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Guilan province, with its extensive paddy fields, has significant potential for developing
second cropping and increasing land productivity. Triticale, as a forage crop with high
tolerance to cold, drought, salinity, and poor or low fertility soils, is a suitable option for
autumn planting after rice harvest; however, the lack of efficient technical methods for its
cultivation in paddy fields remains a major challenge.This study evaluated five triticale
planting methods based on nine technical, operational, and economic criteria, including
appropriate sowing depth, uniformity of seed distribution, water and drainage management,
applicability across different field plots, ergonomics and ease of operation, effective field
capacity, labor requirements, energy consumption, and operational costs.The criteria were
weighted and the planting methods prioritized using the Analytic Hierarchy Process (AHP) in
EXPERT CHOICE 11 software, and data were collected from 30 experts and progressive
farmers. The results showed that water and drainage management, with a weight of 0.241, was
the most important criterion. Among the triticale planting methods (options), broadcasting
seeds using a centrifugal fertilizer spreader plus a furrower received the highest final weight
of 0.337 and was identified as the most suitable planting method. Seed broadcasting with a
fertilizer spreader plus a disc ranked second, while fully manual methods, especially hand
sowing, with a weight of 0.083—had the lowest priority. The inconsistency ratio was below
0.1, indicating the reliability of the results. The findings of this study can support farmers in
making informed decisions regarding the adoption and expansion of triticale cultivation after
rice.

Cite this article: Yousefi, R., Berenjkar Gorabi, A., & Alipour Mobaraki, F. (2026). Determining of the Most Suitable Method of
Planting Triticale as a Second Crop in the Paddy Fields of Guilan Province Using the Analytic Hierarchy Process,
Iranian Journal of Biosystem Engineering, 57 (2), 63-80. https://doi.org/10.22059/ijbse.2026.408827.665633

© The Author(s).
DOlI: https://doi.org/10.22059/ijbse.2026.408827.665633

Publisher: The University of Tehran Press.

©.50,



mailto:r.yousefi@areeo.ac.ir
mailto:berenjkar.guilan@gmail.com
https://doi.org/10.22059/ijbse.2026.408827.665633
https://doi.org/10.22059/ijbse.2026.408827.665633
https://orcid.org/0000-0001-5437-9333
https://orcid.org/0009-0006-0419-1838
https://orcid.org/0000-0003-4520-8502
https://creativecommons.org/licenses/by-nc/4.0/

Iranian Journal of Biosystem Engineering, Vol 57 (2) 64

EXTENDED ABSTRACT

Introduction

Guilan Province, Iran, has extensive rice-growing areas, making the efficient use of paddy fields through
second cropping a key strategy for increasing agricultural productivity. However, many paddy fields remain
fallow after rice harvest due to the absence of appropriate technical guidelines for waterlogged conditions.

Triticale, a stress-tolerant and high-yielding forage crop, is a suitable candidate for second cropping in
paddy systems because of its favorable planting window and establishment after rice harvest. Nevertheless,
challenges such as variable soil moisture, fragmented fields, and machinery constraints complicate the
selection of an optimal planting method.

As planting methods strongly influence productivity, resource use, and operational efficiency, this study
employed the Analytic Hierarchy Process (AHP) to identify and prioritize the most appropriate triticale
planting method for second cropping in Guilan’s paddy fields based on local conditions.

Method

Five triticale planting methods—hand sowing, hand spreading combined with disk harrow or furrower,
and centrifugal fertilizer spreader combined with disk harrow or furrower—were evaluated using nine
technical, operational, and economic criteria. A three-level Analytic Hierarchy Process (AHP) model was
developed, and pairwise comparisons were conducted using Saaty’s 9-point scale based on expert judgments
from 30 respondents, with consistency ratios below 0.1.

Field measurements were used to estimate effective field capacity, fuel consumption, energy inputs, and
operational costs. Energy and cost analyses included both fixed and variable components. All weighting,
prioritization, and sensitivity analyses were performed using Expert Choice software.

Results

The results revealed clear differences among planting methods across technical, operational, and
economic criteria. Water and drainage management received the highest weight (0.241), highlighting its
critical role in Guilan’s water-retentive paddy soils, followed by effective field capacity (0.139), energy
consumption (0.122), operational cost (0.121), and labor requirement (0.115). The overall consistency ratio
(0.006) indicated high reliability of expert judgments.

Disk-based methods achieved superior sowing depth accuracy (0.283), while the highest seed distribution
uniformity was observed for the centrifugal spreader combined with disk harrow (0.337) and furrower (0.309).
Furrower-based methods performed best in water and drainage management (0.336). In operational terms,
hand sowing showed the greatest adaptability to irregular fields (0.447), whereas the centrifugal spreader +
furrower provided the best ergonomics (0.398). The highest effective field capacity was obtained with the
centrifugal spreader + disk harrow (0.452).

Although mechanized methods required higher energy input and operational costs, they significantly
outperformed manual methods in overall efficiency, seed uniformity, and water management. AHP synthesis
identified the centrifugal fertilizer spreader combined with a furrower as the optimal planting method, offering
the most balanced performance under paddy field conditions.

Conclusions

The Analytic Hierarchy Process (AHP) identified the centrifugal fertilizer spreader combined with a
furrower as the most suitable method for triticale cultivation as a second crop in Guilan’s paddy fields (weight
= 0.337). This method showed superior overall performance by effectively integrating technical, operational,
and economic criteria, particularly in seed distribution uniformity, water and drainage management,
ergonomics, and field efficiency. The centrifugal spreader combined with a disk harrow ranked second (weight
= 0.262), excelling in sowing depth and seed uniformity but showing weaker performance in operational and
economic aspects. Manual methods, especially hand sowing, ranked lowest (weight = 0.083) due to limitations
in uniformity, efficiency, and resource management. Sensitivity analysis revealed that water and drainage
management was the most influential criterion, followed by effective field capacity, energy consumption, and
operational costs. Overall, the results demonstrate that mechanized systems, despite higher energy use and
costs, provide superior agronomic and operational performance. Adoption of a fertilizer spreader combined
with a furrower is therefore recommended to improve establishment quality and productivity of second-crop
triticale in Guilan’s paddy fields.

Funding
This research was conducted with the financial and moral support of the Rice Research Institute of Iran.



65 Determining of the Most Suitable Method

Author Contribution

Roohollah Yousefi: conceptualization and conducting the research, data collection, statistical data
analysis, analysis and interpretation of information and results, preparation of the original draft of the
manuscript, review and verification of the results, revision, editing, and finalization of the manuscript.

Afsaneh Berenjkar Gorabi: data collection.

Fatemeh Alipour Mobaraki: data collection.

Declaration of Generative Al and Al-assisted technologies in the writing process
No artificial intelligence tools were used in this research

Data availability statement
Data available on request from the authors.

Acknowledgements

The authors would like to express their sincere gratitude to the Rice Research Institute of Iran for their
financial support in conducting this research.

The authors would like to thank the esteemed reviewers for providing structural and scientific feedback.

Ethical considerations
The authors avoided data fabrication, falsification, plagiarism, and any form of misconduct.

Conflict of interest
The authors declare no conflict of interest.



YEYF—VAFY bl

Homepage: http://ijbse.ut.ac.ir

Y 0500w QY 0499 6y 31 i g3 wiigo dloxo

b WS il (5)15U6 (2811 55 093 CuliS plgae 4 Il 5 CuldlS (g, (2 5 wlio (o

150 Al oo g, 51 05lius!

"ol (S ko dabld | ol sF ,n p ailendd! [ gy Al

by «(85y5kiS gy g bisel liding lojlus ()9S g5y NG duwsge «(£5ygliS pudigs 5 (o1 Clidsd (iS¢ Jgtus sk gl )

r.yousefi@areeo.ac.ir :aobll, .l,!

