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ABSTRACT

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

BAYKAL , Serra
M.S. TheDepartment ocience and Technology Policy Studies
SupervisorAssist. Prof. DrArsev UmurAY DI NOJ L U

June2021, 230pages

Main purpose of this thesis is to explotesed cultivation environment geeenhouse

under protected cultivatiom Turkey, emphasizing advanced production methods in
use, challenges of improving current opierag and ways of diffusing advanced tools
and equipmenthrough poliges. In order to specify needs and solutions towards
diffusing greenhouse technologies, solutions compatib&otaking Plant Approach

are centered?rotected 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 inancial investment concerns, key developnemeiasneedto be
investigatel with an interdisciplinary aspecto ensure policies have a holistic
approach Functional categories are designed and elaborated in accordance with
Technological Innovation Systemp@oach to generat@olicy 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 ownelsded by different size of operations are
included to this study to understand producer needs and expectations in the field.

Bearing in mind the countrlgased resources and infrastructure on greenhouse
v



operations and technologies, policy instruments mesented 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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T! RKKYBERR TEKNOL OJYKALYEGRKNNKANK T1 RI L MAS| NDA
GEREKLK TEWRMOMQKIXKKALARI NIN TASARLANMASI VE ¥
KONUKAN BKTKK YAKLAKI MI ¥RNEJK

BAYKAL , Serra
Yé¢ksek,Blimedme&nol o i Pol B?l kemgée ¢cal ékmal a
Tez YO nAssisti Rraf. BriArsev UmurAY DI NOJ L U

Haziran2021, 230sayfa

Bu tezin am&koé&,uma{ €kritaparéélddekv ea Keaugrleatniérh an gel

y°ntemlerini arakter mak, mevcut operasyonl ar
vV e creti mde kull anél abil ecek teknol oj ik -0
yoll aréene vurgul amakt er . Bu kapsamda serac

belrle mek adéna Konukan Bi t Kolandaaklappnyaghe t emel a

sera i kletmeciliji ve Konukan Bitki Yakl akeéem
bilinen ¢l k&Ebeuvuemalkeéy & aF @ ymera ktekpowjgermérn d a k |

Ter ki yedyaelkeamé ¢l ke potansiyelinin alténda
al anl aréenén belirl enmesi i -in ¢- ¢l kenin far
araseée bir bakeéek a lider.sFenkdiyanel ikategogilere politlas | ger ek
ara-1 ariel ewre, °Tneekrnol oj i k Yeni |l i k Sistemi y ak
detayl andér él méekter . Fonksiyonel analiz, tar
akt°orl erin yapteéej] é °nceli klendirmel ere par a
sorunl arénecgiltén@naipgmelkiteml er i se, farkle b
yer alan sera sahipleri, sahadaki cretici i h
ortaya konmaktadér. Sera i kKl et mechialziljei ve te
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varolankaynak ar ve altyapeélar da g°z °n¢gnde bu
i htiya-1laré hem de Ziraat Odasé -al éexkanl .

Anahtar Kelimeler: Konukan Bit ki Yakl ak é&mé, Ser a, S
Yenilik Sistemi, Patika
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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 transformatio(Diao et al., 2007) India, through its Green
Revolution, stands as an important examfde. e en Re vigectvea wa®to 6 s o
adopt highyield varieties, which eventually shifted India to bé&ey exporter of wheat
(Freebairn, 1995; Sebby, 201MWext to being a factor of economic development,
agriculture ismportant for national recovery asdlf-sufficiency Whilst being amog
most sensitive sectors against battles, civil wamnsl large migration flowsnational
food stocks are compensated through agricultural reforms duringvpogteriods.

There are tw perception®nagr i cul tureds role in tod
agriculture is not considered a fundamental factor for economic development, but
rather an element for poverty reducti@hristiaensen et al., 201Xn the other side,
scholars motivated by Hirschman and Fieldsfine agriculture as a multiplier of
economic developmeiibzemydaite, 2017; Fields, 2004; Hirschman, 1988)ecki
(1966) provides one of the arguments on that issuei The poi nt i s
underdeveloped economy agricuibproduction is beset with a variety of limitations,
which would prevent it from growing at a high rate even if all material resources were
avail(adblpe@x & AsKaleckisss, s2tOubddylenatusesof economic
growth and food demand. Kuznetisoagreedora g r i cul t ur etliraughc ont r i
net ouput, production contribution per worker and agricultural labor f@kzenets,

1961)

Agricultural activities in Turkeyre serving more thaelfsufficiencyin terms
of input supply to industrial sectors, agricultural export and employmgnortunities
(Yavuz, 2005). As per Maslow's hierarchy of needgricultural activities are in a

wide spectrum starting from basic human needs todelelopment.
1



Yet, due to insufficient awareness on organic and sustainable farming and
tendency to avoid high price on products, good agricultural practidagkey serves
for export ( ErAseébulhagriculautal peukction becandelbie of.the
iStrategic Locomoti¥%¥e Sectorso in Vision 202
Either for economic development orrfpoverty reduction, agriculture is an
inevitable part of life. Simply because, food production remains among basic needs of
humanity(BernersL e e et al . |, 2018; Harari, .2011; Pawl
Discussing agriculture apart from developméntr vice versai is not possible
Hayami and Rutta(il970)emphasize the dependency of agricultural development to
substantial investment on technical and institutional infrastructuiideereatfter,
Ai nduced i nnovation model 6 i s addwpda ed, consi
as endogenous factors in economic systénao et al., 2007)Even though this
theory restudied by other scholargGrabowski, 1979) the idea of using
interdisciplinary linkages for agricultural development remained still.
This thesisis aninterdisciplinarystudy combining agricultual technologies
and technology policiesThere arenumerousresearch areas agricultural studies.
Since agriculture is an immense field of study, focasegiven to different issues as
location, production method, product or technolog@iiis thesis takes greenhouse
cultivationunder protected cultivath as the main agricultural field and questions the
current and potential usage of advanced technologies in produé&trotected
cultivation eliminates external factors arising from geographical and climate factors,
thanks to its closed and laborateiynilar environment. Thereforét creates a great
potential for scientific and interdisciplinary studies.
Studies ofprotected cultivationnvolve different concepts alorticulture,
agronomy, plant sciences, agricultural engineering, food scig¢acknology,

entomology, soil science, microbiology and sqeigure 1).

1 http://www.tsv2023.org/index.php/stratejitkomotif-sektorler/4 luncategorised/14&rim-gida-ve-
hayvancilik.html



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

SourceWe b of s ci en qpmwtected dultivatieer e d wi t h i

Under protected cultivation, there are 103 results on mudiplisary 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 policidsritay current
grower knowledge and ways to diffuse necessary technologies are limited. There are
several studies involving the dynamics of Turkey. Main focus is givegrdduct
basedequirements, trade potential, competition power and climate affediféarent
greenhouse types.

Protected cultivation in Turkey goes back to 194Bsvgican, 1999). Since
then, businesses are located in the south regions where favorable climate and
geothermal sources exist. Along with the developments in productionidaebn
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 openaéénly in greenhouses and

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



greenhouses have usually soilless productioncamdrol techniques ofproduction
inputs. Controlled techniques are usually adoptedlased greenhouses, seawsed
greenhouses and classical modern greenhouses (Silleli et al., RB2dgnt types of

greenhouses and tunnelisTurkeyare detailed in Tablg, in terms of area of land.

Table 1: Areas for Land under Protective Coverbype

GLASS PLASTIC HIGH LOW

GREENHOUSES GREENHOUSES TUNNEL TUNNEL
2010 80 772 230 543 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 79 977 306 074 112 674 161 541
2016 80 137 328 745 112 974 169 867
2017 85 749 355121 119 899 191 399
2018 78 110 368 527 114 232 211 222
2019 75 495 378 670 111 038 224 400
2020 80 779 401 795 104 258 218 326

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.oday, geenhouse cultivation addresses more than
consumptionWith tradeoriented objectives, shift to food health and environmental
i mpact concer ns ¢ ame Coupting this shijt evith (chaeggingna z , 2014
indoor and outdoor climate conditions, technological improvements become an
inevitable part of greenhoe<ultivation for quality and yield (Cemek et al., 2015).

Even thoughsuch shiftcontributes on production developmenintegrated
control and monitoring for diseases, pets, fertilization and irrigation remain limited
(Kurtaslan, 2021)Studies also suggethat grower decisions are applied rather than
automated scheduling and plamecific need examination, except from few high

4



technology greenhouses (Kacira et al., 2004)s creates large gap between small
and large firms in terms of network, finaalccapabilities and technologyience,
prioritization of the government bodies and policy makers towards advanced
greenhouse cultivation remains limited. To that end, industrial prioritization mainly
depends on institutiechased objectives and capabilitie

This thesis elaborateme of the advanced greenhouse production mdtrod
protected cultivationnamely Speaking Plant Approach (SPA). While investigating
current status of Turkish greenhosigechnology diffusion approaches lessons learnt
from two selected innovation systems are taken into consideration as guidance. Japan
and the Netherlands are selected as kasictice countries to follow their steps in
adopting SPA related technologies.

Japanese agriculture involves different scales of faymith 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 instityE@so &
Shibusawa, 2000)Hence, Japanese policies are designed to integrate advanced
technologies to different business ar@2asguchi et al., 2020¥sreenhouse cultivation,
as part of agricultural operations, also takes part in these policies. Thanks to numerous
actor involvement andoenprehensive 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
greenhous¢Could HighTech NéherlandsStyle Farming Feed the World2019a)
Modern greenhouse cultivation, especially among European countries, is far most
represented by Dutch businesg@ataraki et al., 2020)Apart from scientific and
technological diffusion, Dutch greenhouses are examined in terms of their part in
national econmy and trade. In that sense, commercialization and successful business
applications are catching aspects to chalesbletherlands as the second besictice
example.

To contribute to the potential of greenhouse cultivation in Turkey,thesis
primarily aims to (1) understandgreenhouse cultivation in Turkey and advanced
production methodg?2) challengef improving current greenhouse operations, and
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(3) identify ways of diffusing advanced tools and equipmethirough policy
recommendationd o achievehese three aims, following research question is asked:
in comparison to Japan atite Netherlandshow 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 withintroducing agricultural innovation patthroughout the history
Afterwards, precision agriculture and SPA are furtetailel to understand the
potential contibution of this method to traditional practices. Examples from empirical
studies and historical evolution &PA applications are also emphasized. Hence,
interdisciplinary studies having similar contexéalsopresentedrinally, the research
question isasked and theoretical frameworkdstailed Constructing the theoretical
framework from Technological Innovation SysteifidS), functional analysis for
policy development is elaborated. After examining literature on policy development
underinnovation system approach, the need for having a taibme framework is
explaned.

In the Third Chaptettailor-madetheoretical framework and methodology are
presentedFirst, functions involved in the analysis are detail8dcond methodology
is exphined 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 wayBirst, they are describing current status of
greenhouse cultivation in Turkelf.is necessary to see strengths and weaknesses of
the sector, so that needs of producers are better identiiedn&, problematic issues
against effective technology diffusigpolicies arg@resentedThese issuesre 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 ohjsotibhat

producer needs are better azkired.



In theFifth Chapteyconcluding remarks are giveReemphasizing everything
elaborated throughout the analysis, limitations of this study is detailed. Thus,

discussions and future research topis are given.

1.2 Significance ofthe Thesis

This thesis contributes to existing literaturdanr aspectsFirst, thedesign of
technology diffusion policiess centered, instead of studying a particular cultivation
method. Mjority of agricultural studies araddressing a produdair production
method. While new techniques and scientific contribution are seen in those studies,
interdisciplinary approach from social sciences are not quite adopitesl.thesis
differs from those by focusing on a technolgaplicy approach

Second, this thesisattempts to restructure existing policies in favor of
advanced greenhouse cultivatian Turkey. Turkish government policies on
greenhouse cultivation afeund limited with energy saving prioritiesr financial
incentivesthrough bank creditd'he contekof policy instrumentgiven in this thesis
goes one step furthesdues beyond heating and energy concarasxplainedand
prioritized

Third, thisthesisplays an introductory role in designing technology policies
favoring SPA in Turkish greenhoused/hile being the first academic study on SPA
application and relevant policy instruments in Turkey, advantagegsteisatic policy
design method are highly emphasizétkaning that, same research and analysis
structure are applicable to different tectogiés in agricultural practices. Agricultural
Technology and Innovation studies aiming to apply the same theoretical framework
are highly encouraged.

Fourth, functional analysis given in literature isdesignedby adding an
additional functionMethodobgical contribution involve&7: Public Awareness and
Information Network as an addedlue to existing literature. While existing studies
emphasize similar context through investigating the relationship between actors, this

thesis separates the sourcesamhmunication, networking and awareness raising.



CHAPTER 2

LITERATURE REVIEW

2.1 Agriculture, Science, Technology and Innovation

Farming has the same scope as scientific experirfildatbnann et al., 2007)
In that sense, farmers are actingsantists 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 flog@&ver et al., 2013)
Accordingly, DeWalt suggests agricultural innovation to be combined with indigenous
knowledge of farmers for ecologically sustainable solutigbewalt, 1994)
Nevertheless, Scientific Revolution prioritized satis and mechanics more than
agricultural workergDeborah Fitzgerald et al., 2018jor that reason, agricultural
development attributes did not show considerable sscoatil 19605Ruttan &
Hayami, 1973) Albert Moseman puts his concern #isPer haps t he most ce
feaure about building national systems for agricultural research is that neither
significance nor their (Bgpsch&dtary 0833 are wel | un
Rosenberd1971)outlines the earlier interaction between science, technology,
societyand agriculture through . Siiamirliamulttartaddae&wq
Research and Development Gegt these stations concerned wathth technological
development and societal impacts of agricultyBeanbom, 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 changéDanbom, 1986; Marcus, 1985As of 1970s, agricultural
development badened its concept from chemical interests and entered to a transition
path from resourcbased to technologyasedpractices (Kristensen, 1997)This

transition brough different aspects into agricultural pcast



First, new methods influenced rate of return and productivity levels. In that
framework, mechagmation also played an important rql&nderson, 2005)Second,
social roles and relationship between farrsigntists came to stagByerlee et al.,

2009; Fitzgerald, 1991)Consequently, subjects like system of production, women
employment in agridture, and actometwork theories became important study areas
in agricultural developmeriDeborah Fitzgerald et al., 2018)

Hughes explains the relationship amongdiingons, individuals, theoriegnd
machineries by: Atechnol ogy viasl uilesedh a st
1990) Transferring his approach into agricultural technoldgyelopment, two types
of knowledge are essentigll) basic knowledge to overcome exogenous factors
against production an@) knowledge oninstitutional structures for technology
adoption strategieSmithers & BlayPalmer, 2001)

As per the first type of knowledge, modern agricultural technologies focused
on eliminating exogene 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 anghnovation 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 parship(Possas et al., 1996; Touzard et al.,
2015)

Bearing in mind Hughes 0 sthesecand ypeint , t
knowledge and functional framework to adopt necessary teclugies. Selected
production method SPA under Precision Agriculture) and method of amialy
relevant innovation systenT IS 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 methodologicaspectsto understand precision agriculturéhese include

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



Adamchuk, 201Q) Some scholars, on the other hand, matches the conceptual

framework to toolgMcbratney et al., 2005; Mulla, 2013Yleaning that precision

agriculture is consideredas a combination of guidance systems, recording

technologiesand reacting technologidg®alafoutis et al., 2017)Among all, most

generic and comprehensive definitimn precision agricultureigsit he r i ght tr eat me

in the right pl(Gebbers&Adamchioke2010j@g8ht t i me O
Initial reference of precision agriculture goes back to 198@glou, 1987;

Cowan, 2000; Krutz, 1983; LowenbeDeBoer & Boehlje, 1996; Pittst al., 1986;

Schueller, 2009)At that time main objective of was to understand and manage means

of drainage, landscape, soil features, texture, nutribml pH level through soil

survey (Oliver et al., 2013) Together with the adaptation of microcomputers,

agricultue is exploitedthroughadvanced tools and methods. This was the beginning

of AFarming by Soil Typeso c¢ doRobeetd999) so as cal
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
environmentalquality 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 whaléBongiovanni & Lowenberdgeboer, 204, p.
360)

Correspondingly, means of sustainability of precision agriculture are explained

under profitability, productivity, safety and quality, decisiomaking processand

environmental friendliness (Tab2.

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

Agricultural profit is challenging to measure due to its nature of m
results(LowenbergDeBoer & Swinton, 1997)Still, there are severe
suggestions implicating risk assessnteriiebased on variability of croj
yield (Olson, 1998; Zhang et al., 2002)sk reduction hypothes€€.
Profitability Oriade & Popp, 2000andbio econmic model on control systeng€.
A. Oriade et al., 1996 Among all profitability analyses precision
agriculturepractices showed positive results by optimizing inputs
reducingany type of overusing_ambert & LowenbergdeBoer, 200Q)

Agricultural productivity is achievable through diminished input cc
Productivity and time savingSoto et al., 20190ncefarmers and agronomists
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Table 2 (continued)

understand the characteristics of plants and exogenous enviror
decision support systems could define biophysical attributes of cro
how to react towards thethiaghat & Balasundram, 201@y meaning,
productivity is the core concept of precision agriculture because it
with effective use of existing natural resources

Beside the monetary impacts, a controlled and guided system is st
correlated with quality and safety measures. Not only the product
but also the quality improvement of yield altered by the soil an
fertility (Tardaguila et al., 2011Relatedly, technologgriven solutons
prioritize taking necessary precautions against extreme we
conditions, pests, insects and fungal infestatiiig/ancour, 2017)
Keeping and sharing the ret@the plant data during the cultivation n
only guide farmers how to react against any unforeseen circumst
but also track plant status to make sure t¢hétivation and storag:
processes are in accordance with health and safety standards.

Food Safety
and Quality

Decision support systems have high impact on farm management fc
cultivation and storage procesgEsickson & Widmar, 2015)Decisions
on hybrid selection, arable land rentals, fertilizer applications, chem
and fuel intakes are depending on the crop or soil characte(idtitis,
2013) Therefore, decision making processes involve -astihblishec
communication networks between the producer and the lan
greenhouse environmental control sys{@&hret et al., 2001)Precision
agriculture promtes a strong communication with the soil and crop
that farmers can obtain more data to make better decisions to rea
round objectivegOlson, 1998)

Water pollution, floods, erosion, crop damages, GHG emissionbs
destruction in biodiversity are among potential environmental impac
farm operations. Hence, Olivier describes consequences of
application of fertilizers and pesticides as part of environme
degradation(Oliver et al., 2013)Technological solutions are studiasl
mitigating measures against any potential environmental damage o
operations(Balafoutis et al., 2017; Fuglie & Bosch, 1995; Hudsor

Environmental Hite, 2003; Oliver et al., 2013; C. A. Oriade et 4P96) These studie:

Impacts involve irrigation control systemgGoumopoulos et al., 2014)
application of optimal level of nitrate contamination for i
productivity (Biermacher et al., 2009)ontrolled pest and pesticic
treatmentOliver et al., 2013)These concepts are highly interlinkeith
precision agriculture practices in terms of how much, when or ex
where to use these production inputs to have minimum environm
damage.

Management
Support

While precision agriculture comes with numerous assets, there are still
challenging issues In sum, here are two problematic categories: finance and
perception.

Precision agriculture requires technologically advanced equipment and tools,

which brings a high cost of investmghiong et al., 2016; Ondou&a Walsh, 2017,
11



Wiebold et al., 2015Hence, inability to access financial resources also impacts agri
businesses, which is a frequently seen problenflaticg et al., 2016)As for almost

all businesses, investment costs are -firahind befoe 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 th&riong
objectives.

Thus, perceptiomelated factors (aspsychobgical, demographjc and
sociological factorsareaffectinghow agricultural businessegow. In that sense,ge
and background greatly matter in technology adop(idey & Brindal, 2012)
Younger farmers have better potential to adopt technologyrdseeitions since they
might be less reluctant to changéus, they might better understand the technological
valueadd(Mahant et b, 2012) Yet, there is always a risk of positive illusions for this
target group (Vishwanath, 2009) Therefore, agricultural technologies should
compromise new methodd doing the traditional activities, rather than suggesting a
bottomup changes.

There are numerougsroductionmethodsunder 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 statusaotgpEPA is proposed
(Udink ten Cate et al., 1978pptimization of calculation and techniques to monitor
and control plant reactions with re&the measurement are there conceptgTetsuo
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 aémgneuse cultivation, SPA has
been studied in the manner of behavioral control modellinging up to 2% century,
SPA studies faced several changes in academic studies due to advancing technologies
and increasing usage by greenhouse businefsesnderstand the academic study
concentration for SPAabstractublished between 1978)20in Web of Science,
Google Scholar, Science Direct, Academia, Springer, Semantic Scholar and Sage

Journals are examingligure2 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 Journal s, filt.

By eliminating overlappingublications 294 studies are selected and analyzed
by their title, author keywordsnd 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 devptoent.

After the theoretical studies presented at the end of 19&€snical testing
control algorithms, computer processing systems, and different modelling approaches
are started to be investigateBy 1985, pilot studies and artificial intelligence
applicationsareintroduced 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 greentsay 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 sties come in front, numberf studiesalmost doubled
in each decaddrelatedly, 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 198@srdisciplinary
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 desigracteristicévon
Elsner et al., 2000pnd smart irrigation methogsKk ar akahi n et al ., 2018)

Todayd6s advanc e dise SRRANte apply corspytsated @rsl
automatd solutions for controlled environmentsFigure 3 provides a generic

visualization of the described control and measurement system.

]

e ele el 2% €le

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

technologiedo 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

greerouses to control exogenous factors and plant sfatima, 2011) Some of the

examples from literature are described below:

1 Setting temperature level as control input and color change as output to

examine leat treatment to delay the fruit ripening for tomat@esMorimoto

et al., 1997) Research suggests that optimal temperature level should be

searched for effective ripening delay via a simulation using genetic algorithms.

1 Applying chlorophyll fluorescence induction imaging system tangixe plant
health for tomatoegéTakayama et al., 2011)maging system aims to detect

drought stress level to understand plant health status.

