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Introduction

Agriculture and its products play a crucial role in sustaining human life. The introduction of the green revolution
has greatly enhanced agricultural productivity worldwide by providing irrigation water, introducing improved crop
varieties, and utilizing inorganic fertilizers and pesticides. These technologies received substantial public support,
leading to significant advancements in agricultural practices. However, the benefits of the green revolution were not
equally distributed among all farmers. Large and medium-scale farmers, who had the financial means to afford inputs
and equipment, reaped the highest rewards in terms of production and income. Additionally, the excessive use of
inorganic fertilizers resulted in soil and water quality degradation, posing a threat to the sustainability of the economic
and social progress achieved through the green revolution. Nevertheless, it remains uncertain whether these challenges
also apply at the sub-national or provincial level. By evaluating the level of agricultural sustainability, analyzing the
trends in agricultural development, and identifying potential threats, it becomes possible to formulate practical plans
for improving sustainability within the agricultural sector. The aim of this study is to assess indicators related to
economic, social, and environmental dimensions of agricultural sustainability at the provincial level in Iran.

Materials and Methods

The assessment of sustainability of agriculture requires determination of meaningful indicators covering
economic, social and environmental dimensions. Selection of indicators used in this study was based on relevance
of the indicators and availability of secondary data. To achieve the purpose, the latest available information of the
statistics of the Ministry of Jihad Agriculture, the results of the labor force survey of the Statistics Center of Iran
and the statistical yearbooks of different provinces were used. In terms of measuring environmental sustainability,
indicators of crop diversification, use of organic and inorganic fertilizers and pesticides were selected. The specific
indicators used for the analyses in the economic dimension were change in overall crop production (Quantum
index of agricultural production) and stability of crop production. The stability of crop production refers to
maintaining a certain minimum level of production or a steady increase in production as compared to the base
year. The stability of production of major crops was analyzed using the Shapiro-Wilk (SW) normality test and one
sample t-test. In the social dimension, indicators of rural labor employment and rural food security were used.
Based mainly on secondary data, covering the period of 2005/06-2018/19, each dimension of sustainability was
analyzed using selected indicators.
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Results and Discussion

The analyses conducted in this study revealed several significant findings. Firstly, the majority of provinces in the
country demonstrated a favorable situation in terms of crop diversification, as indicated by the Herfindahl index. This
suggests a wide variety of crops being cultivated in these regions. However, there was a notable variation in the use
of inorganic fertilizers per unit of land across the country. Furthermore, more than 60% of the country's soils were
found to have less than one percent organic carbon, highlighting the need for optimal application and management of
organic fertilizers, particularly in Golestan province. The study also identified a high rate of pesticide usage in the
northern and southern provinces of the country, indicating potential concerns regarding pesticide management and
environmental impact in these regions. Additionally, the analysis revealed either a consistent trend or a significant
decrease in the Quantum index of agricultural production in most provinces. This suggests a potential stagnation or
decline in agricultural productivity over time in these areas. Moreover, there was a significant decrease in the
employment rate of the rural population in Chaharmahal and Bakhtiari province. This finding implies potential shifts
in employment patterns and economic dynamics in rural areas. Lastly, the study highlighted the significant share of
food expenses in the income of the rural population in Sistan and Balouchestan province, underscoring the importance
of addressing food security and affordability challenges in this region. Overall, these findings provide valuable insights
into the current state of agricultural sustainability and development at the provincial level in Iran.

Conclusion

Based on the findings of this research, it can be concluded that regional differences exist in agricultural
sustainability within Iran. In light of this, it is recommended to develop effective regional agricultural policies that
are based on local-level research. This approach would enable a comprehensive understanding of the
environmental concerns and specific needs at both the local and provincial levels. Furthermore, it is suggested to
revise the agricultural extension structure to incorporate need-based services, improve the dissemination of
information, and provide farm-level trainings. This would ensure that farmers have access to the necessary
resources and knowledge to enhance their agricultural practices. The study emphasizes the importance of
maintaining a balance among the three tiers of agricultural sustainability. Merely focusing on improving one or
two tiers would not be sufficient to ensure the overall sustainability of the agricultural sector. Therefore, effective
interventions should address economic, social, and environmental aspects simultaneously. Specific interventions
proposed in the study include the development of biological pest control methods, particularly for rice and
tomatoes. Indirect subsidies for organic and biological fertilizers and pesticides are also recommended.
Conservation and management of soil and water resources are crucial for stabilizing production. Additionally,
diversification of income sources and livelihood options for smallholder farmers, especially in Sistan and
Balouchestan and Kordistan provinces, is recommended to enhance their resilience and sustainability. By
implementing these recommended interventions, it is anticipated that agricultural sustainability in Iran can be
improved, ensuring a more balanced and resilient agricultural sector.