berenjkar.guilan@gmail.com :asbbly .l pl «udy «(65y9UsS gug s g Lojgal «olisios lojlo (oS g0y ladiod dumge .Y
asblly olal el «s5psliS s 5 (Bigel (i lasls 988 g i dusge (5598 itk g (B SliioS i ¥

apghazal@yahoo.com

ol

» 4

o ol

Sl g po> cuiS drng Sl (g JB cudl (lild 038 (Sl Sl olapg i b S il
w5 9 080 SSE 5 (595 ((Std oy 4 Vb Joou L (sldsle (LS (lyiedr A0 50515 (e r90 ¢
2 ol €l el 2ol (5 (sla gy 295 bl el gy el G 03ly ST sl (opmlie 45 o33l
(ke & bl p |y S 5 S Bg) gy pRagh ol 9o Cguone (ol slapille I )l
91 2 6l bl (S 5 O Cy o ol 15y (BI5S ulS cuslio Bas ol (3Ll g lilas
laiip 5 G5yl Spas oIS (98 s he lasyje cud )b S plxl Cgres g (Sl Jelge wolilad
NP ey g slpodluds Jdoo b gy ainaglyl o Wyl (230)j9 canl 0313 )15 (2bj)l 390 (Slles
oS 3l L5 oS 03,5 (6 )glaen gyt jygliS g paaskie Yol laodly g A plsl EXPERT CHOICELL
CulS (gl gy ooy sl Bolino (3 > Szl b )l <IVEY (39 b (oS 5 O e Jlons
5 5 1055 Sltel Sl SEIYY oled Gig b 39y + s il (BLgS b bk (laaiy ) e
o) 9 855 )8 ped a5y > Suawd + (IS L (LBl)k 03 (Byme Bl (o) (n palie g
N & b9y 5 S £ BB D> 1) Coglgl cyiaS AT ()59 b s b (555 05 s a8
O39S (6585 aonad (glys Nilgi oo Buind pl slaaidl |l gl jlael oims lis a5 dg /Y 3 a8 ai,

28 odliw] g0y 1 dm IS 5 CulS dmwgd 4o

g5y Alie 1o £o5

VEF 10 iedl 0 U
VEON/VY 16,5050 g ,U
VEO/YINE 5y g,
Ve bl 1, WiS! &\

tgMlS slaojly
Iy

o slac jo Cud b
092 Cuis

(oiR05 9 o Cy o
oo dbudew Julos

bl 2 ped cuiS lais 4 Al 5 CuslS g, cppcalie e (VF00) debld ( Sile joule g failudl ( LlyeS Sou dl 2y ey dlitwl bl

SY-A-

(V) AV ol Gl sy wdige dlxe o oilpe dlude s hgy 5l oedlazel b oS okl (g)lidls
https://doi.org/10.22059/ijbse.2026.408827.665633

[oNers

2Ol ol&uisly Ol il duge 1yl

DOI: https://doi.org/10.22059/ijbse.2026.408827.665633



mailto:r.yousefi@areeo.ac.ir
mailto:r.yousefi@areeo.ac.ir
mailto:berenjkar.guilan@gmail.com
mailto:berenjkar.guilan@gmail.com
mailto:apghazal@yahoo.com
https://doi.org/10.22059/ijbse.2026.408827.665633
https://doi.org/10.22059/ijbse.2026.408827.665633
https://creativecommons.org/licenses/by-nc/4.0/

Y Ay S (g o T lie i 1], 00 g (uwgy (ig3s — sole)

-

400
Sl 5 5ysliS g alidl sl )i ol 5l dire 60 e (S il > @iy 008 CuiS ) e 4 r g L
@ @p bl e ped CulS dnwgi iy cnl )3 (WA g ptlly s 5 (wg) Sl G955 5yl 558 QIS il
lodoye olod 3 gole Copte poil g i8S ol @l lCadgie 4y da g L ol 0 ibe bl laylSal) 51 S5 lyis
s beds ol sl alex il dan (18,5 i )3 b bl S 5 bl ()5S (Bl )3 ped CliS 4 o g (g5l
S 3 0nile Bl g, 5l 5500 b )5S (] 13 pgd CudS 0l o ¢ ytund 3 i Ayl g dilaie O 452
] o liog (slo)lils slatdl )3 (5550 LB e S)90 00 d9ste 9 M58 (63lk «yglS Mol Sl33l b W15 o g2 Y935
o g 15ls 13 pgd S il (sl MeLlS 5 (clmylSaly a8 ol ) 2939 L (VAT (ot g opagd Bl) 1S
(WY (298 S5 g (o)) Slow (b S g g0 Sl Sl oy (23] ol I (g5 JB (i o

LolS gl ool S 5 plai polie (sladsle GlalS 5l oolinul ipgd cuiS (&S 5 (oF dnugi sl e 03,5l (S
2l )lS i35 bl ctbole bt CubsS g gllao 5,Shae uasliy ¢ bare delunel Ll 1 0 Cams coslio o 1 (513555
YL 0 Slos byl (s S ) (gl b Aumlio o ISt 5 08l (5 15lls (S 31 e s o0 e 9 Pl ddgle (el 5l
2o (sl Al 5 CadlS gl ey Fecnlio 135 oo wal3 | (&1 5 dole) oglain 3 o3lissl 1Sl chbple 155 1 0gdle g ol
G b Sty 5 bl sl oo it el olo bl ol 480 b oloys py3 dass S il 33 pg> S gic 4 g5y ]
ol ol bl g CudlS o & dogs b (VY (o lSad 5 (oamy) 23l oo Cutitend)l blgl g 22198 pow dd Sl ctdgle (el
D oo Cgwne cuslio (1AL JS g6y 5l ey CudS gl Ll

SIS Lol 3 Jpame (pl dagi 3 (ol Saille I (So pgd> cutS pllss ) Aty a2y BB (bl 3929 L
Cagby Jobd gy il 1 Lol 5l 0529 Laal b ol canslio Bl (39, Ll (gl e (3 (59SI) SG D929 pas (S
Cadgioms g o)) llad (g g8 ol S g g dlS loj )3 5 S0 sla Syl il cutS (gl Gloj Cdgizme (S (Y
9 ) Sl Aty | A B (o) (S g (SB b 5 (Sojd s Shy b eslitel LB Oljes
5 Shae (5l 5 Wodles e 1S SinlsEl s it 3s00 rgn Lliose ccawlio CudlS gy Sy sl (VF+T ¢_asal
e (nl ) G el Glp ele Lol gy pas aad (I ped CulS (59000 Culed ) 9 298 dgle (A4S g (oS
deasgi (5l 039S 0350 alS g 3)Shes IS g g 0 sl (63,5 55 ull r Bdes SIS gy 45 390 o
D)8 Jgame opl cusS

S alyd &5 cwl e sanld plol 0gs 3)90 )3 §pSmanal ool | (o 0jlmediz 6y prenad Sy,
L5 Byme (VA4) el by a5 (AHP) Slhe dludo s (59, 945 oo 03litul o)y 3939 (g3lase o5 ¢ daxie (laylixe
ool & &4 A oo 0 Salaes 13 (89)5 (605 el sl iy Bllanil g oren i )35 )13 S L(WAY () San 9 (ga)
obie) 1 L5 1S 5 jhwo 25 slens Bty b)) ol Ty Al S5 lo (S 3 | dlias <5 b dn3 o ojlal 518
(IYAY (] Kan

S 9 o5 Gljlire loj w2 65 & CubiB umen 9 (39 ek JB g (Sl YU clbb g SUly s 4 by
ol Aludes il 1,3 LIS (WAY (f3,0843) sl (63,0)18 g caslio () 065 oncd 302113 5 50 (sl line (25 (6l
O Ao a5 g (aylne 125 o) 0)lime «Bin bl (5l Al JlS Lo JSUi5 238 4o alsjo (b 3 ol (o0
ban Jold s (5o gy ol MY g s8] p3Y SloMol pll g e (5 B5l0 2502 5 iy 5 g Lo lno
dibocse pasuiio 1) AL S Caglsl g jlne 2 ()5 < 29) Slunlie jloolitul L g uiS ool 3 1) a5 g (058 9) hol slojlie
Sluslie Clgubo oamd lis +/Y 5l a8 polie 45 398 oo s (5)5 5Ll &5 L AHP b jluel (Srdjevic & Jandric, 2010)
[(Srdjevic & Jandric, 2010) (\WWAA ¢ Jole g Cuvgd dudyod) Cuwl (>0)

1. Triticosecale Wittmack.x.
2. Analytic Hierarchy Process
3. Inconsistency Ratio



(‘:w.?eg}’ - u.oJ&) V¥ 20 Ll ¥ o 5lows DY 5,93 (3l 2] pimswignt (owiigo Ao FA

@) 2 Ay Johie sl slahgy (e byl 9 (AHP) (slpeabudis Julos a3 jl (6 pSose b pols (ingh,
gy dulio LSl cnl (lp culio Sl (By) GBSl )3 S50 sk aaglyl 5 alolid Jlis 4 (S )l3ls
ol (5l pedlides o w0118 51 odlatul b aingy (g, cpmend Coleg pd g cudlS

ol Al 5 s gy oy Bl Gl 9208 5 ole S el o )ly S Bl iaggy ul (Lol San
5 igliS eolaid] Camidg ) & lin Byume oilodings 5 pod aiS 90yt il b B canl oS il 3 (613l
Ailed SeS' (655l i jlhl dewgs