T Testing an environment al control
potential as biosensor to operate four lighting condit{@essuo Morimoto &

Hashimoto, 2009)Studyargues thammushroom as biosensor could maximize

factory productivity while minimize energy usage and prodaatosts.

Sys"

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

profitable with an average of 68% success (@ebbers & Adamchuk, 201@earing

in mind of method, sstem, 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

Table 3: Similar Studies from Literature

Authors

Detail s of Studies

Lamprinopoulou et
al., 2014

Objective of this study is comparing Scotland #melNetherlands
on the basis of their systemic structures, functions, failaned
merits of agricultural innovatiosystems. Both methodologic
work and preliminary results showed that proposed strategie
useful in impacting on direction and rate of innovation
agricultural operations.

Turner et al., 2016

This study concerns with the systemic problems in New Zeg
for agricultural innovation system cagig. Main importance of
this paper is to show systemic functions and problems ir
integrated analysis for New Zealand along with considering 1
interconnections. Thus, historical background and persi
structural and institutional factors are aés@mined

Kebebe et al., 2015

The investigation of dairy innovation system has been mac
Ethiopia to identify techisal, economic, and institutional barrie
for further development. Seven innovation functions are inclt
in this study and problems with structural elements are identifi
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Table 3 (continued)

This article looks into the impact of publzivate partnershig
Hermans et al., s . . .
2019 within agricultural innovation systems and how to set feedt
loops. The scope of study consist$afr cases from the history ¢
innovation.

Innovation platforms, which is considered a part of participa
practices in innovation system, arlserved within Africa region
Davies et al., 2018 For that purpose, nine platforms in agricultural sector are sel
and analyzed in terms of complex nature of innovation systerr

Objective of this study is to analyze a technolsgegcific
application (Queensland Fruit Fly) in terms of pest managel

Kruger, 2017a approach in innovation systedreawide management is center:
to ensure an enabling environment.

This study highlights applications to strengthen compl
agricultural practices as biosecurity. Taking anéde managemen

Kruger, 2017b approach to apply a systemic approach, a functistnattural
analysis is presented.

Regional and structural dimensions on systemic problems t
structuralfunctional analysis have been provided in this arti
Regional functios in innovation systems are said to be neglec

Minh, 2019 Structural components are defined as infrastructures, actor:
institutions along with how they might create blocki
mechanisms.

This paper observes agroforestry systems in Europe. Thr

Borremans et al., observing actor involvement and gap implemeots] a

2018 comprehensive agricultural innovation system is examined.

This article investigates soegconomic barrierof agricultural
innovation system in UK fresh production. As methodolog

Menary et al., 2019 approach, this paper applies functieetlictural analysis.

Agroecology, especially in terms of diffusion ned@t problems in
agroecology, has been analyzed in this study. Such technolc

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

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

This study evaluates factors impacting -besed economy i
Tani, 2018 Europe, with a specific focus on Strategic Niche Management

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

Ge¢r kan, 2 (points in structures, and functional reviews are provided f
innovation system framewofrkr 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 studiesational policies and use agricultural innovation to
16



address national strategiese alsodiscussed Even though certain objectives as
eliminating CO2 emissions, addressing climate change or effective usage of natural
resources are always priorityechnaogy diffusion aspects for greenhouse cultivation
remains limited.

SPAinvolvesdifferent tools and methogahich are currently in use in Turkey.
Nevertheless, these tools and methods are not always known as part dh&fefare,
boosting SPA relevanethnologies is notlaboratedas part of policy studies. To
address this lacking, this thesis asfiesfollowing research questiom comparison to
Japan andhe Netherlands, hovehould Turkish technology policies be designied
adoptSPAIn greenhouse operatidhs

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 appable to policy design. In the academic literature, policy designs
involving technological chance and innovative solutidnsare studied under
innovation systems, divided into four categories: national innovation system, regional
innovation system, tedological innovation systenand sectoral innovation system.
Next section provides a short summary of historical development, characteaistics

evolution of innovation system approach.

2.4Evolution of Innovation System Approach

The story of innovatio system(IS) approach goes back to 1841 to Friedrich
Listds wbThRenbBmedonal Syst el@unetfal., D6) i t i c a
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 &p ahead of contemporary theorists in terms of emphasizing the importance
of learning and formal academic institutions as part of economic grweeman,

1995) Thered t er , Listbs perspective towards th
shaped innovation system approach.

Innovation system approach initially introduced as national innovation
systemist arted to gather attenti onut/dutputt he m

anal ysis6 and Dahm®nbés 6édevel opment bl oclk
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concept within the evolutionary transition péo Carlsson et al., 2002; Erixon, 2009;
Kurz & Salvadori, 2006)

While Leontief emphasized more static approach in parallel witkclassical
Ecole,ahm®ndés mar ks on structural tensions high
alike to Schumpetédy s e v ol ut i o nEixoy, 200% Schyumpeter, i200@

Leontief looked from classical economy perspective in whislihalytical framework

consists of observable and measurable indicgtousz & Salvadori, 2006) Even

though he reflects systemic and ratassical perspective, his inpotitput matrix

influenced systemic flow of funds and knowled8ener etal.,,2017) Dah m®n, on t he
contrary, studied development blocks which indicate structural imbalances or tensions

within the economy against industries and firms investing in researcimaovation

(Erixon, 2009) Schumpeteralso incorporated development blocks in the innovation
clustergSchumpeter, 1939)

Towards the end on 1900s, Kline aRdlo s enber g deloked i bed O6che
model 6, to be used i n( MiiddzlrleinTheitimodelo.v,at2 0oln4 )s
associated factorial elements in private and public institutions and interaction among
them. Assi st-leidnlegd trheddikcdhagumbdy 6commer ci al i
concept, which illustrates innovation activities motivated by both market forces and
scientific boundariefline & Roserberg, 1968)Within this concept, they explained
the complex nature of innovation cemig the importance of analytic design. Based
on their study, anal ytical design is descri
existing products and components,rraagements of processes, and designs of new
equi pment within tHeMiexaizdtlingtstadt. e a&f01t4he a

Much in accordance witlschumpeterKline and Rosenberg opened a new
perspective in innovation studies. They argued that design is thd phage 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
Nel son became the <crossroad for todayds int
system was mainly associated with national innovatistem at first. Nevertheless,

regional, sectoral or technological innovation systems are proposed as studies
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expandedAs result, nnovation system approach became more complex, yet more
holistic. To understand the whole concept, sometimes requiredto divide the
overall system into subystem(Edquist, 2013)

2.4.1National Innovation System

National Innovation SysteiNIS) involves cultural values, norms, regulatipns
and policies in national borders, linked to technological change and innofaBan |
Lundval, 1998) Accordingly, Freemal995)emphasizes innovation as a condition
in economy for competitiveness, both among firms and natives taough there are
certain common points between both, Lundvall studies national innovation system
from more micreperspective.

As the main difference, Lundvdll B . i L u nudderéinesl feedbdck 9 8 )
mechanisms under usproducer experience as part of the system. Instead of
differentiating nations, he focuses on gaps in capitals and capabilities of users and
producerg B . i. Lundval app2@lQundvall és appro
level analysis, learning economy appro&introducedB.A. Lundvall & Johnson,

2006) Learning economy approachdicates 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 tkwegh the study had
a strong NIS emphasis, Nelson also got into sectoral innovation systems and

consideration of internationalization.

2.4.2Regional Innovation System

Questions remained, however, regarding the dynamibdQfTo exemplify,
Malerba(2002) looked into two innovation systems thateast in Italy, and their
impact on each other. The study showed smaller systems influencing complex ones
throughentrepreneurship and networks. As resplestions arise aow NIS impacs
even more advanced systems?

19



Globalization perspective and regional economy concept are not described
solely by geographical borders, but also by localization of firm groupsoSi\falley
or Route 128are examplesappling knowledge/resource network as a way of
clustering(Asheim & Isaksen, 2002; Enright, 2Q0Baxenian, 1996 Globalization
enlarged the conceptional borders of innovation. For instasmumpeter
emphasized innovation being linked to entering new markets and experiencing
interactive learningCooke et al.1997) There were also suggestions on multinational
organi zations havi ng | oc ad asehla rmuwltteirn asttiiacn a
(Enright, 2000)

In any case, opportunities of regional system are far wmmeincing for the
modern world, in regard to cooperation opportunities, access to sources, grounding an
adaptive behavior for globalcale competition, effective information exchange
network and short feedback looftsnright, 2003) In a way,NIS was seen as less
developed sub systems of regional innovation systemRIS (Cooke et al., 1997,
Nelson, 1993h)

2.4.3Sectoral Innovation System

NIS and RISteach 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, hetorynnovation.
There are several approashto deal with sectoral dynamics, regardless of the
geographical location. Geroskil998) to exemplify, studied market boundaries
through trading markets, asitust markets and strategic market8Breschi and
Malerba(2001) on the ¢her hand, perceived the sectoral system as group of entities
using sectoral technologies to develop sectoral products.

Sectoral innovation syste(®1S), arise from changes in sectoral dynamics, is
based on the interactivity among firms. Due to its magu$ on learning process,
knowledge and interactive natur®lS ispart of the evolutionary perspective I&
approach. Only boundedly rational actors can act, |eah search in uncertain and

continuously changing circumstanc@dalerba, 2002) As result of such sectdra
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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, FBadder, 1998)
represents 0di amo n dnhin, irdpspial compmetition dépendsoon d i n g
four factors: (i) factor contlons; (i) demand; (iii) complementary, subsidy and
supporting sectors; (iv) firm strategy, structure and riveliny & Moon, 2006) This
was reflecting a modern approach to the &
Rosenberg Mi ca =1 114). eltn adum, 2Morter 6s approach
commercial activity, generated as a result of firm interaction within the same industry,

regardless of being within or without national borders.

2.4.4Technological Innovation System

Understanding boundaries of innovation system is an evolving concept.
Technological innovation systeffilS), within this concept, can be defined in a similar
manner of sectoral innovation system, only by focusing on specific technology
dynamics, rather timaan industryB Carlsson & Stankiewicz, 1991Having much in
common wth sectoral and national innovation system, technological innovation
system considers a variety of institutions to generate, diffuse and store skills and
artifacts to create innovatiolfet, it is different from others due to its applicability to
emergingmarkets in addition to matured market systéarkard et al., 2015; Negro,

2007)

TIS is initially introduced by Carlsson and Jacobs$b®94) as a research
program of Swedenébés technological systenmn
empirical and theoretical framework, it became an important source for not only
academicians but also policy designers for governments and international
organizaibns. TIS tries to understand technological changes and how to respond
existing problems against such change. As Me(@&94)puts inwords f Sci ence
internatonal, usetsupplier links are increasingly international, and multinational
corporations make deli berate choices abo
(Metcalfe, 1994, p. 940)
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In sum,innovation systenapproab develops withina continuumNot only
the target sector, but also the systemsed factors should be elaborated to design a
methodology for policy development. Under agriculturalowation and precision
agriculture context, SPAequires 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 produatietmods through
technology. Therefore, technologyiven policy design for greenhouse cultivation is
needed. Next chapter summarizes analytical literature and detailssuitasie

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 ardree subsections. First, reasons behind the choice of
conceptual framework are roughly defined, dedpwith the terminology used in this
thesis. That is to saysingfunctional analysis to understand TIS is further discussed.
Second, elements in designing a tailmade functional analysis are elaborated.
Conceptual framework is redesigned to be conbpatifor research question.
Therefore, each function and sfumction are detailed by its definition and relevance
with research question. This section also involves main limitations. Third,
methodological approach compelling functional analysis is destcribe that end,

research methods and their interpretation in policy analysis are justified.

3.1Functional 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,
sociceconomic or cultural elements, they also serve to same purpose: technological
development. On a conceptuavel, alliif u n c tarewsed to classifgnd definea
technologyas dynamisof creation, developmerdand diffusion(Bergek, et al., 2008)

Initially, functional analysestudied resistance to change, market information
stimulation, information exchange and function specificati@ergek, 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 (Bergek et al., 2005; Bergek &

Jacobsson, 2003; Hekkert et al., 2007; Jacobssal., 2004; Liu & White, 2001)
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which led market failure approach to become systemic failure appro&doltiuis
et al., 2005) Marketfailure approach suggests that actors within a certain environment
are independent from each other. Therefore, boundaries within the system are quite
straght forward and interaction is excluded from the analysis. Systemic failmes,
the other hand, are observed through the interaction of actors, institidiahs
infrastructures. Main objective is to understand complementarities and mismatches
within the systen{ Bl eda & D eAbovRkalloBergeR antl BEdquist draw a
compelling view in understanding functionality of (Bergek & Jacobsson, 2003;
Edquist, 2013) Through comparative studies; functional performance mapping
enables tanake feasible policies, either between systems in the tanget, or similar
systems in elsewher@ergek, Jacobsson, et al., 2008hat is to say, functional
analyses continue to-shape the scope of IS approach and policy making.

Functional analysis in this thesisrsists ofdynamics in diffusion of advanced
greenhouse technologiéherefore following questions are asked:

- What are the characteristics of market for this TIS?

- What are the applicable functions?

- How functional performance of Ti&uld be measuréd

- Are there any limitations in this theoretical framework? If yes, tiay could

be minimize®

3.1.1Characteristics of TIS

Greenhouss in Turkey arg@enerallyusingtraditional and lowcost methods
(Sevgican et al., 2000)echnologically advanced greenhouses exist, albeit in a limited
number.There are several reasons of not switching to automated or advanced method
of producton. 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 exising natural resources.
SPA is not commonly known concept, btitlsn use for some greenhouses.
For that reason, appr oac hiisfgundfitirigBledal S as a
& Del R 2 Nuisingstaté @arket is mainly characterized with its limited size,
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awarenessand scientific information exchange. In this framework, SBlated
technol ogies areol apiee d @ damd markvet eich nn c
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 nattresxamine. 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 elemengse suggestedWieczorek & Hekkert, 2012)

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

3.1.2Functions of TIS

Functions within TIS are studied by numerous scholars (including but not
limited with BengtAke Lundvall, Christopher Freeman, Charles Edquist, Staffan
Jaconsson, Bo Carlsson, Anna Bergek). T8dhows five selected studies showing

the core concepts of functional analysis in the literature.

Table 4: Functions in different IS studie

(Johnson &  (Chaminade (Bergek,
(Borr §s Jacobsson, & Edquist, (Né.tzll Hze(l;l(;%rt Hekkert, et al.,
2001) 2006) N 2008)
Knowledge
Production of  Creation of development Knowledge
Diffusion of knowledge inputs diffusion diffusion
knowledge through
networks
Guidance of _ Influence on the
the direction of ~ Support ~ Guidance ofthe  {irection of
the search services search search
process
Guidance of Constituents Entrepreneurial  Entrepreneurial
innovators of ISs activities experimentation
. Markets:
Formation of demand side Mark(_a\t 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 categmation in literature. All studies are
depending on their own research question and &add&to work on. Thus, they are
overlapping in terms of conceptual coverage. To exemplify, constituédirofolves
entrepreneurial activities and regulative measures together. This thesis is influenced
greatly from Hekkert et al., 200Because the systemic components are differentiable

based on those functional titles.

3.1.3Performance Measurement of TIS Functions

There is no straightforward method to evaluate functional performance.
Functional gnamics provide detailed description for the whole TIS through identified
strengths and problematicarda8 or r 8§ s & BV R Hekleit et al. 2200%)3 ;
Interpreting functional dynamics for performance measurement, requires eé@min
existing methodg§Carlsson et al., 2002)

Identifying problem categories under each function is suggested by Hekkert
al (2007) Wieczorek(2009)goes one stefurther and describes these categories as
policy rationales to replace market failure approach. In this framewdekebscales
are proposetb be assigned to each function and its systemic instrur(igetgek et
al., 2010)

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

of action, identified problems are linked tolipg instruments( Bor r 8s & Edqui st
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2013; Smits & Kuhlmann, 20047 his 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.

3.2Limi tations 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 humanwithout the perfecinformationi and thatis why it
always encloses uncertaintgSmits & 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 informatiory tteeeive. 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. Istead, policies should be designed around the existing market functions to
establish correct linkages. On that manner, poliaressuggested wrive innovation
in a particular direction within the market dynam(Psark, 1999)

Financial risks, at last, are correlated with high investment costs, which is even
higher for earlystage technologies. Thus, availability of relevant skills and relevant
infrastructures sometimes increase the risk of iimvest. 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, spendingaregulation, and the Schumpeterian
emphasis on creating the o6right <co
(Mazzucato, 2011)

State interventions for earstage technologies dwt require direct support as

tax incentives, especially in sectors like agriculture. States should rather create a
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market by exploring networks, interactioasd opportunities. Only then first movers
become more active in network alignment and demandukaticn (Bergek et al.,
2010; Bleda & Del R2o0o, 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 policiescsthat 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 deasible and applicable for all involved actors. To that
end, this thesisis structured on functional analysis method in a comparative study.
Functional analysis involves both static performance of-fgobtions and the
interaction among involved actois. 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\ahtageous or lagging behind. While comparing different
systems, systemic characteristics are taken into consideration. After all, it is neither
possible nor aimed to find o#ie-for-all solution.

There are different uncertainties and underdeveloped itcomsl 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 poiatgthestion 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 egeained in the
next section, answerindi) What are the applicablunctions?(ii) How can we
measure functional performance of this? and(iii) What are the characteristics of

comparative systems?

3.3Redesigning 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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arecombined in this thesis, to find the bé&sfunctional frame. That being said, seven
functions are identified in this thesisach given function aims to find problems in the
TIS for greenhouse sectaor Turkey. Short glimpse of functions in this theggyiven

by Figure4, followed by detailed explanations.
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3.3.1Knowledge Development and Diffusiqifrl)

Knowledge development activities address how well the system develops
scientific and technological information. As the title speaks for itéelbwledge
diffusion activitiesrepresenthe level of exchange of this information. This thesis
elaborates knowledge creatiand diffusion together, unlike studies like Hekletdl
(2007) To simply put, one is considered meaningioly when other exists.

To understand functional performance of F1 in this TIS, eightfsuttions
are identified: academic studies, agricultural knowledge creation rate, agricultural
knowledge transfer rate, university concentration to agricultuualiest, 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 applicationprasentedo understand the
level of knowledge development and diffusion. In that sense, thedersttions are
close to quantitative analysis. Universitustry collaboration and concentration to
agricultural studies, on the other hand, investigatesctmmabilities of existing
knowledge and scientific abilities. University concentration is upmost the cructal sub
function of this capability analysis. Main consideration of the emphasized
concentration is given whether top ranked academic institutiongtigeagricultural
studies. In short, this function looks into both the availability and the quality of

academic work in agricultural technology.

3.3.2Entrepreneurial Activities(F2)

Entrepreneurship is the point where innovation searches its comihvataia
There are different concentrations on entrepreneurial subjects. To exemplify, Robert
Solow sees entrepreneurial activities as a tool for economic growth. Scholars close to
Schumpeterds Ecole might inter paerdliingentr ey
things in a creative mann¢schumpeter, 20000n theother side, some scholars
define entrepreneurship as an academic coriBephaermel et al., 2007; Siegel et al.,
2007) That keing 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@ot gi
among sudunctions 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.

3.3.3Guidance of Researc(F3)

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

Main question thaF3 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 Ne@@09)
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 (argkrs)and other actors are detailed unBar

That is being said, six stfanctions are identified for F3 performance
evaluation: agricultural producer supports, complementary goods and services,
demand characteristics, grdhouse manufacturing segtand digitalization policies
applicable to agriculture. Current state of agricultural producti@hasvedthrough
simple supply and demand indicators. Complementary factors and available
greenhouse manufacturing sector, on dtieer 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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3.3.4Market Formation (F4)

A F r oSochumpeter to Porter innovatitimnkers have recognized the
importance of an advanced market, of waeticulated critical demand as a driving
force f or (Hekkema al, 2011, p. @)dnstitutional changes for innovative
applications often require an evolved marf&trgek, et al., 2008 Nevertheless, an
early-stage technology mig have constraints in competing with existing
technologies. For that reason, a learning market should be established, in accordance
with the knowledge development function.

Five subfunctions are identified under F4, explaining market size and
charactestics, productivity level, value of agricultural activities, industry
associations, agricultural tradend bilateral relations. Market characteristics,
productivity, and the rate of return of this productivity in agricultural operations are
used for desgotive 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 gund 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 throughmaskgte ci f i ¢ dri ver s, th

is to understanche sequence on market formation.

3.3.5Creation of Legitimacy(F5)

F5reflects 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 existir{gemyek,
et al., 2008)

There are no sufunctions under F5. Rather, objective is to draw a picture on
systemds history in agriculture, how it
motivations behinagricultural 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 ré®f 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 antioni 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 necessarytosnake h r esear ch Ahol i
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 aspeetsd motivatns.

3.3.6Mobilization of Resource$F6)

TIS involves a number of layers to arady therefrom mobikation of
resources is also a wide concept. Again, the balance between making a comprehensive
evaluation and selecting the béstsub-functions requires careful examination.
Initially, resources necessary to answer research question are identifiedbl&vdalia
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 teedl 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 nidmea 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, managemeand innovation in greenhouse owdition. In that
framework, available financial resources are backed up with whether they are

reachable or not.
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3.3.7Public Awareness and Information Network§7)

While most of the functions given in the literature are kept as they are, F7 is
specificto 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. @amication 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 towsdstechnology
are shaped by the information share. That being said, fodflusabons are selected
to observe F7: google trend analysis, website evaluations, social media analysis and
selective network events.

Google trend and social media analyses sskected to describe public
awareness level towards a new technology. The search and sharing preferences might
not be directly linked with a new technologyhowever they provide hints from
sectoral needs. Website evaluation, on the contrary, is notesigamalysis but is
rather specific to selected sources. Thisfautztion is chosen to see whether website
designs and information given are sufficient and \petimoted for public.

From another angle, it also asks whether thera &tantion gathering online
infrastructure to promote any new technology® answer this questionglgective
network eventsre presenteftom a simple online search for someone who wants to
get more information on technologies for greenhouse cultivalibis subsection
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) o establish an objective comparative
ground, official web pages of ministries of agriculture in comparative countries are

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

In case of agricultural websites, studieswhthat usability and quality are
among the most important indicators in evaluatipndav |l 2 | ek et al . ,
al.,20l7because it directly impacts users?o
where agriculiral activities are mainly present, ot 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 etatghing and easy
follow enablingparameters have substantial impact on information sharing in this
sector.

