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Introduction

With the emergence of new automation and mechanized technologies in the production and processing of
agricultural products in Iran, which aim to accelerate the food supply process, adopting appropriate management
models in the field of maintenance becomes inevitable. This is crucial to maintain and enhance the operational
reliability of agricultural machinery, tools, and equipment. Furthermore, proper management of various physical
assets in the agricultural industry, including operation and maintenance, is one of the most important
requirements. This is due to their crucial role in ensuring readiness and high availability during the seasons of
planting, cultivating, and harvesting agricultural products. These needs differ from that of other continuous
production processes.

Materials and Methods

To achieve an efficient model in the field of maintenance, the following steps have been investigated:

a) Reviewing and identifying the most important criteria and sub-criteria driving the maintenance
management. This is based on the previous literature and the experts’ opinion.

b) Evaluating and prioritizing the main criteria and the interactions between their sub-criteria using the Best-
Worst Method (BWM).

¢) Providing improved solutions for maintenance management of Iranian agro-industries.

We decided to employ BWM because, compared to similar methods, it (i) provides more reliable pairwise
comparisons, (ii) reduces the possible anchoring bias that may occur during the weighting process by
respondents, (iii) is the most data-efficient method, and (iv) provides multiple optimal solutions which increase
flexibility when accessing the best weight point. The process of weighting by BWM is summarized in five steps:

1) Determine a set of evaluation criteria identified by the experts or decision-makers.

2) Identify the most important (Best) and the least important (Worst) criteria according to the experts or
decision-makers, each of which may have their own Best and Worst.

3) Determine the preference of the Best criterion over all the other criteria using a number from 1 to 9 (where
1 represents equal importance and 9 represents extremely more important).

4) Determine the preference of all the decision criteria over the Worst criterion.

5) Compute optimal weights.

Results and Discussion

According to the preliminary surveys, the most important criteria in the excellence maintenance model were
identified as “organizational management”, “human-related factors”, and “organizational aspects”, respectively.
The results of the BWM revealed that sub-criteria such as "top management support,” "fund allocation and
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inventory resource management,” and "appropriate maintenance strategies" had the greatest impact on
maintenance management in agro-industries, with global weights of 0.108, 0.075, and 0.067, respectively.
Additionally, these findings were compared to previous research conducted in the field of agricultural and
production system maintenance models.

Conclusion

The findings of this study could assist managers in revising and developing maintenance management models
in the agro-industries. Future studies could consider calculating the interactions among the criteria that were
omitted in this study to simplify the evaluation process which might improve the accuracy of weighing criteria.
This can be achieved through the combination of the Decision Making Trial and Evaluation Laboratory
(DEMATEL) and structural equation modeling.
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culture, methods and tools, support
systems, financial aspects
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Saleh Human resources, continuous improvement, Munive- Activities module (repair, maintenance, design,
(2014) financial aspect, strategies, organization, Hernande  Modification), resources module (people, equipment and
policies, tools and methods, support 7 (2017) tools, materials, information technology),
mechanism, planning and scheduling, procedures/mechanisms module (policy, organization,
maintenance commitments. information and documentation, outsourcing)
9 D5y (839350 Cu e «uligSS 338y e «leMbl cy e
. ‘ . Naji, A gy g polte Cple bl Sy e Cuslow (S5 g,
Pajlogsgn 49y Slojlwcigy gy (Sldl @lie  Qumami, e
B?zk(;iggz 23 2 (e Sl Bou(lg,our, Information management, maintenance contract
Human resources, internal procedure, Beidouri management, inventory management, maintenance
external procedure, data-based technologies (2019) procedure and method, senior management policy,
continuous and continuous improvement, financial
aspect
Sl sl csisle) 5 syl Wlodd  BIFuoly i ¢S Loy (slodoliy g liebl culild
- : a Gomes, Sl gl w3391 Cuppto dacllibay gy Mmoo (ol
Gandnare & Ol g SleMbl g e dagrgege Yasin, & (e G T T TR ) AR e )
Akarte . . L Reliability and predictive plans, service response
Planning and scheduling, development Simdes - - -
(2020) policies, organization, financial aspect (2020) system, effectlvgness, and quality, failure an_d _safety,
human re‘sources inveﬁto mana emeﬁt energy and environment problems, team efficiency,
information me,ma emelgan d sug ort ' activity procedure problems, budget management,
g PP human resources
5 S35 Sl 5 (5 lSem (g3 9 SBigel )
privantha S Sl s o S gmany  Rodag e ey SR el Sapne e
(2%21) Education and training, cooperation and Macchi Selfjlearnlng, online S|tuat|on_mon|tor|ng, decision-
partnership, technology and innovation, (2021) making based on data, revolutionary change, human