Keywords: Economic sustainability, Environmental sustainability, Engel ratio, Herfindahl Index, Quantum
Index of agricultural production, Social sustainability
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Figure 3- Provinces with the highest and lowest average amount of organic fertilizer per hectare during 2005/06-2018/19
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Figure 5- Provinces with the highest and lowest Quantum index during 2006/07-2018/19
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Table 1- Shapiro-Wilk test results for Quantum index (reference year: 2005/6)

Ot 2o NEHEESR Sl e gdaw

Provinces Statistic Degree of Freedom Significance
East Azerbayjan s, ;lxb,d 0.921 13 0.257
West Azerbayjan ¢ beb,d 0.942 13 0.488
Ardebil ) 0.912 13 0.198
Isfahan ;laol 0.936 13 0.404
Alborz ;,J! 0.916 8 0.396
Ilam ) 0.977 13 0.961
Boushehr ;a4 0.98 13 0.981
Tehran 45 0.907 13 0.166
Chaharmahal&Bakhtiari ¢ Lo 5 Jlxe Hle 0.955 13 0.684
South of Khorasan g bl 0.961 13 0.771
Razavi Khorasan sss, bl 5 0.911 13 0.187
North of Khorasan Jles L3 0.981 13 0.984
Khouzestan ;.45 0.921 13 0.261
Zanjanbs; 0.883 13 0.078
Semnan ;Lo 0.937 13 0.42
Sistan&Balouchestan ;e b o ¢yl 0.769 13 0.003
Fars ., 0.971 13 0.906
Gazvin g3 0.936 13 0.414
Qom 3 0.981 13 0.985
Kordistan ks, 0.893 13 0.104
Kerman :le,s 0.957 13 0.706
Kermanshaholsle s 0.903 13 0.145
Kohgilouye&boyerahmad.aes! s 5 4,5L5%eS 0.97 13 0.897
Golestan ;.5 0.959 13 0.747
Guilan M35 0.847 13 0.026
Lorestan ;b ) 0.914 13 0.206
Mazandaran ,;l 0.943 13 0.505
Markazi ¢S 5o 0.972 13 0.923
Hormozgan 45 ;o » 0.954 13 0.663
Hamedan lsen 0.964 13 0.819
Yazdsj 0.936 13 0.408
South of Kerman o, gi> 0.976 13 0.952

5.5 claaidl :isle
Source: Research findings
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Table 2-One sample T- test results for Quantum index (reference year: 2005/6)