2 sl 485 118 0dlital 3590 (glod 1S ysbo 4y dadiy S (cancaglgl g dlate (sbjhme il g 4o culils Jd> 4 AHP i,
g Cogw SBpas qslas)jo Cudils (Ul ad (g 2lajline S (n Fowlio LI el g el Sl oslial > (sladllae
o & s (nleS oy 090 (lieS 4055w Gl Sl A5 Gl adlllas (ol does i8S )18 (2Ll 3590 el CuliB
YN 5 IYVE ol ig b e A 35 R00 paile 5 WO il (e 008 STy caglsl VL VY e s L AP
il sblie )3 cuslio (slnygiST s AHP Sl oslatal b oizman (WWAY (6399l gud 5 o3l 002) 2238)5 )18 (g slaas)
(Amini & Asoodar, 2016) cuwl ods Gl Cuoud 5 (5SS § mond sl e o> ol jlae olul

o sl oad (gbj)l AHP (o) jlheslisl b (IS )5 (st 5 03lS0dons 0 3lSe) g0 M5 slagsi) o600 Baiod )
#9550 9 sl orlaidl el Glajline (15 9 Cuonl iomen 28)S JL8 gl 45 )3 /VFY (355 1k L 0jilSe g,
b9y @ i sbdle gy (hg) e Bl g b)) adlas )3 (ITAY (Kes 5 wacie) 392 bajlhee plo I it
Sz (53l 0 Soe wlo (glajline ol p (Uod (S g 9 12)9590 (SlSe (S g 9990 (gt (Sle (S g lien
(S @puSl) a5 28l Sl )lS INF G55 s Sk b abiord oy 9 0,5 gyl (eisS ) g (slozz] ol
()

(st o Sl (ko) GBbew £95 @ e ST OWS Gl laldls 53 Sl o e Sl Baa b ladlas
@ LY Bl g5 VYl jlitel b ) plegil 659590 iy (b (59558 9 silegsl (Y ()ige (b s> (53)L
S5 g (hwg) 845 lulid S slajline Gyt & Bl (3156 5 (iSu il (Bl Al (Syme au S (p Soalie Gl
Si55e i) DM €955k O 3l il ©US e Ll (gl il o ity LI sl «65%03 GBS 3 (VT cal)sS
W3S pclie lgis 4 /¥ G5 &5 /0¥ old (551 L yilegl e (5y95515 Sk 9 (982 o plegil Y
5 ) s9led)) A8 (Byme (ol Slajlme plgis 4 (Bpae Joloe (e 5 (Bl CulS 9 03)5 (B LS pe L
L VA 539 b )oY Gilew 9 4235 (p Fowslio Glgie 4 < ITTY (g b g )She (lam (A5 gl ol 5 (VWer () Se
lgis 4 gy sladile o Sl Ju8 )3 dsu il (Jl ol ) b By pAS l5e il Sl B9y el BL lsie
(WA ()5 5 (5rho) Lab (Bye Jlume (p FuanleS Glgis 4 Jpame (Sae) 5 bl Jhee (2 nke

Jsle s g AHP g, 51 030l L e yliusjgs Laglyd 15 (S 4ol cdlS’ Cilio (sl b, dumlie 5 s 3 s (glialllan 1>
Wher 5 ypaie) 15 (Bpme Sy au)S Olgisdr YL CulsS g a8 Abja Jd 4 0jsledes cullS by, Expert Choice
(VYA

MR8 il 5,50 AHP 1 oslisl b gy 5l g pod oS 4 s LSS i3 ol ey i 5 (glaslllae )
e slag) 5 4l (958 )ik 5 olaBl s ) coglel 0 VL /YO 2o 019 b oy Jgazee &5 b LS bl e85
() ghlen g )ludy (uals) 18)S )3 (sim (slaas )3 dgle

o9 3 by y
o9y 3l odliel b WS il ()l 5dls ol )5 ped cutS lgieds A 5 cllS gy cp ewlie cpusi Bua b hagh ol
Codgione (S (Vb Cugb) dlor Sl slofug barlyd b gy il 5l gy lid el )15l (c2ly) b ploxil (5o b il



FA e A 5 Sl g oty i et 0]y o g sy (g3t — ole)

St g S Y Iopiile (655,54 ) Cudgiome 5 o]y5 Slaad (392 3,5 S (gl S,k wjaly cutS izl (gl e
o)lpmaiz (4] 8 ccalio CullS by Ll 398 g0 G Ll Sl il o g9y (2laCudgize b (LS cnl 3 1) pod cutS oS
)15 S Glojen sy odbatdl 5 Sllas (8 Jlse ol o 45 A5

olyea eyl |y adlate 6)lpdld Lalpd ) oslinel ol ol g (38 )5 I a5 dllSin 5 cdlS ) gy ol ol 2
oy b xS 5l oolial L 5ysliS il ¢ g ol 53) cuws b 6y 1 el b by ol w0l QL] (6 S mranal (sloay S
) ol 51 oud 05 1S ST 13l plod b cales 53 9 w30 )5 ol (1903 ) St 5 500 (s 03,87 3lml SB )3 (6l b
Blyd g Sand bolpon (5U35S b (L8l 59) b olyem cud b (o8l )dy ecSund L olpon cawd b (28l (3135 0 2 54 55
o5 slacudgione b (55l cogbye (Sl 3 Ll ISl (olul oty 35 ol Gl singy 39,05 L ol o (3L L
(85 Oy oy Sl (g g )l

MR g (AHP) (Slpodluds Julod (Bg) 5 (oS 9 (008 slajlmn lojon 3929 g alis o)lnosin Cunlo 4y a2y L
S5k iyl g O x5 placglad 5l Sl wonomy Bl guinlitle coblB Jds 4 b9y ol a5 ool (65 st
D) glod S 5 )8 ely; sladilols Co pie g (6555liS amwl 3l b Lo o Sladllas 43 (b preuas

Ml 5l polate 85518 oy 3590 ajlme JMEL ¢ Jre (b 5l iy (S el cuslie gy QLT jglaieds
2 e i & oxie lme S 0jg b 2L 2 g & Gl A el (4T preal il Faw )3 (Kiwly pas dajlae
OB ks 381 Jslae—cde Lulyy (cogrie sy Goib il )lkme (e ol Ly dbisly pl 13 3985 bajline il ()5 b o3
ol & il poil ©ygo 3 g Gline Cuda pa ML (Stly lise )90 53 (B p3 09l ol b)) cnl oAb o))l
ity S ISl o B led slajline 45 395 Jols (lisebol U 3gy e

1) 555 )3 Sy bl 186 o6 lojion all 55 5l el (S o jlune Sy 4281 48 3l Gt gy 2 0] S
3 olre 2 5 0391 ferdians (53533 (Sialy 8B Wbyl el bl (g)l50Ls labad )3 (gy)l8 cublf g (iS5 5 o g e e
ol g 1 (AL Jiwe (6 pSrenas U3 lo Hlai I b )les gy nl el (b)) BB (o3laiBl b Slles ¢ 38 Jitwe s S
Sl Stz ety A5 00l s ecnlio ANP ke (5laS Lo (sl by & Cam (AHP) Lol yoaludis Jubocs b, §
s odolie jobs Alius Hlislo )3 S 0o )13 Jlaine ANP i) 53 &5 (63,955 Larly) (sl Jse 5l (80

oo A bl iy Sldllas g ale @l gy bl St 5 cdlS gy SB35 slaline (ool jglaiea,
Sllos 5 o9 Ba)lons b e85 © g0 (IS gl gk 0]j05LaS 9 2l2) GlolidylS ¢(65)5LiS” laasite L sindin laaslas
W) ()15l bulyd 5> cdlS adgl sloatzn g 1ol ald  edts 5B i o8 ol jlae & uls 3 208 gl Pl 3
2l el (iSa 5 Ol e oy 15y (Bl (S cuslie Gas el B)line ol 50d Sliles Ly yai g Ol
sauip g 5Pl Spae Gl 3)90 )5 oy M e (lasie b G bl Slgraw g (09395 ()l ilE Clabad el
Sllas oy 0dolbssl lojlne 51 S o sl (05 B clacglad ) (xSl g pleol (IS jglated idgr JSlilac
i)l 2p9e oolaBl b Sllas (38 am Gl o Jline p2 a5 00,5 @lal claigSa Gl nl D (095 S 5 el
el 5 (295 dulie (laaslidun y JaSS I iy bajlire Slbos iyl oy S8l 4 b jlise (g (ogpde SLigaen 5355 )l)3
5 plosl Spidie Coz)le ol el 2 lagliad g )57 )18 (S s

