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Introduction

The development process of organic cultivation in Iran is not favorable because the average growth rate of
organic agriculture development from 2008 to 2019 according to FAQ statistics in 2021 is equal to -0.47% and
this is while foods contaminated with various substances Chemicals have an unpleasant effect on the general health
of society. According to the statistics of 2021, 600 million people in the world, i.e. 1 out of every 10 people, will
get sick after eating food. Since any change in the use of chemicals in agriculture should be based on the behavior
of farmers, the purpose of this study is to investigate the behavioral intention to produce organic pistachio
production among 5200 pistachio growers in Ardakan county, Yazd province, using the Decomposed Theory of
Planned Behavior (DTPB) analysis.

Material and Methods

The current research is classified as a quantitative research and is a descriptive-survey type of research, and in
terms of the type of objective, it is considered a part of applied research. Based on Cochran's formula, the sample
size was determined to be 358 people. Considering the distribution and dispersion of pistachio growers in different
sectors, multi-stage random sampling was used. The face and content validity of the questionnaire was confirmed
by a panel of academic experts in the departments of horticulture, agricultural development, plant protection and
psychology, as well as experts of Jihad Keshavarzi of the county. To determine the reliability of the questionnaire
tool, a pre-test study was conducted among 30 farmers of Aqda Aflatak village, which was part of the villages of
Ardakan county, but outside the study sample. The reliability of the questionnaire was estimated using Cronbach's
alpha test. Cronbach's alpha coefficient was obtained from 0.649 to 0.836, which indicates acceptable reliability.
SPSS», and SmartPLS; software were used for data analysis.

Result and Discussion

Descriptive findings showed that 358 respondents were 336 men and 22 women. Among them, 48 people lived
in the village and 310 people lived in the city. The statistical results of the present study showed that the average
age of the respondents was 53 years old, who had an average of 9 years of formal education. They had an average
of 15 years of experience in the field of pistachio farming, and 30% of household income was dependent on pistachio
production. According to the statistical sample of the research in terms of age, the highest frequency (137) were in
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the 41-50 age group. In terms of pistachio cultivation area, 204 farmers had less than one hectare, which constituted
59.9% of the studied sample. The inferential findings of this research showed that the factors affecting farmers'
behavioral intention to produce organic pistachio products were perceived mental norms (f= 0/362) and perceived
behavioral control (f=0/185). The findings of this research were in line with the results of Yadavar et al (2018).
Also, the findings of this study showed the absence of a significant relationship between attitude and behavioral
intention, which was not in line with the results of Safi Sis et al. (2020), Fatemi et al. (2018), Yadavar et al. (2018).
According to the research model, the lack of a significant effect between the attitude variable and farmers' perception
of the compatibility of organic production methods with their current values and needs, including consumers not
purchasing organic pistachios, is notable. This lack of impact may be attributed to consumer-related challenges such
as higher prices and insufficient information and awareness about organic products, which could hinder the financial
feasibility of implementing organic production. Moreover, the research indicates that the attitude variable did not
significantly influence farmers' perception of the ease of applying organic pistachio production methods in the
orchard. As a result, the attitude variable did not exert a significant effect on behavioral intention in this context.

Conclusion

The most important factors in the behavioral intention to produce organic pistachios are the variables of
subjective norm and perceived behavioral control. In fact, the issue of environmental protection and measures to
prevent water, soil and environment pollution were the popular and accepted behaviors among the pistachio
growers in the studied area, and the pistachio growers had come to believe that the use of organic production
methods is one of the accepted behaviors of important and prominent people in their accepted social network.
Therefore, it is suggested that the extension department of Ardakan Agricultural Jihad Management, by holding
various meetings centered on leading farmers in the matter of organic production, provides effective networking
for more exposure, contact and communication of pistachio farmers, so as to facilitate their decision making
process to enter into organic pistachio production. Also, the findings showed that from the point of view of
pistachio farmers, the use of organic production methods and operations is under the control and authority of the
farmer and he can use it in his garden if he wishes. Therefore, it is suggested that the extension department of
Jihad-Kashawarzi management of Ardakan county continues to provide educational, facilities and services support
needed by pistachio farmers and in this regard, planning and providing services in the direction of changing the
consumer's attitude towards buying organic products in various ways such as festivals, exhibitions and production
Media programs. Considering the importance of removing obstacles to the implementation of organic production
in pistachio orchards, it is suggested that necessary support measures be established by the government in the field
of covering the operational costs of organic pistachio production until the pistachio farmers reach the markets of
organic products inside and outside the country. It is also suggested that due to the diversity in the quality of water,
soil and pistachio variety of the farmers, the extension department should organize training courses in such a way
that they understand the ease of using this kind of methods and its management in the garden.

Keywords: Attitude, Behavioral intention, Organic pistachio, Perceived behavioral control, Subjective norm
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6- Ajzen

7- Rogers

8- Perceived ease-of-use
9- Perceived Usefulness
10- Self-efficacy
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1- Theory of reasoned Action (TRA)

2- Technology Acceptance Model (TAM)

3- Theory of Planned Behavior (TPB)

4- Model of combining the technology acceptance model
and the theory of planned behavior

5- Decomposed Theory of Planned Behavior (DTPB)
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Figure 2- Conceptual model of research
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Table 1- Sample volume distribution by village / city

oSy Obud Lagy [y Oy dny 3laxs digod dlaxi
Area District Village / City Number of pistachio farmers  Number of samples
(Ardakan) 415, 1200 88
(Ahmadabad) sises! 2900 213
=z (Chah Afzal) Jasl ol 80 6
S :’:; & (Turkabad) sUi ' 500 36
5 :Z\ g_ § (Kazemabad) sb] 5L 35 2
g (Hasanabad-e Anaraki) _$ bl sbi e 50 4
(Kerman Zamin) cye; oo, 6 1
(Sarv-e Olya) Lle g 60 5
s;% @ g E: (Kharanq) s 25 2
% v § < (Rabat Posht Badam) s\, cuzy L, 15 1

Source: Research finding
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Table 2- Research variables, number of items, source and reliability of the tool

) ol 2abo

swi | .
il sl e g ayss 3¢

» EWss ! Sl - 8
(Components)  (Symbol)  (Cronbach =T (Variable) &%
Alpha) Wwaygs £

(Source)
9 g e S35 S5, sk S Aty A5 e s
e g i (In my opinion, the productior_1 of organic _p?stachios
through the use of green and livestock fertilizers and

Safaetel. ) non-chemical pesticides is good) o

9 »>9, (2019 o AMBle |y slond il poows 5 (oold g junw 355 3l odlanl (ye g

(=]
oS (Attitu2) T %
S Attitu 0.833 Ranjbar et ) (I consider it wise to use green manure and livestock L?S \;
(Attitude) (al., 2020 and non-chemical pesticides) g, &
s omedle  (AHItUB) cul (2500l gl )3 S g Jsol 555 & =y
Safi ) oo Ko (Applying the principles of organic production in the é ¢
s e‘t’; garden is enjoyable) < ¢

i T Q.

(AitU4) Sl oo ol 35 3

(In addition to human health, chemical fertilizers also =

damage on topsoil, water and the environment)
(ALLITUS) ol Jgoro dinny | ying S5l dity piiiine
(I' believe that organic pistachios are better than
ordinary pistachios)
Sy ks, (hSan gl (gl olemd il gla gy ) ookl 4 paewas 4 b bl o @ ¢, i
20 ).J,wf Behave_con 0.824 b 9 r» & b u‘s)i . o WSLi"U"' o° 5 G 6;4( 2. 6%(
oL Safaetel., ) (Behave_con 1) s)ls J18 oy Ll g JpuS 0 S5 aiy i)y 3 % &
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Perceived ) 52019 (I feel that the decision to use non-chemical methods to
behavior 5o produce organic plstachfos is in my control)
(control S fen s Sy ekl gl (B cuo)d g plo Js 0329 &) e 3
|\;|J i (Behave_con 2) s |, Sl sl el (solonsd
okntari " .
Hesari et I) (I have the resources (especially money), time and
esar' etal, opportunity to use non-chemical methods for organic
5 275, 42020 production)
en 3 oo 030zl wlo Wl pes Cilisee SISt 5 Jlue pliine p0
Ranjbaret)  (Behave_con 3) 353 Sl diny g (slp (oleowd e (slb b,
¢(al., 2020 (I believe that various issues and problems can not
5 b prevent me from using non-chemical methods to
Haji ) ¢S : produce organic pistachios)
(et al., 2021 Canl Sl )5 e (gl SGB ) Ay Sldes g a3, plxl
(Behave_con 4)
(Performing organic production methods is easy for me)
SSB ) g sla gy (6365550 )3 e epl dd Slojod 4 ax g L
(Behave_con 5) >y, walss 3350
(Based on my previous experiences, | will be successful
in using organic production methods)
Sy oy glojlo GLlis)lS J pilg e ) 4 hled @90 5
oS 28l SUB g e by 555 1) (8
(Behave_con 6)
(I can easily get technical support from the experts of
the extension organization in using organic production
methods)
oS Lads 1) dalaie Coub 5 G o 0lg7 o SO ay A)gi b
(Benefi 1)
(By producing organic pistachios, | can preserve the
environment and nature of the region)
el lun] )5 ) (oS ealitl pland i sla by I e &7 Slo
PR e S A s o 4 ] oS5 %05 5 93,5 i
Whlfen (Benefi 2) g (obows
Boazaretal., )  (when I use non-chemical methods, | feel more secure g
5 sawe §(2019  atwork and I no longer have to worry about getting sick é
Seydi ) « il _ from chemlcal§) :— G
and rezaei (Benefi 3) puiS o e 1y gyt ol > S| ity W55 & ¥
o ‘5{> &le _ (2019 ' (By producing organic pistachios, we earn more money) g é
Perceived ) Benefi 0.799 s e Fslol sl 5 Jrow S (liond o Slge (625 &5 padine (4o 8 -{
" p) ) =S
(benefits o (Benefi 4) cuul 4 iy (55l loludl ERT
6 9 : N R i ) o
I\/LI”kht . (I believe that the use of non-chemicals is a social D
ohtart I) symbol of advanced agricultural practices) z X
Hesari et al., . S s . . . ¢
l>| o0 0 lacile 18y 5 155 ¢ (S5lgn 5 (alrerd it Age 65,0 L E
e (Benefi 5) wb o tals gl 55 bedl olib =
Haji ) <, S0 . . . .
(By using non-chemical and biological substances, the
(etal, 2021 production and growth of weeds and pest outbreaks in
the garden is reduced)
W3 2ol |y (e sladiy o (SHB ) diy g5 slaly Sl eolil
(Benefi 6)
(Using organic pistachio production methods reduces
my costs)
, , b s 5 Cumsg b S5, at g sl s eSS &z %
015 53 653 Comna 0778 Gl e é xl) ‘ 25 s LCZ?)?J?‘DJ)'.‘.S) ; 5%5% ¢ B
Perceived ) P ' oo (Compal) 3l g ystes ks e 32 % o v
g < X

(Applying the principles and methods of producing
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(compatibility

Mokhtari ) organic pistachios is more in line with my financial
Hesari et al., situation)
{2020 G5 plaidlS o] 1) iy 0850 &5 (SB L gy 25 L

(Compa2)

(Due to the type of soil texture in which | planted the
pistachio tree, it is more appropriate to use non-
chemical fertilizers to feed the pistachio trees)

Ao g (2losd pe Sl sbg) I 02ldtul 20 Bpae Sin )b 4 argi L
(Compad) cosl yige a5 2213 ) (Sejelses
(Due to the consumption culture of the people, it is
better to use non-chemical methods and biological
substances in the pistachio production process)
tlbosd e S bgy (6365 (platidlS &S ety o8 5 4 25 L
(Compad) cul yigo bl L oj)le 4>
(Due to the type of pistachio cultivar that | have

planted, it is better to use non-chemical methods to
control pests)

b el leond et s3eS (35K s )lal O cuiS 4 2295 L
(Compas) pss oo axlge (638 Ml b p2g5
(Due to the quality of irrigation water, using non-
chemical fertilizers for my garden | face less problems)

S Jetges by
o
Perceived )

facilitation
conditions)

2lo g oo 5 (B ojlil 4 oland et dlge 5l 65,15 (sl g
(The government supports me and other farmers enough
in order to use non-chemicals)

4 G900 aBlge 3 9 SEB ) ag clayby) 4SS Sl an g LS
(FaCil2) pls (3" owyiwd ololis,S o390l 5 (cloyglive closs
(I have sufficient access to expert consulting and
training services before and after using organic
production methods)

Sy el sl p3Y il 9 (bl pd Slge Wil e (] 4 e
(Facil3) o8 ag g s ylu,s 1y Kol iy Wy
(I can easily buy non-chemical materials for organic

Solasg )l pistachio production)
N WhlSen g 9 pil 23 el (b e g Sl wlgioe Sl g0
facility 0.746 Mokhtari ) oslial £ )3 Sl atay g5 sl e, (slal caa pyY bl
Hesari et al., (Facild) o5
(2020 (If necessary, | can use bank credits and facilities to

purchase supplies in order to implement organic
pistachio production methods in the garden)
sl yey b dL.«J’\ Sy $8 g paass &355‘] sbroyd 9 ol
(FacCil5) coul oy )3 oy slp S aty 35
(Specialized workshops and training courses are
available for me for producing organic pistachios)
S g slagsdyy slpl sl ¥ Cless 4 (B (g yiwd (g
(FacCilB) pls olowss pé cla iS T 5 old (sladgS 3439 wiilo
(1 have sufficient access to the necessary services to
implement organic production methods such as the
presence of animal manures and non-chemical
pesticides)
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(Boazar et al.,
5 las 2019)
Safa <))o
{etel., 2019
by g (Boio
(Sandoghi and
Raheli, 2016)