budget allocation, policymaking, program-
oriented maintenance, problem-solving
culture, organizational structure

resource management, interactions, and possible
interactions.
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Table 2- Information related to all types of machines, tools, equipment, along with all types of products in agro-

industries

o 5515 b el (ogase SaS claysiST il a0 5 4050 Slocdlls pogaie )5 slagSTy

Tractors Large tractors for farm and livestock activities, small tractors for garden activities
s oty 5 Sy daalsls SiSE pogatce
Plows, discs and levelers, chisels Tillage process

Lo ylS iy, oISl S s Sl lf pogaze
Cultivation/Planting
Planters and seeders
process
w5 bpasle (K05 g lgal sloyhad g lid ot (oyll (glapiums do 3bdsS @ 30Kedes § wd sla whow

&l bany gl (oo Clgal glgil daciolls Sin el .\.41)9 oy’

Implements and other
farm machines

Y epile lgil
ol 390

Types of
machines used

Manual and semi-mechanized sprayers, fertilizer sprayers, pressurized
and drip irrigation systems, microelements, pruning tools, pumps

Maintain process

b geliaS ey o S ol S5
Harvesters, Shakers, Balers, Combines

a9 iy Sl o guase
2N
Harvesting and packaging
process

BB oguaste Oljass
Special greenhouse
equipment

(2libgy g Gyt JyiS epises syl 5 oS JUS eloptuns ¢ sslo pu Sluspusls e otslo )5 Ol etygas Sl

Sl jaghy Slies

Ventilation facilities, heating facilities, cooling facilities, canalization and irrigation systems,
electricity and lighting control systems, and humidification equipment

gygyeld s ) Sljuges
Livestock farming
equipment

o (5950l cBpiam o adslo o Slusl ( dalo Sl i 9o5 Slamwli o pwiblo (53,5 dgle o
ol sladiee Sy 58) b N SE Glapiass (o592
Mixer, fodder crusher, baler, ventilation facilities, heating facilities, cooling facilities, drinking
systems, milking systems, milk cooling systems (milk coolers), heat exchangers

e g JB 5 Joo i
Transportation

Loy guelS” dlany1y )3 el j3g) oy s 5
Trolleys, loaders, graders, trucks

equipment
9 rwJ..'f Dlﬂ)ﬁ: C,uf)l.}ﬁ QLQ)' ;olA)ST U R cuss L.)L")'
wheat and barley Cultivation time is from October to December, harvest time is in July
RVEPRVEES Olj”p(ambﬂ Olej ol (1193958 U wil cuisS lo
=5 oY guame Sugar beet Cultivation time from March to April, harvest time is in October and November
Crops sladgle @)d oloype Cudldyy o olo D33 oS yloj
fodder corn Cultivation time in June, harvest time in October
|)l§ oLeblbl& CA.:)‘.))J' Ol‘j wlo )y)g(u: S Ol”}
Canola Cultivation time is in September, harvest time is in June
&Y gazmo S e gS oloyg pe Cudld yy (yloj cole Cgubind )] cuisS™ lo
Sls b Tomato Cultivation time in May, harvest time in September
Summer oy oloyge jied el loj coledls 3 cutS ke
products Melon Cultivation time in June, harvest time in September
[ olojge U 52,008 Cudlyy lo
Apple Harvest time from September to October
ey ooy o by oo
Pear Harvest time in September
Lo ol olo sy B g cutigud,l cuilyy oo
ey Peach Harvest time in May and June
Garden . c L s o o] sl o
products o d2g5 olo dh S g Cudipmd,l Cuiibyyy ploj
Greengage Harvest time in May and June
il oloyss Cutly loj
Nectarine Harvest time in July
wMj nLa):J C&fsb){ ul‘:)