Bearing this prioritization in mind, a website evaluation matrix has been
designed and presentedGhapter 4.7.2All indicator categories involve several sub
indicators, showingrowhat 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 nder 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 crosuntry comparison, game theory modellimyolutionary
economics modelling, and social network analgsisrkx et al., 2010; Rajalahit al.,

2008; Spielman et al., 20Q9n this thesis, crossountry 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
conclusionsas: 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 onefit-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 magkstns 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 capabibblems
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 discipisgdant
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 cownttiglinkten Catest al
(1978) based irthe Netherlands, first suggested this approach in academic literature.
Over years, Japan became madvaloper and contributor facademiavorks in this
subject In total, seven sources are scarindtleb of Science (23), Google Scholar
(446), Science Direct (65), Academia (22), Springer (13), Semantic Scholar (106) and

Sage Journals (1Results of the analysis are shown in Figire
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Figure 5: Countries by Percentage of Online AcadeResults for "Speaking Plant
Approach” between 1973020
Source Web of Science, Google Scholar, Science Direct, Academia, Springer,

Semantic Scholar and Sage Journals, filt

2 Sources ee 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 abovanost of the academic studies 8RA are published idapan
and the Netherlands. Accordingly, scientific collaboration rate betweehe
Netherlands and Japan is at highest. Scientific collaboration rate shows a frequency of
knowledge transfer in academic literature. To make benefit di sscumulated
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
statecontrolled and individual entrepreneurship promotion policies, Japan and
Netherlands provides different perspectives that Turkish policies could follow based
on national dynamics.

In that sensethe following question is askedvhat are the actions taken by
those countries so that they result as the two important scientific sotfictsfical
background of each country and their path towards advanced agricultural technologies

aredetailed in the next section.

3.4.1Japan

Agriculture was always an important part of Japanese history of
democratization and modernizatidnitial agricultural policies were introduced to
cope with war and postvar circumstances (Food Control Law of 1942, Agricultural
Land Act in 1952 and Agridtural Basic Law of 1961). In 1960s, agriculture was
counted 9% of economy and 28% of labor force in J&O&ECTD, 2009)

Economic recovery after pestar period, however, affected farmecome.

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 deand were prioritized, price
supports are appliednd trade policiearestrengthene@Hirasawa, 2017)

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

rural income disparities. Mechanization trends created a sected wixh small and
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diffused farm household$lirasawa, 2017)Several acts and regulatioase enacted

to protect farmers and allocate existing resources in the most efficient manner. These
interventions focused on diffareissues as minimizing competitive advantages, share

of agriculture in economic growth, international trade (Btasayoshi, 1993)

By themid of 1990s, Japanese SMEs became more skilled in new technologies
(Shapira & Rosenfeld, 1996Yleanwhile, 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 agriculturapolicy objectives via food security and mtfitinctional
operation§OECD, 2009)

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

Meanwhile, earthquakes, tsunamis, typhoons and dlowsts had a
considerable ééct on agricultural business@achev & Ito, 2017)Farmlands started
to disappear and natural disasters remained a great risk natiorsalfSeléncy rates.
Against all, traditional pracates 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 manageni@asao & Shibusawa,
2000) Inevitably, precision agriculture became appealing not only for farmers,
engineers or scientists, but also for politicians, business enterprized policy
makers. Japanese government introduced policies addressing precision agriculture
through direct funds, regulahs 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 pisséation
of competition, inability to respond market signals, labor shortage and aging are
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among most prominent ongsi Agr i cul ture in Japan New Deve
Agricul tur e, 0 .2A0aing& all, Japanede govetrtngnb rjow prioritizes

technological improvement, innovation, craBsciplinary policiesand infrastructural

development in agriculturé~ukuyama, 2018)In fact, smart agriculture market is

foreseen to be valued 33 billion of Japanese YerOBg n Agr i cul ture i n Japa
Devel opments in Smart Agriculture, o0 2018)

3.4.2 The Netherlands

Challenging times, as happened in Japan, became a push factor for Dutch
government to intervene agriculturéVhile a large economic ciss hit in 1930s,
Europe were suffering from low foeslipplies after World War Il. Farm sizes were
small, incomes were low and only efficient food suppliers were able to earn adequate
income in the markgBont et al., 2003)

At first, Dutch Government facilitated deployment of machines, promoted
yield harvest by using artificial fertilizerand adopted land consolidation policies
(Van der Heide et al., 201L1pmall and mixed farms are replaced hereafter by
specialized and intensive farms. Whnumber of farms decreased, production level
maintained an augmenting moment8mit et al., 2@5). 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 Agricuiural Policy was one of therf/an der Heide et al., 2011¥icco
Mansholt, who is the founder of the idea of CAP, had the ambition to avoid food
shortageshat might happen in the future and to guarantee agricultural effiiEsy
2018) Setting minimum prices, supporting exports, promoting reseanchenabling
the merge of farms were some of the initial intervention areas.

Afterwards, policy focuses turned tproductlevel needs. Measures are
adjusted to efficiency related production factors. Hence, rural development and
protection of environment came to stage as cross cutting igsias.example, during
1980s, European Community needed to introduce a quotproduction to stop

agricultural surpluseévan der Heide et al., 2011As of 1990s, seaside policies
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became subject to CAP, as part of MacSharrgrne{Bont et al., 2003)Therefrom,
environmental protection and pollution reduction also became an important part of
CAP (Van der Heide et al., 2011$till today, agricultural policies ithe Netherlands

are mainly shaped by CAP and establisti¢althuis & Velden, 2019)

There are several aspects of Dutgmi@ltural policies worth emphasizing.
Government s rol e has beenDieldranttale2ad02) o a n
In other words, farmers are considered as entrepreneurs in thetn@okernment
rather focused on creating an enabling environment for innovation in agriculture. On
that ground, Ministry of Agriculture, N a
Agricul turedo report I n 2005. Re piver t W a ¢
environment for policy makers, researcher, private segahal 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 farntersoperate in a more
heterogenous environmeg&chrijver et al., 2016)Additionally, this transformation
promoted selective management practices, reduced, eostgyuided ways against
environmental degradatiq@hang et al., 2002)

Main difference between Japan atitk Netherlands was the degree of
government involvementFollowing different policy approachedjoth countries
became successful cag®sachiewng successfulechnology diffusion anddoption
Examining their experiences and rout paths are found usefuldiessdneeds and

opportunities in greenhouse sector of Turkey.

3.5Performance 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 aredentified and linked to those probleri$ierefore Table4 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 StudiesPatents Relating
to Agricultural Technologies
Entrepreneurship ecosysteAgricultural
F2 entrepreneurship
Support for Producer§omplementary
Products and Services for Producers,
F3 Characteristics of Demand, Greenhouse
Manufacturers, Public Policies and
Strategies on Digitalization in Agriculturt
Market Size and Characteristjcs
Productivity Level and Value of
F4 Agricultural Activities Industry
AssociationsAgricultural Trade and
Bilateral Relations
Laws, regulations, policies and national ..

F5 strategies for agriculture and agricultura
technology
F6 Financial resourcesiuman resources

Google trend analysi$Vebsite
F7 evaluation Social media analysi©ther
networking events

Inputs presented in Functional Performance Table are not gradesyversl
scholars suggegBergek et al.,, 2010)Instead, problems are given based on data
gatheredand comparative resultdleasuring success or weaknesses might require
scalng inputs on land. Neverthelesd|IS differs from each other and scaling uid
not bring accurate results in this case. Functional Performance Table, different from
quantitative measurement methods in literature, provides a generic summary for:

1 Problems found in thgystem and

1 Policy instrumentso eliminate these problems

Turkish agricultural policies are quire comprehensive, but somehow greenhouse
related policies are not well definetiherefore once again, how policies should be
structured for adopting SPA inggnhouse operationBearing in mind steps taken by
comparative countries and national dynamics and needs of the targ#ti3 thesis
provides a tailomade research framework to identify most applicable policy
instruments. Methodology used for datdection 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. pirbticly available
data gathered fronofficial statistics and publications. Second, primary data gathered
from semistructured interviews. Third, primary data gathered from questionnaires.

Detailsof all selected data and collection method are detailed inseeiibns

3.6.1Secondary Data Analysis

Secondary data is collected to establish a comparable baseline and to see
countrybased changes since 2010. Sources of secondary data i@&@ie, World
Bank FAO and EuroStatThese sources are prioritized not only because they are
available for three countries at the same timealsd,they are universally accepted
data banks for different types of analysis. Additionally, academic literande
publicly available online sources are included whemsiinecessary to answer a
particular question. Reasonarhphasizindunctional analysis on secondary data is to
see key development areas of Turkey, in comparison to JapahelNdtherlands.
With this in mind, relevant indicators are eliminated if they are not applicable for one

or more comparative countries.

3.6.1.1SemiStructured 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 mechanisnm{€haminade, 2010; Johnson & Jacobsson, 2004t) through
describing functional and influencing structures, comprehensive picture of desired

innovation system could be drayWieczorek & Hekkert2012) Since comparative
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analysis limited the selection of data, additional evidence throughagy data
collection isfound useful to confirm and enrich functional analysis.

Semistructured interviews are conducted to understand what the perseption
of involved actors towards current technological solutions and overall greenhouse
cultivation sectoare 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 PolicieBarticipants are selected based on their base of
operation, size of their greenhouse aulicational background in order to grasp
different perspectives and needs in the overall sector. Interview participant from
TAGEM is slected based on the responsibility level and departmental relation to
agricultural technologies.

Pilot interviews are conducted before data collectmget a feedback on the
set of questions. For the sake of reaching out to as many interviewees ibke poss
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 impactcdav t ec hnol ogy, act
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 whisthie is a need to
improve current techniques.

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

Set of questions and their linkage to functional analysis are detailed in6lable

Table 6. Questions Designed and LinkResearch Objective for Ser8tructured

Interviews

Questions Related Main Objective of
Function(s) Question(s)

Could you tell us about the dynamics of yc

profession? o
To have a descriptive anc

N/A introductory data on

How your business changed during f interviewees
pandemic?

How long have yotbeen working in this field"
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Table 6 (continued

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

To differentiate cases by

glrc;ve\}/nrﬂgrlgep’)eople are currently working in tt N/A the scale of operation
Can you tell us about the equipment ¢
production methods you use?
Have there been changes in equipment/mett Troozzg'ﬁ;tﬁgtm?j
since you started to work? g ied in different scales
Have you visited other greenhouses around o?preenhouse onerations
before? Had you angbservations about othe F2. F3, F4 Togsee common%n 4
cultures, employees and business processe different needs of
What are the reasons of preferring the prodi reenhouses
you produce now? 9
Is the infrastructure at your location sufficie
for your operations?
Do you think those who are engaged ;%;\e/}aet;[:rfsl?r:tlfrmlis sector
greenhouse cultivation turn to agricultui gq F2 F4, To understand the
education because it is a family business? g1 F3 dominant source of
are there people who studiédthis field and knowledae
then entered this sector? 9
To identify
Are there any news channels about this se communication gnd
that you follow? information sharing
In addition to them, are there asgurces you. F1.F2,F4, '(I:'r(;asneneelv?/hether existin
follow technological developments? F1,F3 rechrolodies are 9
Are there any applicable technical a a Iicablge for diffeent
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, pesticid F3 complementary goods an
seeds and equipment from? Services
To see technical
By whom is theadjustment and control of the:  Fq 3 knowledge on the
equipment are made? equipment
Are there any incentives to buy equipment ¢ -
technologica?/tools? y equip ¢ To elaborate existing
’ F2, F3, F5, incentives and business
Has there been any government support F6 opportunities for
have ever received? greenhouses
Do private investors invest in this sector?
Where do you mainly sell your products? To see how grgenhogse
F2, F4  workers establish their

What do you pay attention to when establish
commerciakelationship?

business relationship
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Table 6 (continued

What do greenhouse growers need to be
effective company?

To understand overall

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

To crossmatch the data

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

How do you thinkpolicies in this sector shoul
be developed?

How do you see the future of this sector
Turkey?

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

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

in Table7.

Table 7: Interviewee Characteristics

Interview Graduated from Working as

TO. Agricultural Engineering Greenhouse owner

> Molecular Biology Greenhouse R&D firm
owner

3 Agricultural Engineering BD Manager

4 Horticulture Sciences Greenhouse Owner

5 Not Applicable Public Servant

6 High School Greenhouse Owner

7 High School Greenhouse Owner

3 High School Greenhouse Owner

9 Agricultural Engineering Greenhouse Owner

10 Agricultural Engineering Greenhouse Owner

Greenhouse Size

Smalktmedium size
Mediumtlarge size

Large size
Medium size

Not Applicable
Small size
Smaltmedium size
Small size
Smaltmedium size
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 indindesearch. Due to

protectionof privacy, personal information of interviewees is not given in the thesis.

Interviews areanalyzedin QDA through 155 assigned cogeshich are

provided in AppendixThere are two different code categories: General Information

and FunctiorSpecific Information. The reasoarfthat is, some questions are asked

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 greenhousesategobies are

|l i sted

Greenho

Function Specific Information, on the other hand, involves functecific

as: 6Generi

c 6, 6Advantages

use Operationséo.

on

codes clustered in accordance with given 7 functions. Cespexdific clustering also

applied under each function clusters, all of which are detailed in Bable

Table 8 Clustering of Semgtructured Interviews

Function
Clusters

Knowledge
Development
and Diffusion

Context-Specific Clusters

Problems

Needs

Sources of Knowledge

Explanation

Problems in knowledge, educatic
knowledge diffusion and tac
knowledge

Types of knowledge needed
effectively operate greenhouses

Sources ofnecessary knowledge |
effectively operate greenhouses

Entrepreneurial
Activities

Large Size Firm Activities

Medium-Size Firm Activities

SmallSize Firm Activities

Entrepreneurial activities in larggze
greenhouses

Entrepreneurial activities in mediun
sizegreenhouses

Entrepreneurial activities in smadize
greenhouses

Guidance of
Research

Business Culture

Complementary Services

Competition
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In-firm culture, other than operation
routines

Problems/ issues related  wi
complementary services rather th
technology itself

Overall competition in market, bot
among producers and intermedie
actors
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Table 8(continued)

Demand

Characteristics of Trade
Relationships

Infrastructure

Comments on demand in high qual
agricultural products

Important issues to establish a
maintain trade relationships

Availability and/or problems relate
with the necessary infrastructures

Market
Information

Pricing

Market Size

Relationship Characteristics
with Foreign Market

Relationship Characteristics
with Domestic Market

Pricing impacts on greenhou:
operations and theinvestment

Overall characteristics of market su
as size, diversity and level of maturity

Relationship between producers a
international firms to see export ai
import dependency along wit
gover nment rel at
agriculture

Relationship between producers a
local intermediary or complementar
actors

Mobilization of

Human Resources

Sociatintegration

Problems and individual perceptiol
towards human resources
agricultural production and greenhou
operations

Reflections of greenhousegroduction
on socialintegration

Resources Issues related with arable lands &
Land Resources greenhouse lands on production
Availability and appropriateness «
Technology Resources technology  resources  impactir
adoption rates
Perception of producers towart
_ society awareness on agricultu
Society Awareness production systems and greenhot
_ production systems
Public Level of websi b H
Awareness and _ evel of website usage by greenhous
Information Greenhouse Websites main advantages and problems
Network

Greenhouse Information
Network
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Table 8(continued)

Whether producers follow ney

New Technology Follow/ technology solutions and if yes, throu
Sources Followed which channels
Policy Government Support Details on government support fi
Regulation Characteristics agricultural producers
and _ Recommendations given by product
Government  Policy Needs and public servant on key priority are
Support
Types of available governmen
Support Availability supports and whether producers ¢
apply them
Regulations of Foreign Regulations applied by export countri
Countries or foreign firms on Turkish producers

3.6.1.2Questionnaires

Questionnaires, different from sestructured 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, tated in different regions. Chambers of Agriculture
representatives, on the other hand, have both rdgiu@h knowledge and connection
to actively working greenhouses.

This thesis included a sample group of Chamber of Agriculture representatives
comingfrom different cities of TurkeyParticipants are selected whether they have
access to greenhouse workers on field and whether they are currently giving advisory
services for agricultural workers for their busin€asting a join convention in Ankara
on December 2019, all Chamber of Agriculture representatives are asked to participate
to this researcHn order to reach out as many respondents as possible, questionnaires
are preferred instead of interviews, which again prepared irishuikavoid possible
language batrriers.

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 developedardance with general

interests and to realize the state's agricultural plans and programs. In more detail,

49



responsibilities of Chambers of Agricultdrénclude: (i) to gather news and
information about agriculture and farmers, to examine them, to gatheant indices

and statistical studies and to disseminate th@nto 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 lagis changes
required for the development of agriculture or creating new legislgtigrto carry

out all kinds of training and consultancy activities for the development of agriculture
and rural areaqy) To keep farmer records, to organize informatamd documents
related to farming, to give the necessary information and documents related to all kinds
of agricultural support to farmers and related organizatipms;To cooperate with

other professional chambers and organizations abroady@ndo meet all kinds of
needs of farmers regarding their production and professidmerefore, inputs of
representatives give this thesis a further perception on the prioritization areas that are
applicable to the majority of target audience.

Through a paralll 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.
Table9, once again shows thet & 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\|/3tive 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 you current R&D
institution? F1 activities in

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

done in your institution?

8 https://mww.tzob.org.tr/odalarifrgorevleri
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Table 9(continued

Did you contribute any R&DBvork before in

your institution?

Do you know the Precision Agriculture concey 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 instittion 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 theotential success of F4
greenhouse production after applying

appropriate financial / technological investmel

and control tools?

To understand
sectorlevel needs
for improving
greenhouse
operations

Success of agricultural production in
greenhouses depends on what?

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

Do you think it isnecessary to increase the use
technology in agriculture? If yes, how it shot
be applied?

All Functions

Functions are aske
to be evaluated

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

To evaluate
technology
adoption

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

How effective are agricultural policies in terms
increasing digitalizatio and technology use i
agriculture? F5

To what extent do you think agricultural polici
support applications for technology and digi
solutions?

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

To discuss about
existing polices anc
regulations

What result can we achieve if agricultul
policies encourage the use of advan 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 the@sestions during a training gathering in Ankara
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in December 2019. Among them, 280 answers are collected and an&lgzerting
to the missingness map of collected answers, there is a 92% response rate (Figure 6)

Missingness Map
280 s

“Illl

: Missing (8%)
= Observed (92%)

101 N

Figure 6. MissingnesMap

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

descriptive characteristic. Descriptive summiamnade in SPS8ndgivenbelow.

Table 10: Descriptive Statistics of Survey Respondents

Age Years of Degree Levél
experiencé
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 junibevel workers is both advantages and

4 Answer categories 1: [185]; 2: [26:35]; 3: [3645]; 4: [4655]; 5: [56:65]; 6: [65+]
> Answer categories: 1<[1year]; 2: [£3 years]; 3: [35 years]; 4: [510 years]; 5:3 10 years]
& Answer categories: 1: [Piachelor]; 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 thoughthere is a young respondent profileey have at leashreeto
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 resposcset working as
agricultural engineers and agricultural consultants.

On average, respondents hawve bac hel or 6s degree. Thus
280 respondents indicated that they have a PhD degree. In parallel to low level of
academic degree obtainméebf7 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&Dactivities

Questions asked thequestionnaire are designed to make a simple correlation
anaysis in this research. To understand the perception of respondents, following
guestion asked: AHow many of respondents
overall market understanding is addressed to secondary data andtreetnired
interviews, questinnaire analysis aims fwioritize.

To summarizequestionnaireand interviews aim to understand problems in
target TIS. Whilepublicly availabledata provides a comparative analysis with best
practice countries, interviewdeepen 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 consibution
to overall research. One, peption of relevant public body respondents is elaborated.
Interlinked subjects between greenhouse workers and relevant public servants are
analyed to find any mismatches or additional problems. Two, prioritization for
identified policy instruments are madhrough questionnaire analysis. While all
functions are important to diffuse advanced technologies in greenhouse cultivation,
guestionnaire provides insights on where to start. This is especially important for
nursing state market analyses. Next chagé¢aiils the findings from three data sources

for each function.
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CHAPTER 4

FINDINGS

Findings are presented under seven functions proposed in CBapteder
each function, sufunctions detailed in Table 4 are explained. Publicly available data
is supported by additional evidence through primary data analysis. Additional
evidences are presented under separatéuswgtion titles.Comparativedata provides
a baselineto see shortfallof Turkey againstbest practicesHistoric datais also
presentedo understand the agricultural development path in Tuideyn difference
between Turkish greenhouse sector and best practices are shown to identify barriers
and advantages. Yet, each system has its own dynamic. Meaning that,tdapan,
Netherlandsand 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 anthe Netherlands.

Additional evidence through primary dataainly contributes to describe
greenhouse sector in Turkeylence, itshowsthe perception of greenhouse workers
and relevant public bodies towards theoretical and practical concerns in greenhouse
cultivation. Greehouse owners and workers are identified as the main subjects for this
analysis. The reason ibey can reflect practical concerns gaiisonakxperiencem
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 implementationagricultural and
technologypolicies.

This chapterdetailsmain problemsnd strengthglentified from comparative

analysis, from interviews and from questionnaires. Adtshort summary of key
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findings, aperformanceneasurementfal urkish greenhouse cultivainis presented.
Alongside,policy instrumentsare detailed against identified issues.

4.1 Knowledge Development and Diffusior(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. iBiply put, what type of knowledge greenhouse workers or
relevant stakeholders usao, what are the knowledge sharing channels for them?

SPA involves a variety of research arelaswever social sciences are not
contributing tathis subjects engineermand computer sciences. For that reason, this
function is notsolely focusing on number of academic studesesearch works o
have a generic picturgovernment expenditures for agricultural vocational schools,
agricultural programs in higher educatjotrainings and agricultural services are

detailedin Figure7-a and Figure -b.
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Figure 7-a: Agricultural Knowledge Creation and Transfer Rai€3urkey
Source OECD, Agriculture and Food Data.
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Figure 7-b: Agricultural Knowledge Creation and Transfer RaieEU and Japan
Source OECD, Agriculture and Food Data.

