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Abstract: This study assessed the resilience of pistachio production systems in the Rafsanjan plain in
Iran using an index of behavior-based indicators. One-hundred fifty pistachio orchards located in
five major production areas were studied in 2016. The data was subjected to three-step multi-criteria
analysis, including (i) normalization and aggregation; (ii) determination of the weights representing
the priorities for each criterion and evaluation of the performance of each indicator; and (iii)
comparison. The results showed that the study areas had problematic statuses regarding the indicators
of membership in grassroots organizations, innate abilities, water sources, production stability, and
insurance. They had critical or moderate statuses concerning the indicators of use of organic fertilizers,
use of pesticides, soil fertility index, water-use efficiency (kg/m3), trust in government, access to
advisor services (extension), on-the-job training, and diversity of marketing. They had positive levels
for the indicators of productivity, diversity of cultivars, diversity of on-farm practices, and exchange
of information. We recommend the enhancement of the transformability capacity in PPSs by changing
the focus from optimal states and the determinants of maximum sustainable yield (MSY paradigm)
to adaptive resource management that includes developing participatory platforms for collaboration
of usage of water resources.

Keywords: behavior-based indicators; pistachio orchard; resilience; regulation sources

1. Introduction

Over the last six decades, production practices in the agricultural sector of Iran’s economy have
been influenced by economic growth, land-use policies and population growth, and the resulting
pressures. Between 1940 and 2010, the total urban population of Iran has increased from about
21% to 72%. Urbanization, industrialization, and intensification significantly affected soil and water
resources [1] through mining, pollution, and increased effluent bearing heavy metals that degrade
surface water quality.

The mean annual groundwater level in Iran over the past two decades decreased to 0.51 m.
In 2008, the groundwater table decreased an average of 1.14 m. The average use of chemical fertilizers
increased from about 2.1 million tons in the 1990s to about 3.7 million tons in 2009. Soil erosion also
has totaled about 17 tons per hectare per year.

Alongside such challenges, a new, widely discussed concept of farm resilience emerged to meet
the risks facing agriculture [2]. Resilience evokes evolutionary narratives, beginning with unexpected
events, changes in transient effects, shocks, price volatility, uncertain market access, and complex
sectorial policies. By integrating ecological resilience into the study of agroecosystems, it is possible
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obtain valuable insight into agroecosystem identity, change, responsivity, and performance under
stress [3].

Behavior-based indicators as a basic framework for resilience monitoring [4] were used to propose
quantitative research approaches to tackle the continuing lack of biophysical and field-scale indicators
needed to lend insight into dynamic resilience variables and mechanisms. The current study presents
an index of behavior-based indicators that, when identified in an agroecosystem, suggest that it
is resilient, and endowed with the capacity for adaptation and transformation. The indicators
were compiled from characteristics of agroecosystems, such as the presence of these behavior-based
indicators, to recognize resilience in an agroecosystem. Their absence or disappearance would suggest
vulnerability and movement away from a state of resilience.

The ultimate goal is assessment of the resilience of pistachio agroecosystems. Pistachios are
the most important agricultural product cultivated in tropical regions of Iran. Iran gains significant
income from pistachio exports [5]. Given the many problems facing Iranian agriculture (drought,
market fluctuations, water scarcity, etc.), it is necessary to improve the resilience of these systems.
The current study aimed to estimate the resilience of pistachio farmers in the Rafsanjan plain in Iran
against disturbance factors (drought, pests, and market) by adopting a set of indicators. The findings
and results of this research could force policymakers and natural resource managers to focus on
strengthening the resilience of pistachios in Rafsanjan plain by consideration of water conservation,
sustainable production, and livelihood development.

1.1. The Concept of Resilience

Resilience emerged as a concept of unifying disciplines linked to sustainability [6]. Resilience
theory was initially developed in the field of ecology, which is a multipurpose discipline and can
be applied in a variety of ways [7,8]. The concept of resilience emerged as relating to complex and
dynamic systems in economics [9], ecology [10], pedagogy [11], psychology [12], sociology [13], risk
management [14], and network theory [15]. Resilience is the magnitude of disturbance that can be
tolerated before a socioecological system (SES) enters a different region of the state space controlled by
a different set of processes.

Resilience has several components that can be estimated in field studies. It is a component of
sustainability [16], is characteristic of dynamic models, and comprises a sizeable proportion of SES [17].
SES is an important dimension of resilience. Natural resource management is not just related to
ecological or social issues, but also to multiple integrated elements. Social and ecological systems have
cultural, political, social, economic, ecological, and technological components that interact to focus on
the “humans in nature” perspective where ecosystems are integrated into human society [18].

Studies on resilience show that the persistence of a social–ecological system led both to resistance
to change and to change in the form of the system (adaptation) [8]. Resilience assessment tries to
understand changing dynamics better. The practitioner’s guide to resilience assessment, as created by
the Resilience Alliance (RA), offers an iterative approach to understand how resilience, as a property
of social-ecological systems, is created, maintained, or eroded over time [18]. There are two ecological
and engineering perspectives in studying resilience. Engineering research focuses on resilience or
robustness as recovery from perturbation, while ecological resilience focuses on adaptive capacity,
which may lead to new equilibria [17].

1.2. Conceptualizing Resilience of Pistachio Agroecosystems in Rafsanjan Plain

Although the concept of resilience is valuable as a metaphor, one area in which it is critically
underdeveloped is in metrics [17,19,20]. Because of its abstract and multidimensional nature,
operationalization of resilience is challenging. Darnhofer et al. [4] claimed that models based on
“resilience of what to what” (as suggested by Carpenter et al. [17]) cannot provide useful guidance to
farmers because of complex and variable of farming systems over time and space. They suggested an
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index of behavior-based indicators based on the rule of thumb for enabling farmers and facilitators to
guide agricultural systems to a more resilient orientation.

