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Abstract 

Background:  Food sovereignty and food security are inseparable from agricultural development policies, particularly 
regarding how to increase food production and productivity to meet future demand. This study investigates the sta-
tus and perceptions of food sovereignty and food security of small-scale rice growers’ households in the Mazandaran 
Province of northern Iran. The study region is one of the most important places for domestic rice production, with 
nearly 230,000 hectares of rice lands in the country and 45% of total domestic rice production. The role of the Rice 
Research Institute of Iran (RRII) as an innovative rural institution was highlighted by the rice producers for contributing 
to food sovereignty and food security. A survey was distributed among 127 rice farmers’ households to obtain indica-
tors of food sovereignty (localization of food systems, values for food providers, concentration of local control of the 
food system, building knowledge and skills, right to food, working with nature) and food security (availability, accessi-
bility, utility, quality). Principal Component Analysis and Partial Correlation tests were used for finding the relationship 
between variables and focused indicators.

Results:  Results show that food sovereignty in Northern Iran focused on localizing the food system by gaining 
access to financial assets and local markets, investing in human capital and local training and improving access to the 
water resources; food security focused on environmental and climate extension, increasing household’s revenues by 
improving food policies and food quality from rice farmers’ perspectives. In addition, the results of this study demon-
strate the desire in Northern Iran for the role of innovative rural organizations as vital linkages between rice farmers 
and the public sector (i.e., Ministry of Agriculture Jihad).

Conclusions:  This research shows that from the perspective of the surveyed rice growers in northern Iran, four main 
indicators that relate to investment and resources were the most significant: capital, markets, credit, and knowledge. 
Further studies are required for remote sensing monitoring of rice crop condition and yields, condition of irrigation 
systems, and geographic relationship of the agricultural infrastructure to food sovereignty and food security in north-
ern Iran.
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Introduction
Food security and food sovereignty are considered 
inseparable from international development policies [1], 
as well as crucial to domestic food policies [2]. A vari-
ety of indicators have been proposed to establish which 
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countries are in need of improved food security status 
[3]. The definition of household food security is the phys-
ical, social, and economic access of members of the fam-
ily to healthy, complete, sufficient and consistent diets 
that satisfy dietary requirements, and their willingness 
to maintain a healthy lifestyle [4]. Access to adequate 
healthy and nutritious foods, including avoiding hun-
ger, are essential for food security [5]. Food sovereignty 
refers to the right of communities, people, and states to 
independently determine their own food and agricultural 
policies and practices [6]. This can entail the production 
of food through access to land and natural resources for 
food production [7]. Food sovereignty also includes the 
people’s right to healthy and culturally appropriate food 
produced through ecologically sound and sustainable 
methods, and their right to define their own food and 
agriculture system [8, 9]. A country that cannot feed itself 
is not food sovereign nor food secure. Food security is a 
significant challenge, compounded by global economic 
crises, climate change, and compromised food produc-
tion leading to rising food prices and rising numbers of 
malnourished people in rural areas [10]. Combining dif-
ferent food security indicators is an important strategy 
to holistically assess the food security status of the local 
population [11]. In essence, food sovereignty is a precon-
dition to genuine food security (9].

Iran is a country in Western Asia with 82 million inhab-
itants and is the world’s 18th most populous country. 
In Iran, as in many developing countries, issues of food 
insecurity are devastating and oppressive [12]. Food inse-
curity in chronic, seasonal, and transitory forms exists at 
the household, regional, and national levels and includes 
quantitative, qualitative, sociocultural, and psychological 
dimensions [13]. Poverty and food insecurity are closely 
interrelated, insufficient food and poor nutrition have 
major effects on human health, reduce human develop-
ment—and in the long-run—reduce labor productivity 
[14]. Behzadifar et  al. [15] show that the prevalence of 
food insecurity is high in Iran, with 49% of households, 
67% of children, 61% of mothers, 49% of adolescents, 
and 65% of the elderly experiencing food insecurity. In 
addition, The FAO reports that from 2018 to 2020 the 
prevalence of moderate or severe food insecurity in the 
total population of Iran (~ 84 million) was 42.5% and the 
prevalence of undernourishment was 5.5% [16]. Strate-
gies to increase food security are being sought through 
agricultural and rural development [17]. Based on 2018 
United Nations Food and Agriculture Organization 
(UN FAO) reports, the number of people undernour-
ished in Iran was close to 4 million, or roughly 4.6% of 
the population. Rice is the staple food for nearly half of 
the global population (more than 3 billion people) [18]. 
About 90% of the global rice is produced and consumed 

in Asia, including Western Asia. Hence, rice production 
in Asia is the key for global food security [19] as well as 
local food security. In many developing countries, rice is 
the primary source of nutrition [20]. Many studies show 
great potential for increasing rice production [21] includ-
ing Iran, where rice is mainly produced in the northern 
region near the Caspian Sea [22]. Food security in West 
Asia has traditionally been defined as maintaining basic 
prices for rice in rural markets, which provide the main 
food supply to more than 50% of the population. Reach-
ing self-sufficiency in terms of rice production is, there-
fore, an effective method to promote food security at the 
national level [23].

Government-funded rural institutions (e.g. Rice 
Research Institute of Iran as a part of Agricultural 
Research, Education and Extension Organization 
(AREEO) which was officially founded in 1993 by the 
Ministry of Agriculture Jihad), which have more flex-
ibility and access than the Ministry of Agriculture, have 
a positive effect on creativity and innovation by creating a 
network between small producers, small producer organ-
izations, market actors, and policy makers [17]. Rural 
institutions, which have provincial headquarters also 
enhance life in rural areas through distributing informa-
tion and building local resources and capacity, increas-
ing access to natural resources and local governance, and 
facilitating pathways to production assets and markets 
[10]. Innovation in agriculture is a combination of new 
knowledge and technologies related to producing, pro-
cessing, and commercializing agricultural commodities, 
thus improving productivity and competitiveness among 
diverse sectors of the rural population [24]. Organiza-
tional innovation is a broad concept that encompasses 
strategies, structural, and behavioral components [25]. 
One of the main functions of innovative rural organi-
zations is to improve food security by creating a link 
between the public and private sectors that strengthens 
the governance of natural resources, such as water and 
land [26]. The Rice Research Institute of Iran (RRII,http://​
rriir​an.​ir/​index.​php/​missi​on/) is an innovative rural insti-
tution and leader in rice research with a focus on climate 
change and irrigation water scarcity across the country’s 
paddy fields to fulfill the current needs of farmers. RRII’s 
mission and purpose is to improve the quality of life for 
those who depend on the rice sector, through augment-
ing rice-based agri-food systems and the environmental 
sustainability of rice production systems [27].

Considering population growth rates (1.3% for Iran) 
and limited water resources, it is anticipated that food 
security will be a serious challenge in the near future 
for Iran [28]. The agricultural sector in Iran is one of 
the country’s most important economic sectors, with 
water being the most constraining factor for production, 

http://rriiran.ir/index.php/mission/
http://rriiran.ir/index.php/mission/
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despite the fact that agriculture uses more than 90 per-
cent of the country’s renewable water [29]. Because of 
low irrigation efficiency, about 50 to 60 percent of renew-
able water is lost in agriculture, and this has caused agri-
cultural water productivity to be very low [21]. Improving 
access as well as promoting optimal management of 
water resources is crucial to sustainable and sufficient 
rice production.

The main goal of this research is to examine factors of 
rural food security and food sovereignty of rice produc-
ers in Northern Iran, with consideration of the role of 
rice organizations, such as the RRII. We used statistical 
approaches to analyze surveys and interviews conducted 
with 127 local rice producers in the region. In develop-
ing the surveys and interviews, we considered the major 
issues of food security and food sovereignty to be:

•	 Availability, accessibility, utility, and quality of food
•	 Local control and local governance issues
•	 Lack of small-scale farmers’ access to financial assis-

tance, knowledge, and information, as well as human 
capital and natural resources (e.g., water)

•	 In appropriate management patterns in rural areas 
that should be amended by innovative rural institu-
tions

Materials and methods
Study area description
The study was conducted in the Mazandaran province of 
Iran (Fig. 1), which is one of the most important places 
for domestic rice production with nearly 230,000 hec-
tares of rice lands in the country and 45% of total domes-
tic rice production  [30]. In Mazandaran, rice is planted 
mostly under irrigated conditions (i.e., paddy) and is 
grown and harvested once a year, from early April to 
early August, but sometimes is double-cropped with a 
shorter season between late August to early November 
[31]. Local media reports 214,326 hectares of total fields 
in Mazandaran under rice cultivation, with 204,127 hec-
tares, or approximately 95%, via mechanized agriculture 
and the remaining 10,673 hectares grown using tradi-
tional methods [31]. Farmers have adopted a number of 
high yielding varieties, such as highly sought after Tarom, 
Hasehmi, Binam, Fajr, and Shiroodi [27]. They have used 
hybrid technologies to produce hybrid rice with con-
sistently high-yield heterosis (hybrid vigor), good grain 
quality, tolerance to key environmental stresses, multiple 
resistances to insect pests and diseases, and high seed 
production yield [27]. Furthermore, more than half of the 
labor in rice fields, especially for paddy transplanting, is 
performed by women [23, 32].