&)ld,y Juad &l gl
Behavioral ) Inten 0.649 (o Sen 5
(intention Mokhtari )
Hesari et al.,

55,80 ¢ 42020
oM
Bagheri and )
Pirmoazzen,
5 75,2020
PRILONY
Ranjbar et )
¢(al., 2020

daxe oM (sly (olend 365 g poews 5l 0l (sbo o1l )3 p)ls b

w5 oolitel (ol (sladss’ 9 (Sfglan slasby) il ooyl 5 pogs el
(Intenl)

(In the future, | plan to use biological methods and
animal manures instead of using pesticides and
chemical fertilizers for the health of the environment,
community, myself and family)

Sl (Sigdon lagbyy il eslinal sl siapasln S 53 g2 ysb & e
(INten2) wsty o 558 gl > bl Jyzs
(1'am seriously planning to use biological methods to
control pests in my garden)

5 Bl 58 sl 1y sl g o laomo b jliaogs (slaglyy l oslisiul bgd (e
(INteN3) 5,8 walss aog ) 4 o5 41y O § S cwodho
(I'would strongly recommend to other pistachio growers
to use Eco- friendly and human-friendly methods to
control pests and soil and water health)

(s04Bes1p A|Buoais 0] saabe A|Buons)

8K ar 9 5K e

52
Haji ) )|, Son
{etal., 2021
PRUL ST
Safaetel., )
£2019
Sola>(g e
‘L‘me 9
Mokhtari )
Hesari et al.,
5 20, ¢ 42020
o)) Se
Ranijbar et )
¢(al., 2020

sbd s
subjective ) Norm 0.836
(norms

S| dituy a5 ialgd o ol it pio (yo (4l &S (g0 )3l b
(Normi) o5 aJys

(people who are important to me want me to make
organic pistachios)

Lo | cblis lacyld ;3 b (e & 28 0 S8 0 (L3]I
(Norm2) 8" 8 )l o
(People around me think that I should be involved in
environmental protection activities)

oo o0 Sl 1ol )i a8 (00,3 038 a5 alhad Slgo igs Aty )51
(Norm3) was oo 5,8 436 5,50 |ye cusl
(If 1 make pistachios without chemicals, people who
care about me will approve of me)

B s ploxl wilgs oo a5 )1 o a5l el 2 e L3
(NOMMA) 05 (5555l s Laes 5 S ol (59l
(People around me believe that | can do everything |
can to prevent water, soil and environmental pollution)

S bl 558 el e S oo 1y plyn s il & 0 &8 S ey
(NOrm5) ais’ co ookl (olowd ué (sl 5,
(Pistachio growers, whom | respect them, use non-
chemical methods to control pests)

Wiy M5 Sl Ghl ey ol 5 Gliwgd (g jl oS oo oles] e
(NOrm6) wiws Hlid cov olewd dlge 3l (s)le
(I feel pressured by friends and other pistachio growers
to produce chemical-free pistachios)

33 3929 65,9l Bler GUlidyS g I Ll ol i (oo (ol
(NOTMT) (S o3litl iy £l 5 S5 Aoy (sl g, 5l oy oS
(I feel that Jihad-e-Agriculture experts expect me to use
organic production methods in pistachio orchards)

(s94Bes1p A|Buoais 0] 9a4be A|Buoals)

SOK 2aE q 99K e




1FY 50l oV oylods Y ol (5),9LiS arwgi 9 olaudl &y yid

YYY

oS Mg S diy wilgie () 4 plgmy pags 51 Lielas

(Self_effil)
9 ey (Of course, | can easily produce organic pistachios if |
ICONS want to)
Boazar et al., ) ol 9 )15“3‘) Al &L’ » L5""l§)l ‘)“J}' J?‘ol Lf)s)& « L?L") >
5 liw 2019) oS Ll EL o 1) ol wlgiie Siie g (gt 9 (295 4 (e D9 g
- o
Safa ) o) Sen (Self_effi2) 2.
{tel., 2019 (Evgn V\(hen applying' the principles of orgapig S %
A production in the pistachio orchards becomes difficult S v
PTRECA « sy 9 w2 and complicated, | can implement it well in the orchards ° X
(Self-Efficacy) Self_effi 0.791 Seydiand ) without any problems) z _{
{(rezaei, 2019 Sl leesd Slge b Mg Sl pl Ul g e )loe (b 4 e S '
a5l P> Olizabl 355 £l > S 4 *:J‘ Cutlige g <l s < é
olSan g _ _ (Self_effi3) _ B 2
Mokhtari ) (1 am confident in my knowledge, skills and ability to 3
Hesari et al produce chemical-free) =
esari et al., ) — K » T
{2020 9 bl J58 (ol S5 ey A5 (sl (B 0jglite il oo ye
(Self_effid) was> «l)) o), S iy plo 4 Sk 5 O coMa
(I can provide technical advice to other pistachio
farmers to produce organic pistachios, to control pests
and also soil and water health)
PPESS (Usel) cul coly SO diny 05 sla y39; (5550 —
: . [%2)
Haji ) <), Ko (It is easy to learn how to produce organic pistachios) 5 G
38 g etal., 2021 (Use2) ol ol gl )5 SHB| atuy 155 (slasbs, 6051 «zz \;
ot S s ¢ ik (It is easy to use organic pistachio production methods =8 &
perceived ) Use 0.794 8 | lfi in the garden) % 3 {
ease of use ‘o _9 gL 1) S iy adg sl gy 9 Jgeol Sl oo (55y5liS s < § g
( Mokhtarl) (Use3) 5,515 S v
Hesarietal., (gyery farmer can apply the principles and methods of 8 «
42020 ; i et i <
{ producing organic pistachios in the garden)

Source: Research finding
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Table 3- Frequency distribution of respondents' personal characteristics

S Camor gl 39 oy S el Lo )3
Demographic characteristics Group Frequency Percentage
S > 336 93.8%
Gender Male
o) 22 6.2%
Female
g Jone e 310 86.5%
Residence City
t.-w
% 48 13.5%
Rural
o 20-30 years 18 5%
Age
20-30 years 18 5%
31-40 years 77 21.5%
41-50 years 137 38.2%
51-60 years 79 22.1%
61-70 years 39 10.8%
More than 71 years 8 2.1%
A2 Conds Sy 28 8.5%
Education Level Iliterate
k) 187 58.2%
High School
ok 23 7.1%
Diploma
oled 5 ol 52 59 18.4%
Post-diploma and Bachelor
MSc and higher
S g e 025l saS 204 59.9%
The amount of cultivated area Less than ten Ghafiz
Y S BN 73 21.3%
10 to less than 20 Ghafiz
ST g BT 15 4.3%
20 to less than 30 Ghafiz
HEY SIS ET 12 35%
30 to less than 40 Ghafiz
45 00 ) S b ¥ 9 2 8%
40 to less than 60 Ghafiz
5a88 Fe 5l S . 7 2 1%
50 to less than 60 Ghafiz
HEP 20 6%
More than 60 Ghafiz
SiagiS o 2al,d < 242 70.2%
Non-agricultural income Yes
> 103 29.8%
No

Source: Research finding
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Table 4- Model fit Summary for the research measurement

o jlus owlSail g s Lo Selel e s, lalize whl gl oyl gt
S5 oxd
(Component) (Reflective structures) (Load t (Significant) CR AVE
factor) (value)
Attitu Attitu 1 <- Attitu 0.768 13.21 S gxe 0.88 0.60
Attitu 2<- Attitu 0.775 14.65 S gxe
Attitu 3 <- Attitu 0.693 5.46 S gxe
Attitu 4 <- Attitu 0.842 13.26 S gme
Attitu 5 <- Attitu 0.789 9.28 S gme
Behave._con Begz‘égggigoln < 0.751 6.11 oo 0.87 0.53
Begg‘égggigof' 0.816 14.24 & osne
Begz‘égggizoi < 0.742 24.77 & fosins
Begzxgggigo"f' 0.787 1295 s
Beggnggigosn < 0.716 13.87 e
Begg‘ég;gizof' 0.560 10.86 Slne
Benefi Benefi 1 <- Benefi 0.778 9.46 S gxe 0.85 0.49
Benefi 2 <- Benefi 0.809 20.48 S gxe
Benefi 3 <- Benefi 0.620 4.99 P e
Benefi 4 <- Benefi 0.783 11.59 S gxe
Benefi 5<- Benefi 0.645 7.08 S gze
Benefi 6 <- Benefi 0.528 4.05 S gze
Compa Compal <- compa 0.633 6.09 SO sine 0.84 0.52
Compa2 <- compa 0.663 4.93 S e
Compa3 <- compa 0.780 15.25 S s
Compa4 <- compa 0.716 6.56 S s
Compab <- compa 0.810 14.46 S oo
Facility Facill <- facility 0.554 6.54 S ne 0.82 0.43
Facil2 <- facility 0.622 5.82 o gxe
Facil3 <- facility 0.820 20.61 o gxe
Facil4 <- facility 0.494 4.09 Gold e
Facil5 <- facility 0.652 6.40 o gxe
Facil6 <- facility 0.774 12.06 S s
Inten Intenl <- inten 0.746 7.67 S xe 0.81 0.58
Inten2 <- inten 0.694 7.44 S gze
Inten3 <- inten 0.853 32.15 S gze
Norm1 <- norm 0.752 9.31 S gze
Norm Norm2 <- norm 0.862 26.99 & Gxe 0.88 0.52
Norm3 <- norm 0.763 11.83 S gxe
Normé4 <- norm 0.872 33.09 S e
Norm5 <- norm 0.744 15.07 S gme
Norm6 <- norm 0.409 3.81 S e
Norm7 <- norm 0.552 5.06 S oo
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self_effi Self_effil <- self_effi 0.789 20.63 Sl oo 0.86 0.61
Self_effi2 <- self_effi 0.822 22.83 o e
Self_effi3 <- self_effi 0.789 14.48 o e
Self_effid <- self_effi 0.734 10.18 o e
Use Usel <- use 0.802 9.33 S gxe 0.87 0.70
Use2 <- use 0.867 18.23 S xe
Use3 <- use 0.845 26.52 S xe
Source: Research finding 5o claasily txie
(B8 (5550310 Jo gy 2 )3 1,59 (2lgy sl gl -0 Jgu
Table 5- Results of discriminant validity criteria in examining the research measurement model
sksLw (Structure)  Attitu  Behav_Con  Benefi Compa Facility Inten Norm Self Effi Use
Attitu 0.78
Behav_Con 0.31 0.72
Benefi 0.67 0.45 0.7
Compa 0.59 0.57 0.52 0.72
Facility 0.18 0.45 0.24 0.31 0.65
Inten 0.43 0.46 0.48 0.40 0.36 0.76
Norm 0.41 0.56 0.53 0.57 0.28 055 0.72
Self_Effi 0.24 0.67 0.38 0.44 0.37 0.44 051 0.78
Use 0.49 0.61 0.52 0.58 0.32 031  0.40 0.56 0.83

Source: Research finding
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Table 6- Values of the R? and communality

P (Pudyi il yly Comd

T Lo bawgi paiio
(Components) (R Square) e y )
(Communality)
Attitu 0.60 0.60
Behav_Con 0.61 0.53
Inten 0.38 0.58

Source: Research finding
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Figure 3- Structural model (t values) of behavioral intention to produce organic pistachios
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Table 7- Path coefficient value, t value between latent variables of the research model

Slod b oL s o ] s o gl s o
(Hypothesis) (Structure) (Path coefficients) (T-value)  (The result of the hypothesis)
(HD)Y as5 Attitu -> inten 0.221 1.73 (Not confirmed) 1,b pas
(H2)y 408 Behav_con -> inten 0.185 2.07 (Confirmed) 1.t
(H3)¥ a5 Benefi -> attitu 0.685 7.12 (Confirmed) 1.t
(HA)Y 225 Compa -> attitu 0.033 0.31 (Not confirmed) s, pac
(H5)a 4.2 Facility -> behav_con 0.198 3.12 (Confirmed) .t
(H6)s ans ) Norm -> inten 0.362 3.41 (Confirmed) +.b
(H7)v 42,6 Self_effi -> behav_con 0.685 11.01 (Confirmed) 1.6
(HB)A a6 Use -> attitu 0.120 1.56 (Not confirmed) 1.t pae
Source: Research finding G slaasl txie
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Figure 4- path analysis model of behavioral intention to produce organic pistachios
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Introduction

The growing importance of energy resources in the formation and growth of economic processes, as well as
the need to exploit these resources based on environmental considerations and sustainable economic development,
the issue of energy saving as an important issue in all economic infrastructures, including industry. Global
warming, declining crop yields, climate change and acid rain are the result of fossil fuel consumption. Hence, in
recent years, there has been a growing global emphasis on renewable energy across both developed and developing
nations. The primary objective is to decrease reliance on conventional energy sources, mitigate environmental
pollution, and attain sustainable energy practices.

