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One of the methods to reduce water consumption in rice cultivation is the
promotion of dry direct seeding of rice (DDSR). However, despite its
numerous advantages, the level of adoption among farmers is low. This
research examines the factors influencing the adoption of DDSR among
adopters of this method in Golestan province using the Theory of Planned
Behavior and the Protection Motivation Theory. The statistical population
of the study consisted of 355 DDSR farmers in Golestan province, from
which 186 were selected as the sample based on the Krejcie and Morgan
sampling table. Sampling was conducted using a multi-stage cluster
sampling method in each county and randomly in the villages studied. The
measurement instrument was a researcher-developed questionnaire whose
content validity was confirmed by expert judgment. Convergent and
discriminant validity, as well as construct reliability, were also verified
within the structural equation model using the AVE, CR, and Cronbach's
alpha indices. After collecting and categorizing the data, descriptive and
inferential statistical methods were used in SPSS 26, and the structural
equation model was extracted using SmartPLS 3 software. The findings
indicated that perceived vulnerability, perceived severity, response efficacy,
perceived self-efficacy, attitudes toward dry cultivation, and subjective
norms had significant positive effects on farmers' adoption behavior of
DDSR, with coefficients of 0.620, 0.712, 0.558, 0.642, 0.698, and 0.586,
respectively. Conversely, the response costs factor had a significant negative
effect on adoption, with a coefficient of -0.660. These results emphasize the
necessity of paying attention to farmers' perceptions and beliefs regarding
water scarcity and its consequences, as well as the benefits and efficacy of
coping methods such as DDSR.
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Extended Abstract
Introduction

One of the methods to reduce water consumption in rice cultivation is the promotion of dry direct seeding
of rice (DDSR). However, despite its numerous advantages, the level of adoption by farmers is low. Therefore,
it is essential to investigate the factors influencing the adoption of this cultivation method by farmers to
implement appropriate extension strategies. Many studies have been conducted regarding the adoption of new
agricultural methods, adaptation techniques to drought, and the impacts of climate change. However, there is
limited research on the adoption and implementation of DDSR as an alternative to traditional methods and as
an effective solution for adapting to the water scarcity crisis. Furthermore, existing studies on DDSR that
discuss its advantages, disadvantages, and adoption factors (Razzaghi et al., 2020; Rabiei et al., 2016; Ghorbani
Kolahi et al., 2010) have not utilized any behavioral prediction theories. As a result, this research combines
two behavior change theories, namely the Theory of Planned Behavior (TPB) (Ajzen, 1991) and the Protection
Motivation Theory (PMT) (Rogers, 1983) to analyze the factors influencing the adoption of DDSR.
Additionally, there is currently no research available that examines this topic using the combination of these
two theories. Moreover, the determinants of adoption for DDSR vary based on the geographical and climatic
conditions of different regions and must be studied from various perspectives to provide appropriate knowledge
for analyzing it. In this context, the main objective of this study is to investigate the factors affecting the
adoption behavior of farmers regarding DDSR in Golestan province through the integration of TPB and PMT.

Materials and Methods

The study is based on survey data from a cross-section of rice farmers for the cropping year of 2022 collected
from Golestan Province. The statistical population of the study consisted of 355 DDSR farmers in Golestan
province, from which 186 were selected as the sample size based on the Krejcie and Morgan sampling table.
Sampling was conducted using a proportional allocation method in each county and randomly in the villages
studied. The research tool was a researcher-made questionnaire, whose validity was established based on the
opinions of agricultural extension experts, and its reliability was determined by calculating Cronbach's alpha
coefficient. After collecting and categorizing the data, descriptive and inferential statistical methods were used
in SPSS 26, and the structural equation model was extracted using Smart PLS 3 software.