Cherry

Harvest time in July
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Fig.2. Steps of conducting research (identifying and prioritizing criteria / sub-criteria affecting efficient maintenance
and repair management)
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Fig.3. Classification of criteria and sub-criteria affecting maintenance and repair management based on available
literature and expert opinion
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Table 3- Information related to the experts in agro-industries
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Performance measurement and monitoring '

Change management and alignment of all stakeholders
a5 30l @ by (ol 5 losoiie 5,5 5 5o 0,055 6
Incentives and rules related to maintenance
CudlinSs Jruog 53 550k 5 (bigal oSl g Cunenl 0.318 5
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Table 5- Critical equipment in agro-industries based on the type of crop/product and season

(Ltasss
Type of product (crop, orchard,
livestock, greenhouse)

05159 32 Jgpad] Jucd

Dense operating season (s)

S0 Ol g Lomile
Critical agricultural fleet

$ 9 PS5
Wheat and Barley

P9 paS
Wheat and Barley

L5|4é5l.c yd
Forage corn

shdgle @3
Forage corn

Sugar beet

Sugar beet

=5 9 (b Y gz U2
Most orchard and crop products

BB Y gare
Greenhouse products

Lf;‘fj 9 Lfb u\fym
Livestock and dairy products

oLo)S’l b ygeo cudS g L;)‘L.uobl.oj .\.UI)B oles
Preparation and cultivation times
from October to December

Harvest time in July

olodls 3 oS g (gilwodlel a3 yloj
Cultivation time in June

oLa).e(a g';\.‘f)l.\).g OLo)‘
Harvest time in October

00095 b bl €iS g (gjlwonlel il 3 lo
olo
Cultivation time from March to April

Ol 5 e cxdby oo
Harvest time in October and
November

Ol g lee
Spring and summer

bl g )lee
Spring and summer

Jls b i >
In most seasons

(L) dnyalals dacSunys) (65,55 Sloal 15 g Lo yoiS] 5
a5y, daylS
Tractors, tillage implements (discs, plows, rollers),
seeders
Slagdle dacnles daygsly & Jate slajky 9 1s)S5) gl
(bogeels) J& 5 Joo
Harvesters and balers attached to tractors,
combines, transport machines (trucks)

(Lo Jg) dlagyalsls dacSiusd) (5,586 lgal 55 g banygiSTys
a5 5
Tractors, tillage implements (discs, plows, rollers),
seeders

JB g Joo slagpile daygsly 4 Juate (slasly 5 a9, gl

(logygelS)
Harvesters and balers attached to tractors,
combines, transport machines (trucks)
() dnyalsls dacSuys) ()5Sl lodl 35 5 baygiS] s
a5

Tractors, tillage implements (discs, plows, rollers),

seeders

JB g Joo slagpile daygsly 4 Juate (slajly 5 a9, gl
(bggt)

Harvesters and balers attached to tractors,
combines, transport machines (trucks)
slaygige g lacie dacially Seo sylol 05l (slappian
L yileows ¢ J 320
Mechanized irrigation systems, micronutrients,
diesel pumps and engines, sprayers
55155 g (St (olaloyw 5 (lale)S (ot
Heating and cooling systems, ventilation systems,
generators

ol b puSso dn 5S35 (i yguels iy giS] )5 el
Q95 (St (892 b
Tractors, trucks, shredders, mixers, milking
machines, ventilation systems




