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Globally, wheat is the most staple food for one-third of the population and provides 
more daily calories and protein than any other crop. However, its production still poses 
great social and environmental challenges for humanity. Hence, agricultural 
sustainability indices are commonly used to evaluate all economic, ecological, and social 
dimensions of crop production from theory into practice around the world. This 
assessed agricultural sustainability of irrigated (IWPS) and rainfed (RWPS) wheat 
production systems in the semi-arid environment of Mashhad (northeastern Iran). Data 
were obtained from irrigated and rainfed wheat farms in Mashhad for the growing 
seasons (Oct-May) during 2006-2010. The questionnaire was also designed to collect 
data from the farmers. A multi-criteria decision analysis (MCDA) was performed to 
identify the most significant economic, ecological, and social criteria influencing the 
agricultural sustainability index. The results determined that IWPS is more sustainable 
than RWPS in Mashhad as the economic viability for IWPS is relatively higher than 
that for RWPS. However, RWPS has also a high potential to achieve agricultural 
sustainability in environments without water stress. Finally, face-to-face interviews 
confirmed that farmers do not invest heavily in RWPS because of its high sensitivity to 
precipitation, temperature, and soil quality in Mashhad (northeastern Iran).  
 

Contribution/Originality: This study is one of very few studies which have investigated the agricultural 

sustainability (in all economic, ecological, and social dimensions) of both irrigated and rainfed wheat production 

systems in semi-arid environments using a multi-criteria decision analysis. 

 

1. INTRODUCTION 

Wheat (Triticum aestivum) is one of the most important staple crops for human civilization, providing 20% of 

calories consumed by people around the world (Shiferaw et al., 2013). With one-sixth of the total arable lands on 

Earth, this crop (wheat) generally plays a key role in global food security (Portmann, Siebert, & Döll, 2010). In 

different parts of the world, wheat production can substantially guide many developing countries (e.g. Iran) to 

improve economic conditions (Ahmed, Hamrick, Guinn, Abdulsamad, & Gereffi, 2013) and thereby acting toward 

achieving the sustainable development goals (SDGs) adopted by the United Nations in 2015 (UN, 2015) 

particularly on the local scale. However, high dependencies of current wheat production systems on large amounts 

of resources (e.g. water, land, energy, and chemical and labor forces) principally pose different environmental and 

International Journal of Sustainable Agricultural Research 
2021 Vol. 8, No. 1, pp. 1-16. 
ISSN(e): 2312-6477 
ISSN(p): 2313-0393 
DOI: 10.18488/journal.70.2021.81.1.16 
© 2021 Conscientia Beam. All Rights Reserved. 

 
 
 

 
 
 
 

 
 
 
 
 

https://orcid.org/0000-0002-2080-7413
https://orcid.org/0000-0002-9634-5622
https://www.doi.org/10.18488/journal.70.2021.81.1.16


International Journal of Sustainable Agricultural Research, 2021, 8(1): 1-16 

 

 
2 

© 2021 Conscientia Beam. All Rights Reserved. 

social challenges for humanity (Roy, Chan, & Rainis, 2013) mostly in the arid and semi-arid environments of 

developing countries. 

In Iran, typically known as arid and semi-arid environment, the agriculture sector donates about 11% to the 

gross domestic product (GDP) (Karamidehkordi, 2010) providing livelihoods for about 25.8% of total population 

(Zahedi, 2004) as well as about 41.7% (25.3 million) of all rural people (~60.6 million) (Balali, 2009). In Iran’s 

agriculture, wheat is considered as the most dominant cereal crop, accounting for about 70% of the aggregate cereal 

production. Accordingly, wheat is cultivated throughout almost 6.6 million hectares of land in Iran during each 

year. About 39% (2.6 million hectares) of such wheat cultivation area is irrigated, while the remaining 61% (4.0 

million hectares) is rainfed or totally reliant on rainfall during its growth cycle (Eyshi & Bannayan, 2011). The 

sustianbility of both irrigated and rainfed wheat production systems in Iran is under critical threats due to wide-

spread soil degradation (e.g. nutrient imbalances, decreases in water retaining capacity, loss of organic matter, etc.) 

as well as poor water resources availability (in response to climate change and human interventions) and practices 

(because of illiteracy, poverty, etc.) for different agricultural activities (Shabani, 2010). Hence, this country has 

significantly increased investment in different watershed programs (WPs) for both rural development and natural 

resources management (Golrag, Ghoddosi, & Mashayekhi, 2006). However, the impacts of such WPs on 

environment and society have received relatively less attention in national and international research communities 

(Ahmadvand & Karami, 2009; Emadodin, Narita, & Bork, 2012). Accordingly, only a few studies focused on the 

sustainability of wheat farming system in different parts of Iran (Ali-Beigi & Baboli, 2008; Ireavani & Darban-

Astaneh, 2004; Shahi, Irvani, & Kalantari, 2009; Veisi, Rezaei, Khoshbakht, Kambuozia, & Liaghati, 2015). Given 

this background, the present study aimed at assessing the sustainability of wheat production systems (irrigated and 

rainfed) in the semi-arid environment of northeastern Iran, in terms of economic, ecological, and social dimensions. 

 

2. AGRICULTURAL SUSTAINABILITY 

Since the 1980s, the concept of agricultural sustainability has widely been developed around the world, with at 

least 70 different definitions in the literature (Zhen & Routray, 2003). These definitions generally adopted three 

basis features: (i) environmentally friendly, (2) stable biodiversity, and (3) social suitability. However, there exists a 

controversy among researchers about which components should receive more attention in assessing agricultural 

sustainability. According to the particular academic or professional backgrounds, some scholars prefer ecological 

aspects, including agro-environmental indicators (Makowski, Tichit, Guichard, Van Keulen, & Beaudoin, 2009) 

biodiversity and energy (Giampietro, Mayumi, & Munda, 2006) and landscape quality (Clemetsen & van Laar, 2000; 

Stobbelaar, Kuiper, van Mansvelt, & Kabourakis, 2000) while others emphasize on socio-economic dimensions of 

sustainability like equity, self-reliance, profitability, and benefit-cost ratio (e.g. López-Ridaura, Masera, and Astier 

(2002)). Although any conclusions regarding the agricultural sustainability drawn based on one or two indicators 

may only satisfy the concerns of some scholars, the sustainable agriculture principally needs to meet all economic, 

ecological, and social requirements. Hence, an approach was developed to integrate all indicators for producing a 

value that measures sustainability (Thompson, 2007) e.g. the agricultural sustainability index (ASI) (Rao & Rogers, 

2006). 