5 Slhles (8 slpadls ol y pgd ciS plaisa Al 5 cllS g, o femlie Gl 5 5ad (gl cnl
b cou oS ab 3 Slos 5 b jaw dopd judai | Saos sla sl o) cpl 5l Cosl 39 cllS Sldas slyal 5l i (g3laidl
SySoilul LB cusls hgy sl 5l e s g 0 )8 cudld g cudly Sldas g ds i Co e ¢ condl bl s A5le (g20n20 Jolge
LSS D)lg (6 S proual Jdo 5D s

lhiaie duglio (Sl g 295 Jaomo g (pde Jolse il b CudlS” oy 51 (Sl s Cundli oo loas s cnl 29
2)5 )18 adllas ol sl jl )l ST jsbody (03 )Shos slayadls ccalply a3 (el ) adsl (6 S reual dl> po 55 LS,
a8l o] (JeaSS slo gy 9090 g0 ] )y 5

v Analytic Network Process



(U.w.hgj,g—‘:olc) VF+D OMB & D)Lo*s by 2,93 ‘d‘ﬂ' (o) gt ‘:w.b{,cdlqu \&

Sll) Liagh Bua gl maw & lagSa i shb (awan Jae K B g (oS peenad HlS Lo

Py gdaw 32 9 (i) slaylins pod o )3 A Gliwl (slaylills 13 pgd CulS gy dlSn 5 CBlS (Bg) (n pcalio
() Js) 28515 cdls slaaiy 35

O™ Ol (Sl o 3ILE 50 P ChlS Ofgis 4 S § Sl 99 o9 Tl pand

56

L rrs

T Loy |
we ke (6 (™

vl e €0
freje K65 _qf eyl
i€ 66 6 D6 pm jaiyd ¢
AT (€D o |62 epym

=

h
(N
L/

| N7 -y o] S
- < Bt e
1 \"‘\q?‘ ‘o‘?f‘b’%

\
f
)
)
i
/
:
i
/f
/

\\:‘.
\

\

(Bt g5 ane) WISy 15 Sl gy (2 5 o QST o1l po e jLS Lo LY JSUS

@bl 5 paass s bl g dedan ©ygod & g ggdse b badye (5 S 8 T Jeld Giagly ()bl asel
5 sole Ol slael) (65)5laS aastie &5V Jold 0g)S w3 3 (pl ad QB! U Gl )58 balyd b oe
AV g (bl adle Jlo Ve JBlis b 65)0liS sl lelid)lS 5 @y Oluye) @iighiS s )l a8 Ve ol
S doalidinyy JooSS 1 iy 0laSy S35l plisebl (gl aidly )13 (41335 Jlo 0 )3 pgd CutS 425 ()l g piy 5ygliS
sz 2lyy a8 IS Baegel (295 slawlie pbxl ogn g bau S dajles sl Gopa> el

gl 3 355 dbgrye paie & Cond sy ol 1> &5 S odlisel polie (295 dnalie g Sl doylime 4 (23055 psbate
G5 2 2185 i st GO Gl L g (VT g (08) 1 sl o] and (59 9 dalie (295 s 4 YL
2 0585 ()5 %0 & 059 513 gy s VL s &) Cad aw jo polis gla iy alone (gl oS ol )3 A8 e
5 o3litol sl b o yuslie il

39 dumlio | yie Ui paic (5145 glaisS d M8 o oolit] _alids (slnoglisd 3 SN S owens ) dumlio 3
Harker & Vargass, ) cuol V' Jgao ;3 odds o0y LS jliel 4 51 (SO j pi paie Cuonl a5 315 o puanad (L 055 paouas
(1987

Wb 4By e )3 gk (5)9liS g (2l Lol ) (Rl lansie Jold 095 dw (5 8 slacglad 3.l jolaied,

Bro b (slai Bpo olf > ade 5l (6 pSole Ban b3S, ol 03,8 blod bnog 5 ol 1 6y (6l SLash (g el ogylim
S5l Sline 4 loog)S ol (59 45 Canl AST & p5Y 05 31 age 51 g 2l 42,05 cele (B e il Bl g (228
Ol Pl ey yolriods (] (6 S preuad aTys 55 e claolSuyd oS )lie 45 ol sy dljieds 4l w039 38l aass o
@l 45y 2 s oline U oy S 235y 3 e A L5 @l 5 4b plosl Waog)S (5y (59) 2 Camlan i (59
392 )10y 0 (Jgd BB o)l 5l @l ) cnl Sl el azdls aas S



VY AR 5 Gl (g (T el e ]y e g (e (g3 — sole)

(Saaty, 1990) (295 Waus e (5l p Ciloua 3 ydlie .Y Jouo

(St J 4G dmnlioi Cundy (e yd 55
)3l Cenl j 4 Cuns i padli b 4y S 2lp ool )
ol Jodeo (o8 4 Comi T a3 li b a5 Frvtee b ¥
sl Jioge f 4 G| (a3lo L an 5 Pk b
ROWISCNPRNIEY PUROWS JvEs b R P Pk v
ol e lillasj & s i pasli b 43S e HelS A
ol Sk A Moo w3 e gl 1y (o 3 st o e sl e AS XY
el gl 5l Soml o V5l ok

9 Bjline (2ld (g - 0ol Laog S (oles a8 5 (sl e 9 0905 2 (938 Sasldd oS 5 ol (otin (1Sls
& ©3)lge )3 Ab dlre (295 dunlie lagm lo (olod slp L 53 0,5 dnale ofag oy by Sl ool L iy 55
) paliie Sluglie (6555 J1 g U b dtolgd (59 51 g 08 0xilo) dbgypo 0p8 oMbl 4 it gy /Y I e )50 5
Dgs /Nl S (685l F 5 gl sled Judou po edlatul 5y9e (sl s pile oled colps pd S E )

IS iy eddod ol ) 0 bl 5YL 5o (shls slojline (59 5 Comslian Sl < Jao @S (g5l (g yolaiony
iyl 12 533,85 (ilw Jloy T b canlio b jlre polos 139 9 0 0315 poss duoyd Vot dlald )3 (50,05 O yguods (saulS (sl Lo
A oy Bl (Slad S Qg (saua)y 2 Iajkns (g S 3G

oLl b e el bl g (6)5Uol &5 (y p odia 357 9 s jlne (59 dnwlne (ol yodluddis JlS Lo (Sl Jol 5o S

W [,,[7_,] VY dsc.,; Expert Choice )1)9”:)4 )1

g sladl
Bad 4 da g b byl duslio
6155 labad gl 53 ()l B otSmj 5 Ol g el 5y IS S Cuslio s ol 35 Lol (glalno
Oy 3l sl b Sllas sladi o o (655 Bpan Gl 2)90 48 (59,0 2 S (glasie cd)l IS ol gru 5 (055
1 50 Jle y oo ol oaimd LS dbdunlie cpl WS (cloCaglyl 5 dumlie (29) g (AHP) (5lye dlude Jos
(¥ JS2) a5 S g sl 5

ool a8 4y b)) (gl lmo (o 3 1) Cadlsl o YL VY (g L S 5 Ol g e sl anaey (slajg ol
Ui b iSa; caslie 4055 5 o pumo Ca e (IS il 5,5l 5 lolid, S oSy 1 &S amd o ot 4z oyl b
©ygpd 9 2By ol Cawlue da)lplls gusbo) (ol Lulpd )l ()5l (ool > S 5 CudlS Cudge )3 (lodilS (yess
Cd s elojlime o ) g bl Conl olss ol 31 e line ol 45 395 g0 o cglusi] i Lol gl yo B sty 4y (g y2d
G oy ;3 (+1VV0) 5l 350 JIS (gouw dlass g ((/IVY) Sldas sladlsia (VYY) (g5l Byuas ((+/VYA) S50 las)ie
AB)S 518 ol

e gla gy o9 il 9 oladl (Shles 2L 4 (B8, el lojen d2gi snmd Gl bjlre (] el
5 Gl Sy &S )15 15 (g slvasy 53 5 (/0 VF) CBlS quslio Bos g (/- VA) S sy (31580 Hlee ol cllS
S bl Sl 5 (09595 )] slajline 4 Lagyjy (oSl gllan 0515 4 (oliws g adly colpsy Ll ) Jelge (ol
ayje 3 S8 g Slbes iz 1 Bjlee (pl d STamd o LS &5 €855 (3las (+/+0F) Clebab glgil )5 6yl bl 5 (/- 0A)
Wy cusls gy (oled Sl (6 iS00S i il Jelas ple 4y Cond Lol ilcgenl Sl

sllao (6,85l oniad LS g 039 +/) Joub b s> I 58 4 00 )5 duwle <[+ F L ply () B kel 4 > jlade woles o
&S o 3l ) adllae ol 53 ookl 3y90 AHP s plSotinl g zuli (YU gy slie] ol opl ol o5 6 slacglas



