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Given the issue of intensifying climate change and growing environmental risks, the
adoption of dry direct-seeded rice (Dry-DSR) cultivation has increasingly been
recognized as a strategic approach for reducing water and labor inputs while
maintaining crop performance. This system has become particularly important in
efforts to strengthen national food security. This study aims to identify and prioritize
the key barriers to the adoption of the Dry-DSR system among rice farmers in eastern
Mazandaran Province during the 20222023 cropping season. This research is applied
in purpose and follows a descriptive—survey design. The target population consisted
of 27292 rice farmers in eastern Mazandaran., that sample size of 294 respondents
was determined, and participants were selected using proportionate multistage
random. Data were collected using a researcher-designed questionnaire based on the
PESTEL framework, and reliability was confirmed through Cronbach’s alpha
coefficients exceeding 0.7. Data analysis was carried out using Confirmatory Factor
Analysis (CFA) with the Partial Least Squares (PLS) method in SmartPLS version 3.0.
Results from the factor analysis revealed that among the six PESTEL dimensions,
economic barriers (0.897) were the most influential factor shaping farmers’ reluctance
to adopt Dry-DSR. This was followed by political (0.837), environmental (0.813),
legal (0.808), technological (0.731), and social (0.727) barriers. Within the economic
dimension, “insufficient governmental banking facilities and credit” emerged as the
most critical constraint, while within the political dimension, “lack of governmental
oversight of groundwater extraction” was identified as the primary barrier. The
findings indicate that the major obstacles to adopting the Dry-DSR system in the
region stem not from limited awareness or technological shortcomings, but rather from
structural issues related to agricultural financing and water governance. Accordingly,
the successful promotion and expansion of Dry-DSR cultivation will require policy
measures such as providing long-term subsidized loans and strengthening monitoring
and enforcement mechanisms within water resource management regulations.
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Extended Abstract
Context and Purpose

In order to ensure food security and enhance productivity, rice cultivation technologies must be developed
to simultaneously reduce labor requirements and irrigation water inputs while maintaining yield potential.
Accordingly, the application of modern technologies and the development of water-saving methods in rice
cultivation-such as dry direct-seeded rice (Dry-DSR) aimed at increasing water use efficiency (WUE), reducing

resource losses, and promoting sustainable agricultural development, have become a global strategic concern.
This method, which seeks to significantly reduce water consumption and labor demand, despite its ecological
and economic advantages, faces major challenges that hinder its widespread adoption. Therefore, the present
study was conducted with the aim of identifying and prioritizing the most important barriers and limitations to
the adoption of the dry direct-seeded rice system among rice farmers in eastern Mazandaran Province during
the 20232024 cropping year.

Research Methodology

This study was applied in terms of its objective and descriptive survey in nature. The statistical population
of this study comprised all rice farmers in eastern Mazandaran Province-including the counties of Galugah,
Behshahr, Neka, and Miandorud-during the 2022-2023 cropping year.The statistical population comprised
27,292 rice farmers in eastern Mazandaran Province, and a sample of 294 respondents was determined based
on statistical power analysis using GPower software. participants were selected using proportionate multistage
random. Data were collected using a researcher-developed questionnaire grounded in the PESTEL analysis
framework. Face and content validity were confirmed by experts in agricultural water management and rice
agronomy, as well as by university faculty members. Discriminant validity was assessed using the Average
Variance Extracted (AVE) criterion, and reliability was confirmed through Cronbach’s alpha coefficients
exceeding 0.70. Data were analyzed using confirmatory factor analysis based on the partial least squares (PLS)
approach with SmartPLS software, version 3.0.

Findings

Based on the factor analysis model across the six PESTEL dimensions, economic barriers (0.897) were
identified as the most influential constraint on the adoption of dry direct-seeded rice. They were followed,
respectively, by political (0.837), environmental (0.813), legal (0.808), technological (0.731), and social
(0.727) barriers.