Results and Discussion

The results from prioritizing the factors influencing farmers' acceptance behavior of dry rice cultivation
indicated that the statements "1 know that if I continue with conventional rice cultivation, my farm will be
vulnerable to the threat of water scarcity" were associated with the perception of vulnerability. The statement
"The conditions for traditional rice cultivation have become more difficult due to water shortages” was related
to the perception of severity of damage. The statement "Dry rice cultivation requires less reliance on machinery
and energy consumption™ was linked to the response efficacy factor. Meanwhile, the statement "Dry rice
cultivation produces lower yields compared to traditional cultivation” was pertained to the response costs
factor. The statement "I have the necessary ability and skills for cultivating rice using the dry method" were
associated with self-efficacy, and "Cultivating rice using the dry method is a necessity for the region” was
related to the farmers' attitude towards dry cultivation. Additionally, the statement "Experts in the region
believe that dry cultivation methods should be promoted here" was tied to subjective norms, while "If
conditions are favorable, | prefer dry rice cultivation over traditional flooded methods" was evaluated as having
the highest importance of each factor in the acceptance of dry rice cultivation among farmers. The findings
indicated that perceptions of vulnerability, perceptions of severity, response efficacy, self-efficacy, attitudes
toward dry cultivation, and subjective norms had significant positive effects on farmers' adoption behavior of
DDSR, with coefficients of 0.620,0.712, 0.558, 0.642, 0.698, and 0.586, respectively. Conversely, the response
costs factor had a significant negative effect on the adoption behavior, with a coefficient of -0.660

Conclusion

These results emphasize the necessity of paying attention to farmers' perceptions and beliefs regarding
water scarcity and its consequences, as well as the benefits and efficacy of coping methods such as DDSR. In
conclusion, the more farmers know about the benefits and effectiveness of new methods, and the lower they
perceive the costs, the more willing they will be to adopt them. This is particularly important in the case of
DDSR, which can lead to increased costs of weed control and a slight yield reduction. Therefore, it is essential
that other benefits of DDSR, especially reduced labor requirements and water savings, are highlighted during
the promotion of this method. Based on the findings of this research, the future policy-making could focus on
creating educational and extension programs that enhance farmers' understanding of DDSR, reduce the
perception of costs, and improve their self-efficacy. Improving information dissemination about the advantages
and practical applications of DDSR is key to encouraging farmers to adopt this method. Additionally,
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examining the impact of social, cultural, and economic factors on the adoption of DDSR could provide deeper
insights into the existing challenges and opportunities.
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Figure 1. The theoretical framework of the research
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Table 1. Ranking of factors affecting the adoption of dry-seeded rice among farmers

. o Sl el c: -
J) ol;; )C: olbe ey oF
Rank (oA SD” Mean Items

) -[-a¥ VY YUY ] 511,30

5 0.094 0321  3.421  Perceived vulnerability

il 2l Sl i )3 (e de )i ey dsldl @ pguye CuiS @ ST &S Gy oo e
IEYORTAJES
1 0.170 0.627 3.677 \know thatif I continue conventional rice cultivation, my farm will be vulnerable to

the risk of water scarcity.

Asli B et Juad a8 e 4l 3 Conl (S oy dald] g8 i iS4 3]
If | continue traditional rice cultivation, my water share might not be sufficient for
2 0.176 0.638 3.629 the entire cropping season.

laoly ls39,) 39290 (ol @lio Cul (1Kaa 0 (HSASUES gy 4 (S 425 pie g0
Al ylos 4y (s o
If sufficient attention is not paid to dry-seeded rice method, the existing water
3 0.181 0.606 3.344 resources (rivers, wells, dams) may be endangered.
ploaly s 5l g st S aobl slp 1y 35 sl e

4 0.184 0.661 3.591 I have lost hope for continuing traditional rice cultivation.
bl gy A 5 ) g cutS  ite il lpS g (JLuSiS oS 05 0 S8 e
5 0.184 0.670 3.634 Ip;ganukcgg%tfght and water scarcity will have a negative impact on rice cultivation and
sl gl O 39108 il 53 @ (st S g S

6 0.186 0.580 3.124  Traditional rice cultivation is vulnerable to water shortage.
i g0 w CuiS Aal] Gy 53 Ll 390e8 1,5 e

7 0.189 0.576 3.054 I am worried about water shortage if | continue traditional rice cultivation.

B _ o ..W)Kju@@lwgélg@béﬁ@)l;,w
8 0.315 0.953 3.022 ;Il:lrizdrletzlgoiggl. rice cultivation is not compatible with the environment and climate of