(oig3s — o) YF O Ll ¥ 2 ylouwd DY 2595 ¢yl 2] pimswignt swigeo dlee VY

S il (515U 1)) 53 293 CulS lgas 4 IS ,5 Sl ) ot pTamlie (et 1 BA8

oiSsj g lCuyie 241

H3o glas 50 Cudyb 139

S5 Bpann 122

Plles clhaiia 121
342,90, Ggydlan 115

2 sy A 1pS, 078

Sl cwlia 3o 074

)15 aloit Cgpan g agisS,! 058
labad glgil |5 60,5 cubls 053

&,5;Lwli=0.00605
25U8! o5 31 5Loel b Dglad s g

Bad wlw! p (295 e & B lae duglio Y JSS

ylro 4 dagi b i35 (29 dunlio
2 S Gl sbajlidls 5> S 5 el cilisee sla by (ol jline A G Lally) Jelod 9 S50 s sl gy ol
H09)S (nl & canl 53 (LS S ganail plats 0g)S dw > wliemeolaill g (63 ) - Slles (A5 cunle bl
o) iy 145 gmd Sloml (6 S el Lo 53 (s> Cile Alub g 3505 1) Woauglis pbml ) g 5 plojls i byo
ol 045 ol Jline A (o (oo maiins sbody 5 (29) Sladunlie g 0391 gl od byl Jline A plod gy (ol (gl lime
&5 il (350 5 ol Cape g 5k (5 (B il culie Bos e aw Jold 09 (] (RS - (3B 09,5
duwlio ol wlwl p Cwl (o) dunlie gl Hliel o YU (6,8 5ke oniad lis a8 cuwl /Y 05,5 pl (gl odddumle (5,5 5Lul
039 b Seawd + s b (23l ydy g S + (3L3gS b (Bl sk (B9 93 (il cunlie Bos jlime )3 0dd SLIY S 15 &5 295
Foba B e yh 5l g Sead Sl ooliel Ll il cunlie es 4 ol Jlai I 0 Sles e VAT il
A8 s a8y 3 N 0jg b s b )50 gy D9800 (os b (P 3l i S Jlaisl alS g )4y (6253 s
SBSs 9 €8 JalS cerge (Sl (598 eitune CIED IS o oa]5 (3935 Uy CuBlS Bos JyuS Sl gy ol Wiz pm 3l
S Pels+ und b (bl g 59yl + (Bl b (Bbyd dm Pyl p (e (hg) 93 D9 (Seand Sabe) 4 Cud
bl 3l )3 $9)ls 3Shee Cudgazs 9 (S (sl I3l odisu 5 (1K () SB 51 8L &5 203,81y (YY) (s

0.337 0.309 - 0.336 0.336

+ ool b il pdot (L3S b ol )ds + G U oilydy + Cad b oilyds b (6,40
MD )39)15 S d )59)‘5

Bl culio Gos B0 Wiy BlpSy B 825 9 ol Cu e

- s ybae polul (295 Cjge 4 e S Ayl Y USS



VY Ay S (g o Tl S 1], 0 g (uwgy (ig3s — sole)

(19-3) il B b (Bl 5 (/1Y) S+ 3 U 8l 4 3,50as ot ot iy SIS e 3
(siawd gla gy iy o Hlis S sl ylidls > Hh iy (B 1esS slaslbinl by sllasl oy i b by cpl 0l Bla
SxSl3 B1eSs )d Cadgdoe odiad il g L)ld (65568 yjg (1 AF) Cund b (65850 5 (/VT) Sy + Cawd b (Sbyd gm
(5B 5 T e jline 53 w3 o a5])] (6 08 Lid bt o St 5 gy SB OMSie > &y )6 5] oolinl i iy
ol 553 1y ool cn VL VTS (59 b 30y cawd b (o8L)d 5 39yl + (BL3sS b (oBl)d i 3958 Sie sl
b S5k g (YY) (S slalyy il e (280 5 o e Capde 3 (sao b Wlgiee F5)lb o amd e LS @l
A o ) (65208 3 Slos Ol Sy e sk 5l g )b ol oy (+1-5)

Cd )b 5 )5 bl copus g o935 )| colalad Elgil )3 (65 il lne as Jols 09,5 (nl 153,215 — Tllos 89,5
2l el o YU (655l 01im3 ot &S sl +/oY B +[Y 1y 0,5 il sl odBduaslne (6,55l 5 A8l o S5 (ghie e
el (295 dumlie

WS @ (YY) (g eVl aladad glgil )3 (6 )8 bl jline )3 sl I ¥ S )3 & (295 dvalie gl bl
Poyle+ cund b bl slodi 5 .cunl oo bl b ol 0 YU jlus (g8 Baad sz lis &8 0y 3l cund b ()84
bl g 9l + eS8l (slady 515 )5 gum slaas) 5 VO (g b Shnd + Cand b ((Bbyd 9 IV 0 L
Wyl lelad glgil > (650,18 )0 (g by Cudgdme iy 4y /e AY 5 ¢V glayje b Shwd + iboagS L

g 0233 5 315 (35 B9 8+ (BlasS b (Blyd 4njS & (/VA) g it S Pl g 5 (09355 )] slire )3
S35 015 )18 g3 4y ) /TN (g b Stund + B398 L (oBb)d a5 sl ) 59y jUiS oS g Clles (il pin
YA g b cand b )0 anjS 9 /N 5 VY (las b oS a4 S+ Cund b (Bl g 55) + cend b 3L
P b (o8L)d 43S 4 laie (/YY) ()jg (VL S50 (las )50 Cudyl Sline 3 aimd o 1) 05isS )l 5 Cgres (2 yieS
0ig b pe)b + ol b (Blyd 43S bl e dgdome (loj y 4 e haw ludey (g5 Cp pi 0aI LIS &S Sl S +
4jS 5 o[ VA /Y (elaiyjo b o)+ cawd b (ollpds g S + Cawd b 8Lk sloann ;S 050 5108 ped 4y p3 < /YYY
D)l glae e byl 1 (i Codgasme o VA ig b cund b (6,8,

0.5 0.452 0.447

0.45 0.398
a 04 — 0.327

-~

Y 0.08

+ oL b il (AL b pdlyd  Cwd b (bR cwed bbbyl Camen b,
Sawngd £9,8 S £9,8

WOl elgil o )5 ol O,5 obul Clgpw 9 09995,] B 5o slas o Cud b

$35)8-Fllos sla)lre ol 2 (295 Oy 4 AL 35 duglie F Ui

&y il Slles ladlin g (655 B pas L 3y50 JS (goym dlawd Hlme dus Jolis 09)5 (] 1@ali0 — g2l 29,5
Ll «>9) Mb.o C"L’ )L.’;.cl 9 \Jl.g d)lf)‘[m o.\;.mol.id FLEW Ry RY S IRy R O o”f C)?.l ‘_gl).g omwbm Lg)lf)'tulj



(o293 — oode) YF O Ll ¥ 2 yloud DY 2595 ¢yl 32! pimswignt cwtigeo dlee V¥

by Cops el (6555 21 gy () o i oimd ol o oyl 3 gl + LAbosS by iyl 5 S+ 3sS b (sl
GO Hh 9 Lyl 518 gam ady 13 AYE g b So,+ Cand b dlyd g Sind + Cand b bl)d slaal 55 .l )Sod slaals S
D) 18 gy ks (pytaS [o0 (s b cwnd b

S35 Bpan ouimd )i & sl So)b+ 3LgS b Blydy S 4 slate (+/0VY) (g e g5l Bpan Jlme )
oS 0015 )15 pod ad) 53 /VFY (g b Snd + (BL3gS L (BL)d 4L S bl Ll S ple & s (g ol SV
Span (ppeS [V 59 b cawd b ()5 5 +[25F 5 /IR glagyjg b Sams + s b (o8b)ds 9 59yl + Cand b (o8,
A ol 1) 3

Sd auS & Jo > o)ls 5l 9yl Bhags b (Blyd S 4 (YY) g cn e (Slles ladije Jlae )
s b S + cund b (o8L)d g F9)6 + Cuwd b (Blydy slaan S cunl pod a5y 53 VO (g b Sund + L3S L
A 1y Slles dija o piaS [TV (g b cwd b )54 g </ VY g < NYY