As per above figure, both agricultural knowledge generation and transfer
percentageare higher in EU countries. Even thoudhe individual data forthe
Netherlands is not available, this observation indicates the importance of knowledge
diffusion among EUmember countries. Such enabling environment creates an

important advantage fohe 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
agicultural sector is not breeding other institutions or stakeholders in the market.

To strengthen observatismunder Fluniversity concentratioto agricultural
studies R&D collaboration researchers iagriculturalstudies andpatents relating to
agricultural technologsare taken into consideration as guhctions.

4.1.1University Concentration to Agricultural Studies

University concentration considers availability of agricultural faculties in top
ranked universities. To have a comparative p&ttop 1000 ranked universities (as of
June 2020) in Japathe Netherlands and Turkey are identified and those with faculty
of agriculture are listed iAppendix1.

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 universitii@MNetherlands and
Turkey, in which there is a Faculty of Agriculture.

In the Netherlands, Wageningen University & Rasch 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 inetitfor 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 Universitywas established in 1933, with a Higher
Agricultural Institute. Today, it$-acultyof Agricultureis providing a curriculum for
horticulture, agricultural machinery, agricultural biotechnology, and precision
farming. The arriculum include a variety of agriculturafields; however,Ankara
Universityis notan agricultural focused institution as Tokyo University of Agriculture

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

University-industry collaboration contributes the level of knowledge diffusion
In parallel to observation made by Figdrehighest universityndustry collaboration
on Research and Development is recordetieiNetherlands (Figur8).
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Figure 8: UniversityIndustry 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 fahe Netherlands (5.22/7Papan (5.06/7) and Turkey (3.85/7)
lay a little behind ofthe Netherlands Appendix 2). Bearing all in mind, the
Netherlands show®nce againthe most enabling environment for agricultural
knowledge diffusion. Turkey, on the other halnas the weakest universityindustry
collaboration rate compared to high income countries me@ahwab & Zahidi,
2020) One of the reasonsf weak universityindustry 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 in20dfich is the
third lowestpriority 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 knowledgereaton oriented than knowledg#ffusion. Reorganization of
Ministry of Food, Agriculture, and Livestockupports this argument vgans and
strategiesapplied as o2011 (Strategic Plan 201:2017. Those strategiesainly
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 anthe Netherlands.

4.1.3Researchers in Agricultural Studies

Full-time agricultural researchers are mainly recruited by government
institutions Appendix3), 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
stat eds hmmmedearcherg mightbe hllbcated 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 agcultural researchers and low rate of government R&D expenditures on

agricultural objectiveshouldalert to misusage in human resources.

4.1.4Patents Relating to Agricultural Technologies

Patent is a strong indicator to observe improvement of agmeltéchnologies
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 tthe Netherlands and Turkey (Figu®g
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Figure 9: Patents for Greenhouse Technology

Source OECD Stat Environment Database Technology DiffusioRatentsi

Technology Diffusion.

While agricultural knowledge creation and diffusion rates (Fighrehow
persuasive argumentsfineNet her | ands®é enabling environmen:
greatest focus on grelkouse technology development. Greenhouse technology
patents in Japan were approximateighttimes higher thathe Netherlands and 38
times higher than Turkey in 2018. The fact that Japan has the highest population rate
among three countries, highestgrdtng rate might be justified. Nevertheless, Turkey
remains low in greenhouse technology patents even though total popw@aton

government researcheates arehigher tharthe Netherlands.
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4.1.5Additional 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 devahoent and technology and (iv) knowledge
acquired from advisory serviceAfdpendix5). While there are different sources of
knowledge, neither of cases linked knowledge to academia.

Interviewed agricultural engineers criticize university courses beingytheo
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 di
family has a greenhouse, goitgyuniversity is like a vacation, because
when you work in agricultural sector you need to practice what you
|l earn. You get experience through

in the field. I f you dondt gb to t|
knowledge(Interview No 2)

Hence, overall quality of education and sufficiency level are recorded as
lowering, especially compared to past decades. As results, students startedl to enro
different departments, either to pursmenagricultural career or to approach
agricultural business from other aspe¢tsg., 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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ONo need for academic knowledgeb is recor
an expected result considering the students enrolled in agricultural faculties usually
have a familyowned business where thieave an advantage to learn on field. Yet, the
perception oho-need is refticted aside with insufficiency of acadenoia practical
experience. While knowledge development and diffusiorcansiderecamong core
concepts, sources of knowledge seem tanhigdd with personal network (e.g., family
business) or individual effort to interlink existing knowledgeirces
Greenhouse workeralso emphasized civil servants, who are assigned to
mission after graduatiomavinginsufficient practical knowledge. To understand the
state of knowledge and awareness, representatives from Chambers of Agriculture
asked to define Asmart agricultured and dApr e
said that there is no official definititatescription for smart agriculture in their
i nstitution. Rat her , AGood agricultureo is t
Furthermore3/4thof therespondentsrasunaware of precision agriculture practices.
Those who approved that they know pseamn agriculture, are asked to give examples.
Answers were mainly i nvol ved Asoi | anal ysi
agr i c wettthuerreed . wer e al so some indirect exampl e:
Respondents declared that their institution has\alerate level of R&D
activities (by 2.3 over 5 on averagRelatedly 72% of respondents said they are not
involved to any R&D work in their institutiorOne of the public servant respondent
proposed following on this issue

In order to adopt smart ageulture practices, it is necessary to have a
certain education and knowled¢gvel (on the government sid@his
is also the case for producers and farmers. Since it is not possible to
moveforward to a new application suddenly, it is more appropriate to
applynew methodgradually. For example, awareness of agricultural
activities can béncreasedoy starting fromagricultural engineers and
technicians who have receivedcessaryraining and from enterprises
with large corporate working opportunitie@nterview 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 at¢d.
University curriculums and academic concentration indicate the same. Even though
government takes promotive attemfupursuehigher education, public servaraee

also aware ahsufficient educational infrastructure. 59% of respondents were lgoldin

bachel ords degr ee-ysahdedree. 13% has only t wo
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As a consequence, Al earning from doin
parties.In some extreme cases, this learning path might lead to resistance to scientific
knowledge. One of the cases exeffigsi this resistance with:

Mrs Ay kas expertise on fertilizer, and@some man asked advisory
support regarding fertilizer. She advised to put 2 kilograms and he
replied as o0l cannot sl eep at ni gt
ni ght 6. leftTdane me probably used 30 kilograms that night.
(Interview No 5)

While field knowledge carries substantial importance, it also eliminates the

technological value addl This might result as a logh to traditional methodsn that
sense, valuef peronal knowledgeand esistance to scientifinformationprohibits
technology adoption or scientific reasoning. Yet, in an environment with insufficient
academic quality, it is inevitable for agricultural workersatmandon or improve
traditional productionmethods.

Under F1, there arevo 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 existidgmic
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 dependpacgooal and
tacit knowledge to pursue agricultural operations.

Next chapter proceeds witl2FHEntrepreneurial Activities

4.2 Entrepreneurial Activities (F2)

Innovation system approach prioritizes entrepreneurial activities to establish
anexperimenting ecosystem and to reduce uncertaifdmgek, et al., 2008; Hekkert
et al., 2007) Entrepreneurship could have different scope and context to eliminate
existing uncertainties:or that reasorselection of entrepreneurialtagties 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 concepis 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 ecosysteaborateds
a generic concept.gkiculturespecific factorare specified afterwards

Entreprereurship ecosystem became part and focus of numerous studies and
reports thereforgrelevant entrepreneurial indicators are filtered for three countries as
in Appendix 6. A generic evaluation indicatethe Netherlands to have more
entrepreneurshifriendly characteristics. All entrepreneurship indicators together
reflect an improvement fothe Netherlands, diminishing trend for Turkey and
fluctuating dynamic for Japa@n anindicatorbasedevel, reasons ah perceptions
behind entrepreneurial activities aobserved The reasonfor that is that the
perceptions and motivations are among the primary entreprenebmsispng factors
in business and academia.

First, dramatic decreases are worth observing espec | y for Tur key?d
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 ROg&rallel,
opportunity starup rates rates fluctuating atthelowest for Turkey. Having said that,
Turkish entrepreneurship environment seems challenging for individuals to enter and
survive. Yet, entrepreneurial intention rates are highest in Tairkey

Second,Japan shows considerably lower results instprgkills even though
technology absorption rates are at highest. This indicates that technology absorption
and technology diffusion are important factors to stimulate entrepreneurial agtivitie
but not enough. High fear of failure rate and low eatte entrepreneurial activities
for Japan also justifies such argunferilevertheless, based on entrepreneurial
aspiration rates, Japan has more or less the same enthusiastic human capasitg to pu
entrepreneurships Turkey

At this point, itis 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 inyeraent or economic necessity

(Appendix7). In Turkey and also in Japan, entrepreneurship is depending on financial

8 https://www.gemconsortium.org/economyofiles/turkey2

9 https://www.gemconsortium.org/economyofiles/japan2

64


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

or well-being necessities for individuals. Dutch entrepreneurs, on the other hand, are
mainly motivated by selimprovement through startinga business. High
entrepreneurial aspiration rate also influences the perception of entrepreneurship as a
good career fothe Netherland¥.

While entrepreneurial characteristics provide an ecosybtsad
understanding, agricultural entrepreneurship diferent dynamics. These include
marketing, farm size, product variety, reaching new custoametsustomer segments
(Yoshida et al., 2019)They are not entirely measurable by quantitative indicators
though available data provides rather qualitative and -tgsease understanding.
Different from the majority of the structure of functional analysis, this function is
elaborated based on cognbased historical background, rather than-&uiztional

categories in the next sections.

4.2.1Entrepreneurship Ecosystem in Japan

Japanese government initiated numerous policies to boost entrepreneurship
since 1990s. These policies were mainly asirey SMEs, science and technology
relevant fields, angel investors, technology transfer offices, universities, industrial
technologies, entrepreneurial trainings, and newly established busi(®ksseso et
al., 2013) To exemplify, removal of minimum capital regulation, provision of training
and education for entrepreneurs, enabling-satbans withoucollateral, guarantors,
personal guarantees, expansion of the upper limit of free property, based on the New
Bankruptcy Law(Yasuda, 2009, p}) and announcing the act on technology transfer
promotion from universities to private sector are among (Kem 2016)

Additionally, in order to attract foreign entrepreneurs, business eases are
actualized by Japanese government. Easing the visa obtainmet-cbarge
advisory services for administrative documents and bureaucratic issues and tax
incentives could be giveas examplélokyo Government Eases Regulations to Attract
Foreign Entrepreneurs2016)

All initiatives seemedas success factors, yet few considerable results are

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

10 https://www.gemconsortium.org/econospyofiles/netherlands
65



https://www.gemconsortium.org/economy-profiles/netherlands

culture(Hu, 2015) and preference of stability in work lif€houdhury, 2018gould

be counted as reasof® 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 createa fear of failure.

As a resultgovernmentocus has beeshiftedto education system and youth
employmen to prevent the perception towards entrepreneurship as a risky and last
option plan. Ministry of Economy, Trade and Industry introduced the Hiramliama
to establish universitgriented ventures for IT, environment, biotechnology and
nanotechnologyKim, 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 tiost of R&D commercialization as part of university
private sector collaboration, stangp ventures increased consistently until 2008. By
2008, government decreased the financial support for university ventures, resulting not
only the decrease in venturast also bankruptcig¥im, 2016) This led government
bodies to adopt additional policies for students, scienéistsworkers. Open Network
Lab (Onlab) istherefore established to provide mentorship, physical office spaces
and financial investment for starps.Today, students in Japan are said to have more
positive approach to conduct their own business rather than involving in alsasay
works (Kushida, 2018)

4.2.2Agricultural Entrepreneurship in Japan

Aging demographics, labor migration, low profit, decreasedss#ficiency
rates and industrialization are among factors pushing young entrepreneurs away from
agricultural sectofHaga, 2018) a p an 6 s-Sufiideacy RafedHItsfLowest Level
in 25 Years Due to Drop in Wheat Producti@®19; Saito, 2019; Yoshida et al.,
2019) For that reason, Japanese small farmers generallyiexpe transgenerational
entrepreneurship to reach potential customers and to promote their businesses
(Yoshida et al., 2019, p. 28,68ather than grasping new entrants.

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

Knowledge Integration and Innovation. Objective was to increase agricultural business
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conpetitiveness as part of industrialization and commercialization ¢@ats, 2019)
As a complementary part of this initiative, researstage also promoted to conduct
entrepreneurial activities in existing farighéaga, 2018; Kiminami, 2019)

Entrepreneurial activities of farmers, whether they newly started their
businesses or taken over the business from their &andieem to be focusing on
collection, marketing, transport, food processangonline salegKawasaki, 2019)

Thus, human resource and management skills of farmers also found to lead to
entrepreneurial activities through breaking the limits ofmifa business
characteristics, improving business culiueed conducting further collaborative
activities. Nevertheless, there are certain critics on agricultural entrepreneurship
These are lack of leadership characteristics, involvement of severdidtis in
same land, fear of facing different challenges, individualistic profile of farmers, and

lack of local government contributigilaga, 2018)

4.2.3Entrepreneurship Ecosystem itihhe Netherlands

Dutch government promotes entrepreneurship in several aspleese include
the support for the financial scope, contribution to the univepsitsate sector
collaboration, reduction of regulatory challenges, facilitation of networking, reforms
in educationandcooperation with retail and franchise sect@spportirg Ambitious
Entrepreneurs and Startups | Enterprise and Innovation

With this in mind, main approach towards entrepreneurship is to provide access
to capital, knowledge, innovatipmnd global marketin 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 Rl8opporting Ambious
Entrepreneurs and Startups | Enterprise and Innovatiés part of the action plan,
early-stage finance opportunities at the idea stage are invested, foreigmpstard
new businesses are promoted, platforms to facilitate networking are giedeiod
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 20116) Since 2013, business
reforms are announced as abolishing minimum capital requireneéinigating the
nonobjection declaration requirement before incorporation, introducing a new law for
approval of relategbarty transactionsand announcing a new wdased platform for
cargo releases for trade related operati@monomy Profile of Netherlands Doing
Business 202@2020)

4.2.4Agricultural Entrepreneurship inthe Netherlands

Agricultural sectors, especially greenhouse cultivation has a mature market in
the Netherlands. Relatedly, afmerentrepreneurs have complex operation
environmentand have different motivation&ahan, 2013)To give an illustration,
business owners are pushed to be more markatted, better in far-management
for economy of scale and act with entrepreneurial skills to increase the(liedfan,
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 canieto a transition path through economies of scale, food
security, nature conservatiand intensification (McElwee, 2005; Seuneke et al.,
2013)

Industrialization trend in agriculture brought economic concerns and pressure
to farmers. It also led farmers start entrepreneurial activities out of their farms and
to integrate science into daily operations. According to a survey made by Lauwere
(2005) agricultural entrepreneurs ithe Netherlands coulde divided into five
categories based on their characteristmsident, social, traditional, new entrant,
indecisive farmersThrough different motivations, farmers focus on nfamming
activities as caréarming, agretourismandfarm shog to go one step further from
where they stan(Beuneke et al., 2013)

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

theincreasing awareness of agricultural entrepreneurship and government support for
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sustainability in agriculture, farmers started to take greater responsiljitidsnann,

2008) To promote farmers during such transition, several programs and initiatives are
announcedby differet act ors. OFood Valleyd in Gel de
Wageningen University & Research, gathering private companies and government
agencies in the same location to accumulate knowledge, promote collaboration and
support venture companigsoto, 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 sectoe éound as better matches in the concept of
entrepreneurship to respond market demands, understand trends, seek new ways of
doing things and find opportunitiefLauwere, 2005) Even though personal
characteristics of entreprams 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 opporturitiedletherlands Agricultural and
Horticultural Association ighe firstfound roof for agricultural entrepreneurs and
employees from different fields as arable farming, dairy farming, flower bulb
cultivation, greenhouse horticulture, tree cultivation and pig farmf{p@gO
Netherlands

Agricultural entrepreneurship inhe Netherlands involves collaborative
actions, knowledge sharing and freedom to take risks, especially when an opportunity
arises. D support such ecosystethe Netherlands has clear and detailed regulations
for agricultural entrepreneurship. For example, as of 2@MNetherlands launched
an addendum for agricultural entrepreneurs to acquire necessarylfamd€hanges
2020: Entrepreneurshij®019)

Combining the eraing environment with public awareness and prioritization
on agricultural development, agricultural entrepreneurshifnerNetherlands is in

process of improving even further.

4.2.5Entrepreneurship Ecosystem in Turkey

Turkish government set \ariety of policies and agendas to support young

entrepreneurs and newly established busineésksOS GE B , 2015; ¥zek
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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, ptiolio guarantee systems, companies to be defined asugptaft
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 intiectual property rights were among actions taken. Thus, patent rights
are also regulated ifavor of universities to retain ownership over employee for
scientificresearch ¥ z ek e.,, 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-sfast KOSGEB defines entrepreneurial
ecosystem tlough 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, generatig entrepreneurship trainings and facilitating access to
finance (KOSGEB, 2015) Combining all, Turkey approaches to entrepreneurial
ecosystem from businesslated initiatives and supportive measures (financial, skill

development, administrative) for entrepreneurs.

4.2.6Agricultural 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 faomihyed businesses
(G°k-e, 2010)

Studies for agriculturakentrepreneurship in Turkey describe this concept
through several characteristics: education level, family characteristics and socio
economic differences betweenrdtak ban communi ti es. A Dbri

case in agricultural entrepreneurshipiigeg in Tablell.
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Table 11: Characteristics of Agricultural Entrepreneurship for Youth in Turkey

Many of students in Faculties of Agriculture have first dec

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

Owned Businesses Students are enthusiastic to attend agricultural entreprenet
trainings.

Agricultural

Perception of youth for investing in agriculture is to ap
agricultural innovations, more than increasing the labor forc
earning money.

Investment to
Apply Innovative
Solutions
Managerial Skills In order to be successful in individuallpwn businesses
Show Top Priority ~ managerial skills and good ethic are found the top priorities
to Run Individually  youth. Thus, technical knowledge, capital and trust are also f

Own Businesses considerably important.
No Gender Women in agricultural sector are found as manthusiastic a:
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 farmefsAj € z h an & Bayr amo]j
Karakayacé & B.aByan ahoughydducation Z2i@dhBidal 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 learfbggloing, rather han applying
theoretical studies taught in universit{€an & Engindeniz, 2017)

Second, family characteristics also has an important impact on entrepreneurial
activities, especiallyn allocation of resources. Farms owned by families or more than
one stakeholder might challenge owners to keep records on used an@ #ayeé z h a n
& Bayr amoj Wwhich als®d ihflu8nce 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 sétiee 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 nomgriaultural businesse6 Aj e zhan & BayAgagmoij | u,
demography of farmers, therefore, pushes busasessoutsource human resources,

especially during harvesting.
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While agricultural entrepreneurship remains at féaased operations, policies
targeting agricultural improvement are also limitgerformance Programme for
2018 2018) As result of this noprioritization, enabling factors of agricultural

businesses and agricultural entrepreneurship stay at lowest for TA@sNdix8).

4.2.7Additional 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 ofgreenhouses.

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 shdneuse R&D across nations to reach
the hghest 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 opergions, a need for integrating different disciplines is found. For example, to
adopt robotics in greenhouse operations, employers or greenhouse owmets do
require agricultural engineers or molecular biologists in addition to enrolled ones.
Rather, therds 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 optimizeinput costs for higher productivity. Due to high investment costs,
financial barriers became more significant factor in adoption of advanced
technologies. One of thatervieweesexplained the grant they applied and earned
regarding adoption of more adwaad 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.
Si nce yuseuanydsalnsygstem 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 deslig

it vertically to increase the productivity rate from the available land.
72



We designed automation system as well. The grant was approved, but

we coul dndét convince any farmer to
simply too costly. You may explain how mtraky 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 conteatwaysthe costs. In small
sized greenhouses, such as glass greenhouses, financial constraints are getting even
higher.

The reason ighat smallsized 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.Nmber of pr oduc er mcreased bpgtimessincea gr i c u
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 ikéjpinumber
of modern greenhouses are limited (Almost 2% of decares in total land under
protective cover as of 2031%3. To understand the state of production methods of
middle and small sized greenhouses, representatives from Chambers of Agriculture
are aked to evaluate the level of technology usage (FigilyeTo do that, technology

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

1 https://www.tarimorman.gov.tr/Konular/Bitkis&lretim/TarlaVe-BahceBitkileri/Ortu-Alti -
Yetistiricilik

12 Ministry of Agriculture and Fastry/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 uncertaintiegvative activities,
on the other hand, said to be copied from Western countries without lebased
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. 4/5ndf fa
farmers are almost at that agélocking this generation means
disappearance of traditional experiences. So, they copy Western
countries. For example, palm is one of
make. Palm trees filled all over. Why is that? hestause the European
| andscapers modeled planting palm tre:
traditional methods and why certain things are done while others not.
(Interview Number 2)
To cope with this issue, role of government policiesliservedNinety-five

percenbf 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 agricukgralology 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 orgrand issue, integrating different aspectagyicultural
entrepreneurship: lack of a system to maregk promoteentrepreneurial activities.
Japan andhe Netherlands have different characteristics and different systems to

promote entrepreneurship. In Turkey, on the contrary, greenhouse cultigation

74



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 witt8BFGuidance 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, consymédsllemenand other actors.

In that sense, actor behavior, perceptiamsl enabling environment are necessary to
elaborate.