1 0.056 0.202  3.579  Perceived severity
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ol 0 S Gl DgreS Cle gy st YIS g cuiS byl
1 0.144 0.538 3.742 ‘sl't:\grtggg.dltlons for traditional rice cultivation have become harder due to water
ol 3bj s oS 5l e s 50 ] Jleis
2 0.146 0.550  3.780  The probability of my farm being damaged by water scarcity is very high.
ol 03 (68 (gl (B> s> b el el oS
3 0.167 0.557 3579 X\diitti?/ra;%egcity has caused a severe reduction in the water share received for paddy
ol odd e sl o 43y b el g p (i cuiS doll
4 0.252 0.862  3.425  Continuing traditional rice cultivation has caused a drop in groundwater levels.
Sl 00 IS o O slas g a5 el g (i S dlal
5 0.277 0.817 3.946 Continuing traditional rice cultivation has caused water tension and conflict among

rice farmers.
ol LD o g g s ji0 p oleS @yl

6 0.360 0.188 3.579  The effects of water scarcity on my rice farm are severe.
(Gl 21,5) @2 (5,58t g (50,5 & sliie!
7 0.120 0.393  3.285  Belief in the efficacy of DDSR method (Response Efficacy)
sl (65 Bppan g &Y pilo 5l ookl a4y 658 5L o ()8 4SS
1 0.135 0.511  3.796 In DDSR, there is less need for using machinery and energy consumption.
25 (65568 5 B g Cuenj gt b dunlie )0 oy (g8 aSlis
2 0.140 0.526  3.747  DDSR involves less labor and hardship compared to the traditional method.
Jyaze Jaim @bl g 5295 P w@e)yze (D juw 0 (BleSy cel @ eSS
D90
DDSR leads to uniformity in field greening, earlier flowering, and faster product
3 0.168  0.620  3.699 ronin _ 9 P
Rgdoe ol Gpae 3 agpddyo el g )i
4 0.203 0.800  3.941  DDSR saves water consumption. )
D9 g yieS 48 )ie g S (S35 Il IOl gl 1ol L g )5 aSis
5 0.209 0.748 3.575 In DDSR, reduced water seepage from paddies leads to less soil and field pollution.
Pgdise asyte 13 ) Soy8 4 jls S el i gl e
6 0.218 0.822 3.769  DDSR reduces the need for labor in the farm.
Sl piyglogm g dxge oobaidl blod 5l i cutS b auglie )3 @i p ¢,S 4SS
DDSR is more economically justified and profitable compared to traditional
7 0228 0767 3360  gjivation. P P
LS o My ialS S jsb 4 (Slel g Gl (g S asis byl )
8 0.250 0.724 3.898  Under DDSR conditions, pests and diseases are significantly reduced.
Lol yieS iw S b dunlie )0 g0 (6,54 (D Wgh Al sa
9 0.295 0.012 3.430  The production cost in DDSR is lower compared to traditional cultivation.
b slaays»
4 0.091 0.325 3.560  Response costs
S o M5 (508 0,Slas i CulS b duolie ) g5y (g 8 aSis
1 0.118 0.447 3.806 DDSR yields less compared to traditional cultivation.
Dyl3 (6 yiaS Kalyd i cutS b Ao )3 g (6,8 A
2 0.135 0.532 3.941  DDSR generates less income compared to traditional cultivation.
Dy o Blad g & g Bpae Lili8l el paw e CulS b dulie > gy (g8 aSis
DDSR increases the consumption of nitrogenous and phosphate fertilizers compared
3 0.155 0.576 3.720 to conventional cultivation. phosp P
D9 g0 45 i b slacale inlil el S L awlie o @iy gaSis
4 0.180 0.651 3.608 DDSR increases farm weeds compared to traditional cultivation.
S g aS (T gy A S |) gy CulS Culibge (oS ASES by, ) SB lgenl o
5 0.229 0.792 3.457 The uneven soil surface in the DDSR method reduces the success of rice cultivation

compared to the traditional method.
Gl Pt (aw (hg) 4y Cammnd (5)5aSES (hg) 30 gy sl )l i

6 0.234 0.832 3554 Ewset%boliis.hing rice plants in the DDSR method is harder compared to the traditional
S () aSis By > Jgamma lyitel p yk 5l g dolidl SlSL bl e ]

ol

7 0.283 0.916 3.231 The negative effect of sudden rains immediately after seeding on crop establishment

is more vulnerable in the DDSR method.
ol gy S AES gy 0 (gl 9 (BN p Sln @ sk & o

8 0.285 0.839  3.941  Access to rice seeds for birds and animals is higher in the DDSR method.
oIS 43 (gol 5355
3 0.078 0.265  3.384  Perceived self-efficacy
I3 |y B ASES gy & gy CutS el 5 )90 ©)lae 5 (LUl pe
1 0.224 0.752 3.355 I have the ability and necessary skills for cultivating rice using the DDSR method.

