innovation in greenhouse cultivation. In that
framework, available financial resources are backed up with whether they are

reachable or not.

34



3.3.7 Public Awareness and Information Networks (F7)

While most of the functions given in the literature are kept as they are, F7 is
specific to this thesis. At most, awareness level or channels of information share are
studied under other functions to see the interaction level between actors. Yet, working
in a developing market challenges to fully understand interactions and information
flows of involved actors in each function. To make a fair and comparable study, degree
of information exchange is detailed separately. Therefore, F7 is the core
methodological contribution of this thesis.

F7 is not solely concerning with information spread. Communication channels,
availability and usage frequency of those channels are also necessary to emphasize
common needs of potential users. Even though advanced greenhouse technologies are
only a part of a large agricultural operation chain, attitudes towards new technology
are shaped by the information share. That being said, four sub-functions are selected
to observe F7: google trend analysis, website evaluations, social media analysis and
selective network events.

Google trend and social media analyses are selected to describe public
awareness level towards a new technology. The search and sharing preferences might
not be directly linked with a new technology; however, they provide hints from
sectoral needs. Website evaluation, on the contrary, is not a generic analysis but is
rather specific to selected sources. This sub-function is chosen to see whether website
designs and information given are sufficient and well-promoted for public.

From another angle, it also asks whether there is an attention gathering online
infrastructure to promote any new technology? To answer this question, selective
network events are presented from a simple online search for someone who wants to
get more information on technologies for greenhouse cultivation. This sub-section
aims to highlight different ways to increase public awareness on new technologies.

As part of this function, website evaluation method has been presented.
Evaluation methods of websites have different scope of measurement framework,
indicators and weighted score depending on the sectoral focus and strategical priorities
of research (Avouris et al., 2003; Orji, 2010). To establish an objective comparative
ground, official web pages of ministries of agriculture in comparative countries are

evaluated based on their: identity, loading & viewing performance, navigation option,
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interactivity, comprehensibility, personalization & content, information quality & up-
to-datedness, and security & miscellaneous.

In case of agricultural websites, studies show that usability and quality are
among the most important indicators in evaluations (Havlic¢ek et al., 2013; Raikar et
al., 2017) because it directly impacts users’ comfort and time spending. Urban areas,
where agricultural activities are mainly present, do not have the same broadband
connection as the metropolitan cities. Since climate and available arable land factors
are applied to all farms regardless of their size, promotion of eye-catching and easy-
follow enabling parameters have substantial impact on information sharing in this
sector.

Bearing this prioritization in mind, a website evaluation matrix has been
designed and presented in Chapter 4.7.2. All indicator categories involve several sub-
indicators, showing on what ground a specific website is evaluated, indicating whether

automated or individual evaluation is used.

3.4 Comparative Analysis

Agricultural innovation in TIS, consists of processes involving economic
capabilities, technological solutions, technical abilities, social values, and institutional
changes (Lamprinopoulou et al., 2014). Technology adoption under agricultural
innovation, therefore, requires a systemic understanding between new solutions and
existing structures. With this in mind, different methods are available to map functions
in the market as cross-country comparison, game theory modelling, evolutionary
economics modelling, and social network analysis (Klerkx et al., 2010; Rajalahti et al.,
2008; Spielman et al., 2009). In this thesis, cross-country comparison is selected to
measure performance of Turkey in adopting SPA for greenhouse cultivation.

On the methodological manner, this thesis does not look for prescriptive
conclusions as: Functional performance gets 2 point out of 5. At this point, a question
must be asked: on what ground a function gets a certain point? Since there is no optimal
and one-fit-for-all calculation method for technology diffusion policies, comparative

study method is selected in this thesis.
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Comparative studies are found quite effective in numerous similar studies
(Woolthuis et al., 2005; van Mierlo et al., 2010; Weber & Rohracher, 2012).
Accordingly, since this thesis focuses on a nursing state market, lessons to be learnt
from best practices are as useful as understanding the TIS. Thus, making strict
comparisons with a different TIS would not bring applicable conclusions. Therefore,
policy instruments given in this thesis built upon presence and capability problems
along with system level motivations and prioritizations. Identification of best practice
countries is entirely depending on empirical studies on Speaking Plant Approach.
While being a niche concept, SPA is interlinked with numerous disciplines as plant
sciences, lab experiments, biology, agricultural engineering, software and hardware
development, management systems, horticulture, agronomy, computer sciences,
artificial intelligence and so on.

SPA is studied since 1978, by more than 30 countries. Udinkten Cate et al
(1978), based in the Netherlands, first suggested this approach in academic literature.
Over years, Japan became main developer and contributor for academic works in this
subject. In total, seven sources are scanned?: Web of Science (23), Google Scholar
(446), Science Direct (65), Academia (22), Springer (13), Semantic Scholar (106) and
Sage Journals (1). Results of the analysis are shown in Figure 5.
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Figure 5: Countries by Percentage of Online Academic Results for "Speaking Plant
Approach™ between 1978-2020
Source: Web of Science, Google Scholar, Science Direct, Academia, Springer,

Semantic Scholar and Sage Journals, filtered with “Speaking Plant Approach”

2 Sources are given with the total number of results. Among all results, a total of 320 studies (articles,
conference papers, dissertations, theses, and books) are selected in the empirical work.
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As shown above, most of the academic studies on SPA are published in Japan
and the Netherlands. Accordingly, scientific collaboration rate between the
Netherlands and Japan is at highest. Scientific collaboration rate shows a frequency of
knowledge transfer in academic literature. To make benefit of such accumulated
knowledge, these countries are selected to make a comparative study with Turkey.

Selection of countries are based on the scope of policies that addresses
technology and knowledge diffusion. Netherlands and Japan have different dynamics
in terms of applying precision agriculture and optimizing agricultural inputs, however,
they have different approaches in diffusing necessary technologies. Looking both from
state-controlled and individual entrepreneurship promotion policies, Japan and
Netherlands provides different perspectives that Turkish policies could follow based
on national dynamics.

In that sense, the following question is asked: what are the actions taken by
those countries so that they result as the two important scientific sources? Historical
background of each country and their path towards advanced agricultural technologies

are detailed in the next section.

3.4.1 Japan

Agriculture was always an important part of Japanese history of
democratization and modernization. Initial agricultural policies were introduced to
cope with war and post-war circumstances (Food Control Law of 1942, Agricultural
Land Act in 1952 and Agricultural Basic Law of 1961). In 1960s, agriculture was
counted 9% of economy and 28% of labor force in Japan (OECD, 2009).

Economic recovery after post-war period, however, affected farmer income.
They became unable to keep up with the economic growth, as other industries do.
Agricultural Basic Law enacted in 1961 with numerous initiatives to cope with this
challenge (Masayoshi, 1993). Products with higher demand were prioritized, price
supports are applied, and trade policies are strengthened (Hirasawa, 2017).

In a way, first steps in modern agriculture operations and large-scale
management are taken, but productivity growth did not raise enough to narrow urban-

rural income disparities. Mechanization trends created a sector mixed with small and
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diffused farm households (Hirasawa, 2017). Several acts and regulations are enacted
to protect farmers and allocate existing resources in the most efficient manner. These
interventions focused on different issues as minimizing competitive advantages, share
of agriculture in economic growth, international trade, etc.(Masayoshi, 1993).

By the mid of 1990s, Japanese SMEs became more skilled in new technologies
(Shapira & Rosenfeld, 1996). Meanwhile, scientists and engineers headed towards to
large-scale organizations. Changing dynamics in overall system, brought updates on
existing regulations. To exemplify, New Basic Law on Food, Agriculture and Rural
Areas (1999) replaced the Basic Law on Agriculture of 1961. New regulations
broadened agricultural policy objectives via food security and multi-functional
operations (OECD, 2009).

In 2005, second basic plan centered community-based farming cooperatives.
Objective was to improve farm management systems and to promote new entrants
(OECD, 2009). Thus, Farm Management Stabilization Programme is initiated to cope
with price fluctuations (Gilmour & Gurung, 2007). In a way, agricultural operations
are promoted to youth and new entrants. Inevitably, skill transfers came into scene
using agro-informatics and agriculture became one of the most intervened and
protected sectors in Japan (OECD, 2015; Shibusawa, 2011).

Meanwhile, earthquakes, tsunamis, typhoons and cloud-bursts had a
considerable effect on agricultural businesses (Bachev & Ito, 2017). Farmlands started
to disappear and natural disasters remained a great risk national self-sufficiency rates.
Against all, traditional practices shifted to precision agriculture to maximize the
potential of existing resources.

Precision agriculture was applicable in different scales of farming, thanks to
variety of crops and high level of individual plant management (Sasao & Shibusawa,
2000). Inevitably, precision agriculture became appealing not only for farmers,
engineers, or scientists, but also for politicians, business enterprises, and policy
makers. Japanese government introduced policies addressing precision agriculture
through direct funds, regulations on IPRs or boosting collaboration among actors.
Nevertheless, success of precision agriculture practices in Japan remained a result of
existing technology platforms and farmer wisdom .

Challenges of Japanese farmers and farming sector are still present. Isolation
of competition, inability to respond market signals, labor shortage and aging are
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among most prominent ones (“Agriculture in Japan New Developments in Smart
Agriculture,” 2018; OECD, 2015). Against all, Japanese government now prioritizes
technological improvement, innovation, cross-disciplinary policies, and infrastructural
development in agriculture (Fukuyama, 2018). In fact, smart agriculture market is
foreseen to be valued 33 billion of Japanese Yen by 2023 (“Agriculture in Japan New

Developments in Smart Agriculture,” 2018).

3.4.2 The Netherlands

Challenging times, as happened in Japan, became a push factor for Dutch
government to intervene agriculture. While a large economic crisis hit in 1930s,
Europe were suffering from low food-supplies after World War 1. Farm sizes were
small, incomes were low and only efficient food suppliers were able to earn adequate
income in the market (Bont et al., 2003).

At first, Dutch Government facilitated deployment of machines, promoted
yield harvest by using artificial fertilizers, and adopted land consolidation policies
(Van der Heide et al., 2011). Small and mixed farms are replaced hereafter by
specialized and intensive farms. While number of farms decreased, production level
maintained an augmenting momentum (Smit et al., 2015). This was the point of
modernization and mechanization in Dutch agriculture.

Other EU countries also joined to this transforming process. At the beginning
of European integration, various economic community foundations were proposed.
Common Agricultural Policy was one of them (Van der Heide et al., 2011). Sicco
Mansholt, who is the founder of the idea of CAP, had the ambition to avoid food
shortages that might happen in the future and to guarantee agricultural efficiency (EC,
2018). Setting minimum prices, supporting exports, promoting research, and enabling
the merge of farms were some of the initial intervention areas.

Afterwards, policy focuses turned to product-level needs. Measures are
adjusted to efficiency related production factors. Hence, rural development and
protection of environment came to stage as cross cutting issues. As an example, during
1980s, European Community needed to introduce a quota on production to stop

agricultural surpluses (Van der Heide et al., 2011). As of 1990s, set-aside policies
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became subject to CAP, as part of MacSharry reform (Bont et al., 2003). Therefrom,
environmental protection and pollution reduction also became an important part of
CAP (Van der Heide et al., 2011). Still today, agricultural policies in the Netherlands
are mainly shaped by CAP and established (Holthuis & Velden, 2019).

There are several aspects of Dutch agricultural policies worth emphasizing.
Government’s role has been shifted to a more passive position (Diederen et al., 2002).
In other words, farmers are considered as entrepreneurs in the market. Government
rather focused on creating an enabling environment for innovation in agriculture. On
that ground, Ministry of Agriculture, Nature and Food Quality published ‘Going for
Agriculture’ report in 2005. Report was setting a baseline for an interactive
environment for policy makers, researcher, private sector, and farmers.

As a contradictory consequence, remaining small sized farms became
incapable to innovate and compete with larger businesses on international markets
(Diederen et al., 2002). To cope with those challenges, farmers searched ways of
higher productivity methods. Precision agriculture started to diffuse in the country to
eliminate business level imbalances. It allowed farmers to operate in a more
heterogenous environment (Schrijver et al., 2016). Additionally, this transformation
promoted selective management practices, reduced costs, and guided ways against
environmental degradation (Zhang et al., 2002).

Main difference between Japan and the Netherlands was the degree of
government involvement. Following different policy approaches, both countries
became successful cases by achieving successful technology diffusion and adoption.
Examining their experiences and rout paths are found useful to address needs and

opportunities in greenhouse sector of Turkey.

3.5 Performance Measurement

Measuring performance of each country in terms of their functional dynamics
could easily become complicated. That being said, findings of each function are
transferred to problematic issues that target TIS (Turkey) has. At the end, policy
instruments are identified and linked to those problems. Therefore, Table 4 is designed

to summarize existing problems and relevant policy instruments.
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Table 5: Functional Performance Table

Function  Sub-Function Problems Policy Instruments

University concentration to Agricultural
Studies, R&D Collaboration, Researchers
F1 in Agricultural Studies, Patents Relating
to Agricultural Technologies
Entrepreneurship ecosystem, Agricultural
F2 entrepreneurship
Support for Producers, Complementary
Products and Services for Producers,
F3 Characteristics of Demand, Greenhouse
Manufacturers, Public Policies and
Strategies on Digitalization in Agriculture
Market Size and Characteristics,
Productivity Level and Value of
F4 Agricultural Activities, Industry
Associations, Agricultural Trade and
Bilateral Relations
Laws, regulations, policies and national

F5 strategies for agriculture and agricultural
technology
F6 Financial resources, Human resources

Google trend analysis, Website
F7 evaluation, Social media analysis, Other
networking events

Inputs presented in Functional Performance Table are not graded, as several
scholars suggest (Bergek et al., 2010). Instead, problems are given based on data
gathered and comparative results. Measuring success or weaknesses might require
scaling inputs on hand. Nevertheless, TIS differs from each other and scaling would
not bring accurate results in this case. Functional Performance Table, different from
quantitative measurement methods in literature, provides a generic summary for:

e Problems found in the system, and

e Policy instruments to eliminate these problems.

Turkish agricultural policies are quire comprehensive, but somehow greenhouse
related policies are not well defined. Therefore, once again, how policies should be
structured for adopting SPA in greenhouse operations? Bearing in mind steps taken by
comparative countries and national dynamics and needs of the target TIS, this thesis
provides a tailor-made research framework to identify most applicable policy
instruments. Methodology used for data collection and analysis is explained in the next

section.
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3.6 Methodology

In this thesis, a couple of methodological tools are applied to answer the
research question. Similar methodological mixes are used in previous IS studies,
simply because the context involves interdisciplinary research varying by the research
question.

There are three different data sources in this thesis. First, publicly available
data gathered from official statistics and publications. Second, primary data gathered
from semi-structured interviews. Third, primary data gathered from questionnaires.
Details of all selected data and collection method are detailed in next sections.

3.6.1 Secondary Data Analysis

Secondary data is collected to establish a comparable baseline and to see
country-based changes since 2010. Sources of secondary data include OECD, World
Bank, FAO and EuroStat. These sources are prioritized not only because they are
available for three countries at the same time but also, they are universally accepted
data banks for different types of analysis. Additionally, academic literature and
publicly available online sources are included when it is necessary to answer a
particular question. Reason of emphasizing functional analysis on secondary data is to
see key development areas of Turkey, in comparison to Japan and the Netherlands.
With this in mind, relevant indicators are eliminated if they are not applicable for one

or more comparative countries.

3.6.1.1 Semi-Structured Interviews

Researchers argue that until today, the focus in the policy making was given to
identify difficulties to reach desired outcome, such as systemic failures, weaknesses,
and block mechanisms (Chaminade, 2010; Johnson & Jacobsson, 2001). Yet, through
describing functional and influencing structures, comprehensive picture of desired

innovation system could be drawn (Wieczorek & Hekkert, 2012). Since comparative
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analysis limited the selection of data, additional evidence through primary data
collection is found useful to confirm and enrich functional analysis.

Semi-structured interviews are conducted to understand what the perceptions
of involved actors towards current technological solutions and overall greenhouse
cultivation sector are. To this end, greenhouse workers and owners are involved to this
research along with a representative public body: TAGEM (General Directorate of
Agricultural Research and Policies). Participants are selected based on their base of
operation, size of their greenhouse and educational background in order to grasp
different perspectives and needs in the overall sector. Interview participant from
TAGEM is selected based on the responsibility level and departmental relation to
agricultural technologies.

Pilot interviews are conducted before data collection to get a feedback on the
set of questions. For the sake of reaching out to as many interviewees as possible,
interviews are conducted in Turkish.

Interviews are designed to understand needs of current workers, their
perception towards greenhouse operations in Turkey and recommendations on how
they can work better than this. To analyze potential impact of a new technology, actors’
perception towards theoretical and practical concerns and past experiences matters
greatly. Rather than providing theoretical recommendations, such as technology can
improve your existing business, interviews mainly searched whether there is a need to
improve current techniques.

30 questions are designed, showing parallel subject titles of given functions.

Set of questions and their linkage to functional analysis are detailed in Table 6.

Table 6: Questions Designed and Link to Research Objective for Semi-Structured

Interviews

. Main Objective of
uestions Related —
N Function(s) Question(s)

Could you tell us about the dynamics of your

profession? o
To have a descriptive and

N/A introductory data on

How your business changed during the interviewees
pandemic?

How long have you been working in this field?
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Table 6 (continued)

How can you describe the overall market in the
greenhouse sector?

To differentiate cases by

;Ir(;\évnwoaﬁs); Eeople are currently working in this N/A the scale of operation
Can you tell us about the equipment and
production methods you use?
Have there been changes in equipment/methods T&gzgg:ﬁa&ztr: q
since you started to work? 2 lied in different scales
Have you visited other greenhouses around you o?p reenhoUse onerations
before? Had you any observations about other ~ F2, F3, F4 Togsee commonpan g
cultures, employees and business processes? different needs of
What are the reasons of preferring the products reenhouses
you produce now? 9
Is the infrastructure at your location sufficient
for your operations?
Do you think those who are engaged in L%;f/i;gi'sni'r:';:is sector
greenhouse cultivation turn to agricultural  Fq Fo Fa, To understand the
education because it is a family business? Or F1, F3 dominant source of
are there people who studied in this field and knowledae
then entered this sector? 9
To identify
Are there any news channels about this sector communication a_md
that you follow? information sharing
In addition to them, are there any sources you F1.F2,F4, E;I'r(])a;]:ee{/?/hether axistin
follow technological developments? F1,F3 reehroloniss are g
Are there any applicable technical and 3 Iicab?e for different
technological solutions for you? pp .
scales of operation
. To understand whether
?
Where do you buy your work equipment? there are sufficient
Where do you supply the fertilizers, pesticides, F3 complementary goods and
seeds and equipment from? SEervices
To see technical
By whom is the adjustment and control of these F1, F3 knowledge on the
equipment are made? equipment
Avre there any incentives to buy equipment and -
technologica{ t00ls? y equip To elaborate existing
' F2, F3, F5, incentives and business
Has there been any government support you F6 opportunities for
have ever received? greenhouses
Do private investors invest in this sector?
. To see how greenhouse
?
Where do you mainly sell your products® F2 Fa workers establish their

What do you pay attention to when establishing
commercial relationship?

business relationship
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Table 6 (continued)

What do greenhouse growers need to be an
effective company?

To understand overall

. L F2,F4 market competition
How can you describe the competition in the
greenhouse sector?

To cross-match the data

What are the benefits of agriculture chambers? N/A with questionnaire
Is there an awareness or consciousness about
greenhouse cultivation ? To show the level of
Does your greenhouse have a website? technology usage in
Do you share your experiences with people ? If knowledge sharing and
yes, on which channels? F1,F7 awareness raising

How do you think policies in this sector should
be developed?

How do you see the future of this sector in
Turkey?

To see level of sufficiency
of existing policies
To get personal opinions

In total, 10 interviews are conducted. Characteristics of interviewees are given

in Table 7.

Table 7: Interviewee Characteristics

Interview Graduated from Working as Greenhouse Size

To. Agricultural Engineering  Greenhouse owner Small-medium size

5 Molecular Biology Greenhouse R&D firm Medium-large size
owner

3 Agricultural Engineering  BD Manager Large size

4 Horticulture Sciences Greenhouse Owner Medium size

5 Not Applicable Public Servant Not Applicable

6 High School Greenhouse Owner Small size

7 High School Greenhouse Owner Small-medium size

8 High School Greenhouse Owner Small size

9 Agricultural Engineering  Greenhouse Owner Small-medium size

10 Agricultural Engineering  Greenhouse Owner Small size

Sizes of greenhouses are categorized based on the overall land size and

operation scale (production size and export size). Within a limited number of interview
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opportunities, different greenhouse operation scales are included in research. Due to
protection of privacy, personal information of interviewees is not given in the thesis.

Interviews are analyzed in QDA through 155 assigned codes, which are
provided in Appendix. There are two different code categories: General Information
and Function Specific Information. The reason for that is, some questions are asked to
understand solely the interviewee while others are structured with functional and sub-
functional dynamics.

General Information codes describe details on products soiled, problems of
greenhouse productions and advantages of operating greenhouses. Sub-categories are
listed as: ‘Generic’, ‘Advantages on Technology in Greenhouse’ and ‘Problems of
Greenhouse Operations’.

Function Specific Information, on the other hand, involves function specific
codes clustered in accordance with given 7 functions. Context-specific clustering also
applied under each function clusters, all of which are detailed in Table 8.

Table 8: Clustering of Semi-Structured Interviews

Function Context-Specific Clusters Explanation
Clusters
Problems in knowledge, education,
Problems knowledge diffusion and tacit
Knowledge knowledge
Development
and Diffusion Types of knowledge needed to
Needs effectively operate greenhouses

Sources of necessary knowledge to
Sources of Knowledge effectively operate greenhouses

S o Entrepreneurial activities in large-size
Large-Size Firm Activities greenhouses

. Entrepreneurial activities in medium-
Entrepreneurial - Medium-Size Firm Activities  gj,e greenhouses
Activities
) ] o Entrepreneurial activities in small-size
Small-Size Firm Activities greenhouses

) In-firm culture, other than operational
Business Culture routines
Problems/  issues related  with

Guidance of Complementary Services complementary services rather than
Research technology itself

Overall competition in market, both
Competition among producers and intermediary
actors
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Table 8(continued)

Demand

Characteristics of Trade
Relationships

Comments on demand in high quality
agricultural products

Important issues to establish and
maintain trade relationships

Availability and/or problems related

Market
Information

Infrastructure with the necessary infrastructures
o Pricing impacts on greenhouse
Pricing operations and their investment
) Overall characteristics of market such
Market Size

Relationship Characteristics
with Foreign Market

Relationship Characteristics
with Domestic Market

as size, diversity and level of maturity

Relationship between producers and
international firms to see export and

import  dependency along  with
government relations’ impact on
agriculture

Relationship between producers and
local intermediary or complementary
actors

Mobilization of

Human Resources

Social-Integration

Problems and individual perceptions
towards  human resources  in
agricultural production and greenhouse
operations

Reflections of greenhouse production
on social-integration

Resources Issues related with arable lands and
Land Resources greenhouse lands on production
Availability and appropriateness of
Technology Resources technology  resources  impacting
adoption rates
Perception of producers towards
. society awareness on agricultural
Society Awareness production systems and greenhouse
. production systems
Public Level of websi X X
Awareness and . evel of website usage by greenhouses,
Information Greenhouse Websites main advantages and problems
Network

Greenhouse Information
Network
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Table 8(continued)

Whether  producers  follow new

New Technology Follow/ technology solutions and if yes, through
Sources Followed which channels
Policy Government Support Details on government support for
Regule’ltion Characteristics agricultural producers
and ) Recommendations given by producers
Government  Policy Needs and public servant on key priority areas
Support
Types of available government
Support Availability supports and whether producers can
apply them
Regulations of Foreign Regulations applied by export countries
Countries or foreign firms on Turkish producers

3.6.1.2 Questionnaires

Questionnaires, different from semi-structured interviews, are conducted to
understand perception of Chambers of Agriculture in Turkey. While greenhouse
workers or owners are the main target, it is impossible to conduct interviews with
hundreds of them, located in different regions. Chambers of Agriculture
representatives, on the other hand, have both region-level knowledge and connection
to actively working greenhouses.

This thesis included a sample group of Chamber of Agriculture representatives
coming from different cities of Turkey. Participants are selected whether they have
access to greenhouse workers on field and whether they are currently giving advisory
services for agricultural workers for their business. During a join convention in Ankara
on December 2019, all Chamber of Agriculture representatives are asked to participate
to this research. In order to reach out as many respondents as possible, questionnaires
are preferred instead of interviews, which again prepared in Turkish to avoid possible
language barriers.

Thus, chambers of agriculture are among important actors for agricultural
policy design by the nature of their job. Chambers of Agriculture were legally
established to support agricultural sector to be developed in accordance with general

interests and to realize the state's agricultural plans and programs. In more detail,
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responsibilities of Chambers of Agriculture® include: (i) to gather news and
information about agriculture and farmers, to examine them, to gather relevant indices
and statistical studies and to disseminate them; (ii) to make recommendations and
collaborate to public and private institutions and organizations regarding their fields
of activity; (iii) to make proposals to the Union about making legislative changes
required for the development of agriculture or creating new legislation; (iv) to carry
out all kinds of training and consultancy activities for the development of agriculture
and rural areas; (v) To keep farmer records, to organize information and documents
related to farming, to give the necessary information and documents related to all kinds
of agricultural support to farmers and related organizations; (vi) To cooperate with
other professional chambers and organizations abroad; and (vii) To meet all kinds of
needs of farmers regarding their production and professions. Therefore, inputs of
representatives give this thesis a further perception on the prioritization areas that are
applicable to the majority of target audience.

Through a parallel perspective to interviews, questions are designed to
understand both respondent perspective and functional dynamics from the public body
angle. 25 questions, in which 2 question were open ended, are asked to respondents.
Table 9, once again shows the set of questions and their linkage to functional analysis.

Table 9: Questions Designed and Link to Research Objective for Questionnaires

) Related Main Objective of
Questions Function(s) Question(s)
What is your age?
Which department of Ministry/Chamber you To have a
work in? What is your title? descri\p/)tive and
What is your title? N/A introductory data

How long you have been working in this on respondents

institution?

What is your highest degree?

How would you evaluate the value / To understand
opportunities given to higher education in your current R&D
institution? F1 activities in

How much R&D work in the agricultural field is relevant institutions

done in your institution?

3 https://www.tzob.org.tr/odalarin-gorevleri
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Table 9 (continued)

Did you contribute any R&D work before in

your institution?

Do you know the Precision Agriculture concept F1, F7
and application examples?

Is there an official definition used for the

concept of smart agriculture in your institution?

To see different
terminologies

Does your institution have any application for F5, F7
smart agriculture? If yes, to what extent?

To elaborate
current or planned
strategies for smart
agriculture

Do you think agricultural production in

greenhouses are effective in Turkey?

Could you evaluate the potential success of F4
greenhouse production after applying

appropriate financial / technological investment

and control tools?

To understand
sector-level needs
for improving
greenhouse
operations

Success of agricultural production in
greenhouses depends on what?

Can you list the following points from the most
important to the least important in increasing the
applicability of agricultural policies?

Do you think it is necessary to increase the use of
technology in agriculture? If yes, how it should
be applied?

All Functions

Functions are asked
to be evaluated

How would you evaluate the use of technology in
agricultural areas (other than communication and F7
social media)?

To evaluate
technology
adoption

Do you think increasing the use of advanced
technologies in agriculture should be prioritized
by ministries and government policies?

How effective are agricultural policies in terms of
increasing digitalization and technology use in
agriculture? F5

To what extent do you think agricultural policies
support applications for technology and digital
solutions?

Do you think the update period / content of
agricultural policies provide maximum benefit?

To discuss about
existing polices and
regulations

What result can we achieve if agricultural
policies encourage the use of advanced N/A
technology in agriculture?

To get personal
opinions

In total, 401 representatives of Ministry of Agriculture and Chambers of

Agriculture are asked to answer these questions during a training gathering in Ankara
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in December 2019. Among them, 280 answers are collected and analyzed. According

to the missingness map of collected answers, there is a 92% response rate (Figure 6).

Missingness Map

Missing (8%)
= Observed (92%)

Figure 6: Missingness Map

Respondents are introduced in this thesis based on the mean value of their

descriptive characteristic. Descriptive summary is made in SPSS and given below.

Table 10: Descriptive Statistics of Survey Respondents

Age* Years of Degree Level®
experience®
Valid 279 278 279
Total Missing 8 9 8
Mean 2,695 3,67 2,16
Median 3,000 4,00 2,00

Respondents have an average age of 30s, considering mean as the baseline.

Having a majority of young and junior-level workers is both advantages and

4 Answer categories 1: [18-25]; 2: [26-35]; 3: [36-45]; 4: [46-55]; 5: [56-65]; 6: [65+]
5> Answer categories: 1: [< 1 year]; 2: [1-3 years]; 3: [3-5 years]; 4: [5-10 years]; 5: [> 10 years]
® Answer categories: 1: [Pre-Bachelor]; 2: [Bachelor]; 3: [Master]; 4: [PhD]
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disadvantages. While they might be more open to improve existing procedures, it is
possible for respondents to have limited experience to propose achievable policies.

Even though, there is a young respondent profile, they have at least three to
five years of experience on average. Respondents have numerous work titles. There
are consultants, agricultural engineers, managers, field worker, public servants,
sociologists and technical personals. Yet, majority of respondents are working as
agricultural engineers and agricultural consultants.

On average, respondents have a bachelor’s degree. Thus, only 4 people over
280 respondents indicated that they have a PhD degree. In parallel to low level of
academic degree obtainment, 5/7 of respondents said they did not participate to a R&D
activity before. Relatedly, 45% of respondents believe that their institution does not
value for R&D activities.

Questions asked in the questionnaire are designed to make a simple correlation
analysis in this research. To understand the perception of respondents, following
question asked: “How many of respondents answering A is also answered B”. While
overall market understanding is addressed to secondary data and semi-structured
interviews, questionnaire analysis aims to prioritize.

To summarize, questionnaire and interviews aim to understand problems in
target TIS. While publicly available data provides a comparative analysis with best
practice countries, interviews deepen the understanding of greenhouse sector in
Turkey. Policy instruments, linked to identified problems, are supported by the results
acquired from questionnaires. That being said, this questionnaire has two contributions
to overall research. One, perception of relevant public body respondents is elaborated.
Interlinked subjects between greenhouse workers and relevant public servants are
analyzed to find any mismatches or additional problems. Two, prioritization for
identified policy instruments are made through questionnaire analysis. While all
functions are important to diffuse advanced technologies in greenhouse cultivation,
questionnaire provides insights on where to start. This is especially important for
nursing state market analyses. Next chapter details the findings from three data sources

for each function.
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CHAPTER 4

FINDINGS

Findings are presented under seven functions proposed in Chapter 3. Under
each function, sub-functions detailed in Table 4 are explained. Publicly available data
is supported by additional evidence through primary data analysis. Additional
evidences are presented under separate sub-function titles. Comparative data provides
a baseline to see shortfalls of Turkey against best practices. Historic data is also
presented to understand the agricultural development path in Turkey. Main difference
between Turkish greenhouse sector and best practices are shown to identify barriers
and advantages. Yet, each system has its own dynamic. Meaning that, Japan, the
Netherlands, and Turkey have different advantages and barriers to diffuse advanced
greenhouse technologies. To propose strong and feasible policy instruments, each
system is examined with their dynamics, bearing in mind common success factors of
Japan and the Netherlands.

Additional evidence through primary data mainly contributes to describe
greenhouse sector in Turkey. Hence, it shows the perception of greenhouse workers
and relevant public bodies towards theoretical and practical concerns in greenhouse
cultivation. Greenhouse owners and workers are identified as the main subjects for this
analysis. The reason is, they can reflect practical concerns and personal experiences in
applying new methods and technologies in controlled environments. Comments from
government bodies, on the other hand, are involved to this thesis to see overlaps and
mismatching points between design and implementation of agricultural and
technology policies.

This chapter details main problems and strengths identified from comparative

analysis, from interviews and from questionnaires. After a short summary of key
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findings, a performance measurement of Turkish greenhouse cultivation is presented.
Alongside, policy instruments are detailed against identified issues.

4.1 Knowledge Development and Diffusion (F1)

Knowledge development and diffusion represent initial step in technology
diffusion as these functions address how well the system develops scientific and
technological knowledge and its diffusion tools. Apart from available scientific
knowledge, provided by academic institutions, this section looks into sources of
agricultural knowledge. Simply put, what type of knowledge greenhouse workers or
relevant stakeholders use? Also, what are the knowledge sharing channels for them?