Marketstudiegprojectsprecision agriculturdo grow12.7% betweer2020and
2025 (Precision Farming Market by Technology (Guidance, VRT, Remote Sensing),
Application (Crg Scouting, Field Mapping, Variable Rate Application), Offering
(Hardwared Sensors, GPS, Yield Monitors; Software; Services) and Geography
Global Forecast to 20232020) To understanthereasons behind this market growth,
driving forces must be und#pod at first. Elements of this function, accordingly,
address producersdéo effort to reduce cost s
solutions(Viatte, 2002) Advanced tools and technologies are found as a choice for
economies of scale in agricultur€ouanjean, 2019)Therefore, #cilitating
environment of the agricultural growth issgsved via following elementsupport for
producers, complementary products and services for producers, characteristics of
demand, greenhouse manufacturers, and public policies and strategies on digitalization

in agriculture

4.3.1Support 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

agriculure as percentage of gross farm recegs given in Figur@?2.
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Figure 12 Agricultural Producer Support

Source: OECD, Agricultural support estimates (Edition 2019)

The highest rate of producer support in Japan shwilde mis-interpreted by
excluding the impact of total population and agricultural labor force. To exemplify,
total support remains at 1% of GDP between 2BA57, showing a decrease more
than 50% since 198B80ECD, 2018) As government policy, Japanese agricultural
support is shaped bydtmarket 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 diminis
between 2015 and 2017, which could be a result of declining agricultural labor force
and low budgetary paymen{®©ECD, 2018) Nevertheless, overall support still
remains just above OECD average, which enables farmers to collect higher effective
prices than international prices. e, general service expenditures seem to be spent
on knowledge development the Netherlands, rather than facilities.

In Turkey, overall agricultural producer support has a fluctuating structure, comparing
with overall OECD countries. Texemplify, as of 2010, sharp declines are observed
in terms of producer suppoitet, records showe2Zb% of gross farm receipts between
2015 2017, which was above OECD averg@&CD, 2018)

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

mechanisms @ly to modernizations, management support and energy efficiency
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objectives in all three countri¢bletherlands Doubles 2020 Green Subsidies in Rush
to Hit Climate Goals2020;TR6 3 B° |l gksi( ¥SegpakcebkeéeBitki
Sekt °r,2®8;Richtey 2019; Sijmonsma, 2016)

4.3.2Complementary Products and Services for Producers

Complementary products and services have a promtamior 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 agultural 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 ithe 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 mechanis@s.the contrary drtheNetherlands
both machinery capital amtimber 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 goverhiama leading role in
reinsurance, regulatioprand 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 negativelycismpaeir
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

13U.S. Department of Agriculturie International Agricultural Production. MachinerfFarm
Machinery Capital (number of units)
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specialty in greenhoashorticultureHa gel uni e. : Your Partner
How Wel | Do You Know Your Greenhadyse |
Greenhouse insurance sector is covering technological risks as much as natural risks,
specifically addresing hightech cultivation equipment installatigBoersma & NI,

2005)

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

4.3.3Characteristics 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 (Figl8e
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Figure 13 Consumer Expenditure on Food over Total Coresuxpenditures

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 rahile food expenditures have the hest rate for
Turkey, it must be kept in mind that food expenditures are at lowest in terms of US
dollars Appendix10). 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, Jsggams to spend more

on food compared to all three.

4.3.4Greenhouse Manufacturerand 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
infrastructuré* (Greenhouse Manufacturers Companies and Suppliers Servingin
Japar), even though there is a strong mechanical and engineering infrastructure. In
that market structure, Japanese greenhouse manufacturers are benafitiggrom
Dutch greenhouse technologiganoplex, 2015Marktscan Moderne Glastuinbouw
Japan 2018; Sijmonsma, 2016Yet, 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 (locatedaietherlands) in
order to provide solutions for locatidased challenges wh producers are
introduced to a new greenhouse technol@gwuger, 2017h)

In case forthe Net her | ands, p rontnbatione are wosth i t ut i
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 manag@noset 65 years
on the other sidéBoot & Dart). BVB Substrates, as another example, provides

opportunities for gowers to take masterclasses in Hogere Agrarische School and

¥ FromUAE, Jordan, USA, China, India, Spain, Italy, Isydleé Netherlands, Canada, UK, France
and Turkey

79



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 retufinom their production(K e k kBVB Research BVB
Substrates Similar to Japarthe Netherlands also integrates-tgpdate 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 opposeajuad.

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, mentaasldip
education programs provided by private firms. The reason is to emphasize that there
are different disciplines and staff responsibility levels which requires specialiled ski
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 sharjng 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 improvementuks 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.ushows thafTurkish grenhouse manufacturing firms are at highest
in numbercompared to Japan and Netherlandile there is limited information on
the characteristics of Turkish greenhouse manufacturers,faund that there is a
competitive engineering level in terms of é®ping 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 RO\ERO SYSTEMS B.V.

80



providing a technical servideor only a limited number of firms provide satisfactory
technical service$ for growers afterke construction or manufacturing works are
done. In comparison witthe 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 mistulgthvironment for farmers. As a result, there

is a good chance that competent engineering and technological improvements stay

unused or nowiffused.

4.3.5Public Policies and Strategies on Digitalization in Agriculture

Regulatory environment arsdipportive policies for greenhouse cultivation are
detailed in Function 5. Yet, this sdibnction examines ICTelevant policies and
strategies that might have an impact on modernizing agricultural practices in general.

Japan, as one of the leading cowsrin the path for societal digitalization,
currently shifting to ASociety 5.00. Th
technologies to almost every part of fffenovation Japan | The Government of Japan
- JapanGov-). Many industries in Japan are also transforming in parallel to such
integration, including agriculture and greenhoaskivation Specifically, Society 5.0
aims b 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 Ja
agricuture.

In the Netherlands, DutciDigitalization Strategy is adopted to emphasize
sustainable agriculture through protection of privacy, advanced cybersecurity
measures, improved digital skills, maintaining equality in business competition and
investment omesearch and innovation. Together with that, European Commission has
launched a longerm strategy for agricultural research and innovation initiatives to
create a collaborative environment for farmers, researchers, private businesses, non
profit organizaibns, 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 tPNetherlands,

R&D spending is maiyl made by the large multinational companies. In fact, eight
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investors are account for oti@ird of total R&D business expendituresi | nnovati on

int he Net her.lintmdsense) avail@ble @igitalization policies seem less

effective for agricultural R&D as Il arge firm
In Turkey, on the other hand, there are positive steps toward a strengthened

digitalization. Yet, most of the initiatives are addregsimmanufacturing and services

(Bicer, 2020) Relatedly, majority of Turkish farmers has only basic and outdated

technologies on han(Kaygusuz, 2010) There are several exceptions in poultry

i ndustry, i n which sectoral | eaders are clc

practices on fertilizer and machinery usage to increase vegetatlepon (Eklund

& Thompson, 2017)Nonetheless, there istredigitalization strategy in Turkey, that

could contribute specifically to greenhouse cultivation.

4.3.6Additional Evidence through Surveys and Questionnaires

While exsting technologies and equipment arere 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 examigleobi&€rved 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 diskaseshigher
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 dondt care whether animal wudders
ahgh pressure or iIis there a disease, t
ot her side, dondt know what causes the

they had is what it is. See, one equipment that supposes to help you in

your operations, in fact might harm your emals or decrease the
productivity when you donoét have a t
(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 actinglieagues,
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 paymemsd intermediary product prices
increase finanail riskseven moreFollowingissueis 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, andeg 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 discdqumterview Number 9)

As result, even large greenhouses try to stabilize product selling prices at a

certain ra¢. To make benefit out of their production, all greenhouses are working to
balance pricejuality ratios.

Trade relationships, similar to competition characteristics, are based on timely
payment capabilities and trust. Producersndd want to risk their arning 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.

Anothe interesting fact about cost minimization is about location of the
greenhouses. Not depending on the climate, but closeness of market sale place has an
i mportant role in producer decisions. Cit

this issue:

Thefirst concern of farmer is how to make money out of his/her product.
They say they want to grow tomatoes, especially cherry tomatoes, in

Aydeéen. Il f you ask why, they woul d ¢
my door 6. They pr epatrcacomasampicke s t o
them up. At that point, farmer doe:

supports farmers for the tomato prices for 1.25 TL, but those farmers
sale for 1 TL. Why? They dondt hav
fuel, extra labor forceand 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% béeves 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 (lig14). 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 investent, 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 responsibil@ieamber of
Agriculture representatives are asked what to prioritize in this environment to increase
greenhouse cultivation succes$sfty percentof the respondents emphasized again
education as the main policy focus to ensure success of greenhousdi@uliiva
Turkey. While there are numerous factors in the path of success, education is ranked
againas thefirst.

Under F3, there are four major issues that should be addressed. These are (1)
the perception towards food health, (2) inability to adoptrezeging 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 rdefaiencies of greenhouse
operations in Turkey.

Next chapter proceeds witlAVarket Formation

4.4 Market Formation (F4)

AFrom Schumpeter tthinkerd® bave eecognidech the v at i
importance of an advanced market, of waeticulated critical demand as a driving
force f or (M R iekked etialo, 2aD7, p..7nstitutional changes for
innovative applications often require an evolved ma(Betrgek, Jacobsson, et al.,
2008) Drivers for market evaluatiomvolve market type, market size, industry
associations and export & import rates.

Market information of greenhouse sector could be drawn by different factors
asmarket sizeand characteristicsproductivity level, value of agricultural activities,
industry associations, agricultural trade, and bilateral relatibfan 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

observedvith interviews and questionnaire analysis

4.4.1Market 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
thar socioc-economic, cultural, and historical nature. For example, after extreme events
like earthquake, tsunamand Fukushima Daiichi Nuclear Plant crisis, Japanese
government extensively promoted production of food even thoughtthsteee20%
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less arale and greenhouse floor areas since 2(0@is Mosby, 2015Marktscan
Moderne Glastuinbouw Japa018) As result, greenhouse market is an important
source of crop supply, especially for vegetables and fruits.

To balance diminishing number and aging charadierisf greenhouse
producers, Japanese government announced next generation greenhouse horticulture
models to adopt adjustable controlling systefivka r k e t Scan: Japanos \Y
Greenhouse Industry2018) 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 (Qhtgs
Mosby, 2015)

Such sectoral transformation also brought greater cost of facility and
maragement for greenhouse operations. Objective is to increase overall production, as
well as to catch up Dutch production and quality s¢&lkuation of Greenhouse
Horticulture Ministry of Agriculture, Forestry and Fisherje2018) To cope with
existing challenges, large firms in greenhouse industry startedltabarate to
empower their resources (including but not limited to labor work and technologies)
through joint work.

The Net her | ands, justifying Japanos moti v
agricultural markets thanks to the application of advanced techoalagilutions and
modernized cultivation method3he Netherlands Greenhouse Cultivation Market
Outlook to 2019 Declining Profitability to Hamper Growt2015)yet, this doesiot
mean that Dutch greenhouse farms rm face chdkenges. A large number of
greenhouse farms have financially troubled after 2010 and number of greenhouse
horticulture farms decreased around 85% since 1@®8&therlands: Number of
Greenhouse Horticulture Farms 20@D19 | Statista2021) Still, merger of large
local growers protected overall greenh®ggctor from more damaging troubles.

Different from many ot her s, Net herl and?®d
greenhouses is a result of applying maketnted concepts and advanced
technological solutionéThe Netherlands Greenhouse Cultivation Market Outlook to
2019 - Declining Profitability to Hamper Growth2015) In fact, ten largest
greenhouse production holdings are adding up to 10% of total greenhouse cultivation

area(Upscaling @ Greenhouse Vegetable Producti@918)
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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 exp@@antliffe &
Vansickle, 2009)To get necessary certifications and verificationgrall commercial
market in the Nethdands isexpected to grow up tt billion USD by 2024(The
Netherlands Commerci&reenhouse Market Size, Share, Opportunities And Trends
By Type (Plastic, Glass), By Component (Higch, MediurTech And Lowlech
Commercial Greenhouse) And By Application (Fruits And Vegetables, Flowers And
Ornamentals, Nurse2020; Wilms, 2020)

In case for Turkey, total greenhouse farmlands increased by 40% since 2010,
including glass and plastic greenhouses along with high and low tu@els ¢ Al t é
Y et i K} which coverkd atound 25% of total vegetable production in 2019. Thus,
business sizes in greenhouwsétivationdoubled in terms of land areas within the last
decadd¥r t ¢ Al t &). ASbdng nartked isecand giast dvailable greenhouse
lands, greenhouse farmland area might increase even more in the upcoming years. In
fact, Turkish greenhouse market is expected to r8achillion USD bythe end of
2021by fruit, vegetable, flower and ornamental plant growinggheusesSilleli, 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 betweerR% ( Mat | éT, R6230 1B°; | gesi¢c a$aercacée
Bit ki Yeti Kkt i r i,c201b)i Bven)thoughe éutrehtr mat&ialp and u
techniques are wetluited to apply modern greenhouse operations, financial barriers
seem to prevent overall market growth.

The level of technology usage also variesoading 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 environaflgritriendly production( T} ZE L

et al., 2020)This contrast indicates that technology adoption in greenhouse operations

is still insufficient compared with the potential.
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4.4.2Productivity 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 andAppendix 11 shav annual changes in agricultural inputs and

outputs.
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Figure 15: Agricultural Total Factor Productivity

Source U.S. Department of Agriculturé International Agricultural Production.
Agricultural Total Factor Productivity (Ag TFRPY6 of AnnualGrowth Rate

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 elentent fo
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 countriggppendix12), yet it is at hi@pest for Turkey. In
parallel, value add for agricultural activities, which indicates the output value minus
the intermediate consumption value, are again at highest for T(Jidagnjean, 2019)
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Value index ofagricultural 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.

4.4.3Industry 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 thoughsitnot always easy to measure
association etivities 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 fdfuture.

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 staunction, covering materials, heating
systems, soilless culture, seedsd seedlinggJapan 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 activiéis(Japan Geenhouse Horticulture Associatipn

In addition to activities and main operation areas, Japan Plant Factory
Association is found an active and wedlllaborative association between industry and
academia through different R&D projects, trainingad workshops(JPFA Japan
Plant Factory Asociation. Current partnership with Chiba University, specialized in
artificial lighting and phenotyping in controlled environmenpne example

From generic and overall scope of Japanese greenhouse associations, academic
expertise and technicainprovement 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 andtopdate technological solutions along with

devel oping growerso6 skills.

4.4.3.2 Industry Associations in the Netherlands

In theNetherlands, rather than individual greenhouse associations, mergers and
joint works grab attention. As an example, fil@rgest greenhouse relevant
association$ have merged under tmameof Federatie Vruchtgroente Organisaties
(Federation of Fruiting Vegetable Organisatipngvhich covers bell peppers,
tomatoes, cucumbers, and eggplants growren though there ardlksole strong
organizations as AVAG, Federatie Vruchtgroente Organisaties represent 70% of
greenhouse crops and other counterpartiaiNetherland§AVAG | AbouUs, 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, Natureaad
Quality (Collen, 2015) Main objective of this merge was to establish long term and
strong foundation for technologically advanced, sustainable anditaélde quality in
greenhouseultivation rein Europe.

In additin 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 @onprofit 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 fotheNetherlands, greenhouse asations emphasize a collaborative
work environment, involving counterparts as academia, public instityéodgprivate
sector. For that reason, agricultural entrepreneurship and technologically advanced

steps are taken in a smoother manner with th&ibation of these counterparts.

16 Best of Four, DOOR, The Greenery, Harvest House and Van Nature
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4.4.3.3 Industry Associations the Turkey

Turkish greenhouse associations are more busoressted.Serkondeis the
largest association in this market, bringing expertise of greenhouse construction,
equipment and manufacturing firmgSilleli et al., 2020) Objective is to improve
greenhouse manufacturing sector in Turkey and export the local expertise
(SERKONDERT Ser a Konstr¢gksiyon D diclerinem v e
Khr acat - é). MaineéactibDtes inckifei networking among relevant firms,
facilitating the information exchange, seeking legal, technological, manufacturing
related or exporbriented solutions for its members, studying on new exparkets,
introducing new technologiesand promoting standardized and energy friendly
greenhouse production.

In addition to SerkondegeraBir is another actively working organization for
modernization process of Turkish greenhouse market. The assocmbeides
services to bring foreign greenhouse technologies in the fields of infrastructure,
marketing and efficienc SERAB K)R

Turkish greenhouse associations seem tosteblished to serve a purpose in
relation to greenhousiltivation, 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 warkd services with the purpose

of contributing the agricultural trade, commerce and infrastructural development.

4.4 4Agricultural 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 prqoduction
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 migitie
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whether product specific export has a significance in international &kpgdendix12,

shows annual changes in fruit and vegetable export share within annual fruit and
vegetable production rates. Main reason why those product categories areaput ahe
of others-as cereals for examples 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 prodrates are

worth mentioning.

Fruit production holds greater importance in all three countries compared to
vegetables, in terms of their export share. Even thotigite is no produdbased
analysis in this study, the value of fruit production still iadés 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

cultivationin agricultural trade.
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Total Export of Vegetables and Fruits over Total
Production Quantity (% based on per 1000 tonne:

0%

2014 2015 2016 2017 2018
Japan 0.15% 0.20% 0.23% 0.24% 0.25%
Netherlands  122.60% 115.48% 123.39% 139.71% 150.39%
Turkey 9.07% 9.10% 9.34% 9.61% 11.24%
Years

Figure 16. Exports over Total Production of Fruits and Vegetables

Saurce: Food and Agriculture OrganizatiopiNew Food Balanced;ood Balance

Sheets
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The Netherlands, compared to Turkey and Japan, has substantially higher
export of greenhouse products, ranked as arouBdtihes of production. Such
enormous expoftevels might be the result of advanced storage technologies, which is
an important practical application of SPA. While the reasons bebmsuth high
export rates are not the concern of this studg,abvious that the export of agricultural
products arries high importance for Dutch farmers and all relevant businesses. To be
more specific, while current records indicate that greenhmuleationhas an export
rate of 80% over total productidiBreukers et al., 2008kxportvalue of relevant
materials and machineries also increased by(B%tch Agricultural Exports Worth
u94.5 Billion in 2019200 News I tem | Gove.l

Germany, in terms of agricultural trac
billionin 2019(Dut ch Agri cul tur al Exports Worth
| Government.NI2020) by exporting mainly greenhouseroducts as fruits and
vegetables fronthe Netherlands. In returrthe Netherlands is one of the greatest
export countries for Germany in cars, electrical and electronical appliances, chemical
products, pharmaceutical prodsicand food product¢Half of Dutch Production of
Greenhouse Vegetables Goes to Germany and the WKile further bilateral
relationship between two countries could be seemppendix 13, it is worth
emphasiing that today more than 80% of businesses locatdideiNetherlands are
found interested in increasing their exports to Gernm@oata, 2016) Such strong
trade linkages, as in all decs, benefit for current and forecasted greenhouse
productionin theNetherlands.

Export rates in Japan, on the other hasghart ofnational priorityto 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 regiofAgricultural production is desired to address in
country businesses as well. Specifically
restaurarg, and food service industries push high quality and safe food demand for
foreign tourists and travelerd-ood Export Blog Food Export Country Market
Profile: Japan 2019) Therefore, tiis expected to encourage cultivation and control
on agricultural production even more, via unmanned and robotic solutions in different

stages of agricultural value chdiietro, 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 seesnto forge ahead that chdiri Agr i cul ture in Japa
Devel opments i n S makot theAujureipmspécts,usrworthdo 201 8)
indicating that EU-Japan Economic Partnership Agreement and CPTPéemgnt
could increase export share of greenhouse products through enabling measures
(AAgriculture in Japan New Developments in S
For the case of Turkey, fruit and vegetable préidncexport covers almost
13% of total agricultural export, f.n which t
Today, Turkey accounts for 7% of global total tomato production, mostly imported by
Russia(Turkey Emerges as the Largest Progluof 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 tomatibopped substantially and severe
restrictions made after the political incident in 2qR&lations between Turkey and
the Russian Federatipmurkey Exports to Russia: 192020 Datd. Different from
trade dynamics betwedhe Netherlands and Germany, political sensitivities are the
driving factors for agricultural export, specifically for horticulture products as

tomatoes.

4.4 5Additional Evidence through Surveys and Questionnaires

Greenhaise cultivation in Turkey differs by size. Such difference impacts on
business characteristics, howea8l% of interviewed cases are defining their business
as foreign dependent.

At one sidefirms prefer to importdr 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 netwonkihie 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 deales. 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 donét sel ksthishese t
agreement. What happens as result? Dealer sells the product for 200
lira even though the market price should be 100 [jhaterview No 6)
Based on the comments given during majority of interviewsgrmhouse

owners are not establishing new bustesationships unless the buyer has credible
referencesBusinesses are relying on trustworthy sources to establish or improve
agricultural tradeEspecially small and medium sized greenhouses are dependent on
intermediary businesses to reach end uBegrefore, 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 indiials 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 cultivatiofihis 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 Di)
Thatdéds okay, but he Ihaiandend ended apo n s u |
with a greenhouse suitable for Ant e

These greenhouses are not in condition to make income for producers
(Interview No 5)

Overall, greenhouse market @volving 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 petervieweesrelationship 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 tosuch bueaucratic 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
selles 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 aot able t
find necessary advisory services. Comments on greenhouse dependencies and
unavailability of necessary advisory services are explained in Clgaecussion.

