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Introduction

The development of mechanization and machine technology can have positive and negative effects on the
economic, social, and environmental conditions of a region. Conflicts in these areas complicate the selection and
optimization of sustainable mechanization systems. One of the basic questions in the selection of a sustainable
agricultural mechanization system is how and with what methodology would it be possible to propose the closest
mechanization model that will overcome the simultaneous contradictions between the three npillars of
sustainability; taking into account the natural and technical limitations in agricultural production. What is the
appropriate approach considering the economic, environmental, and social aspects? The current research aims to
provide a framework for an optimal mechanization model to achieve the goals of agricultural sustainability so
that it can be implemented and applied practically. It is possible to provide a model that addresses the conflicting
economic, social, and environmental aspects by quantitatively optimizing the level of mechanization.
Materials and Methods

In this study, a framework is applied whereby contradictory goals of agricultural sustainability can be
achieved simultaneously. After selecting the indices and data collection, by combining Shannon entropy and
TOPSIS, the similarity index was obtained for each objective. The similarity indices and values of the Benefit-
Cost Ratio calculated for each system were considered as coefficients of three objective (economic, social, and
environmental) functions in multi-objective optimization. The multi-objective optimization model was applied to
achieve sustainable mechanization patterns and was solved using the NSGA-II algorithm. For framework
validation, paddy production mechanization systems in the Ramhormoz region located in southwestern Iran were
analyzed with constraints: land, water, and machinery. The five mechanization systems of paddy production
included puddled transplanted, un-puddled transplanted, water seeded, dry seeded, and, no-till.
Results and Discussion

Pareto-optimal solutions of different scenarios with water and machine constraints showed that this
framework cannot only meet the sustainable goals, but also the optimal allocation of mechanization systems is
identified and the effect of different scenarios under different constraints can be examined. The sustainability
goals between the no-tillage and planting with puddling systems are highly contradictory. The no-tillage system
has the highest score in the environmental aspect and the lowest score in the social and economic aspects. This
modern system was developed in Ramhormoz three years ago and has faced technical, economic, and social
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challenges ever since. The cultivated area using this system was 43 hectares in 2019. Despite the speed and ease
of planting with this system, and its direct environmental benefits, the possibility of fungal outbreaks is raised
due to the presence of wheat residues from previous cultivation and the warm and humid environment of
cultivation. Additionally, weed outbreaks caused by periodic irrigation have greatly affected the satisfaction and
profitability of this system, leading to the highest amount of pesticides consumed among the studied systems.
The results of multi-objective optimization of sustainable rice mechanization systems in Ramhormoz city
showed that the total surface area of optimal point systems is in the range of 2700 to 3200 hectares, which is
close to the area under rice cultivation in Ramhormoz (3310 hectares) and it indicates that the output of the
model is according to the applied restrictions and close to reality. The limitation of machinery and water has
made the two planting systems of un-puddled transplanting and dry-seeding better than other systems. Removing
only the machinery restriction can lead to an increase in the area under rice cultivation by about 700 hectares.
This means that the requirement for the development of sustainable rice cultivation in Ramhormoz is to
strengthen and support modern mechanized systems of no-tillage, dry-seeding, and planting with puddling, with
a focus on systems with less water consumption which are the systems with higher levels of mechanization.
Without water limitation, if the model is subject to the current machinery limitations, the optimal mechanization
systems are the more traditional ones such as transplanting without puddling and wet-seeding.
Conclusion

One of the most fundamental challenges in the development of mechanization is identifying systems that can
best balance the economic, social, and environmental aspects of sustainability and minimize environmental
damage whilst maximizing economic and social benefits. Using the framework for sustainable mechanization
will not only accomplish sustainable goals in identifying the optimum agricultural mechanization level, but it
will also allow researchers and implementers in the agricultural sector to examine the outcome of various
scenarios under different constraints. This framework can be used to find the optimal model for mechanization of
all stages of tillage, planting, harvesting, and post-harvest in diverse geographical areas.
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1- Emission Factors for methane

2- Global warming potential

3- toxic equivalence emission factor
4- Field load intensity

5- Shannon’s Entropy
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Table 1- Values of stability indices and the calculated weight of the indices in Shannon entropy
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3 2
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o9 8L
Transplanting 2.170 2431 900 160 1.29 97 472 5.9 67.5 8 55 8.4
without
puddling
Sy b 8l
Transplanting 1.935 42.96 900 160 1.26 95 87.2 10.9 55 7.2 6.1 9
with puddling
<5 2.292 30.76 900 82.9 2.28 102 59.2 7.4 43.4 8.1 7.5 8.2
Dry-seeding
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Wet-seeding
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No-tillage
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Index weight
okl @y ol 380 (glaptan (404 jliel =T Jgu
Table 2- Ramhormoz rice mechanization systems rating score
Sustainability ,lb sx Economical ¢alax8l  Environmental  Jascocws j Social  sloks!