Materials and Ways

In the present study, a multi-objective mathematical planning model was designed, in which the optimal crop
cultivation model in the southern grove area of Babol city, taking into account the maximum profit from the sale
of crops, relying on expanding the use of renewable energy sources in the supply basket Irrigation water and
reduction of fossil energy consumption used in irrigation water supply were determined. The objective functions
of the study are in the form of two objectives: profit maximization and minimization of greenhouse gas emissions.
The amount of profit considered in the present study is equal to the difference between income from crop
production and total costs, including irrigation, planting and harvesting costs, seed costs, fertilizers and pesticides,
and labor costs. The greenhouse gases considered in this study encompass CO2, N2O, and CH., with the objective
of minimizing their emissions for the determination of an optimal crop pattern. The study endeavors to resolve the
proposed nonlinear multi-objective pattern utilizing the constraint epsilon method. Subsequently, employing the
energy link indexes (E), the optimal solution is identified among the proposed alternatives through the TOPSIS
multi-criteria decision model. The statistical population for this investigation comprises farmers in the southern
forest area of Babol city. The analysis of results has been conducted using Matlab, Lingo, and Excel software.

Results and Discussion

In this study, a multi-objective model with objective functions of profit maximization and minimization of
greenhouse gas emissions subject to energy, energy flow, water, fertilizer, and capital and land constraints using
the method the constraint is resolved and eventually the study decision variables are obtained. In terms of
recyclable energy, the model suggests that four types of Tarom rice, Shiroodi rice, soybean, and corn be grown
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with 0.40, 0.34, 0.14 and 0.12 ha / ha, respectively. As can be seen, in accordance with the outputs of the optimal
model in terms of renewable energy, most of the cultivated land is allocated to Tarom and Shiroodi rice. The total
amount of energy required in the optimal model in terms of renewable energy was 2518 kWh, of which fossil
energy is 79% and solar energy is 21%. According to the calculations made in Equation 3, to provide 21% (518
kWh) of solar electricity required by the irrigation system in order to irrigate one hectare of the proposed model
of the optimal model in the study area, a solar panel with a capacity of 0.22 kW will be required. The results of
the model show that in terms of renewable energy, with the implementation of the proposed model, the profit of
farmers in the region per hectare increases from 14776.21 to 14778.18 million rials compared to the situation of
non-renewable energy in the entire growing season. In other words, in the current situation, people cultivate crops
regardless of energy consumption and production costs (traditional method of rice production by local farmers),
while by choosing the right model, the farmer's economic benefits can be increased by 0.013%. At the same time,
it saved a significant amount of fossil energy consumption.The minimum emission target of the model in terms of
renewable energy states that for the cultivation of 0.40 hectares of Tarom rice, 0.34 hectares of Shiroodi, 0.14
hectares of soybean and 0.12 hectares of corn, at the rate of 2836 kg equivalent to CO; pollution Fertilizers,
pesticides and fossil fuel consumption will be released, which is 9% less than the current situation where only
fossil fuels are used to irrigate crops.

Conclusion

In the present study, the interests of farmers were considered by considering the maximum profit from the sale
of agricultural products by relying on the use of renewable energy sources in the energy basket of the agricultural
sector (by reducing the fuel consumption of fossil energy sources used) in determining the cultivation pattern.
Optimally calculated and compared with current conditions. The results show that the optimal model in terms of
renewable energy, shows a more appropriate achievement of goals than in the absence of renewable energy. To

this end, it is suggested that agricultural policy makers, by promoting the use of solar energy in irrigation and the
use of this large capacity in the country, justify farmers to the potential benefits of solar energy (in the agricultural
sector) and its widespread use, reduce current agricultural subsidies in the energy sector. Fossilization and
subsidizing solar energy, encouraging the private sector to invest in solar projects can help power irrigation
projects.

Keywords: Fossil energy, Greenhouse gas emissions, Optimal cultivation pattern, Solar energy
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1- Multi-objective programming
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= Zm Z(Ai- Y}). P
t=1 i=1t=1
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- Z ((Tw™.cP]+ [k2™. PP

t=1
+ [P, CBS] + [kPPS . PBS] + [NV, C1NY]

+ [k;’"NV.P’NV]))

+ ([wDG.CDG] + [kP€. PPE]
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o)
U

+ ([w"5.CP5] + [kP5. PPS])

1- Inverter



Y04

cee 63T T Slooy 59 3L 8590 (65551 B a0 At w9 Sl 595U Cret (350 9 (S5 s

rizia CHa g (oliosd 295 B paae jl (36 N2O 58 Lazl (picmen
Gl Jile cwl a8 )5 lasae Ji cusS sla el e
Yueetal, ) 298 olo A U0 Lulgy &jgods Ml oo ,Lisl ol

(2020

e 3l bae N2O izl jl b Jol> ol 5 (55,58
08 o Jolbs il 5l baes CHa jlicsl jb g 248 5 eolatul
Ol J8las & adllas -yl 4o 5" (Taghinazhad et al., 2019)
5355 hud Cgu B puan I 36 COp LS clajls L
($H9US ey ypge ) ol )90 129 5 (alewd poew

Cis9LiS sodls aildS bl Lish! colps —) Jain
Table 1- Greenhouse gas emission coefficients of agricultural inputs

(4lg) odlgs Sl Wil g o &0
Inputs Greenhouse gas emission (kg CO,eq unit™) Reference
(pS9LS) Cijsrss 255 1.3 (Lai, 2004)
Nitrogen Fertilizers '
(PS5 lind 29 0.2 (Lai, 2004)
Phosphorus Fertilizers
(P,555) ot 395 0.2 (Lai, 2004)
Potassium Fertilizers
()“2 “T’“ 2.76 (Dyer and Desjardins, 2003)
ue
(= ())ﬁ;S) 0.071 (Dyer and Desjardins, 2003)
() plosd poaw 5.1 (Lai, 2004)
Chemical poisons
S5 Cs gane
PPS < (1 — EL)[P?Y + PP¢ + p59] @) Min Fgreennouse Gas (o)
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GEN20 = Z A; .FT;. 9 (v)
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2
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2- Energy Consumption
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1- Epsilon Constraint Method
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4- Multi-criteria decision making of TOPSIS
5- Pay-off Matrix
6- Epsilon Constraint Method
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1- Economic Energy Productivity
2- Physical Energy Productivity
3- Environmental Productivity
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Table 2- Pay-off matrix of economic and environmental goals for each solution

(CO2 o 554S) (i lasome b (UL opebo) (5oLl aa
Environmental purpose (kg CO,) Economic goal (million Rials)
e Sl
1608 559. 68 Maximum amount
Jde J8las
1419 529. 19 Minimum amount

300 slaazily sisle
Source: Research findings

Jaoly w2 glil 4 g jlawse o (53LaiBl Baa Pay-0ff L yilo -V Jgan
Table 3- Pay-off matrix of economic and environmental goals for each solution

Jsoly LW RE-REY Cony jlansee Ban
Solution Economic goal (million Rials) Environmental purpose (kg CO2)

A1 529. 19 1419

Az 532. 80 1440

As 538. 41 1461

Aq 540. 02 1482

As 543. 63 1503

As 545, 23 1524

A7 548. 85 1545

As 552. 46 1566

Ag 556. 07 1587

Ao 559. 68 1608

suis gboansl, 2 Lo
Source: Research findings
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Table 4- Indicator decision matrix Pareto points

Jool, il 6590000 5P St oot 851 bl (659000 3Pl Spas
Solution Environmental Physical energy Economic energy Energy consumption
productivity (kg/kg productivity (kg/kwh) productivity (kwh)
CO2) (Rials/lkWh)

A 3.83 2.57 2.51E+05 2110
A, 3.94 2.62 2 50E+05 2133
As 4.00 2.67 2.49E+05 2157
A 4.06 2.72 2.48E+05 2180
As 411 2.76 2.47E+05 2204
As 4.16 2.81 2.45E+05 2227
A 421 2.85 2.44E+05 2251
As 4.26 2.89 2.43E+05 2274
Aq 431 294 2.42E+05 2298
Ao 4.36 2.98 2.41E+05 2321

suis sbhanl:isle
Source: Research findings
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Table 5- Normal decision matrix for Pareto points
ool s o (6 590 %0 S35 S S 90 &35 LBl (5590 % $iPlSpan
Solution Environmental productivity Phys_ic_al energy Economic energy productivity  Energy consumption

(kg / kg CO,) productivity (kg/kWh) (Rials’lkwh) (kwh)
Ar 0.293 0.292 0.322 0.301
A; 0.302 0.297 0.321 0.304
As 0.306 0.303 0.319 0.3071
Ay 0.310 0.308 0.318 0.311
As 0.314 0.313 0.317 0.314
As 0.318 0.318 0.314 0.317
Ar 0.322 0.323 0.313 0.321
As 0.326 0.328 0.312 0.324
Ay 0.330 0.333 0.311 0.327
Ao 0.333 0.338 0.310 0.331

o gl (s le
Source: Research findings

ol gaas, -1 Joss
Table 6- Ranking of solutions

Jaoly

Solutions

L)

Ranking

A
A,
A3
Ay
As
As
A
Ag
Ag
Ag

0.58
0.50
0.59
0.54
0.43
0.36
0.31
0.27
0.28
0.29

oS VNo o wEaN

i sl sl
Source: Research findings
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Table 7- Energy consumption basket and optimal product pattern

Ll > lab 5ol ]
« 51 Blod byl )3 diet (59N
‘-5))"‘ |a"\'c . 5 oes gl Blsd )] 2 2 4D
A8 ol AP s 2R (555 B )
Solution A8 Products RN Optimal pattern in Percentage of
The current patternin - tarms of renewable changes
the absence of energy
recyclable energy

() ol Jus 0.41 0.44
Tarom rice (h)
(h) o9 Ji 0.48 0.30
Shiroodi rice (h)
(h) Lgw 0.05 0.16
Soybean (h)
(h) o 0.05 0.10
Corn (h)
e &35l Wy il 0 0.83
(kw) J
Solar panel production
capacity (kw)
Sy 85 Mg ol 0 500
Jo(kwh)
Solar panel production
rate (kwh)

Sadygs 535 g cud )b 0 1.32
(kw) st
Battery solar power
generation capacity
(kw)
by &3 g e 0 300
(kwh) 5
Battery solar power
generation (kwh)
Sy 3P Mg b b 0 0.60
(kw) 552!
Inverter solar power
generation capacity
(kw)
Sy 351 g e 0 466
(kwh), < )szl
Inverter solar energy
production rate (kwh)
bed (551 g5 b b 15 1.08
(kw)
Fossil energy
production capacity
(kw)
CSgw dj)ﬂ .\.Jy Ql},yc 3159 2190
(kwh) L.

Fossil fuel energy
production (kwh)

S ) s

Area under cultivation
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(kW) oy
Pump system power
consumption capacity

(kw)
i (85531 Bpae e
(kwh) ey

Pump system energy
consumption (kwh)
dgw pSlas CBan
Maximum profit goal
(million rials)
sbl8 Ll Jils Gun
Sl SIS p5s (CO2)
Minimum greenhouse

gas emissions goal (kg
COy)

0.57 0.50
2812 2394

536.49 538.41 +0.35
1790 1461 -18
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Introduction

The relationship between economic development and the environment is known as one of the most important
issues facing societies. If in the context of sustainable development, economic and environmental activities are
considered together, the environment and economic development are two complementary factors and, as a result,
it will lead to ecological balance. In this case, economic activities will not disturb this balance. Presently, the
imperative of safeguarding the environment and attaining sustainable development has ascended to a prominent
position on the agendas of diverse societies, Iran included. This commitment is underscored by the execution of
comprehensive economic, social, and cultural initiatives aimed at fostering long-term ecological resilience and
balanced societal progress. Therefore, to preserve the environment and meet the goals of sustainable development,
as well as to guide and rationally manage plans and projects, especially in the agricultural sector, serious measures
should be taken. Therefore, this study was carried out to evaluate the operational, environmental, and eco-
efficiency of the major agricultural products of the irrigation and drainage networks of Gotvand.

The irrigation and drainage network of Gotvand is located in the southwest of Iran in Khuzestan province. This
network is designed to irrigate lands located in three regions of Gotvand, Aghili, and Dimcheh, enclosed between
two rivers, Karun and Lor. According to the official statistics of government organizations, the consumption of
fertilizers and chemical poisons in the lands covered by this network is 3.6 times the average limit in Iran. The
excess irrigation water in this network is returned to the rivers by the built-in drains and causes water pollution
downstream of the network. Therefore, considering that environmental protection is one of the most important
aspects of sustainable development, it is very important to investigate the effects of the use of pesticides and
chemical fertilizers in agriculture and to introduce solutions to improve the efficiency of the environment in the
study area.

Materials and Methods

Eco-efficiency includes operational and environmental impacts, which are presented as the ratio of the
weighted sum of outputs to the weighted sum of inputs (operational inputs + environmental inputs). However,
since agricultural activities are carried out in uncertain environmental conditions, there is uncertainty regarding
inputs and outputs. The uncertainty in some of the effective input and output parameters in the ranking of networks,
and as a result, the inaccuracy of the model calculation results, and the need to pay attention to the use of
uncertainty models, make it more obvious. Therefore, in the present study, to include the conditions of uncertainty
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and risk, the robust data envelopment analysis (RDEA) model was used, which is one of the most powerful and
useful models in conditions of uncertainty. The required data were collected by completing a questionnaire of the
Gotvand, Aghili, and Dimche regions using a simple random sampling method in 2019.