YYO oo g 6ol wol )5 Cu oo 1 Fiho Jolge Guiacu gyl g (ol «yg1 diwns g Jaillal

Al e sl Algi e VEVYF g5l ke sl il ol
0005 plyd e gilwasiune dulyd oSS jslaiody «opl p ogMe
sb)l3dle 5l shimo e glgil Jold SleMbl (5)5l3 slacdlo
9 )l Cuwslgy> 5 o)l ygmws (loj W9y 53 @ pud Baa L (28
Sl 0SS Wilg oo (Sl (6955 At Cu e 55
o)kl 5l 6)lys 0" g (b line s bl
sy g " cuslio Sliaos LS ) Sledbl (5l ko
Jelge" oSt Jlsim 48, 53 SV 5 2 1NOF G5 polis L
odas W 0,Lil 5t oS jgblen el conday " g l3 L
ol Ol ywes g (6,855 ol ¢ aan] b sl jslaie
G s Sy s le s il b g MLl (g gk
Sy dagjluwsiine 139y ol Lacdld 5l ag5 -6
i)l (OlbS Copis (eSS )5 (5355 5 a)lS g
Cygody 1y 500 0)l50 5 iy i Cu pie da olyls 3 Slos dtwge
oialS o oliwd il Wlg o el (pl 40,8 Cu e 005
CiS )3 CulligSS g Slbes (15w 3 bauja (psradyo 5 obj
e 5 ol ne s sy pp bl 3 03l 42l Wacanio
9 u_la.om J_n‘}c t.’;‘.g.),s..\_n"5 ”L.A_wtﬂ u_:Lo)l_w &..m)s OL.:S‘Q"
Do LS s oBun jl jolie s ScuenlsS sl "G'i‘.:la.c
30 " 5Bl Jolge" (23 JSE )3 alne o ol iren N0
Cpel JLio (gl Cunl 0dgy publ sla Sl o Glalllas plo as g5
AT L s jpiS 0pe ) lacaio 5 cuiS Slojlu Ll jasls
O3S ol Dl Ml e Sy e (g2 (2)lre ) 2 oRg
Gandhare & ) couwl o35 cublnS slacled sla gyl gy
g lacaluy; il gaien o (6,500 wldllas y> . (Akarte, 2020
ol b ol Gl cobl olyen o SNl a2 LS ot
Slilos glosl Copae Ban bl (slad 5 (5l clap it
Loy dlo glol 4 bgypo a5 (55,5 9 5 Slas Cy pie o 2l)5
SiogliS @lio > 4258 3y90 Clitad o Snpbn 9 pasS
— o9 e (Fountas et al., 2015; Li et al., 2019) ccuwl od4
oyl ale ST slacslvy;  SleMbl gl Sl oyl
eilnSS slacdld )l 0975 5 (55)9liS sbomile
o33 ()35 el )59l (65,918 E)l5e 5> aptlle (p Fare dex
a]gie 4y dngl (5,590 3 4o (Horyovy, 2007) ¢!
Gb il Lagl st g el lacc Jd (ojlwiiim

el cwlio (a3 gy g CBlnSS Cunal (pl 2 ogMle
o3lal (pizmon g Wadindiin 55 9 baygiS1y & Juate (slo )59,
cailyy 58 0 JUasl g 5, slapsmels YL gyl
el Gl b Sldos 1515 lauad 3 (2l); ©Y e
el 5338 i g apmile ) prew ot el 5
Jyab 13 o9t cails B & Lgyya bies (2l 5 2k @Y gaa
YLy (s 5 1) 3 85l 39 n L il s
a byye slagny 5 Ui slp)gise Jold lies gls
Sl 355 3 oo glyl oot & (6] 23K cslapiune
slacaJled o piomen ol floly 8 el gl 03l 0 e
e Sl Jlw Jgad el o by slatsly 5 (slalls
oy 5 (dale)S (Slapius @std Glapius glgl Joli
YU Cooal ghly a0 0d slolSiwd 35 g b puSo oS3 5
Gl Jlzo cliasd cpl (ololid dond ) s cublgSS |
masly Sl s g (Slides @515 Jomad g Y gpaze g5 L
Skl 59y » Slge Slpess 9 SIS gl G,
g cutS slassly > Sy ) Sles 9000 9 (Slles (el
Al s baio
"elilnS lacdld ol laey; Cusnl daldl p
solatady 3 oSS 51" il Jelge" jlne )3 pgd cuglyl 5
o lacain g cuiS  Olpes g (5SS dalyl8 o o
A2l Copde S b 4l & porde (285 8
Copde dacumin g cdS » alyen 9 (o )IS dioylidl o
5 Ol glasl ) by e Claiiume 9 SHlis wliw! as LS
g Sl 59y 9 Gloj 3l (e P JB o 5l Sl 0 lagile
g e (lapy 4 a5 b dyg) Josds (pgrddpo
e S5 i (st b5 3l Jln 3 i3S
ol oLt 45 2Ly 5 (el Sldes cslais (0 Jpi)
©)gmo el oo 0kl g jl &S lalaial) 4283 5 S Jls
lyatos U basyo Ui s jlokitons Lo &S o ol b S
G5 E8 Jold (5590l (slasly g LbaldS )3 g (Sl
slocdld (S g Slyesi ploj a2l loj G2 s2)l9e
laaisin o) (s g Sl ol )il 5 @Sy
2955 9 82939 4 bgye SlMbl lpani 9 CuBlgSS b s ye
Al 5 liaon glasl (gl 505 5 (28 Clasuiie o S Olslad
Sl Jlmoys 53 Slab (slo )b o pete dex jle Sy
o D50 Slalaio § S glaisly 1 eSS gl
L ojeel oluds aludi o))5 5 aiile Sloladl g, ol 5l il o
Oliapos adgl (gilwdiiiue 0920 b cublinSS Jiwy (olsl Gun
doye opl pd edbad s lad luibivwl 5 gaieo o b laasly oyl jo