SPA involves a variety of research areas; however, social sciences are not
contributing to this subject as engineering and computer sciences. For that reason, this
function is not solely focusing on number of academic studies or research works. To
have a generic picture, government expenditures for agricultural vocational schools,
agricultural programs in higher education, trainings and agricultural services are

detailed in Figure 7-a and Figure 7-b.
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Figure 7-a: Agricultural Knowledge Creation and Transfer Rates of Turkey
Source: OECD, Agriculture and Food Data.
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Figure 7-b: Agricultural Knowledge Creation and Transfer Rates of EU and Japan
Source: OECD, Agriculture and Food Data.

As per above figure, both agricultural knowledge generation and transfer

percentage are higher in EU countries. Even though the individual data for the

Netherlands is not available, this observation indicates the importance of knowledge

diffusion among EU member countries. Such enabling environment creates an

important advantage for the Netherlands.
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In Turkey and Japan, on the other hand, agricultural knowledge generation
fluctuates at a higher level than diffusion. Meaning that, knowledge generation in
agricultural sector is not breeding other institutions or stakeholders in the market.

To strengthen observations under F1; university concentration to agricultural
studies, R&D collaboration, researchers in agricultural studies, and patents relating to
agricultural technologies are taken into consideration as sub-functions.

4.1.1 University Concentration to Agricultural Studies

University concentration considers availability of agricultural faculties in top
ranked universities. To have a comparative picture, top 1000 ranked universities (as of
June 2020) in Japan, the Netherlands and Turkey are identified and those with faculty
of agriculture are listed in Appendix 1.

In Japan, 40% of identified universities have Faculty of Agriculture. Thus,
Tokyo University of Agriculture and Technology specifically focuses on agricultural
technologies. Departments involve different fields in agriculture and engineering in
favor of technological improvement and its application to agricultural practices.
Different from Japan, there is only one top ranked university in the Netherlands and
Turkey, in which there is a Faculty of Agriculture.

In the Netherlands, Wageningen University & Research is the most prestigious
university for agricultural studies. It has been taken over by the state in 1876 and
considered as a start of National Agricultural Education. Today, Wageningen
University & Research is a unique and important education institution for agricultural
studies in Europe because of involving many research institutes so that scientific
breakthroughs are put into practice and incorporated into education.

In Turkey, Ankara University was established in 1933, with a Higher
Agricultural Institute. Today, its Faculty of Agriculture is providing a curriculum for
horticulture, agricultural machinery, agricultural biotechnology, and precision
farming. The curriculum includes a variety of agricultural fields; however, Ankara
University is not an agricultural focused institution as Tokyo University of Agriculture

and Technology or Wageningen University & Research.
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4.1.2 R&D Collaboration

University-industry collaboration contributes the level of knowledge diffusion.
In parallel to observation made by Figure 4, highest university-industry collaboration
on Research and Development is recorded in the Netherlands (Figure 8).
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Figure 8: University-Industry Collaboration Rates for R&D

Source: Global Competitiveness Report. 2020. The World Economic Forum.

Similar to R&D collaboration activities, latest cluster development rates are
recorded at highest for the Netherlands (5.22/7). Japan (5.06/7) and Turkey (3.85/7)
lay a little behind of the Netherlands (Appendix 2). Bearing all in mind, the
Netherlands shows once again the most enabling environment for agricultural
knowledge diffusion. Turkey, on the other hand, has the weakest in university-industry
collaboration rate compared to high income countries median (Schwab & Zahidi,
2020). One of the reasons of weak university-industry collaboration is the limited
budget for agricultural R&D in government. To exemplify, the amount of grant
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supported projects in agricultural fields covered 0.06% of total in 20197, which is the
third lowest priority area. While private sector actors expect government to support
farmers and producers, financial resources on agricultural R&D remain limited.
Coupled with the R&D collaboration rates, Turkish agricultural strategies are
found more knowledge-creation oriented than knowledge-diffusion. Reorganization of
Ministry of Food, Agriculture, and Livestock supports this argument via plans and
strategies applied as of 2011 (Strategic Plan 2013-2017). Those strategies mainly
involved recruitment of agricultural researchers, establishment of R&D centers and
training centers. While agricultural knowledge creation rates seem to be influenced by
them, agricultural R&D collaboration and knowledge diffusion remains behind of

Japan and the Netherlands.

4.1.3 Researchers in Agricultural Studies

Full-time agricultural researchers are mainly recruited by government
institutions (Appendix 3), especially in Turkey and Japan. That is to say, concentration
of Japanese national strategies for agricultural development make sense with high
number of researchers in public bodies. Since agricultural initiatives are mainly on
state’s hand, agricultural researchers might be allocated to serve policy related works
as well.

In Turkey, on the other hand, overall agriculture market is highly dependent to
business enterprises and small farm investments in their own capacity. Therefore, high
number of agricultural researchers and low rate of government R&D expenditures on

agricultural objectives should alert to misusage in human resources.

4.1.4 Patents Relating to Agricultural Technologies

Patent is a strong indicator to observe improvement of agricultural technologies
as patenting shows the level of machinery and technology usage for agricultural
development. Technology patents relating to Agriculture, Livestock or

7 https://www.tubitak.gov.tr/sites/default/files/18842/tubitak 2019 vili faaliyet raporu.pdf
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Agroalimentary Industries, over the total population are recorded highest for Japan
(Appendix 4). Hence, patent claims for greenhouse technologies are considerably

higher compared to the Netherlands and Turkey (Figure 9).
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Figure 9: Patents for Greenhouse Technology

Source: OECD Stat, Environment Database Technology Diffusion. Patents —

Technology Diffusion.

While agricultural knowledge creation and diffusion rates (Figure 4) show
persuasive arguments for the Netherlands’ enabling environment, Japan seems to have
greatest focus on greenhouse technology development. Greenhouse technology
patents in Japan were approximately eight times higher than the Netherlands and 38
times higher than Turkey in 2018. The fact that Japan has the highest population rate
among three countries, highest patenting rate might be justified. Nevertheless, Turkey
remains low in greenhouse technology patents even though total population and

government researcher rates are higher than the Netherlands.

60



4.1.5 Additional Evidence through Surveys and Questionnaires

Greenhouse workers have four grand sources of knowledge. These are (i)
family-business related knowledge, (ii) knowledge obtained from experience in other
firms, (iii) associations sharing new development and technology and (iv) knowledge
acquired from advisory services (Appendix 5). While there are different sources of
knowledge, neither of cases linked knowledge to academia.

Interviewed agricultural engineers criticize university courses being theory-
focused, rather than practical. Theoretical knowledge, acquired from universities, are

said to be forgotten on field due to lack of practical learning:
We were thinking about having a diploma, that’s all. In fact, if your
family has a greenhouse, going to university is like a vacation, because
when you work in agricultural sector you need to practice what you
learn. You get experience through practicing, and that’s only possible

in the field. If you don’t go to the field, there is no usage of theoretical
knowledge. (Interview No 2)

Hence, overall quality of education and sufficiency level are recorded as
lowering, especially compared to past decades. As results, students started to enroll
different departments, either to pursue non-agricultural career or to approach
agricultural business from other aspects (e.g., genetics). In general, Figure 10
summarizes perception of interviewees towards knowledge development and

diffusion, emphasizing academic and scientific knowledge.
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Figure 10: Problems in knowledge development and diffusion
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‘No need for academic knowledge’ is recorded at highest by number. This is
an expected result considering the students enrolled in agricultural faculties usually
have a family-owned business where they have an advantage to learn on field. Yet, the
perception of no-need is reflected aside with insufficiency of academia on practical
experience. While knowledge development and diffusion are considered among core
concepts, sources of knowledge seem to be limited with personal network (e.g., family
business) or individual effort to interlink existing knowledge sources.

Greenhouse workers also emphasized civil servants, who are assigned to
mission after graduation, having insufficient practical knowledge. To understand the
state of knowledge and awareness, representatives from Chambers of Agriculture
asked to define “smart agriculture” and “precision agriculture”. 63% of respondents
said that there is no official definition/description for smart agriculture in their
institution. Rather, “Good agriculture” is the term popularized for smart agriculture.
Furthermore, 3/4th of the respondents was unaware of precision agriculture practices.
Those who approved that they know precision agriculture, are asked to give examples.
Answers were mainly involved “soil analysis, “good agriculture” and “organic
agriculture”. Yet, there were also some indirect examples as “social media usage”.

Respondents declared that their institution has a moderate level of R&D
activities (by 2.3 over 5 on average). Relatedly, 72% of respondents said they are not
involved to any R&D work in their institution. One of the public servant respondent
proposed following on this issue:

In order to adopt smart agriculture practices, it is necessary to have a
certain education and knowledge level (on the government side). This
is also the case for producers and farmers. Since it is not possible to
move forward to a new application suddenly, it is more appropriate to
apply new methods gradually. For example, awareness of agricultural
activities can be increased by starting from agricultural engineers and
technicians who have received necessary training and from enterprises
with large corporate working opportunities. (Interview No 5)
Combining all, there is a gap for the conceptual framework for government

representatives on how exactly precision agriculture and smart agriculture practices
applies. Relatedly, agricultural education in Turkey is found inefficient and outdated.
University curriculums and academic concentration indicate the same. Even though
government takes promotive attempts to pursue higher education, public servants are
also aware of insufficient educational infrastructure. 59% of respondents were holding

bachelor’s degree while 13% has only two-year degree.
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As a consequence, “learning from doing” is perceived more valuable by all
parties. In some extreme cases, this learning path might lead to resistance to scientific
knowledge. One of the cases exemplifies this resistance with:

Mrs Ayse has expertise on fertilizer, and once some man asked advisory
support regarding fertilizer. She advised to put 2 kilograms and he
replied as ‘I cannot sleep at night if I don’t put 30 kilograms each
night’. Then he left, and he probably used 30 kilograms that night.
(Interview No 5)

While field knowledge carries substantial importance, it also eliminates the

technological value added. This might result as a lock-in to traditional methods. In that
sense, value of personal knowledge and resistance to scientific information prohibits
technology adoption or scientific reasoning. Yet, in an environment with insufficient
academic quality, it is inevitable for agricultural workers to abandon or improve
traditional production methods.

Under F1, there are two main issues to discuss. First, knowledge diffusion is
not at the same level as knowledge generation in agricultural fields. While there might
be different reasonings for this observation, it alerts a misusage of existing academic
and technology resources. Second, university curriculums are not updated with current
field practices. For that reason, existing greenhouse owners do not prioritize academic
learning or scientific advices. Such outdatedness creates a dependency on personal and
tacit knowledge to pursue agricultural operations.

Next chapter proceeds with F2: Entrepreneurial Activities.

4.2 Entrepreneurial Activities (F2)

Innovation system approach prioritizes entrepreneurial activities to establish
an experimenting ecosystem and to reduce uncertainties (Bergek, et al., 2008; Hekkert
et al., 2007). Entrepreneurship could have different scope and context to eliminate
existing uncertainties. For that reason, selection of entrepreneurial activities is required
for analysis. Based on the findings of F1 and available data, entrepreneurial activities
are filtered by existing business behaviors and enabling factors.

Agricultural entrepreneurship is a niche concept. It is influenced by different

sectors, academic disciplines and overall entrepreneurial behaviors in the market. To
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fully grasp dynamics behind this concept, entrepreneurial ecosystem is elaborated as
a generic concept. Agriculture-specific factors are specified afterwards.

Entrepreneurship ecosystem became part and focus of numerous studies and
reports; therefore, relevant entrepreneurial indicators are filtered for three countries as
in Appendix 6. A generic evaluation indicates the Netherlands to have more
entrepreneurship-friendly characteristics. All entrepreneurship indicators together
reflect an improvement for the Netherlands, diminishing trend for Turkey and
fluctuating dynamic for Japan. On an indicator-based level, reasons and perceptions
behind entrepreneurial activities are observed. The reason for that is that the
perceptions and motivations are among the primary entrepreneurship-boosting factors
in business and academia.

First, dramatic decreases are worth observing especially for Turkey’s
opportunity perception rate and risk acceptance rate. Opportunity perception rate of
Turkey, showing the level of understanding of entrepreneurs for the favorable
circumstances to take action, diminished from 0,6 point to 0,3 as of 2019. In parallel,
opportunity start-up rates rate is fluctuating at the lowest for Turkey. Having said that,
Turkish entrepreneurship environment seems challenging for individuals to enter and
survive. Yet, entrepreneurial intention rates are highest in Turkey?®.

Second, Japan shows considerably lower results in start-up skills; even though,
technology absorption rates are at highest. This indicates that technology absorption
and technology diffusion are important factors to stimulate entrepreneurial activities,
but not enough. High fear of failure rate and low early-state entrepreneurial activities
for Japan also justifies such argument®. Nevertheless, based on entrepreneurial
aspiration rates, Japan has more or less the same enthusiastic human capacity to pursue
entrepreneurship as Turkey.

At this point, it is important to see reasons behind entrepreneurial aspirations.
Motivational index and societal value indicators are crucial to understand the driving
force for entrepreneurship, either motivation by improvement or economic necessity

(Appendix 7). In Turkey and also in Japan, entrepreneurship is depending on financial

8 https://www.gemconsortium.org/economy-profiles/turkey-2

9 https://www.gemconsortium.org/economy-profiles/japan-2
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or well-being necessities for individuals. Dutch entrepreneurs, on the other hand, are
mainly motivated by self-improvement through starting a business. High
entrepreneurial aspiration rate also influences the perception of entrepreneurship as a
good career for the Netherlands™®.

While entrepreneurial characteristics provide an ecosystem-based
understanding, agricultural entrepreneurship has different dynamics. These include
marketing, farm size, product variety, reaching new customers and customer segments
(Yoshida et al., 2019). They are not entirely measurable by quantitative indicators
though; available data provides rather qualitative and case-by-case understanding.
Different from the majority of the structure of functional analysis, this function is
elaborated based on country-based historical background, rather than sub-functional

categories in the next sections.

4.2.1 Entrepreneurship Ecosystem in Japan

Japanese government initiated numerous policies to boost entrepreneurship
since 1990s. These policies were mainly addressing SMEs, science and technology
relevant fields, angel investors, technology transfer offices, universities, industrial
technologies, entrepreneurial trainings, and newly established businesses (Shinato et
al., 2013). To exemplify, removal of minimum capital regulation, provision of training
and education for entrepreneurs, enabling start-up loans without collateral, guarantors,
personal guarantees, expansion of the upper limit of free property, based on the New
Bankruptcy Law (Yasuda, 2009, p. 4) and announcing the act on technology transfer
promotion from universities to private sector are among them(Kim, 2016).

Additionally, in order to attract foreign entrepreneurs, business eases are
actualized by Japanese government. Easing the visa obtainment, out-of-charge
advisory services for administrative documents and bureaucratic issues and tax
incentives could be given as example (Tokyo Government Eases Regulations to Attract
Foreign Entrepreneurs, 2016).

All initiatives seemed as success factors, yet few considerable results are

recorded after the measures taken. Pioneering electronic companies, risk averting

10 https://www.gemconsortium.org/economy-profiles/netherlands
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culture (Hu, 2015), and preference of stability in work life (Choudhury, 2018) could
be counted as reasons for that. The concept of success is a baseline in almost every
social and commercial area in Japan, which leads society to follow defined life paths
and creates a fear of failure.

As a result, government focus has been shifted to education system and youth
employment to prevent the perception towards entrepreneurship as a risky and last
option plan. Ministry of Economy, Trade and Industry introduced the Hiranuma Plan
to establish university-oriented ventures for IT, environment, biotechnology and
nanotechnology (Kim, 2016). Main objective was to cope with the societal concerns
on changing the concept of defined roles and risk aversion.

As of 2001, with the boost of R&D commercialization as part of university-
private sector collaboration, start-up ventures increased consistently until 2008. By
2008, government decreased the financial support for university ventures, resulting not
only the decrease in ventures but also bankruptcies (Kim, 2016). This led government
bodies to adopt additional policies for students, scientists, and workers. Open Network
Lab (Onlab) is; therefore, established to provide mentorship, physical office spaces,
and financial investment for start-ups. Today, students in Japan are said to have more
positive approach to conduct their own business rather than involving in a salary-based
works (Kushida, 2018).

4.2.2 Agricultural Entrepreneurship in Japan

Aging demographics, labor migration, low profit, decreased self-sufficiency
rates and industrialization are among factors pushing young entrepreneurs away from
agricultural sector (Haga, 2018; Japan’ s Food Self-Sufficiency Rate Hits Lowest Level
in 25 Years Due to Drop in Wheat Production, 2019; Saito, 2019; Yoshida et al.,
2019). For that reason, Japanese small farmers generally experience transgenerational
entrepreneurship to reach potential customers and to promote their businesses
(Yoshida et al., 2019, p. 28,66), rather than grasping new entrants.

To cope with these risk factors and threats on agricultural activities, Japanese
government initiated an industry-university collaboration structure, namely Field for

Knowledge Integration and Innovation. Objective was to increase agricultural business
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competitiveness as part of industrialization and commercialization goals (Goto, 2019).
As a complementary part of this initiative, researchers are also promoted to conduct
entrepreneurial activities in existing farms (Haga, 2018; Kiminami, 2019).
Entrepreneurial activities of farmers, whether they newly started their
businesses or taken over the business from their families, seem to be focusing on
collection, marketing, transport, food processing and online sales (Kawasaki, 2019).
Thus, human resource and management skills of farmers also found to lead to
entrepreneurial activities through breaking the limits of family business
characteristics, improving business culture, and conducting further collaborative
activities. Nevertheless, there are certain critics on agricultural entrepreneurship.
These are lack of leadership characteristics, involvement of several stakeholders in
same land, fear of facing different challenges, individualistic profile of farmers, and

lack of local government contribution (Haga, 2018).

4.2.3 Entrepreneurship Ecosystem in the Netherlands

Dutch government promotes entrepreneurship in several aspects. These include
the support for the financial scope, contribution to the university-private sector
collaboration, reduction of regulatory challenges, facilitation of networking, reforms
in education, and cooperation with retail and franchise sectors (Supporting Ambitious
Entrepreneurs and Startups | Enterprise and Innovation).

With this in mind, main approach towards entrepreneurship is to provide access
to capital, knowledge, innovation, and global market. In parallel to digitalization
policy, government support for entrepreneurship consists of many stakeholders and
their effective operation for further growth. Accordingly, Dutch government
announced the Ambitious Entrepreneurship Action Plan (Supporting Ambitious
Entrepreneurs and Startups | Enterprise and Innovation). As part of the action plan,
early-stage finance opportunities at the idea stage are invested, foreign start-ups and
new businesses are promoted, platforms to facilitate networking are developed and
multi-country partnerships are funded.

Hence, with an objective to increase efficiency, business procedures eased in

the Netherlands since 2010. This lead to save time in starting up a business for 50%
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(The Global Information Technology Report 2016, 2016). Since 2013, business
reforms are announced as abolishing minimum capital requirements, eliminating the
non-objection declaration requirement before incorporation, introducing a new law for
approval of related-party transactions, and announcing a new web-based platform for
cargo releases for trade related operations (Economy Profile of Netherlands Doing
Business 2020, 2020).

4.2.4 Agricultural Entrepreneurship in the Netherlands

Agricultural sectors, especially greenhouse cultivation has a mature market in
the Netherlands. Relatedly, farmer-entrepreneurs have complex operation
environment and have different motivations (Kahan, 2013). To give an illustration,
business owners are pushed to be more market-oriented, better in farm-management
for economy of scale and act with entrepreneurial skills to increase the profit (Kahan,
2013) . Stimulation of sustainable agriculture, in parallel with requirements of such
competitive environment, remains to be part of national objectives since 1950s. As a
result, Dutch agriculture came into a transition path through economies of scale, food
security, nature conservation and intensification (McElwee, 2005; Seuneke et al.,
2013).

Industrialization trend in agriculture brought economic concerns and pressure
to farmers. It also led farmers to start entrepreneurial activities out of their farms and
to integrate science into daily operations. According to a survey made by Lauwere
(2005), agricultural entrepreneurs in the Netherlands could be divided into five
categories based on their characteristics: prudent, social, traditional, new entrant,
indecisive farmers. Through different motivations, farmers focus on non-farming
activities as care-farming, agro-tourism and farm shops to go one step further from
where they stand (Seuneke et al., 2013).

Alongside producer (farmer) and customer (end user) relationship started to
gain more importance in agricultural businesses, Dutch government started to see
farmers as service providers (McElwee, 2005). Accordingly, EU CAP also shifted its
policy instruments to market orientation, rather than price support for farmers. With

the increasing awareness of agricultural entrepreneurship and government support for
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sustainability in agriculture, farmers started to take greater responsibilities (Rudmann,
2008). To promote farmers during such transition, several programs and initiatives are
announced by different actors. ‘Food Valley’ in Gelderland, for example, is created by
Wageningen University & Research, gathering private companies and government
agencies in the same location to accumulate knowledge, promote collaboration and
support venture companies (Goto, 2019).

Within such collaborative environment, agricultural entrepreneurship went one
step further and broke barriers of traditional agriculture practices. Social entrepreneurs
and new entrants in agricultural sector are found as better matches in the concept of
entrepreneurship to respond market demands, understand trends, seek new ways of
doing things and find opportunities (Lauwere, 2005). Even though personal
characteristics of entrepreneurs have high impact in entrepreneurial activities,
associations started to gather different actors to promote collaborative work and to act
as a bridge between entrepreneurs and opportunities. The Netherlands Agricultural and
Horticultural Association is the first-found roof for agricultural entrepreneurs and
employees from different fields as arable farming, dairy farming, flower bulb
cultivation, greenhouse horticulture, tree cultivation and pig farming (LTO
Netherlands).

Agricultural entrepreneurship in the Netherlands involves collaborative
actions, knowledge sharing and freedom to take risks, especially when an opportunity
arises. To support such ecosystem, the Netherlands has clear and detailed regulations
for agricultural entrepreneurship. For example, as of 2020, the Netherlands launched
an addendum for agricultural entrepreneurs to acquire necessary funds (Law Changes
2020: Entrepreneurship, 2019).

Combining the enabling environment with public awareness and prioritization
on agricultural development, agricultural entrepreneurship in the Netherlands is in

process of improving even further.

4.2.5 Entrepreneurship Ecosystem in Turkey

Turkish government set a variety of policies and agendas to support young
entrepreneurs and newly established businesses (KOSGEB, 2015; Ozeke, 2018).
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These policies generally aimed to establish an entrepreneurial ecosystem to promote
innovative entrepreneurship, entrepreneurial culture, support systems and capacity
building activities (KOSGEB, 2015). To be more specific, rewards for successful
entrepreneurs, portfolio guarantee systems, companies to be defined as start-up if
incorporated by an owner under the age of 29, tax exemption opportunities, signature
alternatives for Articles of Association before the trade registry offices to save money
and enlarged intellectual property rights were among actions taken. Thus, patent rights
are also regulated in favor of universities to retain ownership over employee for
scientific research (Ozeke, 2018).

In accordance with the vision 2023, Small and Medium Enterprises
Development Organization (KOSGEB) remains one of the key actors to increase
competencies of small businesses and start-ups. KOSGEB defines entrepreneurial
ecosystem through six interventions: developing entrepreneur friendly regulatory
framework, supporting innovative entrepreneurship, developing and applying a
sustainable support system for prioritized thematic areas, developing a culture for
entrepreneurship, generalizing entrepreneurship trainings and facilitating access to
finance (KOSGEB, 2015). Combining all, Turkey approaches to entrepreneurial
ecosystem from business-related initiatives and supportive measures (financial, skill

development, administrative) for entrepreneurs.

4.2.6 Agricultural Entrepreneurship in Turkey

While entrepreneurial measures apply to a variety of sectors, agricultural
entrepreneurship is not specifically part of any policy. Rather, agricultural
entrepreneurship remained a choice to make profit out of family-owned businesses
(Gokge, 2010).

Studies for agricultural entrepreneurship in Turkey describe this concept
through several characteristics: education level, family characteristics and socio-
economic differences between rural-urban communities. A brief summary of Turkey’s

case in agricultural entrepreneurship is given in Table 11.
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Table 11: Characteristics of Agricultural Entrepreneurship for Youth in Turkey

Many of students in Faculties of Agriculture have first degree

Impact of Family-  relatives who own their own business. With such role models,

Owned Businesses  students are enthusiastic to attend agricultural entrepreneurship
trainings.

Agricultural

Perception of youth for investing in agriculture is to apply

Investment to . : . . .
. agricultural innovations, more than increasing the labor force or
Apply Innovative earning mone
Solutions g y
Managerial Skills In order to be successful in individually own businesses,

Show Top Priority ~ managerial skills and good ethic are found the top priorities for
to Run Individually  youth. Thus, technical knowledge, capital and trust are also found

Own Businesses considerably important.
No Gender Women in agricultural sector are found as many enthusiastic as
Difference men to be part of entrepreneurial activities.

Source: (Can & Engindeniz, 2017)

First, education level in rural areas is not high as urban cities, which directly
impacts entrepreneurial activities of farmers (Agizhan & Bayramoglu, 2018;
Karakayac1 & Bayramoglu, 2013). Even though education and technical skills are
among main requirements within the nature of entrepreneurship, there are few studies
on the effects of agricultural entrepreneurship and education. Farmers, who usually
take over their family businesses, are learning-by-doing, rather than applying
theoretical studies taught in universities (Can & Engindeniz, 2017).

Second, family characteristics also has an important impact on entrepreneurial
activities, especially in allocation of resources. Farms owned by families or more than
one stakeholder might challenge owners to keep records on used and saved (Agizhan
& Bayramoglu, 2018), which also influence level of investment and saving as
business. Numerous titles of an individual farmer (entrepreneur, owner and worker at
the same time) or several individuals having the same title hamper the decisions
making process for entrepreneurship.

Third, demographic factors impact agricultural entrepreneurship in a negative
way due to migration of youth to urban cities. Children of land owners, seem to prefer
to take part in non-agricultural businesses (Agizhan & Bayramoglu, 2018). Aging
demography of farmers, therefore, pushes businesses to outsource human resources,

especially during harvesting.
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While agricultural entrepreneurship remains at farm-based operations, policies
targeting agricultural improvement are also limited (Performance Programme for
2018, 2018). As result of this non-prioritization, enabling factors of agricultural

businesses and agricultural entrepreneurship stay at lowest for Turkey (Appendix 8).

4.2.7 Additional Evidence through Surveys and Questionnaires

Interviewed cases indicated that entrepreneurial activities should be separated
based on greenhouse size. R&D activities, therefore, elaborated separately for different
sizes of greenhouses.

Large sized operations seem to have their own R&D departments to provide
scientific and technological reasoning for production. Businesses having several
greenhouses in other countries, seem to share in-house R&D across nations to reach
the highest productivity level. Main need of those greenhouses is to transfer to full
automated operations using robotic solutions. Thus, rate of younger employees is also
highlighted. While number of young and educated employees seems sufficient for
daily operations, a need for integrating different disciplines is found. For example, to
adopt robotics in greenhouse operations, employers or greenhouse owners do not
require agricultural engineers or molecular biologists in addition to enrolled ones.
Rather, there is a lack of interdisciplinary workers to support businesses in this
transaction.

Middle-sized greenhouses seem to take large and modern greenhouses as role
models. While there are ongoing R&D activities in those greenhouses, main objective
Is to optimize input costs for higher productivity. Due to high investment costs,
financial barriers became more significant factor in adoption of advanced
technologies. One of the interviewees explained the grant they applied and earned
regarding adoption of more advanced operations in greenhouses:

There is a method named hydroponic farming, meaning that agriculture
without soil. You may think simply pipes transferring water, vitamin,
and fertilizer to plants. This method can be applied to strawberries.
Since you don’t use any soil, system has a high cost in this production
method, but you will get high quality products. We have applied to a
TUBITAK grant transforming this method to our own agricultural
practices. Usually this method is applied horizontally, but we designed

it vertically to increase the productivity rate from the available land.
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We designed automation system as well. The grant was approved, but
we couldn’t convince any farmer to use this technique because it was
simply too costly. You may explain how much they will profit but when
you say how much it costs, nobody agrees to change their business.
(Interview Number 3)

Even though engineering and technology infrastructure is sufficient to design
and develop similar solutions, producers main concern is always the costs. In small-
sized greenhouses, such as glass greenhouses, financial constraints are getting even
higher.

The reason is that small-sized greenhouses have higher operation costs per
decare. To profit from technological investment, greenhouses should have a certain
size. Small sized lands divided to shareholders for agricultural work are not always
feasible.

Bearing in mind different greenhouse sizes brings separate needs to address,
there is a considerable difference between the number of small and large size
greenhouses. Number of producers in “good agriculture” increased by 95 times since
2007*. Agricultural lands, within the same time period, also increased 101 times.
Parallel increase in producer and lands indicate that there are new producers in the
market rather than expanded businesses.

While there is no official data of existing greenhouse sizes in Turkey, number
of modern greenhouses are limited (Almost 2% of decares in total land under
protective cover as of 2018'%). To understand the state of production methods of
middle and small sized greenhouses, representatives from Chambers of Agriculture
are asked to evaluate the level of technology usage (Figure 11). To do that, technology

involvement for social media sharing purposes is specifically excluded in questions.

11 hitps://www.tarimorman.gov.tr/Konular/Bitkisel-Uretim/Tarla-Ve-Bahce-Bitkileri/Ortu-Alti-
Yetistiricilik

12 Ministry of Agriculture and Forestry/TUIK, Areas for land under protective cover by type, 1995-
2019
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Figure 11: Technology Usage Rate in Agricultural Operations

Majority of agricultural operations, in this framework, depend on traditional
methods and individual knowledge to cope with uncertainties. Innovative activities,
on the other hand, said to be copied from Western countries without location-based
evaluation. This issue is detailed as an observation during interviews:

Statistics say that 75 percent of people working in the village or doing
agricultural works are above 65. Maybe they exaggerate the
percentage level, but we see the demography on field. 4/5 of family
farmers are almost at that age. Blocking this generation means
disappearance of traditional experiences. So, they copy Western
countries. For example, palm is one of the biggest mistakes’ architects
make. Palm trees filled all over. Why is that? Just because the European
landscapers modeled planting palm trees. It’s necessary to get into
traditional methods and why certain things are done while others not.
(Interview Number 2)

To cope with this issue, role of government policies is observed. Ninety-five

percent of respondent argued that agricultural technology usage must be prioritized by
government policies. Yet, more than 50% of respondents believe that existing
government policies are not effective enough to digitalize agricultural operations or to
increase agricultural technology usage.

As a response, representatives are asked to prioritize functions given in
comparative analysis. Majority in each category respondents (1 to 5) selected
education as the most important concern to increase agricultural technology usage.
Especially 75% of those believe government policies are not effective (marked as Very
Low), highlighted education as up most important function in policy development.

Under F2, there is one grand issue, integrating different aspects of agricultural
entrepreneurship: lack of a system to manage and promote entrepreneurial activities.
Japan and the Netherlands have different characteristics and different systems to

promote entrepreneurship. In Turkey, on the contrary, greenhouse cultivation is not
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proceeding as an entrepreneurial field. As result, potential business owners switch to
other career opportunities, which creates a risk to lost tacit knowledge on the field.

Next chapter proceeds with F3: Guidance of Research.

4.3 Guidance of Research (F3)

Technological innovation systems require initiatives and promotive measures
to be pursued by relevant actors. By its characteristic, this function is highly linked
with interactive process between producers, consumers, middlemen, and other actors.
In that sense, actor behavior, perceptions, and enabling environment are necessary to
elaborate.

Market studies projects precision agriculture to grow 12.7% between 2020 and
2025 (Precision Farming Market by Technology (Guidance, VRT, Remote Sensing),
Application (Crop Scouting, Field Mapping, Variable Rate Application), Offering
(Hardware—Sensors, GPS, Yield Monitors; Software; Services) and Geography -
Global Forecast to 2025, 2020). To understand the reasons behind this market growth,
driving forces must be understood at first. Elements of this function, accordingly,
address producers’ effort to reduce costs and factors pushing them to apply innovative
solutions (Viatte, 2002). Advanced tools and technologies are found as a choice for
economies of scale in agriculture (Jouanjean, 2019). Therefore, facilitating
environment of the agricultural growth is observed via following elements: support for
producers, complementary products and services for producers, characteristics of
demand, greenhouse manufacturers, and public policies and strategies on digitalization

in agriculture.