Mazandaran Province, in northern Iran (Fig. 1), is one 
of the most important places for producing domestic 
rice within the country [31]. The intensive cultivation of 
rice in the region makes it susceptible to unsustainabil-
ity [22]. Since no comprehensive study on the food secu-
rity and food sovereignty of rice production in the region 
has been carried out, this study was an attempt to assess 
the indicators of food security and food sovereignty by 
posing questions and gathering the rice farmers’ opin-
ions. The resulting components highlight the impor-
tance of localizing the food system by increasing access 
to financial assets and local markets, investing in human 
capital and local training, accessing and managing water 
resources as well as environmental and climate extension 
offices, and increasing household revenues by improving 
food policies and food quality (QA/QC labs) from rice 
farmers’ perspectives.

Research questions
This work seeks to answer the following question using 
the self-reported data from surveys:

•	 What indicators explain food sovereignty and food 
security in rural rice growing communities of North-
ern Iran from the perspective of the farmers?

A series of sub-questions are answered in the analysis, 
including:

•	 What are the relationships between the six published 
indicators dimensions of food sovereignty as per-
ceived by rice growers in northern Iran?

•	 How are the four published indicators of food secu-
rity interrelated with each other and which ones con-
tributed more?

Sampling and data collection
Data for scale development and validation were collected 
between June 2017 and March 2018 in Mazandaran Prov-
ince, Iran. This stage of the analysis was prolonged due 
to the implementation of the Delphi method for survey 
creation, communication and outreach to farmers, and 
travel time to remote farms and fields for the interviews 
and surveys themselves. Scale development and valida-
tion are critical to much of the work in health, social, and 
behavioral sciences. There are three phases to creating a 
rigorous scale—item development, scale development, 
and scale evaluation. These can be further broken down 
into nine steps which include: (1) identification of the 
domain(s) and item generation; and (2) consideration of 
content validity. The second phase, scale development, 
i.e., turning individual items into a harmonious and 
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Fig. 1  The northern, rice-producing of Mazandaran Province, Iran with targeted urban centers in this study labeled using location pins; imagery 
from Google Earth Pro provided by Landsat and Copernicus with vector data from Database of Global Administrative Areas (GADM; https://​gadm.​
org/); maps made in Google Earth Pro and QGIS version 3.16 (https://​qgis.​org/​en/​site/​forus​ers/​downl​oad.​html)

https://gadm.org/
https://gadm.org/
https://qgis.org/en/site/forusers/download.html
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measurable construct, consists of (3) pre-testing ques-
tions; (4) sampling and survey administration; (5) item 
reduction; and (6) extraction of indicators (listed below). 
The last phase, scale evaluation of the accuracy of the 
survey mechanism, requires: (7) tests of dimensionality; 
(8) tests of reliability; and (9) tests of validity [33]. To test 
the validity of the questionnaire, a panel of rice experts 
at the RRII examined the questionnaire using the Del-
phi method and necessary modifications were made for 
the final version. For a more effective assessment of the 
quality and quantity of mediating factors, measures may 
include the Delphi method (quality) which is a technique 
“for structuring a group communication process so that 
the process is effective in allowing a group of individu-
als, as a whole, to deal with a complex problem” [34]. The 
reliability of the questionnaire was tested using Cron-
bach’s alpha coefficient (Eq.  1; [35]) in the commercial 
statistical software SPSS. For the pre-test, 30 question-
naires were distributed among the rice growers to cal-
culate Cronbach’s alpha, with answers entered into SPSS 
and after calculating the reliability for each indicator, 
results showed 0.94 < α < 0.96, indicating reliability had 
been confirmed:

where N = the number of items, c̄ = average covariance 
between item-pairs, and v̄ = average variance.

Based on the stratified random sampling method with 
proportional allocation, 127 heads of smallholder farm-
ing households were selected as our targets, because they 
owned ≤ 1 hectare of fields actively cultivated in rice. Due 
to inheritance rules of land ownership and local customs, 
93% of the heads of households were male and just 7% 
were female, but much of the self-reported data from the 
surveys and local media reports that half of the paddy 
rice labor are women [32]. Surveys comprised of 37 ques-
tions were distributed, with most farmers participating 
along with in-depth interviews. Table 1 shows the num-
ber of rice growers per selected city. Data collection was 
implemented through face-to-face survey and a question-
naire consisting of close- and open-ended questions was 
distributed among rice growers. Surveys and interviews 
were conducted in Farsi by lead author Zamanialaei. The 
close-ended questions section responses used the Lik-
ert scale from very high (1) to very low (5), a common 
summated rating format for surveys. The data collection 
targeted multiple households across the rural and urban 
gradient of the study area (Table 1).

Analytical framework
This study used published indicators of food security and 
food sovereignty but defined regionally specific variables 

(1)α =
N .c

v + (N − 1).c

to analyze food security and food sovereignty, building off 
of the peer-reviewed literature. Qualitative and quantita-
tive methods have been used to estimate the importance 
of each indicator from the point of view of rice growers of 
Mazandaran Province, Iran (Table 2).

In this real-world agricultural community, the defi-
nitions for food security and food sovereignty have an 
applied focus on the livelihoods of the rice growers and 
their households as well as the associated rural organiza-
tion of RRII. For our study region, food security is defined 
as a sufficient quantity of rice produced locally that is 
available for household consumption at all times. For the 
Mazandaran Province, food sovereignty is defined as total 
production under control of the rice growers’ households 
as well as sufficient access to natural resources, specifi-
cally water and land (i.e., soil treatments, fertilizer, pesti-
cides, and herbicides), to manage their lands. A flowchart 
is shown in Fig. 2.

The surveys included 20 questions from six indicators 
for food sovereignty and 17 questions from four indi-
cators for food security. Each indicator was defined by 
several variables with a question aligned with it. Table 3 
lists the indicators and variables as well as corresponding 
shortened variable names.

Additional files 1 and 2 uses these shortened variables’ 
names; some of the variables were excluded during the 
Delphi expert consultation and thus the shortened vari-
ables’ names are not sequential.

Statistical analysis
Principal Component Analysis (PCA) is a method to 
reduce data dimensionality and categorize the variables 
by their contributions based on the responders’ opinions 
[38]. PCA was employed in this analysis to perform data 
reduction by explaining the variance across a large num-
ber of measured variables into fewer broader constructs, 
or components. First components extracted explain the 
largest proportion of total variance across the input vari-
ables, and eigenvalues associated with these provide a 
measure of effectiveness of the observed dimensional 
reduction. Successive (e.g., second, third) components 
are extracted such that they are statistically uncorrelated 

Table 1  Target cities and surrounding agricultural areas in 
Mazandaran Province, Iran to interview rice growing household

City Number (percent) of 
sampled households

Babol 44 (35%)

Sary 26 (20%)

Amol 36 (28%)

Qaemshahr 21 (17%)

Total 127
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with prior components and explain successively less vari-
ance. The method employed for choosing the number of 
components to select in each PCA was the “Kaiser cri-
terion”, which retains only PCs that have an eigenvalue 
greater than 1.

In this study, PCA was applied to find correlation as 
well as dependency among indicators and their items, 
according to rice growers’ opinions with respect to the 
role of rural organizations. PCA was performed within 
each indicator area (i.e., ‘Localize food systems’, ‘Values 
for food providers’, ‘Puts control locally’, etc.), and the first 
component scores were extracted to establish what the 
authors refer to as focused indicators. Contextual inter-
pretations of these focused indicators are provided in the 
Results section. To analyze the association between the 
focused indicators, partial correlation analysis was per-
formed (correlating all possible pairs of focused indica-
tors within a pillar, adjusting for other focused indicators 
within the pillar). Significance levels of 0.05 were used 

to determine significance. All analyses were performed 
using R version 4.0.2 [39].