Results and Discussion

The alfalfa producers in the Gotvand region assigned the highest environmental and Eco-efficiency by
obtaining points in the range of 81 to 89 percent and 90 to 96 percent, respectively. The rice crop in the Aghili
region had the highest types of operational efficiency based on different levels of deviation probability in the range
of 77-87%, environmental efficiency in the range of 80-90%, and environmental-economic efficiency in the range
of 87-95%. Dimanche sugarcane region has the highest average of efficiency types for different levels of deviation
probability by obtaining points in the range of 78 to 90, 80 to 89, and 87 to 95 respectively for operational,
environmental, and Eco-efficiency. Comparing the results of technical efficiency with environmental efficiency
shows the lack of attention and skill of farmers in the correct and optimal use of production inputs. Therefore, it is
necessary to hold educational and promotional classes to empower farmers to improve production methods and
optimal consumption of inputs to improve farmers' income and increase their profits. Given that a substantial
portion of energy consumption within the agricultural sector is attributed to fuels and diesel, optimizing energy
usage and promoting the adoption of newer, less polluting energy sources emerge as crucial imperatives.
Enhancing environmental efficiency in this context involves a strategic focus on reducing reliance on traditional,
environmentally taxing energy forms in favor of more sustainable alternatives.

Conclusion

The average operating efficiency in all different probability levels for the studied products in Goutvand , Aghili,
and Dimche areas, except for beans in the Gatund area, was estimated to be lower than the average environmental
efficiency. This shows the lack of ability and skill of farmers to produce a certain product with the lowest amount
of input, while the farmers of these areas pay great attention and care to environmental issues.

Keywords: Khuzestan, Operational efficiency, Robust data envelopment analysis, Undesirable output,
Undesirable input
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Table 2- Statistical description of study variables in the Goutvand region
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FESY Sl 28698 0.1 098 097 424 29 29 129 2838 40 83 51 18274
Alfalfa Max

Jslis 20249 0 0 0 74 6 6 50 0 10 33 19 7590
Min

oSibe 24297 0.05 044 055 241 17 17 90 1199 24 58 36 12793
Average

Shae Gilul 2602 0.03 0.3 027 112 7 7 23 998 9 16 10 3233
Standard
deviation

[ Sl 17755 0 0.01 0 202 305 0 120 4824 50 50 48 9540
Beans Max

Jslis 11025 0 0 0 95 127 0 41 0 10 25 30 6337
Min

Sk 14416 0 0.004 0 147 214 0 81 2537 31 38 40 7946
Average

Shae Gilul 1982 0 0.002 0 33 56 0 24 1304 13 8 5 1036
Standard
deviation

Maly Sl 21523 0.1 0.01 0 78 41 82 90 2783 40 39 46 7918
Beans Max

Jslis 15097  0.005 0 0 42 12 12 40 0 10 19 19 7924
Min

Sk 18218 0.05 0.005 0 60 26 50 64 1179 25 29 28 4589
Average

shae Glysal 1840 0.03 0.003 0 11 9 22 16 964 9 6 6 6158
Standard
deviation

=y S 41669 2 2 2 138 586 12 121 4838 80 31 48 9467
Rice Max

Jslas 26294 0 0 0.01 77 287 5 41 0 20 16 12 6771
Min

Sk 34192 0.053 0.68 1 108 443 9 81 2652 49 24 29 8114
Average

sbee Gill 4587 0.62  0.67 0.6 19 85 2 22 1178 17 5 11 768
Standard
deviation

Sl S 45766 0.1 0.01 1 205 444 82 30 4838 120 39 39 11492
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Min

Sk 39685 0.05 0.005 059 150 355 63 20 2584 89 29 30 9191
Average
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deviation
puiS JEEN 32729 0.5 0.99 2 138 588 12 121 3637 196 19 38 5461
Wheat Max
Sl 19012 0.01 0 0.01 76 288 5 67 979 47 6 21 3774
Min
pSke 25995 0.26 0.49 0.91 109 452 8 93 2319 126 12 29 4643
Average
oo Gl 4111 0.14 029 057 17 85 2 16 802 47 4 5 488
Standard
deviation
Geins sbaasl, isle
Source: Research findings
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Table 3- Statistical description of study variables in the Aghili region
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Sl 26028 0 0 0/1 76 290 5 41 0 20 16 12 6775
Min
oSke 33717 0.62 0.67 1 108 444 9 86 2649 49 24 29 8035
Average
shee Gil>sl 4833 0.62 0.67 0/58 18 87 2 22 1360 17 4 10 822
Standard
deviation
Sl s Sl 45585 0.1 0.01 11 203 443 82 30 4864 120 39 39 11531
Vegetable  Max
Jslos 32985 0.001 0 0 95 251 43 10 0 50 19 19 7286
Min
oSke 39374 005 0.005 047 149 347 62 20 2740 83 29 29 9421
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Standard
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Shee Gl 3779 013 0.28 0.58 18 87.9 2.3 15 748 47 47 5 506
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Table 4- Statistical description of study variables in the Dimche region
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Diesel fuel (liters)

S 55

Electric energy (kWh)
Electric energy (kWh)
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Water (cubic meter)
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Maize Max
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Sis gShe 95557 2 1 4 891

Sugar Max
cane
Jslis 33012 0.01 0.01 0.04 98

Min

oSlke 62211 1 052 2 498

Average

Sl ymol 17019 0.58 0.29 0.96 235

slze
Standard
deviation

700 82 30 4860 120 39 80

251 43 10 0 50 19 19

479 62 20 2563 83 28 48

136 12 6 1316 21 6 18

11511

7334

9488

1283

pus Sl 62594 0.49 0.99 2 138

Wheat Max
JERS 29015 0.01 0 0.05 76

Min

nSile 47222 0.24 0.46 1 107

Average
Syl 10185 0.14 0.29 0.58 18
slze
Standard
deviation

588 12 121 3646 196 19 38

288 5 67 1035 46 6 21

437 8 95 2301 106 13 30

91 2 17 804 45 4 6

5479

3768
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Source: Research findings
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Table 5- The results of estimating the average efficiency of products in the Goutvand Region

21,5 glgl Byl Jloks! gl P=1  P=0.8 P=0.5 P=0.1
Deviation probability levels of efficiency types

45
Maize
Sldes 1K 086 076 0.74 0.73
Operational efficiency
i jlame IS 089 083 0.82 0.81
Environmental efficiency
@laidl — jlase S 0.96 0.91 091 0.90
Environmental-economic efficiency
Ly
Beans
Slles LK 0.63 0.6 0.58 0.57
Operational efficiency
il S 0.59 0.53 0.52 0.51
Environmental efficiency
al = sl 1) 0.65 0.61 0.61 0.6
Environmental-economic efficiency
ML,
Beans
Slles 1)K 0.83 0.78 0.75 0.74
Operational efficiency
e ) 0.86 0.81 0.79 0.78
Environmental efficiency
basBl = g jlasme I8 0.91 0.86 0.86 0.85
Environmental-economic efficiency
&
Rice
Slles LK 0.86 0.79 0.76 0.75
Operational efficiency
sl S 0.87 0.8 0.78 0.77
Environmental efficiency
laidl — jlasme o8 0.95 0.90 0.89 0.88
Environmental-economic efficiency
Ol
Vegetables
Slles LI 0.84 0.76 0.74 0.72
Operational efficiency
s jlase )8 0.85 0.76 0.75 0.73
Environmental efficiency
ool — sl S 0.91 0.83 0.82 0.81
Environmental-economic efficiency
puis
Wheat
Slles LI 0.78 0.71 0.68 0.67
Operational efficiency
s jlase 1) 0.83 0.77 0.75 0.73
Environmental efficiency
latdl — ujlame oS 0.88 0.81 0.8 0.79

Environmental-economic efficiency

3ui5 sbaansl, sl
Source: Research findings
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Table 6- The results of estimating the average efficiency of types of products under the study of the Aghili Region

2y glgil Bl il Jlois] gl P=1 P=08 P=05 P=0.1
Deviation probability levels of efficiency
types
Slhles S8 oy 087 0.80 0.78 0.77

Operational efficiency

sl ol
Environmental efficiency
soladl - u;..w)la..m L;[l)lf
Environmental-economic efficiency

Slles 2L
Operational efficiency
il o)
Environmental efficiency
@l = gl ol
Environmental-economic efficiency

Slhles LK
Operational efficiency
e ol
Environmental efficiency
@l = gl ol
Environmental-economic efficiency

Rice
0.90 0.83 0.81 0.80
095 0.89 0.80 0.87
Vegetables
0.86 0.78 0.75 0.74
0.88 0.81 0.79 0.78
094 0.87 0.87 0.86
puS
Wheat

079 071 0.69 0.67

081 0.73 0.71 0.70

086 0.79 0.78 0.77

Geins sbvasl, isle
Source: Research findings
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Table 7- The results of estimating the average efficiency of different types of products under the study of the Dimche region

2y gl Byl Jlois] gl
Deviation probability levels of
efficiency types

P=1 P=08 P=05 P=01

Shles 2
Operational efficiency
S jlasme ol
Environmental efficiency
sola8l - W)Ia..m ug._l)lf
Environmental-economic
efficiency

Maize

0.75 0.68 0.67 0.66

0.79 0.73 0.71 0.70

0.85 0.8 0.8 0.79

Sugar cane

Slles 2L
Operational efficiency
e o)
Environmental efficiency
wlaidl - gl oK
Environmental-economic
efficiency

Sllee L
Operational efficiency
s sl 2],
Environmental efficiency
wlaidl = gl ol
Environmental-economic
efficiency

puS
Wheat

0.90 0.82 0.79 0.78

0.89 0.83 0.80 0.80

0.95 0.90 0.89 0.87

0.81 0.74 0.72 0.70

0.87 0.81 0.80 0.79

0.91 0.85 0.85 0.84

3uio0 sbaaisl, sl
Source: Research findings
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Introduction

The agricultural sector is one of the most basic and vital component in the social and economic structures of
any country. Today, with increasing in the world's population and needing to provide food on the other hand, and
increasing in the price fluctuations of agricultural products on the other hand, traditional agriculture is no longer
responsible for the sustainable food security of the world population. In recent years, the occurrence of two
incidents of the spread of the corona virus and the outbreak of war in Ukraine, have made the price of agricultural
products extremely unstable. Today, even many farmers and agricultural associations in developing countries are
not aware of the changes in market prices and the latest technological developments in the field of agricultural
product prices, and they do not have the ability to discover the optimal price for selling their products. In such a
situation, the use of intelligent models in order to accurately forecast the price of agricultural goods is vitally
important for farmers and agricultural sector activists.

Smart agriculture is an emerging concept that involves the integration of advanced technologies to collect and
analyze data in order to solve the challenges and problems of the agricultural sector. In the meantime, forecasting
the price of agricultural products involves with some basic challenges; including: 1) Data of agricultural product
price is mostly non-linear, unstable, non-normal, and noisy and follows chaotic behavior, 2) There is uncertainty
in the forecasted data obtained from different models, 3) In the studies related to price forecasting, the "publishable
base model™ is not provided in order to provide the forecasted price values. Therefore, the aim of this study is to
provide a non-linear hybrid intelligent model for accurate forecasting of the future price of pistachios in the field
of smart agriculture through managing the multidimensional nature of data, considering uncertainty in the
forecasting data and finally building a publishable base model in the field of product price prediction.

The hybrid model proposed in this study has the following innovations; 1) the deep learning neural network
model and the Auto-Encoder network have been used to forecast the agricultural product price and determine the
optimal lag of price as an input variable simultaneously, 2) The Monte Carlo method has been used as a non-
parametric method to provide a confidence interval and calculate the most likely price that can happen, 3) The
practical application of price forecasting models, i.e., "publishable base model™ is presented in order to provide
forecasted price values.

Materials and Methods
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The implementation of the proposed hybrid model in this study includes the steps of "data preparation”, "data
feature engineering”, "training and testing the final deep learning neural network model”, "building the optimal
base model”, "creating the most likely price scenarios"” using the Monte Carlo method and "inferring new prices
or making out-of-sample forecasting" with new data sets” by feeding new price data into the deep learning neural
network model. In the proposed hybrid model, data mining techniques are used, including Wavelet Transform
(WT), Long-Short Term Memory (LSTM), Auto-Encoder network (AE), Monte Carlo-Markov chain (MCMC)
simulation method and the concept of "inferring new prices".

In the data preparation stage, using methods such as data smoothing, data rebuilding, correction of duplicate
data in several consecutive days, and correction of missing data, the continuous set of pistachio future price time
series is prepared to enter the primary model. Also, the wavelet transform function has been used for de-noising
the data, the Auto-Encoder network has been used to determine the optimal lag, the Monte Carlo-Markov chain
simulation has been used to create the most probable price scenarios, and the deployment concept has been used
for out-of-sample forecasting with new data sets. The data used in this study is the time series of the daily price of
pistachio futures on the Iran Commodity Exchange in the period from 10/13/2019 to 12/14/2021 in Rials per

kilogram.

Results and Discussion

The results of this study showed that 1) by using the wavelet theory to de-noise the data, the error rate of the
price data was reduced and the data had a stable trend, 2) the results of the implementation of the Auto-Encoder
network showed that the optimal lag of one can be used as an input variable to forecast the future price of
pistachios, 3) The outcomes derived from employing Monte Carlo-Markov chain simulation, coupled with out-of-
sample forecasting using the new dataset, reveal compelling insights into the future pricing of pistachios on the
Iranian Commodity Exchange. According to the analysis, the most probable and sanguine projection places the
future price at the price ceiling of 213 thousand Tomans. Impressively, the forecasted price exhibits a minimal
variance of merely 0.7% from the actual observed price, attesting to the precision of the proposed model. The
overall accuracy of the model stands commendably high at approximately 93%.

Conclusion

Based on the results, firstly, the forecasted price has a small error with the actual price and this small error
shows the power of the built model in forecasting the future price trend of pistachios. Secondly, the alignment of
the price resulting from the Monte Carlo simulation with the new price can also be used as a confidence index in
risk management for traders and market participants. Thirdly, the process set is the most complete value chain in
the production of price forecasting models. Therefore, the use of the proposed hybrid model and the use of the
components used in it, i.e. wavelet transform function, Auto-Encoder network, deep learning neural network,
Monte Carlo simulation and the concept of inferring new prices; are suggested.

