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Introduction

Population growth and increased human demand for food have increased the requirements for agricultural
products. Sustainable agriculture is a farming method that emphasizes long-term sustainability with minimal
impact on the environment. Therefore, in order to achieve sustainable agriculture, it is necessary to identify
indicators and criteria of sustainability and make a real assessment of the situation in order to measure
sustainability or instability based on the criteria of sustainable agriculture. This study has evaluated and
compared the sustainability of agriculture and ranked selected cities of Semnan province (Semnan, Sorkheh and
Mehdishahr) according to the level of sustainability by using criteria consisting of environmental, social and
economic multi-criteria decision-making criteria.

Materials and Methods

This research is descriptive-analytical with an applied nature. The method of collecting survey data is the
library. In the analysis process, while using quantitative data from organizations and statistics, experts' opinions
have also been used. The selection of questioned people has been done in a stratified and quota manner, and in
this method random selection of people should be strictly avoided. There are various methods to evaluate
sustainability, but the most efficient ones are based on the explanation of various criteria and indicators.
Evaluation of agricultural sustainability in Semnan, Mahdishahr and Sorkheh cities in the form of three social,
economic and environmental criteria, and each of them includes several sub-criteria, which is carried out through
the Shannon entropy method of weighting them and then through the Vikor Bin method. The agricultural
sustainability of these three cities is evaluated.
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Results and Discussion

Based on the results obtained from the three criteria considered in the agricultural sustainability evaluation
section, the environmental criterion, with a final weight of 0.52 has won the highest score, followed by the
economic criterion, with a weight of 0.3 in the second place and the social criterion with a value of 0.17 has the
lowest weight of the criterion in the evaluation of agricultural sustainability. According to the obtained results,
among the environmental sub-criteria, the chemical fertilizer distribution sub-criteria with a weight of 0.101 and
the consumption of poisons with a weight of 0.097 and also the sub-criteria of efficient irrigation systems with a
weight of 0.081 are the most important and Soil fertility sub-criterion with a weight of 0.050 has the least
importance in agricultural sustainability. In other words, reducing the use of chemical fertilizers and pesticides
while simultaneously increasing the efficient use of new irrigation systems enhances agricultural sustainability.
This approach is one of the fundamental solutions to address water scarcity by improving irrigation efficiency.
Among the economic sub-criteria, the sub-criterion of water economic efficiency, with a weight of 0.076, and
the yield of agricultural products, with a weight of 0.062, are the most important. Conversely, the sub-criterion
of the income ratio of rural to urban households, with a weight of 0.032, is the least important. Among the sub-
criteria of the social index, the sub-criterion of forming sustainability promotion classes (education) with a
weight of 0.067 is the most important, and the sub-criterion of population density with a weight of 0.028 has the
least role in the sustainability of agriculture. The high importance of farmers' awareness of sustainable farming
systems means that increasing this awareness will significantly enhance agricultural sustainability. This can be
achieved through the formation of extension classes and necessary training programs, which will have the
greatest impact on promoting sustainable agriculture. Sorkheh City, with an area of 9222 square kilometres, is in
first place, Semnan with an area of 11017 square kilometres, is in second place, and Mahdishahr City is in third
place, with an area of 1943 square kilometres in terms of sustainable agriculture.

Conclusion

In general, the results of this research make it possible to know the importance of different parameters
affecting sustainability, to evaluate sustainability and to compare the cities of Semnan province with appropriate
accuracy so that an effective step can be taken in applying appropriate policies to improve the sustainability of
agriculture.

Keywords: Criteria weighting, Evaluation indicators, Multi-criteria analysis, Shannon entropy, Sustainable
Agricultural development
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Table 1- Agricultural indicators in the cities of Semnan, Mahdishahr and Sorkheh