Darnhofer et al. [4] confirmed that developing sets of surrogates or indicators is a better
approach to assessing resilience. In agroecosystems, indicators of both individuals and groups are
related to one of four phases in the adaptive cycle: Growth/exploitation, conservation, release,
and reorganization/renewal [4,21,22]. The dimensions include ecological self-regulation, social
self-organization, diversity, building of human capital, and economic dimensions for assessing
resilience (see Section 3).

2. Materials and Methods

2.1. Study Area: Rafsanjan Plain

The Rafsanjan plain is located in Kerman province of Iran, (30◦41”N, 55◦99”) at an altitude of
1514 m. The city of Rafsanjan has a population of more than 280,000, making it the third largest city
in the Kerman province (Figure 1). The Rafsanjan plain has an arid climate with hot summers and
cold winters. An expanse of mountains surrounds the plain and greatly affects its climate. Most of
the precipitation occurs in December through April. Rafsanjan is globally reputed for its high-quality
pistachio production. Pistachio production and trade are the number one occupation in this region
and pistachios are amongst the top agricultural commodities exported from Iran. The Rafsanjan plain
comprises 2241 km2 and includes the five major pistachio growing areas of Anar, Kashkoyeh, Nouq,
Rafsanjan, and Kabootar-khan.
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2.2. Study Methods

The data was collected in 2016 during face-to-face interviews using a questionnaire. Based on the
farmer population, a 5% error rate from the mean and a 95% confidence interval (t 1/4 1.64), a sample
size of 150 was elected by stratified sampling for the study location.
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The questionnaire consisted of three major sections. The first section included information about
personal characteristics and farm families. The second section covered the indicators associated with
assessing resilience, which was derived from a study by Cabell and Oelofse [23]. Table 1 shows the
sub-indicators from each group as distinguished from the main indicators, which were the basis for
designing the items on the questionnaire. The third section was based on Ciftcioglu [24]. In this section,
questions about the economy, society, and ecology were aggregated (using algebra and the linear
summation method for indicators), and the framers were asked to rate each section on a scale of 1 to 3,
1 being least resilient and 3 being most resilient. The value of 1 (problematic; poor) was less than 40,
2 (critical, moderate) was 40–60 and 3 (positive, desirable) was over 60. The collected data was entered
into spreadsheets and analyzed in SPSS (version 23). To calculate the indicators, a three-step process
was carried out in multicriteria analysis [25]: Normalization and evaluation of the performance of each
criterion (indicator), determination of the weights representing the priorities for each criterion, and
aggregation (based on additive, multiplicative, or other distributional formalisms).

Table 1. The appropriate resilience assessment indicators for the pistachio production systems in the
Rafsanjan plain.

Indicators Sub-Indicators (Variables) Variables Scale Reference

Ecologically
Self-regulated

Use of organic fertilizers Amount of usage(kg/ha)

[23,26–30]
Use of chemical fertilizers Amount of usage(kg/ha)
Use of pesticides Amount of usage(kg/ha)

Soil fertility index “Low,” “Medium,” “Optimum,” and
“Excessive” soil test categories

Water-use efficiency If no change = 0, if, 20% = 1, if 20–40 = 2, if
.40% = 3

Socially Self-regulated

Membership in Grass roots
organizations If Not involved = 0, if involved = l

[3,4,23,27,31]Degree of exchange of
information

If at least once a week = 3, if at least once a
month = 2, at least once three months = 1,
and lack of contact = 0

Degree of Job satisfaction If unsatisfied = 0, satisfy = l (5 items) if not
involved = 0, if involved = l (5 items)

Level of access to trust in
government

if no trust = 0, if low trust = 1, if average
trust = 2, if high trust = 3, and if very high
trust = 4

Level of access to advisor
services (Extension)

If no access = 0, if very low access= 1, if low
access = 2, if medium access = 3, if high
access = 4, and if high access = 5

Builds human capital

On-the-job training Number of courses and workshops,
[23,32]Experience (capacity to work) Year,

Innate abilities Three-point scale (for five items regarding
their abilities in learning)

Diversity

Diversity of cultivated cultivars Number of cultivated cultivars

[7,26,33,34]Diversity of on-farm practices If done = 1, undone = 0 (regarding the
doing of 10 practices in farmland)

Diversity of Marketing Number of markets
Water from multiple sources Number of water resources

Economic

Insurance If No = 0, if Yes = l

[35]
Local investment If Not use loan = 0, if use loan = l,

Production stability
Likert scale: If Likert rating scale: If very
high = 4, high = 3, intermediate = 2 and
low = 1

Productivity The ratio of results of the quantity of
products output to input

(i) Normalization and Aggregation

It is necessary to normalize the data because, during data collection, the measurement units
of various indicators can differ [36]. The normalization method used in the current research was
environmental performance indexing as developed by Esty et al. [37]. Accordingly, an additive
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approach was applied in which the sub-indictors were summed and normalized into indicator
classes (from 0 to 100). The highest value of 100 was the target and the lowest of zero was most
undesirable condition.

(ii) Determination of Weights

Principal component analysis (PCA) was used to estimate the relative weights in the overall
sustainability measure [38,39], which is a crucial input to the aggregation process. The sub-indicators
were weighted in proportion to the variance in the original set of variables as explained by the first
principal component of that particular component [39].

(iii) Aggregation and Comparison

After allocating weights to each sub-indicator and weighting the component scores, these scores
are aggregated into a composite score. The mean and standard deviation for each index then were
calculated to evaluate the resilience. Positive values denoted higher levels of resilience index (mean)
and negative values denoted lower levels of resilience index (mean). The F-test was used to examine
the differences in resilience among pistachio production systems in study area.

3. Results

3.1. Demographic and Farm Characteristics

Descriptive statistics for the socio-economic characteristics in Table 2 show that all of the farmers
were males and illiterate, and their average age was 58 years. Over 60% of farmers had more than 20
years of farming experience and agriculture was their main job. Only 15 farmers had formal education.
For family size (135 families), 90% had less than five members.

Table 2. Population profile of the farmers in the study area.