Results and discussion
Food sovereignty
Results for Food Sovereignty and its six indicators are 
shown in Table 4 based on the eigenvalues for each first 
principal component, and the percent of total variance 
explained for each first component is provided for each 
indicator. The first indicator, ‘Localize Food Systems’, 
with maximum eigenvalue of 3.48 explained 65.6% of 
total variance for this dimension and the second, ‘Builds 
Knowledge and Skills’, has an eigenvalue of 3.14, with 
69.6% of total variance. The other indicators with the 
eigenvalues and total variances in order are: Local Con-
trol (eigenvalue of 2.89) with 60.7% of total variance; Val-
ues for Food Providers (1.81) with 73.3% of total variance; 
Works with Nature (1.67) with 81.6% of total variance; 
and Right to Food (1.12) with 67.9% of total variance. As 

Table 2  Definitions and indicators of food security and food sovereignty

Food Security Food Sovereignty

Definition
Food security exists when all people, at all times, have physical and eco-
nomic access to sufficient, safe and nutritious food to meet their dietary 
needs and food preferences in order to lead a healthy and active life [36]

Definition
Food sovereignty is the right of people to healthy and culturally appropri-
ate food produced through ecologically sound and sustainable methods, 
and their right to define their own food and agriculture systems [37]

Indicators
1. Availability
• Import and export markets
• Financing and banking
• Investment in irrigation
• Road networks and port
• Soil fertility and water usage
• Annual rice production
• Knowledge and implementation of new practices (GMO, hybrid seeds)
2.Accessibility
• Food supply value chain for vulnerable majority
• Access to the updated information about rice production
• Increasing revenue for small-scale producers
• Access to the natural resources such as land and water
3. Utility
• Improving food security policies to improve food patterns and cultural 
patterns (Family-oriented farming and labor, Inheritance of land)
• Teaching the correct use of natural resources and adapting to climate 
change
• Improving consumption patterns through a variety of training programs
4. Quality
• Training new cultivation practices for rice seeds
• Mechanisms like quality control Lab for monitoring
• Accessing to the healthy and notorious food

Indicators
1. Localizes food system
• Improving access to import markets
• Improving access to export markets
• Determining guaranteed purchase price
• Strengthening access for financial assistance
• Improving the import and export policies of rice crops
2. Builds Knowledge and skills
• Using proper technology in planting, preservation and harvesting
• Increasing human capital through training an expert force
• Organizing various local classes, such as development classes, etc
• Strengthening the proper use of indigenous and local knowledge
3. Puts control locally
• Ensuring that the voices of small-scale producers are heard by the 
authorities
• Promoting local governance and decentralization in rural management 
programs
• Adopting appropriate rules to reduce conflicts on land
• Integrating land under rice growth
4. Values for food providers
• Improving gender equality through empowerment of rural women as a 
basic work force (rice growers)
• Increasing Flexibility in Vulnerable population through increasing aware-
ness
• Empowering small-scale producers to participate in the policymaking
5. Right to food
• Policies to support food production (pricing policies)
 Food satisfaction needs and cultural preferences
6. Works with nature
• Strengthening the access of rice growers to water resources through 
optimal management
• Managing and conserving resources, especially water resources, for 
sustainable livelihoods
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Table 4 shows, all eigenvalues are greater than 1 and the 
total variance of the first component for all indicators are 
greater than 60%, an acceptable amount to keep the first 
component to explain areas of each indicator.

A PCA was applied to reduce and group the 20 items 
contributing to define the six indicators of food sover-
eignty. For each indicator, the item or items that had been 
heavily weighted were extracted considering rice farm-
ers’ opinions in surveys (Table 5). ‘Guaranteed Purchase 
Price’ (defined as the government’s proposed price for 
buying rice from small-scale rice growers) with 30.7% of 
the total variance and ‘Strengthening Access for Finan-
cial Assistance’ through rural institutions with 28.1% 
of the total variance. These components were grouped 
into a focused indicator named ‘Access to financing’. The 
indicator ‘Builds Knowledge and Skills’ originally tested 
four variables, with the first two components ‘Increas-
ing Human Capital’ through training an expert workforce 
with 23.7% and ‘Organizing Various Local Classes’, such 
as development classes for local rice farmers, with 22.6% 
of the total variance, resulted in the focused indicator 
‘Human capital’. ‘Hearing the Small-Scale Producers’, with 
35.6% of the total variance, resulted in the focused indi-
cator named ‘More local control’. The focused indicator 
“Empower Food Providers” is almost equally explained 

by ‘Empowering Small-scale producers to Participate in 
Policy-Making’ (37.3% of total variance) and ‘Improv-
ing Gender Equality’ (35.1% of total variance) through 
empowerment of rural women as a basic workforce for 
rice. Both ‘Access to Water Resources’ and ‘Pricing Poli-
cies’ focused indicators were explained by a single com-
ponent, including ‘Strengthening Access of Rice Growers 
to Water Resources and Optimal Management” with 
62.1% of total variance and ‘Improving Product Pricing 
Policies’ with 96.3% of total variance, respectively.

The focused indicators represent the important real-
world needs identified by rice growers to reach food sov-
ereignty (Table  5). ‘Access to financing’ indicates desire 
for financial assistance provided by the government for 
rice growers, with resources administered through inno-
vative rural institutions (e.g. Rice Research Institute of 
Iran) and rural cooperatives as facilitators. ‘Human capi-
tal’ focused indicator reflects the desire for local training 
available to rice farmers. More control at the local-level 
means management of rice production such that the 
voices and needs of the small-scale producers are heard 
by authorities. ‘Empowering food providers’ indicates a 
need for input into policy decisions by the growers them-
selves, as well as development aimed especially at women 
as a major workforce in rice production. Strengthening 

Fig. 2  Research flowchart showing the themes food sovereignty and food security, with a subset of survey variables and subsequent focused 
indicators after the PCA
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access of rice growers to water resources and optimal 
management is a common theme, since water is a cru-
cial resource in western Asia. Pricing policies as our last 

focused indicator shows the importance of food pricing 
policies in food sovereignty.

Partial correlations (with p values)
Food sovereignty first principal components  Next, we 
found the correlation between focused indicators through 
partial correlation and p value (Table  6). Component 
weight represents the correlation between the component 
and variable. To find the correlation between the focused 
indicators, partial correlation has been used. Results for 
the focused indicators of food sovereignty are shown in 
Table 6. Some of them are moderately correlated such as 
‘Access to financing’ and ‘Empowering food providers’ 
and ‘Access to water resources’ as well as ‘More local con-
trol’ and ‘pricing policies’ and ‘human capital’ with p value 

Table 3  List of variables and corresponding questions

Pillars Indicators Shortened 
variable names

Questions
Questionnaire of close-ended questions with Likert scale from very 
high to very low

Food Sovereignty Localize food systems Eco1
Eco2
Eco3
Eco4
Political9

Improving access to import markets
Improving access to export markets
Determining guaranteed purchase price
Strengthening access for financial assistance
Improving the import and export policies of rice crops

Builds knowledge and skills Edu3
Edu5
Edu6
Tech2

Increasing human capital
Organizing various local classe
Strengthening the proper use of local knowledge
Using proper technology in planting, preservation and harvesting

Put control locally Political1
Political2
Political3
Political4

Authorities hearing producers’ voice
Promoting local governance and decentralization
Integrating land under rice growth
Adopting appropriate rules to reduce conflicts on land

Values for food providers Social2
Social4
Social9

Empowering small-scale producers
Improving gender equality
Increasing flexibility in vulnerable populations

Works with nature Sus1
Infra6

Managing and conserving resources, especially water resources
Strengthening the access to water resources and optimal management

Right to food Political6
Utility

Improving product pricing policies
Food satisfaction needs and cultural preferences

Food Security Availability Available1
Available2
Available3
Available4
Available5
Available6
Available7

Improving and restoring resources (Land and Water)
Investing in new and consistent technologies
Investing in rural markets
Investing in infrastructure in villages
Improving access to credit and savings systems
Improving research and innovation in agriculture
Possibly improving food production in rural areas

Accessibility Access3
Access5
Access6
Access7

Strengthening access to knowledge and information
Improving access to natural resources (land, water)
Increasing revenue for small-scale producers
Improving the supply of food for the vulnerable majority

Utility Utility1
Utility2
Access1

Improving food patterns and cultural patterns
Teaching correct use of natural resources and adapting to climate change
Improving consumption patterns through training programs

Quality Safety1
Safety2
Safety4

Improving the quality of rice grains
Using mechanisms to ensure the health of the food
Accessing healthy and nutritious food

Table 4  First principal component extractions for each indicator 
of food sovereignty

Indicators Eigenvalue % Total 
variance 
explained

Localize food systems 3.48 65.6

Builds knowledge and skills 3.14 69.6

Local control 2.89 60.7

Values for food providers 1.81 73.3

Works with Nature 1.67 81.6

Right to food 1.12 67.9
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lower than 0.001 and some others are correlated with 
greater p value. All these focused indicators and partial 
correlations are explained further.

Previous research has shown that political commit-
ment, effective institutions, and a systematic approach 
of innovation and adequate investments can improve the 
living conditions of smallholder farmers [40]. Our results 
of partial correlation and food sovereignty’s principal 
components show that ‘Access to financing’ was a first 
focused indicator extracted (Table 5) for food sovereignty 
and was significantly related to ‘Empower food providers’ 
and ‘Access to water resources’ indicators (Table 6). Inno-
vative rural institutions can create a linkage between rice 
growers and policy-makers. For example, the Ministry of 
Agriculture Jihad in Iran can influence policies related to 
guaranteed purchase price of rice, so farmers would be 
able to manage their production in a more economically 
sustainable way. Policies at the local level may need to 
prioritise small-scale households, since more than 75% of 

rice in Mazandaran Province is produced in smallholder 
fields, therefore, facilitating access to financial assistance, 
such as credits and loans for inputs (seeds, fertilizers, 
pesticides, etc.) [23], which has likely been reflected in 
the results of the PCA.