Keywords: Datamining, Deep learning neural network, Future price forecast, Monte Carlo-Markov chain,
Wavelet theory
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1- Wavelet Transform (WT)
2- Long-Short Term Memory (LSTM)
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3- Auto-Encoder (AE)
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1- Deployment
2- Scoring new data
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3- Vanishing Gradient
4- Markov Chain Monte Carlo (MCMC)
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1- Operator
2- Selector
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Table 1- Specifications of daily maturity data of pistachio futures contracts in the period under review
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Figure 4- Normality distribution of daily data of pistachio futures contracts maturity in the period under review
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Table 2- Test results of daily maturity critical values of pistachio futures contracts in the period under review
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Figure 5- The time series of the future price of pistachio and its components analyzed by Dabshiz wavelet 2
Uiy el tisle
Source: Research findings

il slaosts 51,3
The density of real data
1.5e-06+

Se-07F

ot (1S jadg (SLa0SIS S 43
The density of denoised data

1.5e-06¢

Se-07+

o2 2590 8590 53 diamy ST Ceond (g3 b (21054855 (031> oS5 13905 1 JSU
Figure 6- Density diagram of denoised data for the future price of pistachios in the period under review
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Table 3- Out-of-sample forecasting using the model of “Wavelet Transform Function-Auto Encoder-Deep Learning Neural
Network-Monte Carlo' for the future price of pistachios (Riyals per kg)
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Introduction

The market and the conditions governing it, especially the food industry, are always important issues for
policymakers, decision makers and planners in the public and private sectors. Because market conditions are
important in terms of the level of competition or monopoly on access to goods from the point of view of
government decision-makers and the price from the point of view of production and private sector suppliers. In
addition, both access and price factors greatly impact the amount of consumption and, consequently, the level of
consumer’s welfare. Dairy products, especially milk and cheese, from the consumer's point of view, in addition to
being good for health, from the point of view of agricultural producers, it is a strategic product, and from the point
of view of government decision-makers, it is a factor in changing the level of social welfare. Of course, the market
behavior has an important effect on the price and the motivation to produce and finally consume milk and cheese.
However, factors such as encouraging consumption through public advertising can have a great effect on
consumption motivation (Shahbazi, 2015). But the lack of competitive conditions in the production of products
can reduce the consumption of milk and cheese and, as a result, create lost welfare for consumers and society. In
other words, having a large share of the milk market by a small number of companies and production companies
has made the market of dairy products a monopoly market and the existence of a monopoly in the market is
considered one of the most important factors that cause lost welfare for consumers. (Gisser, 1982; Shahbazi, et al.,
2009).

Materials and Methods

In this research, an attempt has been made to provide a structural framework for examining the performance
of the dairy industry, especially milk and cheese (in terms of measuring the level of competition or monopoly).
Based on the theory of NEIO, it is possible to quantify firms' market behavior in the absence of marginal cost data.
The choice of demand model is of key importance in this type of analysis, since modeling a firm’s market behavior
relies on correct representation of consumer preferences (Hovhannisyan & Bozic, 2013). In explaining consumer
behavior, the functions selected for demand should be compatible with consumer theory, satisfy its theoretical
characteristics, be easy to estimate, and have high predictive power. If, as the research shows, there is a non-linear
relationship between demand and income, using a linear expenditure model will lead to an error and provide
incorrect parameters. Recently, discrete choice demand models, such as the Logit specification, have increased in
popularity in applied industrial organization research (Werden & Froeb, 1994). The random coefficient logit
demand model is of particular interest, which allows for product differentiation and consumer heterogeneity.
Finally, in this study, like some leading studies in the field of estimating the demand function of goods such as
Hovhannisyan and Bozic (2013), uses an inverse demand system to create a structural framework of market
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behavior. In this approach, prices are endogenous. To model the inverse demand function and supply function,
Leunberger's profit function approach (Luenberger, 1992) is used. Also, using the CV approach based on the study
of Hovhannisyan & Bozic (2013), the amount of markup due to the existence of market power at the retail level is
estimated for the years 2015-2021 in 7 selected provinces.

Results and Discussion

The choice of demand specification may significantly affect the estimation of structural coefficients. Therefore,
several demand determination tests are performed using the Bewley likelihood ratio test (Bewley, 1986). The
results show that there are quadratic utility effects in inverse demand functions. By using this feature, it is shown
that the regional heterogeneity, i.e., §;, = 0, is the same as the lagged quantity, i.e., 6,,, = 0, the lagged price, i.e.,
6,, = 0 and non-linear time effects, i.e., a;; = 0, are significant effects regarding the demand for milk and cheese.
But seasonality, i.e., pj; = 0, has a negligible effect on the market for milk and cheese. The final demand
relationship is estimated based on the results of the tests of various constraints on the model. The estimation of the
complete model is done using the FIML method. Based on Hovhannisyan and Gould (2012), the constraint 7; €
[0,1]is applied. The estimation results indicate the presence of nonlinearity effects (effects) in utility function.
Also, regional heterogeneity (6;,), and the lagged quantity (6,,,), lagged price (6,,) and nonlinear time effects
(o+¢) have essential effects on milk and cheese demand. The results show that in the case of the milk industry,
retailers have received the most mark up in B1 brand milk (milk produced by Iranian Dairy Industries Co.-IDIC)
during the studied years. In such a way that on average they have received a markup equal to 4.8%, while this
markup for milk produced by other brands is equal to 3.9%. Regarding the cheese industry, retailers receive a
higher price markup for B2 cheese compared to cheese produced by competing companies of IDIC, averaging at
4.0%. However, the price markup for cheese produced by IDIC is only slightly lower, averaging at 3.9%. Also,
the results show that there is a lot of regional heterogeneity among the provinces of the country (the studied
provinces) in the dairy products industry that the variation in the degree of advancement of dairy industries across
various provinces may be regarded as the foremost contributing factor. So that the surcharge at the retail level is
different in different provinces. The price increase in B1 brand milk has changed from 3.3% in East Azarbaijan
province to 7% in Razavi Khorasan province. But the retailers have received markup for milk produced by other
brands, i.e. B2, from 3% in West Azarbaijan province to 6.9% in Isfahan province. In the case of cheese, the
surcharge received by competing companies of IDIC has changed from 2% in Fars province to 6.5% in East
Azarbaijan province. However, the retailers have received additional price from 1.5% in East Azarbaijan province
to 6.7% in Fars province for the cheese produced in IDIC.

Conclusion

As anticipated, the market dynamics have exerted a significant influence on pricing, thereby shaping the
incentives for milk and cheese production and, ultimately, consumption. The lack of competitive conditions in the
production of milk and cheese (which has been mentioned in some studies such as Shahbazi et al., 2009 and
Shahbazi & Faryadras, 2018 can reduce the consumption of milk and cheese and in the result of creating lost
welfare for consumers and society. In other words, the possession of a large share of the milk market by a small
number of companies (especially IDIC) and production companies makes the milk market a monopoly market,
and the existence of a monopoly in the market is considered one of the most important factors that cause lost
welfare for consumers. One of the processes that create competition is the development of the industry in terms of
increasing the number of production companies by encouraging people to create dairy companies by providing
incentive facilities from the government. Planning and investing in product advertising, especially in brands with
a small market size, can help increase competition and transparency in the market. Acknowledging regional
disparities in the branding and marketing of milk and cheese commodities is a crucial factor that demands attention.
Additionally, factoring in market share dynamics and evolving consumer presumptions can provide valuable
insights for making informed decisions regarding production and management strategies.
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2- An Implicitly Directly Additive Demand System
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Table 1- Production and sales statistics of Stock exchange companies of Iranian Dairy Industries Co. (2020 and 2021)

‘ oAl g, oAl g, 39 UR9s 39 o995 98 oo bawgle LI dgu
CS i ol Voo Jlw 1744 Jlw Yoo Jlw ¥4 Jlw Yoo Jlw Gross
Company Sales in 2021 Sales in 2020 Production in Production in Price Mean in 2021 Margin
(Mil RLS) (Mil RLS) 2021 (tons) 2020 (tons) (10 RLS) (Mil RLS)
& O‘-’.‘ib).ﬁi
. 655786 4259021 52179 50941 125.7 366180
(W. Azerbaijan)
B byl
.. 10610993 6037799 54669 52909 194 364603
(E. Azerbaijan)
o
(Fars) 9866892 6974751 67449 78572 164.3 184552
Ol
18651716 13339160 80795 123757 230.8 861070
(Esfahan)
ol
6211749 4233243 46186 45549 1345 322517
(R. Khorasan)
(Golpaigan) %L 8375643 6224937 39068 42230 2115 474540
(Golestan) ks 6164061 4002241 29084 30791 211.9 364439
LS
o 4193286 2685077 35889 36905 116.8 152499
(Guilan)
(Total) ze> 70634126 47756219 405859 461654 174 3072400
(V) ol gl o il 215
Source: Stock Exchange Organization, 2023
S yuie GO (903l gl -Y Jouo
Table 2- Result of joint demand model test
Lol 54! a4 G5l dny3 g g dlumi Lo pd Cnasd
Demand Model Hypothesis Restriction and DF Likelihood Ratio
) d9ﬂ| u“‘})“' ““"’9““” Wy = 0 4 47.32%*
Model 1 Nonlinear Utility
Y oSl - slaahio  luenl N 5,=0 18 192,50
Model 2 Regional heteroscedasticity
e 4By 6,, =0 4 68.92"
Lagged Quantity
e 45 6,, =0 4 82.35™
Lagged Price
Oy ket pjs =10 18 4.2
Seasonality
S ol Gy =0 6 382"

Nonlinear time

3o Sluasles 135

2o Ve g0 ) maw 3 (o)l gime # g e
Source: Research finding
*** ** and * Significantin 1, 5 and 10 percent
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Table 3- Estimation of restricted inverse demand model (Equation 10)

o 5,91y 5 ltiw! glbd to,ll g 3,90y 5 ltil s to,b]
Coefficient  Estimator S.E t Statics  Coefficient  Estimator S.E t Statics

6, 0.6280"" 0.090230 6.96 0311, -0.0010™ -0.000130 7.71
0, 0.1120™" 0.019823 5.65 03,1 -0.0006™" -0.000113 5.33
04 0.0020™" 0.000267 7.50 0331, 0.0080™" 0.002204 3.63
0, 0.2420 0.166897 1.45 0341, -0.00005™ -0.000025 2.02
011 -0.0050™" -0.001094 4,57 0411 -0.0009" -0.000183 491
012 0.0010™" 0.000202 4.95 0421 -0.0006™ -0.000258 2.33
013 0.0006" 0.000321 1.87 0431 -0.0006™" -0.000153 3.91
014 0.0040" 0.002367 1.69 0441, 0.0090"" 0.001243 7.24
6,, -0.0230™ -0.010952 2.10 0, 0.0100"" 0.002959 3.38
6,5 0.0010™" 0.000147 6.81 o, -0.0210™ -0.003116 6.74
6,4 0.0060"" 0.001829 3.28 o3 0.0160"" 0.002130 7.51
22 -0.0300™" -0.004800 6.25 Oy -0.0050"" -0.000781 6.40
A 0.0020"" 0.000415 4.82 011 0.0032 0.002388 1.34
044 -0.0050™" -0.000698 7.16 Oy 0.0006™" 0.000079 7.58
Y1 -0.0260™" -0.006566 3.96 033 -0.0009 -0.000703 1.28
V2 -0.0220™" -0.003051 721 O4s -0.0029™ -0.000592 4.90
Y3 0.0130™" 0.002265 5.74 b1z 0.0020™ 0.000590 3.39
Vs 0.0350™" 0.009235 3.79 013 -0.0010™ -0.000137 7.28
U 0.0002™ 0.000081 247 O1a 0.0005 0.000391 1.28
Uy -0.0001™" -0.000014 7.27 015 0.00065™" 0.000104 6.28
Us -0.0001™" -0.000017 5.97 O16 0.00065"" 0.000132 4,94
Uy 0.0002""" 0.000029 6.98 617 -0.0010™" -0.000169 5.92
0., 1.2650 0.816129 1.55 823 0.0060"" 0.001422 4.22
6, -0.0350™" -0.004575 7.65 824 0.0060"" 0.001049 5.72
65, 0.2870™" 0.042582 6.74 825 -0.0008™" -0.000187 4.27
041 -1.5170™ -0.656710 231 826 -0.0010™" -0.000233 4.30
6111 0.0320™ 0.010526 3.04 6,7 0.00072™" 0.000095 7.57
61,1 -0.0030™" -0.000824 3.64 O34 -0.0010™ -0.000141 7.09
6131 -0.0010™" -0.000198 5.04 O35 0.0005™ 0.000084 5.94
6141 -0.0080™" -0.001798 4.45 036 0.0020" 0.001099 1.82
0,11 -0.0060™" -0.000828 7.25 O37 0.0005™ 0.000203 2.46
04,1 0.0160™" 0.002698 5.93 O4s 0.0020™ 0.000392 5.10
0,31, -0.0005™ -0.000189 2.65 O46 0.0007" 0.000100 7.02
0,41 0.0008™" 0.000100 7.97 O47 -0.00085™ -0.000130 6.52