Population Profile Characteristics of the
Population Profile

Number of
Informants

Percentage of
Informants

Gender
Male 150 100

Female 0 0

Education
Primary school 10 6.6

High school 20 13.3
Illiterate 120 80

Employment Farmer 100 66.6
Retired 50 33.3

Age range
30–39 25 16.6
40–49 35 23.3
50–59 90 60

Years of farming experience
0–19 15 10
20–29 50 33.3
30–39 95 63.3

Family size
1–2 40 26.6
3–4 95 63.3

over 5 15 10

Evaluations also indicated that the average area under pistachio cultivation was 10.4 ha and the
average yield was 1.9 tons/ha.

3.2. Ecological Self-Regulation

The resilience capacity of the pistachio production system (PPS) was assessed for its social,
economic, and ecological dimensions. Self-regulating agroecosystems depend on the work of regulating
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ecosystem services, such as biodiversity, the hydrological cycle, and soil resources [34–40]. To assess the
resilience in the study area, the indicators were defined according to Cabell et al. [23]. To evaluate the
ecological impact, as shown in Table 3, the use of organic and chemical fertilizers, pest management,
soil fertility index, and water use efficiency were examined [3]. In this regard, the consumption
of fertilizers, pesticides, and insecticides in the PPSs was very disturbing. For “use of pesticides,”
the resilience based on index value was problematic (< 40 to 100). Index values for “use of organic
fertilizers,” “soil fertility index,” and “water use efficiency” ranged from 40 to 60, suggesting a critical
or manageable level of resilience. Only the index value for “use of chemical fertilizers” was 61 (to 100)
indicating positive resilience.

The highest index values for the use of chemical fertilizers were 67.5 kg in Noug county and
36.6 kg in Anar county for use of pesticide. However, there was no significant difference between the
amounts of fertilizer and pesticide used in the five areas. These results revealed that the amount of
fertilizer use is about 4000 kg ha−1 in the study area, whereas it should be about 500 kg ha−1. Pesticide
use varied over the years and was affected by climate. The results also showed that the average use
of organic fertilizer in Nouq and Rafsanjan was higher than in other regions, although there was no
significant difference among regions.

Among the pistachio orchards, the average water use efficiency was 150 g/m3 and the difference in
water use efficiency between counties was significant. The index of water use efficiency of the pistachio
orchards in Kabootar-khan and Rafsanjan counties was higher than in other counties. This finding
revealed that the actual well water flows in Rafsanjan, Nouq, and Kashkoyeh were statistically similar
as 19.61, 21.83, and 18.50 L/sec, respectively. Anar and Kabootar-khan, however, had water flows of
28.04 and 26.05 L/sec, respectively. The well water in Anar was more saline, whereas Kashkoyeh and
Nouq had safer levels of salinity than Anar, which is consistent with previous reports [41]. This finding
confirms that the water crisis is the main issue threatening resilience as well as the sustainability of
pistachio production in the region studied.

3.3. Social Self-Regulation

Social resilience is the ability of groups or communities to cope with external stress and
disturbances due to social, political, and environmental change. The resilience of a social system
depends on ecological resilience because of the dependence of communities on ecosystems and their
economic activities [13,42]. The Integrated Landscape Management Team states that the creation of
cooperatives can affect social resilience [43]. On the other hand, strong horizontal and vertical social
networks can enhance the adaptation capacity of social systems [13,44]. Therefore, cooperatives and
institutions in the region can have a positive effect on the abilities of farmers to cope with stress events.

The resilience of the social system was assessed by membership in grassroots organizations,
exchange of information, job satisfaction, trust in government, and extension. Considering the
importance of a social index and the complex relationships between this index and others in a
time of stress, sub-indicators were used to assess the social status of the regions in the study area
(Table 4). The resilience values for “membership in grassroots organizations” (X = 39. 5, SD = 7.5)
was < 40 and problematic, whereas “job satisfaction” (X = 53.6, SD = 16.32), “trust in government”
(X = 44.1, SD = 11.45), and “advisor services (extension)” (X = 56.9, SD=19.7) scored 40–60 (moderate
or manageable). “Exchange of information” (X = 64.3, SD = 14.2) scored >61, which was high and
positive. About 75% of farmers are members of local cooperatives and periodically hold meetings with
experts to train farmers on farming techniques and economic issues and where government policies
are presented and discussed.
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Table 3. The ecological resilience assessment indicators for the Rafsanjan plain.

Indicators Sub-Indicators
Mean

Mean Sd F Value Sig
Anar Rafsanjan Noug Kashkoye Kabootarkhan

Ecologically Self-regulated

Use of organic fertilizers 49.1 51.6 50.8 48.3 44.1 48.7 12.3 0.7 0.5
Use of chemical fertilizers 57.5 59.1 67.5 61.6 61.4 61.4 21.6 1.6 0.1

Use of pesticides 36.6 32.5 30.8 34.1 30.0 32.8 9.19 1.1 0.3
Soil Fertility Index 45.8 50.0 45.0 51.0 49.1 48.1 14.2 0.9 0.4

Water-use efficiency 46.2 55.0 42.3 31.6 59.13 46.8 16.1 1.82 0.04 *

* Statistically significant at p < 0.05.

Table 4. The social resilience assessment indicators for the Rafsanjan plain.

Indicators Sub-Indicators
Mean

Mean Sd F Value Sig
Anar Rafsanjan Noug Kashkoye Kabootarkhan

Socially Self-regulated

Membership in Grass roots organizations 38.3 43.3 39.1 37.5 48.3 39.5 7.5 1.1 0.3
Exchange of information 59.1 61.6 70.0 66.6 65.0 64.3 14.2 2.5 0.04 *

Job satisfaction 52.5 49.1 55.0 58.0 54.0 53.6 16.32 0.70 0.5
Trust in government 43.3 45.8 46.0 41.6 45.8 44.1 11.45 0.9 0.4

Advisor services (Extension) 55.6 57.6 58.1 56.3 54.0 56.9 19.7 0.05 0.9

* Statistically significant at p < 0.05.