4.3.1 Support for Producers

Agriculture is a sector that requires government support because of high capital
requirements and sensitivity of external factors as climate and water. Agricultural
producer support rates, calculated by annual monetary value of gross transfers to

agriculture as percentage of gross farm receipts, are given in Figure 12.
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Figure 12: Agricultural Producer Support

Source: OECD, Agricultural support estimates (Edition 2019)

The highest rate of producer support in Japan should not be mis-interpreted by
excluding the impact of total population and agricultural labor force. To exemplify,
total support remains at 1% of GDP between 2015-2017, showing a decrease more
than 50% since 1988 (OECD, 2018). As government policy, Japanese agricultural
support is shaped by the market price and general service expenditures, which makes
agricultural sector highly dependent on government policies and support mechanisms
(for infrastructure and facilities).

In the Netherlands, agricultural support rates experience a slight diminish

between 2015 and 2017, which could be a result of declining agricultural labor force
and low budgetary payments (OECD, 2018). Nevertheless, overall support still
remains just above OECD average, which enables farmers to collect higher effective
prices than international prices. Hence, general service expenditures seem to be spent
on knowledge development in the Netherlands, rather than facilities.
In Turkey, overall agricultural producer support has a fluctuating structure, comparing
with overall OECD countries. To exemplify, as of 2010, sharp declines are observed
in terms of producer support. Yet, records showed 25% of gross farm receipts between
2015- 2017, which was above OECD average (OECD, 2018).

Even within decreasing path, 85% of producer support is allocated to individual
farmers to promote their survival in the local and international market. In addition to
overall agricultural support, greenhouses (and glasshouses) also receive different
funds, subsidies, credits, and other public investment opportunities. These support

mechanisms apply to modernizations, management support and energy efficiency
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objectives in all three countries (Netherlands Doubles 2020 Green Subsidies in Rush
to Hit Climate Goals, 2020; TR63 Bolgesi Seracilik (Ortiialti Bitki Yetistiriciligi)
Sektor Raporu, 2015; Richter, 2019; Sijmonsma, 2016).

4.3.2 Complementary Products and Services for Producers

Complementary products and services have a promotion-factor for new
technologies to potential users. Greenhouse cultivation technologies, therefore,
requires different machineries and services to be available. This thesis looks into farm
machineries and agricultural insurances only, in order to provide a comparable
framework.

Total units of farm machineries and machinery capital are found at highest in
Japan and lowest in the Netherlands®®, whereas machinery capital per worker is at
lowest for Turkey (Appendix 9). Available machinery resources are covering only
around 20% of total agricultural workers in Turkey. This observation indicates a need
for stronger diffusion and promotion mechanisms. On the contrary, for the Netherlands
both machinery capital and number of agricultural employees are at lowest but more
than 70% of agricultural employees (on average) are using farm machinery. This is
one of the examples in which resources are better distributed.

In case for complementary services, Japanese government has a leading role in
reinsurance, regulation, and design of agricultural system. Hence, all available
insurance schemes are specified by law, especially by Disaster Countermeasure Basic
Act of 1951 (FAO, 2011). As result, farmers are able to get low interest loans,
exemptions, and tax reductions in case a natural disaster negatively impacts their
business . Greenhouse producers are also able to apply for Voluntary Subscription
System Insurance to benefit from similar services specific to greenhouse operations
(FAO, 2011).

In the Netherlands, contrarily, private companies are active as government to
provide greenhouse insurances. N.V. Hagelunie, for example, is one of the largest

insurance company, which provides its services against agricultural risks with a

13 U.S. Department of Agriculture — International Agricultural Production. Machinery - Farm
Machinery Capital (number of units)
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specialty in greenhouse horticulture (Hagelunie : Your Partner in Risk Management
How Well Do You Know Your Greenhouse Insurancy Policy ? Hagelunie :, 2014).
Greenhouse insurance sector is covering technological risks as much as natural risks,
specifically addressing high-tech cultivation equipment installation (Boersma & NI,
2005).

Turkey, different from all, uses an insurance pool system called TARSIM, to
which agricultural insurance agencies are registered. TARSIM conducts the risk
assessment and acts as a bridge between greenhouses and insurance companies,
covering building materials, equipment, crops, and losses arising from a natural
disaster (TARSIM). In addition to TARSIM, banks — as Denizbank — also provides
greenhouse insurances in accordance with article 12 of Agriculture Insurances Law
number 5363.

4.3.3 Characteristics of Demand

Food expenditures provide a simple but important insight on the consumer
expenditure behaviors. Consumer demand on agricultural products is, therefore,

observed by these expenditures (Figure 13).
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Figure 13: Consumer Expenditure on Food over Total Consumer Expenditures

Source: Euromonitor International. Expenditures Spent on Food by Selected
Countries. May 2019
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Share of food expenditures indicates how much each country spends on food
under their total consumption rate. While food expenditures have the highest rate for
Turkey, it must be kept in mind that food expenditures are at lowest in terms of US
dollars (Appendix 10). In simple words, even though Turkey has the lowest GDP per
capita among these three countries, it still has the highest food consumption rate
because of low food prices. In terms of national demand, Japan seems to spend more

on food compared to all three.

4.3.4 Greenhouse Manufacturers and Construction

Modern greenhouses are built either from scratch or on top of the existing
infrastructure. Either way, farmer skills and availability of necessary engineering
should be somehow available in the first place.

For Japan, greenhouse manufactures seem to outsource necessary
infrastructure!* (Greenhouse Manufacturers Companies and Suppliers Servingin
Japan), even though there is a strong mechanical and engineering infrastructure. In
that market structure, Japanese greenhouse manufacturers are benefiting mainly from
Dutch greenhouse technologies (Innoplex, 2015; Marktscan Moderne Glastuinbouw
Japan, 2018; Sijmonsma, 2016). Yet, the integration of engineering solutions to local
concerns is highly prioritized, so that external risks (as earthquake risks) are mitigated
(Sijmonsma, 2014). Hence, Japanese government is sponsored a research program in
collaboration with Wageningen University & Research (located in the Netherlands) in
order to provide solutions for location-based challenges when producers are
introduced to a new greenhouse technology (Kruger, 2017b).

In case for the Netherlands, private institutions’ contributions are worth
mentioning to boost national competitiveness in greenhouse production. Boot & Dart
Nurseries, as an example, combined their experience of cultivation for more than a
century on one side and experience in landscape project management for over 65 years
on the other side (Boot & Dart). BVB Substrates, as another example, provides

opportunities for growers to take masterclasses in Hogere Agrarische School and

14 From UAE, Jordan, USA, China, India, Spain, Italy, Israel, the Netherlands, Canada, UK, France
and Turkey
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Wageningen University & Research or to take short training courses (equivalent to
college education) tailored for customer needs to make growers better assessment and
increase the rate of return from their production (Kekkild-BVB Research - BVB
Substrates). Similar to Japan, the Netherlands also integrates up-to-date solutions and
scientific & professional experience to address local requirements in greenhouse
construction. Nevertheless, both product and service delivery seem to be arranged
through national sources, as oppose to Japan.

In that manner, Dutch greenhouse sector seem to be interested to both product
sales and knowledge diffusion on how to integrate new technologies and solutions to
traditional production. Bearing all in mind, one of the main characteristics for Dutch
greenhouse manufacturers is the availability of training, coaching, mentorship, and
education programs provided by private firms. The reason is to emphasize that there
are different disciplines and staff responsibility levels which requires specialized skills
and knowledge. Even though this argument cannot be applied to all cases, 40% of most
recognized Dutch greenhouse construction and manufacturing firms are providing
crop care assistance, necessary training for growers or simply knowledge sharing tools,
and sources benefiting from scientific studies™.

Turkish greenhouse industry has shifted to modern production techniques after
1975 (Yilmaz et al., 2005). Engineering and manufacturing firms also expanded
accordingly. Until the 2000s, construction of greenhouses was handled by foreign
companies. Yet, today almost all plastic and glass greenhouse construction could be
made by local firms. Such improvement results for Greenhouse Construction and
Hardware Sector to become one of the fastest growing sector in Turkey in the last 25
years (Silleli et al., 2020).

Looking from international market, a simple internet search from
Europeages.co.uk shows that Turkish greenhouse manufacturing firms are at highest
in number compared to Japan and Netherlands. While there is limited information on
the characteristics of Turkish greenhouse manufacturers, it is found that there is a
competitive engineering level in terms of developing advanced technologies to be used

in greenhouse production. Yet, preliminary search indicates that only limited firms are

15 Dutch Greenhouses, Venlo Projecten, Agricultural Projects Holland BV, Avag Greenhouse
Technology Center, Hortilife, SAARLUCON, BOM GROUP); HANS BRANSEN
TUINBOUWTECHNIEKEN & ADVIEZEN, VITOTHERM B.V. and ROVERO SYSTEMS B.V.
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providing a technical service — or only a limited number of firms provide satisfactory
technical services — for growers after the construction or manufacturing works are
done. In comparison with the Netherlands, lack of technical services indicates a great
loss of knowledge on how to integrate new technologies with the current production
systems. Thus, it creates a large mistrustful environment for farmers. As a result, there
is a good chance that competent engineering and technological improvements stay

unused or non-diffused.

4.3.5 Public Policies and Strategies on Digitalization in Agriculture

Regulatory environment and supportive policies for greenhouse cultivation are
detailed in Function 5. Yet, this sub-function examines ICT-relevant policies and
strategies that might have an impact on modernizing agricultural practices in general.

Japan, as one of the leading countries in the path for societal digitalization,
currently shifting to “Society 5.0”. This transition means integration of existing
technologies to almost every part of life (Innovation Japan | The Government of Japan
- JapanGov -). Many industries in Japan are also transforming in parallel to such
integration, including agriculture and greenhouse cultivation. Specifically, Society 5.0
aims to develop and adapt digital farm technologies to respond global concerns as
water shortages or inefficient natural resource management. Bearing that in mind, SPA
is a great scientific contribution to Japan’s national agenda and innovation trends in
agriculture.

In the Netherlands, Dutch Digitalization Strategy is adopted to emphasize
sustainable agriculture through protection of privacy, advanced cybersecurity
measures, improved digital skills, maintaining equality in business competition and
investment on research and innovation. Together with that, European Commission has
launched a long-term strategy for agricultural research and innovation initiatives to
create a collaborative environment for farmers, researchers, private businesses, non-
profit organizations, NGOs, advisors and government bodies. Nevertheless, Dutch
agricultural firms are not necessarily integrating R&D and innovation objectives to
their business strategies. Based on the survey results made by PwC in the Netherlands,

R&D spending is mainly made by the large multinational companies. In fact, eight
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investors are account for one-third of total R&D business expenditures (“Innovation
in the Netherlands,” 2016). In that sense, available digitalization policies seem less
effective for agricultural R&D as large firms’ operations.

In Turkey, on the other hand, there are positive steps toward a strengthened
digitalization. Yet, most of the initiatives are addressing manufacturing and services
(Bicer, 2020). Relatedly, majority of Turkish farmers has only basic and outdated
technologies on hand (Kaygusuz, 2010). There are several exceptions in poultry
industry, in which sectoral leaders are closely monitoring EU’s and USA’s best
practices on fertilizer and machinery usage to increase vegetable production (Eklund
& Thompson, 2017). Nonetheless, there is not a digitalization strategy in Turkey, that

could contribute specifically to greenhouse cultivation.

4.3.6 Additional Evidence through Surveys and Questionnaires

While existing technologies and equipment are more or less the same in
everywhere, business culture in Turkish greenhouses differs from other countries. This
difference is observed especially for small and medium sized greenhouses. Safety
measures and health cautions are taken as an example. It is observed that Turkish
greenhouse owners are not sensitive yet as foreign greenhouse owners. To be more
specific, arranging a visit to a medium sized greenhouse without sterilization could be
easily made. In foreign countries, on the other hand, plant diseases have higher
concern. Therefore, arranging similar visits require further effort and precaution.

In terms of complementary services, there is a lack of technical services to
repair and adjust advanced greenhouse systems in Turkey. For that reason, farmers
seem to suffer from technological adjustments.

This problem is frequent in animal husbandry, especially in milking
machines. Firms come and adjust the equipment and never look back.
They don’t care whether animal udders are damaged, whether there is
a high pressure or is there a disease, they don’t care. Farmers, on the
other side, don’t know what causes the problem and thinks that the milk
they had is what it is. See, one equipment that supposes to help you in
your operations, in fact might harm your animals or decrease the
productivity when you don’t have a technical service to consult.
(Interview No 4)
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While there are different dynamics in greenhouse market, producers are not
exactly in a competition with each other. In fact, producers are acting like colleagues,
rather than competitors. Competition factor is actually arising on prices. Having a
strong and chained impact, price competition has a potential to harm all relevant actors.
Simply put, to lower the product price, quality level also diminishes.

Pricing has a crucial impact for greenhouse operations on: what to grow, where
to establish the greenhouse. While there is no standardized control mechanism,
financial risks also increase. Deferred payments and intermediary product prices
increase financial risks even more. Following issue is expressed in interviews:

Right now, there is not a system that can track the farmer, producer,
pesticide seller and fertilizer seller. In other words, the state says that
| do not charge 18% VAT on fertilizers, and gives them with 0% VAT.
But since we buy it through the dealers in between, we have to buy it in
an expensive way as if there is no VAT discount. (Interview Number 9)
As result, even large greenhouses try to stabilize product selling prices at a

certain rate. To make benefit out of their production, all greenhouses are working to
balance price-quality ratios.

Trade relationships, similar to competition characteristics, are based on timely
payment capabilities and trust. Producers do not want to risk their earning with
uncertain buyers. As result, they prefer to work only with intermediary firms that they
trust. This preference also applies to when producers need to buy medicines or
fertilizer. They usually prefer foreign brands to ensure the quality.

Another interesting fact about cost minimization is about location of the
greenhouses. Not depending on the climate, but closeness of market sale place has an
important role in producer decisions. City of Aydin is given as one of the examples for
this issue:

The first concern of farmer is how to make money out of his/her product.
They say they want to grow tomatoes, especially cherry tomatoes, in
Aydin. If you ask why, they would say ‘they pick tomatoes up in front of
my door’. They prepare tomatoes to sale; market car comes and picks
them up. At that point, farmer doesn’t care about pricing. Government
supports farmers for the tomato prices for 1.25 TL, but those farmers

sale for 1 TL. Why? They don’t have to deal with the transportation,
fuel, extra labor force and so on. (Interview No 1)

According to representatives from Chambers of Agriculture, there is a
difference of opinion for the effectiveness of greenhouse cultivation in Turkey. 54%

of respondents believe that greenhouse cultivation is a beneficial source of production,
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while 46% believes the opposite. Also, respondents who claimed that they are aware
of PA practices ranked Turkish greenhouse potential at moderate level.

To have a deeper understanding, success rate of greenhouse operations is re-
evaluated on a scale from 1 to 5 (Figure 14). Only this time, financial barriers and

technological investments are considered as applicable for all.
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Figure 14: Potential of Greenhouse Sector Success Rate

Once necessary investments are in place, perception on the potential of
greenhouse cultivation increases substantially. These results demonstrate a
development area for agricultural development through greenhouse cultivation in
Turkey. By meaning of investment, financial initiatives should be accompanied with
other complementary factors. Technical support services are among the most
important findings from lacking complementary factors.

While technical support services stay at firm level responsibilities, Chamber of
Agriculture representatives are asked what to prioritize in this environment to increase
greenhouse cultivation success. Fifty percent of the respondents emphasized again
education as the main policy focus to ensure success of greenhouse cultivation in
Turkey. While there are numerous factors in the path of success, education is ranked
again as the first.

Under F3, there are four major issues that should be addressed. These are (1)
the perception towards food health, (2) inability to adopt engineering and technology
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solutions, (3) lack of digitalization policies in greenhouse sector, and (4) financial
constraints influencing business decisions. While these issues are interlinked with a
variety of operational concerns, they also summarize major deficiencies of greenhouse
operations in Turkey.

Next chapter proceeds with F4: Market Formation.

4.4 Market Formation (F4)

“From Schumpeter to Porter innovation-thinkers have recognized the
importance of an advanced market, of well-articulated critical demand as a driving
force for innovation” (M. P. Hekkert et al., 2007, p. 7). Institutional changes for
innovative applications often require an evolved market (Bergek, Jacobsson, et al.,
2008). Drivers for market evaluation involve market type, market size, industry
associations and export & import rates.

Market information of greenhouse sector could be drawn by different factors
as market size and characteristics, productivity level, value of agricultural activities,
industry associations, agricultural trade, and bilateral relations. Main issue is to
provide a sectoral understanding of greenhouse operations. While main elements of
this function are elaborated with secondary data analysis, several problems are

observed with interviews and questionnaire analysis.

4.4.1 Market Size and Characteristics

Market size comes in mind at first when any product or service is introduced.
Similar to adoption of a marketing strategy, market size differentiates the content,
opportunity, and limitations of technologies. This function looks from producer
(supply) side to drive a simple conclusion on whether producers are or will be able to
respond the demand.

Once again, each country has its own dynamic and behavioral pattern based on
their socio-economic, cultural, and historical nature. For example, after extreme events
like earthquake, tsunami, and Fukushima Daiichi Nuclear Plant crisis, Japanese
government extensively promoted production of food even though there has been 20%
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less arable and greenhouse floor areas since 2008 (Chris Moshy, 2015; Marktscan
Moderne Glastuinbouw Japan, 2018). As result, greenhouse market is an important
source of crop supply, especially for vegetables and fruits.

To balance diminishing number and aging characteristic of greenhouse
producers, Japanese government announced next generation greenhouse horticulture
models to adopt adjustable controlling systems (Market Scan: Japan’s Modern
Greenhouse Industry, 2018). Currently, these modern greenhouses are part of the
different controlled environment categories in Japanese agriculture as open field
growers with cloud computing services and plant factories using artificial lights (Chris
Mosby, 2015).

Such sectoral transformation also brought greater cost of facility and
management for greenhouse operations. Objective is to increase overall production, as
well as to catch up Dutch production and quality scale (Situation of Greenhouse
Horticulture Ministry of Agriculture, Forestry and Fisheries, 2018). To cope with
existing challenges, large firms in greenhouse industry started to collaborate to
empower their resources (including but not limited to labor work and technologies)
through joint work.

The Netherlands, justifying Japan’s motivation, is among the leading
agricultural markets thanks to the application of advanced technological solutions and
modernized cultivation methods (The Netherlands Greenhouse Cultivation Market
Outlook to 2019 - Declining Profitability to Hamper Growth, 2015) yet, this does not
mean that Dutch greenhouse farms do not face challenges. A large number of
greenhouse farms have financially troubled after 2010 and number of greenhouse
horticulture farms decreased around 85% since 1980 (Netherlands: Number of
Greenhouse Horticulture Farms 2007-2019 | Statista, 2021). Still, merger of large
local growers protected overall greenhouse sector from more damaging troubles.

Different from many others, Netherland’s success with fewer number
greenhouses is a result of applying market-oriented concepts and advanced
technological solutions (The Netherlands Greenhouse Cultivation Market Outlook to
2019 - Declining Profitability to Hamper Growth, 2015). In fact, ten largest
greenhouse production holdings are adding up to 10% of total greenhouse cultivation

area (Upscaling of Greenhouse Vegetable Production, 2018).
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Thus, quality audits, food safety and pesticide residues are also major concerns
in agricultural production due to high volume of agricultural exports (Cantliffe &
Vansickle, 2009). To get necessary certifications and verifications, overall commercial
market in the Netherlands is expected to grow up to 1 billion USD by 2024 (The
Netherlands Commercial Greenhouse Market Size, Share, Opportunities And Trends
By Type (Plastic, Glass), By Component (High-Tech, Medium-Tech And Low-Tech
Commercial Greenhouse) And By Application (Fruits And Vegetables, Flowers And
Ornamentals, Nurse, 2020; Wilms, 2020).

In case for Turkey, total greenhouse farmlands increased by 40% since 2010,
including glass and plastic greenhouses along with high and low tunnels (Ortii Alt
Yetistiricilik), which covered around 25% of total vegetable production in 2019. Thus,
business sizes in greenhouse cultivation doubled in terms of land areas within the last
decade (Ortii Alt: Yetistiricilik). As being ranked second largest available greenhouse
lands, greenhouse farmland area might increase even more in the upcoming years. In
fact, Turkish greenhouse market is expected to reach 32 million USD by the end of
2021 by fruit, vegetable, flower and ornamental plant growing greenhouses (Silleli, et
al., 2020).

While engineering and manufacturing works of advanced greenhouse
technologies in Turkey is found quite competitive, share of modern greenhouses in the
overall market remains between 1-2% (Matl, 2019; TR63 Bélgesi Seracilik (Ortiialt:
Bitki Yetistiriciligi) Sektér Raporu, 2015). Even though current materials and
techniques are well-suited to apply modern greenhouse operations, financial barriers
seem to prevent overall market growth.

The level of technology usage also varies according to the size of greenhouses.
To exemplify, small sized greenhouses are benefiting from technological solutions to
fight with extreme winter conditions while larger greenhouses are applying advanced
technologies to ensure food safety and environmentally friendly production (TUZEL
etal., 2020). This contrast indicates that technology adoption in greenhouse operations

is still insufficient compared with the potential.
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4.4.2 Productivity Level and Value of Agricultural Activities

Productivity in agricultural sector, different from manufacturing and services,
fluctuates on annual basis due to changing climate and available natural resources.

Figure 15 below and Appendix 11 show annual changes in agricultural inputs and

outputs.
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Figure 15: Agricultural Total Factor Productivity

Source: U.S. Department of Agriculture — International Agricultural Production.
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Recorded productivity levels and balance of production factors indicate that
agricultural inputs are not necessarily impact outputs, mainly because there are
external factors in value chain. While productivity indicates an important element for
sectoral development, value of agricultural products is the main driver for decision
makers and investors.

Value of agricultural production, different from the productivity rates, has
steadier trend in all three countries (Appendix 12), yet it is at highest for Turkey. In
parallel, value add for agricultural activities, which indicates the output value minus
the intermediate consumption value, are again at highest for Turkey (Jouanjean, 2019).
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Value index of agricultural trade shows quite similar and close values for all three
countries (Appendix 13), which indicates that the trade indices for agricultural

production are not dependent solely on the value of production.

4.4.3 Industry Associations

Industry associations reflect the collaborative work among different agents,
which established a bridge to capacity building, network development and to promote
industrial collaboration. Therefore, even though it is not always easy to measure
association activities and the level of contribution to its specific members, the
availability of those associations, their main activities and motivations give
informative insight on how the overall market is seeing a particular sector and what

are their potentials for future.

4.4.3.1 Industry Associations in the Japan

Japan Greenhouse Horticulture Association is among the main organizations
in Japan to gather and to promote greenhouse relevant industries. As per the latest
records, there are 80 member firms in construction, covering materials, heating
systems, soilless culture, seeds, and seedlings (Japan Greenhouse Horticulture
Association ). To reach out all of those sectors, the association mainly takes part in
technical support and safety. Thus, knowledge dissemination through conferences,
training sessions and advisory services from academic experts are among frequently
announced activities (Japan Greenhouse Horticulture Association ).

In addition to activities and main operation areas, Japan Plant Factory
Association is found an active and well-collaborative association between industry and
academia through different R&D projects, trainings, and workshops (JPFA Japan
Plant Factory Association). Current partnership with Chiba University, specialized in
artificial lighting and phenotyping in controlled environment, is one example.

From generic and overall scope of Japanese greenhouse associations, academic
expertise and technical improvement of existing businesses (greenhouse facilities)
through technology and advanced engineering are seem to be the common focus.
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Accordingly, majority of association activities includes training, seminars and
conferences to diffuse innovation and up-to-date technological solutions along with

developing growers’ skills.

4.4.3.2 Industry Associations in the Netherlands

In the Netherlands, rather than individual greenhouse associations, mergers and
joint works grab attention. As an example, five largest greenhouse relevant
associations® have merged under the name of Federatie Vruchtgroente Organisaties
(Federation of Fruiting Vegetable Organisations), which covers bell peppers,
tomatoes, cucumbers, and eggplants growers. Even though there are still sole strong
organizations as AVAG, Federatie Vruchtgroente Organisaties represent 70% of
greenhouse crops and other counterparts in the Netherlands (AVAG | About Us; New
Dutch Greenhouse Alliance - Hort News, 2015; Baltussen & Smit, 2013; Collen,
2015). Similarly, government agencies and Rabobank also made a joint alliance and
overall process has been managed by former Minister of Agriculture, Nature and Food
Quality (Collen, 2015). Main objective of this merge was to establish long term and
strong foundation for technologically advanced, sustainable and tailor-made quality in
greenhouse cultivation re in Europe.

In addition to signs of strong collaborative works, advancing current
greenhouse operations is among the top priorities of associations in the Dutch market.
For instance, with the aim of promoting innovation systems, government and private
funds are transferred to a non-profit organization namely Dutch Foundation for
Innovation in Greenhouse Horticulture. Priorities of this foundation are based on
integrating technological solutions to modernize existing greenhouse systems.

In case for the Netherlands, greenhouse associations emphasize a collaborative
work environment, involving counterparts as academia, public institutions, and private
sector. For that reason, agricultural entrepreneurship and technologically advanced

steps are taken in a smoother manner with the contribution of these counterparts.

16 Best of Four, DOOR, The Greenery, Harvest House and Van Nature
90



4.4.3.3 Industry Associations in the Turkey

Turkish greenhouse associations are more business-oriented. Serkonder is the
largest association in this market, bringing expertise of greenhouse construction,
equipment, and manufacturing firms (Silleli et al., 2020). Objective is to improve
greenhouse manufacturing sector in Turkey and export the local expertise
(SERKONDER — Sera Konstriiksivon Donamm ve Ekipman Ureticileri ve
Ihracatgilart Dernegi). Main activities include networking among relevant firms,
facilitating the information exchange, seeking legal, technological, manufacturing
related or export-oriented solutions for its members, studying on new export markets,
introducing new technologies, and promoting standardized and energy friendly
greenhouse production.

In addition to Serkonder, Sera-Bir is another actively working organization for
modernization process of Turkish greenhouse market. The association provides
services to bring foreign greenhouse technologies in the fields of infrastructure,
marketing, and efficiency (SERA-BIR).

Turkish greenhouse associations seem to be established to serve a purpose in
relation to greenhouse cultivation, whether for construction and equipment or advisory
services for growers. Therefore, rather than observing a collaborative work or
scientific contribution, there is more a division of work and services with the purpose

of contributing the agricultural trade, commerce and infrastructural development.

4.4.4 Agricultural Trade and Bilateral Relations

Trade relations, similar to industry associations, indicate an important aspect
of partnership for greenhouse production. Yet, trade partnership in agricultural trade
is different from institutions and mainly represent factors shaping bilateral relations.
Meaning that, each country has its own trade partner(s) for greenhouse production;
therefore, international relationship between two parties has direct impact on the
greenhouse market.

Trade for greenhouse products is observed through the share of exports within

overall production in tones. Higher share of export over production might explain
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whether product specific export has a significance in international trade. Appendix 12,
shows annual changes in fruit and vegetable export share within annual fruit and
vegetable production rates. Main reason why those product categories are put ahead
of others -as cereals for example-, is the fact that greenhouse production is mainly used
to produce vegetables and fruits. While annual changes in fruit and vegetable exports
are not a major concern of this study, the difference in export and production rates are
worth mentioning.

Fruit production holds greater importance in all three countries compared to
vegetables, in terms of their export share. Even though, there is no product-based
analysis in this study, the value of fruit production still indicates that governments
could make an advantage by focusing on a more specific production chain, which
would be a worth taking policy measure in agricultural development.

Figure 16 shows the total export of fruit and vegetables as a factor of total
production of those products to understand the level of importance of greenhouse

cultivation in agricultural trade.
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The Netherlands, compared to Turkey and Japan, has substantially higher
export of greenhouse products, ranked as around 1.5 times of production. Such
enormous export levels might be the result of advanced storage technologies, which is
an important practical application of SPA. While the reasons behind for such high
export rates are not the concern of this study, it is obvious that the export of agricultural
products carries high importance for Dutch farmers and all relevant businesses. To be
more specific, while current records indicate that greenhouse cultivation has an export
rate of 80% over total production (Breukers et al., 2008), export value of relevant
materials and machineries also increased by 8% (Dutch Agricultural Exports Worth
€94.5 Billion in 2019 | News Item | Government.NI, 2020).

Germany, in terms of agricultural trade, accounts for the largest share by €23.6
billion in 2019 (Dutch Agricultural Exports Worth €94.5 Billion in 2019 | News Item
| Government.NI, 2020) by exporting mainly greenhouse products as fruits and
vegetables from the Netherlands. In return, the Netherlands is one of the greatest
export countries for Germany in cars, electrical and electronical appliances, chemical
products, pharmaceutical products, and food products (Half of Dutch Production of
Greenhouse Vegetables Goes to Germany and the UK). While further bilateral
relationship between two countries could be seen in Appendix 13, it is worth
emphasizing that today more than 80% of businesses located in the Netherlands are
found interested in increasing their exports to Germany (Boata, 2016). Such strong
trade linkages, as in all sectors, benefit for current and forecasted greenhouse
production in the Netherlands.

Export rates in Japan, on the other hand, is part of national priority to ensure
self-sufficiency. Geographical characteristics pushes national policies to reserve its
own food resources in case of a natural disaster, which has been experienced in an
extreme way before in the region. Agricultural production is desired to address in-
country businesses as well. Specifically, Japan’s growing service sectors in hotels,
restaurants, and food service industries push high quality and safe food demand for
foreign tourists and travelers (Food Export Blog Food Export - Country Market
Profile: Japan, 2019). Therefore, it is expected to encourage cultivation and control
on agricultural production even more, via unmanned and robotic solutions in different

stages of agricultural value chain (Jetro, 2017).
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Even limited, Japanese agriculture has some value in international export.
Japan was one of the agricultural product suppliers to United States until 2018, and
currently Hong Kong seems to forge ahead that chair (“Agriculture in Japan New
Developments in Smart Agriculture,” 2018). For the future prospects, it is worth
indicating that EU-Japan Economic Partnership Agreement and CPTPP agreement
could increase export share of greenhouse products through enabling measures
(“Agriculture in Japan New Developments in Smart Agriculture,” 2018).

For the case of Turkey, fruit and vegetable production export covers almost
13% of total agricultural export, in which tomatoes’ export share is 290 million USDY’.
Today, Turkey accounts for 7% of global total tomato production, mostly imported by
Russia (Turkey Emerges as the Largest Producer of Tomatoes in the Middle East,
2020). In that framework, bilateral relations are found both strong and fragile. This
controversial balance based on the influence of international and political relations on
trade. To exemplify, export rates of tomato dropped substantially and severe
restrictions made after the political incident in 2016 (Relations between Turkey and
the Russian Federation; Turkey Exports to Russia: 1992-2020 Data). Different from
trade dynamics between the Netherlands and Germany, political sensitivities are the
driving factors for agricultural export, specifically for horticulture products as

tomatoes.

4.4.5 Additional Evidence through Surveys and Questionnaires

Greenhouse cultivation in Turkey differs by size. Such difference impacts on
business characteristics, however, 80% of interviewed cases are defining their business
as foreign dependent.

At one side, firms prefer to import for subsidiary product and services, in order
to achieve higher quality. Local producers who provide same product and service, are
perceived as low quality. As result, greenhouse owners prefer foreign brands for
business purchases and other business networks. On the other side, producers who buy
intermediary products from local sellers, are on a disadvantageous position because

there is a lack of selling price audits.

17 https://trade.gov.tr/data/5b8fd55613b8761f041fee87/345bc7ad67aed10d4ace28ccdf5e4616.pdf
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We do not have the opportunity to bring it from abroad. There buy it
from agricultural dealers. The problem there is that the company and
the dealers are making internal deals. One side says that XX Ziraat will
sell my product in the Serik region. Dealer says okay, | will sell your
product, but you don 't sell these to any other dealers. Firm accepts this
agreement. What happens as result? Dealer sells the product for 200
lira even though the market price should be 100 lira. (Interview No 6)
Based on the comments given during majority of interviews, greenhouse

owners are not establishing new business relationships unless the buyer has credible
references. Businesses are relying on trustworthy sources to establish or improve
agricultural trade. Especially small and medium sized greenhouses are dependent on
intermediary businesses to reach end user. Therefore, such trust issues are reflected
stronger for them.