‘Empowering food providers’ represent the rice farm-
ers’ desired participation in policy-making. It also cor-
relates with ‘Human capital’. Since women are the main 
workforce in rice production, food providers can be 
empowered by investing in human capital for better 
access to knowledge and information through train-
ing and building capacity [41]. Women’s empowerment 
is a key means of achieving gender equality [42, 43, 44]. 
Transforming food systems to be more inclusive requires 
enabling women to participate and benefit equally, and 
empowering them to make strategic life choices [26, 
45]. It involves women having the capacity to determine 
and shape their own lives and contribute—equally with 
men—in shaping the lives of their families, communities 

Table 5  Focused indicators and their contributions

Focused indicators from PCA extraction % Contributions

Access to Financing (from Localize Food Systems)
• Guaranteed Purchase Price
• Strengthening Access for Financial Assistance

30.7
28.1

Human Capital (from Builds Knowledge and Skills)
• Increasing Human Capital
• Organizing Various Local Classes

23.7
22.6

More Local Control (from Local Control)
• Hearing the Small-Scale Producers’ Voice

35.6

Empower Food Providers (from Values for Food Providers)
• Empowering Small-scale Producers to Participate in Policy-Making
• Improving Gender Equality

37.3
35.1

Access to Water Resources (from Works with Nature)
• Strengthening Access of Rice Growers to Water Resources and Optimal Management

62.1

Pricing Policies (from Right to Food)
• Improving Product Pricing Policies

96.3

Table 6  Partial correlation with P-value for food sovereignty variables and resulting focused indicators

* p < 0.05; **p < 0.01; ***p < 0.001

Empower food 
providers

More local control Pricing policies Human capital Access 
to water 
resources

Access to financing 0.459
(0.001***)

0.168
(0.064)

0.093
(0.307)

0.056
(0.541)

0.482
(0.001***)

Empower food providers 0.128
(0.160)

0.093
(0.308)

0.226
(0.012*)

0.124
(0.174)

More local control 0.339
(0.001***)

0.463
(0.001***)

0.018
(0.848)

Pricing policies 0.184
(0.042*)

0.270
(0.003***)

Human capital 0.243
(0.007***)
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and societies [46]. Women are important agricultural 
producers in rural areas, including in northern Iran, and 
have made a remarkable contribution in rice farming 
[47]. The UN Food and Agriculture Organization argues 
that women are the backbone of the rural economy in 
the developing world given the key role they play in con-
tributing towards food security [30]. Doss et al. [48] ana-
lyzed four gender statements—including “(1) 70% of the 
world’s poor are women, (2) Women produce 60 to 80% 
of the world’s food; (3) Women own 1% of the world’s 
land; and (4) Women are better stewards of the envi-
ronment”—and found that some of these statements are 
actually grounded in real-world data. Our study findings 
align with statements (2) and (3) from Doss et al. [48] in 
the context of rice growers in Iran. Therefore, improv-
ing gender equality by empowering women and their 
involvement in production and management activities 
could have serious implications for policy and practice, 
especially in terms of productivity [42]. Future work will 
need to focus on the importance of women’s contribution 
to rice growing in northern Iran, including explicit poli-
cies and opportunities to improve food security and food 
sovereignty by empowering women. However, the farm-
ers surveyed in this research did not consider the role of 
women and future work could address this directly given 
the results from this work indicate a relationship between 
empowerment and human capital. This speaks to gender 
imbalance and lack of women empowerment in the agri-
cultural sector and rural communities of Iran. Can you 
achieve food sovereignty if a community leaves out an 
indicator representing at least half of the population?

Findings of Sidibé et  al. [40] show that local control 
and decentralization of governance requires the trans-
fer of public mandates to local communities. ‘More 
local control’ by local authorities, such as the rice insti-
tute, with membering farmers has a huge impact on rice 
production along with improving the food prices and 
pricing policies. Furthermore, the voices of small-scale 
producers, rice growers in this case, can then be heard 
by authorities in government and public organizations. 
In this regard, policy makers with innovative rural insti-
tutions’ contribution can access quantitative and quali-
tative information for the design and implementation of 
evidence-based strategies, plans and programmes related 
to food prices and policies [46, 49].

Public policies especially ‘Product pricing policies’, play 
a determinant role in shaping the future of agricultural 
and food systems: they can underwrite legal frameworks 
to protect, respect and fulfill the Right to Food; bolster 
the investments made by small-scale food producers; 
and mobilise societal resources in support of sustainable 
food systems based on notions of resilience, decent work, 
environmental integrity and the provision of healthy 

food [50]. This has correlated with ‘Human Capital’ and 
‘Access to Water resources’. Human capital develop-
ment with local training classes improves rural welfare. 
Human capital for rural households is defined as invest-
ing in schooling, informal training and local classes, 
information search, technology adoption and good 
health [24, 51]. Once household members have obtained 
their human capital and the focus is on choice of occu-
pation, hours of work, purchased-input use, wage rates, 
or income, one-period static agricultural household 
models provide a useful guide to researchers [52]. Rural 
organizations can develop human capital by providing 
access to local classes and training [10]. In addition, effi-
cient and smart use of resources and the adoption of less 
water-intensive crop production systems are the present 
requirements to achieve sustainable food production. In 
addition, the sustained availability of resources, such as 
water [53], is ever-present. Limited water resources and 
population growth have caused a decline in agricultural 
production in some countries. Currently, this limitation 
is one of the most serious problems in Middle Eastern 
countries, especially arid and semi-arid countries [21]. 
Iran, with nearly 165 million hectare of land area and 
rainfall amounts equal to 300  mm in 67% of its territo-
rial land, is considered as a semi-dry region in the world. 
Research on the historical overview of Iran’s agricul-
tural changes and evolution illustrated the fact that the 
land has a remarkable role in agriculture development 
of the country and received considerable attention after 
enforcement and continuous efforts for land reform [54]. 
There is no large-scale, country-wide analysis quantifying 
the suitability of Iran’s land for agricultural use and land 
evaluation in Iran has been conducted only at local, small 
scales and based on the specific requirements of a few 
crops, such as wheat, rice and faba bean [55].

Rice production in Iran needs to be increased to feed 
a growing population, whereas water for irrigation is 
getting scarce [56]. Efficient application of water in 
agriculture is one of the most important factors in food 
sovereignty and food security of the country. Proper 
planning, management, and education in this sector 
would help prevent the waste of limited natural resources 
[21]. In this regard, innovative rural organizations can 
cause straightening access of small-scale farmers to opti-
mal management in natural resources especially water 
with human capital development.

Support networks should be created by rural institu-
tions in multiple rural areas [4]. Agricultural policies, 
which generally take into account macroeconomic inter-
ests, should pay attention to the food sovereignty of peo-
ple in deprived areas at a micro level, as the development 
of these areas will play a major role in the development of 
the country in the future [57]. Results show that, not all 
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focused indicators derived from the surveyed indicators 
were significant in terms of relating amongst themselves 
in a real-world situation. Some indicators were more 
important or even more obvious to the rice growers. 
For example, they understood and expressed a need for 
accessing financial assets and investing in human capital. 
However, pricing policies are not controllable by small-
scale rice households and so was not a designated indica-
tor from their point of view.

Food security
Food security is recognized as a multifaceted condition 
of complex causality that is related to, yet distinct from, 
poverty and hunger [58]. Given its broad definition, food 
security often eludes precise measurement. This study 
considers there to be four indicators of household food 
security (Availability, Accessibility, Utility and Quality) 
along with 16 items to explain the indicators. Table  7 
indicates that the PCA results highly explained the food 
security indicators and their contributions. Availability of 
food is the first component extracted from PCA with the 
eigenvalue amount of 2.63 and total variance 61.7%. Sec-
ond, component is Accessibility (2.44) with 61%. The next 
two components are Quality (2.01) with 68.3% and Utility 
(1.26) with 73.1%, respectively.