P ) S ais gy 4 gy cdlS )lal Gloj g e 3 p5Y Sl (30
2 0.241 0.806 3.349  Ihave the necessary skill in the amount and timing of irrigation for DDSR cultivation.
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P 1) ph cdlS iy (glwoslel )3 oY @ jle (e

3 0.269 0.835 3.102 I have the necessary skill in preparing the seedbed.
P calio Gloj 3 1) dbgiye pgsus 5 LadsS (30 IS 4 (SisSa ogas 3 piY (i (e
4 0.271 0.904 3.333 | have the necessary knowledge on how to apply fertilizers and related pesticides at

the right time. ’
S ale) () e8ts (ol slajls 4 a5 Ly (glwedlel g (il )3 p5Y O)lae e
| have th kill king and amb l; (Aagl )\,a;? 5 e
ave the necessary skill in soaking and preparing seeds according to the specific
5 0282 0896  3.172  1eads'of DDSR (e.q., uniform germination and initial sstablishment.

1y g 6 USES b L ye 25 g sl slaJadlysto Sl edlitsl Ul e

6 0.294 0.988 3.355 I have the ability to use the educational and technical instructions related to DDSR.
a3 1) e aSES gy 4 i CulS dlej > LS00 4 (8 0yl Wl)) ol (e
7 0.302 1.005 3.328 | have the ability to provide technical advice to others regarding DDSR cultivation.
s 4 5
2 0.077 0.272  3.532  Attitude towards DDSR
~IC~»' d;ﬁ)ﬂ" adlaie Dhyj L d;lf%blaﬁ‘x Br el @ aSis gy 65,54
Employing the DDSR method in rice fields is essential for adapting to the region's
1 0.177 0678  3.839 \awer shortage.

ol duto dabaio cpl gly m £)l5e 30 (oS aSES gy 4 S
2 0.195 0.719  3.694  Cultivation using the DDSR method in rice fields is beneficial for this region.
P9y 4SS L duglie 3 i CulS )3 39S b (6B jle slp Sphe ) S A

RO

3 0.211 0.744 3.532 CDOIrDﬂSp%I‘LSd atorr;ﬁ‘reetggiaggxgl%e;&%% .for adapting to water scarcity in rice cultivation
Gl adlaio (gl g9 ol @iy £)l50 50 (HaSiS gy 4 oS
4 0.325 1.031  3.177  Cultivation using the DDSR method in rice fields is a good idea for the region.
25 bl
8 0.151 0.513  3.392  Subjective norms
2o goly adlaie cpl o Wb (g,8aSis Jhg,y oS W)l dlitel ddlaie gugy o ylolid,ls
1 0.188 0.699 3.710 Igr%r;%%l?g tshiixrtggisc:gh experts believe that the DDSR method should become
S o (6 SASES gy 4 8y S & (B2gu5 |y (0 03gls (slusel
2 0.234 0.766 3.269 My family members encourage me to cultivate rice using the DDSR method.
WS g (55 aSUES by @ @ CudS & BaglS |y (g0 Jlsmmen fjy5liS
3 0.253 0.841 3.328 My neighboring farmers encourage me to cultivate rice using the DDSR method.
D9 |l dilain ol ) Wb (6,54 Bo, 45 )5 slite] gy (glygd sliac]
4 0.311 1.014 3.263 Et/]lilsle:gaic(:)?mH members believe that the DDSR method should be implemented in

6 0.101 0.346 3.417  Adoption
TP By e gy 4]y @ S (A Shgy oy Ll (g il b g0 5
.r,m‘_;a
If conditions are provided, | prefer the DDSR method over the traditional flooded
1 0.178 0.632 3.559 method in rice cultivation.

WS By i S il 1) (oS asis B g 4 a8 p )l asly e

2 0.199 0.670 3.366 I plan to permanently replace traditional flooded cultivation with DDSR.
o3 dobdl (o )Sasiis gy 4 g CuliS 4 p )l 2 e
3 0.226 0.804  3.565 Iintend to continue rice cultivation using the DDSR method.
oS ol 395 Ao )3 @iy CuiS ) (4SS g Jl )5 el aw ddpen (e
4 0.281 0.892 3.177 1 will always try to use the DDSR method in rice cultivation on my farm.