Market structure in greenhouse cultivation is divided by lands and business
owners. There are two types of issues in effective usage of land. First, there are pieced
arable lands, given to individuals as legacy. Since there is not high level of
collaboration in terms of operations in greenhouses, overall arable land stays small to
invest in. Second, new entrants are not quite familiar with the technical aspects of
managing greenhouse cultivation. This issue is mentioned by an example of
constructing a greenhouse for Mediterranean climate conditions in a region with

continental climate:

He established a greenhouse in Diyarbakir, in about 100 decares.
That’s okay, but he hired a consultant from Antalya and he ended up
with a greenhouse suitable for Antalya’s climate. That’s the funny side.
These greenhouses are not in condition to make income for producers.
(Interview No 5)

Overall, greenhouse market is evolving but still quite sensitive to changes
because of this dependency. To guide existing businesses and improve their operations
in such environment, roles of Chambers of Agriculture specifically questioned with
greenhouse owners. As per interviewees, relationship between chambers of agriculture
and producers as quite limited. For some producers, chambers of agriculture only
support paperwork and nothing more. On the Chambers of Agriculture side, some of
the respondents complained about the bureaucratic procedures they need to follow.
Due to such bureaucratic issues they need to carry on, they are not able to go on field

to support producers as much as they want to. This might be an indication of mismatch
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in roles in government institutions, which eventually influences the performance of
producers.

Under F4, all major concerns are linked to two types of dependency. Market
dependency on export sales is an important issue, considering the fact that export rates
to Russia is highly sensitive to political relations. Dependency on subsidiary product
sellers is another crucial issue to observe. While some of greenhouse owners prefer to
import necessary fertilizers or medicine, others are struggling with high prices charged
by local dealers. In addition to these dependencies, greenhouse owners are not able to
find necessary advisory services. Comments on greenhouse dependencies and
unavailability of necessary advisory services are explained in Chapter 6: Discussion.

Next chapter proceeds with F5: Creation of Legitimacy.

4.5 Creation of Legitimacy (F5)

Studies show that motivation behind adopting a technology and being an
entrepreneur is more favorable if it is driven by legitimate grounds (Rossler, 2019).
Also, legitimacy influences managerial perception, expectation, and strategic
decisions to formulate new industries or develop certain sector with more advanced
tools (Bergek, Hekkert, et al., 2008). In some cases, decision makers might be resistant
to promote a certain technology if it disturbs their abilities, but once alternative forms
of legitimacy are created, technology adoption becomes more achievable (Cosgel et
al., 2012).

Creation of legitimacy is the function reflecting compliance with institutions
through regulations, national agendas, and international policies. Each country, or
region, has its own history shaped by driving factors and behavioral reactions against
measures taken. This function represents history of public measures, policies and
regulations to improve agricultural production in terms of efficiency and technology
integration. Since each nation has its own regulations and legal structures, sub
functions are not applicable in this chapter. Therefore, similar structural changes as
Chapter 4.2 are found once again suitable for this chapter. In the next sections, each

target country is explained with its own dynamics.
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4.5.1 Historical Background in Japan

As of late 1990s, Basic Law on Food, Agriculture and Rural Areas has been
introduced in Japan, as an update on the same law announced in 1961 with following
main policy priorities (OECD, 2009): (i) domestic production for food supply security;
(if) natural land conservation, natural resources management and maintenance of
cultural traditions; (iii) promoting sustainable farmlands, irrigation and drainage; (iv)
natural cyclical function and farm operations; and (v) improving production conditions
and infrastructures. Even though the law updated regularly, self-sufficiency and
sustainable operations remained an important aspect for Japanese regulations and
standards in agriculture, influenced by natural disasters happened in the history of
Japan and nearby countries (Gilmour & Gurung, 2007; OECD, 2009).

In terms of food supply stability, regulations pushed government to set up and
apply an emergency plan for food supply, which was announced in 2002 (OECD,
2009, p. 8). As part of applying the sustainable solutions, food education system -also
referred as Shokuiku-, environmentally friendly farming against agricultural
chemicals and farmer income stabilization were among the actions taken by policy
makers and regulative powers (OECD, 2009).

Agricultural development was part of different public institutions’ KPIs, in
addition to Ministry Agriculture, Forestry and Fisheries. To exemplify, Japan
Revitalization Strategy involved objectives to promote agriculture as part of its
national growth strategy and established Public Corporation for Farmland
Consolidation to Core Farmers in 2014 (Harayama, 2017). Also as of 2016, Policy
Package for Enhancing Competitiveness of Japan’s Agriculture has been introduced
with several reform areas for (i) cost reduction for product inputs; (ii) distribution and
processing of structural reforms; (iii) enhanced human resource; (iv) improving the
export; (v) transparency in ingredient origins; (vi) systemic changes for quality
monitoring and check offs; (vii) insurance; (viii) land improvement; (ix) increased
agricultural employment; (x) agricultural product promotion (Summary of the Annual
Report on Food, Agriculture and Rural Areas in Japan, 2017).

In parallel, technological tools, equipment and knowledge are harmonized to
agricultural value chain through automated system adoption for farm operations (Jetro,

2017). Main reason for such integration was due to increase in large-scale farming,
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especially after 2010s. Yet, there were certain technical barriers as farmland area limits
for feasible investments, need for more farmland workers and lack of effective farm
management systems (Harayama, 2017). As a response, cross-ministerial Strategic
Innovation Promotion Program (Technologies for Creating Next Generation
Agriculture, Forestry and Fisheries) and 5th Science and Technology Basic Plan took
some steps to integrate ICT solutions in each and every aspect of agricultural
operations (Harayama, 2017).

5t Science and Technology Basic Plan is designed to create a data driven
society through integrating physical and virtual space, including agricultural sector.
Therefore, Agricultural Data Collaboration Platform and National Agriculture and
Food Research Organization has been established “FFTC Agricultural Policy
Platform” to achieve labor efficiency by using robotic solutions, optimization of the
production values and reduction of waste via stabilizing supplies (Examples of
Creating New Value in the Field of Disaster Prevention (Society 5.0)).

Combining all, technology policies are found quite comprehensive for each
sector, including but not limited to agriculture. Public bodies are expected to develop
their strategies and activities in accordance with national innovation system. For
instance, newly established Council for Science, Technology and Innovation is
expected to assure STI policies are systematic and comprehensive in parallel with
national strategies (Jouanjean, 2019).

Together with technology policies in agricultural operations, initiatives also
specify greenhouse related agricultural development with the usage of ICT. Precision
agriculture is among the most observable area along with reducing the greenhouse
operation costs, promotion of climate resistance, facilitating tools and models for
better farm management and information & technology diffusion in greenhouse sector
(Situation of Greenhouse Horticulture Ministry of Agriculture, Forestry and Fisheries,
2018).

4.5.2 Historical Background in the Netherlands

After the World War IlI, Dutch government prioritized the access to global

export market to address post-war suffering, which resulted as an increase in
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agricultural production as of 1950s (Bont et al., 2003). Eventually, agricultural
development policies and strategies emerged, as Land Administration Foundation
controlling agricultural price value and as agricultural credit funds to improve farm
businesses (Bont et al., 2003; Devienne, 2002). Such enabling environment for farmers
and agricultural operations also cleared the path to intervene value chain via scientific
and technological inputs. In that sense, one of the most important incidents of late
1950s and 1960s was the discovery of increasing productivity through technical
innovations by peasants (Devienne, 2002). As a result, peasant economy started to
receive large investments, including coastal areas which is almost 50% of overall
farmland area in the Netherlands (Devienne, 2002) .

As of late 1950, six Member States initiated integration process (called as
Treaty of Rome) and Common Agricultural Policy, which took the place of national
agricultural policies (Bont et al., 2003). Objectives of Common Agricultural Policy, at
first, included productivity increase, ensuring well-living of farmers and stabilizing
agricultural market including food supply and end-user prices (Bont et al., 2003).
Meanwhile, Dutch government announced its support to agricultural research,
education and training along with subsidizing establishment of agricultural mutual
saving banks. Thus, further directives came to force for nitrate in ground water
(Regulation 1991/676), pesticides (Regulation 1991/414), water framework,
Integrated Pollution Prevention and Control (Regulation 1996/61) and animal welfare
regulations (Bont et al., 2003).

While these policy mixes brought various difficulties to manage, global
concerns started to be adopted in national strategies. Dutch policies, therefore, started
to focus on ecological, climatic and welfare problems in addition to agricultural
production as livestock, greenhouses, and daily farming (“Facts and Figures 2010: The
Dutch Agricluster in a Global Context,” 2010; Larosse, 2017). Main concerns of these
policies covered sustainability, food quality, knowledge infrastructure, innovative
approaches, international trade facilitation, bio-economy, and biotechnology (“Facts
and Figures 2010: The Dutch Agricluster in a Global Context,” 2010; Holthuis et al.,
2020). Influence of climate change, protection of biodiversity and environmental
degradation became even more visible after 2000s. This transformative approach is
seen in 4" National Environmental Policy Plan, announced in 2001 (Smith & Kern,
2009). Plan emphasized the need of system innovation to address such concerns.
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Hence, the need integrates policy makers, researchers and private firms in the process
of agricultural transformation also became a subject.

The Netherlands was not the only country experiencing such agricultural
transformation. Member states following CAP also impacted by changing dynamics
of the world. As a result, CAP shifted to more flexible and result oriented nature for
each member, rather than trying to be a standardized fit for all (EC, 2018).Relatedly,
supportive initiatives for farm income, competitiveness, promotion of innovation,
acknowledging environmental public goods, and mitigating climate change have been
re-structured by new CAP (EC, 2013).

Promotion of circular agriculture is one of the examples of such country-based
shift in the Netherlands, which enabled farmers to make experimentation, utilize public
lands and food nutrition in a repeated way (Could High-Tech Netherlands-Style
Farming Feed the World?, 2019b). Similarly, 2030 Plant Protection Vision is now
addressing innovative breeding and optimization of pesticide usage as part of precision
agriculture (Weppner, 2019). Today, precision agriculture holds a great part of Dutch
policies and national strategies, with the objective of modernizing farms and
agricultural operations. In that sense, uptake of precision agriculture has been found
effective only if knowledge, application and perceptions are addressed together
(Panagos et al., 2012). Accordingly, the Netherlands continues to announce policies
and regulations integrating agricultural operations into technologically advanced
methods to integrate scientific and technologic solutions to agricultural practices'®
(EC, 2013; Jouanjean, 2019).

18

Farm modernisation and intensification as per Article 17 of Regulation (EU) No 1305/2013 of the
European Parliament and of the Council of 17 December 2013

Shift to environmentally suitable systems as per Article 28 of Regulation (EU) No 1305/2013 of the
European Parliament and of the Council of 17 December 2013

Cooperation among farms to mitigate climate change or adopt water management as per Article 35 of
Regulation (EU) No 1305/2013 of the European Parliament and of the Council of 17 December 2013

Vocational training and skill development activities in precision agriculture as per Article 14 of
Regulation (EU) No 1305/2013 of the European Parliament and of the Council of 17 December 2013
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4.5.3 Historical Background in the Turkey

Turkish government has been promoting agriculture and agricultural
operations since 1980s, especially via market price support and input subsidies
(Kaygusuz, 2010). Yet, during the economic instability in 1990s, government reduced
its overall government expenditures, which also affected farm inputs (Kaygusuz, 2010,
pp. 26, 32). In 2001, Agricultural Reform Implementation Project has been introduced
by World Bank to support government’s agricultural policy and reform programs via
reduction of subsidies, maintaining a support system for producers and providing
incentives for production increase (Agricultural Reform Implementation Project
(ARIP)).

While Agricultural Reform Implementation Project continued to promote
agricultural operation, environmental concerns were also emerged. To address global
environmental concerns, programs as Environmentally Based Agricultural Land
Protection program has been announced, targeting fragile lands against climate change
and environmental degradation (Kaygusuz, 2010, p. 31). Relatedly, programs like
South-Eastern Anatolian Project and Anatolian Watershed Rehabilitation Project are
announced and implemented in different regions. Nevertheless, these initiatives
continued to be dependent to international donors with a limited fund (Kaygusuz,
2010, p. 27). Therefore, government of Turkey adopted Agriculture Law in 2006,
which was aiming to provide sustainability in agricultural development through
regulative measures (Structural Changes and Reforms on Turkish Agriculture (2003-
2013), 2013).

After the adoption of Agricultural Law, a number of plans and basic laws has
been announced to contribute agricultural development. While Ministry of
Agriculture’s plan was to promote agricultural productivity, food security, plant and

animal health, rural development and capacity building for relevant institutions, basic

Coalition Agreement of 2017 to boost public-private partnership on climate, energy, agriculture, food,
water through key enabling Technologies

Knowledge and Innovation Contract of 2018-2019 to focus on national innovation system in target
sectors including agriculture
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laws were targeting transformation in overall agriculture sector (Structural Changes
and Reforms on Turkish Agriculture (2003-2013), 2013).

Inevitably, advanced techniques and technologies took part of agricultural
development in Turkey. Good agriculture practices have started to take part in
regulations as of 2004 and kept updated with more specific targets. For example,
Regulation on the Application of Controlled Cover Production® has been prepared to
improve controlled and systemic value chain of agricultural production, which is
supported by Regulations on Registration of Greenhouse Cultivation?°?t, Similarly,
even though there is no direct indication of precision agriculture on legislative level,
regulations on vegetables, fruits and flowers?? are appearing via protection of soil,
decreasing dependence on agricultural medicines, applying right treatment based on
soil and plant requirements, obligation to optimize fertilizers, and water resource
management.

Today, as per National Agricultural Vision for 2023, Turkish government
encourages sufficient and safe food with best quality, exportation of agricultural
products and increase in competition power (Structural Changes and Reforms on
Turkish Agriculture (2003-2013), 2013). Accordingly, 11" Development Plan also
involves support measures to modernize existing greenhouses, by addressing to both
sectoral development and taking of the pressure on natural resources. Specific focuses
of these measure are given to CO2 emission reduction and effective usage of existing
water resources (Eleventh Development Plan (2019-2023), 2019). Similarly,
performance indicators for sustainable agriculture for 2018-2020 Strategic Plan
include increasing greenhouse land areas, geothermal energy usage in greenhouses,

and improving plant health treatment (Strategic Plan 2018-2022).

19 First "Regulations for the Implementation of Controlled Greenhouse Production™ prepared and
published in the Official Gazette dated 27.12.2003 with number of 25328

20 hitps://www.resmigazete.gov.tr/eskiler/2010/08/20100825-1.htm

2 hitps://www.resmigazete.gov.tr/eskiler/2014/06/20140625-1.htm

2 hitps://www.resmigazete.gov.tr/eskiler/2004/01/20040105.htm
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4.5.4 Additional Evidence through Surveys and Questionnaires

Government support characteristics are questioned at first. In general,
government supports are divided between consumers and producers. For example,
‘tanzim sat1s1>>” mentioned as one example for consumer supports:

If products are available more than demand, prices fall down. System
works like that. If farmers don’t earn enough money, they cannot grow
for the next season. In my opinion, government tried to slow down
exports to have sell products in domestic market with lower prices,
compared with supermarkets. So that consumers could purchase same
products at lower prices. It’s a good intention of course, but farmers
are financially harmed from this support because they had additional

costs or couldn’t sell enough products to prepare their business for the
next year. (Interview No 10)

Producer supports, on the other hand, could be listed with credits, machine
support, and market expanding supports for greenhouse-rare geographies. Hence,
public institutions like TAGEM collaborate with universities to develop prototypes of
robotics and advance technologies to be used in greenhouses.

Nevertheless, 80% of cases stated that government supports are not available
to address producer needs. One of the interviews involved a detailed proposition of a
policy instrument, which also highlights needs and lacking of current operations:

I thought a tracking and audit system. A barcode system that will
inspect the producer, fertilizer, seeder, and all other parties involved
until my product goes to the end user. In this way, producer can see
where the product is sold. In such way, the whole system can be
monitored and recorded, and if it is recorded, health and food safety
related responsibilities will be on the producer. As a producer, | would
prefer such system and responsibility as oppose to current practices.
(Interview No 9)

In that framework, there is a two-fold trust issue perceived from preliminary

data. Producers are not entirely happy about existing supports and systems, because
they are not addressing their needs. On the other side, interviewed cases represented
stories of producers taking advantage of existing supports. Meaning that, some
producers are motivated to receive the support, rather than actually contributing their

business.

23 Sale of food by a municipality so as to regulate the prices
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In any case, a standardized, transparent and auditable system is not present. On
the Chambers of Agriculture perspective, agricultural policies are not addressing

technological advancement (Figure 17).
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Figure 17: Agricultural Policies addressing Technological Advancement

Also, 77% of respondents stated that there are two issues concerning
inefficiency of existing agricultural policies. These are long-lasting updates and policy
content missing optimal benefit for producers. To address those concerns, respondents
are asked to point out specific issues in existing agricultural policies. Following quotes

are selected for to show representative examples for common mentioned issues:

— The constant change of ministers in agriculture hampers the continuity of
policies and projects. New ministers always start from scratch as he could
not continue the project of the former minister.

— If the marketing leg of agricultural policies is lacking, there is no value in
increasing production. State must deal with marketing difficulties.

— Agricultural policies in force are far from developing national agriculture.
They provide minimum benefit by serving the interests of individuals or

specific regions at the local level.
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— Itis necessary to transfer the legal dimensions and disciplines of policies
to those living in rural areas.

— Farmer organizations are insufficient. Cooperatives do not work
efficiently. Ministry should give power to farmers' organizations and lead
public organizations.

— Policies are promoting to export, so they are not convincing us as been

constructive.

Based on those exemplary issues, Turkish policies and legal regulations could
be improved from different aspects. To see the common opinion on where to start this
improvement, respondents are asked to prioritize comparative analysis functions. On
average, 50% of respondents in each category (Ranking 1 to 5 in Figure 13), prioritized
education to develop policies for agricultural digitalization.

Under F5, diverse issues are pointing out a necessity of standardized and
transparent public governance in all steps in greenhouse cultivation. Trust issues in the
overall market is detailed under F4, but they are also reminded in this function as well.
Meaning that, producers are not entirely trust government authorities to protect them.
This untrustful environment and reflections on policies are further elaborated in
Chapter 5: Discussion.

Next chapter proceeds with F6: Mobilization of Resources.

4.6 Mobilization of Resources (F6)

Resource, by meaning, covers a variety of elements as finance, human, nature,
technology, etc. Without allocating and promoting necessary resources, it is not
meaningful to discuss the level of investment and development. Therefore,
mobilization of resources is useful to identify priority areas. While a comprehensive
study should examine all existing resources and their status, data specific to precision
agriculture in greenhouse operations is not available for all countries. For that reason,
only financial and human resources are taken into consideration to make a general

snapshot.
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4.6.1 Financial Resources

Analysis of financial resources starts with government expenditures on R&D.
Allocation of government budget to certain sector/development area does not
necessarily indicates effective usage. Even so, availability of financial resources
influences the comparative analysis. For that reason, government expenditures on
agricultural R&D are important to examine (Figure 18).

In general, performing counterparts of GERD are government, business, higher
education, and private & non-profit organizations. Nevertheless, available and

comparable data includes only government as performing actor.
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Figure 18: GERD in Agricultural and Veterinary Sciences performed by Government

Source: UNESCO Science, Technology and Innovation Statistics Data

While annual GERD shares are not descriptive enough to argue on
prioritization of agricultural development, a generic picture is drawn for three
countries. First of all, GERD allocated to agricultural science in Japan has the lowest
fluctuation. This observation might indicate that agricultural and veterinary sciences
have a structured share in research and development expenditures. In other words,
agricultural fields have a certain level of importance in Japan, regardless of sectoral
shifts in global.

Turkey and the Netherlands, on the other hand, has fluctuating R&D
expenditures in agricultural sciences. This is an indication of budgetary decisions
changing according to national focuses. Argument is also supported by changing R&D
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expenditures of other sectors. For example, percentage of GERD in engineering and
technology fields seem to gain importance over natural, medical, agricultural, and
social sciences in Turkey since 2010 (Appendix 14). As for the Netherlands’s case,
increase in GERD is observed for natural sciences, engineering and technology since
2011 (Appendix 15).

4.6.2 Human Resources

Human resource of a country is based on the available human capital for a
specific purpose. Studies indicate that agricultural landscape usage and overall demand
to contribute to agricultural businesses is highly dependent on demographic changes,
not only by mean of aging population but also urban-rural population differences
(Miiller et al., 2008). Therefore, sector specific factors are examined by both age
groups and urbanized lifestyles.

From the largest framework, Turkey has the youngest demographic profile and
highest percentage in labor force (OECD ILibrary | Elderly Population). As per the
mobilization of labor force, Figure 19 further shows the share of agricultural labor

within the total labor force.
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Figure 19: Agricultural Labor Force as Percentage of Total Labor Force

Source: United Nations Conference on Trade and Development
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Japan is among aged countries, with the 28% of elderly people aged 65 or older,
recorded at 2015 national census (OECD ILibrary | Elderly Population). Aging
population might be a result of low fertility trends (Kumagai, 2015). Regardless of the
reason, aging society has an effect on agricultural labor. For example, decline in newly
born rates and increase in overall life expectancy encouraged the capital accumulation,
especially in favor for non-agricultural business sectors as of 2000s. Industrialization,
in addition to the demographic characteristics, promoted service and manufacturing
sectors within the society. Through the augmentation in aging population and transfer
to industrialization, negative impacts -as decreasing agricultural labor force- became
visible as of 2010s. Today, agricultural labor force in Japan experiences a sharp
decrease; even though, agricultural production (especially rice) addresses both sectoral
and cultural values of the country.

On the other hand, demographic characteristics in the Netherlands and Turkey
draw a younger population profiles compared to Japan. The Netherlands has a 15% of
total young population (OECD ILibrary | Elderly Population), whereas aging trends
show initial signs as of 2000s. Having similar agricultural labor force as Turkey and
lowest population rate compared two other two countries, the Netherlands’
contribution to agricultural sector stays at a moderate level. In Turkey, age group
between 25-54 years counts for the majority of population, followed by 15-24 age
group. This demographic characteristic refers to a quite young and dynamic
population. Thus, agricultural labor force is substantially higher even with lower
population rate compared to Japan. This observation shows Turkey’s dependence on
agriculture in a clearer way.

Nevertheless, a young demographical profile and high agricultural labor force
does not necessarily indicate that agricultural labor force involves youth. To better
understand about youth involvement in agricultural businesses, Figure 20 shows share

of students graduated from agriculture relevant fields.
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Figure 20: Distribution of Graduates by Field of Agriculture

Source: OECD, Education at a Glance Database. Graduates by Field

As per given in Figure 20, highest share of graduates is in Japan, in parallel
with the highest population rate among all three. On opposite side, latest data shows
that master or equivalent degree students in Turkey show higher rate of enrolment to
agriculture related fields, compared to the Netherlands and Japan (OECD, 2020).
Combining all, agriculture seem to be appreciated as an academic field by Japanese
society. Turkish agricultural workers, on the other hand, may not necessarily pursue
their education to take part of the agricultural businesses.

Part of existing human resource involves Syrian refugees living in Turkey.
Refugee responses in livelihood, agriculture, and rural development are not addressed
in this thesis. Nevertheless, Syrian refugees is now an important part of agricultural
labor force (Kavak, 2016). To address socio-economic results of such immense
migration flow, many countries are supporting Syrian refugees to ensure their
resilience. The Netherlands (as part of EU) and Japan are among those countries (FAO,
2021; The EU Response to the Refugee Crisis in Turkey).

Migrants’ contribution to labor force is a result of seeking income generation
opportunities, rather than reflecting a specialization on greenhouse cultivation. For that
reason, Syrian migrants are taking place of local seasonal workers from time to time,
which is creating a discomfort in rural regions in Turkey (Kavak, 2016; “Syrian

Refugees Harvest Greenhouse Vegetables in Turkey’s Osmaniye,” 2018).
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4.6.3 Additional Evidence through Surveys and Questionnaires

First, human resource and skills allocation are elaborated. Besides educational
opportunities, it matters to understand perspective on pursuing a career in agricultural
field after graduation. Most mentioned issue about human resource in greenhouse
operations is the aging demography of workers. Due to unpopularity of agricultural
departments, young labor force prefers non-agricultural labor. In some cases,
producers confessed that they were obligated to work in agricultural sectors due to
market conditions. For people who have a choice, they prefer to shape their future in
big cities with different professions.

“Youth in rural areas prefer to go to rural cities and work as security

guard in shopping malls instead of doing agricultural or animal
husbandry works.” (Interview No 5)

Due to aging labor force, greenhouse operations are becoming more dependent
on seasonal agricultural labor force. Main problem of seasonal labor force is the
(un)availability at the right time. Harvest periods cannot be skipped because products
would be hampered without timing. Seasonal worker availability, on the other hand,
cannot be ensured all the harvest period. This creates a risk in overall sector, especially
for small and medium sized greenhouses. For large-sized greenhouses, this problem is
found manageable thanks to robotic solutions.

Practices to make use of available human resource are also available. Social
integration issues in certain cities are addressed through agricultural operations. An
example from Bing6l is given during interviews:

Currently strawberry production is active in greenhouses in Bingol.
This was a project we started with development agencies to rehabilitate
families impacted by terror. Same operations are active in Diyarbakir
too. Thus, the majority of workers are female, so it provides a great

opportunity in gender balance issues in labor force and they produce
very good products. (Interview No 5)

Promoting minorities, women employment and other vulnerable groups is
possible thanks to agricultural activities. Making use of qualified human resource, on
the other hand, is not always possible. A smart agriculture expert from Chambers of
Agriculture specifically indicated that he/she is not able to work in this field. Coupled
with examples from young labor force and smart agriculture expert, a mismatch exists

in allocating existing human resources. Instead of being a source of economic
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development or an advancing sector, agriculture is mainly addressed by needy groups
and dependent workers.

In case of financial sources and concerns, 80% of cases see high operation costs
as main problem in greenhouse operations. The fact that the majority of interviewed
cases were small and medium sized greenhouses, operation costs are major concern
for them. Hence, greenhouse owners tend to skip government support opportunities
because their operation and land area are not large enough to apply. This hesitation is
expressed via following:

For example, this year, 15 thousand decares of greenhouses were built
in the Antalya region. 15 thousand decares! The cost of a decare of
greenhouse is about 80 billion-100 billion of TL. And the state provides
70 percent incentives for them (large-scale businesses). If a small-scale
grower goes to the bank and expresses an interest to build a
greenhouse, it is impossible for him/her to take this amount of money
as credit. There are huge injustices (between large- and small-scale
businesses). (Interview No 6)

This argument is also supported by other problems mentioned (e.g., low socio-

economic status of producers, agreements large amount of deferred payments, high
financial risks for investment, impacts of inflations in economy, and no self-
sufficiency as sector). To that end, producers’ main target is to optimize input costs.
This is also confirmed by 90% of cases seeing technology as an advantageous tool
for having financial opportunities. Yet, financial concerns are always acting as a
barrier. Producers explain their financial concerns to adopt more advanced

technologies by following:

e As in all technologies, greenhouse technologies have high investment cost.
Even if we have necessary knowledge and infrastructure, we cannot use it.

e We have to act within the limit of our budget.

e If there is no government support, we continue with the equipment we have.

e People start using technological equipment once they increase their

productivity.

From all, financial incentives and supports given by the government are limited
with heating, energy saving and credit application purposes. Direct supports on
agricultural technologies to increase productivity are not available at this time. As
emphasized in F5, policies and supports are again not addressing productivity
problems of farmers and greenhouse owners.
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Under F6, three problematic subjects are identified. First, aging labor force in
agriculture and shift of youth to other careers creating a risk to lose existing tacit
knowledge. Second, agricultural works are not perceived as a promising path for
future. For that reason, overall sector responds to mainly survival needs for low socio-
economic community and disadvantageous groups. Third, government supports are
not directly given for technological improvement. Existing supports and initiatives are
limited with energy saving concerns and credit opportunities, all of which are
challenging to apply for small-size greenhouses. Along with potential outcomes, these
subjects are re-examined in Chapter 5: Discussion.

Next chapter proceeds with F7: Public Awareness and Information Network.

4.7 Public Awareness and Information Network (F7)

Awareness and positive experience sharing have a direct impact technology
diffusion, which lead markets to adopt technologies or even to lock-in. In agricultural
businesses awareness is shaped by users, rather than technology providers. As
Daberkow and McBride (2003) suggest, farm and farmer characteristics play an
important role in the strength of public awareness of precision agriculture.
Heterogenous characteristics of farms makes awareness level an inefficient function
of technology adoption. Yet, efforts to learn about precision agriculture must be
explained to predict market readiness level.

This function is highly correlated with market formation and knowledge spread
among all parties. To understand the efforts on information sharing on precision
agriculture, several mediums and measures are identified: Google trend analysis,

website evaluation, social media analyses, and other networking events.

4.7.1 Google Trend Analysis

Google Trend Analysis provides a generic statistical data for google search
engine, depending on the keyword and location-based search counts. To ensure a
common ground on search trend analysis, keyword searches are analyzed both in
English and local languages (Table 12).
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Table 12: Subject Specific Searches of Agriculture in Google*

Japan The Netherlands Turkey
Animal Glencore Agriculture India
Pesticide Deere & Company Emirate
Agricultural Lands Tractor Urban Area
Human Regenerative agriculture Iran
Precision Agriculture Institute Australia

Source: Google Trends, recorded on June 2020

According to google searches in the last 5 years, Turkey has the highest research effort
on “agriculture”, in terms of number of searches (Appendix 16). The details on this
search effort is elaborated through specific subjects linked with keyword search.

In Japan, 2019 keyword search results involved “science of agriculture”,
“community supported agriculture”, “precision agriculture” and ‘“‘conservation
agriculture”. These results indicate a technical and information-focused research. In
2020, “precision agriculture” remained in the top-5 keywords. That being said, public
awareness and openness to further development are part of Japan’s potential towards
agricultural development.

In the Netherlands, 2019 and 2020 specific topic results are almost the same.
While “University of Agriculture in Makurdi” and “intensive farming” were added to
2020’s results, “Glencore Agriculture” took part in both time periods. Among three
countries, the Netherlands is the only location where firm level search is in place. This
gives some thoughts about the share of farming in business activities and in overall
national economy.

In Turkey, specific results of 2020 involve geographical research, which could
be an indication of export and import value of agriculture. Results from August 2019,
on the other hand, had “drones”, “expo” and “land” as specific search results.
Considering all, public search effort seems to be made on the role of agriculture in
international trade.

Individual searches on agriculture differentiate three countries in terms of their

perspectives towards agricultural development. While Japan focuses on scientific and

24 Specific search trends are analyzed on both August 2019 and June 2020
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technical development opportunities, the Netherlands and Turkey concentrate more on

commercialization of agricultural practices.

4.7.2 Website Evaluation

Websites are among the most informative and comprehensive online
community mediums. Accordingly, designs and presentation of websites give a far-
reaching and target-specific research opportunity. Well-adopted website designs could
build loyalty for visitors and support the information sharing (Tahir & Mushtaq, 2015).
Different from individual level efforts on agricultural search, website evaluation
methods show efforts made by institutions. In that context, website evaluations do not
necessarily affect the accuracy or impact of information given, but rather focuses on
ability of retaining visitor attention. In this comparative analysis, official websites of
ministries of agriculture are selected to evaluate. Performance scores of each website
is detailed in Table 13.

Table 13: Visitor-Based Evaluation (Summarized)

Sub-Indicators Questions Asked Best

Main Indicators
Performance

Corporate logo
available, Organizational
chart available, Contact

Does the website have its
own identity?
Do users clearly

information available, understand corporate All have the
) Site map available, L same
Identity Missi 4 visi identity?
Isslon and vision Do users understand performance

available, Website aids,
tools, help sources
available, Website
domain available

organizational functions?
Are further assistance
tools available?

Page size, Page What is the speed

requests, Page speed, performance of the

Minimal page website?

redirection, Do users reach the page
Loading & Standardized page they search easily? The
Viewing formats are present, Does website enable Netherlands

Image Sizes are not users to share

taking time to information?

download, Text is Does the website attract

downloadable user attention?
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Table 13 (continued)

Menu structure is
present, vertical -
horizontal scrolling
minimized, Standard
navigation options
available, Keyword
and advanced search

Is the website search-
friendly?

Do the navigation
functions seem reliable?
Does navigation take too
much time for user?