Sustainability 2019, 11, 1656 8 of 14

The indicator “access to advisor services (extension)” scored higher in Noug County. Given the
high potential for social participation in the region, it is hoped that the motivation and confidence of
farmers in this area will increase. This is consistent with the results of Shahiki et al. [45].

The results indicated that there were no significant differences in job satisfaction, trust in
government and access to advisor services (extension), but there were for the information exchange
index. The difference in this index depended on the farmers’ attitudes toward information exchange.
For example, some farmers considered only experts and some of their friends to be credible, and this
issue caused significant differences in the areas under study.

3.4. Building Human Capital

Building resilience of people and communities translates into building human capital that is
ultimately better able to adapt to climate shocks and stressors [46]. The skill, ability, and knowledge of
each person are, in fact, the assets at his disposal, and are the strongest capital and investment in the
labor force. Becker [47] defined human capital as the stock of knowledge and skills that considers the
contributions of human capital directly in the production process. Considering the importance of the
topic, the main sub-indicators of on-the-job training, experience (capacity to work), and innate abilities
can define human capital. Table 5 shows that there was no significant difference in these indices in the
study areas. The indicator values for experience (capacity to work) was positive at >60. The values for
on-the-job training and innate learning ability of an agricultural technique were 52.6 and 25.7 (to 100)
at the critical and problematic levels, respectively.

Adamopoulos and Restuccia [48] interpreted innate ability for farming as farm-level productivity.
They found that about 80% of farmers had attended workshops during the growing season (on-the-job
training). However, young people were less interested in classes and did not consider agriculture to be
a reliable occupation.

3.5. Diversity

This dimension suggests the heterogeneity of features both in the landscape and on the farm
and diversity of inputs, outputs, income sources, markets, pest control practices, water sources, and
irrigation methods. After the release phase of the adaptive cycle, it provides insurance against total
system collapse and the seeds of renewal [21,49]. Cabell et al. [23] calculated the diversity of pistachio
cultivars, farm inputs, variability of the sales market, water sources, and irrigation methods. Table 6
shows that there were no significant differences in the study area regarding indictors of diversity of
cultivars and marketing. On average, two to three pistachio cultivars were planted in the study areas.
In recent years, drought-tolerant and higher-yield cultivars were planted because of the water crisis.

Analysis of functional diversity revealed that the index of diversity for on-farm practices and
water resources were significantly different in the study area with mean scores 78.46 and 39.1 (to 100),
respectively. The index of diversity for on-farm practices (irrigation methods, pest management, etc.)
in Rafsanjan, Noug and Kabootar-khan counties was higher than in Anar and Kashkoye counties.
Diversity of water resources in Noug, Kashkoye, and Kabootar-khan counties was greater than for
Noug and Anar counties. It appears that efforts to provide various responses for comparison in
functional diversity were not useful.
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Table 5. The Builds human capital resilience assessment indicators for the Rafsanjan plain.

Indicators Sub-Indicators
Mean

Mean Sd F Value Sig
Anar Rafsanjan Noug Kashkoye Kabootarkhan

Builds human capital
On-the-job training 53.3 50.0 53.3 50.0 56.6 52.6 15.3 0.09 0.9

Experience (capacity to work) 66.6 75.0 73.3 78.0 74.0 73.3 19.2 0.20 0.8
Innate abilities 26.6 25.8 26.9 23.3 26.0 25.7 5.1 0.10 0.9

Table 6. The diversity indicators for the Rafsanjan plain.

Indicators Sub-Indicators
Mean

Mean Sd F Value Sig
Anar Rafsanjan Noug Kashkoye Kabootarkhan

Diversity

Diversity of cultivated cultivars 61.1 66.6 85.7 45.4 75.0 66.86 12.6 1.7 0.1
Diversity of on-farm practices 71.6 83.3 80.8 11.4 12.1 78.46 9.4 2.4 0.05

Diversity of Marketing 63.3 62.5 65.8 11.8 18.8 67.82 15.3 1.1 0.3
Water from multiple sources 31.3 34.6 44.8 42.5 42.3 39.1 12.50 1.75 0.04 *

* Statistically significant at p < 0.05.
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3.6. Economic Dimension

The economic dimension of resilience covers the following themes: Buffer mechanisms (savings,
assets, insurance) to cope with uncontrolled change and shocks, production stability and production
productivity [23,50]. The indicators of insurance, local investment, production stability, and
productivity were used to evaluate the economic resilience of the study area (Table 7). The mean
scores for insurance and production stability were < 40 (problematic), while for local investment and
productivity were > 60 (positive). The results of the F-test revealed no significant differences between
study areas regarding the economic indicators. However, pistachio orchards in Noug and Kashkoye
scored higher than in the other counties for buffer mechanisms (local investment and insurance).
The indictors related to production-stability and productivity showed that pistachio orchards in Noug,
Kashkoye, and Kabootar-khan scored higher than in Anar and Rafsanjan. The productivity indicator
was measured as the ratio of agricultural outputs to agricultural inputs and indicated that only the
productivity of human labor was significantly higher between counties. Differences in the productivity
of fertilizers, pesticides, insecticides, and machinery were not significant.

Table 7. The economical resilience assessment indicators for the Rafsanjan plain.

Indicators Sub-Indicators
Mean

Mean Sd
F

Value
Sig

Anar Rafsanjan Noug Kashkoye Kabootarkhan

Economic

Insurance 20 13.3 22.0 23.0 22.3 19.72 4.72 1.20 0.12
Local investment 73.3 70.0 76.0 74.0 71.0 72.86 23.12 0.10 0.9

Production
stability 10.0 16.6 20.0 18.0 19.0 16.72 7.21 1.40 0.09

Productivity 63.3 64.0 65.0 68.0 66.0 65.26 17.8 0.03 0.9

4. Discussion

Applying an index of 21 indicators in five categories identified the resiliency of pistachio
production systems and their capacity for robustness, adaptation, and transformation. The results
of the evaluation found problematic status for the indicators of the use of pesticides, membership
in grassroots organizations, innate abilities, water from multiple sources, production stability, and
insurance. As Peterson et al. [3] asserted, the internal sources of regulation or internal buffering
mechanisms in PPSs, particularly in Anar and Noug counties, were poor and the systems had been
pushed into an undesirable state. However, internal regulations such as experience (capacity to work),
local investment, diversity of on-farm practices and job satisfaction, especially in Kabootar-khan
county, were positive, suggesting good potential for human capital to reorganize the PPSs.

