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EXTENDED ABSTRACT

Introduction: CSA is currently viewed as a sophisticated and dependable approach to advancing
agriculture, particularly in regions with limited water resources. This method has experienced a
growing adoption and plays a vital role in securing food supplies, boosting employment
opportunities, and integrating new technologies into the agricultural domain. Given the expanding
utilization of this cultivation method and the necessity for targeted research and hands-on training to
facilitate its progress, this study was conducted to explore the internal environmental factors
influencing the advancement of this system.

Material and Methods: This study employed a quantitative, field-based approach and conducted
interviews through a questionnaire tool. The statistical population comprised vegetable and summer
crop growers of greenhouses in Tehran and Alborz provinces, totaling 2060 greenhouse units.
Sampling was carried out in two stages, with a sample size of 310 units calculated using Daniel’s
formula and a five percent error margin. Subsequently, 270 questionnaires were filled out in Tehran
Province and 50 in Alborz Province. Following data collection, processing, and analysis were
performed using SPSS25 and SmartPLS3 software.

Results and Discussion: The findings from the inferential analysis indicated that in terms of human
capital, essential human requirements for progressing the CSA system are significant. These include
factors such as knowledge, skills, positive attitudes, access to financial and technical resources,
market knowledge, and strong motivations. The study identified implementing new management
techniques, consulting scientific experts, and exchanging knowledge with international professionals
as critical factors. Technical capital emerged as the second most influential element in greenhouse
development, with access to modern financial software systems and smart management technologies
proving crucial. Additionally, training on advanced technologies is essential to enhance productivity
and management. Financial capital emerged as the third influential component, with financial
challenges and capital requirements for CSA being greater than traditional farming methods,
particularly for small-scale farmers. Access to bank credit, affordable inputs, insurance assistance,
and financial resources are essential for development and ongoing operational costs. advices include
increasing producers' understanding of agricultural economics and markets and facilitating access to
appropriate technologies to enhance economic and environmental sustainability. The study also
emphasized the importance of productive social capital, highlighting the significance of
communication with technical supervisors and agricultural consultants. While support from
established farmers to newcomers in the sector was deemed less crucial, the development of social
capital was emphasized as vital for the long-term sustainability of this innovative farming approach,
as the key connections within this system are still in the process of being established.

Conclusion: Given the novelty of the CSA system, specific attributes must be adhered to by
producers and users to enable the effective development and spread of this cultivation method.
Enhancing managerial expertise, technical proficiency, and specialized knowledge, as well as
increasing producers' awareness and understanding of the local, national, and international market
dimensions and characteristics of this system, are essential steps. Additionally, fostering and
enhancing intra-group relationships among producers and establishing trade unions for these
producers to cultivate social capital is crucial for the advancement and dissemination of this
innovative agricultural approach. Attention to these fundamental prerequisites is recommended to
support the system’s development.
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Jole (n 5 Fon1s,8 el Ole 5l o Sige SIS sl S g conSt S g S5 i Raisi et al.
05 P o e g 4,75 (A (B o) g LS Studying the factors affecting the failure of (2018)
Among the financial factors contributing to the failure of greenhouse greenhouse businesses in Zarabad district of
businesses, the lack of capital was the most significant. In terms of Kanarak County
infrastructural and technical factors, the absence of processing industries
for greenhouse products had the greatest impact. Additionally, the failure
to conduct training classes for workers was influential among the social,
cultural, and educational factors. On an individual level, the most critical
factor was the lack of relevant experience and expertise.
izl 5 S il (sl eiie o ol Lt 6 il SYslan g jlu Jas gl S OB A Sl 5 25 (AT L o
: SalE . SR L LS a6 laaly Gliee p oSl Gliw 0l (Sole
s Lol s sl » S0 9 ek 8 Sl s Assessin t)he Impact of Knowledge, Attitude Sobhani et al.
The results of structural equation modeling indicated that the knowledge, 9 P ge. ' (2018)

and Satisfaction of Greenhouse Owners in
Pakdasht Cooperatives on Greenhouse
Sustainability

attitude, and satisfaction of greenhouse owners have a positive and
significant impact on greenhouse sustainability.
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Table 1. Studies related to the investigated topic

Results

D95 olgne
The title of the research
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Researchers
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The results revealed that the mechanisms for sustainable development in
greenhouse production units comprise six components: support,
production, price and market, credit, research and promotion, and
environmental factors.