Next chapter proceeds witlbFCreation of Legitimacy

4.5 Creation of Legitimacy (F5)

Studes show that motivation behind adopting a technology and being an

entrepreneur is more favorable ifis driven by legitimate ground&ossler, 2019)

Also, legitimacy influences managerial perception, expectatamd strategic

decisions to formulate new industries or develop certain sector with more advanced
tools(Bergek, Hekkert, et al., 2008h some cases, decision makers might be resistant

to promote a certain technology if it disturbs theititis, but once alternative forms

of legitimacy are created, technology adoption becomes more achi¢vabtek g e | et
al., 2012)

Creation of legitimacy is the function reflecting compliance writtitutions
through regulations, national agendaad 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 measuriesespahd
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 structurajehas
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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4.5.1Historical Background inJapan

As of late 1990s, Basic Law on Food, Agriculture and Rural Areapéas
introduced in Japan, as an update on the same law announced in 1961 with following
main policy prioritieOECD, 2009) (i) domestic production for food supply security;

(i) natural Bnd conservation, natural resources management and maintenance of
cultural traditions; (iif) promoting sustainable farmlands, irrigation and drainage; (iv)
natural cyclical function and farm operations; and (v) improving production conditions
and infrastratures. Even though the law updated regularly,-séficiency 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 coues (Gilmour & Gurung, 2007; OECD, 2009)

In terms of food sudp stability, regulations pushed government to set up and
apply an emergency plan for food supply, which was announced in (832D,

2009, p. 8) As part ofapplying the sustainable solutions, food education sysitsn
referred as Shokuiku environmentally friendly farming against agricultural
chemicals and farmer income stabilization were among the actions taken by policy
makers and regulative powdSECD, 2009)

Agricul tur al devel opment was part of
addition to Ministry Agriculture, Forestry and Fisheries. To exemplify, Japan
Revitalization Strategynvolved objectives to promote agriculture as part of its
national growth strategy and established Public Corporation for Farmland
Consolidation to Core Farmers in 20@arayama, 2017)Also as of 2016, Policy
Package for Enhancing Competitees s of Japanés Agricul tur
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 ingredt origins; (vi) systemic changes for quality
monitoring and check offs; (vii) insurance; (viii) land improvement; (ix) increased
agricultural employment; (x) agricultural product promot{Summary of the Annual
Report on Food, Agriculre and Rural Areas in Japa@017)

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

2017) Main reason for such integration was due to increase in-$@mae farming,
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especially after 2010s. Yet, there were certain technical barriiznsrdand area limits

for feasible investments, need for more farmland workers and lack of effective farm
management systenfslarayama, 2017)As a response, cressinisterial Strategic
Innovation Promotion Program (Technologies for Creating N&sdneration
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
operationgHarayama, 2017)

5t Science and Technology Basic Plan &sidned 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 establigitdéefC Agicultural Policy
Platfornd to achieve labor efficiency by using robotic solutions, optimization of the
production values and reduction of waste via stabilizing supgiesamples 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 agricultufublic bodies are expected to develop
their strategies and activities in accordance with national innovation system. For
instan@, newly established Council for Science, Technology and Innovation is
expected to assure STI policies are systematic and comprehensive in parallel with
national strategieglouanjean, 2019)

Together with telenology 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, promotionf @limate 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 thé\etherlands

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

export market to address pasgar suffering, which resulted as an increase in
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agricultural production as of 195(08ont et al., 2003) Eventually, agricultural
development policies and strategies emerged, as Land Administration Foundation
controlling agricultural price value and as agricultural credit surmdimprove farm
businesse@ont et al., 2003; Devienne, 20083uch enabling environment for farmers
and agricultural operations also cleared the path to intervalue 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 peasan{®evienne, 2002)As a result, peasant economy started to
receive larganvestments, including coastal areas which is almost 50% of overall
farmland area ithe Netherlandg¢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 policiegBont et al., 2003)Objectives of Common Agricultural Policy, at
first, included productivity increase, ensuring weling of farmers and stabilizing
agricultural market including food supply and emskr pricegBont et al., 2003)
Meanwhile, Dutch government announced its support to agricultural research,
education andraining 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 Preventiom@ Control (Regulation 1996/61) and animal welfare
regulationgBont et al., 2003)

While these policy mixes brought variowsfficulties 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, greenhousasd daily farnrmg( i Fact s and Fi gur e
DutchAgr i cl uster in a GI| ob alMai@conceresxoftthese 2010
policies covered sustainability, food quality, knowledge infrastructure, innovative
approaches, international trade facilitation,-eamnomy and biotechnology i Fact s
and Figures 2010: The Dutch Agricluster
2020) Influence of climate change, protection of biodiigrand environmental
degradation became even more visible after 2000s. This transformative approach is
seen in & National Environmental Policy Plan, announced in 2(®ith & Kern,

2009) Planemphaszed the need of ystem innovation to address such concerns
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Hence, the neeidtegrategolicy makers, researchers and private firms in the process
of agricultural transformatioalso 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 f(E@JI2018)Relatedly,
supportive initiatives for farm income, competitiveness, promotion of innovation,
acknowledging environmental public gopdad mitigating climate change have been
re-structured by new CAFEC, 2013)

Promdion of circular agriculture is one of the examples of such codrgsed
shiftintheNetherlands, which enabled farmers to make experimentation, utilize public
lands and food nutrition in a repeated w@ould HighTech NetherlandStyle
Farming Feed the World?2019b) Similarly, 2030 Plant Protection Vision is how
addressing innovative breeding and optimization of pesticide uspget & precision
agriculture(Weppner, 2019)Today, precision agriculta 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 aderessed together
(Panagos et al2012) Accordingly,the Netherlands continues to announce policies
and regulations integrating agricultural operations into technologically advanced
methodsto integrate scientific and technologic solutions to agricultural prattices
(EC, 2013; Jouanjean, 2019)

18

Farm modernisation and intensification as per Article 17 ajuReion (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 priecisagriculture 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 th& urkey

Turkish government has been promoting agriculture and agricultural
operations since 1980s, especially via manete support and input subsidies
(Kaygusuz, 2010)Yet, during the economic instability in 1990s, government reduced
its overall government expenditures, alinalso affected farm inpuigaygusuz, 2010,
pp. 26, 32)In 2001, Agricultural Reform Implementati&noject has been introduced
by World Bank to support governmentdés ag
reduction of subsidies, maintaining a support system for producers and providing
incentives for production increagégricultural Reform Implementation Project
(ARIP)).

While Agricultural Reform Implementation Project continued to promote
agricultural operatiorgnvironmental 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 degradatigdaygusuz, 2010, p. 31Relatedly, programslike
SouthEastern Anatolian Project and Anatolian Watershed RehabilitatioedPang
announced and implemented in different regioNgvertheless, these initiatives
continued to be dependent to international donors with a limited (Kiaggusuz,

2010, p. 27) Therefore, government of Turkey adopted Agriculture Law in 2006,
which was aiming to provide sustainability in agricultural development through
regulative measurdg$Structural Changes and Reforms on Turkish Agticel (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
Agricultureds plan was to promolantanchgr i cu
animal health, rural development and capacity building for relevant institutions, basic

Coalition Agreement of 2017 to boost pubtidvate partnership on climate, energy, agriculture, food,
water through key eming Technologies

Knowledge and Innovation Contract of 202819 to focus on national innovation system in target
sectors including agriculture
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laws were targeting transformation in overall agriculture s€8touctural Changes
and Reforms on Turkish Agriculture (262313) 2013)

Inevitably, advanced techniquesdatechnologies 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 Pratthn'® has been prepared to
improve controlled and systemic value chain of agricultural production, which is
supported by Regulations on Registration of Greenhouse Culti¢&tioGimilarly,
even though there is no direct indication of precision agricultulegslative level,
regulations on vegetables, fruits and flovwére appearing via protection of soil,
decreasing dependence on agricultural medicines, applying right treatment based on
soil and plant requirements, obligation to optimize fertilizaws] 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 poyWstructural Changes and Reforms on
Turkish Agriclture (20032013) 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 measum@e given to CO2 emission reduction and effective usage of existing
water resources(Eleventh Development Plari20192023) 2019) Similarly,
performance indicators for sustainable agriculture for ZIIA) Strategic Plan
include increasing greenhouse land areas, geothermal energy usage in greenhouses,

and improving plant health treatmd®trategic Plan 201-2022.

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

20 hitps://www.resmigazete.gov.tr/eskiler/2010/08/20100828Hm

21 hitps://www.resmigazete.gov.tr/eskiler/2014/06/2014062Hm

22 hitps://www.resmigazete.gov.tr/eskiler/2004/01/20040105.htm

102


https://www.resmigazete.gov.tr/eskiler/2010/08/20100825-1.htm
https://www.resmigazete.gov.tr/eskiler/2014/06/20140625-1.htm
https://www.resmigazete.gov.tr/eskiler/2004/01/20040105.htm

4.5.4Additional Evidence through Surveys and Questionnaires

Government support characteristics are questioned at firstgetreral

government supports are divided between consumers and producers. For example,

6tanzi™ smenékened as one example for con:

If products are available more than demand, prices fall down. System
wor ks | i ke t haarn.enough mdneyrtheycarsot gravn 6 t
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 pr c e s . Ités a good intentio
are financiallyharmed from this support because they had additional
costs or couldnét sell enough prod:i

next year(Interview No10)

Producer supports, on the othenfiacould be listed with credits, machine
support and market expanding supports for greenhaase geographies. Hence,
public institutions like TAGEM collaborate with universities to develop prototypes of
robotics and advance technologies to be usedeenipouses.

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

| 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, theol@hsystem 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 amdsponsibility as oppose to current practices
(Interview No 9)

In that framework, there is a twiold trust issue perceived from preliminary

data. Producers are not entirely happy about existing suppuattsystemsbecause

they are not addressing their needs. On the other side, interviewed cases represented
stories ofproducers taking advantage of existing supports. Meaning that, some
producers are motivated to receive the support, rather than actually contributing their

business.

23 Sale of f@d by a municipality so as to regulate the prices
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In any case, gandardizedtransparent and auditatsgstems not presentOn
the Charbers of Agriculture perspective, agricultural policies are not addressing

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

Also, 77% of respondents stated that there are two issaeeerning
inefficiency of existing agricultural policies. These are Kagfing updates and policy
content missing optimal benefit for producers. To address those concerns, respondents
are asked to point out specific issues in existing agriculturali@sli€éollowing 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 coriinue 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 developingtional 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 organizabns 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 exemplasgues, 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 inteaategory (Ranking 1 to 5 in Figut8), 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 toltivarust 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 pelciare further elaborated in
Chapters: Discussion.

Next chapter proceeds with F6: Mobilization of Resources.

4.6 Mobilization of ResourceqF6)

Resource, by meaning, covers a variety of elements as finance, human, nature,
technology, etcWithout allocating and promoting necessary resourcess ot
meaningful to discuss the level of investment and developmEmérefore,
mobilization of resources useful to identify priority areas. While a comprehensive
study should examine all exisg 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

snhapshot.
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4.6.1Financial 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 compative analysis. For that reason, government expenditures on
agricultural R&D are important to examine (Figu®).

In general, performing counterparts of GERD are government, business, higher
education and private & nosprofit organizations. Neverthelgs 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 obsemtion 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 obther sectors. For example, percentage of GERD in engineering and
technology fields seem to gain importance over natural, medical, agricudochl

social sciences in Turkey since 20Appendix14). As fortheNet her | ands & s
increase in GERD is obisesd for natural sciences, engineering and technology since
2011 Appendix15).

4.6.2Human Resources

Human resource of a country is based on the available human capital for a
specific purpose. Studies indicate that agricultural landscape usage aitdereand
to contribute to agricultural businesses is highly dependent on demographic changes,
not only by mean of aging population but also urhaal population differences
( M¢l | er e fTherafdre, sectd2 §pecHig 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 for@@ECD ILibrary | Elderly Population As per the
mobilization of labor force, Figur&9 further shows the share of agricultural labor

within the total labor force.
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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 cens{(@8ECD ILibrary | Elderly Population Aging
population might be a result of low fertility trend@&umagai, 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 encouthgedpital accumulation,
especially in favor for no@agricultural business sectors as of 2000s. Industrialization,
in addition to the demographic characteristics, promoted service and manufacturing
sectors within the society. Through the augmentati@ging population and transfer
to industrialization, negative impaciss decreasing agricultural labor foréecame
visible as of 2010s. Today, agricultural labor force in Japan experiences a sharp
decreasgeven thoughagricultural production (especigltice) addresses both sectoral
and cultural values of the country.

On the other hand, demographic characteristitisaiNetherlands and Turkey
drawayounger population profiles compared to Jagdre Netherlands has a 15% of
total young populatiogOECD ILibrary | Elderly Populatiopy whereas aging trends
show initial signs as of 2000s. Having similar agricultural labor force as Turkey and
lowest population rate compared twather two countriesthe Net her | ands o
contribution to agricultural sector stays at a moderate level. In Turkey, age group
between 254 yearscounts for the majority of population, followed by-28 age
group. This demographic characteristic refers to #eqyoung and dynamic
population. Thus, agricultural labor force is substantially higher even with lower
popul ation rate compared to Japan. This obse
agriculture in a clearer way.

Nevertheless, a young demographicalfiga@nd high agricultural labor force
doesnot necessarily indicate that agricultural labor force involves youth. To better
understand about youth involvement in agricultural businesses, Rgsh®ws share

of students graduated from agriculture relevaaids.
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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 Figur@0, 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, cqmared tothe Netherlands and Japd@®@ECD, 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 agriculturasinesses.

Part of existing human resource involves Syrian refugees living in Turkey.
Refugee responses in liveliho@griculture and rural development are not addressed
in this thesis. Nevertheless, Syrian refugees is now an important part of tagaicul
labor force (Kavak, 2016) To address socieconomic results of such immense
migration flow, many countries are supporting Syrian refugees to ensure their
resilienceTheNetherlands (as part of EU) and Japan are among those co(fA@&s
2021;The EU Response to the Refugee Crisis in Turkey

Mi grantso6 contribution to | abor force
opportunities, rather than reflecting a specialization on greenkalis@tion. For that
reason, Syrian migrants are taking place of local seasonal workers from time to time,
which is creating aliscomfort in rural regions in Turkey Ka v a k , 2016 ; i

Refugees Harvest Greenhouse Vegetables i
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4.6.3Additional Evidence through Surveys and Questionnaires

First, human resource and skills allocation are elaborated. Besideational
opportunitiesjt mattersto 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 forgarefers noragricultural 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.

AYouth in rural areas prefer to go to
guard in shopping malls instead of doing agricultural or animal
husbandr gntewiewNo$§). o

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

Practices to make use of available humawouese are also available. Social
integration issues in certain cities are addressed through agricultural operations. An

exampl e fr omdBingnngefviewsi s gi ven

Currently strawberry production is act
This was a projeatve started with development agencies to rehabilitate
families impacted by terror. Same oper

too. Thus, the majority of workers are female, so it provides a great
opportunity in gender balance issues in labor force and thegyme
very good productginterview 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 speifically 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 aadvancing sector, agriculture is mainly addressed by needy groups
and dependent workers.

In case of financial sources and conceBi%p 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 iabout80 billion-100 billion of TL. And the state provides
70 percent incentives faném(large-scale businessedj a smallscale
grower goes to the bank and expressan interest to build a
greenhouse, it is impossible for Himar to take this amount of money
as credit. There are huge injustecébetweerlarge- and smallscale
businesss). (Interview No 6)

This argument is also supported by other problems mentiangdIl¢w socic

economic status of producers, agreements large amount of deferred payments, high

financial risks for investment, impacts of inflations in econpragd no seH

sufficiency assector o t hat end, producers6 main t al
This is also confirmed b§0% of cases seeing technology as an advantageous tool

for having financial opportunities. Yet, financial concerns are always acting as a

barier. Producers explain their financial concerns to adopt more advanced

technologies by following:

1 As in all technologies, greenhouse technologies have high investment cost.
Evenif we have necessary knowledge and infrastructure, we cannot use it
Wehave to act within the limit of our budget

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

1 People start using technological equipment once they increase their

productivity.

Fromall, financialincentives and supportgven by tle governmenéarelimited
with heating energy savingand credit applicatiorpurposes. Direct supports on
agricultural technologies to increase productivity are not available at this time. As
emphasized in F5, policies and supports again not addressingproductivity

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, agriculturalorks are not perceived as a promising plath
future For that reason, overall sectesponds to mainlgurvival needs for low socio
economic community and disadvantageous grolipgd, government supports are
not directly given for technological imgvement. Existing supports and initiatives are
limited with energy saving concerns and credit opportunities, all of which are
challenging to apply for smadlize greenhouse8long with potential outcomes, these
subjects are rexamined in Chaptés. 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 addpthnologies or even to logk. In agricultural
businessesawareness is shaped by users, rather than technology providers. As
Daberkow and McBridg2003) 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 aboutci@ien agriculture must be
explainedo predict market readiness level.

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

websiteevaluation social medianalyses, and other networking events.

4.7.1Google Trend Aalysis

Google Trend Analysis provides a generic statistical data for google search
engine, depending on the keyword and locabarsed search counts. To ensure a
common ground on search trend analysis, keyword searches are analyzed both in
English and loal languageéTable ).
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Table 12: Subject Specific Searches of Agriculture in Goéyle

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 fAagricul tur e o0 ,bseaichesAppendixis). Thd details onlihesr o f
search effort is elaborated through specific subjects linked with keyword search.

Il n Japan, 2019 keyword search result

Acommunity supported agr eaoculatnudr ed ¢ 0 nisperr e

agricultureo. These r esul t-cudedrdsearch.tihe a t
2020, fAprecision agr-blkewortdsuTha ldeing saidypublic e d i |
awareness and openness to further development are partodd Japap ot ent i al t

agricultural development.

In the Netherlands, 2019 and 2020 specific topic results are almost the same.
Whil e AUniversity of Agriculture in Maku
20206s results, A Gl d&m bathrtime pArgpds.i Acnang thnee e 0t
countriestheNetherlands 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 resudtof 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 #Adroneso, Aexpoo
Considering all, public search eff@eems 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 developnm opportunitiestheNetherlands 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 targesfpecific research opportunity. Wieltlopted website designs could
build loyalty for visitos and support the information shar{fighir & Mushtaq, 2015)
Different from individual level efforts on agricultural search, website evaluation
methods show efforts made by institutions. In that context, website evaluatioois do
necessarily affect the accurasyimpact 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 Tabl&3.

Table 13 Visitor-Based Evaluation (Summarized)

Sub-Indicators Questions Asked Best

Main Indicators
Performance

Corporate logo
available, Organizatione
chart available, Contact
information available,
] Site map available,

Identity Mission and vision
available, Website aids,
tools, help sources
available, Website
domain available

Does the website have its

own identity?

Do users clearly

understand corporate All have the
identity? same

Do users understand performance
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 eagiP 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 seareh
friendly?

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

The

Navigation i cal nen Netherlands
available, Descriptive Are navigation results
link texts are structured and systematic
available, Links are Does the website enable
not broken, Permissio users to reach accurate a
to Index available, relevant information?
Clear site organizatior
Prlnt_eFfrlen(_jIy Is the website informative
version available, SR
Access (o data is or communicative®

o ole. Email Are there platforms to ask japan

Interactivity possibie, Emal further information?

communication, . :
Does website promote us

Forum/commentand to spend time teesearch?
FAQ available P ’

Comprehensibility

Personalization &
Content

Information

Quality &
Up-to-Date

Security &
Miscellaneous

Forms are self
explanatory, Local

language and English
options available; Fon
sizes are appropriate,

Mobile friendly tap,
Eye-catching

User specific services

are available,
Subscription is
possible, Nainder
construction page,
Userfriendly for
disabled users,-E
library is available
No incorrect
information,
Information is upto-
date, Date of
information is given,
Links to related
sources present,
Information on

planned updates giver

Includes privacy
statement, Updated
Javascript Libraries
are available, Https
secured

Does the website attract
both national and foreign
users?

Is the websiteontext
understandable?

Turkey

Does each user reach to t

same content?

Is it possible to personaliz

tools for specific usage? Turkey
Is the website

comprehensive and

carrying for everyone?

Is the information given
trustworthy?

Is the information given is Tyrkey
scientifically useable?

Does the website provide

data release schedule?

Is the website secured?  Turkey

Sources http://www.maff.go.jp https://www.government.nl/ministries/ministoj-

agriculturenatureandfood-quality, https://www.tarimorman.qgov.tr
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While performance evaluations on subdicator level is given idppendix17,
all three websites found to be stronger in different aspects. Nevertheless, main
objective of this evaluatiorsito see which one of these websites is moreftisadly,
trustworthy and attractive to catch largest user pool.

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

performanceshttps://www.tarimorman.gov.tseem 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 avdable for this web site, which considerably attract user attention and time

spend in web site.

4.7.3Social Media

According to GFRASOs gl obal survey
popular social media for people actively workinggricultural sector@Bhattacharjee
& Raj, 2016) Additionally, Twitter and Yotiube are also among preferred social
media channels for farme(Brewster Christopher et al., 2018)lain objectives of
using social media network, according to this survey, are to share information,

publicize relevant eventand find stakeholders for business purposes.

4.7.3.1Twitter

To evaluate the visibility and communication coverage of precision agriculture,
#precisionagriculture has been araly through Hashtagify.me website. As of July
2020, #precisionagriculture has 29.2 point of popularity on Twitter, with following
related hashtags: #agtech, #bigdata, #agrciulture, #loT, #farming, #twitter, #UAV,
#robotics, #farming and #Al. Hence, Twitemalysis showed that 89% of tweets were
written in English while 1% were in Dutch. Therefotke Netherlandd 7 . 6 9 %

tweets involving #precisionagriculture indicates a good social media coverage on that

subject.
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Observations in local languages showed th i % has a popul
poi nt of predsie landboudfoe hias 21. 2 pophassasrity
tarf@mhas 6. 7 p @ppandialB)iAs § resplp regartisss of language
preferencethe Netherlands seem to have the best social mesdaeness level for

precision agriculture, compared to Japan and Turkey.

4.7.3.2Facebook

Facebook usage differs for each location and members from agricultural
businesses. Social media studies in Jagamuite new. Br example social media
studies in Japan starteg of 2011, after Facebook became a popular social network
(Onitsuka, 2019) Even though Facebook analyses are quite new in that context,
importance of vi t u a l network is recognized by m
necessaryo for business purposes, whi ch
information sharingZollet, 2018) Similarly, 75% of local farmers ithe Netherlands
found using Facebook to check the news in the sector, prodadtequipment along
with tracking supplier¢Gielen, 2014More Dutch Agrarians Active on Social Media
| AgriDirect). Turkish farmers, in parallel with others, alscelmcebook actively to
share their experiences and ask for further assistance from other farmers especially in
AAkdeniz ¢ift-i Grububo.

In parallel with the population rate, Turkey has the highest Facebook user
number and highest number of actions of users hg &iillion, compared to Japan
(197 million) and the Netherlands (17 million), recorded by

https://www.facebook.com/analyticiNevertheless, 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 fasfousers fromthe Netherlands. Thus, post
reactions of users are recorded arotymaltimes higher fothe Netherlands (85 B)

25 Precision Agriculture in Japanese
26 Precision Agriculture in Dutch
27 Precision Agriculture in Turkish
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compared to Japan.(Z B) and four times higher again tbe Netherlands compared
to Turkey (145 B).