The

Navigation ) art ne it Netherlands
available, Descriptive  Are navigation results
link texts are structured and systematic?
available, Links are Does the website enable
not broken, Permission users to reach accurate and
to Index available, relevant information?
Clear site organization
P“”Fer'f“e'?d'y Is the website informative
version available, or communicative?
o ACC?ESI to data 'Ils Are there platforms to ask  japan
Interactivity possible, E-mal further information?
E%TR?Q;?:L%%S and Does website promote users
. i ?
FAQ available to spend time to research?
E)?rgz:trgrsellt_ocal Does the website attract
P Y, . both national and foreign
language and English "
e options available: Font Soerst Turkey
Comprehensibility 9P ’ Is the website context
SIzes are gpproprlate, understandable?
Mobile friendly tap, '
Eye-catching
User Sp_E'CIfIC Services Does each user reach to the
are available,
Subscription is same content?
o ossiblep No under Is it possible to personalize
Personallzatlon & p ' tOOIS for specrnc usage’_) Turkey
User-friendly for comprehensive and
disabled users, E- .
. ; o carrying for everyone?
library is available
No incorrect
mformatl'on,' Is the information given
Information is up-to- hy?
i date, Date of trustw_ort ye . .
Information Jors el o Is the information given is Tk
i information is given o urkey
Quality & Links to related | Scientifically useable?
Up-to-Date sc:urces resent Does the website provide
P ' data release schedule?
Information on
planned updates given
Includes privacy
] statement, Updated
Security & Javascript Libraries Is the website secured? Turkey

Miscellaneous

are available, Https
secured

Sources: http://www.maff.go.jp, https://www.government.nl/ministries/ministry-of-

agriculture-nature-and-food-quality, https://www.tarimorman.gov.tr
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While performance evaluations on sub-indicator level is given in Appendix 17,
all three websites found to be stronger in different aspects. Nevertheless, main
objective of this evaluation is to see which one of these websites is more user-friendly,
trustworthy, and attractive to catch largest user pool.

While cultural aspects play an important role in addition to above indicator

performances, https://www.tarimorman.gov.tr seem to have the best visual inputs to

inform visitors not only about ministry itself but also overall sector through different
media sources. Live nature broadcastings and digital agriculture library, to exemplify,
are only available for this web site, which considerably attract user attention and time
spend in web site.

4.7.3 Social Media

According to GFRAS’s global survey in 2015, Facebook is found the most
popular social media for people actively working in agricultural sectors (Bhattacharjee
& Raj, 2016). Additionally, Twitter and YouTube are also among preferred social
media channels for farmers (Brewster Christopher et al., 2018). Main objectives of
using social media network, according to this survey, are to share information,

publicize relevant events, and find stakeholders for business purposes.

4.7.3.1 Twitter

To evaluate the visibility and communication coverage of precision agriculture,
#precisionagriculture has been analyzed through Hashtagify.me website. As of July
2020, #precisionagriculture has 29.2 point of popularity on Twitter, with following
related hashtags: #agtech, #bigdata, #agrciulture, #l0T, #farming, #twitter, #UAV,
#robotics, #farming and #Al. Hence, Twitter analysis showed that 89% of tweets were
written in English while 1% were in Dutch. Therefore, the Netherlands’ 7.69% of
tweets involving #precisionagriculture indicates a good social media coverage on that
subject.
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Observations in local languages showed that “ #&Z7&Z 2> has a popularity
point of 11, while “precisie landbouw?®” has 21.2 popularity point and “hassas
tarim®™ has 6.7 popularity points (Appendix 18). As a result, regardless of language
preference, the Netherlands seem to have the best social media awareness level for

precision agriculture, compared to Japan and Turkey.

4.7.3.2 Facebook

Facebook usage differs for each location and members from agricultural
businesses. Social media studies in Japan are quite new. For example, social media
studies in Japan started as of 2011, after Facebook became a popular social network
(Onitsuka, 2019). Even though Facebook analyses are quite new in that context,
importance of virtual network is recognized by many farmers as “imperfect but
necessary” for business purposes, which makes Facebook a preferable source for
information sharing (Zollet, 2018). Similarly, 75% of local farmers in the Netherlands
found using Facebook to check the news in the sector, products, and equipment along
with tracking suppliers (Gielen, 2014; More Dutch Agrarians Active on Social Media
| AgriDirect). Turkish farmers, in parallel with others, also use Facebook actively to
share their experiences and ask for further assistance from other farmers especially in
“Akdeniz Cift¢i Grubu”.

In parallel with the population rate, Turkey has the highest Facebook user
number and highest number of actions of users by 31.2 million, compared to Japan
(19.7 million) and the Netherlands (17.7 million), recorded by

https://www.facebook.com/analytics. Nevertheless, based on the Facebook usage

analysis between July 2019 and July 2020, user activities as in post sharing, post
comments and post reactions are in favor of users from the Netherlands. Thus, post

reactions of users are recorded around two times higher for the Netherlands (4.35 B)

25 Precision Agriculture in Japanese
% Precision Agriculture in Dutch
27 Precision Agriculture in Turkish
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compared to Japan (2.17 B) and four times higher again for the Netherlands compared
to Turkey (1.45 B).

In case of the Netherlands, while Facebook usage rate recorded as 78%,
YouTube remains the second source with 44.3% usage rate, according to a
communication research that AgriDirect conducted in 2019 (More Dutch Agrarians
Active on Social Media | AgriDirect). Almost half of agricultural workers older than
65 years are also actively using social media, which indicates a good catching up trend
for demographical challenges in agricultural field (More Dutch Agrarians Active on
Social Media | AgriDirect).

4.7.4 Other Networking Events

Even though expositions, conferences or seminars are not quite part of online
information network chain — excluding socially distanced events held due to COVID-
19 —, these events provide a good source for networking and increasing awareness on
the updated practices in agricultural field.

To have a generic comparison, largest cities of three countries are examined by
their planned conferences for the next three years in agricultural fields. These
conference plans are announced before global COVID-19 pandemic. Istanbul, with
312 planned conferences ranks at first, followed by Tokyo and Amsterdam with 234
and 175 conferences respectively?8. In addition to quantitative data on network events,
scope of planned or completed activities carry up most importance. To understand
generic concepts of relevant network events, major event promotions are examined

and detailed as following:

— Japan Greenhouse Horticulture Association organizes the largest trade show in
greenhouse and plant factory technologies (ABOUT GPEC | GPEC 2021).

28 hitps://www.conferenceindex.org/conferences/agriculture/japan

https://www.conferenceindex.org/conferences/agriculture/netherlands

https://www.conferenceindex.org/conferences/agriculture/turkey
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— “Get into the Greenhouse” weekend has been organized in first week of April,
to represent vegetable, flower and plant cultivators especially to children
emphasizing high-tech greenhouses (Get into the Greenhouse - Holland.Com).

— High Tech Greenhouse event is organized under Dutch trade fair Horticulture
Business Days Gorinchem, as part of an initiative of Dutch and German
businesses to consolidate their business to produce an integral high-tech
greenhouse system (Schlepers, 2016).

— GreenTech, addressing to businesses in horticulture technology, involves
exhibitions in the Netherlands and Mexico (All Eyes on Horticulture |
GreenTech).

— Growtech is gathering exhibitors from numerous countries and businesses on
greenhouse technologies, agricultural equipment and machinery, irrigation,
seed growing, cultivation, nutrition, biological control and agricultural

journalists in Turkey (Home | Growtech).

Gathering all, awareness raising events for greenhouses and overall agricultural
development are present for all three countries, in which the Netherlands is
distinguished by targeting children and general public in addition to government

bodies, agricultural businesses and trading organizations.

4.7.5 Additional Evidence through Surveys and Questionnaires

Greenhouse owners are generally following technological developments,
regardless of whether they can afford or apply them or not. All interviewees gave
exemplary sources, where they keep up new agricultural technologies. Thus, one of
them added:

Turkish farmers are not easily accepting technological changes. This
situation applies to all fields of agriculture. Yet greenhouse workers are

more reasonable in accepting innovative approach compared to
workers in animal husbandry or plant production. (Interview No 8)

Several producers mentioned that they select mentors in the same location.
These mentors are usually agricultural workers who has long-lasted field experience
and no background. Younger greenhouse owners are preferring to discuss business

problems they face with them.
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Thus, social media is highly in use, especially Facebook groups. Objective is
not only to share experience, but also to establish a social network. Sending a picture
of diseased plant, sale information of production materials or promotion of equipment
used by someone are some examples of Facebook posts.

In terms of networking and experience sharing, greenhouse owners and
workers are preferring face-to-face gatherings in addition to social media. Gatherings
in local coffee houses are among the most common network hubs. Farmers,
greenhouse owners, and other local people are gathering in coffee houses to socialize,
yet also to discuss daily issues. Having such medium enables producers to get an
advice for their problematic issues and to observe results of new methods. To

exemplify, following is shared in one of the interviews:

If somebody renews his car often, this might mean that he is profiting
with the production method. At that point, rather than asking and
discussing, other producers search, find, and apply the same method or
tool. This motivates producers because once they saw the good results;
they are convinced that it’s not a bad investment. (Interview No 5)

Last, greenhouse owners are asked whether they have their own website. Large
greenhouses are handling their operations under a corporate brand. That is why,
websites are always available. On the other hand, website usage is seen as another
operation cost for smaller greenhouses. Meaning that, they do not always have the time
or labor force to check and update websites or similar platforms. Therefore, not having
a website sometimes become a part of input optimization. Bearing all in mind,
awareness and information networks are not just informative, but also promotional.
While online sources are important to examine, face-to-face networks matter greatly
to improve current businesses. Under F7, following issues are identified: (1)
underusage of existing public information, (2) seeking personal knowledge and
experience-based advisory, and (3) seeing promotion as operation cost. Issues seen in
this function is interlinked with all other functions in terms of seeking how actor
perceptions are shaped. Yet, there are several important points to bear in mind for
policy recommendation. These points are given in Chapter 5: Discussion.

Next chapter proceeds with additional findings generated through interviews,

but cannot directly linked to functional analysis.
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4.8 Additional Findings Generated through Interviews

During interviews, additional topics emerged beside of identified sub-
functions. Even though these findings are not directly related with the analysis, they
have an impact on policy recommendations.

First, the potential of technological solutions against existing greenhouse
operation problems are evaluated. Turkey is located in an advantageous geography for
agricultural greenhouse operations. Thanks to soft climate, heating is not a major
concern and natural resources are in favor of agricultural production. Nevertheless,
there are still areas for further development and productivity.

Second, technical and operational problems are identified under six categories.
These are: (1) financial concerns, (2) products without long dates of expire, (3) heating
problems, (4) disinfection issues, (5) lack of safety precautions, and (6) product safety
problems.

To test the advantage of technological solutions, all problem categories are
further elaborated. Objective is to see whether current or more advanced technologies
are sufficient to respond producers’ problems.

Product expiration dates are strongly related with the time spend by
intermediary firms. Spending time to transport or damaging product quality on the
road are potential risks in agricultural sale. For fragile products, as fruits and
vegetables, those risks carry even higher importance. Expiration date concerns create
product safety issues for merchandise sellers and end-users. SPA technologies, in that
sense, provide a transparent production system, so that producers become more
confident about the quality of their products.

Heating problems is mainly occurring or prevented by the location and level of
modern applications in greenhouses. Even though location of greenhouses is not
something producers can control, climate arrangements within the greenhouses could
easily control even from distant places. Again, greenhouse monitoring, and remote-
control systems are providing producers to maintain the most productive conditions
and to address plant needs.

Disinfection is specifically mentioned as a problematic issue that can be solved
with scientific and technological methods/tools. Not only the ability to identify

relevant plant problems, but and efficient disinfection without damaging any other
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plant is challenging. ldentifying diseases on the plant-specific level and precise
treatment solutions provide best recipe in greenhouse cultivation. Yet, practical
methods have different challenges.

The backbone of SPA consists of methodological approaches to address
different types of plants and applying different equipment. Whilst differentiating each
plant in terms of the need, disinfection is also applied plant-based level in SPA.
Therefore, applying such advanced method would be a beneficial solution for
producers.

Safety measures taken by producers are found inefficient, especially compared
to practices taken in other countries. This concern takes higher share for small and
middle-sized greenhouses. Similar approach in product expiration dates and safety
problems comes into light for this problematic as well. Through a transparent and
traceable operation system, existing safety measures would be also improved. By
applying disease control methods, identification of sources of damage becomes easier.

Throughout the history, greenhouse operations and equipment have shifted
towards more technology-oriented solutions. Even though different sized greenhouses
have different needs, technical skill and interdisciplinary approach are always required
to take the sector to the next level. Solution, in general, is linked to applying
technological solutions and new production methods.

As Figure 21 illustrates, advantages of technology are mainly corresponding to
financial opportunities, followed by optimizing labor force, increasing food quality

and having higher export rate of qualified products.

122



Distribution of keywords (No of Cases)

PFood qualty weh tacrnclogy 12,5%

Fnsncsl cpportindies 25,0%

adeartages of tectnokogy - labour Force 12,9%

Expert hgh qually roducts 125%

" Productity wih tech 12,3%

Food safety mth tachnology 15,8%

Figure 21: Most common advantages of technology in greenhouses

Hence, advanced greenhouse technologies found to be addressing different
technical and operational benefits. Productivity, time saving, optimization, better
climate arrangements, promoting food health and safety measures and solution for
disinfection are among those benefits.

In Turkey, full automated greenhouses don’t not exist. Instead, there are half-
automated greenhouses and precision agriculture practices in large and medium sized
greenhouses. Medium sized greenhouses are in general using climate solutions, seed
production and laboratory practices for agricultural R&D. Large sized greenhouse, on
the other hand, seem to pass through these solutions and ready to move on full
automated operations. Considering the definition and the way of application of SPA
in greenhouses, middle-large and large size greenhouses could have the greatest
benefit.

Large-size greenhouses have large trade network. International experience and
information sharing, therefore, enables a good knowledge transfer among greenhouse
branches. In parallel with the sale and export size of large greenhouses, enthusiasm to
move forward to full-automated operations is clearly seen. R&D in these greenhouses
are based on seed improvement and human-machine combined monitoring. To go one
step further, improved monitoring systems, robotic work force and algorithmic data

integration should be integrated to daily operations. While human workforce is desired
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to keep at minimum level, SPA promoting technologies are quite suitable and
financeable for large greenhouses.

Medium-large sized greenhouses, on the other hand, conduct R&D activities
either in-house or outsourced for seed improvement. In order to catch up with large-
sized greenhouses, existing plant status should be constantly monitored. While
improving the quality of greenhouse cultivation, such data collection benefits for
tailor-made R&D. This operational change could be handled with the sufficient human
resource and technology adoption.

Medium and small-medium sized greenhouses are having difficulties in
surviving in the market. None of interviewed cases mentioned a none-sale period,
however a constant financial short cut is found necessary. Being located to the farm
market to reduce transportation cost is an example to make such short cuts. Yet, some
of the medium and small-medium sized greenhouses are willing to put much effort to
improve their businesses. Producing cherry tomatoes instead of another kind to reach
out high-quality demand is one example. SPA and relevant technologies, with this aim,
could be effective in business improvement and in targeting wider customer segments.

Observations in functional analysis has several persuasive conclusions for
recommending policy instruments. To re-visit all analyses and design a comprehensive

framework, Chapter 5 is discussing functional findings.
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CHAPTER 5

DISCUSSION

This chapter re-emphasizes findings from functional analysis and additional
findings. Based on the summary of important points, identified issues are discussed to
ensure recommended policy instruments are feasible with dynamics of target TIS.
Following the order of functions in this thesis, Knowledge Development and Diffusion
(F1) is summarized in below Table 14.

Table 14: Summary of Knowledge Development and Diffusion (F1) Findings

Findings for Japan and the Netherlands Findings for Turkey
Ja — Agriculture and technology — Agricultural R&D is
pan A >
are prioritized in academic knowledge-development
institutions oriented, rather than diffusion-
— Scientific and technological oriented
developments are the basis of —  University-industry
agricultural development collaboration requires further
— Government expenditures for attention
agricultural research ishigh  — There is no agricultural
The — Knowledge diffusion is high technol(_)gy concentration in
Netherlands — University-industry academia
collaboration activities and — Agricultural studies and
commercialization concerns university departments are not
play an important role sufficient
— Trade and business — Field practices acquired from
contributions matter in family  business or other
agricultural studies greenhouses are more valuable
—  University curriculums need an
update

Knowledge generation is at a higher rate compared to knowledge diffusion in
Turkey. Comparing knowledge diffusion factors with the Netherlands, not being a

member of EU might be a reason. Alongside of trade flows, EU member states have
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high collaboration rates to strengthen the unity. Having an enabling environment
creates a difference in terms of knowledge diffusion.

In parallel to low level of knowledge diffusion rates, policies are designed to
promote knowledge development. Even though knowledge development is a crucial
baseline to put everything on top, existing resources are misused because of not
diffusing it.

To exemplify, without university-industry collaboration, it is not possible to
adopt scientific and technologic development in agricultural works. Hence, having
high number of agricultural researchers with low amount of government budget on
agricultural R&D is also indicates a low priority of agricultural development in
Turkey.

Additionally, university education and existing curriculums are said to be
outdated in terms of new methods and tools of production. If academic institutions and
national education policies prioritize other fields, agricultural workers are left by
themselves to discover operational aspects. Seeking tacit knowledge and experience-
based advisory services are highly common for greenhouse owners.

There are two side-effects of this issue. First, greenhouse owners tend to lock
in traditional or outdated methods to conduct their businesses. Such lock-in prevents
them to develop their businesses and increases the gap between small and large size
greenhouse operations.

At some point, it also creates a hesitation towards technological or engineering
solutions as well. Second, because of difficulties faced by current greenhouse owners,
children of those families are pushed away to follow other career paths. This career
shifts fastens the loss of tacit knowledge because children of greenhouse owners might
never know the technical specialties and tacit knowledge acquired from decades of
production.

To proceed, Entrepreneurial Activities (F2) is summarized in below Table 15.

Table 15: Summary of Entrepreneurial Activities (F2) Findings

Findings for Japan and the Netherlands Findings for Turkey
Ja Entrepreneurship remains — Entrepreneurial activities are
pan —_ . i . ) -
limited because of risk averting motivated by financial
culture and steady life trends concerns
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Table 15 (continued)

— Agricultural entrepreneurshipis  —  Agricultural entrepreneurship
not entirely preferable, but depends on individual efforts
academic entrepreneurship and — Multiple stakeholders and
lab experiments are variety of responsibilities

The — Entrepreneurial activities are create managerial problems in
Netherlands made for development purposes greenhouses

— Agricultural export has a — Financial and technical
positive impact on agricultural capabilities create a gap in
entrepreneurship entrepreneurial activities

— Farmers are acting as among greenhouses
entrepreneurs in their businesses —  Greenhouses require financial
through non-farm activities support, guidance, and training

— Government regulations promote opportunities for
risk-taking actions when entrepreneurial activities
business opportunities arise — Interdisciplinary studies are

lacking for agricultural
entrepreneurship and
development

Entrepreneurship depends on numerous dynamics in a system. Within that
framework, agricultural entrepreneurship has even a more distinctive characteristics.
Yet, one common point found among different systems is the promotional incentives
for entrepreneurs (greenhouse owners). In Turkey, agricultural investment is mainly
depending on the farmer’s vision and financial capabilities. By meaning of financial
capabilities, greenhouse size also plays an important role in actualizing entrepreneurial
activities. Due to unavailability of financial resources, improving greenhouse
cultivation through entrepreneurship and investment is not always a preferred choice,
especially by small farmers.

There are several factors affecting entrepreneurial activities as migration to
urban cities, different roles of greenhouse owners, numerous stakeholders for the same
arable land, and aging demographics. Adding all constraint together, families also
motivated to push away their children to other sectors. Yet, these greenhouses involve
high level of traditional knowledge and value-add for the market. It is therefore up
most important to consider small-sized greenhouse needs and possible problems in the
future business. The reason is, once traditional knowledge disappears,
entrepreneurship and innovation also lose an important complementary source of
knowledge.

Next, Guidance of Research (F3) is summarized in below Table 16.
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Table 16: Summary of Guidance of Research (F3) Findings

Findings for Japan and the Netherlands

Government’s agricultural
support aims to ensure self-
sufficiency against natural
disasters and limited resources

— Total unit of farm machines and
machinery capital are high

— Government has a leading role
in reinsurance, regulation and
design of agricultural systems
and insurance schemes

— Food prices and food
expenditure rates are at the
highest

— Greenhouse infrastructure and
equipment are outsourced, but
updated with location-based
needs

— As part of Society 5.0 objective,
SPA is part of Japan’s national
agenda and innovation trends in
agriculture

— Total unit of farm machines and
machinery capital are lowest,
however machinery capital per
worker is at highest

— Private institutions are active in
providing greenhouse systems
and insurances

— Greenhouse insurances are

— covering technological risks as
much as natural risks,
specifically addressing high-
tech cultivation equipment
installation

— Greenhouse constructions are

Japan

The
Netherlands

based on scientific solutions and

location- based requirements

— Training, coaching, mentorship
and education programs are
available in addition to tools
and equipment of greenhouses

— Dutch Digitalization Strategy
and agricultural research
strategies od EC emphasize
sustainable agriculture

Findings for Turkey

Agricultural machinery
resources are covering
around 20% of total
agricultural workers

Food consumption rates and
food expenditures are at the
highest, while the food price
is at lowest

Engineering and
manufacturing skills of
greenhouse construction
sector are strong
Greenhouse manufacturing
firms are at the highest in
number

Only limited number of
firms are providing a
technical service for growers
after the construction and
manufacturing works are
done

Digitalization policies are
not directly addressing
greenhouse cultivation

Majority of farmers have
only basic and outdated
technologies on hand
Business cultures are not
always ensuring plant health
Systematic and controlled
authority for price
regulations is not present

First issue under F3 is the perception towards food health and security. Looking

at GDP, food consumption, food price rates, and cultural dynamics, Japan might be
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more sensitive towards the quality, nutrition, and health concerns. On the other hand,
food safety and health concerns are still underdeveloped at production level in Turkey.
Lack of a transparent tracking system also affecting food health concerns at production
level.

Second issue is the inability to adopt engineering and technology solutions.
While there is a competitive engineering infrastructure and knowledge for constructing
modern greenhouses, the majority of greenhouses are still using traditional methods.
One of the barrier against adopting technological | solutions is the lack of support
services. Even though Turkey has necessary infrastructure to develop a technology, it
might not be properly introduced to end user. At this point, knowledge creation is again
at higher rate than diffusion. Once the end user (greenhouse owner) experiences a
negative issue with the tool or equipment, it is harder to convince them to adopt
technological solutions. Simply because, producers feel lonely when they experience
challenging conditions, which also feeds the unthrusting environment.

Third issue is the lack of digitalization policies in greenhouse sector. Even
though there are policies and steps towards digitalization, they are not directly linked
to greenhouse cultivation. Non-prioritization of greenhouse cultivation is observed
under numerous issues. Relatedly, public policies are not addressing specifically to
this sector neither. This issue is also one of the reasons why this thesis tries to propose
policy instruments.

Fourth issue is the financial constraints influencing business decisions.
Financial concerns are the most frequently mentioned issue in greenhouse operations.
In fact, many business decisions are depending on minimizing inputs costs. These
decisions include but not limited with the place of greenhouse, market to sale products,
business relationship to establish, and complementary products to buy. In simple
words, greenhouse owners are avoiding as many risks as possible because the sector
has great financial risks. Within this framework, producers are caught in the middle of
paying too much to foreign brands to ensure product safety and being crushed by local
dealers’ monopoly.

Passing on the functional analyses, Market Formation (F4) is summarized in
below Table 17.
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Table 17: Summary of Market Formation (F4) Findings

Findings for Japan and the Netherlands

Japan

The
Netherlands

Greenhouse market is an
important source of crop
supply especially for
vegetables and fruits
Government promotes next
generation greenhouse
cultivation models to adopt
controlling systems

Large greenhouses joint their
experience to empower their
technologies

Greenhouse associations
focus on interlinking
academic expertise and
technical improvement of
existing businesses
Production is desired to
address in-country
businesses, rather than
serving to export-oriented
objectives

Growing service sectors
(hotels, restaurants, and food
service industries) increase
the demand of high quality
and safe food

Merge of large local growers
is observed as a response to
sectoral troubles
Greenhouses apply market-
oriented concepts

Quality audits, food safety,
and pesticide residues are
among major concerns
There are centralized and
structural dynamics in the
market thanks to mergers
and joint works

Integrating technological
solutions to modernize
greenhouse systems is part
of government objectives
Greenhouse associations
emphasize a collaborative
work environment, involving
counterparts as academia,
public institutions and
private sector

Agricultural export carries
high importance

Findings for Turkey

Heating and cooling
technologies are increasing;
however, traditional
production systems are still in
use

Share of modern greenhouses
remains between 1-2%
Financial barriers seem to
prevent overall market growth
Value of agricultural
production and value add for
agricultural activities are
highest

Greenhouse associations
address to construction and
equipment relevant concerns
Rather than observing a
collaborative work or
scientific contribution, there is
more a division of work and
services

Tomato is the most export-
oriented product

Political sensitivities
influencing agricultural trade
Medium and large
greenhouses are dependent on
foreign subsidiary products
Small greenhouses are
dependent on non-regulated
pricing of local dealers to
obtain subsidiary products
There is a high trust concern
in overall sector

Small and medium sized
greenhouses are dependent on
intermediary businesses to
reach end user

New entrants are not quite
familiar with the technical
aspects of managing
greenhouse cultivation
Relationship between
chambers of agriculture and
producers are limited
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Greenhouse market in Turkey has two major dependencies: one on exports and
other on intermediary businesses. Export dependency is one of the upmost crucial and
sensitive issue for greenhouse cultivation. Greenhouse products are mainly exporting
to Russia, rather than domestic market or a group of international buyers. While such
trade relationship is observed in other countries, agricultural trade is more sensitive to
political relations in Turkey.

Dependency on intermediary businesses is observed by producers’ trust issues
in the sector. Large size greenhouses are eliminating such dependency by establishing
their own marketing and sale channels. Yet, smaller greenhouses are settled down to
conditions proposed by local traders and dealers. Without these intermediary actors,
producers are not capable of reaching out the end user. Visa-versa, end users
(consumers) are also dependent on charges and self-assigned profit shares of
intermediary businesses.

At that point, greenhouse workers are seeking advice on how to react against
those dependencies. In theory, Chambers of Agriculture and cooperatives should play
a guiding role. Nevertheless, all interviewed greenhouse owners indicated that civil
servants working in Chambers of Agriculture do not anything to address producer
needs. On the side of agricultural engineers and advisors working in Chambers of
Agriculture, bureaucratic procedures are blamed for not being able to go on field and
assist producers. It is not possible to link this collaboration problem entirely to
bureaucracy, however; small changes to save paper works might lead to greater results.
Continuing to next function, Creation of Legitimacy (F5) is summarized in below
Table 18.

Table 18: Summary of Creation of Legitimacy (F5) Findings

Findings for Japan and the Netherlands Findings for Turkey
Ja Technology policies are — Fragile lands, climate change,
pan . . .

comprehensive for each sector, and environmental degradation
including agriculture are addressed by government
Food education system, policy and programs
environmentally friendly — Agricultural initiatives are
farming against agricultural dependent to international donor
chemicals and farmer income support
stabilization were among the ~ —  Good agriculture practices have
actions taken by policy makers started to take part in regulations
and regulative powers as of 2004 and keep updated

with more specific targets
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Table 18 (continued)

The
Netherlands

Technological tools,
equipment, and knowledge are
addressed through automated
system adoptions

Precision agriculture is among
the most observable areas
along with reducing the
greenhouse operation costs,
promotion of climate
resistance, and facilitating
factors for better farm
management

Government interventions in
agricultural policies involve
scientific and technological
inputs

CAP has a flexible and result
oriented context

Government supports
agricultural research,
education, and training along
with financial supports
Ecological, climatic, and
welfare problems are among
policy concerns

Innovative breeding and
optimization of pesticide usage
are addressed in government
policy and plans

There is no direct indication of
precision agriculture on
legislative level

Regulations on vegetables, fruit,
and flowers are appearing via
protection of soil, decreasing
dependence on agricultural
medicines, applying right
treatment based on soil and plant
requirements, obligation to
optimize fertilizers, water
resource management

Safe food and quality of foods
are encouraged by government
strategies

11" Development Plan involves
supportive measures to
modernize existing greenhouses
There are numerous indirect but
effective plans and programs to
disseminate precision agriculture
practices

Strategies specifically targeting
precision agriculture remain on
the research and development
level

Government supports and
policies are mainly finance and
energy saving focused

Trust issues in greenhouse sector is once again observed in F5. There is a

reciprocal issue in existing and non-existing regulations to support greenhouse owners.
From producers’ side, current supports and incentives are not addressing their exact
needs. Yet, some producers are taking advantage of existing supports for their own
desire. In other words, some producers are found to apply and get government support
for personal usage, rather than improving their business. To address this issue,
necessity of a standardized, transparent and auditable system is mentioned. A
systematic process to monitor and regulate greenhouse operations and relevant value
chain would also eliminate negative effects of ministerial changes. Meaning that,
people would always change in government system, however establishing a strong
system prevents negative influences of any transition.

Next, Mobilization of Resources (F6) is summarized in below Table 19.
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Table 19: Summary of Mobilization of Resources (F6) Findings

Findings for Japan and the Netherlands

Japan

The
Netherlands

Agricultural sciences have a
structured share in R&D
expenditures, regardless of
sectoral shifts

Decline in newly born rates
and increase in life
expectancy encouraged the
capital accumulation,
especially in favor for non-
agricultural businesses
Agricultural field graduates
are high, in parallel with the
highest population rate

The Netherlands has
fluctuating R&D
expenditures in agricultural
sciences

Budgetary decisions are
changing according to
national focuses and
prioritizations

There is a young population,
whereas aging started
Contribution to agricultural
labor force is moderate

Findings for Turkey

R&D expenditures in
agricultural sciences are
fluctuating

Budgetary decisions changing
according to national focuses
Due to unpopularity of
agricultural departments, young
labor force prefers non-
agricultural businesses as career
Due to aging labor force,
greenhouse operations are
becoming more dependent on
seasonal agricultural labor force
Main problem of seasonal labor
force is the availability of
workers during harvest period
Instead of being a source of
economic development,
agriculture is mainly addressed
by needy groups

Producers’ main target is to
optimize input costs

Aging agricultural labor force creates several risks for greenhouse cultivation.
These are: (1) risk of losing tacit knowledge, (2) damage in future innovative activities
in to greenhouse operations, and (3) negative perception towards agricultural works.

The fact that younger generation coming from greenhouse businesses are
shifting to other careers, tacit knowledge acquired since generations are started to get
lost. Without having an experience-based knowledge, new entrants might act wrongly
in their own operations. Doing mistakes in a new business is common for all sectors.
Yet, the investment and risk of losing financial inputs are higher in greenhouse
operation without a strong knowledge base.

Relatedly, people are getting afraid of taking new risks in greenhouse sector.
Majority of small and medium-size greenhouses are just trying to survive in the market
with short-term objectives. Since it is challenging to maintain a sustainable growth and

financial gain, these greenhouses are not considering to improve daily operation. As a
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result, innovation in those greenhouses, which are at highest in number compared to
large greenhouses, remains limited or fall short.

Hence, perception towards agricultural works is linked to a way of survival,
rather than a career opportunity. Meaning that, part of agricultural labor is feeling
obligated to continue their operations because they do not have another choice. Within
such worrywart environment, these people are also trying to push away their children
from agricultural labor force. Therefore, existing works are handled by other minority
groups as women in need and Syrian migrants. Coupling with those perceptions,
government prioritizations and supports are not enlarging their concept to
technological improvement. They are focusing mainly on energy saving solutions
rather than operational technology support.

At last, Public Awareness and Information Network (F7) is summarized in
below Table 20.

Table 20: Summary of Public Awareness and Information Network (F7) Findings

Findings for Japan and the Netherlands Findings for Turkey
Ja There is a technical and —  Online searching effort on
pan . ; . .
information-focused research “agriculture”, in terms of
dynamic for precision number of searches, is at highest
agriculture — Online searching for agricultural
— Precision agriculture is among practices is trade oriented
the top searched keywords
The - _Importan_ce of virtual network  —  Ministry website pr0\_/ides the
Netherlands is recognized by farmers as best context and detail of
“imperfect but necessary information
— Online searches indicate the — Facebook is actively used to
importance of share experiences and ask for
commercialization of further assistance from other
agricultural practices farmers
— Social media awareness level — Producers select mentors in the
for precision agriculture is same location to discuss
highest production methods
— Awareness raising events for — Agricultural workers also use
greenhouses are targeting network hubs as coffee houses to
children and general public in observe other producers and
addition to government bodies, discuss their own business
agricultural businesses, and problems
trading organizations —  Small and medium sized

greenhouses do not always have
the human resource to manage
social media and website
channels
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While there are good and rich sources of information, given by government
bodies, greenhouse owners tend to engage with other producer either through social
media or face-to-face gatherings. In general, greenhouses have closed information
networks, because being open to potential customers and other actors require
additional operation costs. As a result, it is hard to reach out this target audience
(current and future greenhouse owners), especially those working in small
greenhouses. Within such mistrustful environment, personal perceptions are also

staying within network limits.
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CHAPTER 6

CONCLUSION and POLICY RECOMMENDATIONS

There are four sections in this chapter. First section refreshes the precision
agriculture and SPA concepts to understand advanced production methods and
Turkey’s stand on this topic. Second section comes after with details of challenges of
greenhouses in Turkey. Additionally, the potential of applying technological solutions
is emphasized in this section. Third section summarizes policy recommendations to
show ways of diffusing advanced tools and equipment for greenhouse production.