Conclusion

As the three priority dimensions, economic, political, and environmental barriers exert a dominant and
decisive influence on the non-adoption of the technology. This finding indicates that as long as initial
investment requirements for farmers are not met and water resource monitoring is not improved, any extension
efforts are likely to fail. In particular, the strong effects of “insufficient access to banking facilities” and
“increased farm equipment costs” within the economic dimension confirm that failure in financial support
represents the greatest obstacle to sustainable development. In fact, the financial risk arising from the high
initial costs of equipment and the potential for lower initial returns compared to the flooded (conventional)
method has cast doubt on the economic feasibility of adopting the technology for farmers in the region. Within
the political dimension, “lack of government oversight over groundwater extraction” emerged as the most
influential variable, indicating that weak enforcement of regulations and poor water governance have indirectly
reduced farmers’ incentives to conserve water. Moreover, the lack of coordination among agencies and
stakeholders in water management, although less significant, demonstrates that the absence of synergistic
collaboration between institutions such as the Regional Water Company and the Agricultural Jihad
Organization weakens the practical enforcement of legal and incentive mechanisms (e.g., subsidies) and further
reduces farmers’ motivation to change their cultivation system. Furthermore, the high factor loading of
“unsuitable temporal distribution of rainfall” within the environmental dimension highlights the necessity of
addressing climate change impacts and local soil conditions through agricultural land zoning and climate-
adapted training programs to enhance farmers’ adaptability. Although legal, technological, and social barriers
ranked lower in priority, they function as complementary constraints, creating conditions that reinforce the
primary barriers. Overall, the results of this study provide a clear and operational framework for policymakers
and executive institutions, emphasizing that prioritizing economic support measures and regulatory reforms in
the water sector constitutes a critical prerequisite for the successful promotion of agricultural water-
conservation technologies in eastern Mazandaran Province. From a practical perspective, the findings
emphasize the need for optimal water management in rice cultivation based on good water governance.
Strengthening water withdrawal monitoring systems and institutional coordination can enable the effective
adoption of water-saving technologies in rice fields. Simultaneously, upgrading irrigation infrastructure and
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implementing appropriate agricultural practices through climate-smart systems and cropping plans aligned with
local climatic conditions can significantly improve water-use efficiency and the sustainability of rice
production.
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allocation of a specific budget line for the implementation of drywall
development programs and plans; Lack of policies to strengthen physical
and information infrastructure and provide human resources for the
development of rice drying; Lack of appropriate rice cultivation policies
for food security and water security
T SIS s (65,54l (Hg> (S Shlitel 5 Mg (295 I
O3l (pgom 2 9 g ln 65 o dnjn) jpm cle g ST S ol ae
kel g OS5 9 Glaptens & 45 yie S Ul 4s)je Copde glaaye Kaur et al
dladl By S s 65 03] g Jemlly 10555l 0l (g0 dp S (2024); Neg'i et al.
Economic Insufficient government bank facilities and credits to implement the (2024')- Rabiei et
al rice drying system; High cost of pest and weed control (labor costs for al. ’(2016)
weeding and pesticide costs); Increasing farm management costs to
equip the farm with modern systems and equipment and leveling; Low
risk-taking by farmers; lower potential and yield of the dry direct-seeded
rice system
3 Ql)'”l.dzf o J)wa pis fd')lfd.ﬁw"' Ao yd rrStie du’s)ﬁ’. .3?,,45 f( ;la.m K |
B SIS s )3 (Djgel 5 P9y Clodd &y oyt (Rl O] Ay o pe (2% )-eégrﬁezani
sl Lack of knowledge and awareness necessary for managing water & M”hl’o—TOZl)‘
social resources in dry direct-seeded rice system (lack of water and Ghorcban kol ahi ef
environmental literacy); Lack of specialized personnel in the field of al., (2010):
drywall; Lack of participation among farmers in optimal water =
management; Reduced access to extension and educational services in
the rice dry farming system
59,5 5 o )5 dilon cuslio slacsjlsisS g p3Y Climod 4 ol g yiws pas
g ghaus g loshad ol wSle cpg sbaisysld xS e (3 sl dgeS
Oylge gm0 (euiS g kol (pgh (srogud g gt 4 l550liS” slazel pus ¢ LiSh;
Wasy)ly (So3eds 38551 )55 (199 by (S (4SS s )90 5> l355liS” b
SIS g0 p)) g Xu et al.
Technolog Lack of easy access to necessary equipment and appropriate (2019); Rabicei et
ical technologies, such as planters and harvesters; Lack of technical al., (2016
infrastructure to use modern technologies such as drip irrigation,
leveling, and drainage; Farmers' lack of trust in modern irrigation and
cultivation systems and methods; Lack of technical skills among farmers
regarding the dry direct-seeded rice system; Low ecophysiological
compatibility of existing varieties and cultivars
Sl SB35 dsbusls G0 saile JyuS (Sle 5 (ol)) Slles 4 (a5
329 £ SUHL ooy LSl g cenliel (el SB g S) ()8 aSis cuss
@ dag pis (SIS IS 5 )k dgeS g JluSiid) e ladig g bl
e ; aibato Cavlie cusS 563l Kauretal.
Environm Lack of attention to agricultural and mechanical weed control 2024); Rabiei et
ental operations; The soil is unsuitable for dryland farming (the soil is light); al., (2016