Sustainable indicators are principally workable approaches and credible tools for assessing farm performances 

in economic, ecological, and social terms (Rigby, Woodhouse, Young, & Burton, 2001). The indicator is ―a variable 

that describes the state of a system‖ and can be used to ―evaluate the health of the system‖ (Pham & Smith, 2013; 

Walz, 2000). Several studies have introduced different indicators for sustainable agriculture assessment (e.g. 

(Bonny, Prasad, & Paulose, 2010; Dantsis, Douma, Giourga, Loumou, & Polychronaki, 2010; Hayati, Ranjbar, & 

Karami, 2010; Heink & Kowarik, 2010)). However, the division for sustainable development and the statistics 

division of the United Nations in 2007 released general indicators for sustainable development assessment (United 

Nations Publications, 2007). Accordingly, to facilitate the process of choosing different criteria, three general 
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groups of indicators were categorized (United Nations Publications, 2007): economic, ecological, and social. The 

economic indicators normally encompass crop productivity, per capita food grain production, net farm income, and 

the benefit-cost ratio of crop production. The ecological indicators should explain the environmental quality of 

farms or environmental impacts of the production process in farms (Dantsis et al., 2010; Hayati et al., 2010; OECD 

Organization for Economic Co-operation and Development, 2011). The social indicators include food self-

sufficiency, access to resources and training services, educational background of farmers, and equitability in food 

and income distribution among farmers. Due to such multi-dimensional concept of sustainability (Bonny et al., 

2010; Tiwari, Loof, & Paudyal, 1999) as well as the lack of reliable quantitative data and complexity of agricultural 

decisions (Reed, Chan-Halbrendt, Tamang, & Chaudhary, 2014) especially in developing countries, hence, a large 

number of studies have recently focused on the applicability of multi-criteria decision analysis (MCDA) as an 

approach to analyzing agricultural sustainability (Ananda & Herath, 2009; Dantsis et al., 2010; Herath, Hardaker, & 

Anderson, 1982). Hence, this study also applied MCDA to measure agricultural sustainability index for wheat 

production in both irrigated and rainfed farms located in the semi-arid environments of Mashhad, northeastern 

Iran. 

 

2.1. Study Area 

Mashhad is the capital of Khorasan Razavi province located in the northeast of Iran. It lies between 36˚19´ N 

and 59˚37´ E, with an area of 9130.80 km2 (Figure 1). In Mashhad, with the semi-arid environment 

(http://e.mashhad.ir), long-term (1980-2010) annual precipitation and evapotranspiration were typically about 256 

and 1000 mm, respectively. In 2013, the Khorasan Razavi province with 1.63 million tons was the third most wheat 

producer in Iran (Khorasan Jehad-Agriculture Organization, 2013). During this year, in Mashhad, the total area 

under cultivation of irrigated (rainfed) wheat was about 17,400 (13,215) hectares yielding almost 55,883 (3,250) 

tons of wheat (Table 1). In addition, Mashhad generally ranks between first and third in the Khorasan Razavi 

province in barley, cucumber, tomato, melon, pear, quince, plum, cherry, damask rose and apple production. 

Mashhad has also other different agricultural activities, including agronomy, horticulture, greenhouse, poultry, 

honey been production, livestock, and silkworm rearing. Contributing 43% to the total population of the Khorasan 

Razavi province, about 3 million people (2.7 million urban and 0.3 million rural) are living in Mashhad (scattered in 

3 towns and 591 villages), with an almost equal male to female ratio. In Mashhad, there are about 37,261 farmers, 

while only ~190 (0.5%) people have agriculture academic education (Figure 2). 

 

 
Figure-1. Location of the study area (Mashhad) in the Khorasan Razavi province, northeastern Iran. 

 

http://e.mashhad.ir/
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3. RESEARCH DESIGN 

3.1. Economic, Ecological, and Social Indicators 

This study selected the following economic indicators that provide information about the financial soundness of 

farm families and enterprises (Dantsis et al., 2010): 

 Farm gate price (Rial per kilogram) – is the price of each kilogram of wheat, which was bought by the 

Khorasan Jehad- Agriculture Organization in Iran.  

 Gross farm income (Rial per hectare) – is calculated as the ratio of farm gate price to yield (ton per 

hectare).  

 Machinery use status (Rial per hectare) – includes total machinery operation (preparing of the farm, 

harvesting, etc.) for each hectare of farmland. 

 Cost of cultivation (Rial per hectare) – is estimated by dividing machinery use status to yield.  

 Benefit cost ratio – is recorded as a result of division of farm gate price to cost of cultivation.  

 Irrigation intensity – is the percentage of irrigated wheat area. 

Besides, the present work included straw yield and pesticides as well as Nitrogen (N), Phosphate (P2O5), and 

Potassium Oxide (K2O) fertilizers (Kilogram per hectare) in the economic indicators studied following the research 

by Bonny et al. (2010).  

 
Table-1. Total cultivation area (ha) and production (ton) of crops and wheat in Mashhad (northeastern 
Iran) for the growing season (Oct-May) during 2006-2010.  

Production system Cultivation area (ha) Total production (tons) 

Irrigated crops 48,310 517,122 
Irrigated wheat 17,400 55,883 
Rain-fed crops 14,613 3,531 
Rain-fed wheat 13,215 3,250 

Source: Khorasan Jehad-Agriculture Organization (2013). 

 

In developing countries, water and soil are two essential resources to ensure sustainable agricultural 

production (Zhen & Routray, 2003). Hence, this study considered water quality and soil characteristics (organic 

matter and pH) as well as biodiversity as ecological indicators. In general, biodiversity indices are measures of 

species diversity expressed as ratios between numbers of species and ―importance values‖ (numbers, biomass, 

productivity, etc.) of individuals (Glossary of Environment Statistics, 1997). Accordingly, this study selected the 

following biodiversity indices: 

 Shannon-Wiener, Simpson, and Margalef diversity indices of weed. 

 Shannon-Wiener diversity index of insects and plants. 

 Species richness (the number of species present) of bacteria (per 5m2), plants, and insects. 

The Shannon-Wiener diversity index (Equation 1) ranges from 0.0 to 5.0 (Shannon & Weaver, 1963). It is 

generally estimated between 1.5-3.5, while exceeds 4.5 very rarely. The Shannon diversity index above 3.0 indicates 

that the structure of habitat is stable and balanced, while under 1.0 indicates that there are pollution and 

degradation of habitat structure. The Simpson diversity index (Equation 2) varies between 0-1 (Simpson, 1949) 

while the Margalef diversity index (Equation 3) has no limit (Margalef, 1958) and shows a variation depending 

upon the number of species (Gamito, 2010; Türkmen & Kazanci, 2011).  