06 0.513
0.5
3 04
F 03 0.129
% 0.063
:«; 0.2 0126 | 0.143

o
=

0
+ P b lyd LS L bR+ S b il + Cewd b il S b (5,5,
Sanzd sl Sanzd sl
a5

Blisy00 )6 gopishs Byl pan B Sllos glaaiyja

Qb= 53LaBl (gl jlixe (bl 2 (295 &0 & oy 35 Ao O S

w3 g G5l Bpan 5 5 o il Vb 2Ll 9 CubsS 3929 b S 2 (e lasby) 45 W3 e LS oS
P a2gi bl ol oS el e 4508 5 S (oolatdl gl s 5l s gla gy & Jl ) iy (gt
235 Cyyo @dlall yo 5 (38 5Shes (e
U jleme 53 jlstol olw] 2 DGR 5 Sl Alises (sl g (o 52
3o oL () 4 (b))l lajline Sl o a3 ]y (g g 05l sl gy il b lagyjg ST Jga 5l Jols ol

2 e ) 1y 5 Sles cp it YOV jlitel b e slasyie Cud)b Jlime ho) cnl i + (3L3sS L (Blyd by,
CtlS e ae 3 s 03,8 (e g Shilitel (+1¥21) 1S plol gt 5 sogisS )l g (VYY) iy isky 515y (slains
lilel (+/+AF) Slabad glgil )3 ()8 bl o (VYY) i) g Ol Copte slaylme )3 Lol )y Jgib BB 5 Slas (+/YAY)
Sllos sbanjn o (+/VFY) 551 Bpae (+/VFA) 5l3 3590 ) (g9 2l il (gl o (slajlume )3 sl 03,5 Ly (658
ol 503 (slaJigy (B ds Camd yid (sladl o samd LS &S 3l (6, 5YL Ll (+/YOR)

3 1y jlatel VL (+/YA) Slles laaiyja 5 (/YY) (555l Bpae slojlime 13 139518 + (BLosS b (oBLyd b5,
iSm5 g Ol Cupde g (+/YAA) LI pll clgraw g (09355 slajlne 15 (b ol b il aai s ol 390 SV odimd LS
3 Skas (1Y) o shieyin b (1F3) i i SESs 53 cmod il 03,5 oS (g o el (+1V75)
ol 03,57 bl y> (6568 @lilial (+/VVY) @labad glgl 13 (60,18 Cubls o (+/VVY) CiilS conlio Bas 3 3yl osllas



VO e A 5 Sl g o T lie S 1], 00 g (uwgy (ig3s — sole)

2 ) Sad 035 gy alde (93, Slas (+/VAY) CllS uslio Bos jline )3 09y (el 1 Shd + Cund b 3Ly By,
ity 1S 3 o Slilitel ad 03)S S (5 jlitel «Sasd 0351800 b9y 4 G (+1OF) @lakab glgil 5 (65)8 s
s wle (slaizza (slajline )3 (prizred Cul yioS o 0lSe slasby) 4 Cumd (1Y) he (slasyie cud )b o (+VTR) )4

058 (g 5l 5V g 30> (Jgd BB jlitel (+/VF) labad elil )3 (6 )8 bl Jlane )3 159,80 + Cows b (23l (B,
b ylixe 50wl 03,8 8l yd 05lSe gy Cod (65308 Sljliel (+/+VA) 5o (slacyie cud b o (/VVR) )4 iy (31eiS
D) b s &zl (+ YY) Slles slaaisin o (+/VYR) (655 Gpuan (/) L5 3,50 H5 (g5 dlaad diilo (glais s

2 iej ol 539 30 1) 3 Sdes o yiae +/FYY jliel b lebad glgil )5 (63l Sl jline 53 gl i b )4 b,
5 (1Y) G55l Gpan +100) 5L3 3)90 )5 5oy Sl wile glanja glajbme )3 pizren > BB g5 Wby, ple
6908 5 2 sylme 11 55 Lol .l adis s o 5oyl odiad Lis &S 03,8 Sy litel o yieS (474 YY) Slles slads i
P glasyze bl g (1-FA) I bl Clgaes 5 (o35S )| +1+5Y) (22805 5 Ol e /A7) Yy pisy (Bl aile
Oy b s alilel (+/+ 1)

B iy bl o)l (g ye 5Sdes (e cilisee lakad b (6555l 5 CllS” Bas) Jlume 93 53 (wd by 42 )5 g geme 5
Pt S L (oBlyd ) (I (bl 2 o4 29800 el (alaiBl g (6590 008 slajline )3 (6596 055l (g, g5
A8k Cand b )5l Foulie pugusme jsbod,
SPn G by » Slles pbol (loj Jlai I (gybliae sl 4y 0jslSe (sl by, 40l (L5 WS il ()llls 3l )
YL e 5 el SV L o)+ alagS b iyl 5 S o caslu 00 b S+ 3boss b ol 4 g sb 45 .51
9 o pedibeS olas 4 liSa 5 el YYAFS b cand b (68,0 039 40 o wd sl by ( blae ;o i0h ol ]y by o)
sy Jold 03l (sla by 4 bgrye Mg dia o o a8 4 0y (LS golld 35 (eobaill jlaie 503 (Byes 090 (35 pole
ol aily (olaid! (LS )3 Jb, YOFF 0+ +) Cand b (8,0 039 4 ¢ wwd sla gy 40 Ao dl 3o oy yidiay

ke wlwl 2 ISR 5 Sl o9 dmalie T Jgaa

Ll candl (oblyds cand b (oblyds G L byl GLag b (0,0

. . B)lo
Cowd P98+ Swwd + P98+ S +
ALY -/\yY <IYAY NANas -IYAY cslS Calio o
NN FANE) FANR NARE) NAnn% Py i (Bles,
oo5Y NAnre AN NAnrd <y i) g ol Co e
<IFYY AR /vy SAR o[-AY Slabad glgil o (o )lS cubils
</-¥A TANAS VAR FARYY AR S ool Cggen 5 (09395 )l
-/-¥a A% Y -IeYY -/foY P sl asyie byl
o[-0 -I\ys -I\Ys An - /¥ 555 9590 58 (g9 dlass
o[y AN o[-5Y -[oyy it &5 B yan
-[¥Y TANAS -/-vY ATS) AL Slles slaasn

Slsie @ ITYY 535 b g6 b olsan 3o by (8loydy gy & JS b 3llas dojles 5 oS (3l ) Sl qults ol
(sl il Jain 51 by ol (55 Sl 20l ool 0 ol ISt 5 B8 (sla gy loe 3 455 (el

sl ia g (Hhre cpl > SV Sliel) Satwe 65l Bpae Jdd 4 g, ol (@lio—odbaidl 09,5 13 .l (b pde g Slles (35



(u““‘?}.’. - ‘:D.LG) VF+D ‘}MU & D)Lo*:* by 2,93 ‘d‘ﬂ' (oGS oW R0 Ao \7d

5 5 Sl )3 oy ol comimen sl Bl (VL Coglyl da gy ple 4 G (lire nl )3 SVL jlael) jieS Sliles
H5 BB el 55 S ol cgges 5 sl o b )b (2805 5 Ol Ca e ol G5y (Bl S Gas Jold (0o
09)5 ) 38 oy (il d9diee Cgeine Jp ALSS (negd IVEY (jg b Seund bolpen (B3 L (o8L)dy (hgy el 03,5 S
S g8 jlitel (llas sladiyie b 555l Bpae ile) baia (B2 )3 F9)l Uig) 4 Camd 4T 292y b culiomgolial
) Caglyl a8 o AT 035 b cand b Bpo ()50 02 41 i sloaiy S ol sl (s (slaanyS 5l pliman 03,8
(FYL Sllos soauin g it )5 o0 4 5l wiile) @liomeabatBl (slajlne )3 Sl Slilatel Jds & yal pl s o (LS
Nl g 055 (3ldeS” jleoliul 4" s oo ()L oS @lis -l 3a85 5)90 50 5 (55 loyline 53 3, Slas Cudgazes (yrivred 9
a3 g ools Gl ) cdlS L (gpSatz jb 4 i Sllas Cadls g Ol Cypie ol iS4 (BIESy S0 e <98
Fol g 239 2 (e 035180 (sla g, oS S oo 15T ladibly cpl (IS yobo 4 1S oo Joo 548 y0iy e 55 i g3l
Casd b By ()50 ey e blie e Al 5 cuslS ) Slles claanjm (ialS o 900 il sl HKaly oy
sl [V Ll pigl B d a2 L bajlae 5 baay 5 3085 (gl 00 dsslone (5Ll £ 5 0Bl Ll 1y Coglyl (o oS

sl o5 3 s Jpsb B (6,15 s 0013 o el +/) gglano b ,iSinsS oS i oy

oS Bl (5)150LS LB, 50 295 CuiES ylais an Al )5 CullS gy crpSiailie Cond 10
S5 ell=02
29, B+ jeads Bl oLagS L OL 4 337 I
Sz + Ggads Bl LS L b 4 (262 I
»e,B+ S b oL, 185 I
Sd + Cowd b b, 133 I
Cown b gy, 5 083 I