The items for each indicator have been stratified based 
on their contributions and the highest ones are shown 
(Table 8). Like food sovereignty, “focused indicators” were 

defined based on the importance areas of each indica-
tor. They are showing the significance of these indicators 
from the rice growers’ opinions. It is important to link 
the food security’s indicators with actual needs of farm-
ers. Therefore, we labeled the indicators as the focused 
indicators. Among seven variables belonging to ‘Avail-
ability’, ‘Improving research and innovation in agricul-
ture’ that explain the knowledge and implementation of 
new practices for rice production, such as GMO, hybrid 
seeds, etc. with 21.4% of the total variance and ‘Investing 
in rural markets’ with 20.2% of the total variance resulted 
in the focused indicator ‘Access training and markets’. 
Next focused indicator in Table  8 is ‘Increase Revenue 
and Supply’ which was best explained by “Increasing rev-
enue for small-scale producers” with 32.6% and “Improv-
ing the supply of food for the vulnerable majority” with 
30.9% of total variance, likely highlighting the rice grow-
ers’ opinions on the role of rural institutions to assist 
farmers. ‘Using mechanisms like quality control lab to 
ensure the health of the food’ with 51.7% of total vari-
ance and ‘Teaching the correct use of natural resources 
and adapting to climate change’ with 42.7% are extracted 
based on their contribution in the survey, resulting in the 
focused indicators of ‘Expand QA/QC labs’ and ‘Envi-
ronmental and climate extension’, respectively. Therefore, 
the highlighted dominant of each indicator is considered 
as focused indicators which explain their areas that are 
important in this research.

Partial correlations (with p values)
Food security first principal components  Partial correla-
tion between the focused indicators is estimated based on 
the p value (Table  9). Moderately correlated and highly 
significant indicators (p value < 0.001) are ‘Access train-
ing and markets’ with ‘Increase revenues and supply’ and 
‘Environmental and climate extension’. The focused indi-
cator ‘Increase revenues and supply’ was correlated with 
‘Environmental and climate extension’, perhaps indicating 
the rice growers’ perception that additional training will 

Table 7  First principal component extractions for each indicator 
of food security

Indicator Eigenvalue % Total 
variance 
explained

Availability 2.63 61.7

Accessibility 2.44 61

Quality 2.01 68.3

Utility 1.26 73.1

Table 8  Focused indicators and their contributions

PCs and extracted items % Contributions

Access Training and Markets (from Availability)
• Improving research and innovation in agriculture
• Investing in rural markets

21.4
20.2

Increase Revenues and Supply (from Accessibility)
• Increasing revenue for small-scale producers
• Improving the supply of food for the vulnerable majority

32.6
30.9

Expand QA/QC Labs (from Quality)
• Using mechanisms like quality control lab to ensure the health of the food

51.7

Environmental and Climate Extension (from Utility)
• Teaching the correct use of natural resources and adapting to climate change

42.7
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increase crop yields.; Finally, the ‘Environmental and cli-
mate extension’ was correlated with ‘Expand QC/QA labs’. 
These focused indicators have thematic overlap, including 
access to new seed types, perhaps linking the perception 
of needed testing for future rice varieties.

To explain food security at household level, classifica-
tion of four indicators of food security were used. Small-
scale farmers will need good products and information to 
use new practices [17, 59]. Innovative rural organizations 
and community-based farm leaders would be able to fill 
the role of trainers and educators as well as facilitators 
to access the rural markets [60]. Reliable market access 
boosts productivity, increases incomes and strengthens 
food security of rice farmers [52, 61]. It isn’t always easy 
to connect smallholders to markets, nor to ensure their 
produce meets market standards. This could be pro-
moted using some mechanisms such as Quality Control 
labs to make sure the quality of seeds and paddy meet 
the market standards [62]. Unequal distributions of 
power also mean small producers can earn significantly 
less than other actors, such as larger processors, retail-
ers and exporters [63]. Therefore, the rural organizations 
could accelerate better access to domestic and interna-
tional markets, this, therefore, allows small producers 
to reliably sell more products, with better quality and 
at higher prices to increase their revenues and supply 
[4]. Therefore, adapting food systems both to enhance 
food security for the poor and vulnerable and to prevent 
future negative impacts from climate change will require 
attention to more than just agricultural production and 
it needs attention to teaching the correct use of natural 
resources especially water resources and adapting to cli-
mate change.

Conclusions
This research shows that from the perspective of the sur-
veyed rice growers in northern Iran, four main indicators 
that relate to investment and resources were the most sig-
nificant: capital, markets, credit, and knowledge. Capital 
in this context means access to land and/or land tenure, 
including access to the land, and renewable resources, 
such as water for irrigation. Markets are more complex, 

with a need for adequate infrastructure (everything from 
roads to crop storage to shipping), communication net-
works that provide farmers with access to the latest 
prices, and the ability to meet the supply standards in 
supermarkets. Credit improves access to new practices, 
or even access to basic inputs, such as fertilizers. Rice 
growers wanted more knowledge, such as agricultural 
extension and transformative research to improve their 
production. The results of this study demonstrate the 
desire in Northern Iran for the role of innovative rural 
organizations as vital linkages between rice farmers and 
the public sector (i.e., Ministry of Agriculture Jihad). Pol-
icies at the local-level may need to prioritize small-scale 
households by facilitating access to financial assistance, 
such as credit and loans for inputs (seeds, fertilizers, 
pesticides, etc.) [23]. For the food sovereignty results of 
this research, six focused indicators were extracted from 
PCA, including access to financing, human capital, more 
local control, empowering food providers, access to 
water resources, and pricing policies that were noted by 
rice growers. Four focused food security indicators from 
the rice growers’ perspective were extracted from PCA, 
including access training and markets, increasing rev-
enue and supply, expanding QA/QC labs, and environ-
mental and climate extension.

Agricultural policies to combat food insecurity often 
do not take into account the views of the local agricul-
tural producers or how local agricultural production 
links to household food insecurity. Fiscal policies could 
promote nutritional knowledge for household members 
while also supporting households to meet their nutri-
tional needs and local producers to sell their agricultural 
products. Priority for middle and low socioeconomic 
groups is needed, to encompass struggling populations 
but also most rice farmers.

This study shows that women are important agricul-
tural producers in rural areas of Iran and they are the 
backbone of the rural economy given the key role they 
play in food security. Particularly, they are responsible for 
about 60% to 80% of food production in developing coun-
tries and are the main custodians of knowledge regarding 
crop varieties [48, 64]. Therefore, future work will need 

Table 9  Partial correlation with P-value for food security variables and resulting focused indicators

* p < 0.05; **p < 0.01; ***p < 0.001

Increase revenues and supply Environmental and climate 
extension

Expand QA/QC labs

Access Training and Markets 0.349
(0.001***)

0.357
(0.001***)

0.220
(0.014*)

Increase Revenues and Supply 0.308
(0.001***)

0.006
(0.951)

Environmental and Climate Extension 0.354
(0.001***)
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to focus on the importance of women’s contribution to 
rice growing in northern Iran by empowering women 
through improving their access to resources and training.

Promoting food security in remote and rural areas 
that include largely Indigenous populations needs to 
consider food sovereignty [65]. The food sovereignty 
movement was La Via Campesina’s response to liber-
alisation of free trade and has been taken up widely by 
communities across the Global South [66]. The Dec-
laration of Nyeleni states that food sovereignty is the 
right of peoples to healthy and culturally appropriate 
food, produced through ecologically sound and sustain-
able methods, and their right to define their own food 
and agriculture systems [8]. The movement encourages 
small‐scale food producers to grow and distribute food 
within local food systems, the polar opposite mindset 
of multinational corporations [67]. Food production in 
Iran is highly centralized and relies on governmental 
mandates and financing, which this study shows is not 
the perceived improvements by the rice-grower’s them-
selves. Future work should focus on the intersections of 
food sovereignty and food security.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s40066-​022-​00386-1.

Additional file 1. Food Sovereignty PCA Summary - percents of con-
tributions of dimension 1 and dimension 2 for each indicator in Food 
Sovereignty.

Additional file 2. Food Security PCA Summary - percents of contributions 
of dimension 1 and dimension 2 for each indicator in Food Security.

Acknowledgements
We would like to show our gratitude to the experts and employees in Rice 
Research Institute of Iran (RRII) for sharing their pearls of wisdom with us 
during the course of this research, and connecting us with the rice growers 
in Mazandaran province to answer our questionnaire and interviews. We also 
thank our colleagues from Islamic Azad University, Science and Research 
Branch, Tehran, Iran who provided insight and expertise that greatly assisted 
the research and we thank “anonymous” reviewers for their so-called insights.

Author contributions
All authors contributed to the study conception and design. Data collection 
was conducted by Maryam Zamanialaei and the material preparation and 
data analysis were performed by MZ, JM, MH, and JF. The first draft of the 
manuscript was written by MZ and all authors commented on previous ver-
sions of the manuscript. All authors read and approved the final manuscript.

Funding
No funding was received to assist with the preparation of this manuscript.

Availability of data and materials
All data and materials are available in the form of spreadsheets and docs.

Declarations

Ethics approval and consent to participate
All study procedures and ethical considerations for human subjects were 
approved by Islamic Azad University, Iran and Rice Research Institute of Iran. 