30 Slawbre 18l

Lo Ve g0 ) paw > (g)b me g e
Source: Research finding
**% ** and * Significant in 1, 5 and 10 percent
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2- Seemingly Unrelated Regression Equation
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Table 4- Estimation of supply model (Equation 16)

o 5,91y 5libinn] s to,lb] rpw 5,91y 3libinnl gls to,ll
Coefficient Estimator S.E t Statics Coefficient Estimator S.E t Statics
C1 0.125** 0.050607 2.47 as -0.021*** -0.00334 6.29
C, 0.267** 0.105534 2.53 a, 0.006*** 0.001051 5.71
Cs 0.068*** 0.013737 4,95 by 0.002*** 0.000548 3.65
Cy 0.159 0.123256 1.29 b, 0.006*** 0.001442 4.16
a; 0.019*** 0.002691 7.06 b -0.025*** -0.00417 6.00
a, 0.011* 0.00567 1.94 b, 0.0001** 0.00368 2.72
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Source: Research finding
**% ** and * Significant in 1, 5 and 10 percent
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Table 5- Estimation of marginal cost coefficient (Equation 17)

g g 5,91y 5ltinn] gls to,bl o 5,91y 3libinnl gls to,bl
Coefficient Estimator S.E t Statics  Coefficient Estimator S.E t Statics
T11 0.041*** 0.013141 3.12 T31 0.039*** 0.009028 4.32
dis 0.001*** 0.000256 3.9 ds, 0.015*** 0.002344 6.4
dis 0.015*** 0.00297 5.05 dss 0.024** 0.009023 2.66
dyis -0.001*** -0.00028 3.53 dsy -0.029*** -0.00572 5.07
dis 0.047*** 0.012208 3.85 dss -0.032** -0.01429 2.24
die 0.097*** 0.019284 5.03 dse -0.07*** -0.01872 3.74
e -0.075*** -0.01724 4.35 es1 0.039** 0.013311 2.93
€12 0.064*** 0.008579 7.46 e 0.041*** 0.010705 3.83
e13 0.042*** 0.007131 5.89 €33 0.098 0.062025 1.58
€14 -0.054*** -0.00969 5.57 €34 0.046** 0.019247 2.39
eis -0.029*** -0.00527 5.5 ess 0.092*** 0.030164 3.05
e -0.034*** -0.00637 5.34 e3¢ -0.025* -0.01214 2.06
To1 0.006*** 0.000888 6.76 Ta1 0.003** 0.001288 2.33
dys 0.004** 0.001347 2.97 dysy -0.061*** -0.01552 3.93
dys 0.087*** 0.01392 6.25 dys 0.057** 0.026761 2.13
day 0.075** 0.033937 2.21 dyy -0.045 -0.04369 1.03
dys -0.064*** -0.00974 6.57 dys 0.054* 0.029189 1.85
dye 0.04 0.023669 1.69 dae -0.003*** -0.00054 5.58
€1 0.022** 0.007407 2.97 €41 0.079*** 0.012461 6.34
ey 0.033 0.024444 1.35 €42 -0.061** -0.02337 2.61
€3 0.018*** 0.005357 3.36 €43 0.081*** 0.01514 5.35
€4 -0.019*** -0.0031 6.13 €44 -0.064*** -0.01502 4.26
deys 0.026*** 0.004037 6.44 deys -0.061 -0.03675 1.66
€26 0.085** 0.03972 2.14 €46 -0.08** -0.03306 2.42
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Table 6- Adjusted Lerner Elasticity Index

Ol YW VYW Tapgd Vg
Province Bl Milk Bl Cheese B2 Milk B2 Cheese
(W. Azerbaijan) ¢ olubSl 0.045%*%*  0,053***  0.03*** 0.04***
E. Azerbaijan) 5,5 ol 0.033*%*  0015**  0.057***  0.065%**
(Fars) 5 0.015%**  0.067***  0.052%** 0.02**
CcVv (Esfahan) .l 0.045*** 0.027* 0.069*** 0.047
(R. Khorasan) Ll s 0.07** 0.026*** 0.019** 0.016**
(Golestan) ks 0.067*** 0.023 0.015** 0.031***
(Guilan) ;M5 0.061%** 0.064 0.034*  0.063***
oyt Lauosze 0.048 0.039 0.039 0.040
(W. Azerbaijan) ¢ oL 0.00775 0.01157 0.00490 0.00533
(E. Azerbaijan) 5,5 oL 000752  0.00485  0.01418  0.01522
(Fars) )b 0.00202 001591  0.00773  0.00662
SE (Esfahan) ;laaol 0.00619 0.01399 0.02110 0.04123
(R. Khorasan) Ll s 0.02527 0.00349 0.00785 0.00721
(Golestan) k.5 0.00946 0.01901 0.00475 0.00440
(Guilan) /M5 0.01023 0.05818 0.01878 0.00873
(W. Azerbaijan) ¢ bl 5.81 4,58 6.12 7.5
(E. Azerbaijan) 5,5 ;lxb,d 4.39 3.09 4.02 4.27
(Fars) w6 7.42 421 6.73 3.02
t Ratio (Esfahan) il 7.27 1.93 3.27 1.14
(R. Khorasan) ;Lul,5 2.77 7.44 2.42 2.22
(Golestan) .k.ls 7.08 121 3.16 7.04
(Guilan) - Ms 5.96 11 1.81 7.22
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Source: Research finding
*xx ** and * Significant in 1, 5 and 10 percent
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Introduction

Grape (Vitis vinifera L.) is one of the most important agricultural products in the Mediterranean. Today, grapes
are grown in a large area of the world's gardens. The world production of grapes was about 77.8 million tons in
2018, of which 1.3 million tons were converted into raisins. According to the latest data of FAO, Iran has an annual
production of 24.45 million tons of grapes in an area of 213 thousand hectares, accounting for 3% of the world's
grape production. The average yield per hectare of vineyard is reported to be 15.5 tons. The purpose of this study
is to determine hot spots in terms of energy and cost in the production of Malayer grapes with the approach of
material and energy flow costing (MEFCA). The primary focus of material and energy flow cost accounting is on
waste (waste of energy, materials and potential human capacity).

Materials and Methods

Material flow cost accounting was introduced in the late 1990s in Augsburg, Germany as a tool for green
productivity management. This is known as a tool to increase productivity by reducing the use of materials, energy
and human resources. Unlike life cycle assessment, which only weighs the environmental impacts of production
and does not provide a solution for simultaneously reducing environmental impacts and increasing economic
profit, material flow costing is recognized as an efficient tool for managing resources, wastes, and environmental
impacts, and has covered the shortcomings of life cycle assessment. Material flow cost accounting helps to
discover hidden costs and waste by objectifying the flow of materials in the production process. Based on 1SO
14051 material flow analysis occurs in quantitative centers (QCs). In general, each quantitative center divides the
production process into several parts. The basis of material flow and energy costing is material flow balance. This
means that the inputs must be the same as the outputs. Based on this balance, positive inputs (i.e. consumable
inputs) and positive outputs (i.e. product performance) and negative outputs (i.e. wastes and emissions during
production) should be equal. The primary focus of material and energy flow costing is on waste (e.g. waste of
energy, materials and potential human capacity). Allocation of costs to positive and negative products in each
quantitative center is done in the following way:

- Material cost (including raw and industrial materials used in the production process)

- Energy costs (including electricity or buying diesel fuel)

- System costs (including labor costs, transportation costs and system maintenance)

- Waste cost (including waste management costs)

The system boundary included the background processes that the farmer was directly involved in using and
managing. Grape data was collected in the crop year of 2020-2021 from Malayer vineyards.
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Results and Discussion

Based on the results of the study, the average energy input including renewable, non-renewable, direct and
indirect energy for grape production was 42234 MJ hal. The negative energy resulting from the wastage of
chemical fertilizers, grapes, irrigation water and pesticides was 28650 MJ ha. The total positive output energy
was calculated as 296180 MJ ha. Nitrogen fertilizer with 27% and animal manure with 19% had the largest share
in input energy for grape production. In terms of negative energy, grape waste accounted for the largest share with
82% and the Irrigation water wastage was the next with 16%. Energy indices including energy efficiency (6.33),
energy productivity (0.59) kgMJ?), energy intensity (1.68 MJkg™) and net energy gain (1225295 MJha*) were
calculated for grape production. The cost of grape production per hectare was $2,779. The highest input costs were
related to labor and irrigation water, which cost the farmer 1644 and 680 dollars per hectare, respectively. The
calculated negative production in grape production was equal to 2560 dollars per hectare. The main negative
production in grape was related to wastage of grapes and irrigation water, which brought hidden costs of 2108 and
442 dollars to the farmer, respectively. The economic indicators of gross income (13954 $ha™) and cost-benefit
ratio (4.5) were calculated.

Conclusion
Transitioning from flood irrigation to drip irrigation is anticipated to enhance irrigation efficiency by 50%,
resulting in an incremental addition of $221 to the farmer's income while concurrently reducing labor costs.
Additionally, emphasizing training for workers can prove pivotal in minimizing grape yield wastage within the
region.

Keywords: Energy accounting, Energy efficiency, Energy productivity, Environmental management, 1SO
14051 standard
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Table 2- Fertilizers emissions standard enthalpy of formation (Afshar and Dekamin, 2022)
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Emissions type Molar mass(g molet) Molar mass eq. (kJ mole!)  Energy eq. (MJ kg™
N20 44 82.5 1.88
NHs 17.03 46 2.70
NOs 62 206 3.32
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Table 3- Coefficients used to calculate on-farm emissions for grape production (Eggleston, 2006)
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Emissions and calculation formulas Coefficients
97 o ladgs | (36 Lzl kg N0 — N ige oy oYY
Emissions from nitrogen fertilizers kg Nin 0.12 to air
kg NO; — N ey
kg Nin 0.3 to water

Lo )lzssl o oy
Emission conversion factor

14

62

to kg phosphoruskg P,0 —
g phosp g P05 142
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Table 4- Equations used to calculate the energy indicators of grape production(Afshar and Dekamin, 2022)

&35 saasls ) Joe s
Energy indicators Unit Equation
&3l age e kg M3 EP = Y (kgha™")
Energy productivity IE (M] ha=1)
3358 nw.@:l,ls EUE (ER) = OE (MJ] ha_‘l)
Energy use efficiency IE (M] ha—1)
53l NP
37 ol o MJhal  NE = OE (MJha™') — IE (MJ ha 1)
Net energy gain
i e MJ kgt SE = IE (M] ha™)
Energy intensity Y (kgha™")
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Table 5- Equations used to calculate the economic indicators of grape production (Afshar and Dekamin, 2022))
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Economic indicators Unit Equation
Mg S 850 $ hatl GVP =Y(kgha™1) x
Total value of production P($kg™)
0alBb o3l $ hat GR=GVP ($ ha™1)-
Gross return Variable Costs ($ ha‘l)
A3 4 Cardie Cand CBR=GVP ($ ha™1)/
Benefit to cost ratio TC($ha™h)
oladl g 900 kg $° EP=Y(kg) / Variable Costs
Economic productivity $)
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Table 6- Energy equivalents for different inputs/outputs in Grape production (MJ ha%)
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Input and output flow Unit  Energy coefficients(MJunit?)  Grape production  Grape production Energy(MJha't)

e [ 4738 4 1960
Diesel fuel
5 o h 1.96 1370 2671
Human labor
> Wl‘ h 62.7 23 3282
Machinery
i kg 75.4 106 7011
Nitrogen (N)
Olawd
kg 13.07 78 970
Phosphate (P20s)
ot kg 11.15 120 134
Potassium (K20)
275 kg 112 75 836
Sulfure
UiSale kg 238 8 1904
Herbicide
isedl kg 101.2 5 506
Insecticide
LIS " 216 4 864
Fungicide
I>) ol
(selz) o> 255 kg 0.3 27000 8100
Manure
ax KWh 11.93 756 9019
Electricity
okl m3 1.02 6800 6936
Irrigation water
$39y9 slocsspl go 42234
Total input
e glaczg >
Negative outputs
okl m3 1.02 4420 4508
Irrigation water
S kg 2.70 19.3 52.1
Ammonia (NHs)
ol s
o kg 12.44 316 392.7
Nitrate (NOs)
ol kg 3.32 0.8 2.8
Phosphate (P20s)
y
o5 S8y kg 118 2008 23694
Grape loss
it (295 Slasiyl ze 28650
Total negative outputs
Cude (29>

Positive output

3‘_ kg 11.8 25100 296180
Yield
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Figure 2- Positive and negative energy flow in grape production
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Table 7-Conventional and MFCA Energy ratios in prape production

il soasls g gl (Rbause &l sl
Energy indexes MFCA Conventional accounting
299 3 42234 42234
Input energy
29 3 267530 206180
Output energy
Cae 55 296180 296180
Positive energy
shie 57 -28650 0
Negative energy
il B S 6.33 7.01
Energy use efficiency
SiF Smre 0.59 0.59
Energy productivity
ok 1.68 1.68
Energy intensity
il ol o 225295 253945