 

(1) 

 

(2) 

 

(3) 
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where P is the proportion (n/N) of individuals of one particular species (n) divided by the total number of 

individuals (N); Ln is the natural logarithm; Σ is the sum of the calculations; and s is the number of species. In the 

Margalef diversity index, s is the total number of species, and N is the number of individuals (Gliessman, 1990).  

Social dimensions of an agricultural system should embody the equity of family farmers (Sustainable 

Development Strategy Research Group of SAC, 2004).  

Hence, this study considered all family size (the number of family members), the amount of participation of 

family members in farms, landholdings, and other sources of income for farmers as the social indicators for the 

study area (Mashhad) in northeastern Iran. 

 
Figure-2. Distribution (%) of education level for farmers living in the study area (Mashhad), northeastern Iran. 
Source: Khorasan Jehad-Agriculture Organization (2013). 

 

3.2. Data Collection 

Data were collected from both irrigated and rainfed wheat farms in Mashhad (northeastern Iran) for the 

growing seasons (Oct-May) during 2006-2010. Socio-economic data were obtained from the Khorasan Jehad-

Agriculture Organization (http://www.koaj.ir) in Iran. Soil physical and chemical properties, weed diversity, and 

crop yields in northeastern Iran were collected from the study by Jahani, Koocheki, Nassiri, and Rezvani (2011). 

Both species richness and abundance of soil bacteria for the study area (Mashhad) were calculated based on 

Khodashenas (2008).  

Social and economic data were partially extracted from the study by Mahdavi, Koocheki, Rezvani, and Nassiri 

(2005). Eventually, some questionnaires were designed for filling the gap in data related to the social and economic 

characteristics of both irrigated and rain-fed wheat production systems. The questionnaire and data were finally 

completed through the face to face interview with farmers. In total, 50 questionaries were completed in the study 

area (Mashhad). Accordingly, 36 economic, ecological, and social indicators were finally designed and their mean 

values were calculated from the questionnaires and other databases (Table 2). 

 

 

http://www.koaj.ir/
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Table-2. The mean values of economic, ecological, and social indicators estimated for both irrigated and rainfed wheat 
production systems in Mashhad, northeastern Iran. 

No. Dimension Indicators Wheat production systems 
Irrigated Rainfed 

1 

Economic 

Wheat yield (ton ha-1)      3.3 0.5 

2 Straw yield (ton ha-1)     6.3 1 

3 N (kg ha-1)        228.4 12.5 

4 P2O5 (kg ha-1)             171.8 13 

5 K2O (kg ha-1)              20.8 0.4 

6 Irrigation intensity    2 2.4 

7 Input use status (kg ha-1)    518.5 26.4 

8 *Machinery use status (Rial ha-1)   4,954,688 787,240 

9 *Cost of cultivation (Rial kg-1)    1610 1688 

10 *Farm gate price (Rial kg-1)    2094 2094 

11 Benefit Cost Ratio   1.4 1.3 

12 *Gross farm income (Rial ha-1)  7,056,623 1,031,440 

13 

Ecological 

Soil organic matter (%)   0.7 0.5 

14 Water quality (T.D.S mg l-1)   571.4 189.6 

15 Soil pH       7.4 8 

16 Species richness of bacteria (per 5m2)  5.3 4.3 

17 Species richness of Insects  4 5 

18 Species richness of plant     5.4 4.2 

19 Shannon-Wiener diversity index 
(plants)   

0.3 0.4 

20 Shannon-Wiener diversity index 
(insects)  

2.4 2.6 

21 Shannon-Wiener diversity index 
(weed)   

0.6 0.9 

22 Simpson diversity index (weed)   2.2 2.4 

23 Margalof diversity index (weed)   0.9 1.4 

24 

Social 

Total landholding (ha)   52,206.6 
 

33,774.4 
 

25 Land area under wheat (ha)   1000 1640 

26 Private land (land owner) (%)    90.7 92 

27 Renting land (%)     9.3 7.9 

28 Academic education    3.2 2.3 

29 Family member numbers (2-5) (%)  43.6 43.7 

30 Family member numbers (6-8) (%) 43.2 45.7 

31 Family member numbers (>8) (%)  44 8.8 

32 Carpet- weaving (%)   22.6 11.6 

33 Handicraft (%)     0.2 1.6 

34 Family participation   56 59 

35 Absence family participation  43.6 41 

36 Other income sources  63 61.2 
Note: * 10350 Rials = 1 USD (on 31 December 2010 as the study period refers to the growing seasons (Oct-May) during 2006-2010). 

 

3.3. Multi-Criteria Decision Analysis (MCDA) 

A multi-criteria decision analysis (MCDA) was used to assess the sustainability of irrigated and rainfed wheat 

production systems in Mashhad, northeastern Iran. MCDA is an approach as well as a group of techniques to 

prioritize an overall ordering (from the most to the least preferred) of options for policy-makers and stakeholders 

(Ananda & Herath, 2009; Chen, Kilgour, & Hipel, 2012).  

The complete process of MCDA generally consists of four basic components: (i) criterion set, (ii) favorite 

structure, (iii) alternative set, and (iv) performance values (Fülöp, 2005). Although the decision is finally made 
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according to the performance of alternatives, an explicit criterion arranging the constituents’ preferred structure is 

a crucial factor that must be prepared in advance. Accordingly, the options are examined based on each criterion, 

and weights for all criteria are assessed with respect to the importance of those criteria. Finally, one can indicate the 

overall value of each option or alternative that reveals its preference (Mustajoki & Marttunen, 2013).  

Accordingly, a broad range of different MCDA approaches have been developed (see, e.g., Belton and Stewart 

(2002)) and used in different studies focusing on many sustainability issues (e.g. (Hipel, Fang, & Heng, 2010; Khalili 

& Duecker, 2013; Rozman et al., 2009; Wolfslehner & Seidl, 2010)). In the last decade, MCDA has received 

considerable attention for evaluating agricultural sustainability in different parts of the world (e.g. (Amini, Nouri, & 

Aslani, 2015; Bartzas & Komnitsas, 2020; Poursaeed, Mirdamadi, Malekmohammadi, & Hosseini, 2010; Talukder, 

Hipel, & vanLoon, 2018; Talukder., 2016; Vogdrup-Schmidt et al., 2019)). 