Inappropriate distribution of rainfall timing; The existence of
environmental hazards and threats (drought, lack of rainfall, and drought
stress); Lack of attention to the appropriate cultivation pattern of the

region




fev Ol 3 Lib / IS Gleo o i () AES it s 55 B4 1o Ll 9 2lgo 55UT5 (itg o — (oole)

componen b" ; Researchers/yea
t object/variable -
CutS sl e (Slon Wby 95 1 S9B 5 (Hgd Slatdy g Colos e 299
5 Br SAS CuiS Ay Sl polr Slles Glaashy 5 (6 295 i eSS
L Tl aolie o ie Kaur et al.
9 T O TR (2024); Rabiei et
Legal Lack of government and legal support and backing; Lack of oo

appropriate insurance coverage for dryland rice cultivation; Lack of al., (2016
comprehensive laws and operational plans for the development of
dryland rice cultivation and water resources management
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Figure 1. Conceptual model of barriers and limitations in the use of the rice dry-farming system



99, 9 3190

Jites sl sy 9 59l i lacsiytalin o ol @l 1) ¢ ol o) Bun i 1 sl g,
oalon sinogs liing 0y05 5 ddllas oyl dnl ogud i ] .3 Anlys edlizl LB g0y (6,5 aSUES (g5l by
B @y SIS s (6554 Sacudgize g glpe Jlod 5 olulid Bua b Buio (pl xS0 )8
Sl 385 yope il w4 D (gl b sz dsliiusy dmodls (6,915,5 Jlpl i pll abadie Cygo 4 g 55k
85518 oy )90 (V) g bl 2 (998 9 (aes ¢ S059loisS

Tyt &S s (635 S Blgo (5152 PESTEL JWlod (gl puiio 9 Lrailgo Cow b Y Jguia
Table 2. List of PESTEL analysis components and variables for barriers to implementing dry direct-seeded rice system
aile e .
Rl a4y 95 dlod

Cong? object/variable Symbol

Soro s (slaoly i g o) o Ol Clly 3 g &)l pas i
Lack of government oversight over the extraction of groundwater Politicall
] ) resources and the drilling of unauthorized wells
u‘ u?d‘)&dl):ul euwymulmd)5ul)w5hbol§w)w§&l¢mb .
Incoherence between water resources management agencies, actors, Political2
and stakeholders for good water governance
_ . , _ i political3
Lack of allocation of a specific bud?et line for the implementation of
drywall development programs and projects
2 Sl gl (el g SleMbl (58 sl Cosd cas ocwlw 394
- . _ | B SSLS wwg politicald
Lack of policies to strengthen physical and information infrastructure
and provide human resources for the development of dry direct-seeded rice

@'l wl ) e %\_dlﬁ En ..,MS drwgi Calio éhwp Ol
Lack of appropriate rice cultivation policies for food security and water
security

(feontjod)
mﬁ«é’

Political5

By G s £55,8 4 glp (Fgo (Kb cliliel g Mg (395 S Economical
Insufficient government bank facilities and credits for implementing
the rice drying system
 pge auin g g Sl 5 o Al ) 5m il g ST JpuS sk ange Economical
High cost of pest and weed control (labor costs for weeding and
pesticide costs)