Ol 2, bof Sld e el §
Provinces Statistic Significance Interpretation
East Azerbayjan .5 )bl -5.401 0.0002 Significant Decrease s jzo jials
West Azerbayjan ¢ ool 0.549 0.593 Constant (cub) s gxe pe i)l
Ardebil o)) 1.305 0.216 Constant (cub) jlo jxe pe yiol38l
Isfahan ;éo! -7.004 0.000 Significant Decrease )ls_ixe ials
Alborz ;,J 2.444 0.044 Significant Increase )ls_jxe (yio!33!
Ilam 3| -1.575 0.141 Constant(c.ob) s ixe pé ials
Boushehr ,qq 9.292 0.000 Significant Increase )ls_jxe (yio!33!
Tehran ;)5 -8.372 0.000 Significant Decrease )ls_ixe ials
Chaharmahal&Bakhtiari s lise ¢ Jw jle -5.162 0.000 Significant Decrease )ls_ixe ials
South of Khorasan g o\l 3 3.25 0.007 Significant Increase ls_sze yio!38!
Razavi Khorasan ¢z, ol 5 -5.548 0.000 Significant Decrease s jxe ials
North of Khorasan Jles )bl 5 -3.258 0.007 Significant Decrease l> ixo yials
Khouzestan ;. ;45 1.75 0.106 Constant(cob) s sme pé yiol38l
Zanjan ;>s; 3.047 0.01 Significant Increase ls_sze (yio!38l
Semnan ;Lo -3.931 0.002 Significant Decrease s jxe ials
Sistan&Balouchestan ;e sb ¢ b - - -
Fars ., -1.443 0.174 Constant(cob) Jls sz pe ials
Gazvin 438 3.057 0.009 Significant Increase ls_zxo (yi!38l
Qom 43 -9.248 0.000 Significant Decrease s jxo yials
Kordistan k. ,s 0.237 0.817 Constant(c.ob) o gxe pé il
Kerman ;oS 3.065 0.009 Significant Increase s sxe )38l
Kermanshaholal s -3.221 0.007 Significant Decrease s jxe als
Kohgilouye&boyerahmadass! ,4 ¢ 455LSeS -4.889 0.000 Significant Decrease s jxe als
Golestan k.5 1.028 0.324 Constant(cob) s sxe pé yiol38l
Guilan M5 - - -
Lorestan ;l ) -1.274 0.227 Constant(cob) jbixe pé jials
Mazandaran 45l 3.313 0.006 Significant Increase s sxe )38l
Markazi ¢S o -1.908 0.08 Significant Decrease s _ixe jzals
Hormozgan 5 ;. ,» 5.938 0.000 Significant Increase ls_zxo (yi!38l
Hamedan ues -0.741 0.473 Constant(cob) o gz pé yials
Yazdsj -5.415 0.000 Significant Decrease )ls_ixe jzals
South of Kerman ;l,s" < g 1.712 0.112 Constant(cob) I jze pé yiol38l

saivd glaal sl
Source: Research findings
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Figure 6- Provinces with the highest and lowest rural population employment rate during 2009-2019

e b gl 9 Gl (bl 35 (2138 dlge 3l it
JoitS 53 ol b1y clablin Mo LB cglis ey DV/A
S5y Slld g Ol B s S ol A8 (o 425
Aoy FE/FO o FEIY YAV FENA L ey 4y 56 L)l s
ol ey bl oo a5 i Bl b ) an loas,
5 {(Pritchett and Spivack, 2013) S guwl § Comy 5y odsie b
@ Kgy ol bl g o Hlosd 4 del)d oS (o yguiS (sladuasio
ol o 1y el oS Sl g, claylgls lie ool gab ok
WSS oyl sy eiomed LAl dalgs o bl 4 Ll wl

sdagie 5 b wgie a4 Cowi (o138 dlge sladis o pow

GAYAD sl Jls (Lo jeuiS slalinl oliwg) sla)lgls Lol
)Lo] 43])‘ pAS Jg>9 l.» sl 005 Ml?u W2 )d S yguo L ARV
o lpl bl 350 b adllae 3)90 sl Sl 5l (635490 sl
2 5 olial > (Anlis f (Slo iz g (s5iko 5 s,
ol i e il @uls wluwl pabl o alise glolo;
Glaanie o YA | 568 165ke yob 4 ol y3 &8 el joiS
L)’il 4 O W LS’«"‘\'C .)]?a BYgLS d)...o Ls’.l':"'"’9) dtm)b:‘.ﬁ- LYl
B ans sl i Jlo plgs ) pboad ool plabiwg, & (dae
3,8 aum i 51l 8 e slaedy )3 uoyd YY/YA 4 YYV/OY



YVl aslh 0,80, b ol ! bl )0 (555l (55l selosr! g (hauomo o § gobaidl olal gl gy Jnloxi (28 9 L @l

@) WAA B WWAD el Jls (b JSS! G ymd op2yieS 5 ooyt
Gl 03,8y gua

5 Cales o) 355 45 ol oalsie B JS31 coyps 5l

e Tehranyl ¢

Alborz; Ji

N NN NI
NP AN
S T F S GV P
NN N R N

e |sfahanolis!