Sinclair et al. [51] reported that the role of human agency is critical to understanding system
resilience, which is the capacity of individuals to make sense of change. The results revealed that the
indicators of the use of organic fertilizers and pesticides, the soil fertility index, water use efficiency
(g/m3), trust in government, access to advisory services (extension), on-the-job training, and diversity
of marketing are at the manageable (moderate) level. These results have suggested a platform for
enhancing resiliency in PPSs in Rafsanjan.

Recognizing the influence of both internal and external regulation on the resilience of PPSs, we
suggest a participatory platform [52] to bring together different stakeholders to identify solutions
to their problems [53] regarding both regulatory sources and sustaining resilience as common goals.
For example, the platform can contribute to forming a grass roots organization, which facilitates
sharing of experiences, the risk of disaster and resources, particularly water resources, and drive the
best management practices. The platform improves social and institutional learning by developing
collaborative learning networks and promoting knowledge coproduction [18]. It also cooperates in
collective efforts to eliminate or reduce the effects of shocks. This can be very effective when the
appropriate status of the social indicators in the area studied is considered.
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5. Conclusions

Resilience is an integrated framework from which to explore the ability of agroecosystems to
cope with changing environments [54]. The abilities are robustness (a buffer that allow persistence),
adaptability (the capacity to adjust responses to changing external drivers and internal processes),
and transformability (the capacity to create a fundamentally new system when the existing system
is untenable) [55,56]. We investigated the features of the pistachio production systems using
behavior-based indicators of resilience in agroecosystems [4] at the problematic, manageable, and
positive levels.

Given the relatively external nature of these manageable indicators, it can be argued that PPS
management practices and processes have room for improvement. A shift toward a proactive approach
is critical. It allows consideration of long-term goals and multiple services to maintain production
when confronting environmental stress [3]. We found a high level of resilience for the indictors of
productivity, diversity of cultivars, diversity of on-farm practices, and exchange of information, which
can be considered a milestone for reorganization in PPSs in the adaptive cycle.

Given the nature of the information obtained about the PPSs of the Rafsanjan plain, it can be
concluded that high external regulation (access to services, investment, agrochemicals, etc.) with
somewhat low internal regulation (water resources, innate abilities, stability, etc.) resulted in low
resilience and a higher likelihood of flipping to an undesirable (unproductive) regime. These findings
verify the conclusions of Akbari et al. [57] and Peterson et al. [3], who articulated the internal and
external regulations, e.g. the risk frequency of previous year (stability), diversity of cultivated crops,
off-farm employment, crop acreage, participating in a crop supervisory, ownership of machinery, and
insured crop acreage that affected Reducing Natural Disasters and Risk Management to Sustainable
of PPSs. PPSs are at the reorganization step of an adaptive cycle and have a high capacity for
transformability because the manageable level of a few indictors relate to the process of production.
These change the focus from seeking optimal states and the determinants of maximum sustainable
yield (MSY paradigm) to adaptive resource management. PPSs are robust because they have a high
level of human capital (valuable farmer capacity and experience), local investment, and job satisfaction.
PPSs have a proper level of adaptive capacity because of the diversity of cultivars, practices, and
information sources. We suggest an increase in the transformability capacity in PPSs by altering the
focus from searching for optimal states and the determinants of maximum sustainable yield (MSY
paradigm) to adaptive resource management. This is the development of participatory platforms
for collaboration in the use of water resources and promotion of the intrinsic ability of farmers
as well as diversification of on-farm practices and technologies. This platforms can contribute to
follow up the mechanisms and strategies that Razzaghi Borkhani et al. [58] addressed for Reducing
Natural Disasters and Risk Management to Sustainable of Gardens include: “supportive-credit”,
“environmental-spatial”, “socio-participation”, “knowledge-awareness”, “infrastructure-institutional“,
”educational-informational”, and “economic factors” respectively.

Ultimately, although this study by integrating resilience into agroecosystems research provides a
metrics for measuring resilience as well as some insights into the ability of agroecosystems, i.e. the
productivity, stability, resistance, and recovery of system processes as a basic framework for resilience
monitoring, there are still limitations to operationalize resilience thinking in agroecosystems [3]. Some
of those limitations are in considering productive functions and cross-scale interactions. In this sense,
more research is required to integrate the productive functions—by focusing on outcomes such as crop
yield, farm income, and provision of ecosystem services—and understanding of multiple scales and
speeds of influence both above and below the agroecosystem scale.

Author Contributions: All the authors equally contributed and commented on early and final version of
the manuscript.

Funding: This research received no external funding.



Sustainability 2019, 11, 1656 12 of 14

Acknowledgments: This research was supported by Shahid Beheshti University, Iran. We thank mangers and
experts in ministry of Jihad-for Agriculture, Iran for comments and contributions that greatly improved the
research and provided insight and expertise that greatly assisted the research.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Emadodin, I.; Narita, D.; Bork, H.R. Soil degradation and agricultural sustainability: An overview from Iran.
Environ. Dev. Sustain. 2012, 14, 611–625. [CrossRef]

2. Poláková, J. Sustainability—Risk—Resilience: How does the case of the good agricultural and environmental
conditions measure up? Sustainability 2018, 10, 1614. [CrossRef]

3. Peterson, A.C.; Eviner, T.V.; Gaudin, C.M.A. Ways forward for resilience research in agroecosystems.
Agric. Syst. 2018, 162, 19–27. [CrossRef]

4. Darnhofer, I.; Fairweather, J.; Moller, H. Assessing a farm’s sustainability: Insights from resilience thinking.
Int. J. Agric. Sustain. 2010, 8, 186–198. [CrossRef]

5. Sedaghat, R. Economics of pistachio industry in Iran tropics. Agric. Trop. Subtrop. 2006, 39, 209–215.
6. Curtin, C.G.; Parker, J.P. Foundations of resilience thinking. Conserv. Biol. 2014, 28, 912–923. [CrossRef]

[PubMed]
7. Folke, C. Resilience: The emergence of a perspective for social–ecological systems analyses.