One of the key subfile of MCDA is Multi-Attribute Utility Theory (MAUT) (Munda, 2008) which is also 

known as the Multi-Attribute Value Theory (MAVT). In general, this theory establishes a simple procedure for 

understanding MCDA and is applied for multi-criteria evaluation (Antunes, Santos, Videira, & Colaço, 2012). 

Assigning appropriate weights (in terms of trade-offs) to different criteria, MAVT helps decision-makers to simply 

evaluate alternatives in a more reliable way through a common framework. MAVT first identifies a hierarchy of 

criteria, also known as a value tree, and then applies numerical values for quantitatively evaluating those criteria 

(Keeney & Raiffa, 1993).  

Main three steps of MAVT are: (i) arranging the problem through the value tree, criteria, and alternatives; (ii) 

generating the preference model by specifying value functions and providing weights to different criteria; and (iii) 

analyzing the findings, including sensitivity assessment (Marttunen & Hämäläinen, 2008). The details of most 

important MAVT processing steps are comprehensively expressed in De Montis, De Toro, Droste-Franke, Omann, 

and Stagl (2004) and Keeney and Raiffa (1993). 

Similar to Dantsis et al. (2010) this study applied MAVT for combining different economic, ecological, and 

social indicators in order to express a unique index for assessing the sustainability of wheat production systems 

(irrigated and rainfed) in Mashhad, northeastern Iran.  

Such MAVT was performed utilizing Web-HIPRE (HIerarchial PREference analysis in the World Wide Web) 

software (Bertsch et al., 2007) that is freely available online (http://hipre.aalto.fi). Accordingly, the first step was to 

create the value tree to summarize economic, ecological, and social indicators based on the overall goal: 

sustainability (Figure 3).  

To prioritize the importance of different criteria, then the weighting of these indicators was performed using: 

(i) direct weighting in which the weights can be written into the corresponding sub-criteria or alternative; (ii) 

SMARTER-technique in which the attributes can be ranked in the order of the worst to the best importance levels; 

and (iii) value function in which the ratings of different alternatives are directly mapped to their values. This study 

identified such rankings based on the questionnaires, literature review, and regional and local priorities (Tables 3-

5); for instance, (i) irrigation status is the most important economic indicator in semi-arid and arid regions after 

yield; (ii) land indicator is the most significant social indicator on account of some family heritage rules of land in 

the study area (Dantsis et al., 2010). Ultimately, the ―Agricultural Sustainability Index‖ was developed for irrigated 

and rain-fed wheat production systems in the semi-arid environment of Mashhad in northeastern Iran. 

 

http://hipre.aalto.fi/
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Figure-3. Hierarchical structure and sustainability level generated through Web-HIPRE software by this study. The selected weighting 
methods (WM) are denoted by DR (direct), SR (SMARTER-technique), and VF (value functions).  

 
Table-3. Ranking and weighting of different economic indicators considered in this study. 

Criterion Rank Weight Sub-criterion Rank Weight 

Yield 1 0.457 
Grain yield 1 0.750 
Straw yield 2 0.250 

Irrigation intensity 2 0.257    

Input use status 3 0.157 

Nitrogen 1 0.611 

Phosphate 2 0.275 

Potassium Oxide 3 0.111 

Machinery use status 4 0.090    

Farm income 5 0.040 

Farm gate price 1 0.521 

oatarenioB nifeneB 2 0.271 

nB niBrioucneoeneBt 3 0.146 

efB  irefrietoBra 4 0.063 
 

 
Table-4. Ranking and weighting of different ecological indicators considered in this study. 

Criterion Rank Weight Sub-criterion Rank Weight 

Soil 1 0.611 
Soil organic matter 1 0.750 

pH 2 0.250 

Biodiversity 2 0.278 

Shannon-Wiener diversity index (plants) 1 0.340 

Species richness of plants 2 0.215 

Shannon-Wiener diversity index (insects) 3 0.152 

Species richness of insects 4 0.111 

Species richness of bacteria (per 5m2) 5 0.079 

Shannon-Wiener diversity index (weed) 6 0.054 

Simpson diversity index (weed) 7 0.033 

Margalef diversity index (weed) 8 0.016 

Water quality 3 0.111    
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Table-5. Ranking and weighting of different social indicators considered in this study. 

Criterion Rank Weight Sub-criterion Rank Weight 

Land 1 0.457 

Private land 1 0.521 

Renting land 2 0.271 

Land area under wheat 3 0.146 

Total landholding 4 0.063 

Other incomes 2 0.257 

Carpet-weaving 1 0.911 

Handicraft 2 0.278 

Others 3 0.111 

Academic education 3 0.157    

Family participation 4 0.090 
Presence of family participation 1 0.750 

Absence of family participation  2 0.250 

Family member 5 0.040 

Family member numbers (2-5) 1 0.611 

Family member numbers (6-8) 2 0.275 

Family member numbers (>8) 3 0.111 
 

 

4. RESULTS  

The economic dimension of agricultural sustainability determined that the mean crop yield was 3.3 (tons ha-1) 

for irrigated wheat production system (hereafter, IWPS), while about and 0.5 (tons ha-1) for the rainfed wheat 

production system (hereafter, RWPS) (Table 2). Accordingly, the mean value of yield, fertilizer, input use status, 

and gross farm income for IWPS was significantly higher than those for RWPS (Table 2). Compared to the RWPS, 

undoubtedly, IWPS applies much more fertilizer and mechanization. Thus, both yield and farm gross income are at 

higher levels for IWPS than for RWPS. The mean farm gross incomes were 7,056,000 and 1,031,000 (Rials ha-1) 

were for irrigated and rain-fed wheat, respectively (10350 Rials = 1 USD on 31 December 2010 as the study period 

refers to the growing seasons (Oct-May) during 2006-2010). Farm gross income is one of the primary indicators of 

agricultural sustainability because it reflects not only whether the farm enterprise stays in business, but also 

whether it is surplus income to devote resource conservation or development (Wei, Davidson, Chen, & White, 

2009). However, IWPS and RWPS showed no clear differences in irrigation intensity, cost of cultivation, farm gate 

price, and benefit-cost ratio in Mashhad, northeastern Iran.  