Jw AR VoI | WERLA JOVPS JEV
0l glgis Gl e Year 1YY o
Indicator City 2012 2013 2014 2015 2016  Changes in 2016 relative
to 2012 (%)
oo 9579 9579 9579 9579 9579 0
Semnan
o 2l JF colee AR 5016 5316 5316 5316 5316 598
Total irrigated lands (ha) Medishahr
S 5385 5385 5385 5385 5385 0
Sorkheh
o 2 6 11 3 5 150
Semnan
ol d)l“’y 9 3RS (5“9.])‘ colus )‘e(““iA'P(" 0 2 0 1 0 _
Equipped and renovated lands (ha) Medishahr
S 0 5 0 1 0 -
Sorkheh
e 0 0 1554 69.3 2143 1279.02
Semnan
5918 bl Haa0 5 cSlo opilojls st
Organization of ownership and issuance of agricultural ~ * di;hahr 0 0 6.5 23 0 -
documents (hectares) )
e 0 0 0 21 74 -64.76
Sorkheh
e 53183 64464 79943 74827 65336 2285
Semnan
st oy N paea 2y AR 43e5 16533 12067 12991 8412 9271
Production of irrigated crops (ton) Medishahr
S 27146 24714 17712 16969 18346 -3242
Sorkheh
Qb 2567 2697 2831 2907 2943 1465
Semnan
pete el ol AR 3151 3239 3201 3366 3380 727
Fruitful gardens (ha) Medishahr
S 184 1964 2038 2134 2156 182
Sorkheh
e 13401 16709 19362 22395 22685 69.28
Semnan
Sl g ol AR 19987 21058 21945 22975 23415 1715
Garden production (ton) Medishahr
S 5069 6566 8256 9891 10074 98.74
Sorkheh
e 1408 1595 2312 3105 4963 25249
Semnan
SIS N pame 255 e AR gg5 95 990 1764 53856 4419
Greenhouse crops production (ton) Medishahr
S 300 300 480 444 259 1367
Sorkheh
e 75 85 125 16 211 18133
Semnan
SIS N pae CuS ;) g M55 52 55 19 13 150
Greenhouse crops cultivated area (ha) Medishahr
Sy 17 17 32 24 14 -17.64

Sorkheh
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Table 2- Indicators used in agricultural sustainability evaluation

Sl Sl 2 s T
Criteria Sub-criteria Code Description
I 4 s iy ) (55,9188 Blae g . .
B Voo x Gpan JS 4 Cand (55 9liS sl sejn) gloe] Bpan e
. re Eni The amount of groundwater consumption for agriculture relative to the
Share of agricultural use of groundwater to total consumption x 100
total consumption
el LS i _ bl I8 @ lis cov )Ll W?“"-’ ;’51)‘ o
L En: The ratio of lands covered by pressurized irrigation to the total lands
Efficient irrigation systems %)
hareCus; =hj omes il Enm =hj b JS & S ) aw s
Environmental Agricultural land fertility The ratio of cultivated area to total agricultural land
(En) lord 355 &g Ol Y garme CuiS ) g 2 predl (lord S35 Bpas i
The amount of chemical fertilizer En. The consumption of chemical fertilizers divided by the cultivated area
distribution (kg.ha'?)
I3 cais (1959) Jsdyn aslis el); plals gos - 420 H Jgo 8
=) &9 . . . " .
; . Ens Formula H, degree-diversity of agricultural crops (Herfindahl index
Crop diversity
(1959))
pyos Spas ojee Ene Y gaze CuiS ) daw ) el pgew Srae oljee
The amount of pesticides The consumption of pesticides divided by the cultivated area (L.ha)
i o ) Slagme) gaw S8 ggeme 4 09290 (S g S5 Egecme Cuns
Mechanization coefficient Ec: The ratio of the total available traction power to the total area of
agricultural land
$529liS” OY gaee 3 Slas Fes o a8 3 Slee
Crop yield Irrigated wheat yield (kg.ha™)
SRD 4 (plwgy gl 2l Con Ees S Pl 2oy & plog, Il 2aly o
Ratio of rural to urban household income Dividing rural household income to urban household income
oladl SiagkiS e (plels A5 &l Ee o ‘5}”:‘5ﬂygﬁlﬁd}”w&mﬂﬁw ]
. 4
Economic Per capita production of agricultural workers The added value of the agricultural sector divided by the number o
employees in the agricultural sector
(Ec) : . ) 5
<l golaidl 5y90 Ecs Frae ol jlabe 4y ()5 0l W Jpate Cus
Water economic productivity The ratio of agricultural production to the amount of consumed water
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The share of added value of agricultural Ecs The amount of production of the agricultural sector divided by the total
sector from production gross domestic product (%)
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Share of agricultural workers