Glob. Environ. Chang. 2006, 16, 253–267. [CrossRef]
8. Walker, B.; Holling, C.S.; Carpenter, S.; Kinzig, A. Resilience, adaptability and transformability in

social–ecological systems. Ecol. Soc. 2004, 9. Available online: https://www.ecologyandsociety.org/
vol9/iss2/art5/ (accessed on 15 March 2019). [CrossRef]

9. Arthur, W.B. Complexity and the economy. Science 1999, 284, 107–109. [CrossRef]
10. Folke, C.; Carpenter, S.; Elmqvist, T.; Gunderson, L.; Holling, C.S.; Walker, B. Resilience and sustainable

development: Building adaptive capacity in a world of transformations. AMBIO 2002, 31, 437–440. [CrossRef]
11. Lal, R. Sustainable land use systems and soil resilience. In Soil Resilience and Sustainable Land Use;

Greenland, D.J., Szabolcs, I., Eds.; CAB International: Wallingford, UK, 1994; pp. 41–67.
12. Bonanno, G.A. Loss, trauma, and human resilience: Have we underestimated the human capacity to thrive

after extremely aversive events? Am. Psychol. 2004, 59, 20–28. [CrossRef] [PubMed]
13. Adger, W.N. Social and ecological resilience: Are they related? Prog. Hum. Geogr. 2000, 24, 347–364.

[CrossRef]
14. Starr, R.; Newfrock, J.; Delurey, M. Enterprise resilience: Managing risk in the networked economy.

Strategy Bus. 2003, 30, 70–79.
15. Callaway, D.S.; Newman, M.E.; Strogatz, S.H.; Watts, D.J. Network robustness and fragility: Percolation on

random graphs. Phys. Rev. Lett. 2000, 85, 5468–5471. [CrossRef] [PubMed]
16. Marchese, D.; Reynolds, E.; Bates, M.E.; Morgan, H.; Clark, S.S.; Linkov, I. Resilience and sustainability:

Similarities and differences in environmental management applications. Sci. Total Environ. 2018, 613,
1275–1283. [CrossRef]

17. Carpenter, S.; Walker, B.; Anderson, J.M.; Abel, N. From metaphor to measurement: Resilience of what to
what? Ecosystems 2001, 4, 765–781. [CrossRef]

18. Nelson, K.; Gillespie-Marthaler, L.; Baroud, H.; Abkowitz, M.; Kosson, D. An integrated and dynamic
framework for assessing sustainable resilience in complex adaptive systems. Sustain Resilient Infr. 2019, 1–9.
[CrossRef]

19. Suárez, M.; Gómez-Baggethun, E.; Benayas, J.; Tilbury, D. Towards an urban resilience index: A case study
in 50 spanish cities. Sustainability. 2016, 8, 774. [CrossRef]

20. Cumming, G.S.; Collier, J. Change and identity in complex systems. Ecol. Soc. 2005, 10, 29. [CrossRef]
21. Gunderson, L.; Holling, C. Panarchy: Understanding Transformations in Human and Natural Systems; Island

Press: Washington, DC, USA, 2002. Available online: http://hdl.handle.net/10919/65531 (accessed on 15
March 2019).

22. Chapin, F.S., III; Kofinas, G.P.; Folke, C. Principles of Ecosystem Stewardship: Resilience-Based Natural Resource
Management in a Changing World; Springer: New York, NY, USA, 2009.

http://dx.doi.org/10.1007/s10668-012-9351-y
http://dx.doi.org/10.3390/su10051614
http://dx.doi.org/10.1016/j.agsy.2018.01.011
http://dx.doi.org/10.3763/ijas.2010.0480
http://dx.doi.org/10.1111/cobi.12321
http://www.ncbi.nlm.nih.gov/pubmed/24975863
http://dx.doi.org/10.1016/j.gloenvcha.2006.04.002
https://www.ecologyandsociety.org/vol9/iss2/art5/
https://www.ecologyandsociety.org/vol9/iss2/art5/
http://dx.doi.org/10.5751/ES-00650-090205
http://dx.doi.org/10.1126/science.284.5411.107
http://dx.doi.org/10.1579/0044-7447-31.5.437
http://dx.doi.org/10.1037/0003-066X.59.1.20
http://www.ncbi.nlm.nih.gov/pubmed/14736317
http://dx.doi.org/10.1191/030913200701540465
http://dx.doi.org/10.1103/PhysRevLett.85.5468
http://www.ncbi.nlm.nih.gov/pubmed/11136023
http://dx.doi.org/10.1016/j.scitotenv.2017.09.086
http://dx.doi.org/10.1007/s10021-001-0045-9
http://dx.doi.org/10.1080/23789689.2019.1578165
http://dx.doi.org/10.3390/su8080774
http://dx.doi.org/10.5751/ES-01252-100129
http://hdl.handle.net/10919/65531


Sustainability 2019, 11, 1656 13 of 14

23. Cabell, J.; Oelofse, M. An indicator framework for assessing agroecosystem resilience. Ecol. Soc. 2012, 17, 18.
[CrossRef]

24. Ciftcioglu, G.C. Assessment of the resilience of socio-ecological production landscapes and seascapes: A case
study from Lefke region of North Cyprus. Ecol. Indic. 2017, 73, 128–138. [CrossRef]

25. Nardo, M.; Saisana, M.; Saltell, A.; Tarantola, S.; Hoffman, A.; Giovannini, E. Handbook on Constructing
Composite Indicators, Joint Publication of the OECD and European Commission; OECD Publishing: Paris, France;
Brussels, Belgium, 2008.