All procedures performed in studies involving human participants were in 
accordance with the ethical standards of the institutional and/or national 
research committee and with the 1964 Helsinki declaration and its later 
amendments or comparable ethical standards. All study participants remain 
anonymous with private and culturally sensitive information protected. 
Analysis performed for this manuscript was completed using the anonymous 
database, with no access to names or locations of individuals interviewed 
and/or surveyed. Verbal informed consent was obtained prior to the interview.

Consent for publication
The participant has consented to the submission of the case report to the 
journal.

Competing interests
The authors declare they have no conflict of interest.

Author details
1 Department of Geography, Miami University, Oxford, OH, USA. 2 Department 
of Statistics, Miami University, Oxford, OH, USA. 

Received: 31 January 2022   Accepted: 23 July 2022

References
	1.	 European Commission (EU). Global food security: challenges and options. 

– EU Agricultural Markets Briefs. No. 9, November 2015.
	2.	 Borras AM, Mohamed FA. Health inequities and the shifting paradigms 

of food security, food insecurity, and food sovereignty. Int J Health Serv. 
2020;50(3):299–313. https://​doi.​org/​10.​1177/​00207​31420​913184.

	3.	 Santeramo FG. On the composite indicators for food security: decisions 
matter! Food Rev Int. 2015;31(1):63–73. https://​doi.​org/​10.​1080/​87559​
129.​2014.​96107.

	4.	 Herbel D, Rocchigiani M, Ferrier CH. The role of the social and organiza-
tional capital in agricultural cooperatives’ development practical lessons 
from the CUMA movement. J Co-oper Org Manag. 2015. https://​doi.​org/​
10.​1016/j.​jcom.​2015.​02.​003.

	5.	 Penner S, Kevany K, Longboat S (2019) Indigenous food sovereignty in 
Canada: policy paper. Building Rural Policy Through International Com-
parative Analysis. Rural Policy Learning Commons (RPLC). Retrieved from: 
https://​nativ​ephil​anthr​opy.​issue​lab.​org/​resou​rce/​indig​enous-​food-​sover​
eignty-​in-​canada-​policy-​paper-​2019.​html.

	6.	 Buchelt TD, Virchow D. Food sovereignty or the human right to adequate 
food: which concept serves better as international development 
policy for global hunger and poverty reduction? Agric Hum Values. 
2012;29:259–73.

	7.	 Thiemann L, Roman-Alcalá A. Fast food sovereignty: contradiction in 
terms or logical next step? J Agric Environ Ethics. 2019;32:813–34. https://​
doi.​org/​10.​1007/​s10806-​019-​09800-4.

	8.	 La Via Campesina. Via Campesina- Globalizing hope, Globalizing the 
struggle. http://viacampesina.org/en/. Accessed on Apr 18, 2018.

	9.	 Via Campesina. The right to produce and access to land. safsc; 1996. 
https://​viaca​mpesi​na.​org/​en/​the-​1996-​rome-​food-​sover​eignty-​decla​
ration-​in-​postc​ards/.

	10.	 Herbel D, Crowley E, Ourabah Haddad N, Lee M. Good practices in build-
ing innovative rural institutions to increase food security. Rome: FAO; 
2012.

	11.	 Matavel C, Hoffmann H, Rybak C, et al. Understanding the drivers of food 
security among agriculture-based households in Gurué District. Central 
Mozambique Agric & Food Secur. 2022;11:7. https://​doi.​org/​10.​1186/​
s40066-​021-​00344-3.

	12.	 Pakravan-Charvadeh MR, Khan HA, Flora C. Spatial analysis of food secu-
rity in Iran: associated factors and governmental support policies. J Public 
Health Pol. 2020;41:351–74. https://​doi.​org/​10.​1057/​s41271-​020-​00221-6.

	13.	 Sarlio-Lähteenkorva S, Lahelma E. Food insecurity is associated with 
past and present economic disadvantage and body mass index. J Nutr. 
2001;131(11):2880–4. https://​doi.​org/​10.​1093/​jn/​131.​11.​2880.

https://doi.org/10.1186/s40066-022-00386-1
https://doi.org/10.1186/s40066-022-00386-1
https://doi.org/10.1177/0020731420913184
https://doi.org/10.1080/87559129.2014.96107
https://doi.org/10.1080/87559129.2014.96107
https://doi.org/10.1016/j.jcom.2015.02.003
https://doi.org/10.1016/j.jcom.2015.02.003
https://nativephilanthropy.issuelab.org/resource/indigenous-food-sovereignty-in-canada-policy-paper-2019.html
https://nativephilanthropy.issuelab.org/resource/indigenous-food-sovereignty-in-canada-policy-paper-2019.html
https://doi.org/10.1007/s10806-019-09800-4
https://doi.org/10.1007/s10806-019-09800-4
https://viacampesina.org/en/the-1996-rome-food-sovereignty-declaration-in-postcards/
https://viacampesina.org/en/the-1996-rome-food-sovereignty-declaration-in-postcards/
https://doi.org/10.1186/s40066-021-00344-3
https://doi.org/10.1186/s40066-021-00344-3
https://doi.org/10.1057/s41271-020-00221-6
https://doi.org/10.1093/jn/131.11.2880


Page 14 of 15Zamanialaei et al. Agriculture & Food Security           (2022) 11:50 

	14.	 Pereira LM, Cuneo CN, Twine WC. Food and cash: understanding the 
role of the retail sector in rural food security in South Africa. J Food Sec. 
2014;6:339–57.

	15.	 Behzadifar M, Abdi S, Malekzadeh R, Arab Salmani M, Ghoreishinia G, 
Falahi E, Mirzaei M, Shams Biranvand N, Sayehmiri K. Prevalence of food 
insecurity in Iran: a systematic review and meta-analysis. Arch Iran Med. 
2016;19(4):288–94.

	16.	 FAO. 2021. FAOSTAT. https://​www.​fao.​org/​faost​at/​en/#​data/​FS. Accessed 
28 Dec 2021.

	17.	 Moosavi S, Farajollah-Hosseini J, Mirdamadi M. Social factors affecting on 
improving innovation management in agricultural and rural cooperatives 
of Tehran Province. J Cooper Agricul. 2014;3(9):19–40.

	18.	 International Rice Research Institute (IRRI). World food day. 2019. A 
healthier rice-based diet for people and the planet, Rice to zero hunger. 
(https://​www.​irri.​org/​world-​food-​day-​2019-​rice-​zero-​hunger)

	19.	 Bandumula N. Rice production in Asia: key to global food security. Proc 
Natl Acad Sci India Sect B: Biol Sci. 2018;88:1323–8. https://​doi.​org/​10.​
1007/​s40011-​017-​0867-7.

	20.	 Dipti SS, Bergman C, Indrasari SD, Herath T, Hall R, Lee H, Habibi F, Bas-
sinello PZ, Graterol E, Ferraz JP, Fitzgerald M. The potential of rice to offer 
solutions for malnutrition and chronic diseases. Rice (New York, NY). 
2012;5(1):16. https://​doi.​org/​10.​1186/​1939-​8433-5-​16.

	21.	 Keshavarz A, Ashraft SH, Hydari N, Pouran M, Farzaneh E. Water alloca-
tion and pricing in agriculture of Iran. National Research Council. water 
conservation, reuse, and recycling: proceedings of an Iranian-American 
Workshop. Washington: The National Academies Press; 2005.

	22.	 Amini SH, Rohani A, Aghakhan MH, Abbaspour-Fard MH, Asgharipour 
MR. Assessment of land suitability and agricultural production sustain-
ability using a combined approach (Fuzzy-AHP-GIS): a case study of 
Mazandaran province. Iran Inf Proc Agricu. 2020;7(3):384–402. https://​doi.​
org/​10.​1016/j.​inpa.​2019.​10.​001.

	23.	 Zamani-Alaei M, Farajollah Hosseini SJ, Mirdamadi SM, Lashgarara F. 
Requirements for establishing innovative rural institutions to promote 
the food security of rice growers in Mazandaran Iran. Appl Ecol Env Res. 
2018;16(3):2349–68. https://​doi.​org/​10.​15666/​aeer/​1603_​23492​368.

	24.	 Asenso-Okyere K, Davis K, Aredo D. Advancing agriculture in developing 
countries through knowledge and innovation. Int Food Policy Institute 
(IFPRI). 2008. https://​doi.​org/​10.​2499/​08962​97802.

	25.	 Hosseini SJF, Daryae N, Rahnama A. Innovative management in agricul-
tural cooperatives of Iran. Bull Environ Pharmacol Life Sci. 2014;4(1):134–8.

	26.	 Zamani-Alaei M, Farajollah Hosseini SJ, Mirdamadi SM, Lashgarara F. The 
Requirements of establishing innovative rural organizations to improve 
food security from rice grower’s perspective. Int J Agric Manag Develop. 
2020;10(1):33–44.