Yazds

e Sistan&Balochestan ol s 5 Ol === Kordistanakws S

== South Khorasan s> ol.l =

e Razavi Khorasan s ;. , oLl =

VAN G IYAS s lw (b US! Co po (3 5eS g (o piwiot 415 (sl Lol -V IS
Figure 7- Provinces with the highest and lowest Engle’s ratio during 2006-2019

B il g e by iRl g9 I (55)5LiS slodles
315 s gt (sl odlag o915 )3 o sid 3 b by 3
ol l5y9lsS 4 el Jsl elois] Gan giss 4 ¢ lael 4
Sl o3l b as uas o L5 (Sane et al., 2021) Sl
Luoly 33 Y aams Algi 5 slailyl (ladgS il oolazwl Yo VA=Y v e
wamass 3¢S (gl (g yide sall Gy (eolabl ple gl
oyl g (Jloud 1 yol (ol ygulS duo p> AD 31 o &S oyl ooy
5 led,S il 1y oloa—id sladgS ool wl 3o oy s
3 p80as ) a8l 2l 3] (slaygiS ¢ I sladgS oy
Adealy ol sl sgs auly Sl ddgi do)n ¥ ladd 5 Sl
&S drwg b 50 (slayg i 3 0fg 4 Mlodges Do (pizee
ey I sodgS Gyine wowl (ol SB cuas ¢ i Wy &y
slwly 5 (B9—io sl 9 Ls.>|)Jo ple &S Cowl )53 ulil-“’ Db
o)lgan )9uiS 53 (aliewd yeé pges 9 (S g I (slad9S B pune
0dd lais odles ol 3l esliiwl & o558 JUSl pas LY
Blgs o I clmodles 5l ookl 4y Cul i g (32985 Cpian ol
38es il 5 )9S S CuhS S 9 iluiE e

wlod gy |y 39290 (Jame Canj SIS (Jpazs

iz sl yadld CiS plgi o0 S 6 e S plgie

Gl alaw dlal olad b S cpaiiane p b paians Cyguo 4y
S5 oo Jg—axe Jlub Wes ¢ Jlie (gl imd o )8 36 cos )
ags bas a4y gldihie b o w0 olie cosal sboul L
4 @lodntiy OMEIe (g et 1290 i 5 )ll sloi]
Ta—w 93 3 5> Shygl—dS S5 ()lals Cagdi g dgme polate
2 Poe lalais (65y5liS glacwlw sl (o g laalais
OllasMe xudg jl 28> 9 JolS S Ul oo cligisd ol
Jols Slil g (e oo 3 39290 SS9 (aee Cny
Pyl dis aw o o Jols Bl oMl Jud pl by s
0liiS pra i i 90 L SG 0 (Sin dgug 45 1 0,50 las
oj)lee dawgi (pimen g2 s (6l iS (Au 6yl
Caby ()3 4asS 9 @ 390 3 oy ) Sl ade Sijglon
(o) 9 Jl LSLQ‘}S&,\B‘ 9 L&a.)sf d)g0 yd D.)Leé W )...C 4)‘)1.»
€55 5 Sl (il pslate 4 OT 5 SB wl plis 5l cblis
Caglyl b loo 3 (55l t8 (dine g (s0]0 e d (i
S epliws;S g sl § b w3lo 513,55 yiaS sl bl
O yiS jolaie 4 oS Cowl gadd ules oyl o e wlw
Cood 3l iy g dabia ialS L g edlys Sl eola il



VoY 5l o) oylod KV Al (5559l armwgy g obasdl 4 pis VY

11-

12-
13-

14-

15-
16-

17-

18-

19-

20-

21-

22-

23-

24-

25-

26-

27-

&l

Afrakhteh, H., Hajipour, M., Gorzin, M. & Nejati, B. (2013). The position of sustainable agricultural development
in Iran's development plans (5-year plans after the revolution). Journal of Strategic and Macro Policies 1(1): 43—
62. http://doi.org/10.30507/jmsp.2013.3269.