26. Ewel, J.J. Natural systems as models for the design of sustainable systems of land use. Agrofor. Syst. 1999, 45,
1–21. [CrossRef]

27. McKey, D.; Rostain, S.; Iriarte, J.; Glaser, B.; Birk, J.J.; Holst, I.; Renard, D. Pre-Columbian agricultural
landscapes, ecosystem engineers, and self-organized patchiness in Amazonia. Proc. Natl. Acad. Sci. USA
2010, 107, 7823–7828. [CrossRef] [PubMed]

28. Schaetzl, R.J.; Krist, F.J., Jr.; Miller, B.A. A taxonomically based ordinal estimate of soil productivity for
landscape-scale analyses. Soil Sci. 2012, 177, 288–299. [CrossRef]

29. Veisi, H.; Rezaei, M.E.; Khoshbakht, K.; Kambuozia, J.; Liaghati, H. An assessment of the impact of watershed
programs on agricultural sustainability in Hamedan province, Iran. Int. J. Agric. Sustain. 2015, 13, 308–325.
[CrossRef]

30. Rockström, J.; Folke, C.; Gordon, L.; Hatibu, N.; Jewitt, G.; Penning de Vries, F.; Rwehumbiza, F.; Sally, H.;
Savenije, H.; Schulze, R. A watershed approach to upgrade rainfed agriculture in water scarce regions
through water system innovations: An integrated research initiative on water for food and rural livelihoods
in balance with ecosystem functions. Phys. Chem. Earth, Parts 2004, 29, 1109–1118. [CrossRef]

31. Holling, C.S. Understanding the complexity of economic, ecological, and social systems. Ecosystems 2001, 4,
390–405. [CrossRef]

32. McManus, P.; Walmsley, J.; Argent, N.; Baum, S.; Bourke, L.; Martin, J.; Sorensen, T. Rural community and
rural resilience: What is important to farmers in keeping their country towns alive? J. Rural Stud. 2012, 28,
20–29. [CrossRef]

33. Altieri, M.A. The ecological role of biodiversity in agroecosystems. Agric. Ecosyst. Environ. 1999, 74, 19–31.
[CrossRef]

34. Luck, G.W.; Daily, G.C.; Ehrlich, P.R. Population diversity and ecosystem services. Trends Ecol. Evol. 2003, 18,
331–336. [CrossRef]

35. Rose, A.Z. Economic Resilience to Disasters. Publ. Artic. Pap. 2009, 75. Available online: http://research.
create.usc.edu/published_papers/75 (accessed on 15 March 2019).

36. Jacobs, R.; Smith, P.; Goddard, M. Measuring Performance: An Examination of Composite Performance
Indicators. Available online: https://www.york.ac.uk/che/pdf/tp29.pdf (accessed on 15 March 2019).

37. Esty, D.C.; Levy, M.A.; Srebotnjak, T.; de Sherbinin, A.; Kim, C.H.; Anderson, B. Pilot 2006 Environmental
Performance Index; Yale Center for Environmental Law & Policy: New Haven, CT, USA, 2006.

38. Sydorovych, O.; Wossink, A. Application of conjoint analysis agricultural sustainability assessment.
In Proceedings of the 12th EAAE Congress: People, Food and Environments: Global Trends and European
Strategies, Gent, Belgium, 26–29 August 2008; pp. 26–29.

39. Singh, R.K.; Murty, H.R.; Gupta, S.K.; Dikshit, A.K. An overview of sustainability assessment methodologies.
Ecol. Indic. 2009, 9, 189–212. [CrossRef]

40. Peterson, G. Ecological limits of adaptation to climate change. In Adapting to Climate Change: Thresholds,
Values, Governance; Adger, W.N., Lorenzoni, I., O’Brien, K.L., Eds.; Cambridge University Press: Cambridge,
UK, 2009; pp. 25–41.

41. Ja’fari Mehdi Abad, F.; Ezatabadi, M.; Eslami, M. Investigating the impact of groundwater resources on the
economic value of farmers’ pistachios in Kerman province. J. Agric. Econ. Res 2015, 3, 1–19. (In Persian)

42. Saperstein, G. Social Resilience: The Forgotten Element in Disaster Reduction Organizational Resilience
International. Available online: https://theicor.org/art/present/art/ARSR0008.pdf (accessed on
15 March 2019).

43. The Integrated Landscape Management Team to the Global Resilience Partnership, 2014. Integrated
Landscape Management for Resilience in the Horn of Africa: Refined Problem Statement.
Available online: http://www.globalresiliencepartnership.org/wp-content/uploads/2018/02/GRP_
Source_Document_English.pdf (accessed on 15 March 2019).

http://dx.doi.org/10.5751/ES-04666-170118
http://dx.doi.org/10.1016/j.ecolind.2016.09.036
http://dx.doi.org/10.1023/A:1006219721151
http://dx.doi.org/10.1073/pnas.0908925107
http://www.ncbi.nlm.nih.gov/pubmed/20385814
http://dx.doi.org/10.1097/SS.0b013e3182446c88
http://dx.doi.org/10.1080/14735903.2014.995916
http://dx.doi.org/10.1016/j.pce.2004.09.016
http://dx.doi.org/10.1007/s10021-001-0101-5
http://dx.doi.org/10.1016/j.jrurstud.2011.09.003
http://dx.doi.org/10.1016/S0167-8809(99)00028-6
http://dx.doi.org/10.1016/S0169-5347(03)00100-9
http://research.create.usc.edu/published_papers/75
http://research.create.usc.edu/published_papers/75
https://www.york.ac.uk/che/pdf/tp29.pdf
http://dx.doi.org/10.1016/j.ecolind.2008.05.011
https://theicor.org/art/present/art/ARSR0008.pdf
http://www.globalresiliencepartnership.org/wp-content/uploads/2018/02/GRP_Source_Document_English.pdf
http://www.globalresiliencepartnership.org/wp-content/uploads/2018/02/GRP_Source_Document_English.pdf


Sustainability 2019, 11, 1656 14 of 14

44. Jain, M. Enhancing Resilience in Social-Ecological Systems: A Quantifiable Framework for Adapting to
Change, Governance of Adaptation Conference. Available online: https://pdfs.semanticscholar.org/c94f/
7fbc1990342cc16c532bcacbcf141438230b.pdf (accessed on 15 March 2019).