Slgi gloazly 13 (gl arwgi glo, g5l o
ol il glaslls
Analysis of sustainable development

mechanisms in greenhouse production units of
Alborz province

Jamshidi et
al. (2016)

4 g yid g Ol yolo drwgs o594 golaidl Julse oz oo i ls 4 axg L
Jelge o e slaoles 5 o JSzs bl (ogasar eloizl Jolge o dadlop sl 5L
o3l ohusts (g -zl Jalse « aliands laoslys 05 alS ohysas ol
5 adg glacalu ) dang 5 ol ohigds (6,108 el Jolge 5 651 5 diges £)150
Lo g )45.‘\ 6':\.?\;}.[3’ Lng;;_:;S L_gol..aﬁl ‘5)L\il.;

The results indicated that various factors contributed to the economic
sustainability of greenhouse crops, including economic factors such as
export development and access to international markets; social factors
like the establishment of local organizations and institutions; agricultural
factors focusing on reducing chemical input usage; educational and
promotional factors, particularly through visits to model farms; and policy

factors, especially regarding the creation and enhancement of production
infrastructure.

Sdgi 5o golatdl gyl » F5e Jelse o)
Ql)@“ ot;.wl 61“31-""15 ng.a:z.o
Investigating factors affecting economic

sustainability in the production of greenhouse
products in Tehran province

Mohammadi
et al. (2015)

el Sglite ALS g pae alisee J>lye 0 50l losls az Sols olis s
B slacd iy Sl 6o e 5l Wl le bsls Gl G ietes 457 9905 Ol Ol oo Ll
Loyl sla iy, ilsdS jo cutS gz bayds 003l g canlio pB1 L ‘_,,_;L...;T JRVRCS

Jyame Sluls zals § sl lals ol

The results indicated that training needs varied across different stages of
greenhouse management. The most significant needs included leveraging

new technical developments, familiarizing with suitable high-yielding

seed varieties for greenhouse cultivation, pest control methods for
greenhouse plants, and strategies for minimizing product waste.

aslllae) ol ls S (5jgel (slasls (sacaglyl

(oLl s 16330
Prioritizing the educational needs of greenhouse
owners (case study: Najafabad County)

Aslani et al.
(2015)

Gow o2l ol 5l 6 5YL zakan ay pliws jo 1) JlaB Wiy e slaleS oy
W oo (5,5l Ay mile aLBAT 0 4T slacusgase pled p Wlg e 15 cams
L il oo e S ade i glsmgol g e A Sgumme (cayiwd ol 35008 Bl
oli e 50 58 (65,9l 4 s (6L o Shos (Jpparmo CurisS azg5 BB a8l
O dol lpls S o o2l )3 1) Jlo plad jo adgs (Sl Jloppae o g ol atsls

D o i |y 5dS j0 SIS Blge Dllg 5 Ol jols
The results indicated that greenhouse production could enable Qatar to
achieve greater food security by addressing challenges such as water
scarcity, limited land access, and harsh weather conditions. Furthermore,
greenhouse farming can yield higher outputs compared to traditional
agriculture by significantly improving product quality and facilitating
year-round production, thereby altering the balance of food exports and
imports in the country.

SIS Sty (6 e Olpredy Winlign (slaaills
)Jaﬁ &9y90 asllao u] 9 G)J.I‘*‘AC Ais:.; 5 d..sa
Smart greenhouses as a path towards precision

agriculture at the food-energy-water nexus: a
case study of Qatar

Karanisa et
al. (2022)

4> g5 Al Arwgs jelaiedy wiins Qlyyi&#bﬁ&bu5&>mﬁl Lyl o
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b paseie Jagh cpl el wizmes Cudl alils 1) e U o pies 8 SIS
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W3g 63V (S8 2l Gl Sliged cunlis Cuand 4 iy gy 5 559k
The results highlighted the importance of focusing on the technical
efficiency of greenhouses for their development in arid climates and areas
with water scarcity. Additionally, social and economic factors were found
to have the most significant positive impact on technical efficiency. The
research also revealed that greenhouse operators employed by the
government’s agriculture department exhibited higher technical
efficiency, attributed to their familiarity with technological regulations
and better access to competitively priced equipment.