CuilS pianns W32 & g Caluwi adli Similarity calw yadls
Planting system Sy_stem Benefit-Cost Ratio Similarity index index
variable
Sy ggn 8L
Transplanting without Al 2.170 0.631 0.416
puddling
S b i
puddling
&8s Dry-seeding A3 2.292 0.413 0.577
«,5'ol Wet-seeding Ad 2.807 0.618 0.404
&39S oNo-tillage A5 0.714 0.689 0.066
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Table 3- Pareto optimal solutions of sustainable rice mechanization systems in Ramhormoz- with all restrictions

09 8,8 :: 75 i
LNARY) o b d)l.ﬂw SIS L $5395 6 Culs ol S
v Transplanting . . - Water
Transplanting with puddling Dry-seeding Wet-seeding No-tillage Area under consumption
without puddling (ha) (ha) (ha) (ha) cultivation (m°)
(ha) (ha)
1886 166 899 78 12 3041 82962373
1351 316 1275 213 13 3169 82994714
2698 0 1 12 10 2721 82999997
1264 340 1336 235 14 3190 82999995
2527 15 237 12 11 2802 82961626
1276 539 1177 184 13 3188 82999997
2712 0 1 0 11 2724 82999997
2094 65 788 33 12 2992 82952086
1643 237 1057 145 13 3094 82980004
1264 340 1336 235 14 3190 83000000
1618 340 1014 121 12 3106 82979981
1276 539 1177 184 13 3188 82999996
2221 41 629 31 12 2934 82934402
1968 308 712 16 11 3015 82826449
1834 180 935 91 12 3053 82965469
2710 1 1 0 11 2724 82980670
2427 24 364 18 12 2845 82954600
2009 117 813 56 12 3006 82959032
Sy b o)L otle 2l g e ncydgioce
slfasis il ol ol iSa VFF- oS 5 g S DFFY

$39SB g dle a2l Ol S ¥
600 hectares of power of planting machine with puddling
1440 hectares of operational power of dry-seeding machines
64 hectares of operational power of no-tillage machines
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Limitations: 5642 hectares of cultivated area
83 million cubic meters of water

8 5 4o

bolid Ggliplls dang clagilly cpp bl I (S

=il (oolasdl olul o 1y Jols oy i & Cond (ol pitanws
Blio (pyider 4o (2liwd (pe )3 9035 )8y (axelunj
olyam a1y asac i) @)lud o eS¢ clonl 5 (ool
e sigda (n e @lwlid )3 )l Sl
il (glagy )l Sl (o Sl Al LS (el 1) (genljlSe
oisw Glyme 5 liaize a0 ) iz slacudgise cou
s Jie 205 I e el ol e (e (5 )9liS
Gyl ) ol odlatul BB Gl oldlas (Sl 40 cusldy
Slapis (63)90 adllas 3 Wgd oo (Slprad (Jarxolun )
B (e dy9 o el i o Seld A5 (ygplslSie
0235 g dulxe il g5 I edlil b b yadls o9 8,8

ool sl S 5l meS ol 50 s opl &S ottanw |
OliyglsS eIl aS ol 5 piuw (09 Ll e 4 andl s
ol 0y Slas 1Sl g 48,55 Oy Cuddge b culS wlausls
ovlol y dh e 4 ol Cond &S’ a0y (Jb pll Ll asly
Lo (VAPY) (65095 Lo (o i (3390 (]j)9liiS 5)Shos
Wdapo 0doe ol g 3yly Jio o ad clacgdgd e
Dy dalgd ()5ASES 9 (65)9S B Sl

o sp0ly 33 76 b CuiS drwgs doiY Cunl xe Gl (]
9 LAt aile (g5 038l slapiunw Culos g ol
ol Brmo b (glaptuss 35505 Mojl 5 0390 Sidy b ()51
L g YU el il Gl pn b by pituw (p) &5 ity a8
el Jbs e 3 S (0 ©yg0 0355 laby) 30
g Ll cypie clatlls @8 ce > (olid)5 slagsb
PRl e o2l SlF e 655 B (2 pess sb)lon
W) zugy ddlaie