(e b 2 i L Lo lomo g oy 357 30805) oy 387 0o (39 F S

3o Ui 1y Bajline ()9 o S (93908 90 g (CudlS slagsby)) a5 (g cunly Cows (93908 ygom0 V' S Bollae
2 o8 Sl SBlog il (o) ol slajline cunl yida o gy plo G )b+ (BL3gS b (8byds CudlS gy (IS (39
5 Cesl VL by s 4 Cud (g ol IS 3 9 Sl sboy b 51 VL a5 5 0l o gy dajlene Sl o3l
ol (8885 9 ol Copie e 4 Cund A 5l laghy)y & w300 GUiS 3485 (sl dpogi LB 5 ooli]
S 2590 S gy M Sllas slaa o (53l (Bpae Fhe sleyie Cudil i 4 dn laag) 3 g Culyjbae b
Sl 3 cplply ) 518 Gl elgl 3 (6 )l Cebl 5 )5 ploxl Cgru 5 (ogisS)l (ildlS cuslie o ol Sy (BleSe

255 )18 Caglgl ) (iS5 9 O o e slne Canml oo S b,

Olx AMX <o
0 3
——— da %
» C
%
]
2 U
3' anad with cenlittegal
s Turldtrar ponadmgs § unowes
Ve
—~{ W wend wih cormlugal
Intibos cpraadng + Dak hanow
— e
Spinadng sl by
— mn PR T J—
Spoe swerde by
3 work i & Dick hanow
\ 139% 10 Semng soeds by woke
\
5
lux ‘i"‘--,- L S
“Tond &id vuRBatiY  Appicabebly in difeienl Elinctive lehl capacty o
Assmorsiifie Walm and =% 3 il Rommnd oo baoe Dpematicnad casls
o) drpdh Maraprmern ware of sperabion
o, lae

(51)5) ol Jdosi g 43005 .Y U



VW i 5 Sl (g (ot i el s 3]0 g (v (g3 — sole)

.
9 JB 65 B9 b Lolyen (3L3eS L Lilyds ohrg 4 Al 5 cudlS 03510 (sla gy (59 &S A3 e (LIS imgh s
LSL"’C):‘.“’} 5 LS)-?)K g,u.l;l.‘?sd))..\.»dugvl O3 s C;wbl.gd)lf);\g 4>)§| ‘L;,L.Lo.c LSLQ)L:AD og)f)b .AJ)IJ D dl.mu;’)”:\gc;gmj
sl pl .l 29050 QT 3,80es 550 (slas i Cud b g I8 ploul Caguw (09355 Sl I Lol camd o Il 1y oo baylyi b
)5 Cudgame 4 yre (S (290500 5 Lol ] aslio Jlanl b S8 (glbyes gl wd gy 45 48 o 45T
Mool gy sdidd ylis (golaiBl adys 5 8 LI Gl SlaS pl s S aeS 5 S S (golaidl Jai 5l ey gla b,

Bos ok ISy (Bl (s oS Canl Sg)lb + (BlagS b Ll)ds Ghey s n SSle aniS 2l 0y 9 A oS
2l yd S Bos g (o) 68 CublB D Cuje o e awd b b, ol Jlams (golaiBl sl jlae ) Lol @y ol
55 awl 2)Sles la jlso

Cadbo ol 5l e s cilS e, Ol 3 1) 13l oyt iS85 5 Ol Cupde Hlae 45 3b LS j0 Camlus s
b olyod 055180 5L 51 onlitul a5 cunl ] 5 (Sl laasl woles jd .5, cusnl Slles cladbjn g (6550 B pae (slas o
9 Sa9e e Il (ly sl (Slan 5 g A8 (o0 al8 (oolaill 43y0 5 (Slles (gyg0 00 (B 2D e |y SO (e 598
] A 5 cilS o Jloj g Sl slacadgase yials

Wolgnin 9 5.5 408
@ eyl lp anjS e /YYY 2l Gs b 59 L olyer (3LgS L (Bl hyy &S Ob L AHP (la Ll
oy (BlySy Jeld (oolaidl y Slles (8 slajbas Bl a3 I (g cpl el GUS Glil sl 55 pg> cutS lgie
P 3Skes Slhles lodiyjn g (g5l Bras 5o glas)ie Cud )b IS ol Clo 5 09385l (iS5 5 O Co e
cuslie Gas wlo (38 (Sla)lnn (S ) ST 5 €85 )5 ped 4y 50 IVEY (g b S b olyem (5L3gS L (8l il
09 4 suwd sl by Dy P S (oolaiBl 5 Slles clajlixe gaezme Hai Lol iy Coje b sy BeS g cuils
las 50 (6590 40 «slS 319G 4 oliws ;0 byl slacudgase § 39 Coglgl o yieS s /oA 5o b cand b b po 6,8,
ClS g, S5l 1y U oty S g o e Jline o 2l s sl ot 52 S5t o 4 bl Sy o g
8590 % il 38l (ol oyl pls waizisly oYU Casnl Sldes sladis s g (655l G as (50 glacio cud b C)T o g Gl asly
Ol 29 0 duogi Soy 9 obdsS p e 030156 g,y 5l edlatwl WIS 5 cllS CudS dap 9 Sldes sladania ials
b3S ploxl (oolaidl 5 Sllos saais 4 do5 b lojon 5 (iS0) 5 O] Cupte & Cond Cumlas & a5 b 1L sl oy,
Do Juols (glas i 5Slos o YL

cuils Slles (6900 il g (2T) dgun jobaiods 1 (sladuog as ;S o b )lre oo jl ool Cawd 4 gyl
Dgus oo Byl S il slayliIls o IS

Scadgioe (ials g ()90, il lp JCagsl (o) clsie 4 S9)l+ (ALagS L ojslSe (BL)% () jlesliul -
NERPRE W PPN

Aoy b OIS cole,y b g by 5 odlatul (5)ls codgiase 0535 YT puile a8 Jloenl b Koo (cla ;> -
g 0

2 kel Codgl plyie a1y lasyie cudils 5 (iS5 g Ol Cupte slaylne Bl gy e S 5 CudS g pte > Y
A8 bld cusls hg, bl

Bras g Slles slranjn (ials s 05ilKe (b SST 5l oS00 gl olyolis’ uz)’}p—laa.u.nlg oolaidl )y ¥
sl 53908 855



(o293 — o) YF O Ll ¥ 2 yloud DY 2595 ¢y 2] pimnwignt swtigeo dlee YA

S ol

Jbo o>

b pll )9S g6y GG duwwge Soine 9 Jlo Coles b p5ls dllie

il o5 S5 4 dlie 5 (S sieg S L

ats @l g Sledbl pnds § Julos dmodly (gyle] Jdoo 5 45 dmodls (5y915,5 «jimgh pll g Sk i Suwgs dI g,
lie giloales 9 il @l @l JpuS g (wyp lio pugiin

losls (651,51 S )lo youmle acbld

)5 Wl )3 (Eoman gd y1 (e GBS y9ld g Wge (Loiuas g dpedle]
Cuwl 00d5 odlaiw] couas Hosn I3l jl
ol g yiwd B B ain g jl cawlgd s 34k 5l ol iagh olaedls

S 315wl
Db &yl pob iagh sl 3 (Jlo coles bl 4 )9S w5y Gliiod Ay
Db &yl ele g (LBl (clajlas ) LB &y p e oyl Sl

oiRgi G Jeol 51 (595w
Caslepl don 1B 3550 £9290 (nl g Slodged Cule) (ole Ghaggy cul Lt g plosl 3 1) (W] Jgol (St s
&le o)l

&Qbw

B ipp slodile )5 g Lbey it 5] g bl 5 (AHP) Lilye dludes T3 51 oolisal (WYAY) bl b o il (5,0l
Sy el gl 350 5 (55,958 (slo adile wige (o 0,58 (yratin

oz o 0,58 et ool yo Al Jalocs 31,5 o 51 00linl b cwlin yliaS” ol (WYAY) 3y ccs39gl5 gesis g oome codl} oy
el gelile 9 (65)9liS sl (pile

6330 dalllas) allj 83 diage oMSe 358l (slyy (AHP) Lty alds Lo siy],5 5 ooliual (WAA) Ly o hole 5 dades e cciungd dud g
FY=YY (OV) ¥ . pwlid oo dloxo (Ol yo