Analysis of ecological indicators identified a considerable difference between the water quality of IWPS (571 

T.D.S mg l-1) and RWPS (189 T.D.S mg l-1), measured by the T.D.S (total dissolved solids) in groundwater near the 

irrigated and rainfed wheat farms (Table 2). Such water quality usually measured by the T.D.S (total dissolved 

solids). Obviously, the level of T.D.S in IWPS is higher than in RWPS due to the application of fertilizer and many 

more pesticides and insecticides. In Mashhad, however, the T.D.S. of IWPS (571 T.D.S mg l-1) was even higher 

than its standard level (450-500 T.D.S mg l-1) adopted by the World Health Organization (WHO World Health 

Organization, 1993). The soil pH for IWPS and RWPS were 7.4 and 8.0, respectively (Table 2). The soil organic 

matter (%) was about 0.7 for IWPS, while 0.5 for RWPS (Table 2). In this study, biodiversity indices did not reveal 

any significant differences between IWPS and RWPS (Table 2). However, except for species richness of bacteria 

and plants, all other biodiversity indices were lower in IWPS than those in RWPS (Table 2) mainly due to the 

intensive application of fertilizers and pesticides in IWPS.  

Regarding the social indicators, this study found that the percentage of farmers who have academic education 

was only about 3.2% and 2.3% in IWPS and RWPS, respectively (Table 2). It means the agricultural knowledge of 

farmers is too poor in Mashhad, where only 0.5% of all 37,261 farmers have agriculture academic education and 

even only 1.6% have an academic education not related to agriculture. The total landholding for farmers who have 

IWPS (52,206 ha) was at a higher level compared to those who run RWPS (33,774 ha) (Table 2). However, the 

mean value of land area under RWPS (1.640 ha) was greater than that under IWPS (1,000 ha) (Table 2). 
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Surprisingly, the percent of families with family member numbers more than 8 people was 44% for IWPS, while 

about 9% for RWPS (Table 2). Generally speaking, there was not any significant difference between the social 

indicators of IWPS and RWPS.  

In Mashhad, all economic, ecological, and social dimensions of agricultural sustainability showed higher levels 

in IWPS than those in RWPS (Figure 4). The maximum difference (0.562) was primarily found between the 

sustainability of ecological indicators in IWPS (0.781) and RWPS (0.219) (Figure 4). The ecological sustainability 

index for IWPS (0.633) was also greater than that for RWPS (0.367) (Figure 4). However, the social sustainability 

of IWPS (0.532) and RWPS (0.468) were practically equal in Mashhad, northeastern Iran. Finally, the agricultural 

sustainability index showed a substantially higher level in IWPS (0.667) than that in RWPS (0.333) (Figure 5). 

Generally, speaking this study indicated that IWPS is more sustainable agriculture than RWPS in the semi-arid 

environment of Mashhad in northeastern Iran. 

 

5. DISCUSSION AND CONCLUSIONS 

This study assessed and compared the sustainability of both IWPS and RWPS in Mashhad (northeastern Iran) 

through a multi-criteria decision analysis (MCDA) approach. The results determined that the IWPS was generally 

more sustainable than the RWPS in the semi-arid environment of Mashhad due to the considerably high 

sustainability of economic indicators in IWPS. However, the ecological and social indicators were practically 

showed similar contributions to the agricultural sustainability index of both IWPS and RWPS in Mashhad. It 

indicates that the RWPS has also high potential to achieve agricultural sustainability in the environments with no 

water resources stress, which negatively influences crop production (Bannayan, Sanjani, Alizadeh, Lotfabadi, & 

Mohamadian, 2010). For instance, severe droughts during the 2000s put extra pressure on agricultural 

sustainability in Iran and neighbor countries (Afghanistan, Pakistan, Tajikistan, and Uzbekistan) located in arid and 

semi-arid environments, with already water availability shortage (Lioubimtseva & Henebry, 2009). Such effects of 

droughts on the rainfed agricultural sustainability were reflected by the relatively higher and lower annual yields of 

IWPS and RWPS, respectively, in Mashhad during the 2000s (Figure 6). According to the higher yield of IWPS, 

the economic indicators also showed higher farm gross income for IWPS than that for RWPS. 

 

 
Figure-4. The sustainability index for all economic, ecological, and social dimensions of both 
irrigated (IWPS) and rainfed (RWPS) wheat production systems. 

 

In agreement with this study, face-to-face interviews with farmers confirmed that they do not invest heavily in 

RWPS due to its high sensitivity to soil quality, temperature, and precipitation. Hence, farmers allocate 

unused/neglected lands to RWPS, with very low-level land preparing cultivation methods. Even with the 

practically similar ecological and social dimensions of agricultural sustainability in RWPS and IWPS, farmers 
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prefer to invest in the latter one (IWPS) because of its stability and economic viability. Likewise, ecological and 

social stresses can equally reduce the sustainability of RWPS and IWPS, but still, the later one (IWPS) provides 

farmers with higher economic sustainability.   

 

 
Figure-5. The agricultural sustainability index for both irrigated (IWPS) and rainfed (RWPS) 
wheat production systems in Mashhad, northeastern Iran. 

 

 
Figure-6. Annual yield anomalies (tons ha-1) of both irrigated (IWPS) and rainfed (RWPS) wheat production 
systems in Mashhad, northeastern Iran, during 1983-2008. 

 

In conclusion, the agricultural sustainability of RWPS is more likely to face challenges in arid and semi-arid 

environments (like Mashhad in northeastern Iran), where IWPS is more sustainable (in all economic, ecological, 

and social dimensions) because of less dependency on precipitation. However, integrated agricultural production is a 

complicated system that meets all biophysical and socio-economic requirements of sustainable yield (Szeląg-Sikora, 

Cupiał, & Niemiec, 2015). Thus, agricultural sustainability is a multidisciplinary concept based on many decisions 

for considering the trade-offs between different environmental and socio-economic objectives at different spatial 
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(farm, national and international levels) and temporal dimensions (Kropff, Bouma, & Jones, 2001). Although 

sustainable land and water resources management generally receives high political priority, addressing the 

questions about equity, quality of life, and the perceived human well-being in the context of agricultural 

sustainability are often uncertain and needs more and deeper social studies (Ahmadvand & Karami, 2009; Emadodin 

et al., 2012) with a focus particularly on rural communities; e.g. equal access to resources such as extension and 

training services, food markets, access to healthy food (minimum toxic residues), labor wages, etc. (Brodt, Six, 

Feenstra, Ingels, & Campbell, 2011; Zhen & Routray, 2003). For Mashhad in northeastern Iran, hence, identifying 

the role of social challenges posed by the lack of job opportunity and security as well as low wages for farm labors 

who migrate from poorer nations (particularly Afghanistan) for agricultural sustainability is well-motivated to be 

considered as a potential future study. 

 

Funding: This study received no specific financial support.    
Competing Interests: The authors declare that they have no competing interests.  
Acknowledgement: Both authors contributed equally to the conception and design of the 
study. 