Afrin, S., Ziaul Haider, M., & Islam, M.S. (2017). Optimal use of pesticide for paddy production in the south-west
region of Bangladesh. Journal of Environmental Economics and Policy 0: 1-25.

Amirzadeh Moradabadi, S., Ziaei, S., Mehrabi, H. & Keykha, A. (2018). Evaluation of agricultural sustainability in
Iran using the combined sustainability index. Iranian Journal of Economic Research and Agricultural Development
49(2): 661-674. (In Persian). http://doi.org/10.22059/IJAEDR.2018.252301.668565.

Avijit, G. (1998). Ecology and Development in Third World, Second Edition, London, Routledg.

Bakri, B., Rustiadi, E., Fauzi, A. & Adiwibowo, S. (2018). Regional sustainable development indicators for
developing countries: case study of provinces in Indonesia. International Journal of Sustainable Development 21:
102-130.

Bockstaller, C., Guichard, L., Keichinger, O., Girardin, P., Galan, M.B., & Gaillard, G. (2009). Comparison of
methods to assess sustainability of agricultural systems. Agronomy for Sustainable Development 29: 223-235.
Carey, A.E. (1991). Agriculture, agricultural chemicals, and water quality. Agriculture and the Environment. USDA
1991 Yearbook of Agriculturepp. 78-91.

Chakraborty, A., (2012). Crop diversification in Murshidabad district, West Bengal: a spatiotemporal analysis.
International Journal of Physical and Social Sciences 2(7): 393-403.

DEFRA. (2008). Ensuring the UK s Food Security in a Changing World: A DEFRA Discussion Paper. Department
for environment, food and rural affairs, Defra, London.

Esmaieli dastjerdipour, A. & Mehrabi, H. (2020). Assessing the sustainability of agricultural activities in Iran:
Emphasizing the ecological footprint and the real land demand approach. Quarterly Journal of Sustainability,
Development and Environment 1(4): 45-55. (In Persian). http://doi.org/20.1001.1.24233846.1399.1.4.4.4.
Espinosa, A. (2008). A Complexity Approach to Sustainability-Stafford Beer Revisited. European Journal of
Operational Research 187: 636-651.

FAO. (1999). Organic Agriculture. Committee on Agriculture, Report 15™, Rome, Italy.

FAO. (2012). Integrating Food Security Information in National Statistical Systems: Experiences, Achievements,
Challenges. Food and Agricutlure Organization of the United Nations, Rome.

Firth, C., Milla, 1., & Harris, P. (2008). The use of indicators to assess the sustainability of farms converting to
organic production. 193 —202. Retrieved from http://www.cabi.org.

Fricker, A. (1998). Measuring up to Sustainability. Futures 30(4): 367-375.

Gongn, J. & Lin, H. (2000). Sustainable development for agricultural region in China: case studies. Forest Ecology
and Management 128: 27-38.

Hadipour, H., Mousavi, S.N. & Najafi, B. (2019). Evaluation of sustainability indicators of conservation agricultural
technology: Case study of wheat in Marvdasht county. Agricultural Economics Research 12(3): 41-72. (In Persian)
Hayati, D. & Karami, A. (1996). A proposed scale to measure sustainability at farm level in socio-economic studies.
Paper presented at first agricultural economic conference of Iran, Zabol, Iran, 5-7 April. (In Persian)

Keshavarz, P., Zanghiabadi, M. & Abbaszadeh, M. (2013). Effect of clay content and soil salinity on the relationship
between soil organic carbon and wheat yield. Journal of Soil Research (Soil and Water Sciences)/A 27(3): 359-371.
(In Persian)

Khan, M., Akram, N., Husnain, M.l., Padda, I. H., & Qureshi, S.A., (2011). Poverty-environment nexus: use of
pesticide in cotton zone of Punjab, Pakistan. Journal of Sustainable Development 4(3): 163-173.
http://doi.org/10.5539/jsd.v4n3p163.

Khan, M.A., Ahmad, M. & Hashmi, H.S., (2012). Review of available knowledge on land degradation in Pakistan.
OASIS Country Report 3. International center for agricultural research in the dry areas (ICARDA).