Fourth section briefly introduces limitations of the study.

6.1 Greenhouse Cultivation in Turkey and Advanced Production Methods

Turkey is among the top producer countries using protected cultivation. Being
located in Mediterranean region and having large arable land area are important factors
for Turkey’s position as producer. Greenhouse cultivation is among the
manufacturing-like field in agricultural production due to its closed and controlled
environment. Yet, there are several difficulties in managing these controlled
environment. Heating problems come at first in greenhouse cultivation difficulties.

According to existing producers, there are several additional issues to survive
in this field. Along with financial barriers, catching up with product expiration dates,
disinfection issues, insufficient safety precautions and product safety concerns are the
most common ones. For fragile products as fruits and vegetables, these issues are
having even more attention.

Greenhouse operations and production facilities have moved across the history
of agricultural production towards advanced technologies. Beside of engineering

solutions, increasing human capacities in technical know-how and supporting interdis-
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ciplinary aspects are compulsory to improve the overall production method.
Accordingly, existing producers consider technology as the solution for all expressed
problems. Starting from reaching out financial opportunities to increasing food and
production quality, advanced tools and methods in greenhouse cultivation return the
investment costs.

Scientific literature suggests SPA as one of the advanced production approach
in controlled environments. With the aim of establishing a transparent and 7/24
controlled production system, SPA makes producers confident on the product safety
and quality. Like so, SPA has a positive value-add on productivity, time saving,

optimization, promotion, and increased safety measures.

6.2 Challenging Issues observed in Greenhouse Cultivation in Turkey

While SPA is not fully-adopted by greenhouses in Turkey, it surely addresses
to all producer concerns through a standardized and business-level tailoring options.
There are several challenges against adopting such advanced production method and
relevant technologies. Yet, there is one common word to describe them all:
dependency. Businesses are dependent on international trade, import of
complementary products, individual effort to improve production methods, financial
support, interdisciplinary studies, skilled labor, and politically neutral environment.
These dependencies are applicable for different scale and located greenhouses, yet
they all need the government to act as the entrepreneur in the market. To have a
comprehensive and all-applied policies, dependencies in different functions must be
regarded by decision-making bodies. Only by doing that, a sustainable productivity is
ensured and maximum profit is gained from minimum inputs.

Dependency issues under different functions are elaborated under seven
categories: Knowledge Development and Diffusion (F1), Entrepreneurial Activities
(F2), Guidance of Research (F3), Market Formation (F4), Creation of Legitimacy (F5),
Mobilization of Resources (F6), and Public Awareness and Information Network (F7).

Main dependency under F1 is to traditional knowledge. Due to missing or
insufficient academic concentration towards advancing production methods, students

are not capable of applying theoretical information into practice. There are numerous
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agricultural departments in Turkey, yet only one is ranked in top 1000 universities in
the world. Ankara University, in that framework, provides a good theoretical
background but lacks technology interlinked curriculums and on-filed demonstrations.

Additionally, existing businesses and scientific researches cannot meet due to
financial or infrastructural barriers. As result, scientific knowledge does not diffuse on
the business level. That creates a misusage of existing academic resources. Thus,
researchers recruited by government institutions seem to have a larger number
compared to spending on agricultural R&D. Altogether, producers remain dependent
on traditional production methods and tacit knowledge transferred across generations,
especially acquired from family-owned businesses. Additionally, improving existing
knowledge remains dependent on individual effort, rather than collaborative works
between university and industry.

F2 have different dependencies within the overall entrepreneurship ecosystem.
Financial motivations and barriers come at first before taking any step towards
entrepreneurship. There are further concerns in agricultural entrepreneurship, due to
high investment costs and dependency on external factors. Thus, divided arable lands
and high number of small and medium sized greenhouses make the investment
decision even harder. While this was not directly indicated, human skills might not be
competent to take entrepreneurial activities in existing greenhouses. Therefore, new
entrants and youth should be supported in the level of selling and promoting new
technologies and methods. At this point, government support plays crucial role to
boost agricultural entrepreneurship. Different from F1, entrepreneurship in
greenhouses is dependent on government initiatives, supports and promotions, along
with personal effort to take an action.

Dependencies under F3 are interlinked with human labor skills and inefficient
university education. Main focus of this function is the level of technology usage
among producers. Machinery resources are not allocated enough to reach out all
agricultural labor force. Instead of the ways to promote advanced machineries and
technological tools, perception towards them is examined. As result, impact of
technical services is found important in technology adoption. After purchasing a
technology, producers seek for a technical service in case there is any technical issue.
If producers are not satisfied with the available technical service, they tend to quit
using. This might be one of the reasons why greenhouse technologies are outdated.
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Similarly, work flows and business cultures are not flexible to adopt new technologies.
Once again, an authority is required to control and intervene technical issues according
to producer needs.

F4 shows the characteristics of overall greenhouse market. There are different
operation scales and different needs of greenhouses. Yet, overall market seems to be
centering business development and trade, regardless of size of business. Within this
concentration, adoption to advanced technologies is lagging behind. Existing
infrastructural and engineering solutions are sale to other countries, rather than local
buyers. Respectively, share of modern greenhouses remain lower than 2%. Existing
associations also acting as intermediate sources to promote businesses and
international trade. Nevertheless, agricultural trade — especially fruits and vegetables
— is influenced by international relations and political sensitivity. On the other side,
subsidiary products are found more trustworthy if imported. Adding up the non-
trusting business environment, overall market remains closed to collaborate with local
sources and dependent on foreign trade. Finally, limited collaboration between
producers and public consultants are examined under F4. The main reason of non-
collaborative environment is said to be high number of bureaucratic work that
Chambers of Agriculture are required to do. Due to such amount of paper work,
agricultural consultants cannot find time to go on field to support producers, which
makes them unfamiliar with the actual field work.

F5 has no direct dependency issues to be examined. Instead, the context of
existing public laws, rules, regulations and policies are examined. There are indirect
indications of advanced methods as precision agriculture and applicable technologies.
Yet, legitimacy remains mainly on research and development level, instead of
centering production of businesses. There is, once again, a gap between research-
oriented and business-oriented approaches. Regulations and policies for businesses are
rather generic and financial. The fact that greenhouse technologies and precision
agriculture are not specifically addressed, target producers are missed by existing
regulative measures. Thus, financial support mechanisms are depending on
international donors, more than government supports. In a nutshell, public policies
need more specified sectoral targets, while addressing different objects in addition to

financial support.
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F6 is examined through financial and human resources. There are limited data
on to analyze the allocation of financial resources. Main observation is made through
sectoral budget allocations in government. Agricultural R&D spending is fluctuating
depending on national priority sectors. While financial resources are not providing
sufficient data on resource mobilization, human resources do. A shift from agricultural
employment is recorded, especially throughout urban to rural migration. Even low-
qualified job opportunities seem more preferable for youth, who has the chance to
work in agricultural production. As a result of this shift, agricultural labor force
involves seasonal workers and vulnerable groups including women and migrants.
Accordingly, greenhouse operations are becoming more dependent on seasonal
workers during harvest periods. Since the availability of needed workers are not
guaranteed, greenhouses are facing operational risks because of this dependency.

F7 reflects overall findings in terms of how to share information, increase
knowledge and establish a network. Online searches, at first, are found to be focusing
on trade and international relations. Technical knowledge sharing, on the other hand,
seem to be handled through face-to-face mentorships and social gatherings. Such
knowledge sharing preferences boost the traditional production methods and outdated
technology usage for existing producers. Then again, the main issue relates with the
problems identified F1. In terms of business promotion, social media and website
usage are recorded as additional operational costs, which producers try to eliminate.
Greenhouse owners, in that sense, try to cope with daily challenges and sell their
product to the best offer. Value-adding steps are remaining as a cost, rather than
investment. As a consequence, awareness level becomes dependent on individual

curiosity and information networks on individual connections.

6.3 Performance Measurement and Policy Recommendations

Technology adoption to address existing greenhouse cultivation problems is
quite compelling. To adopt advanced greenhouse technologies, compatible with SPA,
Turkey is evaluated under seven functions. Analyses presented under each function

are persuasive to suggest policies for diffusing advanced greenhouse technology.
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Bearing in mind most problematic areas and Turkey’s overall performance against best
practices, prioritized factors in policy development are detailed in this section.

Compared to the Netherlands and Japan, Turkish greenhouse sector is
concentrated and shaped by trade-relevant dynamics. Such concentration comes with
benefits and weaknesses towards greenhouse cultivation. As emphasized several
times, each system has its own dynamic and motivations toward greenhouse
cultivation. Coupling with strengths of Turkish greenhouse market, each comparative
country is briefly summarized and evaluated based on functional performance.

Japanese greenhouse market involves high level of academic and scientific
contribution. In that sense, greenhouse cultivation is supported by the scientific
approach and new technologies to increase the productivity. Therefore, F1 has the
highest performance level for Japan. While the main objective is to address national
self-sufficiency, advancing in cultivation methods makes Japan a competitive market.

In addition to academic contribution, government is the main supporter of
greenhouse cultivation. Heading off private sector actors, government support depends
on one major factor. History of extreme natural catastrophes pushes the government
to promote agricultural production to ensure enough food stocks. Since the overall
arable land is less than the Netherlands and Turkey, greenhouse cultivation is
promoted as an important mean of agricultural production.

Integration of advanced technologies in agriculture is one of the Japan’s
strongest sides. Nevertheless, labor force is quite risk averse by culture. This prevents
small businesses to take entrepreneurial activities and to apply innovative solutions in
greenhouse cultivation. As a result, the market is oriented by large-scale firms and
academic institutions. Yet, ICT prioritization in all existing sectors enables greenhouse
market to act at highest productivity level. In the sense that SPA involves adoption of
advanced technologies, Creation of Legitimacy function is also among best
performing functions for Japan.

The Netherlands, on the other hand, is oriented by business and trade concerns
rather than scientific development and self-sufficiency concerns. Main performance
difference of the Netherlands comes into light under Entrepreneurial Activities,
Creation of Legitimacy and Public Awareness. While agricultural academic studies
are involving interdisciplinary subjects and technology-focused approaches, overall
sectoral performance depends on producers on field. Farmers are considered as
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entrepreneurs and innovative business risks are taken with development-motivations.
This creates the best enabling environment for agricultural entrepreneurship.

Government and private institutions seem to be involved in greenhouse market
for further development. Digitalization strategies and Common Agricultural Policy
promotes advanced production methods for greenhouse cultivation. Trade relationship
with other EU countries (especially Germany) boost this development.

High level of collaborative development is also observed for Dutch greenhouse
market. While private firms combine their experience to have a larger share in market,
small-sized greenhouses are also promoted by government supports and initiatives.
These supports are not necessarily financial. Awareness raising, training,
complementary services and mentorships take great part of Dutch greenhouse sector.
Policies and private sector involvement, therefore, carry greatly of capacity
development in greenhouse cultivation.

Bearing all in mind, Turkish greenhouse sector could be defined simply by
“dependency”. Existing businesses are dependent on international trade and import of
complementary products to maintain their business. Thus, businesses are dependent
on individual effort to catch up with international competitors. While natural resources
and climate conditions are in favor for existing greenhouse cultivations, there is a high
level of sensitivity of overall sector towards international relationships, government
supports, unavailability of skilled labor force in agriculture and mis-usage of existing
human resources.

Turkish greenhouse market has different necessities and capabilities. Based on
the interviewed businesses, technological improvement can solve the majority of main
cultivation concerns. Yet, only a minority of greenhouses is able to cope with financial
burdens. Therefore, Turkish government needs to act as the entrepreneur in this
ecosystem. Meaning that, government policies must take different concerns in mind
and promote greenhouse cultivation to ensure sustainable development and to avoid
dependency. To do such, policies should be structured to address all in together. Only
then, advantages of Turkish greenhouse sector could be used and the problems could
be minimized.

Based on the findings presented so far, Turkey’s main strengths are:
— Availability of necessary engineering and manufacturing skills, products, and

services
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to link existing problems with relevant policy recommendations.

Young labor force demographic, able to improve agricultural entrepreneurship

and to boost innovative approaches on traditional methods

Enthusiasm of new entrants to make individual effort

Great knowledge sharing network among individual producers through social

media (such as Facebook)

Benefiting from tacit production methods thanks to transferring family-

business knowledge across generations

Detailed and official data sharing by government sources

To have a comprehensive and applicable technology policies, Table 21 is prepared

Table 21: Functional Analysis of Turkey to Diffuse Advanced Greenhouse

Technologies

Function

F1

Main Issues to

Consider

Lack of agricultural
concentration in
universities

Lack of up-
datedness of
curriculums in
universities for
agricultural
technology
applications
Knowledge
development
oriented agricultural
studies and lack of
diffusion effort
Academic resources
are not allocated at
optimum level
Insufficient field
knowledge in
academic
institutions
Dependency to
promote agricultural
businesses through
individual learning
efforts
Unavailability of
interdisciplinary

Policy
Recommendations

Updating
university
curriculums for
agricultural
departments,
emphasizing new
production
methods and
technological
solutions;
Increasing
government R&D
expenditure share
for agricultural
purposes
Integrating
agricultural studies
into
interdisciplinary
departments
Ensuring public
servants and
advisors are well-
equipped with
field experience
before official
assignments

Relevant Policy
Instruments

Establish a research
and control system in
agricultural education
ensuring updated
models of production
are introduced
Improve R&D
allocation in
agriculture so that
technological inputs
are applied
Restructure obligatory
trainings and
curriculums for public
servants so that they
have theoretical and
practical knowledge
on production
methods
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Table 21 (continued)

F2

F3

studies in academic
institutions to
diminish individual
effort in agricultural
R&D

Limited enabling
ecosystem for
agricultural
entrepreneurship
Financial
motivations as the
main driver of
entrepreneurial
activities

Financial concerns
as the top-ranked
barrier against
agricultural
entrepreneurship
Divided lands and
different
responsibilities in
greenhouses,
hampering decision
making process
Dependency on
government support
for entrepreneurial
activities

Limited presence of
other disciplines,
contributing to
overall agricultural
development
Limited coverage of
machinery resources
for agricultural labor
force

Limited opportunity
on technical services
after purchasing or
acquiring certain
technology tool
Limited opportunity
on technical services
after constructing a
modern greenhouse
Inability to diffuse
available
greenhouse
engineering and

Promoting
agricultural
entrepreneurship
in academia, in
order to ensure
scientific baseline
in entrepreneurial
activities
Provision of both
financial and
capacity building
supports to
agricultural
entrepreneurship
Regulating
identification,
implementation
and evaluation of
government
support for
agricultural
entrepreneurship
Supporting not
only greenhouse
cultivation, but
also intermediary
businesses taking
part in agricultural
entrepreneurship

Regular tracking
of agricultural
machinery usage
in order to follow-
up necessary
updates and to
optimize existing
machinery
resources
Offering 7/24
technical services
of agricultural
technologies and
modern
greenhouse
equipment

Introduce agricultural
entrepreneurship in
relevant university
curriculums

Promote trainings for
students, business
owners, farmers and
civil society favoring
agricultural
entrepreneurship
Establish a
monitoring and
evaluation
mechanisms to track
agricultural
entrepreneurship
projects and their
impact

Establish auditing and
quality control
mechanisms for
agricultural
machineries

Create an
intermediary
communication
agency for farmers
and greenhouse
owners when they
cannot reach out any
technical support on
their machinery
Adopt a traceable and
transparent value
chain audit
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Table 21 (continued)

F4

manufacturing
solutions

Lack of government
policies promoting
agricultural or
greenhouse
technologies
Out-dated
technologies in use
for agricultural
operations
Greenhouse
business cultures
and work flows are
not always
adaptable for
technological
automation

Need for price
regulations by a
systematic /
controlled authority

While available
technologies are
improving,
production systems
lagging behind

Low percentage of
modern greenhouses
existing in market
Greenhouse
associations are
business-oriented,
rather than research-
oriented
Collaborative works
are for trade,
commercial
activities and
infrastructural
development

Fruit and vegetable
production address
to domestic demand
rather to export
objectives

High level of
political sensitivity
in agricultural trade,
especially for

Promoting locally
produced
greenhouse
manufacturing and
engineering
solutions
Ensuring
transparent and
equitable price
regulations
Regulating health
and safety
measures in
greenhouses, both
for producer and
for plant
Promoting
transparent and
traceable
equipment usage
to acquire
necessary
certifications
Ensuring neutral
trade relationship
to minimize
political sensitivity
in agricultural
trade

Promoting locally
produced
subsidiary
products and
services for
existing
greenhouse
operations
Ensuring
protective and
systematic
business
partnerships
through rules and
regulations
Supporting both
large and small
level investments
Ensuring
necessary advisory
services for the
new entrants in

mechanism between
producer and end user

Announce a neutral
and separate trade
regulations to ensure
agricultural exports
are not sensitive
towards political
instabilities

Regulate pricing and
distribution policies
of local subsidiary
products for
greenhouse operations
Introduce
differentiated
financial supports to
attract both large and
small greenhouses
Redesign bureaucratic
procedures or
introduce new public
agencies so that
public consultants
become more
effective in
responding producer
needs

145



Table 21 (continued)

F4

F5

greenhouse — greenhouse
cultivation management
Dependency on Establishing better
foreign subsidiary communication
products and and advisory
services in services between
greenhouse producers and
cultivation public servants
Non-trusting

environment in

establishing

business

relationship, which

creates rather closed

market

Divided lands

diminish the

investment

opportunity

New entrants are not

always familiar with

the technical aspects

of managing

greenhouse

cultivation

Limited

collaboration

between producers

and public

consultants due to

bureaucratic tasks

and unfamiliarity of

field work

Initiatives depend — Addressing sub-
on international specific sectors in
donor support agricultural and
Lack of greenhouse greenhouse

or agricultural operations in
technology policies public policies
Limited precision — Emphasizing

agriculture technology inputs
indication on in agricultural
legislative level policies
Legitimacy — Eliminating

dependency on
international donor

targeting precision
agriculture remains

on the research and support and
development level ensuring
rather than government
presenting support on

comprehensive

Introduce technology-
oriented policies to
reduce input costs for
producers

Control intermediary
businesses on price
regulations so that
international donor
support diminishes
Address greenhouse
technologies, beside
of energy saving
technologies, in
public policies
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Table 21 (continued)

F6

F7

policies and
programs
Regulations and
policies are rather
generic and not
specifically
addressing
greenhouse
technologies
Government
supports and
policies are mainly
financial, not
directly technology-
oriented

Financial resources  —
spend on
agricultural R&D
are changing
according to sectoral
prioritization

Even though labor -
force has a young
demographic, shift
to non-agricultural
employment is a
growing concern
Agricultural labor
force mainly involve
vulnerable groups
(as women) and -
dependent workers
(with family
business legacy)
Greenhouse
operations are
becoming more
dependent on
seasonal agricultural
labor force
Operational cost is
top concern in
greenhouses, against
optimizing financial
resources for
investment

Public awareness in  —
advanced
agricultural
practices has
commercial focus

agricultural
development

Promoting
qualified and
interdisciplinary
human resource in
agricultural labor
force

Supporting youth
in agricultural
businesses
Ensuring regulated
and systematic
agricultural labor
force, both
seasonal and full-
time

Provision of
financial support
to reduce
operational costs
through
technological and
scientific solutions
Prioritizing
agricultural R&D
in government
R&D expenditures
at constant level

Promoting social
media channels
and social media
users for
agricultural

Differentiate public
servant profile in
agricultural bureaus
with different
academic disciplines
Introduce regulations
to mobilize existing
human resource
(seasonal workers) for
greenhouse
production

Reduce administrative
works of government
officials in Chambers
of Agriculture to
ensure better field
experience

Keep a standardized
percentage on public
expenditures reserved
for agricultural R&D

Introduce public
awareness campaigns
on greenhouse
production
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Table 21 (continued)

rather than research
and development
focus

Face-to-face and
local networks are
affecting existing
operations and
producer
perceptions
Corporate websites
are not seen as a
preferable
communication,
marketing or sale
channel for small
and medium-small
greenhouses

Social media usage
in favor of
greenhouse sector
remains limited
Lack of target
specific or tailored
information sharing
network or events

information
sharing

— Organizing more

sector specific,
technology
specific and target
audience specific
events to increase
public awareness

— Enabling open

information
networks to share
experiences and
news on
greenhouse
cultivation

— Providing support

to open and
manage corporate
websites for
greenhouses

— Establish online
platforms for
greenhouse producers
to share and search
information according
to their needs

— Promote official
website of Ministry
and informative
contents in social
media

All functions have substantial contribution for adopting advanced agricultural

solutions as SPA. To make a prioritization among

identified problems,

recommendations and relevant policy instruments, respondents from Chambers of

Agriculture are asked to rank these functions. 58% respondents prioritized education

(F1) for achieving advanced greenhouse operations in Turkey (Figure 22).

5.15
3.98 4.17
3.21 3.28

6.00
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Raising

Figure 22: Ranking of Functions to Increase Success of Greenhouse Operations
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Based on the findings, education should not be limited with academic
institutions. All relevant actors (government bodies, relevant NGOs, entrepreneurs,
etc.) must be well-equipped towards agricultural works to emphasize actual needs of
producers. In this ranking, education is followed by mobilization of resources and
trade investment.

Accordingly, agricultural policies are found most effective, by 47%, when they
are designed to promote education and knowledge. By the definition of Knowledge
Creation and Diffusion, education relevant initiatives could be considered as a starting
point for further adoption functions. The fact that SPA is not specifically addressed in
Turkish greenhouse operations, relevant methods and technologies should be linked to
this scientific approach.

In addition to given policy instruments, there are interlinked but additional
points that is worth highlighting. Based on findings gathered from greenhouse owner
interviews, two major concerns are identified: (1) loss of tacit knowledge and (2)
dependency on various levels.

Strongly related with lack of updated university curriculums and field-
knowledge applied to theoretical courses, greenhouse owners are getting away from
academic and scientific knowledge. This results in a lock-in to traditional methods and
tacit knowledge passed among generations. This lock-in comes with a negative
influence on greenhouse owner perception towards entrepreneurship, innovation, and
technological development. Coupling with challenges of the sector itself, young
generation is either escaping or being pushed away from greenhouse operations. In
future, this issue might result as losing experience-based knowledge, which has been
built up since generations.

In that framework, following policy instruments should be prioritized as well, in

addition to those proposed under F1:

— Introduce agricultural entrepreneurship in relevant university curriculums

— Promote trainings for students, business owners, farmers and civil society
favoring agricultural entrepreneurship

— Establish a monitoring and evaluation mechanisms to track agricultural
entrepreneurship projects and their impact

— Create an intermediary communication agency for farmers and greenhouse
owners when they cannot reach out any technical support on their machinery
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— Announce a neutral and separate trade regulations to ensure agricultural
exports are not sensitive towards political instabilities

— Regulate pricing and distribution policies of local subsidiary products for
greenhouse operations

— Differentiate public servant profile in agricultural bureaus with different
academic disciplines

— Keep a standardized percentage on public expenditures reserved for

agricultural R&D

Dependency, on the other hand, comes into surface by different meanings. Yet,
at a generic level, it is correlated with non-collaborative environment in Turkey.
In other words, greenhouse owners are feeling alone to survive in the market or to
take their operations to the next level. Sectoral improvement requires a
collaborative work among various actors: universities, public bodies, cooperatives,
NGOs, private sector, and producers. There is a network among producers,
however, other actors are not contributing enough to boost greenhouse sector as a
whole.

Studies suggest that strategic joint-ventures are an important source of business
success in uncertainties (Cohn et al., 2005). Only in a respectful and trustworthy
environment a successful collaboration is possible against existing dependencies.
As exemplified by advantages of constructing ventures between physicians and
hospitals, existing actors should also be together as strategic ventures. So that
transparent and achievable objectives could be identified and accomplished (Blair
etal., 1990). Therefore, proposed policy recommendations should be re-evaluated
in further studies with: (i) identified stakeholder relations; (ii) potential problems
and conflicts; (iii) diagnosis and classification of collaboration success; (iv)

optimization of success with existing resources.

6.4 Limitations of the Study

Functional analyses, especially for technology diffusion purposes, require in-
depth understanding of target environment. This includes elaborating existing

infrastructure and farmer needs to come up with feasible solutions to existing
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problems. Given the scope of target system, relevant and available actors and focus of
this thesis, three limitations are identified.

First, only greenhouse owners and government representatives are included in
primary data collection. Thus, due to COVID-19 pandemic, number of semi structured
interviews remained limited. Future studies should take into count larger variety of
greenhouse workers, civil society organizations, universities and other government
bodies to generate accurate and feasible solutions to existing issues.

Second, comparative data analysis included only publicly available data for all
three countries. Main purpose of such selection was to make comparable arguments.
While primary data collection enriched the understanding of dynamics in greenhouse
cultivation in Turkey, similar qualitative research methods should be integrated in
future studies for comparative countries.

Third, while this study investigated preliminary issues against diffusing
greenhouse technologies, policy recommendations are mainly resulted to promote
knowledge and education. Sub-functions and interview findings under F1 carry
substantial importance; however, it is possible that respondents selected an easy
answer against problems. Analysis given under functions are given as they are
proposed by respondents and interviewees. Yet, their acknowledgment and
understanding of functional dynamics should be ensured. To exemplify, importance of
F1 is also linked to entrepreneurial activities and awareness level. For that reason,
future studies should avoid similar categorization to prioritize functions.

This thesis is now the first academic study on recommending policies to diffuse
SPA related greenhouse technologies in Turkey. For that reason, it also guides future
studies through highlighting the state of technology usage and comparing functional
elements with best practices in the world. That being said, future research is
encouraged to focus either a location or product-based greenhouses to eliminate
changing input requirements, or specific technological solution (even more specific

than SPA) applicable for production development.
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APPENDICES

Appendix 1: Number and Details of Top Ranked Universities

Country

Japan

Netherlands

Turkey

) Universities with Faculty of
# of # of Faculties

) - ) Agriculture & Number of Students as
Universities of Agriculture

of May 2020
University of Tokyo (27955), Kyoto
University (22785), Tohoku University

(18460), Nagoya University (16439),
Hokkaido University (17909), Kyushu

University (18747), University of

Tsukuba (16422), Kobe University

(16391), Chiba University (14242),

a1 18 Okayama University (13271), Gifu
University (7283), Niigata University

(12527), Tokyo University of
Agriculture and Technology (5742),
Kagoshima University (10577),

Yamaguchi University (10314), Shinshu
University (10944), Yokohama National

University (10070), Tokai University

(30061)
13 L Wageningen University & Research
(12001 in 2017-2018)
Ankara University (64588 in 2015)
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Appendix 2: University & Industry Research Collaboration

2013
2014
2015
2016
2017
2018
2019

Turkey
3,57
3,86
3,70
3,69
3,47
3,50
3,20

Netherlands
5,30
5,25
5,40
5,38
5,50
5,60
5,50

Japan
5,03
4,96

5
5
4,75
4,70
4,90

Source: Global Innovation Index, 2019
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Appendix 3: Share of Agricultural Sciences Researchers in Total Researchers

Higher Education (Turkey)
Government Institutions (Turkey)
Business Enterprises (Turkey)

Higher Education (Netherlands)
Government Institutions (Netherlands)

Business Enterprises (Netherlands)

Sector of Employment

Private, Non-Profit Institutions (Japan)
Higher Education (Japan)

Government Institutions (Japan)

o

005 01 015 02 025 03 035
Average Number of Agricultural Researchers between 2011-2014

Source: OECD Data - R-D personnel by sector of employment and field of science, Agricultural
Sciences researchers (full time equivalent) divided to Number of full-time researchers (BE: Business

Enterprises, G: Government, HE: Higher Education, PNP: Private Non-Profit)
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Appendix 4: Number of Patents in Detail

2010 2011 2012 2013 2014 2015 2016
JPN  All Tech 331953 328056 328754 316947 313973 303945 293083
(number)
% of Tech 0,00081 0,00070 0,00073  0,00099 0,00096  0,00080 0,00077
Relating to Agr.
% Agr. 0,00031 0,00028 0,00023 0,00036 0,00028  0,00031 0,00027
Machinery
ND  All Tech 2295 2364 2199 2192 2191 2171 2215
(number)
% of Tech 0,00522  0,00592 0,00682  0,00319 0,00547 0,00322  0,00586
Relating to Agr.
% Agr. 0,00130  0,00338 0,00181  0,00091 0,00091 0,00046  0,00135
Machinery
TR All Tech 2029 2105 1089 974 1202 1475 2519
(number)
% of Tech 0,00098  0,00095 0,00183  0,00102 0,00166  0,00135  0,00238
Relating to Agr.
% Agr. 0 0 0,00091 O 0,00083  0,00067  0,00119
Machinery

Source: OECD Stat, Patents — Technology Diffusion, 2018
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Appendix 5: Codebook

Generic
o Vvegetable production
o Tomato production ALINTI
o Climate advantages of Turkey greenhouse-diffused geography

Knowledge Development and Diffusion

o Problems
= resistance in personal knowledge
= preference in other university departments
= Jost of knowledge
= insufficient education system
= Jow education in chambers of agriculture
» no science based skills of workers
= no need for academic knowledge

o Needs
= need for technical skills
= Need for academic knowledge
= Need for experience based knowledge

o Sources of knowledge
= no knowledge sharing among small-large firms
= knowledge share for money/income
= knowledge obtained from outside
= no knowledge asking in local people
= cooperations (not producers) sharing new tech info
= knowledge sharing in firm
= gain of management experience in work
= experience in other firms
= knowledge from family business

Entrepreneurial Activities

o Large-Size Firm Activities
= larger firms start with RD
= large firms as role models
= branches in other countries
= tech usage by large firms
= need for full automacy
= unavailability of technology

o Medium-Size Firm Activities
= application of laboratory technology
= RD for seed production
= youth stay in rural
= application for grant/support
= not continuing to grant/support implementation
= tech used for optimization in costs

o Small-Size Firm Activities
= small investments are not feasible
= migration to urban
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= no investment trust
= more tolerance in human-made mistakes

Guidance of Research
o Business culture
= lack of organizational culture for safety
* non-systematic work routines
= No major change in work routines
= Changes in work routines
= No major change in technique/equipment
= Changes in technique/equipment
= Greenhouse operations - similarities
= west-admiration
= decision based on market distance
o Complementary Services
= problems - lack of supportive services
= problems - constant repair need
= standardized work of machines - disadvantage
o Competition
= need for technologic infrastructure for competitiveness
= trust issues with local actors/service providers
= weakness of local production material sellers agains large firms
= competition among intermediary/buyer firms
= everybody sales - no competition
= no competitive environment
= lower quality - due to competition
= need for scientific development for competitiveness
= competition on prices
o Demand
= no focus on market demand
o Characteristics of Trade Relationship
= business relations based on quality and trust
= importance of timely payment
= deferred payments in greenhouse production
o Infrastructure
= sufficient infrastructure
= infrastructure problems
= Auvailable technology
= need for more technology
o Pricing
= chained impacts of prices/payments
= large firms keeping prices constant - to cope with competition
= no enough discussion on price regulations

Market Information
o Market size
= unnecessary firms in the market (less is enough)
= Expanding market in greenhouses
= matured market for greenhouses
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o Relationship characteristics with Foreign Market

= need for export

= import on production materials

= dependence in foreign market

= preference of large-trusted-quality firms

= sending tests to other countries

= government international relations impacting market
o Relationship characteristics within Domestic Market