 

REFERENCES 

Ahmadvand, M., & Karami, E. (2009). A social impact assessment of the floodwater spreading project on the Gareh-Bygone plain 

in Iran: A causal comparative approach. Environmental Impact Assessment Review, 29(2), 126-136.Available at: 

https://doi.org/10.1016/j.eiar.2008.08.001. 

Ahmed, G. h., Hamrick, D., Guinn, A., Abdulsamad, A., & Gereffi, G. (2013). Global value analysis of food security and food 

satples for major energy-exporting nations in the Middle East and North Africa (pp. 1-51). Duke University, Center on 

Globalization, Goverance and Competitiveness (Duke CGGC). 

Ali-Beigi, A., & Baboli, M. (2008). Evaluation of the agricultural sustainability of irrigated wheat farmers of Sarpol-Zahab: 

Application of DSR. Model. Iranian Journal of Agricultural Economics and Development, 39(1), 111-122. 

Amini, A., Nouri, S. A., & Aslani, S. B. (2015). Evaluation of rice production sustainability using multi criteria decision making 

methods: The case of rezvanshahr county. Iranian Agricultural Extension and Education Journal, 11(1), 101-126. 

Ananda, J., & Herath, G. (2009). A critical review of multi-criteria decision making methods with special reference to forest 

management and planning. Ecological Economics, 68(10), 2535-2548.Available at: 

https://doi.org/10.1016/j.ecolecon.2009.05.010. 

Antunes, P., Santos, R., Videira, N., & Colaço, F. (2012). Approaches to integration in sustainability assessment of technologies. 

Guidelines for the application of mca-tools for the sustainability assessment of technologies in participatory contexts 

and weighing factors for environmental, economic, and social indicators. Report Prepared within the EC 7th 

Framework Project. 

Balali, M. R. (2009). Towards reflexive land and water management in Iran linking technology, governanceand culture. Thesis, 

Wageningen University, Wageningen.    

Bannayan, M., Sanjani, S., Alizadeh, A., Lotfabadi, S. S., & Mohamadian, A. (2010). Association between climate indices, aridity 

index, and rainfed crop yield in Northeast of Iran. Field Crops Research, 118(2), 105-114.Available at: 

https://doi.org/10.1016/j.fcr.2010.04.011. 

Bartzas, G., & Komnitsas, K. (2020). An integrated multi-criteria analysis for assessing sustainability of agricultural production 

at regional level. Information Processing in Agriculture, 7(2), 223-232.Available at: 

https://doi.org/10.1016/j.inpa.2019.09.005. 

Belton, V., & Stewart, T. (2002). Multiple criteria decision analysis: An integrated approach (pp. 1-372): Springer Science and 

Business Media. 



International Journal of Sustainable Agricultural Research, 2021, 8(1): 1-16 

 

 
13 

© 2021 Conscientia Beam. All Rights Reserved. 

Bertsch, V., Treitz, M., Geldermann, J., Rentz, O., Charnock, T., & Benz, G. (2007). User guide for Web-HIPRE 2.0 with 

RODOS. 1-32. Retrieved from: 

https://resy35.iket.kit.edu/RODOS/Documents/Public/HandbookV36f/Volume31/Web-HIPRE_user_guide.pdf. 

Bonny, B. P., Prasad, R., & Paulose, S. (2010). Agro-ecosystem performance Index (API)—A quantitative approach to evaluate 

the sustainability of rice production systems. Journal of Sustainable Agriculture, 34(7), 758-777.Available at: 

https://doi.org/10.1080/10440046.2010.507530. 

Brodt, S., Six, J., Feenstra, G., Ingels, C., & Campbell, D. (2011). Sustainable agriculture. Nature Education Knowledge, 3(10), 1. 

Chen, Y., Kilgour, D. M., & Hipel, K. W. (2012). A decision rule aggregation approach to multiple criteria-multiple participant 

sorting. Group Decision and Negotiation, 21(5), 727-745.Available at: https://doi.org/10.1007/s10726-011-9246-6. 

Clemetsen, M., & van Laar, J. (2000). The contribution of organic agriculture to landscape quality in the Sogn og Fjordane 

region of Western Norway. Agriculture, Ecosystems & Environment, 77(1-2), 125-141.Available at: 

https://doi.org/10.1016/s0167-8809(99)00098-5. 

Dantsis, T., Douma, C., Giourga, C., Loumou, A., & Polychronaki, E. A. (2010). A methodological approach to assess and 

compare the sustainability level of agricultural plant production systems. Ecological Indicators, 10(2), 256-263.Available 

at: https://doi.org/10.1016/j.ecolind.2009.05.007. 

De Montis, A., De Toro, P., Droste-Franke, B., Omann, I., & Stagl, S. (2004). Assessing the quality of different MCDA methods. 

In M. Getzner, C. Spash, & S. Stagl (Eds.), Alternatives for Environmental Valuation (pp. 99-133). Abingdon, UK: 

Routledge. 

Emadodin, I., Narita, D., & Bork, H. R. (2012). Soil degradation and agricultural sustainability: An overview from Iran. 

Environment, Development and Sustainability, 14(5), 611-625.Available at: https://doi.org/10.1007/s10668-012-9351-y. 

Eyshi, R. E., & Bannayan, M. (2011). Rainfed wheat yields under climate change in northeastern Iran. Meteorological Applications, 

19(3), 346-354. 

Fülöp, J. (2005). Introduction to decision making methods. BDEI-3 Workshop,Washington. 

Gamito, S. (2010). Caution is needed when applying Margalef diversity index. Ecological Indicators, 10(2), 550-551.Available at: 

https://doi.org/10.1016/j.ecolind.2009.07.006. 

Giampietro, M., Mayumi, K., & Munda, G. (2006). Integrated assessment and energy analysis: Quality assurance in multi-criteria 

analysis of sustainability. Energy, 31(1), 59-86.Available at: https://doi.org/10.1016/j.energy.2005.03.005. 

Gliessman, S. R. (1990). Agroecology: Researching the ecological basis for sustainable agriculture. Ecological Series No. 78. New 

York: Springer-Verlag. 

Glossary of Environment Statistics. (1997). Studies in methods. Series F, No. 67, United Nations, New York. 

Golrag, M., Ghoddosi, J., & Mashayekhi, M. (2006). Socio-economic and environmental impact assessment of watershed 

management plans (Case study: Plan, organize Znjanrvd). Geographical Research, 21(4), 93-110.Available at: 

https://doi.org/10.1080/09640560600946974. 