	27.	 Rice Research Institute of Iran. 2020. http://​rriir​an.​ir/​index.​php/​2021/​01/​
20/​rice-​resea​rch-​insti​tute-​of-​iran-​rrii-​2020-​at-a-​glance/.

	28.	 Fakhrul Islam SH, Karim Z. World’s demand for food and water: the con-
sequences of climate change. In: Farahani MHDA, Vatanpour V, Taheri AH, 
editors. Desalination - challenges and opportunities. IntechOpen; 2020. 
https://​doi.​org/​10.​5772/​intec​hopen.​85919.

	29.	 Mohammad Jani E, Yazdanian N. The analysis of water crisis conjecture 
in Iran and the exigent measures for its management. Trend (Trend 
Economic Res). 2014;21(65–6):117–44.

	30.	 Food and Agriculture Organization of the United Nations (FAO). Women 
and Population Division, Sustainable Development Department. Rome: 
Food and Agriculture Organization of the United Nations; 2002.

	31.	 Iranian Students’ News Agency (ISNA). News Code: 99013018039. 
(https://​www.​isna.​ir/​news/​99013​018039/). Accessed on Apr18 2020.

	32.	 Islamic Republic News Agency (IRNA). News Code: 83766281. (www.​irna.​
ir/​news/​83766​281/). Accessed on Apr 28 2020.

	33.	 Boateng GO, Neilands TB, Frongillo EA, Melgar-Quiñonez HR, Young SL. 
Best practices for developing and validating scales for health, social, and 
behavioral research: a primer. Front Public Health. 2018;6:149. https://​doi.​
org/​10.​3389/​fpubh.​2018.​00149.

	34.	 Turoff M, Linston HA. The delphi method, techniques and applications. 
Addison-Wesley educational publishers Inc; 2002. ISBN-10: 0201042932. 
https://​acade​mia.​edu/​23844​793/​The_​Delphi_​Method_​Techn​iques_​and_​
Appli​catio​ns.

	35.	 Shevlin M, Miles JNV, Davies MNO, Walker S. Coefficient alpha: a useful 
indicator of reliability? Personality Individ Differ. 2000;28(2):229–37. 
https://​doi.​org/​10.​1016/​S0191-​8869(99)​00093-8.

	36.	 FAO, 2006: Food and Agriculture Organization of the United Nations 
(FAO). Policy Brief: Food Security - Issue 2, June 2006. from: https://​relie​
fweb.​int/​report/​world/​policy-​brief-​food-​secur​ity-​issue-2-​june-​2006

	37.	 Food Secure Canada. 2007. https://​foods​ecure​canada.​org/​who-​we-​are/​
what-​food-​sover​eignty.

	38.	 Lever J, Krzywinski M, Altman N. Principal component analysis. Nat Meth-
ods. 2017;14:641–2. https://​doi.​org/​10.​1038/​nmeth.​4346.

	39.	 R Core Team. R: A language and environment for statistical computing. 
Vienna, Austria: R Foundation for Statistical Computing; 2021. https://​
www.​eea.​europa.​eu/​data-​and-​maps/​indic​ators/​oxygen-​consu​ming-​
subst​ances-​in-​rivers/​r-​devel​opment-​core-​team-​2006.

	40.	 Sidibé A, Totin E, Thompson-Hall M, Oumar TT, Sibiry Traoré PC, Schmitt 
Olabisi L. Multi-scale governance in agriculture systems: Interplay 
between national and local institutions around the production dimen-
sion of food security in Mali. NJAS - Wagening J Life Sci. 2018;84:94–102.

	41.	 Akter S, Rutsaert P, Luis J, Htwe NM, San SS, Raharjo B, Pustika A. 
Women’s empowerment and gender equity in agriculture: a different 
perspective from Southeast Asia. Food Policy. 2017;69:270–9. https://​
doi.​org/​10.​1016/j.​foodp​ol.​2017.​05.​003.

	42.	 Njuki J, Eissler S, Malapit H, Meinzen-Dick R, Bryan E, Quisumbing A. 
A review of evidence on gender equality, women’s empowerment, 
and food systems. Glob Food Sec. 2022;33: 100622. https://​doi.​org/​10.​
1016/j.​gfs.​2022.​100622.

	43.	 Gordillo G, Mendez Geronimo O. Food security and sovereignty: base 
document for discussion. Rome: Food and Agriculture Organization 
of the United Nations (FAO), Retreived from: http://​www.​fao.​org/3/​a-​
ax736e.​pdf.

	44.	 The U.S. Agency for International Development (USAID). Gender 
Equality and Women’s Empowerment. 2020 Policy. https://​www.​usaid.​
gov/​Gende​rEqua​litya​ndWom​ensEm​power​mentP​olicy#:​~:​text=​The%​
202020%​20Gen​der%​20Equ​ality%​20and​,%​2C%​20the​ir%​20fam​ilies%​
2C%​20the​ir%​20com​munit​ies%​2C.

	45.	 International Food Policy Research Institute (IFPRI). Transforming food 
systems for women’s empowerment and equity by LAURA ZSELECZKY, 
HAZEL MALAPIT, RUTH MEINZEN-DICK AND AGNES QUISUMBING. 
(https://​www.​ifpri.​org/​blog/​trans​formi​ng-​food-​syste​ms-​womens-​
empow​erment-​and-​equity). Accessed on Apr 17 2020.

	46.	 World Food Program (WFP). The power of gender equality for food 
security. Closing another gender data gap with a new quantitative 
measure. https://​www.​wfp.​org/​publi​catio​ns/​power-​gender-​equal​ity-​
food-​secur​ity

	47.	 Rasheed A, Mwalupaso GE, Abbas Q, Tian X, Waseem R. Women 
participation: a productivity strategy in rice production. Sustainability. 
2020;12:2870. https://​doi.​org/​10.​3390/​su120​72870.

	48.	 Doss Ch, Meinzen-Dick R, Quisumbing A, Theis S. Women in agricul-
ture: four myths. Glob Food Sec. 2018;16:69–74. https://​doi.​org/​10.​
1016/j.​gfs.​2017.​10.​001.

	49.	 Moradi KH, Popzan A. Rural management in the light of local govern-
ance. Congress of Agricultural Extension and Education Sciences and 
Natural Resources Iran, the Association of Agricultural Extension and 
Education, August 2014. Retreived from: http://​www.​iaeea.​ir.

	50.	 Kay S, Mattheisen E, McKeon N, De Meo P, Moragues Faus A. Public 
policies for food sovereignty. Think piece series Food for Thought No.1, 
Amsterdam, Rome and Heidelberg. January 2018. https://​www.​tni.​org/​
en/​publi​cation/​public-​polic​ies-​for-​food-​sover​eignty.

	51.	 Huffman WE, Orazem P. The Role of agriculture and human capital in 
economic growth: farmers, schooling, and health. Iowa State Univer-
sity, Department of Economics, Staff General Research Papers 3; 2007.

	52.	 Huffman WE. Human Capital, Education and Agriculture. Paper for ple-
nary session III 24th International congress of agricultural economists, 
Berlin, Germany August 13–18; 2000. https://​ageco​nsear​ch.​umn.​edu/​
record/​18269/​files/​isu338.​pdf.

	53.	 Kannan N, Anandhi A. Water management for sustainable food pro-
duction. Water. 2020;12:778. https://​doi.​org/​10.​3390/​w1203​0778.

	54.	 Mohammadi Z, Ahmadvand M, Sharifzadeh M, Shahbazi I. The lived-
experience of land-use among Northern Iranian farmers in land risk 
areas: a phenomenology study. Land Use Policy. 2021;108: 105534. 
https://​doi.​org/​10.​1016/j.​landu​sepol.​2021.​105534.