= chambers of agriculture only for paper work

= availability of local production materials

= unqualify of local production materials

= no collaboration with intermediary actors

= no collaboration among producers

= Collaboration among actors

Mobilization of Resources
o Human Resource
= problems - availability of seasonal labour
= wish to work in non-agriculture sector
= Seasonal labour need
= less worker in modern greenhouse
= Obligation to work in agricultural sector
= wish to work in agricultural sector
= aging labour force
= Self-development
= need for collaboration among different disciplines (engineering-
agriculture)
o Social Integration
= greenhouse operation part of social-integration support
o Land Resources
= problems - land division
= unavailabliy of arable land for greenhouses
= climate disadvantages due to mismatch of product and
environment
o Technology Resources
= need to customize foreign tech to our culture
= |ocal tech companies are more suitable
= enginerring/construction strong in greenhouse

Public Awareness and Information Network
o Society Awareness
= public awareness through healthy eating habits
o Greenhouse websites
= financial opportunities of websites
= websites not usable for wholesale
= website requires another labour force
= tax and other costs of website
o Greenhouse Information Network
= Decision based on social network
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= Social media usage

o New Tech Follow/Search

= Following new technologies

= following new tech from websites

= less interest in following new tech

= Greenhouse visit to follow new tech
= Conventions to follow new tech

e Policy, Regulation and Government Support
o Government support characteristics

o

o

o

= government support to consumers-not producers

= Credit support

= machine support

= government + academia produced a robotic prototype

= chambers of agriculture used for politics

= government support for greenhouse-rare geography
Policy needs

= need for production based on demand

= need for cooperatives

= need for systematic routines among small size producers

= need for policy regulations

= no need of government support

= what should chambers of agriculture do
Support availability

= government support

= Unavailability of government support

= people taking advantage of supports (negative way)
Regulations of Foreign Countries

= adoption to foreign country criteria

= foreign policies protecting producers

e Advantages on technology in greenhouse

o

O O O O O O O 0O 0 O

time saving in production with technology
advantages in producing high quality product
advantages of technology - labour force
Food quality with technology

Financial opportunities

Export high quality products

Food safety with technology

Productivity with tech

Precision agriculture

Climate systems in greenhouse

solution to disinfection problem

e Problems of greenhouse operations

@)

o O O

problems - not much time of product life
problems - heating

problems - disinfection

problems - no precautions taken
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O O O O O O O

Low socio-economic level of producers

High operation/product cost

Financial barriers in tech adoption resistance to tech adoption
problems - product transfer

no self sufficiency as sector

high risks in overall sector

overall inflation in economy

187



Appendix 6: Entrepreneurship Indicators, 2015-2019

Indicator
Global
Enterpreneurship

Index, Score

Opputunity

perception

Risk Acceptance

Start up skills

Networking

Cultural Support

Entrepreneurial

Attitudes, Rank

Entrepreneurial
Abilities, Rank

Oppurtunity startup

Units
Score=High,

Best Attitude and
Potential for
Overall
Entrepreneurship
Score=High,
Highest Opportunity
Perception for
Entrepreneurship
Score=High,
Highest Risk
Appetite for
Entrepreneurship
Score=High,
Highest Start-up
skill for
Entrepreneurship
Score=High,

Best Access to reach
each other for
Entrepreneurship
Score=High,

Best Cultural
Support for
Entrepreneurship
Rank=1,

Highest
Entrepreneurial
Attitudes Score
Rank=1,

Highest
Entrepreneurial
Abilities Score
Score=High,
Highest Opportunity
Start-up for

Entrepreneurship

Country

JPN

NL
TR

JPN
NL
TR

JPN
NL

TR

JPN
NL
TR

JPN
NL

TR

JPN
NL
TR

JPN
NL
TR

JPN
NL

TR

JPN
NL
TR

2015 2016
49,5 50,6
66,5 654
54,6 52,7
0,2 0,2
06 073
0,66 0,66
0,68 0,66
081 0,76
043 04
0,12 0,14
0,71 0,73
0,67 0,68
034 04
0,88 0,88
041 0,43
0,4 0,4
1 1
05 041
82 N/A
9 7
27 N/A
27 20
14 14
37 N/A
0,57 0,57
094 09
0,37 0,36

2017
51,7

67,7
43,6

0,18
0,86
0,33

0,63
0,81

0,24

0,15
0,90
0,64

0,32
0,76

0,43

0,4

0,33

59

N/A

16
14

N/A

0,59
0,96

0,34

2018
51,5

68,1
44,5

0,17
0,89
0,35

0,64
0,87

0,25

0,17
0,88
0,81

0,33
0,79

0,31

0,4

0,33

N/A

N/A

N/A
14

N/A

0,59
0,93

0,36

2019
53,3

72,3

39,8

0,18
0,80
0,35

0,69
0,94

0,14

0,15
0,96
0,80

0,36
0,87

0,32

0,3

0,32

65

56

19

49

0,73
0,97

0,32
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Technology
Absorption

Entrepreneurial

Aspirations, Score

Internationalization

Risk Capital

Score=High,
Highest Intensity of
Technonology
absorption for
Entrepreneurship
Score=High,

Best Aspiration for

Entrepreneurship

Score=High,
Highest Exporting
Potential for
Entrepreneurship
Score=High,
Highest availability
of Risk Capital for

Entrepreneurship

JPN
NL
TR

JPN

NL

TR

JPN

NL

TR

JPN

NL

TR

1,00
0,69

0,66

61,5
60,3
63,7
0,55
0,7
0,45
0,59
0,78
0,81

0,88
0,69

0,61

60,7
N/A
62,1
0,40
0,69
0,43
0,60
0,68
0,8

0,97
0,76

0,62

63,3
61,0
53,4
0,60

0,61

0,39
0,55
0,66
0,76

0,90
0,84

0,47

62,1
61,7
58,9
0,61
0,56
0,40
0,55
0,71

0,80

0,74
0,99

0,47

67,1
60,2
51,6
1,00
0,69
0,27
0,72
0,59
0,81

Source: Global Entrepreneurship Index
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Appendix 7: Motivational and Societal Indicators for Entrepreneurship (2018)

90
80
70
60

30
: III I I I
O =1 | _ —

Japan Netherlands Turkey Global Average

Percentage of Among Involved
Country Data

Countries

m Motivational Index m High Job Creation Expectation Rate

® [nnovation Rate = Entrepreneurship as a Good Career Choice Rate

Source: Global Entrepreneurship Monitor (GEM)
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Appendix 8: Enabling Factors for Agricultural Businesses

Criteria JPN NDL TR
Quality of seed regulation index (0-9) 5,00 9,00 8,00
Time to register a new maize variety (days) 454,00 556,00 646,00
Cost to register a new maize variety (% of income per 1,19 12,90 22,00
capita)

Supplying Seed score 73,93 75,78 61,49
Quality of fertilizer regulations index (0-6) 4,00 6,00 4,00
Time to register a new fertilizer product (days) 30,00 0,00 50,00
Cost to register a new fertilizer product (% of income 1,19 0,00 3,03
per capita)

Registering Fertilizer score 88,09 100,00 87,22
Securing water index (0-10) 6,00 8,00 5,00
Securing Water score 60,00 80,00 50,00
Time to register a tractor (days) 1,00 1,00 2,00
Cost to register a tractor (% of income per capita) 0,00 0,14 1,58
Registering Machinery score 100,00 99,77 94,53
Quality of manufactured feed index (0-5) 5,00 5,00 5,00
Quality of VMPs index (0-6) 6,00 6,00 6,00
Sustaining Livestock score 100,00 100,00 100,00
Quiality of phytosanitary legislation index (0-5) 4,00 5,00 5,00
Protecting Plant Health score 80,00 100,00 100,00
Trading food index (0-7) 6,00 7,00 4,00
Time to obtain mandatory, agriculture-specific 24 0 24
documents required to export (hours)

Cost to obtain mandatory, agriculture-specific 0 0 105
documents required to export (US$)

Trading Food score 89,68 100,00 62,21
Warehouse receipts index (0-5) 4,00 2,00 5,00
Inclusive finance index (0-5) 4,00 5,00 2,00
Accessing Finance score 80,00 70,00 70,00
Overall Score 83,96 90,69 78,18

Source: World Bank (2019), Enabling the Business of Agriculture, Current as of June 30, 2018.

Auvailable at: https://datacatalog.worldbank.org/dataset/enabling-business-agriculture
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Appendix 9: Farm Machinery Capital per Agricultural Worker

Turkey  Netherlands Japan

2010 0,19 0,62 0,88
2011 0,17 0,68 0,93
2012 0,18 0,67 0,92
2013 0,19 0,86 0,90
2014 0,21 0,78 0,90
2015 0,22 0,75 0,87
2016 0,22 0,76 0,92

Source: U.S. Department of Agriculture — International Agricultural Production. Machinery - Farm
Machinery Capital (number of units) and OECD Data - Employment by activity, Agriculture, Thousand
persons, 2010 — 2018 (Available at: https://data.oecd.org/emp/employment-by-activity.htm#indicator-

chart)
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Appendix 10-a: Annual Food Expenditure per Person vs GDP per Capita

Annual food expenditure per person vs. GDP per capita, 2015 -
Average annual food expenditure per person, versus gross domestic product per capita, both measured in USS

Food expenditure reiates only 10 foed bought for consumption &t home (i.a. it excludes out-of-home food

purchases)

$4,000 ® Asia
B Ewope

ﬁ $3.000
E 'jl?p:n
i d’othnmm:
g $2.000
e
=
g &
2
©
B $1,000
w

$0

$2,000 $5,000 $10,000 $20,000 $50.000
GOP per capita (USS)

Source: Workd Bank, Sonuumer axpendiure on food - USDA (2017), Populmion (Gapminder, HYDE(2018) & UN (2010)). Dur World la Date

Qu'WorkiinDala.orgftood picas/ « CC BY
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Appendix 10-b: Share of Total Expenditure on Food vs Food Expenditure per

Person
Share of total expenditure spent on food vs. food expenditure per person, n
2016

The share of total consumer expenditure per person spent on food versus the annual per capita spend on food, measured in
uss

W Asia
. -.Tluvkey W Europe
20%

§ 15%
< e Japan
S @ 0
o ~Netherlands
g
2 10%
2 0
2
k]
o
2 5%
w

0%

$1,440 $1.800 $2,000 $2,200 $2400 $2600 $2800 $3,000 $3,200

Annual food expenditure per person (USS)

Source: United Statas Departmant for Agncutture (USOA OurWoridinData, orpifeod-prices/ « CC BY
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Appendix 11: Agricultural Inputs and Outputs
Agricultural Inputs and Outputs for Japan

. 0.000010% 2.00% ”

= 0.00% = =
&8s 0.000005% -2.00% & 3 %
= 3§ 5 -4.00% — S o
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S 5 23 2010 2011 2012 2013 2014 2015 £%6 %
EER Y 38
N § g o Years f? 0 O

)

< O

mmmm Agriculture Output === Agriculture Inputs

Source: U.S. Department of Agriculture — International Agricultural Production. Agricultural Output -
Gross Agricultural Production (Constant 2004-2006 US$1000). Agriculture Inputs - % of Annual
Growth Rate

Agricultural Inputs and Outputs for Netherlands
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Source: U.S. Department of Agriculture — International Agricultural Production. Agricultural Output -
Gross Agricultural Production (Constant 2004-2006 US$1000). Agriculture Inputs - % of Annual
Growth Rate

Agricultural Inputs and Outputs for Turkey
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Source: U.S. Department of Agriculture — International Agricultural Production. Agricultural Output -
Gross Agricultural Production (Constant 2004-2006 US$1000). Agriculture Inputs - % of Annual
Growth Rate
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Appendix 12-a: Exports over Total Production of Fruits and Vegetables in

1.00
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0.60
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Appendix 12-b:

Export of Fruits and Vegetables for Turkey (in USD)

Period | Trade Flow | Reporter Partner Commodity Code | Trade Value (US$)
2019 | Export Turkey World 8 $4,589,511,465
2019 | Export Turkey World 7 $1,270,838,710
2019 | Export Turkey Italy 8 $685,088,616
2019 | Export Turkey Iraq 7 $189,040,547
2018 | Export Turkey World 8 $3,961,021,572
2018 | Export Turkey World 7 $1,086,381,715
2018 | Export Turkey Russian 8 $636,098,917
Federation

2018 | Export Turkey Iraq 7 $100,715,305

2017 | Export Turkey World 8 $3,940,007,198

2017 | Export Turkey World 7 $1,001,924,523

2017 | Export Turkey Russian 8 $637,180,217
Federation

2017 | Export Turkey Iraq 7 $117,489,456

2016 | Export Turkey World 8 $3,872,708,529

2016 | Export Turkey World 7 $941,997,339

2016 | Export Turkey Italy 8 $562,518,492

2016 | Export Turkey Iraq 7 $113,207,844

2015 | Export Turkey World 8 $4,355,365,868

2015 | Export Turkey World 7 $1,040,648,260

2015 | Export Turkey Italy 8 $647,071,648

2015 | Export Turkey Russian 7 $336,861,293
Federation

2014 | Export Turkey World 8 $4,327,138,467

2014 | Export Turkey World 7 $1,082,368,168

2014 | Export Turkey Italy 8 $662,968,714

2014 | Export Turkey Russian 7 $384,944,079
Federation

2013 | Export Turkey World 8 $3,969,003,618

2013 | Export Turkey World 7 $1,039,070,231

2013 | Export Turkey Russian $614,307,468
Federation

2013 | Export Turkey Russian 7 $347,027,768
Federation

2012 | Export Turkey World 8 $3,806,415,947

2012 | Export Turkey World 7 $966,062,696

2012 | Export Turkey Russian 8 $544,654,092
Federation

2012 | Export Turkey Russian 7 $322,608,910
Federation

2011 | Export Turkey World 8 $3,908,880,186

2011 | Export Turkey World 7 $1,070,414,033

2011 | Export Turkey Russian 8 $597,368,942
Federation

2011 | Export Turkey Russian 7 $319,248,507
Federation

2010 | Export Turkey World 8 $3,490,879,291
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2010 | Export Turkey World $1,107,483,134

2010 | Export Turkey Russian $566,142,425
Federation

2010 | Export Turkey Russian $301,161,021
Federation

Source: UN Comtrade Database
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Appendix 12-c: Import of Fruits and Vegetables for Russia (in USD)

Period | Trade Flow | Reporter | Partner Commodity Code | Trade Value (US$)

2019 | Import Russian World 8 $5,113,436,001
Federation

2019 | Import Russian World 7 $1,839,989,359
Federation

2019 | Import Russian Ecuador 8 $1,085,227,853
Federation

2019 | Import Russian Turkey 8 $819,964,164
Federation

2019 | Import Russian China 7 $410,476,750
Federation

2019 | Import Russian Azerbaijan 7 $235,646,370
Federation

2019 | Import Russian Turkey 7 $175,943,456
Federation

2018 | Import Russian World 8 $5,089,703,924
Federation

2018 | Import Russian World 7 $1,845,006,261
Federation

2018 | Import Russian Ecuador 8 $1,109,677,833
Federation

2018 | Import Russian Turkey 8 $801,912,304
Federation

2018 | Import Russian China 7 $412,182,620
Federation

2018 | Import Russian Azerbaijan 7 $224,674,510
Federation

2018 | Import Russian Belarus 7 $187,637,599
Federation

2017 | Import Russian World 8 $4,687,436,793
Federation

2017 | Import Russian World 7 $1,800,651,245
Federation

2017 | Import Russian Ecuador 8 $1,096,297,438
Federation

2017 | Import Russian Turkey 8 $809,097,957
Federation

2017 | Import Russian China 7 $488,130,378
Federation

2017 | Import Russian Azerbaijan 7 $207,462,618
Federation

2017 | Import Russian Israel 7 $181,286,997
Federation

2016 | Import Russian World 8 $3,846,821,644
Federation

2016 | Import Russian World 7 $1,401,436,215
Federation

2016 | Import Russian Ecuador 8 $982,392,295
Federation

2016 | Import Russian Turkey 8 $434,929,459
Federation

2016 | Import Russian China 7 $380,623,472
Federation

2016 | Import Russian Morocco 7 $174,572,255
Federation
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2016 | Import Russian Israel $156,397,546
Federation

2015 | Import Russian World $3,944,183,658
Federation

2015 | Import Russian World $1,891,685,019
Federation

2015 | Import Russian Ecuador $905,266,610
Federation

2015 | Import Russian Turkey $757,172,440
Federation

2015 | Import Russian China $445,161,688
Federation

2015 | Import Russian Turkey $441,264,939
Federation

2014 | Import Russian World $5,479,577,428
Federation

2014 | Import Russian World $2,959,077,603
Federation

2014 | Import Russian Ecuador $931,625,894
Federation

2014 | Import Russian Turkey $828,558,494
Federation

2014 | Import Russian Turkey $600,478,536
Federation

2013 | Import Russian World $6,401,898,162
Federation

2013 | Import Russian World $2,881,787,247
Federation

2013 | Import Russian Ecuador $953,246,410
Federation

2013 | Import Russian Turkey $910,732,567
Federation

2013 | Import Russian Turkey $571,651,185
Federation

2012 | Import Russian World $6,279,814,414
Federation

2012 | Import Russian World $2,485,447,611
Federation

2012 | Import Russian Ecuador $830,521,264
Federation

2012 | Import Russian Turkey $822,739,542
Federation

2012 | Import Russian Turkey $474,063,954
Federation

2011 | Import Russian World $6,204,616,964
Federation

2011 | Import Russian World $3,039,948,302
Federation

2011 | Import Russian Ecuador $877,540,942
Federation

2011 | Import Russian Turkey $848,148,583
Federation

2011 | Import Russian Turkey $517,622,111
Federation

2010 | Import Russian World $5,471,168,812
Federation

2010 | Import Russian World $2,223,998,064
Federation
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2010 | Import Russian Turkey $825,782,299
Federation

2010 | Import Russian Turkey $470,792,482
Federation

Source: UN Comtrade Database
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Appendix 12-d: Export of Fruits and Vegetables for Japan (in USD)

Period | Trade Flow | Reporter | Partner Commodity Code | Trade Value (US$)
2019 | Export Japan World 8 $228,395,343
2019 | Export Japan Other Asia, nes 8 $113,293,569
2019 | Export Japan China, Hong Kong 8 $88,770,757

SAR
2019 | Export Japan World $56,033,281
2019 | Export Japan Other Asia, nes $16,289,370
2019 | Export Japan China, Hong Kong $13,732,272
SAR
2018 | Export Japan World 8 $225,898,824
2018 | Export Japan Other Asia, nes 8 $109,975,008
2018 | Export Japan China, Hong Kong $91,353,418
SAR
2018 | Export Japan World $51,438,359
2018 | Export Japan Other Asia, nes $14,055,340
2018 | Export Japan China, Hong Kong $13,047,168
SAR
2017 | Export Japan World 8 $183,762,721
2017 | Export Japan Other Asia, nes 8 $89,858,765
2017 | Export Japan China, Hong Kong 8 $72,487,878
SAR
2017 | Export Japan World $51,745,692
2017 | Export Japan Other Asia, nes $19,997,996
2017 | Export Japan China, Hong Kong $10,071,286
SAR
2016 | Export Japan World 8 $190,426,445
2016 | Export Japan Other Asia, nes 8 $107,679,378
2016 | Export Japan China, Hong Kong 8 $61,692,866
SAR
2016 | Export Japan World 7 $56,505,168
2016 | Export Japan Other Asia, nes 7 $22,807,869
2016 | Export Japan USA 7 $10,486,667
2015 | Export Japan World 8 $159,774,887
2015 | Export Japan Other Asia, nes 8 $95,334,264
2015 | Export Japan China, Hong Kong 8 $47,780,184
SAR
2015 | Export Japan World 7 $45,463,776
2015 | Export Japan Other Asia, nes 7 $18,237,979
2015 | Export Japan USA 7 $10,603,026
2014 | Export Japan World 8 $124,972,524
2014 | Export Japan Other Asia, nes 8 $76,717,812
2014 | Export Japan World 7 $40,176,528
2014 | Export Japan China, Hong Kong 8 $30,381,540
SAR
2014 | Export Japan Other Asia, nes 7 $17,943,740
2014 | Export Japan USA 7 $8,759,478
2013 | Export Japan World 8 $109,566,798
2013 | Export Japan Other Asia, nes 8 $73,593,123
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2013 | Export Japan World $34,156,860
2013 | Export Japan China, Hong Kong $20,788,009
SAR
2013 | Export Japan Other Asia, nes $15,887,926
2013 | Export Japan USA $7,051,776
2012 | Export Japan World $73,661,127
2012 | Export Japan Other Asia, nes $46,140,974
2012 | Export Japan World $34,159,112
2012 | Export Japan Other Asia, nes 7 $18,069,670
2012 | Export Japan China, Hong Kong 8 $13,818,695
SAR
2012 | Export Japan USA 7 $7,129,161
2011 | Export Japan World 8 $106,524,351
2011 | Export Japan Other Asia, nes 8 $80,116,828
2011 | Export Japan World 7 $29,242,039
2011 | Export Japan China, Hong Kong 8 $14,147,114
SAR
2011 | Export Japan Other Asia, nes 7 $14,098,097
2011 | Export Japan USA 7 $6,772,837
2010 | Export Japan World 8 $105,479,917
2010 | Export Japan Other Asia, nes 8 $71,917,946
2010 | Export Japan World 7 $34,583,629
2010 | Export Japan Other Asia, nes 7 $17,839,230
2010 | Export Japan China, Hong Kong 8 $14,781,670
SAR
2010 | Export Japan USA 7 $6,228,795
Source: UN Comtrade Database
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Appendix 12-e: Import of Fruits and Vegetables for Hong Kong SAR (in USD)

Period | Trade Flow | Reporter Partner Commodity Code | Trade Value (US$)

2019 | Import China, Hong World 8 $4,570,666,090
Kong SAR

2019 | Import China, Hong Chile 8 $1,386,357,947
Kong SAR

2019 | Import China, Hong USA 8 $963,463,703
Kong SAR

2019 | Import China, Hong World 7 $772,507,373
Kong SAR

2019 | Import China, Hong Thailand 8 $601,046,002
Kong SAR

2019 | Import China, Hong China 7 $593,544,138
Kong SAR

2019 | Import China, Hong USA 7 $38,734,395
Kong SAR

2019 | Import China, Hong Japan 7 $34,208,746
Kong SAR

2018 | Import China, Hong World 8 $4,398,274,069
Kong SAR

2018 | Import China, Hong USA 8 $1,334,683,731
Kong SAR

2018 | Import China, Hong Chile 8 $1,064,382,019
Kong SAR

2018 | Import China, Hong World 7 $782,393,170
Kong SAR

2018 | Import China, Hong China 7 $596,359,142
Kong SAR

2018 | Import China, Hong Thailand 8 $483,432,454
Kong SAR

2018 | Import China, Hong USA 7 $57,022,546
Kong SAR

2018 | Import China, Hong Japan 7 $29,008,531
Kong SAR

2017 | Import China, Hong World 8 $4,175,551,647
Kong SAR

2017 | Import China, Hong USA 8 $1,517,489,160
Kong SAR

2017 | Import China, Hong World 7 $685,666,592
Kong SAR

2017 | Import China, Hong Chile 8 $619,094,002
Kong SAR

2017 | Import China, Hong China 7 $505,870,853
Kong SAR

2017 | Import China, Hong Thailand 8 $427,351,963
Kong SAR

2017 | Import China, Hong USA 7 $57,168,238
Kong SAR

2017 | Import China, Hong Japan 7 $26,427,889
Kong SAR

2016 | Import China, Hong World 8 $4,278,649,906
Kong SAR

2016 | Import China, Hong USA 8 $1,547,880,010
Kong SAR

2016 | Import China, Hong Chile 8 $758,554,094
Kong SAR
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2016 | Import China, Hong World $661,629,116
Kong SAR

2016 | Import China, Hong Thailand $522,906,575
Kong SAR

2016 | Import China, Hong China $497,510,483
Kong SAR

2016 | Import China, Hong USA $45,920,303
Kong SAR

2016 | Import China, Hong Japan $25,961,060
Kong SAR

2015 | Import China, Hong World $3,760,566,897
Kong SAR

2015 | Import China, Hong USA $1,277,723,239
Kong SAR

2015 | Import China, Hong World $650,350,047
Kong SAR

2015 | Import China, Hong China $507,049,421
Kong SAR

2015 | Import China, Hong Thailand $471,581,766
Kong SAR

2015 | Import China, Hong Chile $452,383,179
Kong SAR

2015 | Import China, Hong USA $48,749,499
Kong SAR

2015 | Import China, Hong Japan $17,021,154
Kong SAR

2014 | Import China, Hong World $3,901,211,260
Kong SAR

2014 | Import China, Hong USA $1,386,286,782
Kong SAR

2014 | Import China, Hong World $613,445,925
Kong SAR

2014 | Import China, Hong Iran $492,975,529
Kong SAR

2014 | Import China, Hong China $473,804,520
Kong SAR

2014 | Import China, Hong Thailand $447,455,687
Kong SAR

2014 | Import China, Hong USA $47,602,414
Kong SAR

2014 | Import China, Hong Japan $15,136,110
Kong SAR

2013 | Import China, Hong World $3,675,317,021
Kong SAR

2013 | Import China, Hong USA $1,861,372,136
Kong SAR

2013 | Import China, Hong World $496,476,642
Kong SAR

2013 | Import China, Hong China $363,947,380
Kong SAR

2013 | Import China, Hong Chile $349,250,711
Kong SAR

2013 | Import China, Hong Thailand $330,051,946
Kong SAR

2013 | Import China, Hong USA $34,203,987
Kong SAR

2013 | Import China, Hong India $15,718,275
Kong SAR
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2012 | Import China, Hong World $3,479,781,210
Kong SAR

2012 | Import China, Hong USA $1,662,795,509
Kong SAR

2012 | Import China, Hong World $443,906,063
Kong SAR

2012 | Import China, Hong Chile $339,321,518
Kong SAR

2012 | Import China, Hong China $336,223,893
Kong SAR

2012 | Import China, Hong Thailand $330,583,029
Kong SAR

2012 | Import China, Hong USA $33,274,588
Kong SAR

2012 | Import China, Hong Japan $12,446,711
Kong SAR

2011 | Import China, Hong World $2,892,621,654
Kong SAR

2011 | Import China, Hong USA $1,371,670,330
Kong SAR

2011 | Import China, Hong World $354,493,440
Kong SAR

2011 | Import China, Hong Thailand $299,362,349
Kong SAR

2011 | Import China, Hong Chile $280,749,328
Kong SAR

2011 | Import China, Hong China $251,545,771
Kong SAR

2011 | Import China, Hong USA $31,800,626
Kong SAR

2011 | Import China, Hong Japan $11,849,517
Kong SAR

2010 | Import China, Hong World $2,495,406,258
Kong SAR

2010 | Import China, Hong USA $1,123,465,659
Kong SAR

2010 | Import China, Hong Iran $359,541,672
Kong SAR

2010 | Import China, Hong World $308,215,990
Kong SAR

2010 | Import China, Hong Thailand $268,180,650
Kong SAR

2010 | Import China, Hong China $205,290,555
Kong SAR

2010 | Import China, Hong USA $32,931,299
Kong SAR

2010 | Import China, Hong Japan $13,983,501
Kong SAR

Source

: UN Comtrade Database
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Appendix 12-f: Export of Fruits and Vegetables for Netherlands (in USD)

Period | Trade Flow | Reporter Partner | Commodity Code | Trade Value (US$)
2019 | Export Netherlands World 7 $8,121,914,366
2019 | Export Netherlands World 8 $7,042,478,838
2019 | Export Netherlands Germany 7 $2,616,564,702
2019 | Export Netherlands Germany 8 $2,595,354,048
2018 | Export Netherlands World 7 $7,842,806,641
2018 | Export Netherlands World 8 $7,009,661,037
2018 | Export Netherlands Germany 7 $2,602,913,525
2018 | Export Netherlands Germany 8 $2,571,085,004
2017 | Export Netherlands World 7 $7,446,554,158
2017 | Export Netherlands World 8 $6,219,998,727
2017 | Export Netherlands Germany 7 $2,489,977,036
2017 | Export Netherlands Germany 8 $2,183,809,552
2016 | Export Netherlands World 7 $7,143,474,285
2016 | Export Netherlands World 8 $5,614,821,962
2016 | Export Netherlands Germany 7 $2,357,783,652
2016 | Export Netherlands Germany 8 $1,963,528,392
2015 | Export Netherlands World 7 $7,005,935,017
2015 | Export Netherlands World 8 $4,783,126,596
2015 | Export Netherlands Germany 7 $2,342,999,682
2015 | Export Netherlands Germany 8 $1,609,034,632
2014 | Export Netherlands World 7 $7,620,154,148
2014 | Export Netherlands World 8 $5,679,320,453
2014 | Export Netherlands Germany 7 $2,535,506,151
2014 | Export Netherlands Germany 8 $2,005,402,933
2013 | Export Netherlands World 7 $7,906,306,133
2013 | Export Netherlands World 8 $5,360,299,955
2013 | Export Netherlands Germany 7 $2,669,883,279
2013 | Export Netherlands Germany 8 $2,012,213,416
2012 | Export Netherlands World 7 $7,001,062,748
2012 | Export Netherlands World 8 $4,649,245,061
2012 | Export Netherlands Germany 7 $2,434,841,357
2012 | Export Netherlands Germany 8 $1,645,022,495
2011 | Export Netherlands World 7 $7,461,511,104
2011 | Export Netherlands World 8 $4,660,657,660
2011 | Export Netherlands Germany 7 $2,444,110,594
2011 | Export Netherlands Germany 8 $1,648,692,796
2010 | Export Netherlands World 7 $6,779,204,971
2010 | Export Netherlands World 8 $3,801,082,138
2010 | Export Netherlands Germany 7 $2,302,306,135
2010 | Export Netherlands Germany 8 $1,297,468,056

Source: UN Comtrade Database
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Appendix 12-g: Import of Fruits and Vegetables for Germany (in USD)

Period | Trade Flow | Reporter | Partner Commodity Code | Trade Value (US$)
2019 | Import Germany | World 8 $11,242,275,787
2019 | Import Germany | World 7 $7,148,723,767
2019 | Import Germany Spain 8 $2,426,953,121
2019 | Import Germany Netherlands 7 $2,393,863,615
2019 | Import Germany Spain 7 $1,995,539,262
2019 | Import Germany | ltaly 8 $1,104,368,126
2019 | Import Germany | USA 8 $1,056,349,939
2019 | Import Germany Italy 7 $536,604,272
2018 | Import Germany | World 8 $11,874,179,945
2018 | Import Germany World 7 $7,176,237,192
2018 | Import Germany Spain 8 $2,577,555,364
2018 | Import Germany | Netherlands 7 $2,410,832,412
2018 | Import Germany Spain 7 $1,945,033,247
2018 | Import Germany | ltaly 8 $1,311,119,286
2018 | Import Germany USA 8 $1,002,821,480
2018 | Import Germany Italy 7 $572,773,748
2017 | Import Germany | World 8 $11,215,449,666
2017 | Import Germany World 7 $6,992,675,540
2017 | Import Germany Spain 8 $2,347,384,622
2017 | Import Germany Netherlands 7 $2,274,097,971
2017 | Import Germany Spain 7 $1,930,232,871
2017 | Import Germany Italy 8 $1,384,032,352
2017 | Import Germany | USA 8 $952,775,076
2017 | Import Germany Italy 7 $574,202,537
2016 | Import Germany | World 8 $10,254,168,656
2016 | Import Germany | World 7 $6,507,885,135
2016 | Import Germany Spain 8 $2,189,302,097
2016 | Import Germany Netherlands 7 $2,065,150,221
2016 | Import Germany | Spain 7 $1,759,238,854
2016 | Import Germany Italy 8 $1,253,697,356
2016 | Import Germany USA 8 $885,104,086
2016 | Import Germany Italy 7 $526,010,183
2015 | Import Germany | World 8 $10,046,104,257
2015 | Import Germany | World 7 $6,164,534,683
2015 | Import Germany | Spain 8 $2,118,304,672
2015 | Import Germany Netherlands 7 $2,045,606,630
2015 | Import Germany Spain 7 $1,599,374,852
2015 | Import Germany Italy 8 $1,196,977,267
2015 | Import Germany USA 8 $1,037,555,442
2015 | Import Germany Italy 7 $480,589,125
2014 | Import Germany | World 8 $10,142,480,119
2014 | Import Germany | World 7 $6,697,689,687
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2014 | Import Germany Netherlands 7 $2,179,729,421
2014 | Import Germany Spain 8 $2,129,936,464
2014 | Import Germany Spain 7 $1,640,078,420
2014 | Import Germany Italy 8 $1,239,013,007
2014 | Import Germany USA 8 $944,511,008
2014 | Import Germany | Italy 7 $535,125,515
2013 | Import Germany | World 8 $10,119,319,519
2013 | Import Germany | World 7 $6,918,631,851
2013 | Import Germany Netherlands 7 $2,247,742,189
2013 | Import Germany Spain 8 $2,233,862,646
2013 | Import Germany Spain 7 $1,635,923,235
2013 | Import Germany | Italy 8 $1,319,135,015
2013 | Import Germany | USA 8 $793,163,711
2013 | Import Germany | Italy 7 $585,498,665
2012 | Import Germany World 8 $8,774,770,801
2012 | Import Germany World 7 $6,162,338,492
2012 | Import Germany Netherlands 7 $2,018,177,943
2012 | Import Germany Spain 8 $1,847,024,457
2012 | Import Germany Spain 7 $1,420,108,164
2012 | Import Germany Italy 8 $1,154,405,282
2012 | Import Germany | USA 8 $640,364,768
2012 | Import Germany Italy 7 $507,419,345
2011 | Import Germany World 8 $9,019,318,067
2011 | Import Germany | World 7 $6,337,345,721
2011 | Import Germany Netherlands 7 $2,025,960,075
2011 | Import Germany Spain 8 $1,767,842,840
2011 | Import Germany Spain 7 $1,409,125,897
2011 | Import Germany Italy 8 $1,151,170,683
2011 | Import Germany Turkey 8 $659,881,249
2011 | Import Germany Italy 7 $514,432,382
2010 | Import Germany | World 8 $8,239,828,272
2010 | Import Germany | World 7 $6,346,020,062
2010 | Import Germany Netherlands 7 $2,132,255,862
2010 | Import Germany Spain 8 $1,645,280,725
2010 | Import Germany Spain 7 $1,404,296,944
2010 | Import Germany Italy 8 $1,115,785,662
2010 | Import Germany | Turkey 8 $556,345,905
2010 | Import Germany Italy 7 $533,302,958

Source: UN Comtrade Database
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Appendix 13: Summary of Dutch and German Trade and Bilateral Relations

Export Partnership

Provision of

Services

Share of Earning

Share of
Agricultural
Earning
Labour Force
Allocated for
Exports
Foreign Direct
Investment
Multinational

Businesses

Migration and

Residency

In 2018, 22,7% of Dutch exports were for Germany and 17,6% of
Dutch imports were from Germany

Netherlands is the largest service supplier to Germany and
Germany is the 2nd largest service supplier to Netherlands

In 2018, exports to Germany covered 19% of export earnings in
Netherlands, which is around 6,5% of GDP while direct and
indirect exports to Netherlands adds up to 1,1% of GDP in

Germany

In 2018, agricultural earning is recorded at second largest sector
following wholesale trade

In 2018, 20% of export-related full-time employment were

covering exports between Netherlands and Germany

Germany is the 5th largest investor in Netherlands, while
Netherlands is the 4th largest investor in Germany

In 2017, more than 15% of foreign-owned multinational
businesses located in Netherlands were from German

In 2018, more than 17 thousand of people moved from Germany
to Netherlands while 14 thousand of people moved in the opposite
direction for settlement. As result, in the beginning of 2019, 77
thousand people with German nationality were residents of
Netherlands and 151 thousand of people with Dutch nationality

were in Germany

Source: https://www.cbs.nl/en-gb/publication/2020/13/internationalisation-monitor-
2020-first-quarter
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Appendix 14: Percentage of GERD in Turkey by scientific field
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Appendix 15: Percentage of GERD in Netherlands by scientific field
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Appendix 16: Number of searches for “agriculture”
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Appendix 17: Website Evaluation — Visitor Based Evaluation (Detailed)
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Appendix 18: Number of searches for “/Z3”, “Landbouw” and “Tarim”
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A. QUESTIONNAIRE QUESTIONS

Soru 1: Yas araligimiz nedir?