In case ofthe Netherlands, while Facebook usage rate recorded as 78%,
YouTube remains the second source with.3%44 usage rate, according to a
communication research that AgriDirect conducted in 2046re Dutch Agraians
Active on Social Media | AgriDirectAlmost 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 fi@Mdore Dutch Agrarians Active on
Social Media | AgriDiregt

4.7.40ther Networking Events

Even though expositions, conferences or seminars are not quite part of online
information network chaiin excluding socially distanced events held due to CQVID
197, these events provide a good source for networking and increasing awareness on
the updategbractices 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 fieldse
conference plans are announced before global Ca\pandena. Istanbul, with
312 planned conferences ranks at first, followed by Tokyo and Amsterdam with 234
and 175 conferences respectivélyn addition to quantitative data on network events,
scope of planned or completed activities carry up most importancaenderstand
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 technologfeBOUT GPEC | GPEC 2021

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

https://www.conferenceindex.oapnferences/agriculture/netherlands

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

118


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

- AGet iQGrtecenthhbreused weekend has been org

to represent vegetable, flower and plant cultivators especially to children
emphasizing higiech greenhousé&et into the Geenhouse Holland.Con).

- High Tech Greenhouse event is organized under Dutch trade fair Horticulture
Business Days Gorinchem, as part of an initiative of Dutch and German
businessesot consolidate their business to produce an integral-teicn
greenhouse syste(8chlepers, 2016)

- GreenTech addressing to businesses in horticulture technology, involves
exhibitions in the Netherlands and MexicdAll Eyes on Horticulture |
GreenTech

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

journalists in TurkeyfHome | Growtech

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

bodies, agriculttal businesses and trading organizations.

4.7 .5Additional Evidence through Surveys and Questionnaires

Greenhouse ownersre generally followingtechnological developmest
regardlessof whether they can afford or apply them or not. illlervieweesgave
exemplary sources, where they keep up new agricultural technologies. Thus, one of
them added:

Turkish farmers are natasily acceptingtechnological changed his
situation appliesgo all fields ofagriculture. Yeggreenhouse workers are

more reasonablein accepting innovative approachompared to
workers in animal husbandry or plant productidimterview No 8)

Severalproducers mentioned that they select mentors in the same location.
These mentors are usually agiiural workers who has lorAgsted 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 slre 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 shgyi greenhouse owners and
workers are preferring fade-face gatherings in addition to social mediatherings
in local coffee houses are among the most commetwork hubs Farmers,
greenhouse ownerand other local people are gathering in coffee lotssocialize,
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 mefhwds.

exemplify,following is shared in one of the interviews

If somebody renews hiarcoften, this might mean that he is profiting

with the production method. At that point, rather than asking and

discussing, other producers search, fiadd apply the same method or

tool. This motivates producers because once they saw the good results;

they are convinced t finketviewNo&)s not a bad

Last, greenhouse owners are asked whether they have their own welbrgite.
greenhouse are handing their operationsinder a corporate brand. That is why,
websites are always availablen the other handyebsite usage is seen as another
operatiorcostfor smaller greenhouses. Meaning that, they do not always have the time
or labor forced check and update websites or similar platfoffherefore, not having
a websitesometimes becoma part of input optimizationBearing all in mind,
awareness and information networks are not just informative, but also promotional.
While online sources arimportant to examine, fate-face networks matter greatly
to improve current businessebinder F7, following issues are identified: (1)
underusage of existing public information, (2) seeking personal knowledge and
experiencebased advisory, and (3) segipromotion as operation cost. Issues seen in
this function is interlinked with all other functions in termssefeking how actor
perceptions are shaped. Yet, there are several important points to bear in mind for
policy recommendation. These points argeg in Chapteb: 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
agriculturalgreenhouse operationsThanks to soft climate, heating is not a major
concern andhatural resources are 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), p2oducts 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. Objaet is to see whether current or more advanced technologies
are sufficient to respond producersdé prol

Product expiration dates are strongly related with the time spend by
intermediary firms. Spending time to transport or damaging product qualityeon th
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 andisgis. SPA technologies, in tha
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 thowghtion 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 prosiuctive 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 efficiehsinfection without damaging any other
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plant is challenging. Identifying diseases on the p&pecific level and precise
treatment solutions provide best recipe in greenhouse cultivation. Yet, practical
methods have different challenges.

The backbone foSPA 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 fdased level in SPA.
Therefore, applying such adwad 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. Similarpapach 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, identificattdsources of damage becomes easier.

Throughout the history, greenhouse operations and equipment have shifted
towards more technologgriented solutions. Even though different sized greenhouses
have different needs, technical skill and interdisciplirsgagroach 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 Figure2l illustrates, advantages of technology are mainly corresponding to
financial ogortunities, followed by optimizing labor force, increasing food quality

and having higher export rate of qualified products.
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Distribution of keywords (No of Cases)

Food quelty meh tacrnclogy 12,5

Finandisl cpportundies 25 0%

adeartages of tectnokogy - labour Force 12,9%

Expert hgh qually roducts 125%

" Productity wih tech 12,3%

Food safety mth tachnology 16,8%

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 mong those benefits.

I n Turkey, full automated greenhouses
automated greenhouses and precision agriculture practices in large and medium sized
greenhouses. Medium sized greenhouses are in general using climatasodeed
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 applicatid?Aof S
in greenhouses, middlarge and large size greenhouses could have the greatest
benefit.

Largesize 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 fulautomated operations is clearly seen. R&D in these greenhouses
are based on seed improvement and humachine combined monitoring. To go one
step futher, 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 fordrge greenhouses.

Medium-large sized greenhouses, on the other hand, conduct R&D activities
either inhouse 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 smalimedium sized greenhouses are havinfficdities in
surviving in the market. None of interviewed cases mentioned asaleeeriod,
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 shoretueme
of the medium and smathedium sized greenhouses are willing to put much effort to
improve their businesses. Producing cherry tomatoes instead of another kind to reach
out highquality demand is one example. SPA and relevant technologies, isithirth
could be effective in business improvement and in targeting wider customer segments.

Observations in functional analysis has several persuasive conclusions for
recommending policy instrumeniBo revisit all analyses and design a comprehensive

framework,Chapter 5 is discussing functional findings.
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CHAPTER 5

DISCUSSION

This chapter reemphasizes findings from functional analysis and additional
findings.Based orthe summary of important poinigentified 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 Tabld.1

Table 14: Summaryof Knowledge Development and DiffusioR1) Findings

Findings for Japan andthe Netherlands Findings for Turkey
Ja Agriculture and technology -  Agricultural R&D is
pan o : ;
are prioritized in academic knowledgedevelopment
institutions oriented, rather than diffusien
- Scientific and technological oriented
developments are the basis -  University-industry

agricultural development collabortion requires further
- Government expenditures fc attention
agricultural researcks high There is no agricultural

The - Knowledge diffusion is high technolqu concentration in
Netherlands University-industry academia _
collaboration activities ant -  Agricultural studies and
commercialization concern university departments anot
play an important role sufficient
- Trade and business - Field practices acquired fror
contributions matter in family business or othe
agricultural studies greenhouses are more valuab
- Universty 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 reas@longside of trade flows, EU member states have

125



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
promoteknowledge 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 universiggndustry collaboration, it is not possible to
adopt sciatific 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 discov@perational aspects. Seeking tacit knowledge and experience
based advisory services are highly common for greenhouse owners.

There are two sideffects of this issue. First, greenhouse owners tend to lock
in traditional or outdated methods to conduéittibusinesses. Such leak 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,daise of difficultiesaced by current greenhouse owners,
children of those families are pushed away to follow other career paths. This career
shifts fastens thiessof tacit knowledge because children of greenhouse owners might
never know the technicapscialtiesand tacit knowledge acquired from decades of
production.

To proceed, Entrepreneurial Activities (F2) is summarized in below Table 1

Table 15: Summary oEntrepreneurial ActivitiesH2) Findings

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

- Agricultural entrepreneurship is

Agricultural entrepreneurship

not entirely preferable, but depends on individual efforts
academic entrepreneurship anc - Multiple stakeholders and
lab experiments are variety of responsibilities
The - Entrepreneurial activities are create managerial problems it
Netherlands made for development purpose 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 business -  Greenhouses require financia
through norfarm activities support, guidance, and trainin
- Government regulations promo opportunities for
risk-taking actions when entrepreneurial activities
business opportunities arise - Interdisciplinary studies are

lacking for agricultual
entrepreneurship and
development

Entrepreneurship depends on numerous dynamics in a syéfihin that
framework, agricultural entrepreneurship has exemore distinctive characteristics.

Yet, one common point found among different systems is the promotional incentives
for entrepreneurs (greenhouse owners). In Turkey, agricultural investsneatinly
dependinppnt he f ar mer 6s vision and financi al
capabilities, greenhouse size also plays an important role in actualizing entrepreneurial
activities. Due to unavailability of financial resources, improving mgjneese
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 ownensiaraus stakeholders for the same
arable land, and aging demographics. Adding all constraint togétineilies also
motivated to push away their children to other sectors. Yet, these greenhouses involve
high level of traditional knowledge and valadd forthe market. It is therefore up
most important to consider smailked greenhouse needs and possible problems in the
future business. The reason is, nxe traditional knowledge disappears,
entrepreneurship and innovati@atso lose an important complementagurce of
knowledge

Next, Guidance of Research (F3) is summarized in below Téble 1
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Table 16: Summary ofGuidance of Research (FBindings

Findings for Japan andthe Netherlands

Japan

The
Netherlands

Government 6s a
supportaims to ensure self
sufficiency against natural
disasters and limited resources
Total unit of farm machines an
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 locatiofbased
needs

As part of Society 5.0 objective

SPA is part of
agenda and innovation trends
agriculure

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

Private institutions are active ir
providing greenhouse systems
and insurances

Greenhouse insurances are
covering technological risks as
much as natural risks,
specifically addressing high
tech cultivatiorequipment
installation

Greenhouse constructions are
based on scientific solutions ar
location based requirements
Training, coaching, mentorshig
and education programs are
available in addition to tools
and equipment of greenhouses
Dutch Digitalization Stategy
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 ani
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 grower
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 n
always ensuring plant healtl
Systematic and controlled
authority for price
regulations is not present

Firstissue under F3 is the perception towards food haadtisecuritylL ooking
at GDP, food consumption, food price rates, and cultural dynadapsn might be
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more €nsitive towards the quality, nutrition, and health concerns. On the other hand,
food safety and health concerns are stilflerdeveloped 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 adoptitezhnologicall 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 creadigaiis
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 digitalizatewy,are not directly linked
to greenhouse cultii@n. 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 instrumets.

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 iglude 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 avoidasgmany risks as possible because the sector
has great finatial 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
deal ersdé6 monopol y.

Passing on the functional analyses, Market Formation (F4) is summarized in
below Table 7.
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Table 17: Summary oMarket Formation (F4lrindings

Findings for Japan andthe Netherlands

Japan

The
Netherlands

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

Large greenhouses joint the
experience to empower thei
technologies

Greenhouse associations
focus on interlinking
academic expertise and
technical improvement of
existing businesses
Production is desired to
address ircountry
businesses, rather than
serving to exporbriented
objectives

Growing service sectors
(hotels, restaurants, and foc

service industries) increase .

the demand of high quality
and safe food

Merge of large local grower:
is observed as a response t
sectoral troubles
Greenhouses apply market
oriented concepts

Quiality 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 govenment 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 ir
use

Share of modern greenhouse
remains between-2%
Financial barriers seem to
prevent overall market growtt
Value of agricultural
production and valuedal 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 thenost expoH
oriented product

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

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

New entrants are not quite
familiar with the technical
aspects of managing
greenhouse cultivation
Relatiorship between
chambers of agriculture and
producers are limited
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Greenhouse market in Turkey has twajordependedes one on exports and
other onintermediary businessdsxport dependency is one of the upmost crucial and
sensitive issue for greenhouse cultivation. Greenhouse products are mainly exporting
to Russia, rather than domestic markea group of internanal buyers While such
trade relationship is observed in other countries, agricultural trade is more sensitive to
political relations in Turkey.

Dependency on intermediary businesses
in the sector. Large size greeuses 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 ofaching out the end user. Visarsa, end users
(consumers) are also dependent on charges aneéhssgdined profit shares of
intermediary businesses.

At that point, greenhouse workers are seeking advice on how to react against
those dependencies. In theoBhambers 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 agriculturalgereers and advisors working in Chambers of
Agriculture, bureaucratic procedures are blamed for not being able to go on field and
assist producerdt is not possible to link this collaboratiooroblem entirelyto
bureaucracy, howevesmall changes to saypaper worksight lead tayreater results
Continuing to next function, Creation of Legitimacy (F5) is summarized in below
Table B.

Table 18: Summary oCreation of Legitimacy (F5yindings

Findings for Japan andthe Netherlands Findings for Turkey
Ja - Technology policies are - Fragile landsclimate change
pan ! . .

comprehensive for each sectc 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 donc
chemicals and farmer income support
stabilization were among the - Good agriculture practices have
actions taken by policy maker  started to take pamiregulations
and regulative powers as of 2004 and keep updated

with more specific targets
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Table 18 (continued)

Technological tools, -
equipment, and knowledge ai
addressed through automatet
system adoptions -
Precision agriculture is amon
the most observable areas
alongwith reducing the
greenhouse operation costs,

There is no direct indication of
precision agriculture on
legislative level

Regulations on vegetables, frui
and flowers ar@ppearing via
protection of soil, decreasing
dependence on agricultural
medicines, applying right

promotion of climate
resistance, and facilitating
factors for better farm
management
The - Government interventions in
agricultural policies involve
scientific and technological
inputs -
- CAP has a flexible and result
orientedcontext
- Government supports -
agricultural research,
educationand training along
with financial supports
- Ecological, climat, and -
welfare problemsrre among precision agriculture remain on
policy concerns the research and development
- Innovative breeding and level
optimization of pesticide usag Government supports and
are addressed in government policies are mainly finance and
policy and plans energy saving focused

treatment based on soil and ple
requirements, obligation to
optimize fertilizers, water
resource management

Safe food and quality of foods
are encourageboly government
strategies

11" Development Plan involves
supportive measures to
modernize existing greenhouse
There are numerous indirect bt
effective plans and programs tc
disseminate precision agricultu
practices

Strategies specifically targeting

Netherlands

Trust issues in greenhouse sector is once again observed in F5. There is a
reciprocal issue in existing and reristing regulations to support greenhouse owners.
From producersod side, current supports
needs. ¥t, 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 astandardized, 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 government system, however establishing a strong
system prevents negative influences of any transition.

Next, Mobilization of Resources (F6) is summarized in below Tahle 1
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Table 19: Summary oMobilization of Resources (F&indings

Findings for Japan andthe Netherlands Findings for Turkey
Japan Agricultural sciences have a - R&D expenditures in
structured share in R&D agricultural sciences are
expenditures, regardless of fluctuating
sectoral shifts - Budgetary decisions changing
- Decline in newly born rates according tanational focuses
and increase in life - Due to unpopularity of
expectancy encouraged the agricultural departments, young
capital accumulatin, labor force prefers nen
especially in favor for non agriculturalbusinesses as caree
agricultural businesses - Due to aging labor force,
- Agricultural field graduates greenhouse operations are
are high, in parallel with the becoming more dependent on
highest population rate seasonal agricultural labor forc:
The - TheNetherlands has - Main problemof seasonal labor
Netherlands fluctuating R&D force is the availabilityf
expenditures in agricultural workers during harvest period
sciences - Instead of being a source of
- Budgetary decisions are economic development,
changing according to agriculture is mainly addressed
national focuses and by needy groups
prioritizations - Producersd mai
- There is a young population, optimize input costs

whereas aging started
- Contribution to agricultural
labor forceis moderate

Aging agricultural labor force creates several risks for greenhouse cultivation.
These are: (1)sk of losing tacit knowledgg2) damage in futur@novative activities
in to greenhouse operatigremd (3) negative perception towasdgicultural 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 experienbased knowledge, new entrants might act wrongly
in their ownoperations. 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 takimew risks ingreenhouse sector.
Majority of small and mediursize greenhouses are just trying to survive in the market
with shortterm objectives. Since it is challenging to maintain a sustainable growth and

financial gain, these greenhouses are not considering tovenpaily operation. Aa
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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 caer opportunity. Meaning thapart 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 agricultuel labor force. Therefore, existing worke handled by other minority
groups as women in need and Syrian migra@tsupling with those perceptios,
government prioritizations and supports are not enlarging their concept to
technological improvemeniThey arefocusing mainly on energy saving solutions
rather than operational technology support

At last, Public Awareness and Information Network (F&¥summarized in
below Table20.

Table 20: Summary oPublic Awareness and Information NetwoR) Findings

Findings for Japan andthe Netherlands Findings for Turkey
Ja There is a technical and - Online searching effort on
pan . . ~ . R
informationfocused research Afagricultureo,
dynamic forprecision number of searches, is at highe
agriculture - Online searching for agricultura

- Precision agriculture is among practices is trade oriented
the top searched keywords

The - _Importanc_:e of virtual network -  Ministry website provigies the
Netherlands is recognized by farmers as best context and detail of
Ai mperfect bui information
- Online searches indicate the - Facebook is actively used to
importance of share expriences 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 raisingvents for -  Agricultural workers also use
greenhouses are targeting network hubs as coffee houses
children and general public in observe other producers and
addition to government bodies discuss their owbusiness
agricultural businesses, and problems
trading organizations - Small and medium sized

greenhouses do not always hay
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 engageothithr producer either through social
media or facdo-face gatherings. In general, greenhouses have closed information
networks, because being open to potential customers and other actors require
additional operation costs. Asresult, it is hard to reacbut this target audience
(current and future greenhouse owners), especially those working in small
greenhousesWithin 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
T u r k gtandam 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 waysof 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 ugirtgecteccultivation. Being
located in Mediterranean region and having large arable land area are important factors
for Tur keyos position as p r antbngctleer . Gr eenh
manufacturingike 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 proders, 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 gide 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, ncreasing human capacities in technical kifmw and supportinopterdis
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ciplinary aspects are compulsory to improve the overall production method.
Accordingly, existing producers consider technology as the solutionl fexpkessed
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 advgmoetliction 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 vahae on productivity, timesaving,

optimization, promotion, and increased safety measures.

6.2 Challenging Issues observed in Greenhouse Cultivation in Turkey

While SPA is not fullyadopted by greenhouses in Turkey, it surely addresses
to all producer concerns through a standaadiand businedsvel 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 internationdé, tranport 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 locatetioyress) yet

they all need the government to act as the entrepreneur in the market. To have a
comprehensive and alpplied policies, dependencies in different functions must be
regarded by decisiemaking bodies. Only by doing that, a sustainable prodtcts/
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), Mdrkermation (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 advanpmagluction 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, pies a good theoretical
background but lacks technology interlinked curriculums anfilethdemonstrations.

Additionally, existing businesses and scientific researches cannot meet due to
financial or infrastructural barriers. As result, scientific knalgle 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 rerapgndent
on traditional production methods and tacit knowledge transferred across generations,
especially acquired from famHgwned businesses. Additionally, improving existing
knowledge remains dependent on individual effort, rather than collaboratiks wo
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 agricukategpreneurship, 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, humds skdht 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 aleidab
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 haitador 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 addhmntachineries 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 angaieskoe.

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 adopte@wmologies.
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 greenhousesowérall 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 othetroesjrrather than local
buyers. Respectively, share of modern greenhouses remain lower than 2%. EXxisting
associations also acting as intermediate sources to promote businesses and
international trade. Nevertheless, agricultural tragspecially fruitsand vegetables
i 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 colmbattaiocal
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
Chambes 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 examinsiad, 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 developnerel, instead of
centering production of businesses. There is, once again, a gap between +esearch
oriented and businessiented approaches. Regulations and policies for businesses are
rather generic and financial. The fact that greenhouse technolagieprecision
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.

139



F6 is examined through financial and human resources. There are limited data
on to analyze the allocation of financial resources. Main observatinads 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 shifafyooultural
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 lalooce
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, grebouses 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 internationatlations. Technical knowledge sharing, on the other hand,
seem to be handled through faodace mentorships and social gatherings. Such
knowledge sharing preferences boost the traditional production methods and outdated
technology usage for existing prozers. 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,ttrycope with daily challenges and sell their
product to the best offer. Vakalding steps are remaining as a cost, rather than
investment. As a consequence, awareness level becomes dependent on individual

curiosity and information networks on individuamections.

6.3 Performance Measurement andPolicy Recommendations

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

are persuasive tsuggest policies for diffusing advanced greenhouse technology.
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Bearing in mind most problematic areas an
practices, prioritized factors in policy development are detailed in this section.

Compared tothe Netherands and Japan, Turkish greenhouse sector is
concentrated and shaped by tradievant dynamics. Such concentration comes with
benefits and weaknesses towards greenhouse cultivation. As emphasized several
times, each system has its own dynamic and mabivatitoward 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 scientifi
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 majordctor. History of extreme natural catastrophes pushes the government
to promote agricultural production to ensure enough food stocks. Since the overall
arable land is less thathe Netherlands and Turkey, greenhouse cultivation is
promoted as an importantean of agricultural production.

|l ntegration of advanced technol ogi es
strongest sides. Nevertheless, labor force is quite risk averse by culture. This prevents
small businesses to take entrepreneurial activities aapoily innovative solutions in
greenhouse cultivation. As a result, the market is oriented by-daede firms and
academic institutions. Yet, ICT prioritization in all existing sectors enables greenhouse
market to act at highest productivity level. I thense that SPA involves adoption of
advanced technologies, Creation of Legitimacy function is also among best
performing functions for Japan.

TheNetherlands, on the other hand, is oriented by business and trade concerns
rather than scientific develognt and selkufficiency concerns. Main performance
difference ofthe Netherlands comes into light under Entrepreneurial Activities,
Creation of Legitimacy and Public Awareness. While agricultural academic studies
are involving interdisciplinary subject®ié technologyfocused 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 develapiargtions.
This creates the best enabling environment for aljui@al 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 rélattnship
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,
smallsized 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 stor involvement, therefore, carry greatly of capacity
development in greenhouse cultivation.

Bearing all in mind, Turkish greenhouse sector could be defined simply by
Afdependencyo. Existing businesses are depend
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, thergis a hi
level of sensitivity of overall sector towards international relationships, government
supports, unavailability of skilled labor force in agriculture and-usige of existing
human resources.

Turkish greenhouse market has different necessities anbliltizgm 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 thepremi@ur 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 aditireto®nly
then, advantages of Turkish greenhouse sector could be used and the problems could
be minimized.