9 S50 9 (25 Slapi i 4 45 )30 508 <l de)5e Sy pie ladl e ol

(Teorwouooy)
|g=es?

| Economical
Increasing farm management costs to equip the farm with modern
systems and equipment and leveling
59l ol (s pdeSa Economical
Low risk tolerance of farmers 4
By SN ASS s yiaS 033 5 Juaniliy Economical
_ Less potential and efficiency of rice drying system 5
5 2l Ao 355 ) S id o Ol mlie Co e sl piY (BB g i 39S
(oo Sociall
Lack of knowledge and awareness necessary for water resource
management in dryland farming (lack of water and environmental literacy)
SIS dicn > o lag el 29008 Social?2
Lack of skilled workers in the field of drywall
o ol Aty Capde 33 (j)9liS o oS lie pas
Lack of participation among farmers in optimal water management
Br SIS e ) (Bjgel 9 (g Clodd A g pid ol ,
Reduced access to extension and educational services in the dry direct- Social4
seeded rice system

(1e1008)
el

Social3

3 (:%\ a,59,5 ¢ oo )5 aiilen Cuslio slo 55905 o P)'\J_d}:.e‘qd & ool (s pd pls Technologic
& 3 & Lack of easy access to necessary equipment and appropriate all
= g%’: ] technologies, such as planters and harvesters
E=¢ 9 b g lojhad 6)lul asle (g slasyolid (68,4 (8 sy dgseS Technologic

iSaj al2
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e/ a5 slos
Comgg? object/variable Symbol
Cack of technical Infrastructure to use modern technologies such as
drip irrigation, leveling, and drainage
SS9 Skl g Slooged 5 ptues & (j)5lS Slatel pas Technologic
Farmers' lack of trust in modern irrigation and cultivation systems anorll d al3
methods
B GNSLS s 50 43 ()lj59liS (18 &lae dgueS Technologic
Lack of technical skills among farmers regarding rice drying system al4
S0 pl)l 5 L)l (S3lp 3951 (o) B5lo (39 (b Technologic
Low ecophysiological compatibility of existing varieties and cultivars al5
i gladle Jus (SGle 5 2l) Clles 4 (a2 sinS ;
Lack of attention to agricultural and mechanical weed control Env1r(3[1;{rllen
= operations
2. _ C(Ehy SB o Sw) 5SS cutS gl SB g selusl Environmen
g tg Soil unsuitable for dryland cultivation (lightness of the arable soil) tal2
5 S5k ey STy 98 canlial Environmen
o g Inappropriate distribution of rainfall time tal3
g (s Ja5 g )k 99008 5 (Jlusiid) aecunsj (slanae 5 Sl bl d92 Environmen
The existence of environmental hazards and threats (drought, lack of tald

rainfall, and drought stress)
dilaie cunlio cuiS oSl &4 a5 pae Environmen

Lack of attention to the appropriate cultivation pattern of the region tal5
B g Hed Sluidy 5 Coles o) 299

_ Lack of government and legal support Legall
5 a o TS S gy b sy g 29 Legal2
o3 e Lack of appropriate insurance coverage for dryland rice cultivation
= Blie Cupde @y (SAKES Gt S a5 slp oy Slbos Garasly 5 (9B 098

<! Legal3

Lack of comprehensive laws and operational plans for the development
of dryland rice cultivation and water resources management
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Table 3. Prioritization of barriers and limitations to the adoption and application of the rice dry farming system

“dlge oSl e Bl e gy
component Average Standard deviation Coet;f/'lacrlizrtlito%f Priority
ol 3.733 0.871 0.233 1
Political
bl 3.348 0.894 0.267 4
Economical
eletz] 2744 0.818 0.298 5
social
SSIPS 2.920 0.887 0.303 6
Technological
oo 3.662 0.873 0.238 2
Environmental
ok 3.596 0.887 0.246 3
Legal