Net energy gain
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Table 8- Cost equivalents for different inputs/outputs in grape production ($ ha™%)
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Input and output flow  Unit Grape production Cost ($ unit?) Grape production cost ($ ha™)
(e | 41 0.03 1.23
Diesel fuel
S S0 h 1370 12 1644
Human labor
> oedle h 23 13 290.9
Machinery
s kg 106 0.2 212
Nitrogen (N)
lid kg 78 03 23.4
Phosphate (P20s)
ol kg 45 0.1 45
Potassium (K20)
25 kg 120 03 36
Sulfure
JS. . kg 8 3.6 28.8
Herbicide
LS kg 5 36 18
Insecticide
e kg 4 36 144
Fungicide
(olz) (o> 28 k 27000 0.01 270
g
Manure
o KWh 756 0.01 7.56
Electricity
(W
(oS m3 6800 0.1 680
Irrigation water
©39y9 slosiyl o 2779
Total inputs
e gl g5
Negative outputs
_ LS)-L.‘.f‘ <! md 0.1 4420 442
Irrigation water
Sligel
e kg 0.2 19.28 3.86
Ammonia (NHs)
ol s
o kg 0.2 3157 6.31
Nitrate (NOs)
Olawd
kg 0.3 0.84 0.25
Phosphate (P20s)
295 ypin kg 0.7 3012 2108
Grape loss
ihe (295 oyl ge 2560.8
Total negative outputs '
Cute gl 295

Positive output

> 5es kg 07 25100 17570
Yield
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Figure 3- Cost flow of grape production
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Table 9- Economic analysis of grape production
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Cost and return components  Unit MFCA Conventional
A‘J . EY I
2 S $ha? 15009 17570
Gross value of production
e $ha? 17570 17570
Positive
o o
ey $hat -2560 0
Negative
[SFRW]
ol el $ha1 13954 16515
Gross return
4jm 4 olld o B 54 6.3
Benefit to cost ratio
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Introduction

In order to meet the increasing demands of the growing population, it is essential to boost rice production. This
not only ensures food security but also helps maintain environmental well-being. To achieve these goals, it is
crucial for crop management research to focus on increasing rice yields while minimizing water usage. In Iran,
particularly in the Rudbar region, recognizing the significance of rice cultivation in agriculture is of utmost
importance. To improve rice field management, various aspects such as water and soil resource management, pest
and disease control, nutrition management, sales and marketing strategies, human resources and social capital
management, as well as technical and agricultural improvements need to be addressed. Therefore, the aim of the
present study was to identify more effective methods for managing the rice fields in Rudbar county, Iran. Materials
and Methos Initially, the researchers conducted a comprehensive analysis of available national and international
databases to gather background information for the study. This analysis aimed to establish an initial list of
components that could contribute to improving the management of rice fields. The statistical population of the
study consisted of all 850 rice farmers in Rudbar City. Using the Karjesi-Morgan table, a statistical sample size of
265 participants was estimated, which corresponded to the size of the population. Eventually, 252 questionnaires
were collected after distributing them to the participants, resulting in an 88% response rate. The opinions of faculty
members from Tehran University's Department of Agricultural Management and Development were sought to
assess the content validity of the questionnaire which was finally confirmed. To assess the reliability or internal
consistency of the questionnaire, Cronbach's alpha coefficient was calculated for each of its components. All
coefficients were found to be above 0.7, indicating good reliability of the study tool. The data obtained from the
questionnaires was subjected to statistical analysis using the LISREL 8.8 software. A confirmatory factor analysis
model was applied to examine the data. The reliability of the indicators loaded on each structure was evaluated
using the t statistic. Indicators with values exceeding the critical limit of 1.96 were considered to have the required
precision for measuring the relevant structure. Additionally, significant factor loadings were determined by
extracting values greater than 0.5 from the factor loadings. It is important to note that Cronbach's alpha (with
values higher than 0.7) was utilized to assess the reliability of the constructs.

Results and Discussion

The research findings highlighted several significant factors that have a substantial impact on improving the
management of rice farms. These factors encompassed various aspects, including water and soil management, human
resources and social capital, nutrition management, pest, disease, and weed management, technical and agricultural
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management, as well as sales and marketing management. Regarding water and soil management, the study
emphasized the importance of optimal application of water resources, consideration of water quality, sediment
control, and prevention of toxins and sewage from entering rice fields. Given the submerged nature of some rice
stalks and the perpetually swampy conditions of rice fields, it is crucial to ensure the quality of incoming water and
prevent the presence of mud and sediments. In terms of nutrition management, the research findings stressed the
significance of using fertilizers effectively to enhance rice productivity. This involved post-planting strengthening,
adherence to appropriate fertilizer consumption guidelines, and the utilization of plant and animal residues. Nutrition
management, along with pest and disease control, played a vital role in successful rice field management. Another
factor contributing to effective rice field management was the control of pests, diseases, and weeds. The study
highlighted the benefits of employing an integrated approach to manage rice plant diseases and pests, which yielded
better outcomes. The research findings also emphasized the role of technical and agricultural management in
enhancing rice field operations. This included the use of transplanting machinery and improved seeds, mechanization
of cultivation activities, and the application of fertilizer spraying machinery. These measures underscored the need
for innovation in rice fields, emphasizing the importance of mechanization and the utilization of modern agricultural
instruments. It was recommended that rice producers embrace technological advancements to optimize their technical
and agricultural practices. Furthermore, the management of human resources and social capital played a significant
role in rice field management. This encompassed fostering the growth of social capital, enhancing knowledge and
skills, and utilizing mass media for skill and career development. The findings suggested that increasing cooperation,
trust, and organization among rice farmers could be a strategy to revive social capital and enhance management
practices. Lastly, the study highlighted important features of rice sales and marketing, such as employing an
appropriate distribution system, excluding profit-seekers from the marketing cycle, and establishing regular customer
relationships. Overall, the research findings emphasized the importance of addressing various factors, including water
and soil management, nutrition management, pest and disease control, technical and agricultural management, human
resources and social capital, as well as sales and marketing management, in order to effectively manage rice fields.
Implementing these strategies would contribute to improved productivity and sustainable management practices in
rice cultivation.

Conclusion

The findings of the study indicated the significance of several measures to improve the management of rice
fields. These measures included the utilization of additional fertilizers and adherence to fertilizer usage guidelines,
as well as the adoption of mechanized planting and harvesting equipment. It was also recommended to provide skill
training programs for rice farmers and introduce online marketing platforms to facilitate the sale of rice. Furthermore,
the study highlighted the importance of establishing specialized communication channels and implementing a
contract system for rice production and sales through dedicated local organizations. This approach would ensure
efficient coordination and enhance the management of rice fields. Additionally, private businesses were recognized
for introducing new technologies, while the government played a crucial role in providing the necessary infrastructure
and platforms to support rice field management. Improving the skills of rice farmers, especially in terms of market
innovations, was identified as a key factor in enhancing the management of rice fields. This aspect should be
considered alongside institutional and policy-making advancements to ensure comprehensive improvements in rice
field management.

Keywords: Farm management, Rice, Rudbar county, Rice grower
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Figure 1- The conceptual framework of the research
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Figure 2- Geographical location of Rudbar county in Gilan province
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Table 1- Reliability of main research scale dimensions: Cronbach's Alpha analysis
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_)lf°9) Ol e Nutrition management
Impro_vlng_ the management i ile o b lon 5 Ty e 12 0.77
of rice fields in Rudbar .
c Management of pests, diseases and weeds
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ggl))'—ugg Ca e 10 0.84
Agro-technical management
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Sales and marketing management
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Table 2- Frequency distribution of personal and professional characteristics among respondents
e by gl et Descritive statistics
Variable Level\Class Frequency Percent
<31 52 20.7
(JL) oo iigg gg :1),12 Mean=45.5
: £0/0= ke
Age (Year) 51-60 64 25.3
> 60 12 4.7
Hashemi 120 47.6
ok oS Sy 9 il
Types of cultivated rice Kazemi 56 22.3 Mode=Hashemi
osb CulS gy £ il edlo=los
Types of cultivated rice Both 76 30.1
922
<1 68 27
(eSa) S 105 oo 1-2 62 24.6 Mode= <1
Land under cultivation 2.1-3 50 19.8 Koy =les
(Ha) 3.1-4 42 16.7 -
4.1-5 30 11.9
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Table 3- Perceived priority of management component indicators in rice fields: respondents' perspective in Rudbar county

a 1951 A il o
Com?oig:\ts b e li: ,J‘i Cagly!
Indicators\items Mean I S| Rank
SD CVv
B 5y 093 3 6kl (eSS Slles plox]
Carrying out additional irrigation operations during the rice 4.048 0.654 0.162 1
growth period
b 0l 2 s e L gl 85 4984 | 0884 | 0177 | 2
Draining excess runoff from the paddy field at the right time
o sl  JULS Yy eS,lie
el eges U g 2 25 4270 | 0782 | 0183 3
Participation in the dredging of public water transfer channels
D3 ko] > canlio agr (IS 5 (Joxe Slo o 5S4
Skl Applying local experiences and local knowledge in paddy field 4.095 0.772 0.189 4
9 k/\i)ﬁw\ﬁ .. .
Soil and water igation
management el plosly Gl ol ) cslin b 3968 | 0757 | 0191 5
Proper land leveling to increase irrigation efficiency
| Erdpoladsees _ 4302 | 0849 | 0.197 6
Attention to water quality in rice production
Cutls gloj > S (39 p5 i S e Laulyd (3,5 el
Providing better conditions in terms of soil softness at the time of | 4.143 0.835 0.201 7
planting
1 )13l5 oS i (slaailisg) 4 (KB 5 (g0 M d9)9 5l (S l>
Preventing urban and domestic sewage from entering the rivers 4.302 0.886 0.206 8
that feed rice fields
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Teaching new rice farming methods to farmers

. : . : 4.079 0.843 0.207 9
Integrating land to improve tillage operations
L3, Ol wle  STzsl O glio 5 cudldpys o559l Zod b ¢y Ko
Cooperating with other farmers in harvesting from shared water 4.016 0.865 0.215 10
sources such as river water
o 4o posiine & ygua M 1 Juols Y g S
w03 & s yg ol b Y 5 J5 2555 J 6 4005 | 0905 | 0221 | 11
Controlling the entry of mud from flood directly into the farm
PRI u' BE
o 5l 2 5929 ol Ol s _ 4095 | 0957 | 0.234 12
Adjusting the amount of water entering the paddy field
i ui 5 3 g
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Preventing chemical poisons from entering irrigation water
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Management of incoming water to the paddy field and saving it
Covering the main reservoir to transfer water to the farm in order | 3.556 0.990 0.279 15
to reduce water loss
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Applying new technologies for proper management of water 3.66 1.101 0.300 16
resources
N3 OF (559000 2900 1 CdM 5 (59l 4 a2
Paying attention to innovation and creativity in improving the 3.603 1.004 0.304 17
water productivity of paddy fields
p Ll &y s P P I PN
_or bl chie s et ol jlolind 3048 | 0968 | 0318 | 18
Using seasonal and overflow waters for field irrigation
59U Ol (69000 S5 Ao 3 (55,9l Sl slag b y3 €S )lie
Participation in agricultural-Jihad projects in the field of 3.429 1.167 0.340 19
improving agricultural water productivity
x> O 02 eolie (2 3508 | 1222 | 0348 | 20
Proper watering during seedling nursery
ol Sl bl b ablie gla g, b olusl
. Sl 9508 b bablie slagis b o 3.540 1.260 0.356 21
Knowing the methods of dealing with the risks of water shortage
3398 53 ol (6y0 500 Sl (bigal slioyg )5 S 5
Participation in training courses on water efficiency skills in 3.302 1.232 0.373 22
agriculture
T eblos 1o s s
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Creating a water storage pool to control water fluctuations
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Use of underground water for paddy field irrigation
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Proper use of rainwater in rice cultivation
~ il 5 s 5 ol
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Using experienced local labor in the farm
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5 ol 5oy business relations
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Human Transition from the traditional and conventional cultivation 3.968 0.757 0.191 3
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Increasing the self-esteem of farmers and their awareness of their | 3.873 0.747 0.193 4
own capabilities
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Assistance and cooperation of rice farmers in field work
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Improving the physical health of rice farmers by providing 4.000 0.893 0.223 7
appropriate health services
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equipment and machinery
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Jihad experts
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Granting long-term low-interest loans to rice farmers for the 4.032 1.009 0.250 11
purchase of agricultural equipment
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Development of agricultural production cooperatives among rice | 3.683 0.942 0.256 12
farmers
Ko 8 Lt 9 @)l il
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Increasing the skill and technical knowledge of rice farming
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Development of government support institutions for farmers
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Participation in rice farming training courses

| e e ulydianl 3651 | 0980 | 0269 | 16
Creating jobs for young people in rice farming

By as)re Copde b ladye claolS g Ol i @i g Wy
Production and distribution of publications and books related to 3.571 1.207 0.338 7
rice farm management

sl b ails syl > elozs! slnasus jl oslial

Using social networks to improve the technical knowledge of 3.476 1.235 0.355 18
farmers
el 2 (2585 355 S e 4365 | 0764 | 0175 1

Use of complementary fertilizer after seedling planting

e300 S grdols sbool slogd 55K
Using the methods of creating soil fertility in the field

3.825 0.748 0.195 2

3l 50 peld 3957 51 oalatl e
Management of fertilizer use in paddy fields

3.825 0.769 0.201 3

SE Lol 028 bylse 5 e0,30 2 lIblE (23S sy 3810 | 0908 | 0238 | 4
Leaving plant residues in the field and mixing it with soil

5 o pte -
" Il S losko )l wo yial 58l
Nutrition W P2y Jodle e R 3651 | 0947 | 0.259 5
management Increasing the amount of organic matter in paddy field soil
Sl58l s 5 365" 51 oalazl
oo I3 o oS jleo 3730 | 0981 | 0.263 6

Use of green fertilizers to increase the yield

Compliance with the proper use of nitrogen and phosphate 3.667 1.026 0.280 7
fertilizers
S e300 LS ) eolizd
295 el 2 S odlne 3540 | 0991 | 0.280 8

Use straws in your fields

0k 2 2l gin 2 SIS 3318 | 1.260 | 0.380 9
Applying the rice-fish cycle in the farm
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Ty S 5 lo ples yep