	55.	 Mesgaran MB, Madani K, Hashemi H. et al. Iran’s land suitabil-
ity for agriculture. Sci Rep 2017;7:7670. https://​doi.​org/​10.​1038/​
s41598-​017-​08066-y.

https://www.fao.org/faostat/en/#data/FS
https://www.irri.org/world-food-day-2019-rice-zero-hunger
https://doi.org/10.1007/s40011-017-0867-7
https://doi.org/10.1007/s40011-017-0867-7
https://doi.org/10.1186/1939-8433-5-16
https://doi.org/10.1016/j.inpa.2019.10.001
https://doi.org/10.1016/j.inpa.2019.10.001
https://doi.org/10.15666/aeer/1603_23492368
https://doi.org/10.2499/0896297802
http://rriiran.ir/index.php/2021/01/20/rice-research-institute-of-iran-rrii-2020-at-a-glance/
http://rriiran.ir/index.php/2021/01/20/rice-research-institute-of-iran-rrii-2020-at-a-glance/
https://doi.org/10.5772/intechopen.85919
https://www.isna.ir/news/99013018039/
http://www.irna.ir/news/83766281/
http://www.irna.ir/news/83766281/
https://doi.org/10.3389/fpubh.2018.00149
https://doi.org/10.3389/fpubh.2018.00149
https://academia.edu/23844793/The_Delphi_Method_Techniques_and_Applications
https://academia.edu/23844793/The_Delphi_Method_Techniques_and_Applications
https://doi.org/10.1016/S0191-8869(99)00093-8
https://reliefweb.int/report/world/policy-brief-food-security-issue-2-june-2006
https://reliefweb.int/report/world/policy-brief-food-security-issue-2-june-2006
https://foodsecurecanada.org/who-we-are/what-food-sovereignty
https://foodsecurecanada.org/who-we-are/what-food-sovereignty
https://doi.org/10.1038/nmeth.4346
https://www.eea.europa.eu/data-and-maps/indicators/oxygen-consuming-substances-in-rivers/r-development-core-team-2006
https://www.eea.europa.eu/data-and-maps/indicators/oxygen-consuming-substances-in-rivers/r-development-core-team-2006
https://www.eea.europa.eu/data-and-maps/indicators/oxygen-consuming-substances-in-rivers/r-development-core-team-2006
https://doi.org/10.1016/j.foodpol.2017.05.003
https://doi.org/10.1016/j.foodpol.2017.05.003
https://doi.org/10.1016/j.gfs.2022.100622
https://doi.org/10.1016/j.gfs.2022.100622
http://www.fao.org/3/a-ax736e.pdf
http://www.fao.org/3/a-ax736e.pdf
https://www.usaid.gov/GenderEqualityandWomensEmpowermentPolicy#:~:text=The%202020%20Gender%20Equality%20and,%2C%20their%20families%2C%20their%20communities%2C
https://www.usaid.gov/GenderEqualityandWomensEmpowermentPolicy#:~:text=The%202020%20Gender%20Equality%20and,%2C%20their%20families%2C%20their%20communities%2C
https://www.usaid.gov/GenderEqualityandWomensEmpowermentPolicy#:~:text=The%202020%20Gender%20Equality%20and,%2C%20their%20families%2C%20their%20communities%2C
https://www.usaid.gov/GenderEqualityandWomensEmpowermentPolicy#:~:text=The%202020%20Gender%20Equality%20and,%2C%20their%20families%2C%20their%20communities%2C
https://www.ifpri.org/blog/transforming-food-systems-womens-empowerment-and-equity
https://www.ifpri.org/blog/transforming-food-systems-womens-empowerment-and-equity
https://www.wfp.org/publications/power-gender-equality-food-security
https://www.wfp.org/publications/power-gender-equality-food-security
https://doi.org/10.3390/su12072870
https://doi.org/10.1016/j.gfs.2017.10.001
https://doi.org/10.1016/j.gfs.2017.10.001
http://www.iaeea.ir.
https://www.tni.org/en/publication/public-policies-for-food-sovereignty
https://www.tni.org/en/publication/public-policies-for-food-sovereignty
https://ageconsearch.umn.edu/record/18269/files/isu338.pdf
https://ageconsearch.umn.edu/record/18269/files/isu338.pdf
https://doi.org/10.3390/w12030778
https://doi.org/10.1016/j.landusepol.2021.105534
https://doi.org/10.1038/s41598-017-08066-y
https://doi.org/10.1038/s41598-017-08066-y


Page 15 of 15Zamanialaei et al. Agriculture & Food Security           (2022) 11:50 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	56.	 Ashouri M. Water use efficiency, irrigation management and nitrogen 
utilization in rice production in the North of Iran. APCBEE Procedia. 
2014;8:70–4.

	57.	 Jones AD, Fink Shapiro L, Wilson ML. Assessing the potential and limita-
tions of leveraging food sovereignty to improve human health. Front 
Public Health. 2015;3:263. https://​doi.​org/​10.​3389/​fpubh.​2015.​00263.

	58.	 Wineman A. Multidimensional household food security measure-
ment in rural Zambia. Agric Econ Res, Polic Practi Southern Africa. 
2016;55(3):278–301. https://​doi.​org/​10.​1080/​03031​853.​2016.​12110​19.

	59.	 Food and Agriculture Organization of the United Nations (FAO). The 
future of food and agriculture, trends and challenges. Rome: Food and 
Agriculture Organization of the United Nations; 2017.

	60.	 Mbow C, Rosenzweig C, Barioni LG, Benton T, Herrero M, Krishnapillai 
M, et al. Food Security. In: Climate change and land: an IPCC special 
report on climate change, desertification, land degradation, sustain-
able land management, food security, and greenhouse gas fluxes in 
terrestrial ecosystems; 2019. https://​www.​ipcc.​ch/​site/​assets/​uploa​ds/​
2019/​11/​08_​Chapt​er-5.​pdf.

	61.	 Organisation for Economic Co-operation and Development (OECD). 
Increasing productivity and improving market access. Promoting pro-
poor growth: policy guidance for donors. OECD; 2007. https://​doi.​org/​10.​
1787/​97892​64024​786-​en. ISBN 978-92-64-02477-9.

	62.	 IFAD. 2014. https://​www.​ifad.​org/​en/​market-​access
	63.	 Purcell SW, Crona BI, Lalavanua W, Eriksson H. Distribution of economic 

returns in small-scale fisheries for international markets: a value-chain 
analysis. Marine Policy. 2017;86:9–16. https://​doi.​org/​10.​1016/j.​marpol.​
2017.​09.​001.

	64.	 Prakash D. Rural women, food security and agricultural cooperatives. New 
Delhi, India: Rural Development and Management Centre; 2013. https://​
www.​seman​ticsc​holar.​org/​paper/​RURAL-​WOMEN%​2C-​FOOD-​SECUR​ITY-​
AND-​AGRIC​ULTUR​AL-​Praka​sh/​a98e8​73474​f7d92​ff553​cbe7f​ec8b4​ae9d7​
274b0.

	65.	 Weiler AM, Hergesheimer CH, Brisbois B, Wittman H, Yassi A, Spiegel JM. 
Food sovereignty, food security and health equity: a meta-narrative map-
ping exercise. Health Policy Plan. 2015;30(8):1078–92. https://​doi.​org/​10.​
1093/​heapol/​czu109.

	66.	 Patel R. Food sovereignty. The J Peasant Stud. 2009;36(3):663–706. https://​
doi.​org/​10.​1080/​03066​15090​31430​79.

	67.	 Charlton KE. Food security, food systems and food sovereignty in the 21st 
century: a new paradigm required to meet sustainable development 
goals. Nutr Diet J Diet Australia. 2016;73(1):3–12. https://​doi.​org/​10.​1111/​
1747-​0080.​12264.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.3389/fpubh.2015.00263
https://doi.org/10.1080/03031853.2016.1211019
https://www.ipcc.ch/site/assets/uploads/2019/11/08_Chapter-5.pdf
https://www.ipcc.ch/site/assets/uploads/2019/11/08_Chapter-5.pdf
https://doi.org/10.1787/9789264024786-en
https://doi.org/10.1787/9789264024786-en
https://www.ifad.org/en/market-access
https://doi.org/10.1016/j.marpol.2017.09.001
https://doi.org/10.1016/j.marpol.2017.09.001
https://www.semanticscholar.org/paper/RURAL-WOMEN%2C-FOOD-SECURITY-AND-AGRICULTURAL-Prakash/a98e873474f7d92ff553cbe7fec8b4ae9d7274b0
https://www.semanticscholar.org/paper/RURAL-WOMEN%2C-FOOD-SECURITY-AND-AGRICULTURAL-Prakash/a98e873474f7d92ff553cbe7fec8b4ae9d7274b0
https://www.semanticscholar.org/paper/RURAL-WOMEN%2C-FOOD-SECURITY-AND-AGRICULTURAL-Prakash/a98e873474f7d92ff553cbe7fec8b4ae9d7274b0
https://www.semanticscholar.org/paper/RURAL-WOMEN%2C-FOOD-SECURITY-AND-AGRICULTURAL-Prakash/a98e873474f7d92ff553cbe7fec8b4ae9d7274b0
https://doi.org/10.1093/heapol/czu109
https://doi.org/10.1093/heapol/czu109
https://doi.org/10.1080/03066150903143079
https://doi.org/10.1080/03066150903143079
https://doi.org/10.1111/1747-0080.12264
https://doi.org/10.1111/1747-0080.12264

	Understanding the perceived indicators of food sovereignty and food security for rice growers and rural organizations in Mazandaran Province, Iran
	Abstract 
	Background: 
	Results: 
	Conclusions: 

	Introduction
	Materials and methods
	Study area description
	Research questions
	Sampling and data collection
	Analytical framework

	Statistical analysis
	Results and discussion
	Food sovereignty
	Partial correlations (with p values)
	Food sovereignty first principal components 


	Food security
	Partial correlations (with p values)
	Food security first principal components 



	Conclusions
	Acknowledgements
	References