Giliseo oo ,3b oo (Vicia faba L)M5L 5 Slae (gl g 3,8kes «Su55ls3yg0 i los,) (V1) ol ¢ g8 SL 5 deomo ¢ sary
FA-00 (V)18 ol bges (cloingy - 5ls ol 5 oliend (slmdgS
Axao
AT A0 ol el el s ns pole AAHP) lyo s o 3315
V0P ()3 ippliS ol dews g i SIS leflo (AHP) Lslye duds Jaloss 5,018

priessges (cwkige (AHP) (510 aluds o SaS 4 p 05 5150 (Bl Jlme 9 (D95 Mgl (VYAY) ) (S 9 390500 g0
AFASIYR (V) ) o/

oS ol gimino 081> ol L) ot jaw Ol AHP ) e dlidisr fulow 10115 (\YAN) oy ygp B



YA A T il (g o Tl i 1], 00 g (uwgy (ig3s — sole)

b ol il LS o el 43 tliows £55 o cambio ol (VF+ ) L lolus pg)le 5 Al ¢p ST 3905 e 5 € Jgms) cLsinyj solodd
IV V) OY ) sty wdigo o oSy dlidis Jullos (i, 5l ool

s 56T 1581 55 51 o3lizol b Sgded oy 55 (305 i o] LBl (VYAY) Lyl Lo el ple 5 oo eysslds) fle (lite
e (ol gmelislie g (5)gliS (o dle owtine (o 08 e (550

5318 3 oolizl b IS il )3 g A elb g i) (ITAY) dsan ey 5 dyan ecolas onpe (B 2ol 25y VLo oo
YEEYOD (V)Y .oe liios (AHP) 5l dludu Ll

2 S deld cusS” calise sl gy duslis g (wyp ((WWAA) L ulie 0 Slus 5 dlgadesmo (e3gld Fud {230 (5D N (g )paio
A=Y (W) Y gyl al iilSo 5 lodilol cole>s . oyl jos Loyl yi

S Gipdy eleinl = oolaml BT oo (MYAF) dasto ¢ oM swgls gy doro ¢ 6yl € 30l damo ¢y Ladll £labis codnapd 3l
AFe=IP) (1) D .oMe Cliiz . yogd i i )3 g5 5 w pgd

S ol imio a5ty aEED Sl .ped Cls EXpert choice 11 )38l 5 3 yme (VW) . e o5 0K

s Ll g 1 oslatl b WS bl ()1l (LB] )5 il 95 o caslio (s (V0 F) bl )05 005 5 Al 25 (g

gl 325180 s S il (gl BNy )0 ped S lgie 4 A 5 clblS sla g, (dlasBl g 8 oLyl (VFAY) g bwss
SA-OY (YN . gjy0lis

{oskre g )5 waldl) o)l3Is (2l )3 pod it plgisas Al 5 g5 (8 Joallygiws (WAR) oy s ytille s g dl g9 g
xiio V7 g iy Ol dungo

REFERENCES

Amini, S., & Asoodar, M. A. (2016). Selecting the most appropriate tractor using Analytic Hierarchy Process-
an Iranian case study. Information Processing in Agriculture, 3, 223-234.

Eskandari-Cherati, F. A. (2012). Using Analytical Hierarchy Process (AHP) in the Evaluation and Selection
of the Best Work Weeding the Weeds in Rice. The 7th National Congress on Agricultural Machinery
Engineering & Mechanization, 14-16 June. Shiraz. (in Persian).

Ghodsipour, S. H. (2019). Analytical Hierarchy Process (AHP). The Thirteenth edition. Amirkabir University
Publication (Tehran Polytechnic), 224 p. (in Persian).

Harbizadeh, M., & Sheikhdavoodi, M. J.( 2013). Choosing proper combine using Analytic Hierarchy Process.
In The 8th National Congress on Agricultural Machinery Engineering (Biosystem) & Mechanization, 9—
11 November, Mashhad, 3866-3876. (In Persian).

Harker, P., & vargass, L. (1987). The Theory of Ratio Scale Estimation: Saaty’s Analytical Hierarchy Process.
Management Science, 33(11), 1383- 1403.

Khorshid Dost, AM., & Adeli, Z. (2009). Using the analytic hierarchy process (AHP) to find the optimal
location for waste landfill (a case study of Bonab City). Journal of Ecology. 35 (51), 27-32. (In Persian).

Loghmanpour zarini, R., Kalantari, D., Akram, A., & Mollapour, S. 2020. Selecting the Proper Sprayer in
Citrus Gardens of Mazandaran Province by Analytical Hierarchy Process. Iranian Journal of Biosystems
Engineering (IJBSE), 52(1), 119-129. (In Persian). https://dx.doi.org/10.22059/ijbse.2020.298099.665280.

Mansouri, N., Zaki Dizaji, H., Sheikhdavoodi, M. J., & Asakereh, A. (2019). Evaluation of different planting
method for sugarcane for Khuzestan region. Agricultural Mechanization and Systems Research, 20(72):
73-90. (in Persian).

Mashayekhi, A., Rezapour, M., & Alirezaei, A. A. (2013). Selecting the most appropriate type of hydraulic
pump using software. The 8th National Congress on Agricultural Machinery Engineering (Biosystem) &
Mechanization, 9-11 November. Mashhad. 3551-3557. (in Persian).

Monajem, S., Ranji, A., Khani, M., & Dorosti, H. (2013). Evaluation of rice production systems in Guilan
province by using of Analytical Hierarchy Process (AHP). Cereal Research, 3(3), 255-266. (in Persian).

Naddaf Fahmideh, S., Allahyari, M., Ansari, M. H., & Kavoosi Kalashami, M. (2015). The socio-economic
effects of accepting the second culture after rice in Fouman Township. Cereal Research, 5(2): 121-130.
(in Persian). Doi: 20.1001.1.22520163.1394.5.2.2.5.

Nikmardan, A. (2012). Introduction the Expert Choice Software (With Abstract of AHP Subject). The Second
Edition. Jahad Daneshgahi Publication. Amirkabir University, 172 p. (in Persian).

Rabiee, M., & Ebrahimi, M. (2023). Local beans are a suitable crop for cultivation after harvesting rice in
paddy fields. Shalizar Extension Magazine, 5(1): 29-35. (In Persian).



https://dx.doi.org/10.22059/ijbse.2020.298099.665280

(o293 — code) YT+ O Ll ¥ 2 yloud DY 2595 ¢ s3] pimswont swligeo dlme  As

Rabiee, M., & Shaker Kouhi, S. (2025). Evaluation of morphological traits, yield and components of faba bean
under different fertilizer levels in paddy fields. Iranian Journal of Pulses Research, 16(1): 55-69. (in
Persian). Doi: 10.22067/ijpr.2024.89419.1096.

Rabiee, M., Hosseini Chaleshtori, M., & Ebrahimi, M. (2024). Cultivation of triticale as a second crop in rice
paddies. Publications of the Rice Research Institute of Iran, 61 p. (in Persian).

Saadi, H., Kalantari, Kh., & Iravani, H. (2008). Determination of Preferable Extension System for Preventing
Desertification: an Application of Analytical and Hierarchical Process (AHP). Iran Agricultural
Extension and Education Journal, 4(1), 54-67. (in Persian).

Saaty, T. L. (1990). How to make a decision: the analytic hierarchy process. European Journal of Operational
Research, 48(1), 9-26.

Safari, M., & Gerami, K. (2019). Prioritization of Methods and Criteria of Spraying for Wheat Fields by
Analytical Hierarchy Process (AHP). Iranian Journal of Biosystem Engineering, 51(1), 139- 148. (in
Persian).

Shahinrokhsar, P., Ghasemi, J., & Nazmi, A. (2022). Analyzing mental preferences of paddy farmers toward
post-rice crops. Journal of Studies in Entrepreneurship & Sustainable Agricultural Development, 9(3):
53-70. (in Persian). D0i:10.22069/JEAD.2022.20275.1602.

Srdjevic, B., & Jandric, Z. (2010). Analytical Hierarchy Process in selecting the best irrigation method.
Agricultural System, 103(6), 350-358.

Yousefi, R., & Berenjkar Gorabi, A. (2025). Determining the most suitable type of sprayer for paddy fields in
Guilan Province using AHP. Iranian Journal of Biosystem Engineering, 56(3): 61-81. (in Persian).
D0i:10.22059/1JBSE.2025.402790.665615.

Yousefi, R. (2025). Technical and Economic Evaluation of Triticale Cultivation Methods as a Second Crop in
paddy fields of Guilan Provinc. Journal of Agricultural Mechanization, 10 (3):57-68. (in Persian).
https://doi.org/10.22034/jam.2025.67931.1340.

Yousefi, R., & Hosseini Chaleshtori, M. (2020). Technical Guidelines for the Production of Triticale as a
Second Crop in Paddy Fields. Publications of the Rice Research Institute of Iran, 36 p. (in Persian).


https://doi.org/10.22067/ijpr.2024.89419.1096