- . _ L 3.032 1.347 0.444 10
Integrated fish farming and rice cultivation
(SB irhols d9u0 sl lord 355 Sly 2Rl (o5) Yol olS jloslil
Using Azolla plant (an alternative to chemical fertilizer to 2.984 1411 0.473 11
improve soil fertility)
, Jpmer @n gl lojen I8 3905 | 0685 | 0175 | 1
Simultaneous planting of neighboring rice fields
Weeding around the farm and on the borders
@ oo 5 SIS 53 g ) conyp kil 4429 | 0832 | 0188 3
Proper use of pesticides in controlling rice pests and diseases
Sl p S b ojle pol 2] 4016 | 0808 | 0201 | 4
Knowlede to control stem worm
Cog Xix 5D canlio jlude p3 o] 5l ool § 453 oladgS Lo
Distribution of nitrogen fertilizers and its use in the right amount | 3.937 0.816 0.207 5
5 il cy e in several occasions
. 0351 gladsxsy g dBlu a8 o 50,5
5y Gile 5 s low 29 slaaiy 5 Bl 01575 005 g 3683 | 0834 | 0226 | 6
Management of Weeding and plucking infected stems
pests, diseases & ¢‘)> B w‘é%»_-\eﬁ}le 3587 0.886 0.247 7
and weeds Regular visit to the rice nursery
ol Sl gals ¢ o
Sl Sl el oz 2 of oy 3746 | 0961 | 0257 | 8
Weeding the land to reduce pest infestation
SBIL ohlee (Al b J lind 3619 | 0935 | 0258 | 9
Use of Integrated Pest Management (IPM)
@ ElL ojle Sajdsn JS slachs, Sl olin] 3667 | 1010 | 0275 | 10
Use of biological control methods to control rice pests
o sladle b ojile (RS by, Sl eslin 3402 | 0992 | 0284 | 11
Use of Integrated weed management
e sk 2 Jrerd 3540 | 1069 | 0302 | 12
Disinfection of used seeds
. h?dj’* als d‘f’b C‘i_ls) 4.286 0.745 0.174 1
Compliance with the planting distance of plants
92502 o Lol syl 5l i) 4079 | 0721 | 0177 2
Use of improved seeds in the field
oS o & (o 4254 | 0798 | 0.188 3
Access to local quality seeds
o e pdlejlalad 4048 | 0826 | 0.204 4
Using land leveler in preparation operations
LS sl & s 51 oL e o JUs
s e Timely transfer of seedlings from the nursery to the interior of 4.000 0.893 0.223 5
Agro-technical plots
management o pehisble el 3889 | 0912 | 0235 | 6
Mechanization of agricultural operations in the field
o3 dsg Sllos > S ) olizul
O S0 Saf)? Pud ST 4048 | 0985 | 0243 | 7
Use of disk in land preparation operations
ek, 3857 | 1023 | 0265 8
Compliance with suitable time of product cultivation
S lagtle sl 3.905 1.067 0.273 9
Use of seedling planting machines
oS edbas 3825 | 1178 | 0308 | 10
Using a fertilizer spraying machine
9 98 Ca e Obldl g (g lawg g5 Jgame b 4.444 0.753 0.169 1
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el Selling rice products by friends and relatives

Sales and b ol ynde by @y h9)8 4.095 0.751 0183 2

marketing Selling rice by regular customers

management o bl ] T
BRSO S g T A 4191 | 0925 | 0221 3
Removing profiteers from the rice marketing cycle
B a l . wtﬁ . .

(P SR T e (S 3365 | 0999 | 0.297 4

Suitable packaging of rice for sale
Basd sy s il 5 eolizl 3349 | 1200 | 0.358 5

Use the right ads to sell
Using virtual space to sell and market rice

2olKig 8 Cuolio 2567 o 5| oolaal

92 33 (e G s )1 02 3206 | 1.200 | 0374 7
Use of proper distribution system in stores
e losiys s olus]
DR SR)E P ST 3206 | 1.289 | 0.402 8
Familiarity with branding in the field of sales
G985 bl » @ cubS L 3.203 1.306 0.408 9
Profit margin management for better competition in the 3.202 1.322 0.413 10
market(mal0)
ol slaJUE & s 95 3.200 1.328 0.415 11
Diversification of marketing channels(mal1l)

ol opl polis sl odds oald i Y S (o 56 Jele slasl
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Table 4- Validity and Reliability Evaluation of Rice Farm Management Improvement Model in Rudbar County

&30 Su 3230 d9uer (Sale
COMPONENTS OF FACTOR “T” CRONBACH
FARM MANAGEMENT INDICATORS LOADINGS | VALUE | ALpHA(A) |AVE| CR
IMPROVEMENT
9 3L 4 (39y9 o o e
o pddye
Management of incoming 0.700 9.33
i water to the paddy field and
S coft)saving ™ 0.79 0.481 | 0.782
Soil and water management P . . .
(SO) g N ol ¥ 5 IS 3959 S8
48 )50 4 rlitne O g Mo
Controlling the entry of mud 0.685 9.15
from flood directly into the
(sof2) farm
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4 (elosd pyaw 399 3l (555l
sl
Preventing chemical poisons
from entering irrigation
(sof3) water

0.657

8.18

bl aloyw g Sl (595
Human resources and social
capital
(HS)

OIS (e o) Ko 4SS sl
Creating a cooperation
network between rice
(hsh1) farmers

0.699

9.32

S B 5 e il
Increasing the skill and
technical knowledge of rice
(hsh2) farming

0.684

8.66

1 elonal clrasis jl ooliz

Olipglas (8 sl i)
Using social networks to
improve the technical
(hsh3) knowledge of farmers

0.656

8.40

0.95

0.460

0.721

LIF Cople

Nutrition management
(NV)

L an (g5 355 B puae
Use of complementary
fertilizer after seedling

(nul) planting

0.718

10.25

slansd
Compliance with the proper
use of nitrogen and
(nu2) phosphate fertilizers

0.696

9.91

450 50 (2LS bl (IS gl
SBL o S bl o
Leaving plant residues in the
field and mixing it with soil
(nu4)

0.639

9.15

M3l 55 sald 368 51 ealatl o pie
Management of fertilizer use
(nu7) in paddy fields

0.677

9.67

395 £yl30 50 LSl ool
Use straws in your fields
(nu8)

0.694

9.88

oSl o) Yol olS Sl ealizd
92 Sl losd 355l
(SB o>
Using Azolla plant (an
alternative to chemical
fertilizer to improve soil
(nu9) fertility)

0.695

10.05

PRl B oS
a)je
Applying the rice-fish cycle
(nu10) in the farm

0.646

9.25

0.92

0.471

0.858
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Management of pests,
diseases and weeds
(PE)

by g Bl (S 5 (13,5 (e
a;,l'l
Weeding and plucking
(pe5) infected stems

0.706

11.55

Jymen @y g)lie plojen cudls
Simultaneous planting of
(pe9) neighboring rice fields

0.624

9.87

Nl oS L oj ke 29, L il
Knowlede to control stem
(pe10) worm

0.572

8.90

Sl Gl e 53 oo s
ol
Weeding the land to reduce
(pell) pest infestation

0.707

1151

Soiedon JyiS slawdg, j oslazal

&bl b oyl
Use of biological control
methods to control rice pests
(pel2)

0.707

11.52

0.84

0.443

0.798

i o ple
Agro-technical management
(TE)

as )30y =l Gllas (13505515
Mechanization of
agricultural operations in the
(te6) field

0.553

7.82

P8 wdle (65
Using a fertilizer spraying
(te7) machine

0.518

7.29

S (sl pilo 5l ooliz
Use of seedling planting
(te8) machines

0.675

9.60

A 1o 4D oD C}’Lol )5.;\_3 51 eolazl
Use of improved seeds in the
(te9) field

0.625

8.90

0.86

0.352

0.680

ik s (b Cope
Sales and marketing
management (MA)

5 Qliwgd b @y Jgame (s,
okl
Selling rice products by
(mal) friends and relative

0.696

9.58

b b yie bawgs gy (yh9,8
Selling rice by regular
(ma2) customers

0.674

9.54

P98 &l B ilie (3t
Suitable packaging of rice
(ma3) for sale

0.631

9.31

P98 sl sjlme (gL 5l ealazl

Er it s
Using virtual space to sell
(ma4) and market rice

0.629

9.29

D928 9 2Lolik 2 @ CutS Lais
Maintaining the quality of
rice in marketing and sales

(mab5)

0.685

10.07

0.96

0.444

0.890
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R
&r
Removing profiteers from
the rice marketing cycle
(ma6)

Obg b 4oy )3 siletip b il
Familiarity with branding in
(ma7) the field of sales

2 wlio @58 i 5l o3lisl
olSisg,8
Use of proper distribution
(ma8) system in stores

P98 (8l o yd il jl ealanl
Use the right ads to sell
(ma9)

G By (gl dgm adls o e
Mk »
Profit margin management

for better competition in the
market(mal0)

bbb sle JUB & (Jiso g4
Diversification of marketing
channels(mall)

0.701 10.29
0.664 9.78
0.707 10.38
0.659 9.70
0.641 9.46
0.694 10.19

Source: Research findings
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Table 5- Model fit indices

oW Cols s sl ylude
Indicator Optimal limit Calculated limit
bl g Hgdome 5k Sho 4 Sodjp 0.096
(RMR)Root Mean Square Residual Close to zero '
0 3 )ikl bl s j9iee ke e
Standardized Root Mean Square e ey 0.0182
(SRMR)Residual Close to zero
(GFI1) goodness-of-fit index _Sxjl, a3l YL 5 /AD 0.98
0.85 and greater
Normed fit index _S.xjl, osdpy jasli SV 92 0.98
(NFI) 0.90 and greater
comparative fit &y Sujly esls YLy 0.98
(CFI) index 0.90 and greater ]
ROOt 85 (sllas il lg 35912 pg> ) .
imati 75 5 oloh 0.0001
Mean Square Error of Approximation 0.08 and lower :
(RMSEA) )

Source: Research findings
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Table 6- Discriminant validity assessment of the model using Fornell-Larcker criterion

eleizl wlopw g Sl (5

ailio 1 2 3 4 5 6
Component
SB g ol copie 0.693
(SO) Soil and water management
0.248 | 0.678

(HS) Human resources and social capital
(NU) Nutrition managemente,is <o e 0.375 | 0.574 | 0.686
Management of pests, diseases and weeds ;s clacile § bn gl «ll oo 0.228 | 0.475 | 0.178 | 0.665
(PE)
(TE) Agro-technical management _<l,j- 25 <o yao 0.248 | 0.478 | 0.378 | 0.408 | 0.593
0.578 | 0.405 | 0.247 | 0.378 | 0.450 | 0.666

bilil g U9 Copte
(MA) Sales and marketing management
Source: Research findings .50 claasl sl

Dy50 )0 oigdy (yiSu Cpl drwgi & By ( lAE dlge 4 oai]je
G5 ol sl (53902 5 e S g8 Wile (lil SV gae
Ol 2 @ E)lie Copde p fhe sbraidie Jov Sua L
5 laibels Slllls oS5 L jabato s sl 005 plocil Lo,
5 Lk @ el Cande dome 2 Fhe sloadlye Juo (sl

2 i edld S Sl g (n e «$irglaS pSl pas )
4y do gl sl dnoly (lieciel 5 anug )l ol con
SLals g o)luly ol ay (31, G958 cunar (1938139,



o4

2595 (3l e 53 83 €150ty ko Samte 2 HIOF T Gloailio Julos oy K0 g (08 ilunds

oy NS S slaadlie oy Bete (SbylL g B9y8 Cupde g
Wi 70 )l S e

3 Jld SIS 5 YAY oBws (Jae oxiwyliel ol i agl
0L duwle gla jasls 4 dgl b (6y9l5,5 Jbagy liw s
slojlo 30 o 4 gl w8 Wb Jae ) 5 bl
e felainl Glojus 5 Sladl (59, St (S g Ol g e
i Copte ym sladile g ag)len « bl o pia tds

0.00
y T o A
3.04 2.41 2.56 3.01 6.86 1.97 2.62
‘ ! ' v L v
nul0 nu9 nu8 nu?7 nud nu2 nul
Ry v A A ~ v =t
0646 0695 0694 o 063 069 6718
i, S N L == pes <« 247
353 —» te6 N L
NU ped <188
0.553
17.03 —»  te7 v &
4 4 »
0.518 "\ ‘ pel0 < 3.14
B X A a
§ » te8
Bl Uo7 TE Ne—/— |\ PE
: R ‘ B pell <« 247
0.625 r / S g—
0.76 —»  te9 : 3 » \/ T
S o X
‘ ; \ pel2 <247
) ‘ R
Y |
S« |/ SO
190>  hshi * | . 6700, soft <« 1.00
% Y yp 2z 0.‘6851
1.92— hsh2 MA 4 sof2 <« 119
0.657
13— hsh3 i - e « sof3 o 159
OB o BBy \ 09631 peza 6696
7 & N ied Y
ma7 mab ma5 mad ma3 ma2 mal
t ' i t i ] f
0.83 0.66 0.73 1.42 0.76 0.81 0.65
0.694 0.641 0.659 0.707
A 4
mall malo ma9 ma8
A
t ) i
0.65 0.92 0.94 0.61

2139, Ol sl 52 553 5150 Cu 3100 39 33 F30 (ST A 0 3 luili! Juo -V JSS

Figure 3- Standardized model of effective components for improving rice field management in Rudbar county
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