Kouchaki, A., Nasiri Mahalati, M., Mansouri, H. & Moradi, R. (2015). Evaluation of sustainable agricultural
development in Iran using comparative advantage method. Agricultural Economics and Development 23(90): 29-
54. (In Persian)

Lampkin, N. (1990). Organic Farming. U.K. Farming Press Books. 2" edition. p 62.

Malik, D., & Singh, I. (2002). Crop diversification-an economic analysis. Indian Journal of Agricultural Resources
36(1): 61-64.

Majidi, F., & Padasht, F. (2010). A guide to rice pests and diseases. Deputy of Plant Production of the Ministry of
Jihad Agriculture. (In Persian)

Manafi Molayousefi, M., Hayati, B., Pishbahar, A., & Nematian, J. (2017). Assessing the agricultural sustainability
of East Azerbaijan province using Compromise Programming Approach. Journal of Agricultural Economics and
Development 31(4): 279-289. (In Persian)

Morse, S., & Fraser, E.D.G. (2005). Making dirty nations look clean? The nation state and the problem of selecting


http://doi.org/10.30507/jmsp.2013.3269
https://doi.org/10.22059/ijaedr.2018.252301.668565
https://dorl.net/dor/20.1001.1.24233846.1399.1.4.4.4
http://www.cabi.org/
http://doi.org/10.5539/jsd.v4n3p163

Yy

sl 0 )S95 b ol pl s bw! 50 (5559l g Il (eloiar] g (auo o j (g0basBl olnl gbgy Judoxd (28 9 LS Wlo

28-

29-

33-

34-

35-

36-

37-

38-
39-

40-

41-

42-

43-

44-

45-

46-

47-

48-

49-

50-

51-

52-

53-

54-
55-

56-

and weighting indices as tools for measuring progress towards sustainability. Geoforum 36: 625-640.

Moshiri, F. (2020). Organic carbon deficiency in Iranian agricultural soils: Determining the situation, reviewing
issues and challenges, providing solutions. 15" Annual Conference of Iranian Soil Science Association, January.
(In Persian)

Motiei Langhroudi, S.H. & Shamsaie, A. (2007). Rural development based on agricultural sustainability: A case
study of Sajasrud Zanjan. Quarterly Journal of Geographical Research 86: 85-104.

Mudasser, M., Hussain, I., & Aslam, M. (2001). Constraints to land and water productivity of wheat in India and
Pakistan: A comparative analysis. International water management institute (IWMI).

Munssing, M., & Shearer, W. (1995). Defining and measuring sustainabililty. The United Nations University/ The
world bank.

Pacini. C., Wossink, A., Gicsen, G., Vana, C., & Omodei-Zorini, L. (2002). Environmental accounting in agriculture:
a methodological approach. Journal of Environmental Management 66: 9-17.

Pourzand, F., & Bakhshoudeh, M. (2012). Assessing the agricultural sustainability of Fars province using the agreed
planning approach: application of Compromise Programming Approach. Agricultural Economics Research 4(1): 1-
26. (In Persian). http://doi.org/20.1001.1.20086407.1391.4.13.1.1

Pritchett, L., & Spivack, M. (2013). Estimating income/expenditure differences across populations: new fun with
pld Engle’s law. Working Paper 339. Center for Global Development, Washington DC.

Razali, N.M., & Wah, Y.B. (2011). Power comparisons of Shapiro-Wilk, Kolmogorov-Smirnov, Lilliefors and
Anderson-Darling tests. Journal of Statistical Modeling and Analysis 2(1): 21-33.

Riley, J. (2001). Multidisciplinary indicators of impact and change: key issues for identification and summary.
Agriculture, Ecosystems and Environment 87: 245-259.

Robert, F., Susanne, S., Charles, W., & Michael, S. (2008). Sustainable farmland management: transdisciplinary
approaches. CABI Publication. London, 194-213.

Rao, N.H., & Rogers, P.P. (2006). Assessment of agricultural sustainability. Current Science 91(4).

Rashidpour, L. (2015). Evaluation of the level of sustainability of agricultural development in West Azerbaijan
province using indicators. Journal of Agricultural Extension and Education Research 8(4): 63-74. (In Persian)
Ren, C., Liu, S., van Grinsven, H., Reis, S., Jin, S., Liu, H. & Gu, B. (2019). The impact of farm size on agricultural
sustainability. Journal of Cleaner Production 220: 357-367.