45. Shahiki, M.; Yazdani, F.; Gholipour, E. The Effect of Advertisement on the Probability of Acceptance Insurance
by Pistachio Growers in Kerman. J. Pistachio Sci. Technol. Iran 2015, 1, 58–68. (In Persian)

46. Qaisrani, A. Connecting the Dots: Linking Climate Change Resilience to Human Capital.
Available online: https://think-asia.org/bitstream/handle/11540/9305/Connecting-the-dots-linking-
climate-change-resilience-to-human-capital.pdf?sequence=1 (accessed on 15 March 2019).

47. Becker, G. Human Capital: A Theoretical and Empirical Analysis, with Speical Reference to Education, 2rd ed.;
NBER: Cambridge, UK, 1975.

48. Adamopoulos, B.T.; Restuccia, D.; Adamopoulos, T. The Size Distribution of Farms and International
Productivity Differences. 2011. Available online: https://doi.org/10.1257/aer.104.6.1667 (accessed on
15 March 2019).

49. Berkes, F.; Colding, J.; Folke, C. Navigating Social-Ecological Systems: Building Resilience for Complexity and
Change; Cambridge University Press: Cambridge, UK, 2003.

50. Food and Agriculture Organization of the United Nations. Sustainability Assessment of Food and
Agriculture systems (SAFA). Available online: http://www.fao.org/nr/sustainability/sustainability-
assessments-safa (accessed on 15 March 2019).

51. Sinclair, K.; Rawluk, A.; Kumar, S.; Curtis, A. Ways forward for resilience thinking: Lessons from the field for
those exploring social-ecological systems in agriculture and natural resource management. Ecol. Soc. 2017,
22, 21. [CrossRef]

52. Aldunce, P.; Bórquez, R.; Adler, C.; Blanco, G.; Garreaud, R. Unpacking resilience for adaptation:
Incorporating practitioners’ experiences through a transdisciplinary approach to the case of drought in Chile.
Sustainability 2016, 8, 905. [CrossRef]

53. Pali, P.; Swaans, K. Guidelines for Innovation Platforms: Facilitation, Monitoring and Evaluation; ILRI Manual. 8;
ILRI: Nairobi, Kenya, 2013.

54. Meuwissen, M.; Paas, W.; Slijper, T.; Coopmans, I.; Ciechomska, A.; Lievens, E.; et al. Report on Resilience
Framework for EU Agriculture. Available online: https://library.wur.nl/WebQuery/wurpubs/fulltext/
443054 (accessed on 15 March 2019).

55. Walker, B.; Sayer, J.; Andrew, N.L.; Campbell, B. Should enhanced resilience be an objective of natural
resource management research for developing countries? Crop Sci. 2010, 50, 10–19. [CrossRef]

56. Anderies, J.M.; Folke, C.; Walker, B.; Ostrom, E. Aligning key concepts for global change policy: Robustness,
Resilience, and Sustainability. Ecol. Soc. 2013, 18. Available online: https://doi.org/10.5751/ES-05178-
180208 (accessed on 15 March 2019). [CrossRef]

57. Akbari, A.; Tash Mohammad, N.S.; Yazdani, F. Factors Affecting Pistachio Production Uncertainty in Sirjan.
J. Agric. Econ. Res. 2014, 175–190.

58. Razzaghi borkhani, F.; Rezvanfar, A.; Movahed mohammadi, S.H.; Hejazi, S.Y. Mechanisms of Reducing
Natural Disasters and Risk Management to the Sustainable of Citrus Gardens in Mazandaran Province. Jsaeh
2017, 4, 35–52.

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

https://pdfs.semanticscholar.org/c94f/7fbc1990342cc16c532bcacbcf141438230b.pdf
https://pdfs.semanticscholar.org/c94f/7fbc1990342cc16c532bcacbcf141438230b.pdf
https://think-asia.org/bitstream/handle/11540/9305/Connecting-the-dots-linking-climate-change-resilience-to-human-capital.pdf?sequence=1
https://think-asia.org/bitstream/handle/11540/9305/Connecting-the-dots-linking-climate-change-resilience-to-human-capital.pdf?sequence=1
https://doi.org/10.1257/aer.104.6.1667
http://www.fao.org/nr/sustainability/sustainability-assessments-safa
http://www.fao.org/nr/sustainability/sustainability-assessments-safa
http://dx.doi.org/10.5751/ES-09705-220421
http://dx.doi.org/10.3390/su8090905
https://library.wur.nl/WebQuery/wurpubs/fulltext/443054
https://library.wur.nl/WebQuery/wurpubs/fulltext/443054
http://dx.doi.org/10.2135/cropsci2009.10.0565
https://doi.org/10.5751/ES-05178-180208
https://doi.org/10.5751/ES-05178-180208
http://dx.doi.org/10.5751/ES-05178-180208
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	The Concept of Resilience 
	Conceptualizing Resilience of Pistachio Agroecosystems in Rafsanjan Plain 

	Materials and Methods 
	Study Area: Rafsanjan Plain 
	Study Methods 

	Results 
	Demographic and Farm Characteristics 
	Ecological Self-Regulation 
	Social Self-Regulation 
	Building Human Capital 
	Diversity 
	Economic Dimension 

	Discussion 
	Conclusions 
	References