&350y okes o SIS w g LS )
Gilloly g Wosls paudsy Sl sitie (glad> 090
alE g
Investigating the efficiency of greenhouse
production in Oman: a two-stage approach

based on data envelopment analysis and dual
setup

Al-Mezeini et
al. (2020)
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Table 1. Studies related to the investigated topic

X D95 olene R
Results The title of the research Researchers
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A2 o Sgage |y AlE Sy e g 8 oIS (g Dleas

i 50 LS GRS Cy e 00iiS s  Julse

G RS _ oY Joo 5l oolinl b L )bgs Shehab and
The results indicated that education is a key factor in the development and Determinants of cucumber greenhouse Aly (2018)
management of greenhouses. Increasing formal education levels, along management in western Nubaria using logit
with access to informal education through extension services, enhances model
both the technical efficiency and management practices of greenhouse
operations.
$59LS 53 SgS wlidie 0 0lgs dngs (sl o yinl CBRS! @ls Gulul
LS dwgy MRS (65,5LaS o 1) 6 5V Laad o]y (gl e S5 @0 Slad g
Sl ) Kon drwgi gl cdgo 3390l Gl oM (6390 U ol> Jl> jo aS ools o
Ay 50 GRS (65,588 b Sgls LS Sl Nikoleava

S oo s 1) MRS 55 pl8
Based on the results, adopting a strategy for the development of small-
scale agricultural production indicates that non-cooperative production
demonstrates relatively higher efficiency in Russian greenhouse
agriculture. This finding partially explains the government's unsuccessful
attempts to promote greenhouse agricultural cooperatives.

Efficiency analysis of greenhouse agricultural (2018)
cooperatives in Russia

5 S5 sl bl Sgupy ameil)s b iy 358 Sbas,sld L bailsls axuys SIS g 0dg sl w93 (65,5liS slaogis
ol 0ol CabsSL 5 Wl Slads sl Lolis S0 g sl sla,eiS o
The results demonstrated that the advancement of greenhouses utilizing Good agricultural practices for greenhouse

cutting-edge technologies led to improved living standards and increased vegetable production in Southeast European
demand for healthy, high-quality products. countries

FAO (2017)

5 5k e 43 03l 4 3o dile Coll sloas 3o ¢ Jpaze adgi golaidl ailse
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The results indicated that economic barriers to product production include Eaetors affecting the performance of greenhouse
fixed costs, such as the expenses associated with the greenhouse structure, cucumber cultivation

irrigation system, fertilization system, and product protection system, as

well as variable costs like fuel, electricity, labor, fertilizer, and irrigation.

To address these challenges, the government should offer adequate
support, including subsidies to help establish greenhouse structures and
cover initial costs.

Singh et al.
(2017)
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Fig. 1- Measurement model assessing internal components' influence on controlled environment agriculture for safe vegetable and

summer crop production

YFeY 50l oF o)led YV 0,90 ¢ oo pole dolilad
7Y



s 5 il

ojlw 2 oz gyt oylol g lale Hb yolia ¥ Jgor
Table 2. Factor loading values and t-statistics for indicators within each construct