VPe¥ limo oF o lois Y alo (g5y9liS somiilo 4 i YT

(al., 2014

L (s il ool IS 359 dmmlone d i Julos g 435265 sl
J2 5 ol @l & cusl oad sl oyt Ghgy S8
L Gollae g5 o odnlie 45 jgblan .canl odel 3 Lioles & &
ooy e 2500 ALY ojled (sloyliro o xaxs Slolyd pols
CuiS ) Ol yrasd 5 (6,100 SaL)S e 3 1) (g nSole JS
Lol olaid] ves 4 1) lacaio 5

=i glacdub plogl 3 g)l58lp 0 5 coew sl glanty
Sl 039 Lacpile () LSSlows 5 0f559LdS 4885 (S
g Lad gy Co i ouixen (SErensen & Bochtis, 2010)
Jolos oo iy Slpiuns Copde (Slles o)l g5le
el 3 Glojlwgygm Mol 092 5 g de)ja jl )l 5 S5
2556 Cosl lp Jelgs (e dbox Sl (i 5988 > gjpeliS
Kim et) cul ond olsis b opeile cuslioss "okl olgs"

lacuio 5 CuiS ) Slyadd 5 (5SS Capte IS 31 glajlma s I aucaglsl g (23059 =1 g
Table 6- The overall weight of the sub-criteria for maintenance and repair management in agro-industries
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CslanSS Sbojle Copte jd e pie colos 0.108 1
Top management support '
L“L5>9?9‘° Ak Cuppde i g 4‘5\1 Ao uow‘ 0.075 2
Fund allocation and inventory resource management
CiligSS Slojle sl g i cunluw 5 sadynl, 0.067 3
Maintenance strategies and policies '
(uw‘“" dﬁ)ﬁ") CBIRSS Jhwpy liaily g oMo 0.066 4
Adequacy of maintenance personnel
Slile g Jelss b Jolsi 09 g Laoly)l8 cslis g e 0.061 5
Contracting out maintenance
ClaSs Juoy 3 653 5 Gisel ool 5 el 0.059 6
Training & education
Olejlw @N‘ 9 W‘J{’i’ cale cyonl )l L;a’lﬂ O‘}?‘ 0.053 7
Awareness of maintenance and safety activities
W‘v\aﬂd shf«.ﬂ«f Siloditus 0.052 8
Documentation of maintenance works
Adequacy of IT infrastructures and facilities for operations '
Change management and alignment of all stakeholders
ClagSSs gyl (50,5 50 caslio lojle Hidle Sl g)lo )58 0.038 11
Well-established organizational structure
CuligSS gledld p Slles 5 e Jolse o pie 0.035 12
Environmental and operatorial conditions
Workflow management and standardization
ol LF;L"?L“ ‘-5’:“”)5 SIRTSLIY 3" 0.029 14
Organizational culture
CulinS gledls ) Lm‘j yodaane €S jlie g 3,81 dps 0.028 15
Participation and commitment
“"“’I”{i’ )}‘" @ J99?)“’ u"’l95 9 L“d?’““’ L}’“B)f )14’ » 0.024 16
Incentives and rules related to maintenance
sl b paly g laal jl iy 25T 0.021 17
Employee awareness of maintenance goals and strategies

Performance measurement and monitoring
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