Byt S s 54 9 Sy slaCudgios g gilge Slytd b olio 5 oyl £ Jgua
Table 4. Prioritization and coefficient of variation values of barriers and limitations to the adoption and application of
the rice dry farming system

ailge sl oS I ov cody
component Symbol Average Standard deviation Priority
Politicall 3.87 1.290 0.333 5
Political2 3.65 1.038 0.284 3
tf"‘*“’ Political3 3.77 1.012 0.268 1
(Political) Political4 3.73 1.046 0.280 2
Political5 3.64 1.078 0.296 4
Economicall 3.77 1.335 0.354 5
i Economical2 3.71 1.073 0.289 2
(Ecjr:(tanjsilcal) EconomfcaB 3.85 1.023 0.265 1
Economical4 3.47 1.109 0.319 4
Economical5 3.52 1.022 0.290 3
Sociall 2.44 0.962 0.394 4
NN Social2 3.00 0.981 0.327 2
(social) Social3 2.83 0.894 0.315 1
Social4 2.71 1.051 0.387 3
EaARY Technologicall 2.87 1.063 0.370 2
(Technological) Technological2 3.01 0.916 0.304 1




IFeF oylez 6yl ypicid g oliy 8,90 5] (5 s9 L druwgi g Olaid] wliiini’ dlzo

alze ke oo lone 1 ov Zady
component Symbol Average Standard deviation Priority
Technological3 3.16 1.177 0.372 3
Technological4 2.81 1.143 0.406 4
Technological5 2.76 1.199 0.434 5
Environmentall 3.03 1.972 0.650 5
Environmental2 3.03 0.865 0.285 1
U"". ) Environmental3 3.42 1.097 0.320 3
(Environmental) .
Environmental4 3.43 1.128 0.328 4
Environmental5 3.84 1.122 0.292 2
i Legall 343 1.082 0.315 3
e Legal2 3.52 1.097 0.311 2
(Legal)
Legal3 3.85 1.066 0.276 1
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Table 5. Review of the measurement model of barriers to acceptance and implementation of the rice dry farming system

ailge sles hele 5t t e S
component Symbol Factorial load t-statistic Cocfficient
of variation
Politicall 0.838 45.517
Political2 0.742 24.549
ol Political3 0.780 26.245 0.837
(Political) .
Political4 0.804 33.015
Political5 0.810 36.504
Economicl 0.876 63.189
) Economic2 0.763 27.146
Ll Economic3 0.764 28.047 0.876
(Economic)
Economic4 0.762 25.071
Economic5 0.738 21.418
Sociall 0.807 26.613
. Social2 0.891 72.922
o] _ 0.727
(social) Social3 0.869 57.768
Social4 0.788 28.398
Technologicall 0.883 54.008
Technological2 0.775 26.562
“fiibj?;sf Technological3 0.833 47354 0.731
(Technological)
Technological4 0.728 23.533
Technological5 0.803 27.998
Environmental - -
Environmental2 0.740 22.099
e ) Environmental3 0.885 63.010 0.813
(Environmental)
Environmental4 0.800 29.444
Environmental5 0.837 44.408
Legall 0.787 34976
o9t Legal2 0.839 41.621 0.808
(Legal)
Legal3 0.834 42512

Jae Uil byl sladls U Jeas
Table 6. Model fit evaluation indices

Ve Toyll ] s S
Factorial t- R CR AVE Cronbach's
load statistic alpha
ML” 0.837 42.775 0.700 0.896 0.633 0.885
Political
sl 0.804 80.091 0.804 0.887 0.611 0.840
Economic
“cw‘ 0.528 29.832 0.528 0.905 0.705 0.863
social
Ui))%& 0.535 27.536 0.535 0.905 0.650 0.865
Technological
S ] 0.813 30.798 0.661 0.889 0.668 0.832
Environmental
P 0.837 37.448 0.653 0.861 0.637 0.757

Legal
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Table 7. Divergent validity assessment matrix (Fornell-Larker criterion)

U pusite Econo Environm . . Technolog
. Legal Political social .
mic ental ical
obaitl 0.782
Economic
e ;
Environm 0.707 0.817
ental
=P 0.748 0.559 0.821
Legal
ol
o 0.771 0.691 0.697 0.837
Political
N
“;d‘w 0.531 0.443 0.472 0.727 0.840
social
Technolog 0.509 0.489 0.481 0.731 0.703 0.806
ical
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Figure 2. Values of factor loadings and path coefficients of the obstacle model in accepting and using the direct-seeded
rice system
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