o3l o ,S5L2s whole st toybl .
: Factor L Sig.
Component Indicators . t statistic
loadings
(TL)ods g5 b colio g 00,5 Sliios ol 4 (oo yiws
Accessing applied research results tailored to the specific production 0.727 23.627 0.001
type (T1)
(T2) s’ slooly (g3lo diobsn Sz (b (ke SBEIHIFSS 41 (g
Accessing cutting-edge management technologies to boost the 0.796 30.974 0.001
intelligence of greenhouse units (T2)
(T3) wlxdS slos J55 gz canlio (513800 55 SUIKal 4y (gao2ss
b asle e Access to appropriate software tools for regulating the greenhouse 0.603 13.184 0.001
Technical temperature (T3)
capital (T5) slls & gty Madlis slolib sl 136 sl aslinl 25 amliS 4y oo s
Access to the annual technical guide for food standards in 0.697 19.270 0.001
international markets (T5)
ol cupoe 3 g Jbo g @olules 6158l 5 Glapis a1 jluly (o s
_ (M8) sl o 0.801 36.375 0.001
Consistent access to contemporary accounting and financial software
systems for managing production units (T8)
(T9) i 5 st Sl o s 0618 13.734 0.001
Access to safety and protective equipment (T9)
(S1) (3,58 sl &)l39 g o b L)
Engagement with the extension workers of the Ministry of Jihad- 0.750 19.384 0.001
Agriculture (S1)
(82) (55,5l slgz o allS jslice yluliis 5L bLs )|
bl o Engagement with agricultural experts specializing in greenhouse 0.820 33.095 0.001
Social capital consultancy (S2)
ocial capita LS 5 LU LLs |
o (ks L L 0.820 35562 0.001
Communication with the technical supervisor of the greenhouse (S3)
(S6) lulxdS ladgs (idu 4 ,lg03b l3,5LaS 51 g pin )l3,9laS Colos
Assistance from experienced farmers to newcomers in the 0.451 6.787 0.001
greenhouse production industry (S6)
(HIL) (o e clyions 55,58 plaain oy s 0.762 24.113 0.001
Access to agricultural experts in the role of technical managers (H1)
(H2) Wk 2 J5 sl ole 5,515 sy 4 i 0.720 19.250 0.001
Access to a proficient workforce for greenhouse operations (H2)
H3) 5 b sig, 5l eslial :
(H3) 0o e stais, S sl 5 s 0.839 47.389 0.001
Access and utilization of innovative management techniques (H3)
ol arle (H4) J%_’m Sl 958 w5 SLbl slag e 4 (o s 0703 21.154 0.001
Human Access to marketing experts and sales team for the product (H4)
capital (HO) (oI5t 5 5555 & (g 0.724 17.110 0.001
Access to family labor force (H5)
(HB)owss g8 Laoma 55 ol Jpammo agi ateys (paads o jshie 4o (g i
Access to specialized consultants in the field of producing healthy 0.800 33.697 0.001
products in a controlled environment (H6)
(H7) gl Jpamo 055 50 198 5l )8 laasiio jf oalys i 2925 ISl
The opportunity to consult with international experts in the 0.798 31.228 0.001
production of nutritious goods (H7)
El) ol ! oy 5
(BL) oo st ool & e 0.727 19.251 0.001
Access to suitable insurance coverage (E1)
(E3) slills cladgs (sl comslio cuadls (slmoslys s (guwyzass
Access to suitable inputs at competitive prices for greenhouse 0.727 20.815 0.001
b alop L
i K cultivation (E3)
Financial (E5) et ous J5iiS slosls anmsi gz coslio o golio usls
capital . . . .
Supplying adequate financial resources for the establishment of 0.727 18.063 0.001
controlled cultivation facilities (E5)
E7 b cladi o -onls = K L .
(E7) sl slotizn ool Sz 03Y ey & s 0.703 20.534 0.001

Access to essential capital to address current expenditures (E7)
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Table 3. Validity and reliability assessment of the final model for evaluating internal factors impacting safe vegetable and summer
crop production through CEA technology

o)l (Sl
bl o5l =805l Elig,s Wl =57 @bl oz o
The main component Sub-component Cronbach's alpha Composite reliability Average variance
extracted
Ll asle
e 6 0.881 0.908 0.586
Human capital
>l ab
scta_o. sl 4 0.676 0.810 0.528
Social capital
el 4 0.693 0.812 0.520
Financial capital
e 6 0.802 0.859 0.506

Technical capital
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Table 4. Validity assessment of the final model for evaluating internal environmental components affecting safe vegetable and
summer crop production in CEA using the Fornell-Larker approach

ol 1 2 3 4
Component
(\)‘sc-LQ:;_?l AT_LA,.» 0726 B _ _
Social capital
M ale 0.438 0.721 - -
Financial capital
Ll
Mgl rler 0532 0.555 0.765 -
Human capital
(s eoloye 0.493 0.622 0.675 0.711

Technical capital
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Table 5. Assessing the validity of the final model for evaluating internal environmental components impacting safe vegetable and

summer crop production in CEA using the Heterotrait-Monotrait (HTMT) ratio

a)'L..a
Component

Ml aylo o
Social capital
MGl aylo s

Financial capital
(M)l o yos
Human capital
(O ey 0.675

Technical capital

0.653

0.679

0.697

0.835

0.749
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Table 6. Cross-loadings analysis of the final model assessing internal environmental components affecting safe vegetable and
summer crop production in CEA