Salam, A. (1977). Economic analysis of fertilizer demand in the Punjab. Pakistan Development Review 16(2): 181—
191.

Salami, H., & Khaledi, M. (2001). The effect of biological control technology against Chilo suppressalis on pesticide
use, case study: Mazandaran Province. Agricultural Economics and Development 9(33): 247-270. (In Persian).
Salvado M.F., Azevedo, S.G., Matias, J.C.O., & Ferreira, L.M. (2015). Proposal of a sustainability index for the
automotive industry. Sustainability 7(2): 2113-2144. https://doi.org/10.3390/su7022113.

Sane, M., Hajek, M., Nwaogu, C., & Purwestri, R.C. (2021). Subsidy as an economic instrument for environmental
protection: A case of global fertilizer use. Sustainability 13: 9408. https://doi.org/10.3390/su13169408.

Shapiro, S.S., Wilk, M.B. (1965). An analysis of variance test for normality (complete samples). Biometrika 52(3/4):
591-611.

Sheikhzeinodin, A., & Elahi, M. (2022). Agricultural sustainability assessment in the Iranian provinces. Agricultural
knowledge and sustainable production. https:doi.org/10.22034/SAPS.2021.46430.2690.

Spiertz, J.H.J. (2010). Nitrogen, sustainable agriculture and food security: A review. Agronmy Sustainability
Development 30: 43-55.

Streimikis, J., & Balezentis, T. (2020). Agricultural sustainability assessment framework integrating sustainable
development goals and interlinked priorities of environmental, climate and agriculture policies. Sustainable
Development. 1-11. wileyonlinelibrary.com/journal/sd. https://doi.org/10.1002/sd.2118.

Student. (1908). The probable error of a mean. Biometrika 6(1): 1-25.

Sydorovych, O., & Wossink, A. (2008). The meaning of agricultural sustainability: Evidence from a conjoint choice
survey. Agricultural Systems 98: 10-20.

Talukder, B., Blay-Palmer, A., vanLoon, G.W., & Hipel, K.W. (2020). Towards complexity of agricultural
sustainability assessment: Main issues and concerns. Environmental and Sustainability Indicators 6:100038.
Tatlidil, F., Boz, I., & Tatlidil, H. (2009). Farmers’perception of sustainable agriculture and its determinants: a case
study in Kahramanmaras province of Turkey. Environment and Development Sustainability 11: 1091-1106.
Agricultural Research, Education and Extension Organization. (2020). The profile of country’s soil. Ministry of
agricultural Jihad. (In Persian)

UNDP. (1994). Sustainable human development and agriculture. NewYork. NY. USA.

Van Calker, K.J., Berentsen, P.B.M., Romer O.C., Giesen, G.W.J., & Huirne, R. (2006). Development and
application of multisustainability function for Dutch dairy farming systems. Ecological Economics 57: 640-658.
Van Passel, S. (2008). Assessing farm sustainability with value oriented methods. 12" Congress of the European
Association of Agricultural Economists.


https://dorl.net/dor/20.1001.1.20086407.1391.4.13.1.1
https://doi.org/10.3390/su7022113
https://doi.org/10.3390/su13169408
https://dx.doi.org/10.22034/saps.2021.46430.2690
https://doi.org/10.1002/sd.2118

VoY 5l o) o yloud ¥V Al (5559l drmwgi g olaidl s ypis ¥

57- Wilson, C., & Tisdel, C. (2001). Why farmers continue to use pesticides despite environmental, health and
sustainability costs. Ecological Economics 39(3): 449-462. http://doi.org/10.1016/S0921-8009(01)00238-5.

58- Zulfigar, F., & Thapa, G.B. (2017). Agricultural sustainability assessment at provincial level in Pakistan. Land Use
Policy 68: 492-502. https://doi.org/10.1016/j.landusepol.2017.08.016.


http://doi.org/10.1016/S0921-8009(01)00238-5
https://doi.org/10.1016/j.landusepol.2017.08.016