VPe¥ limo F o lois Y alo (559l sLomiilo 4 ypis  YAA

L L5 5 (opdle 3 )Shae L) (5))9S B S ais wiile
ik (o dgm Ml Ll dige laptens Glsea Sy
ol cpile 5 Ol slbcodgize ;3 Gl (slag lw Cod o5,b
2 bl Shaal glsS o ks wog)le ol xS B L ob
255 105 |y ml3l80 (Sl (g (35 2ol
slacadgiome cood Gl lagyliw 151 () oSl 4,

20 2959 50 calise

Cwdany TOPSIS (5 5l (650l dm o 5> sy cnlid
a3 L s lBaw Bus wly colps leca jaslis ool ol
G-l oloiwd cage adianiy (gl iy Jie WNai
S5 wi el pgd aseus jl ealil b jluly (65,5l (gl 1515
o et gl b, LS4 NSGA- Gogliolss (3Lumicsye b
JLSe YT (ably iS5 o b sy LIS gslaw g0
ol Cadgisme pas Sygo )3 00 Slg e je sl ) @
g Wi dingy Sy b L 5 ] (it (ot
ong 05wl clapinmm Ol Lad Codgize g JLSisd bylys )

Omile Codgame b 5o spely @ Sl (pgmel 3550 (slaptuns 95k die lacls> —€ Jgda
Table 4- Pareto optimal solutions of sustainable rice mechanization systems in Ramhormoz- with machine restriction

. ; 25 g .
S o sSLE gy g s S eSS s $9SBe Area cuss Sy
Transplanting T - . . Wet- . Water
; ; ransplanting with  Dry-seeding ; No-tillage under :
without puddling - seeding naet consumption

puddling (ha) (ha) (ha) cultivation 3

(ha) (ha) (ha) (m°)
0 0 0 5642 0 5642 208749362
1222 76 82 4259 3 5642 198425726
4572 283 306 469 12 5642 170166224
4470 59 64 1045 5 5642 177823206
4547 0 0 1092 3 5642 179159195
3419 219 237 1749 10 5635 179380325
3500 264 290 1536 10 5600 176107325
1476 222 240 3645 10 5593 190400514
2813 215 134 2472 8 5641 185374613
598 45 49 4943 2 5638 203290491
2318 146 159 3004 6 5633 188763438
2421 276 258 2585 11 5551 181679059
1720 66 71 3781 3 5642 195499081
5466 49 29 62 5 5611 170895987
0 0 0 5641 1 5642 208744350
5639 0 0 0 3 5642 172058983
2095 130 140 3271 6 5642 191060368
4119 259 282 954 11 5626 173227704

S b U ile ol ol LS £
S aSES el al2l ol LS VFE by dgde
SipSBia Geile a2l plys i £F CuiS ) pdaw LSa OSFY

600 hectares of power of planting machine with puddling
1440 hectares of operational power of dry-seeding machines
64 hectares of operational power of no-tillage machines

Limitations: 5642 hectares of cultivated area
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Table 5- Pareto optimal solutions of sustainable rice mechanization systems in Ramhormoz- with all restrictions

(drought)
»j o
Sy e 6,8 . . . o . S P
e Sy b 5,0 i G L R ol o
; ; Transplanting with Dry-seeding i No-tillage Area Water consumption
without puddling puddling (ha) (ha) seeding (ha) under m)

(ha) (ha) cultivati

on (ha)
0 270 662 0 0 932 19999989
0 171 779 0 1 951 19997295
0 148 806 0 1 955 19985138
0 14 966 0 1 981 19988213
0 59 911 0 2 972 19980398
0 182 766 0 1 949 19999967
0 0 982 0 3 985 19999993
0 0 984 0 0 985 19999994
0 212 731 0 0 943 19993736
0 118 843 0 0 961 19995990
0 34 944 0 0 978 19999990
0 134 823 0 1 958 19939460
0 160 793 0 0 953 19990671
0 69 902 0 0 971 19997817
0 235 703 0 0 939 19998322
0 89 876 0 2 967 19999552
0 38 938 0 1 977 19989284
0 269 663 0 0 932 19992559

Sl byl ile ol olgs LS 5o ncydgiome
SIS uble gl 2] Gl e VT iS5 s lSm OSFY
$hrgSbie dle 2lpl ol lSa FF O ayin youbn V-

600 hectares of power of planting machine with puddling
1440 hectares of operational power of drying machines

Limitations: 5642 hectares of cultivated area
20 million cubic meters of water

64 hectares of operational power of no-tillage machines
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