Joo gl ,S5LES slod 8 4oy el ag oy Sl 4l s S alo s
Symbol of model indicators Technical capital Social capital Human capital Financial capital
El 0.456 0.369 0.487 0.727
E3 0.391 0.303 0.387 0.727
E5 0.472 0.298 0.343 0.727
E7 0.470 0.290 0.377 0.703
H1 0.437 0.357 0.762 0.414
H2 0.448 0.402 0.720 0.353
H3 0.569 0.403 0.839 0.481
H4 0.457 0.409 0.703 0.474
H5 0.398 0.310 0.724 0.277
H6 0.495 0.418 0.800 0.394
H7 0.662 0.518 0.798 0.536
S1 0.280 0.750 0.420 0.264
S2 0.382 0.820 0.425 0.313
S3 0.364 0.820 0.445 0.346
S6 0.412 0.451 0.217 0.354
T1 0.727 0.363 0.574 0.492
T2 0.796 0.465 0.555 0.521
T3 0.603 0.231 0.268 0.437
T5 0.697 0.346 0.501 0.372
T8 0.801 0.376 0.522 0.386
T9 0.618 0.281 0.299 0.454
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Table 7. Assessment of structural model quality and ranking of internal environmental components

oo Sl sadlze

Lol uxeo (] to bl Sig. Ao R? Q? s,
Components of the Beta t statistic Result Rank
internal environment
Ll a5l 5 s
e e 0.883 55.364 0.001 RN 0.779 0.423 1
Human capital Accepted
L b L
) < el 0.774 30.084 0.001 R 0.599 0.294 3
Financial capital Accepted
2l ale 5
G‘L"_*? e 0.669 19.648 0.001 R 0.448 0.218 4
Social capital Accepted
5 ale P
el 0.865 49733 0.001 R 0.749 0.354 2
Technical capital Accepted
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Table 8. Fit indices for the internal environmental model

Sl ke b @3 lo
Indicator or measure of fitness.

Sollao dols [ Hlude
Desired amount/range

ou g, 38 Hlade
Reported value

Tdgi | Judond

Analysis / explanation

Tenenhaus GoF _asLs
Tenenhaus GoF sign

0.1>=,s Low
0.25>= L., 52 Average
0.36>=sgllas Optimal

0.64 Syl 518 Cgllas dals o
It is in the desired range

o 3l (5 Sileo @ pe 4y oailedly oL 012> 0.082 S5 s0 9l
Standardized root mean square residual ' Approved
oads sl 3lhas (1Sl suilesdly Lasls 01-> 0.0762 sgdse ol

Standardized absolute mean residual ' Approved
bl sy b a3l 0.7-> 0.974 sy a2l
Statistical quenching index Approved
oA el 07-> 0.879 sy a2l
Contradiction index Approved
O e eles P<0.001 P -0.001 40.631 JyB2)5e 5 )loine
Average coefficient of determination Meaningful and acceptable
et i y® 3 P< 0.001 P -0.001 0.789 J5,90 5 fosie
Average path coefficient Meaningful and acceptable
el @bl boge a2l 0.6-> 0.807 sy sl
Factor reliability Approved
msTheta _asLs 0.12=> 0.12 Sy5iee 3B
Approved
Y yls=> :
d-ULS) ol alols L &
¢ . )‘5“. i cu = Bollen-Stine ol yuul g 2.158 St e
Euclidean distance square index ; Approved
Bootstrap upper bound
(A-G) Sy 30555 ol asls 205 Sgse b
Geodesic distance index ' Approved

Bentler and Bonett 3L
Index Bentler and Bonett

elaal Juaw Jlade b Suo3
close to the saturated
model value

5095088 il glosl Jow sl
0.84 ol e

For the saturation model, it is
equal to 0.88 and it is proportional

S sl iass
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Inverse square root method
minimum required sample size: 172

08015

Statistical power

0.7995

m 172
Sample size

(Gamma-exponential method
minimum required sample size: 158

0.8006

Statistical power

079851

157 158
Sample size
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Fig. 2- Assessment of statistical power for the saturated model to gauge sample size adequacy considering unknown parameters and
degrees of freedom in the internal environmental model
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