Hayati, D., Ranjbar, Z., & Karami, E. (2010). Measuring agricultural sustainability. In: Lichtfouse E. (Eds.), Biodiversity, Biofuels, 

Agroforestry and Conservation Agriculture. Sustainable Agriculture Reviews (Vol. 5). Dordrecht: Springer. 

Heink, U., & Kowarik, I. (2010). What are indicators? On the definition of indicators in ecology and environmental planning. 

Ecological Indicators, 10(3), 584-593.Available at: https://doi.org/10.1016/j.ecolind.2009.09.009. 

Herath, H. G., Hardaker, J. B., & Anderson, J. R. (1982). Choice of varieties by Sri Lanka rice farmers: Comparing alternative 

decision models. American Journal of Agricultural Economics, 64(1), 87-93.Available at: 

https://doi.org/10.2307/1241176. 

Hipel, K. W., Fang, L., & Heng, M. (2010). System of systems approach to policy development for global food security. Journal of 

Systems Science and Systems Engineering, 19(1), 1-21.Available at: https://doi.org/10.1007/s11518-010-5122-1. 

Ireavani, H., & Darban-Astaneh, A. (2004). Measurement, analysis exploitation of the sustainability of farming systems (case 

study: Wheat production, Tehran province). Journal of Agricultural Sciences, Iran, 35(1), 39–52. 



International Journal of Sustainable Agricultural Research, 2021, 8(1): 1-16 

 

 
14 

© 2021 Conscientia Beam. All Rights Reserved. 

Jahani, M., Koocheki, A., Nassiri, M. M., & Rezvani, M. P. (2011). Investigation of agrobiodiversity in eastern region of Mashhad using 

general linear model. Ph.D Dissertation, Ferdowsi university of Mashhad, Iran.    

Karamidehkordi, E. (2010). A country report: Challenges facing Iranian agriculture and natural resource management in the 

twenty-first century. Human Ecology, 38(2), 295-303.Available at: https://doi.org/10.1007/s10745-010-9309-3. 

Keeney, R. L., & Raiffa, H. (1993). Decisions with multiple objectives: Preferences and value trade-offs. Cambridge, UK: Cambridge 

University Press. 

Khalili, N. R., & Duecker, S. (2013). Application of multi-criteria decision analysis in design of sustainable environmental 

management system framework. Journal of Cleaner Production, 47, 188-198.Available at: 

https://doi.org/10.1016/j.jclepro.2012.10.044. 

Khodashenas, A. R. (2008). Investigation of structural biodiversity in winter wheat fields of Khorasan province. Ph.D Dissertation, 

Ferdowsi University of Mashhad, Iran.    

Khorasan Jehad-Agriculture Organization. (2013). Statistics of agricultural products in Khorasan province. Retrieved from: 

http://www.koaj.ir. 

Kropff, M., Bouma, J., & Jones, J. (2001). Systems approaches for the design of sustainable agro-ecosystems. Agricultural Systems, 

70(2-3), 369-393.Available at: https://doi.org/10.1016/s0308-521x(01)00052-x. 

Lioubimtseva, E., & Henebry, G. M. (2009). Climate and environmental change in arid Central Asia: Impacts, vulnerability, and 

adaptations. Journal of Arid Environments, 73(11), 963-977.Available at: 

https://doi.org/10.1016/j.jaridenv.2009.04.022. 

López-Ridaura, S., Masera, O., & Astier, M. (2002). Evaluating the sustainability of complex socio-environmental systems. The 

MESMIS framework. Ecological Indicators, 2(1-2), 135-148.Available at: https://doi.org/10.1016/s1470-

160x(02)00043-2. 

Mahdavi, D. A., Koocheki, A., Rezvani, M. P., & Nassiri, M. M. (2005). Ecological sustainability of a wheat-cotton agroecosystem 

in Khorassan. Iranian Journal of Field Crops Research, 3(1), 129-142  

Makowski, D., Tichit, M., Guichard, L., Van Keulen, H., & Beaudoin, N. (2009). Measuring the accuracy of agro-environmental 

indicators. Journal of Environmental Management, 90, S139-S146.Available at: 

https://doi.org/10.1016/j.jenvman.2008.11.023. 

Margalef, R. (1958). Information theory in biology. General Systems Yearbook, 3, 36-71. 

Marttunen, M., & Hämäläinen, R. P. (2008). The decision analysis interview approach in the collaborative management of a large 

regulated water course. EnMan, 42(6), 1026-1042. 

Munda, G. (2008). The issue of consistency: Basic discrete multi-criteria―Methods‖. In Social Multi-Criteria Evaluation for a 

Sustainable Economy (pp. 85–109). Berlin, Germany: Springer. 

Mustajoki, J., & Marttunen, M. (2013). Comparison of multi-criteria decision analytical software. Finnish Environment Institute. 

IMPERIA Project Report. 

OECD Organization for Economic Co-operation and Development. (2011). JRC, Joint research centre. 2011. Handbook on 

constructing composite indicators. Methodology and user guide. Paris: OECD. 

Pham, L. V., & Smith, C. (2013). Agricultural sustainability in developing countries: An assessment of the relationships between 

drivers and indicators in Hoa Binh Province, Vietnam. Agroecology and Sustainable food Systems, 37(10), 1144-

1186.Available at: https://doi.org/10.1080/21683565.2013.833153. 

Portmann, F. T., Siebert, S., & Döll, P. (2010). MIRCA 2000—Global monthly irrigated and rainfed crop areas around the year 

2000: A new high-resolution data set for agricultural and hydrological modeling. Global Biogeochemical Cycles, 24(1), 1-

24.Available at: https://doi.org/10.1029/2008gb003435. 

Poursaeed, A., Mirdamadi, M., Malekmohammadi, I., & Hosseini, J. F. (2010). The partnership models of agricultural sustainable 

development based on multiple criteria decision making (MCDM) in Iran. African Journal of Agricultural Research, 5(23), 

3185-3190. 

Rao, N. H., & Rogers, P. P. (2006). Assessment of agricultural sustainability. Current Science, 91(4), 439-448. 

http://www.koaj.ir/


International Journal of Sustainable Agricultural Research, 2021, 8(1): 1-16 

 

 
15 

© 2021 Conscientia Beam. All Rights Reserved. 

Reed, B., Chan-Halbrendt, C., Tamang, B. B., & Chaudhary, N. (2014). Analysis of conservation agriculture preferences for 

researchers, extension agents, and tribal farmers in Nepal using Analytic Hierarchy Process. Agricultural Systems, 127, 

90-96.Available at: https://doi.org/10.1016/j.agsy.2014.01.007. 