ST AR gy i3 51 5105 il ol g olan 3l S
45 0y 5yl sladdslre b Jre by 5l ST slayisiia g ey slopito o (ad Ay ooy )
3 2gbe gy Jao Gojln dmansyd (isefl sy Jae sl B ol le Yl b Jae o) 5
cshole 5l eBaod phomias I3l (bl 9 1)Sen gy (o) polate & Ml 9 Jols lebl Laaidl, ¢8> 5 cono
oy 93 05 dolora o5l 5 b ol S slnyils | Stasen Jltie dunlne 3o 1 IS8T (sl ke 1 S0 pm
sl o) 3y csine g -0 o ) jiier byl Jlaie il (ST (Y ISCA) Sigih i e 4 gy j1 +/0 5] yiaS e
Jie ol 2)90 50 bl 5 039 sy o3l ol (Silul gllas il 1 ol slapasls g ojlo o i)y &5
8 YU bele (slal IS b e oanlive 45 joboslen (Wetzels et al., 2009) cul Job b5 s ySojls!
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Table 2. Cronbach's alpha, composite reliability (CR), and convergent validity (AVE) values of the research constructs
AVE

i CR eligs Wl este
Average Varlance  Composite Reliability  Cronbach's Alpha Variable
0155 )3 (6 gl
0.563 0.816 0.726 Perceived vulnerability
o.hi':u_{)) AW}
0.519 0.853 0.722 Perceived severity
&b b
0.534 0.740 0.738 Response efficacy
toly slodyzn
0.538 0.755 0.764 Response costs
o158 )3 (gal, 5345
0.530 0.801 0.864 Perceived self-efficacy
G aSis 4 )
0.566 0.852 0.790 Attitude towards DDSR
23 slaylouia
0.601 0.782 0.737 Subjective norms
0.627 0.764 0.844 Adoption

culpd i) pile ol jlad plie Cunlion SOV ygh b9y 5> adle (d1)STy 2ls) (09 98 B
53l iy (S5 ol b ojla o o (Soamed calyid) 55 oy o 3 il olis J) (450 n AVE
oy 1 wanl 555 gt )3 30 dlael plu 5l Lol a8 g, dlacl 408 (Y) Jois ,> (Chinnaraju, 2025)

g 126 ol 1Sl

SN Uygh gy 41515 sy lomiw e ple Y Jgd
Table 3. Fornell-Larcker criterion matrix for assessing discriminant validity

H G F E D C B A e
Factor

(A) 02553 (s pacal

0.884 ) -
Perceived vulnerability (A)
0.895 0.853 _ ) (B) o wad
Perceived severity (B)
0.867 0.860 0825 _ © &k b
Response efficacy (C)
0.889 0.862 0.845 0.892 (B) gk slawzzo
Response costs (D)
0.891 0.870 0.865 0.846 0.853 ) B g
Perceived self-efficacy (E)
0.890 0.853 0.860 0.804 0.793 0.736 ) (F) olasas & (5,5
Attitude towards DDSR (F)
0.894 0.883 0.825 0.817 0.810 0.774 0.703 o (©) 23 sloia
Subjective norms (G)
0.886 0.816 0.800 0.792 0.775 0.761 0.757 0.692 (H) ooy

Adoption (H)
b odsS )y vl Jolo ib S ams o LiS (F) Jgdo p Jelge gyl gine prdaw I odel cowd 4 gulis
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Table 4. Hypothesis testing and path analysis of the model
. 4ndy8 dpl Comd .
i :;; Hypothesiss S;;)rllbi;;aan: & okl o G S
Coefficient Confirmation Level t-Statistic Path Coefficient
Status
sl B G hpdy e 015 ) (s
confirmation 0.000 9.161 0.620 Perceived Vulnerability — Adoption of DDSR
2L Tr G (ks < ardS p oAl
confirmation 0.000 8.094 0.712 Perceived Severity — Adoption of DDSR
b Tr S s il L
confirmation 0.000 8.791 0.558 Response Efficacy — Adoption of DDSR
sl Br OEAES Sl gl gleanjp
confirmation 0.000 -5.699 -0.660 Response Costs — Adoption of DDSR
2L B SIS Gy = 003> sael 053
confirmation 0.000 6.475 0.642 Adoption of DDSR«—Perceived Self-Efficacy
b Br &S hpd — i 4 (5,5
confirmation 0.000 3.379 0.698 Attitude towards DDSR — Adoption of DDSR
sl Tr OEASUS Sply  ad glabn
confirmation 0.000 11.721 0.586 Subjective Norms — Adoption of DDSR
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Figure 2- constructs affecting the adoption of DDSR among rice farmers based on the path coefficient
(S: Severity; E: Efficacy, C: Cost, SE: Self-Efficacy; A: Attitude; N: Norms; V: Vulnerability; A: Adoption)
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