Soru 2: Bakanligin veya kurumunuzun hangi boliimiinde ¢aligmaktasiniz?

Soru 3: Unvaniniz nedir?

Soru 4: Kag yildir su anda bagl oldugunuz boliimde/kurumda calisiyorsunuz?

Soru 5: Aldiginiz son diploma seviyesi nedir?

Soru 6: Kurumunuzda yiiksek 6gretime verilen deger/olanaklar1 nasil degerlendirirsiniz (1:
Cok iyi, 5: Cok Yetersiz)

Soru 7: Kurumunuzda tarimsal alandaki AR-GE ¢aligmalarina ne kadar yer veriliyor? (1:
Sikga, 5: Cok Yetersiz)

Soru 8: Kurum igerisinde daha dnce Ar-Ge calismalarinda yer aldiniz m1?

Soru 9: Kurumunuzda akilli tarim kavrami i¢in kullanilan resmi bir tanim/kapsam var mi1?
Soru 10: Kurumunuzda akilli tarim uygulamalarina yonelik farkindalik veya devam eden /
planlanan uygulamalar bulunuyor mu?

Soru 11: "Evet" cevabi i¢in: Kurumunuzda akilli tarimi desteklemek icin ne olgiide
calismalar yapiliyor? (1: Sikca, 5: Cok Yetersiz)

Soru 12: Hassas Tarim kavramini ve uygulama 6rneklerini biliyor musunuz?

Soru 13: Sizce tarim arazilerinden ayri1 olarak seralarda tarimsal tiretim Tiirkiye'de etkili
olarak uygulaniyor mu?

Soru 14: Sera iiretiminin, uygun finansal/teknolojik yatirim ve kontrol araglarini kullanmasi
kosulu sonrasindaki potansiyel basarisini degerlendirir misiniz? (1: Cok basarili, 5: Yetersiz)
Soru 15: Seralardaki tarimsal iiretimin basar1 oranini artirmak size gore hangi yola baghdir?
Onem sirasina gore kategorileri siralayabilir misiniz? (1: En énemlisi, 6: En Onemsizi)
Soru 16: Tarim alanlarindaki teknoloji kullanimini (iletisim ve sosyal medya haricinde) nasil
degerlendirirsiniz? (1: Cok etkili, 5: Cok Yetersiz)

Soru 17: Tarimda Teknoloji kullaniminin artirilmasi sizce gerekli midir?

Soru 18: "Evet" cevabi i¢gin: Bu artirim hangi alanda destekleme yaparak en etkili bigimde
saglanabilir? Onem sirasina gore kategorileri siralayabilir misiniz? (1: En énemlisi, 6: En
Onemsizi)

Soru 19: Tarimda ileri teknolojilerin kullanimini artirmak sizce bakanliklar ve devlet
politikalar tarafindan onceliklendirilmeli midir?

Soru 20: Tarimda dijitallesme ve teknoloji kullaniminim artirilmasi adina tarim

politikalarinin ne kadar etkili oldugunu diisiiniiyorsunuz? (1: Cok etkili, 5: Cok Yetersiz)
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Soru 21: Tarim politikalariin teknoloji ve dijital ¢éziimlere yonelik uygulamalamalari ne
Olciide destekledigini diistintiyorsunuz? (1: Sikca, 5: Neredeyse hic)

Soru 22: Sizce tarim politikalarinin giincellenme siiresi/igerigi maksimum fayday1 sagliyor
mu?

Sou 23: Tarim politikalarinin uygulanabirligini artirmada asagidaki hususlar1 en 6nemliden
Onemsize dogru siralayabilir misiniz? (1: en 6nemli, 6: en dnemsiz)

Soru 24: Tarim politikalarinin, tarimda ileri teknoloji kullanmayi tesvik etmesi ile nasil bir
sonug elde edebiliriz? Giiniimiiz kosullarinda bunun gerekliligi ve potansiyel sonuglarina
dair yorumlariniz nelerdir?

Soru 25: Siz politika yapict olsaniz, giincel olanlardan farkli olarak akilli tarim

uygulamalarini yayginlastiracak nasil bir politika tasarlardiniz?
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B. INTERVIEW QUESTIONS

Mesleginizden ve mesleginizin dinamiklerinden bahseder misiniz?

Ne kadar zamandir bu alanda ¢aligtyorsunuz?

Su an calistiginiz serada calisan kag kisi var?

Pandemi siiresince islerinizde nasil degisiklikler oldu?

Seranizda kullandigimiz ekipman ve yontemlerden bahseder misiniz (iklimleme, sulama,
izleme vb. sistemler oncelikli olmak {izere)

Siz bu meslege basladiginizdan beri kullandiginiz ekipman veya yontemlerde degisiklik
yapildi mi1?

Sizce seracilikla ugrasanlar bir aile isletmesi oldugu i¢in mi zirai egitime yoneliyor?
Yoksa bu alanda okuyup sonrasinda bu sektore girenler de oluyor mu?

Sizin yararlandiginiz veya takipte oldugunuz bu sektdre dair haber kaynaklari var mi1?
Bu kaynaklara ek olarak teknolojik ve teknik gelismeleri takip ettiginiz kaynaklar var mi1?
Takip ettiginiz teknik ve teknolojik ¢oziimlerin herhangi bir agidan uygulanabilir veya
uygulanamaz dediginiz agilar1 var m1?

Cevrenizde olan diger seralar1 daha 6nce ziyaret ettiniz mi? Ettiyseniz bu seralarda kiiltiir,
calisanlar ve is siiregleri ile alakali gozlemleriniz oldu mu?

Is ekipmanlarinizi nereden altyorsunuz?

Bu ekipmanlarin ayar ve kontrolleri kimler tarafindan saglantyor?

Bu ekipmanlar1 ve araglar1 alabilmek icin yararlandigimiz tesvik ya da var oldugunu
bildiginiz yatirim tesvikleri var m?

Seracilik sektoriindeki piyasa ve rekabeti nasil anlatabilirsiniz?

Sizin tiretim anlamindaki operasyonunuz i¢in bulundugunuz yerdeki altyap: yeterli mi?
Sizin agirlikl olarak {iriin sattiginiz iilke veya bdlgeler neresi?

Su anda olusturdugunuz ticari iligkileri kurarken nelere dikkat ediyorsunuz?

Su anda Tirettiginiz {irtinleri tercih etmenizin sebepleri neler?

Su an kullandigimiz giibre, ilag, tohum veya ekipman nereden agirlikli olarak tedarik
ediliyor?

Sizin su an bagli oldugunuz ziraat odasinin isleyisi nasil? Ziraat odalarindan nasil faydalar
sagliyorsunuz?

Su an seracilik iizerine, Tirkiye ¢apinda bir farkindalik veya olusmus bir biling var mi1?

Veya ne yone dogru gidiyor sizce?
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23.
24.
25.
26.

27.
28.
29.
30.

Sizin su an calistiginiz seranin bir web sitesi veya online bir sayfasi var m1?

Bugiine kadar aldiginiz bir devlet destegi veya tesviki oldu mu?

Ozel yatirimcilar bu sektére yatirim yapryor mu?

Siz tecriibelerinizi, seranizda c¢alisanlar haricindeki kisilerle paylasiyor musunuz? Evet ise
hangi kanallar iizerinden paylasiyorsunuz?

Seracilik sektoriindeki rekabeti anlatabilir misiniz?

Sizce bu sektorde etkili bir firma olmak i¢in seracilarin ne yapmasi lazim?

Siz bu sektoriin Tiirkiye’deki gelecegini nasil goriiyorsunuz?

Sizce bu alandaki politikalar ne yonde gelistirilmeli?
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D. TURKISH SUMMARY / TURKCE OZET

Tiirkiye korumali tarimi1 en ¢ok uygulayan iilkeler arasinda yer almaktadir.
Akdeniz iklimine sahip genis tarim arazilerine sahip olmasi ve uygun iklim kosullari,
Tiirkiye’'nin tarim alaninda Onemli {iretici {ilkelerden biri olmasinda baglica
faktorlerdendir. Ortii alti yetistiriciligi, kapali ve kontrollii ortamlarmn iiretimde
sagladig1 avantajlarin yani sira korumali tarim aktivitelerinin ¢esitli zorluklar1 da
mevcuttur. Mevcut iireticiler finansal problemlerin yan1 sira iirlinlerin son kullanma
tarihlerine kadar saklanmasi, 1sitma zorluklari, dezenfeksiyon problemleri ve yetersiz
gida giivenligi dnlemleri bu zorluklarin baginda gelmektedir. Meyve ve sebze gibi
hassas iiriinler i¢in bu konular ¢ok daha biiyiik 6nem tasimaktadir.

Sera isletmeleri ve korumali tarim iiretim tesisleri, tarimsal gelismenin tarihi
boyunca ileri teknolojilere dogru ilerlemistir. Uretimde karsilasilan sorunlara
stirdiriilebilir ¢oziimler saglayan en biiyiik faktor de teknoloji olmaya devam
etmektedir. Bu kapsamda miihendislik ¢6ziimlerinin yan1 sira, teknik bilgi birikimine
sahip insan kapasitesinin artirilmasi ve disiplinler arasi ¢alismalarin desteklenmesi,
ileri Giretim yontemlerinin yayginlastirilmasi igin gerekli temel unsurlardir.

Korumali tarim faaliyetlerinin altinda literatiirde gecen yaygin yontemlerden
biri de hassas tarim baglig1 altinda yer alan Konusan Bitki Yaklasimidir. Seffaf ve 7/24
kontrollii bir {iretim sistemi kurmak amaci ile uygulanan Konusan Bitki Yaklasimi,
her bir {iriin ihtiyacina gore belirlenen girdiler sayesinde iireticilerin {iriin giivenligi ve
kalitesi konusunda giiven duymasini saglar.

Bu kapsamda degerlendirilen tam otomatik ve modern seralarin sayisi
Tiirkiye’de oldukga azdir. Bunun yerine, biiyiik ve orta dlgekli seralar igerisinde yar1
otomatik iiretim sistemleri ve hassas tarim uygulamalar1 daha yaygin olarak
kullanilmaktadir. Ornek vermek gerekirse, orta olgekli seralarda agirlikli olarak
tarimsal Ar-Ge kapsaminda uygulanan iklim ¢éztimleri, tohum ve fide iireticiligi de
dahil olmak iizere gesitli laboratuvar uygulamalar1 kullanilmaktadir. Biiyiik 6l¢ekli
seralar tam otomasyon sistemine uygun teknolojik ve teknik alt yapiya sahip olsa da
Konusan Bitki Yaklasimi’nin tanimi ve uygulanma sekilleri g6z Oniinde
bulunduruldugunda orta 6lgekli seralarin bu iiretim yonteminden alacagi fayda diger

seralara gore oldukca fazladir.
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Biiyiik 6l¢ekli seralar genis bir ticaret agina sahiptir. Uluslararast deneyim ve
bilgi paylasimi da bu ticaret agina eklendiginde, biiyiik 6l¢ekli sera subeleri arasinda
yogun bir bilgi aktarimina olanak saglanir. Bu seralarin satis ve ihracat biiyiikliigiine
paralel olarak, tam otomatik operasyonlara ge¢me istekleri de agikg¢a goriilmektedir.
Su anda Tiirkiye’deki biiyiik seralarda uygulanan tohum gelistirme ve insan-makine
izleme sistemlerinin bir adim Gtesine gitmek i¢in, gelistirilmis izleme sistemleri,
robotik is giici ve algoritmaya dayali veri entegrasyonlari ginlik iiretim
operasyonlarina entegre edilmelidir. Orta-biiyiik 6l¢ekli seralarda ise tohum 1slahi i¢in
kurum i¢i ya da dig kaynakli Ar-Ge faaliyetleri yiiriitiilmektedir. Bu seralarin daha
biiylik 6lgekli seralara yetisebilmek i¢in mevcut bitki durumu stirekli izlenmeye dayali
stratejiler izledigi g6zlemlenmistir.

Bu iki boyutlu isletmelerden farkli olarak, orta ve kiiciik-orta 6lgekli seralar
piyasada ayakta kalmakta zorlanmaktadir. Bu sebeple bu isletmeler girdi maliyetlerini
diisiik tutmak icin cesitli stratejiler izlemektedir. Nakliye maliyetini azaltmak igin
pazara yakin bir alanda isletmelerin kurulmasi, bu tiir stratejilere bir 6rnektir. Buna
ragmen orta ve kiigiik-orta 6lgekli seralarda iiriin kalitesini ve saglik gilivencesini
gelistirmek adina yogun istekler de mevcuttur. Uriinlerin ihracat degeri konuda
ireticilerin en biiyiik motivasyonlarindan biridir. Konusan Bitki Yaklasimi ve ilgili
teknolojik ¢oziimler, bu alanda tliretimin gelistirilmesi ve daha genis bir miisteri agina
ulasmada 6nem arz eden unsurlardir.

Farki olcekli seralarin iiretimde karsilastiklart sorunlar ve isletmelerinin
gelisme alanlar1 g6z oniinde bulunduruldugunda, seracilikta kullanilan teknolojilerin
yayginlastirilmasi adina devlet destekleri ve politikalarinin yadsinamaz bir 6nemi
vardir. Her ne kadar miihendislik alaninda yeterli altyap: ve insan kapasitesi olsa da
bu teknolojiler Tiirkiye’de yayginlasamamaktadir. Bu durumun altinda yatan sebepler
gdz Oniinde bulunduruldugunda devletin girisimci roliinii Gstlenmesi gerektigi
anlasilmaktadir.

Bu caligmada, gerekli politikalarin tasarlanmasi ve Onerilmesi konusunda
Teknolojik Inovasyon Sistemleri kapsaminda sistematik bir metot izlenmistir.
Teknolojik Inovasyon Sistemi, bir bolge veya endiistriden ziyade sadece belirli
teknoloji dinamiklerine odaklanilarak tanimlanabilir. Sektorel ve Ulusal Inovasyon
Sistemi ile pek cok ortak yonii olan Teknolojik Inovasyon Sistemi, inovatif calismalar

kapsaminda bilgi iretmek, yaymak ve depolamak igin cesitli kurumlar1 dikkate
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almaktadir. Ancak olgunlagsmis piyasa sistemlerine ek olarak gelisen piyasalara da
uygulanabilirligi nedeniyle digerlerinden farklidir. Bu baglamda tarimsal yenilik ve
Konusan Bitki Yaklasimi da seralarda siirdiiriilebilir ve yenilik¢i liretim metotlari i¢in
cesitli teknoloji ve teknik beceri gerektirmektedir. Konusan Bitki Yaklasimi’nin
Teknolojik inovasyon Sistemi kapsaminda degerlendirilmesinin en biiyiik nedeni odak
noktasinin geleneksel iiretim yontemlerini teknoloji ile doniistiirmek olmasidir. Bu
nedenle, seracilik sektoriinde siirdiiriilebilir bir gelisme i¢in teknoloji odakli politika
tasarimina ihtiyag¢ vardir.

Tiirkiye seralarinin mevcut durumu arastirilirken, secilen iki inovasyon
sisteminden Ogrenilen teknoloji yayilim yaklagimlari yol gosterici olarak dikkate
alinmaktadir. Japonya ve Hollanda, Konusan Bitki Yaklasimi kapsaminda
teknolojileri benimseme konusundaki adimlarini takip edecek en iyi uygulama tilkeleri

olarak secilmistir.

Japonya’da gelismis bitki yonetim sistemleri ile farkli Olgeklerde ciftcilik
yapilmaktadir. Bu nedenle, hassas tarim ve Konusan Bitki Yaklagimi, Japonya'daki
cesitli aktorler i¢in oldukca biiylik 6nem arz eder. Bu aktorler arasinda iireticilere ek
olarak, devlet memurlari, 6zel sektor iiyeleri, politika tasarlayicilar ve akademik
kurumlar yer almaktadir. Bu kapsamda, Japonya’daki devlet politikalari, ileri
teknolojileri farkli ig alanlarina entegre etmek icin {lizerine calismaktadir. Tarimsal
faaliyetlerin bir pargas1 olan seracilik da bu politikalar arasinda yer almaktadir. Cok
sayida aktor katilimi ve kapsamli politika tasarimlar1 sayesinde Japonya, Konusan
Bitki Yaklagimi’nin uygulamalarimi ve teknolojilerini benimseme konusunda
gereklilikleri ve adimlar1 anlamak i¢in en iyi rneklerden birini temsil etmektedir.

Hollanda seracilik sektoriinde tiim iireticiler arasinda ilk siralarda gelen iilkeler
arasinda yer almaktadir. Modern seracilik, 6zellikle Avrupa iilkeleri arasinda, en ¢ok
Hollandal1 isletmeler tarafindan temsil edilmektedir. Bilimsel ve teknolojik yayilimin
yani sira Hollanda’da bulunan seralar, ulusal ekonomi ve ticaretteki rolleri agisindan
da incelenmistir. Bu kapsamda ticarilestirme ve basarili is uygulamalari, Hollanda'y1
ikinci en 1yi uygulama 6rnegi olarak belirlemede etkili olmustur.

Mevcut seracilik sorunlarini anlamak ve bu konuda adim atabilmek igin
benimsenmesi teknolojik yayilimin gerekliligi anlasilsa da bu alanda yapilan
uygulamalar olduk¢a sinirli ve zorlayicidir. Konusan Bitki Yaklagimi ile uyumlu

teknolojilerin benimsenmesi, Tlirkiye gibi heniiz gelismekte olan bir sistem igerisinde
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cesitli agilardan degerlendirilmelidir. Bu kapsamda yedi fonksiyon belirlenmistir. Her
bir fonksiyon altinda sunulan analizler, gelismis sera teknolojisinin
yayginlastirilmasina yonelik politikalar 6nermek gerekli cesitli agilar1 ele almaktadir.
En biiyiik problem tasiyan konular ve Tiirkiye'nin en iyi uygulamalar karsisindaki
genel performanst goz Oniinde bulundurularak, politika gelistirmede Oncelikli
faktorler, hem farkli 6l¢eklerde calisan sera sahipleri hem de Ziraat Odalar1 ¢alisanlari
tarafindan ele alinarak belirlenmistir.

Japonya’da mevcut olan sera pazari, yiiksek diizeyde akademik ve bilimsel
katki ile minimum alandan maksimum verim elde etmeye odaklanmaktadir. Bu
anlamda seracilik, verimliligi artirmak i¢in bilimsel yaklasim ve yeni teknolojilerle
desteklenmektedir. Temel amag kendi kendine yeterliligi ele almak olsa da, yetistirme
yontemlerinde goriilen ilerleme Japonya'y1 rekabetgi bir pazar haline getirmektedir.

Akademik katkinin yani sira devlet, ortii alt1 yetistiriciliginin ana destekgisidir.
Ozel sektor aktorlerini geride birakan devlet destegi, iilkenin dogal afet gegmisi ile de
oldukea ilgilidir. Asir1 doga felaketlerin tarihi, hiikiimeti yeterli gida stoku saglamak
icin tarimsal tiretimi tegvik etmeye zorlamigtir. Toplam ekilebilir arazi Hollanda ve
Tiirkiye'den daha az oldugu i¢in, ortii alt1 yetistiriciligi Gnemli bir tarimsal iiretim aract
olarak halen tesvik edilmektedir.

Hollanda’daki seracilik sektorii ise, kendi kendine yeterlilik kaygilarindan
ziyade is ve ticaret kaygilar tarafindan yonlendirilmektedir. Hollanda'nin temel
performans farki, Girisimci Faaliyetler, Mesruiyet Yaratma ve Kamuoyu
Bilinglendirme bagliklar1 altinda ortaya ¢ikmaktadir. Tarimsal akademik g¢alismalar
disiplinler aras1 konular1 ve teknoloji odakl1 yaklagimlar icerirken, genel performans
sahadaki iireticilerin aldiklar1 kararlara ve risklere baglidir. Ciftgiler girisimci olarak
kabul edilir ve gelistirme-motivasyonlar1 ile yenilik¢i adimlar1 atmaktadir. Buna
paralel olarak devlet, bu {retici-girisimciler i¢in en uygun ortami yaratmaya
odaklanmaktadir. Diger AB iilkeleri (6zellikle Almanya) ile kurulan ticari iliskiler
seraciliktaki gelismeyi hizlandirmaktadir.

Hollanda sera pazar1 iginde yiiksek diizeyde is birligine bagli gelisme
gozlemlenmektedir. Ozel firmalar pazarda daha biiyiik bir paya sahip olmak igin
deneyimlerini birlestirirken, kiiciik 6lgekli seralar da devlet destekleri ve girisimleri
ile tegvik edilmektedir. Bu destekler maddi olmanin yan1 sira bilin¢lendirme, egitim

ve tamamlayict hizmetler alaninda da verilmektedir.
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Hollanda ve Japonya ile karsilagtirildiginda, Tirkiye’deki seracilik sektorii
ticaretle ilgili dinamiklere yogunlagsmakta ve ihracat degerine bagli olarak
sekillenmektedir. Bu tiir bir konsantrasyon, sera yetistiriciligine yonelik faydalar ve
zayifliklar ile birlikte gelir. Sektoriin geneline bakildiginda goriilen zayifliklarin
tamamu “bagimlilik” baglig altinda ele alinabilir.

Birinci fonksiyon kapsamindaki temel bagimlilik geleneksel bilgiye yoneliktir.
Ilerleyen iiretim yontemlerine yonelik akademik konsantrasyon eksikligi nedeniyle
ogrenciler teorik bilgileri pratige dokememektedir. Tiirkiye'de cok sayida tarim
bolimi olsa da, yalnizca bir tanesi diinyanin en iyi 1000 {niversitesinde yer
almaktadir. Ankara Universitesi bu kapsamda iyi bir teorik altyap: saglasa da
teknolojik ¢oztimler ile pekistirilmis miifredat konusunda Hollanda ve Japonya’ya
kiyasla geride kalmaktadir. Buna ek olarak mevcut isletmeler ve bilimsel arastirmalar,
finansal veya altyapisal engellerden dolayr kendilerini gelistirememektedir. Sonug
olarak, bilimsel bilgi isletme diizeyinde yayilmakta olduk¢a yavastir. Bu durum
tireticilerin, 6zellikle aile sirketlerinden edinilen geleneksel iiretim yontemlerine ve
nesiller boyunca aktarilan bilgiye bagimli kalmasina yol agmaktadir.

Ikinci fonksiyon altinda agiklanan genel girisimcilik ekosistemi iginde farkli
bagimliliklar1 mevcuttur. Girisimcilik yolunda herhangi bir adim atilmadan 6nce 6ne
cikan finansal motivasyonlar ve engeller bu bagimliliklarin basinda gelir. Yiiksek
yatirrm maliyetleri ve dis etkenlere bagimlilik nedeniyle tarimsal girisimcilikte
oldukca zorlu ve bireysel ¢abaya bagli bir ortam bulunmaktadir. Bu nedenle boliinmiis
ekilebilir alanlar ve gok sayida kiigiik ve orta 6l¢ekli seralar, iireticinin yatirim kararini
daha da zorlastirmaktadir.

Ugiincii fonksiyon kapsamindaki bagimliliklar, is giicii kapasitesi ve mevcut
hizmet alt yapisi ile baglantilidir. Bu fonksiyonun ana odagi, iireticiler arasindaki
teknoloji kullanim diizeyidir. Tarimda kullanilan teknoloji ve ekipmanlarin, tarimsal
isgiiciiniin tamamina ulagsmasinda eksiklikler gdzlemlenmektedir. Ornek vermek
gerekirse, teknik servislerin yetersizligi veya yoklugu, tarimsal teknolojilerin
benimsenmesinde énemli bir etkendir. Ureticiler bir teknolojiyi satin aldiktan sonra
teknik bir sorun olmasi1 durumunda teknik servise bas vurmaktadir. Ureticiler mevcut
teknik servisten memnun kalmazlarsa, teknolojik ¢6ziim ne kadar faydali olursa olsun,

kullanmay1 birakma egilimi gézlemlenmistir.
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Dérdiincii fonksiyon altinda elde edilen bulgulara gore seralarin farkli isletme
Olgekleri ve farkli ihtiyaglari vardir. Buna ragmen genel pazar, isletmenin
biiyiikliigiinden bagimsiz olarak, ihracat ve ticareti merkeze almaktadir. Bu
yogunlasma icinde, ileri teknolojilere gegis geride kalmaktadir. Mevcut altyapr ve
mithendislik ¢oziimleri, yerel alicilardan ziyade diger tilkelere satilmaktadir. Bununla
birlikte, tarimsal ticaret- dzellikle meyve ve sebzeler- uluslararast iligkilerden ve siyasi
hassasiyetten etkilenmektedir. Sektordeki giivensiz ortama ek olarak, genel pazar yerel
kaynaklarla is birligine kapali ve dis ticarete bagimlidir.

Besinci fonksiyon kapsaminda incelenen belirli bagimlilik basliklart yoktur.
Bunun yerine mevcut kamu yasalari, diizenlemeler ve politikalar gozden gegirilmistir.
Bu cergevede seracilik sektoriiniin ilerlemesinde atilan adimlar gézlemlense de devlet
tesviklerinin finansal destek ve enerji tasarrufu alanlarinda kisitli kaldigi goriilmiistiir.

Altinci fonksiyon finansal ve insan kaynaklari iizerinden analiz edilmistir. Bu
baslik altinda goze carpan en biiylik bulgu tarimsal is giiclinden ayrilan kisilerin
yarattig1 ve yaratacagi etkilerdir. Aile isletmelerinde dahil gen¢ niifusun tarim disi is
kollarina kaydigr veya yonlendirildigi anlagilmaktadir. Sonug¢ olarak mevsimlik
iscilerin katkis1 artmakta ve sera sahiplerinin karsilastigi riskler daha da biiytimektedir.

Yedinci ve son fonksiyon, tarimsal verimlilik ve teknolojik gelismeler asiginda
bilginin ve tecriibenin nasil yayildig: ile ilgilenmektedir. Tiirkiye’de teknik bilgiye
erisimde yerel bolgelerde bulunan akil hocalar1 ve diger iireticilerin deneyimlerinin

esas alindig1 anlasilmaktadir.

Fonksiyonlar altinda elde edilen bulgular; hiikiimet politikalarinin
stirdiiriilebilir kalkinmay1 saglamak ve bagimliliktan kaginmak icin farkli endiseleri
g6z Onilinde bulundurmasini ve seracilik sektoriinii bu yaklagim ile tesvik etmesini
gostermektedir. Bu kapsamda, Tiirkiye’de heniiz teknolojik yayilimin baglangic
donemlerini gézlemledigimiz seracilik sektoriinde, ilk adimin bilgi iiretimi ve yayilimi
tizerine olmasi uygun bulunmustur.

Oncelikli olarak iizerinde durulmasi gereken konular iki ana bashga
ayrilmistir: (i) Universitelerde pratik ve teknolojik adaptasyonu giiclendirecek
miifredatlarin eksikligi ve (ii) bilgi yayilimina y6nelik atilan adimlarin yetersizligi. Bu
onceliklendirme bagliklarinin belirlenmesinde tiim fonksiyonlarda ortak olarak
goriilen deneyime ve uygulamaya dayali bilginin kaybolma riski goz Oniinde

bulundurulmaktadir. Ziraat alaninda calisacak 6grenci ve genglerin bilimsel ve
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akademik bilgiden uzaklasarak deneyime dayali bilgi agina biiyiikk 6nem vermesi

tarimsal gelismelerin ilerleyememesinde bir sorun teskil etmektedir. Geng is gliciiniin

farkli meslek kollarina olan yonelimi ise bu ortam icerisinde akademik bilginin

yayillimia ek olarak tecriibeye dayali bilginin de kaybolma riskini beraberinde

getirmektedir.

Bu ¢ercevede bilimsel bilginin gelistirilmesi ve yayilmasi alaninda atilmasi

gereken adimlara ek olarak asagidaki unsurlarin da oncelikli olarak ele alinmasi

gerektigi anlasilmistir:

Tarimsal girisimciligin ilgili iiniversite miifredatlarina dahil edilmesi
Tarimsal girisimciligi destekleyen Ogrenciler, isletme sahipleri, ciftciler ve
sivil toplum orgiitleri i¢in egitimlerin tesvik edilmesi

Tarimsal girisimcilik projelerini ve etkilerini takip etmek icin izleme ve
degerlendirme mekanizmalarinin olusturulmasi

Ureticilerin satin aldiklar1 her tiirlii ekipmanin teknik destek servislerinin
giiclendirilmesi

Tarimsal ihracatin siyasi iligkilerden etkilenmemesi icin tarafsiz bir ticaret
diizenlemesinin saglanmasi

Seracilarin kullandig1 yan iiriinlerin fiyatlandirma ve dagitim politikalarinin
diizenlenmesi

Seracilik sektoriinde etkili olan aktorlerin disiplinler arasi bir profile sahip
olmasi

Tarimsal Ar-Ge igin ayrilan kamu harcamalarinda standart bir yiizdenin

ayrilmasi
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