Rigby, D., Woodhouse, P., Young, T., & Burton, M. (2001). Constructing a farm level indicator of sustainable agricultural 

practice. Ecological Economics, 39(3), 463-478.Available at: https://doi.org/10.1016/s0921-8009(01)00245-2. 

Roy, R., Chan, N. W., & Rainis, R. (2013). Development of indicators for sustainable rice farming in Bangladesh: A case study 

with participative multi-stakeholder involvement. World Applied Science Journal, 22(5), 672-682. 

Rozman, Č., Potočnik, M., Pažek, K., Borec, A., Majkovič, D., & Bohanec, M. (2009). A multi-criteria assessment of tourist farm 

service quality. Tourism Management, 30(5), 629-637.Available at: https://doi.org/10.1016/j.tourman.2008.11.008. 

Shabani, M. (2010). Optimization impact of land use on soil erosion and profitability of the watershed basin case study: Fars 

watershed Zakhrd. Geography, 3(8), 83-98. 

Shahi, H., Irvani, H., & Kalantari, K. (2009). Assess the sustainability of conservation farming cooperatives of wheat producers 

covered by the Fars province. Journal of Economic Research and Agricultural Development in Iran, 2, 40(2), 135-143. 

Shannon, C. E., & Weaver, W. (1963). The mathematical theory of communication. Illinois: The University of Illinois Press. 

Shiferaw, B., Smale, M., Braun, H.-J., Duveiller, E., Reynolds, M., & Muricho, G. (2013). Crops that feed the world 10. Past 

successes and future challenges to the role played by wheat in global food security. Food Security, 5(3), 291-

317.Available at: https://doi.org/10.1007/s12571-013-0263-y. 

Simpson, E. H. (1949). Measurement of diversity. Nature, 163(4148), 688-688. 

Stobbelaar, D. J., Kuiper, J., van Mansvelt, J. D., & Kabourakis, E. (2000). Landscape quality on organic farms in the Messara 

valley, Crete: Organic farms as components in the landscape. Agriculture, Ecosystems & Environment, 77(1-2), 79-

93.Available at: https://doi.org/10.1016/s0167-8809(99)00094-8. 

Sustainable Development Strategy Research Group of SAC. (2004). Strategic report: China ’s sustainable development. Beijing: 

Science Press. 

Szeląg-Sikora, A., Cupiał, M., & Niemiec, M. (2015). Intensity and labour consumption of integrated production in horticultural 

farms. Agriculture and Agricultural Science Procedia, 7, 249-254.Available at: 

https://doi.org/10.1016/j.aaspro.2015.12.040. 

Talukder, B., Hipel, K. W., & vanLoon, G. W. (2018). Using multi-criteria decision analysis for assessing sustainability of 

agricultural systems. Sustainable Development, 26(6), 781-799.Available at: https://doi.org/10.1002/sd.1848. 

Talukder., B. (2016). Multi-criteria decision analysis (MCDA) for agricultural sustainability assessment. Theses and Dissertations 

(Comprehensive). 1838.    

Thompson, P. B. (2007). Agricultural sustainability: What it is and what it is not. International Journal of Agricultural 

Sustainability, 5(1), 5-16.Available at: https://doi.org/10.1080/14735903.2007.9684809. 

Tiwari, D., Loof, R., & Paudyal, G. (1999). Environmental–economic decision-making in lowland irrigated agriculture using 

multi-criteria analysis techniques. Agricultural Systems, 60(2), 99-112.Available at: https://doi.org/10.1016/s0308-

521x(99)00021-9. 

Türkmen, G., & Kazanci, N. (2011). Applications of various biodiversity indices to benthic macroinvertebrate assemblages in 

streams of a national park in Turkey. International Review of Hydrobiology, 3(2), 111-125. 

UN. (2015). United Nations (UN), transforming our world: The 2030 Agenda for sustainable development (UN General 

Assembly, A/RES/70/1, 2015). Retrieved from: https://www.refworld.org/docid/57b6e3e44.html. 

United Nations Publications. (2007). Indicators of sustainable development: Guidelines and methologies (3rd ed., pp. 1-99). New 

York: United Nations Publications. 

Veisi, H., Rezaei, M. E., Khoshbakht, K., Kambuozia, J., & Liaghati, H. (2015). An assessment of the impact of watershed 

programmes on agricultural sustainability in Hamedan province, Iran. International Journal of Agricultural Sustainability, 

13(4), 308-325.Available at: https://doi.org/10.1080/14735903.2014.995916. 

http://www.refworld.org/docid/57b6e3e44.html


International Journal of Sustainable Agricultural Research, 2021, 8(1): 1-16 

 

 
16 

© 2021 Conscientia Beam. All Rights Reserved. 

Vogdrup-Schmidt, M., Olsen, S. B., Dubgaard, A., Kristensen, I. T., Jørgensen, L. B., Normander, B., & Dalgaard, T. (2019). 

Using spatial multi-criteria decision analysis to develop new and sustainable directions for the future use of 

agricultural land in Denmark. Ecological Indicators, 103, 34-42.Available at: 

https://doi.org/10.1016/j.ecolind.2019.03.056. 

Walz, R. (2000). Development of environmental indicator systems: Experiences from Germany. Environmental Management, 

25(6), 613-623.Available at: https://doi.org/10.1007/s002670010048. 

Wei, Y., Davidson, B., Chen, D., & White, R. (2009). Balancing the economic, social and environmental dimensions of agro-

ecosystems: An integrated modeling approach. Agriculture, Ecosystems & Environment, 131(3-4), 263-273.Available at: 

https://doi.org/10.1016/j.agee.2009.01.021. 

WHO World Health Organization. (1993). Guidelines for drinking water quality (Vol. 2, pp. 1-3). Geneva: World Health 

Organization. 

Wolfslehner, B., & Seidl, R. (2010). Harnessing ecosystem models and multi-criteria decision analysis for the support of forest 

management. Environmental Management, 46(6), 850-861.Available at: https://doi.org/10.1007/s00267-009-9414-5. 

Zahedi, M. (2004). Functional necessities of employment development in the agricultural sector. Agricultural and Development 

Economics, 12(45), 41–67. 

Zhen, L., & Routray, J. K. (2003). Operational indicators for measuring agricultural sustainability in developing countries. 

Environmental Management, 32(1), 34-46.Available at: https://doi.org/10.1007/s00267-003-2881-1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Views and opinions expressed in this article are the views and opinions of the author(s), International Journal of Sustainable Agricultural Research shall not be 
responsible or answerable for any loss, damage or liability etc. caused in relation to/arising out of the use of the content. 

 