population x 100
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Table 3- Decision-making matrix of agricultural sustainability assessment criteria
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Site Environmental Economic Social
(eiarge) 1 455
Option 1 10.855 13.933 16.117
(Mehdishahr)
(_6’“)2 ol 25.763 26.398 25.628
Option 2 (Sorkheh)
(9@) 3wy 17.925 22.891 24.216
Option 3 (Semnan)
aa 54.543 63.223 65.962
Total column
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Table 4- Normalized decision matrix of environmental sustainability evaluation criteria

o shasmoCunny w3l slokal
Site Environmental Economic  Social
a1 a5 0.199 0220  0.244
Option 1 (Mehdishahr)
(5 0) 2 4259 0.472 0417  0.388
Option 2 (Sorkheh)
(o) 3 5 0.328 0362  0.367

Option 3 (Semnan)

S5l 51 g (W) Bylane (335 5 () Glaeb! as (E) oluabl y3lie -0 Jga
Table 5- Confidence interval (E), uncertainty (d) and criteria weights (w) after normalization
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Site Environmental Economic  Social
K=1/Ln (m) -1.041 -1.065 -1.079
Ej 0.947 0.970 0.982

dj 0.052 0.029 0.017

Wj 0.524 0.300 0.174
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Fig. 2- The final weight of the desired criteria in the assessment of environmental sustainability
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Table 6- The normalized decision matrix of agricultural sustainability evaluation sub-criteria
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Table 7- The results of the final weight for each sub-criteria in the assessment of agricultural sustainability
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Eni Share of agricultural use of groundwater to total 0.709825 0.290175 0.059
consumption

En Sl 2L Sl 0.757286 0.242714 0.081
= Efficient irrigation systems
3 c o
J 2 En ) oy kel 0.74963 0.25037 0.050
i = Agricultural land fertility
2 Em o 3 @jg e 0.494379 0.505621 0.101
w The amount of chemical fertilizer distribution
Ens Lél”: &’S_ 0.67092 0.32908 0.057
Crop diversity
Ens pome Syas O'*’f’ . 0.594964 0.405036 0.097
The amount of pesticides
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Mechanization coefficient
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Crop yield
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o Ratio of rural to urban household income
m E 59U s kel Wy o
25 Eu il i (lld Ay il 0.105487 0.894513 0.051
3 S Per capita production of agricultural workers
o =
Y B elostatl g 0.131465 0.868535 0.076
Water economic productivity
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Cultivated land per capita
Mg 5l (55y5liS Gis 035381 55 e
Ec7  The share of added value of agricultural sector 0.438792 0.561208 0.052
from production
(U5590) lnb gy sla WS JuSias
Sou Formation of sustainability promotion classes 0.444243 0.555757 0.067
(education)
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—.—3. = Rural employment rate
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Population density

o - . ‘
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Literacy level in rural areas
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Share of agricultural workers
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Fig. 3- The weight of environmental sub-criteria in the assessment of agricultural sustainability
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Ena: Share of agricultural use of groundwater to total consumption, Enz: Efficient irrigation systems, Ens: Agricultural land fertility,
Ens: The amount of chemical fertilizer distribution, Ens: Crop diversity, Ene: The amount of pesticides
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Fig. 4- The weight of economic sub-criteria in the assessment of agricultural sustainability
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Eci: Mechanization coefficient, Ecz: Crop yield, Ecs: Ratio of rural to urban household income, Eca: Per capita production of
agricultural workers, Ecs: Water economic productivity, Ecs: Cultivated land per capita, Ecz: The share of added value of agricultural
sector from production
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Fig. 5- The weight of social sub-criteria in the evaluation of agricultural sustainability
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So1 Formation of sustainability promotion classes (education), Soz2: Rural employment rate, So3 Population density, Soa: Literacy
level in rural areas, Sos: Share of agricultural workers
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Table 8- Calculation of the desirability and dissatisfaction index of the criteria
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Table 9- Calculation of the distance from the positive and negative ideal solution (R-+ and S+-)
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S- 2.030 R- 0.313
S+-S- 1.854 R+-R- 0.206
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Table 10- Q value and final rank of the study areas
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