Based on the findings presented so far, Tul
- Availability of necessary engineering and manufacturing skills, products, and

services
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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 produteosigh 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 techygogicies, Table 2is prepared

to link existing problems with relevant policy recommendations.

Table 21 Functional Analysis of Turkey to Diffuse Advanced Greenhouse

Technologies

Function Main Issues to Policy
Consider Recommendations
F1 - Lack of agricu[tural - Up_datin_g -
concentration in university
universities curriculums for
- Lack of up agricultural
datedness of departments,
curriculums in emphasizing new
universities for production -

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

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

RelevantPolicy
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 obligaton
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 topranked
barrier against
agricultural
entrepreneurship
Divided lands and
different
responsibilities in
greenhouses,
hampering decision
making process
Dependency on
government support
for entrepreneurial
activities

Limited presace of
other disciplines,
contributing to
overall agricultural
development
Limited coverage of
machinery resource
for agricultural labor
force

Limited opportunity
on technical service
after purchasing or
acquiring certain
technology tool
Limited opportunity
on technical service
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
supportgo
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
entrgreneurship

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 tok
agricultural
entrepreneurship
projects and their
impact

Establish auditing anc
guality 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 anc
transparent value
chain audit

144



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 greenhouse
existing in market
Greenhouse
associations are
businessoriented,
rather than researel
oriented
Collaborative works
are for trade,
commercial
activities and
infrastructural
development

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

High level of
political sensitity

in agricultural trade,
especially for

mechanism between
producer and end use

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 acalire
necessary
certifications
Ensuring neutral
trade relationship
to minimize
political sensitivity
in agricultural

Announce a neutral
and separate trade
regulations to ensure
agricultural exports
arenot sensitive

trade towards political
Promoting locally instabilities
produced - Regulate pricing and

subsidiary
products and
services for

distribution policies
of local subsidiary
products for

existing greenhouse operatior
greenhouse - Introduce

operations differentiated
Ensuring financial supports to
protective and attract both large and
systematic small greenhouses
business - Redesign bureaucrati

partnerships
through rules and
regulations
Supporting both
large and small

procedures or
introduce new public
agencies so that
public consultants
become more

level investments effective in
Ensuring responding producer
necessary advisor needs

services for the
new entrants in
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Table 21 (continued)

F4

F5

greenhouse
cultivation
Dependency on
foreign subsidiary
products and
services in
greenhouse
cultivation
Non-trusting
environment in
establishing
business
relationship, which
creates rather close
market

Divided lands
diminish the
investment
opportunity

New entrants are nc
always familiar with
the technical aspect
of managing
greenhouse
cultivation

Limited
collaboration
between producers
and public
consultants due to
bureaucratic tasks
and unfamiliarity of
field work

Initiatives depend
on international
donor support
Lack of greenhouse
or agricultural
technology policies
Limited precision
agriculture
indication on
legislative level
Legitimacy
targeting precision
agriculture remains
on the research and

greenhouse
management
Establishing btter
communication
and advisory
services between
producers and
public servants

Addressing sub
specific sectors in
agricultural and
greenhouse
operations in
public policies
Emphasizing
technology inputs
in agiicultural
policies
Eliminating
dependency on
international donor
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

agricultural
development

financial, not

directly technology

oriented

Financial resources - Promoting -
spend on gualified and

agricultural R&D
are changing human resource in
according to sectore agricultural labor
prioritization force -
Even though labor -  Supporting youth
force has a young in agricultural
demographic, shift businesses

to nonagricultural Ensuring regulatec
employment is a and systematic
growing concern agricultural labor -
Agricultural labor force, both

force mainly involve seasonal and full

interdisciplinary

vulnerablegroups time

(as women) and - Provision of
dependent workers financial support
(with family to reduce -
business legacy) operational costs
Greenhouse through

operations are
becoming more
dependent on
seasonal agricultura
labor force
Operational cost is
top concern in
greenhouses, again
optimizing financial
resources for
investment

Public awareness in - Promoting social -

technological and
scientific solutions
Prioritizing
agricultural R&D
in government
R&D expenditures
at constant level

advanced media channels
agricultural and social media
practices has users for
commercial focus agricultural

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

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

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

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

rather than researct
and development
focus -
Faceto-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 mediurrsmall
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
specfic 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 producer
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 advamggatultural

solutions as SPA. To make a prioritization among
recommendationgnd 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).

6.00
5.00
4.00

y

S
w
o
S

2.00
.. 1.00
0.00

Point Level (6: Highest,
1: Lowe

Functional Categories

5.15
3.98 4.17
3.21 3.28
I 2.30 I I
Education Business Trade Regulative Mobilization Awareness
Promotion  Investment  Measures of Resources 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 (governmdoodies, relevant NGOs, entrepreneurs,
etc.) must be welkquipped towards agricultural works to emphasize actual needs of
producers. In this ranking, education is followed by mobilization of resources and
trade investment.

Accordingly, agricultural polies 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 functionshé fact that SPA is not specifically addressed in
Turkish greenhouse operations, relevant methods and technologies should be linked to
this scientific approach.

In addition togiven policy instruments, there are interlinked but additional
points that is wrth highlighting. Based on findings gathered from greenhouse owner
interviews, two major concerns are identified: [d@3s 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-indk traditional methods and
tacit knowledge passed among generations. This-ifoadomes with a negative
influence ongreenhouse 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 mightsult as losing experierdrased knowledge, which has been
built up since generations.

In that framework, following policy instrumenshould be prioritized as welh

addition to those proposeshder F1

- Introduce agricultural entrepreneurship in valet 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 thepact

- 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 toxda 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 puablic 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 roollaborative environment in Turkey.

In other words, greenhouse owners are fgddilone 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 qarporducers,
however, other actors are not contributing enough to boost greenhouse sector as a
whole.

Studies suggest that strategic jonentures are an important source of business
success in uncertainties (Cohn et al., 2005). Only in a respectftiustaorthy
environment a successful collaboration is possible against existing dependencies.
As exemplified by advantages of constructing ventures betywhgsiciars and
hospitals, existing actors should also be toge#isestrategic ventures. So that
transparent and achievable objectives could be identified and accomiBhrd
et al., 1990). Therefore, proposed policy recommendations shouleebaluated
in further studies with: (i) identified stakeholder relations; (ii) potential problems
and conficts; (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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problemsGiven the sope 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 pandemic, number eémi 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 desolfgromote
knowledge and education. Séinctions 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
propogd 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 shodlavoid 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 prodhasted greenhouses to eliminate
changing inputrequirements, 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

) N ) 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),
41 18 Okayama University (13271), Gifu
University (7283), Niigata Uniersity
(12527), Tokyo University of
Agriculture and Technology (5742),
Kagoshima University (10577),
Yamaguchi University (10314), Shinsh
University (10944), Yokohama Natione
University (10070), Tokai University
(30061)
13 . Wageningen Univesity & Research
(12001 in 20172018)
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) Il
Government Institutions (Turkey) "
Business Enterprises (Turkeyjll
Higher Education (Netherlands)ll

Government Institutions (Netherlands)illEN

Business Enterprises (Netherland Syl

Sector of Employment

Private, Non-Profit Institutions (Japan)illl
Higher Education (Japan )il
Government Institutions (Japan)—
0 005 01 015 0.2 025 03 0.35
Average Number of Agricultural Researchers between 2014

Source OECD Data- R-D personnel by sector of employment and field of science, Agricultural
Sciences researchers (full time equivalent) divided to Number efirhdl researchers (BE:uBiness
Enterprises, G: Government, HE: Higher Education, PNP: PrivateRxaiit)
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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, PatenisTechnology Diffusion, 2018

182



Appendix 5: Codebook

1 Generic
0 vegetable production
o Tomato production ALINTI
o Climateadvantages of Turkey greenhowsBused geography

1 Knowledge Development and Diffusion

o Problems
A resistance in personal knowledge
preference in other university departments
lost of knowledge
insufficient education system
low education in chambers of agriculture
no science based skills of workers
no need for academic knowledge

I I > > D> >

o Needs

A need for technical skills

A Need for academic knowledge

A Need for experience based knowledge
o0 Sources of knowledge
A no knowledge sharing among didarge 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 fims
knowledge from family business

I I I I > > D> > >

1 Entrepreneurial Activities
0 LargeSize Firm Activities
A larger firms start with RD
large firms as role models
branches in other countries
tech usage by large firms
need for full automacy
unavailability oftechnology
0 MediumSize Firm Activities
A 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 SmallSize Firm Activties
A small investments are not feasible
A migration to urban

I > > D> >

> > > >
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A no investment trust
A more tolerance in humamade mistakes

{1 Guidance of Research

0 Business culture
A lack of organizational culture for safety
nonsystematic work routines
No major change in work routines
Changes in work routines
No major change in technique/equipment
Changes in technique/equipment
Greenhouse operationsimilarities
westadmiration
decision based on market distance
o Complementary Services

A problems- lack of supportive services

A problems- constant repair need

A standardized work of machinesisadvantage
o Competition

T I I D >

A need for technologic infrastructure for competitiveness

A trust issues with local actors/service providers

A weakness of local prodtion material sellers agains large firms
A competition among intermediary/buyer firms

A everybody salesno competition

A no competitive environment

A lower quality- due to competition

A need for scientific development for competitiveness

A competition on prices

o Demand
A no focus on market demand
o Characteristics of Trade Relationship
A business relations based on quality and trust
A importance of timely payment
A deferred payments in greenhouse production
0 Infrastructure
A sufficient infrastructure
A infrastructure problems
A Available technology
A need for more technology
o Pricing
A chained impacts of prices/payments
A large firms keeping prices constarib cope with competition
A no enough discussion on price regulations

1 Market Information
0 Market size
A unnecessary firms in the market (less is enough)
A Expanding market in greenhouses
A matured market for greenhouses
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0 Relationship characteristics with Foreign Market

A need for export

import on production materials

dependence iforeign market

preference of larg&ustedquality firms
sending tests to other countries

government international relations impacting market
tionship characteristics within Domestic Market
A chambers of agriculture only for paper work
availability oflocal production materials
unqualifyof local production materials

no collaboration with intermediary actors

no collaboration among producers
Collaboration among actors

Q> > >

0o Re

> > > > >

1 Mobilization of Resources
o Human Resource
A problems- availability of seasonal labour
wish to work in noragriculture 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)
0 Social Integration
A greenhouse operation part of sodigkegration support
0 Land Resources
A problems- land division
A unavailabliy of arable land for greenhouses
A climate disadvantages due to mismatch of product and
environment
o0 Technology Resources
A need to customize foreign tech to our culture
A local tech companies are more suitable
A enginerring/construction strong in greenhouse

> >

> I > I D D

9 Public Awareness and Information Networ
0 Society Awareness
A public awareness through healthy eating habits
o0 Greenhouse websites
A financial opportunities of websites
A websites not usable for wholesale
A website requires another labour force
A tax and other costs of website
o Greenhouse Information Network
A Decision based on social network

185



A Social media usage

0 New Tech Follow/Search

Following new technologies
following new tech from websites
less interest in following new tech
Greenhouse visit to follow new tech
Conventiongo follow new tech

> > > >

1 Policy, Regulation and Government Support
o Government support characteristics

o

o

o

government support to consumast producers
Credit support
machine support
government + academia produced a robotic prototype
chambers oégriculture used for politics
government support for greenhotrsee geography
Policy needs
A 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
A government support
A Unavailability of government support
A people taking advantagé supports (negative way)
Regulations of Foreign Countries
A adoption to foreign country criteria
A foreign policies protecting producers

> > > >

I > > > >

1 Advantages on technology in greenhouse

O O0OO0OO0O0OO0OO0OO0OO0OO0oOOo

time saving in production with technology
advantages in producing high qualisoduct
advantages of technologyabour 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 digfection problem

1 Problems of greenhouse operations

(@)

O OO

problems- not much time of product life
problems- heating

problems- disinfection

problems- no precautions taken
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O O0OO0OO0OO0OO0OOo

Low sociceconomic 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
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Appendix 6: Entrepreneurship Indicators, 20152019

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,
HighestRisk
Appetite for
Entrepreneurship
Score=High,
Highest Starup
skill for
Entrepreneurship
Score=High,
Best Access to reac
each other for
Entrepreneurship
Score=High,
BestCultural
Support for
Entrepreneurship
Rank=1,

Highest
Entrepreneurial
Attitudes Score
Rank=1,

Highest
Entrepreneurial
Abilities Score
Score=High,
Highest Opportunity
Startup 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 2017

49,5 50,6 51,7
66,5 654 67,7
54,6 52,7 43,6
0,2 0,2 0,18
06 0,73 0,86
0,66 0,66 0,33
0,68 0,66 0,63
0,81 0,76 0,81
043 04 024
0,12 0,14 0,15
0,71 0,73 0,90
0,67 0,68 0,64
0,34 04 0,32
0,88 0,88 0,76
0,41 043 0,43
0,4 0,4 0,4
1 1 1
05 041 0,33

82 N/A 59
9 7 4

27 N/A  N/A

27 20 16
14 14 14

37 N/A  N/A

0,57 0,57 0,59

094 09 0,96

0,37 0,36 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

04

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
2
56

19
9

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

| ] II i
10
| | —— i

Japan Netherlands Turkey Global Average
Countries

Percentage of Among Involved
Country Data
N
o

m Motivational Index m High Job Creation Expectation Rate

® Innovation 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 (69) 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 petl 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 (010) 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 (05) 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
Quality of phytosanitary legislation index (G5) 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 (€b) 4,00 2,00 5,00
Inclusive finance index (65) 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.

Available at:https://datacatalog.worldbank.org/dataset/enakbusinessagriculture
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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 Agriculturé International Agricultural Production. MachineryFarm
Machinery Capital (number of units) and OECD Daanployment by activity, Agriculture, Thousand
persons, 2010 2018 (Available athttps://data.oecd.org/emp/employnmintactivity. htm#indicator

char)
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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)
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e
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©
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
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g
2 10%
2 0
2
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o
2 5%
w
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$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%
0.000005% -2.00%
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Product
as % of Annual

% change in
Agriculture Output
Gross Agricultural
Agriculture Inputs

= Agriculture Output === Agriculture Inputs

Source U.S. Department of Agricultufie International Agricultural Productioigricultural Output
Gross Agricultural Production (Constant 268d06 US$1000). Agriculture Input$6 of Annual
Growth Rate

Agricultural Inputs and Outputs for Netherlands

© < 0.000008% 2.00% 5
2 8 R o
< 5 0.000007% 0.00% 3 £
243 @
5 £ 8 0.000007% -2.00% o c
Ox 3
£ 1 = 0.000007% I I -4.00% g%
5 & -
S 2 3 0.000007% 6.00% @
833 2010 2011 2012 2013 2014 2015 EE
c = 3
(=] Years L g
X < a(
<

mmmm Agriculture Output == Agriculture Inputs

Source U.S. Department of Agriculturie International Agricultural Productiogricultural Output
Gross Agricultural Production (Constant 262d06 US$1000). Agriculture Input$6 of Annual
Growth Rate

Agricultural Inputs and Outputs for Turkey
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Source U.S. Department of AgriculturieInternational Agricultural Production. Aguttural Output
Gross Agricultural Production (Constant 262d06 US$1000). Agriculture Input$6 of Annual
Growth Rate
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Appendix 12-a: Exports over Total Production of Fruits and Vegetables in

Tonnes
3 1.00 0.93
o 0.82
2080 0.71
8
3 & 0.60 0.48
w2 0.41 0.39 0.39
2 - 040 0.29
S 2 14 16
2 S 0.20 .09 t_% 06 08 11 13 : :
S o 2010 2011 2012 2013 2014 2015 2016 2017
o Years

m Fruits ®Vegetables
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300
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e | B I
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o
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35.00
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30.00
24.64
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1283 61 37 17 40 75 .75 .68 41

2010 2011 2012 2013 2014 2015 2016 2017
Years

Export in Tonnes over Total
Production (Turkey)
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Source Food and Agricultur®rganization. Food Balance Sheets
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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 $4,589,511,464
2019 | Export Turkey World 7 $1,270,838,71(
2019 | Export Turkey ltaly 8 $685,088,616
2019 | Export Turkey Iraq 7 $189,040,547
2018 | Export Turkey World 8 $3,961,021,574
2018 | Export Turkey World 7 $1,086,381,714
2018 | Export Turkey Russian 8 $636,098,917
Federation

2018 | Export Turkey Iraq 7 $100,715,305

2017 | Export Turkey World 8 $3,940,007,19¢

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 $4,355,365,86¢

2015 | Export Turkey World 7 $1,040,648,26(

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 $1,082,368,164

2014 | Export Turkey Italy 8 $662,968,714

2014 | Export Turkey Russian 7 $384,944,079
Federation

2013 | Export Turkey World 8 $3,969,003,614

2013 | Export Turkey World 7 $1,039,070,231

2013 | Export Turkey Russian 8 $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 $322,608,91(Q
Federation

2011 | Export Turkey World 8 $3,908,880,18¢

2011 | Export Turkey World 7 $1,070,414,039

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 $235,646,37(
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 $4,687,436,7943
Federation

2017 | Import Russian World 7 $1,800,651,241
Federation

2017 | Import Russian | Ecuador 8 $1,096,297,43§
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 $905,266,61(
Federation

2015 Import Russian | Turkey $757,172,44(
Federation

2015 Import Russian | China $445,161,688
Federation

2015 | Import Russian | Turkey $441,264,939
Federation

2014 | Import Russian | World $5,479,577,424
Federation

2014 | Import Russian World $2,959,077,6043
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 $3,039,948,307
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 7 $56,033,281
2019 | Export Japan Other Asia, nes 7 $16,289,370
2019 | Export Japan China, Hongkong 7 $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 8 $91,353,418
SAR
2018 | Export Japan World 7 $51,438,359
2018 | Export Japan Other Asia, nes 7 $14,055,340
2018 | Export Japan China, Hong Kong 7 $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 7 $51,745,692
2017 | Export Japan Other Asia, nes 7 $19,997,996
2017 | Export Japan China, Hong Kong 7 $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 7 $34,156,860
2013 | Export Japan China, Hong Kong 8 $20,788,009
SAR
2013 | Export Japan Other Asia, nes 7 $15,887,926
2013 | Export Japan USA 7 $7,051,776
2012 | Export Japan World 8 $73,661,127
2012 | Export Japan Other Asia, nes 8 $46,140,974
2012 | Export Japan World 7 $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 $4,570,666,09(
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 $1,064,382,01¢
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 $1,517,489,16(
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 $1,547,880,01C
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 $1,277,723,23¢
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 $3,901,211,26(
Kong SAR

2014 | Import China,Hong USA $1,386,286,7872
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 $363,947,38(0
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 $3,479,781,21(
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 $1,371,670,33(
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 $308,215,99(Q
Kong SAR

2010 | Import China, Hong | Thailand $268,180,65(0
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 (inUSD)

Period | Trade Flow | Reporter Partner | Commodity Code | Trade Value (US$)
2019 | Export Netherlands | World 7 $8,121,914,366
2019 | Export Netherlands | World 8 $7,042,478,83¢
2019 | Export Netherlands | Germany 7 $2,616,564,704
2019 | Export Netherlands | Germany 8 $2,595,354,044
2018 | Export Netherlands | World 7 $7,842,806,641
2018 | Export Netherlands | World 8 $7,009,661,037
2018 | Export Netherlands | Germany 7 $2,602,913,521
2018 | Export Netherlands | Germany 8 $2,571,085,004
2017 | Export Netherlands | World 7 $7,446,554,154
2017 | Export Netherlands | World 8 $6,219,998,727
2017 | Export Netherlands | Germany 7 $2,489,977,03€
2017 | Export Netherlands | Germany 8 $2,183,809,557
2016 | Export Netherlands | World 7 $7,143,474,284
2016 | Export Netherlands | World 8 $5,614,821,964
2016 | Export Netherlands | Germany 7 $2,357,783,654
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 $2,342,999,687
2015 | Export Netherlands | Germany 8 $1,609,034,637
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 $2,005,402,939
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 $2,012,213,41¢
2012 | Export Netherlands | World 7 $7,001,062,744
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 $4,660,657,66(
2011 | Export Netherlands | Germany 7 $2,444,110,594
2011 | Export Netherlands | Germany 8 $1,648,692,79¢
2010 | Export Netherlands | World 7 $6,779,204,971
2010 | Export Netherlands | World 8 $3,801,082,134
2010 | Export Netherlands | Germany 7 $2,302,306,134
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 $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 $2,393,863,614
2019 | Import Germany | Spain 7 $1,995,539,264
2019 | Import Germany | ltaly 8 $1,104,368,126
2019 | Import Germany | USA 8 $1,056,349,93¢
2019 | Import Germany | ltaly 7 $536,604,272
2018 | Import Germany | World 8 $11,874,179,944
2018 | Import Germany | World 7 $7,176,237,192
2018 | Import Germany | Spain 8 $2,577,555,364
2018 | Import Germany | Netherlands 7 $2,410,832,417
2018 | Import Germany | Spain 7 $1,945,033,247
2018 | Import Germany | ltaly 8 $1,311,119,286
2018 | Import Germany | USA 8 $1,002,821,48(
2018 | Import Germany | Italy 7 $572,773,748
2017 | Import Germany | World 8 $11,215,449,66€
2017 | Import Germany | World 7 $6,992,675,54(
2017 | Import Germany | Spain 8 $2,347,384,627
2017 | Import Germany | Netherlands 7 $2,274,097,971
2017 | Import Germany | Spain 7 $1,930,232,871
2017 | Import Germany | Italy 8 $1,384,032,357
2017 | Import Germany | USA 8 $952,775,076
2017 | Import Germany | Italy 7 $574,202,537
2016 | Import Germany | World 8 $10,254,168,65¢6
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 $1,253,697,35€
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 $2,045,606,63(
2015 | Import Germany | Spain 7 $1,599,374,8572
2015 Import Germany | Italy 8 $1,196,977,267
2015 Import Germany | USA 8 $1,037,555,4472
2015 | Import Germany | ltaly 7 $480,589,125
2014 | Import Germany | World 8 $10,142,480,114
2014 | Import Germany | World 7 $6,697,689,687
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