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Abstract 

Ebrahimi, S. S., Lashgharara, F., Mirdamadi, S. M. & Najafabadi, M. O. (2023). Factors influencing climate change 
adaptation practices and their impacts on food security dimensions in horticultural crops evaluated using PLS-SEM 
analysis. Bulg. J. Agric. Sci., 29(5), 978–993

This study examined the major effective factors on climate change adaptation practices and investigated their impacts on 
food security in Qazvin province. The population of this study comprised smallholder horticultural farmers, who produced 
at least two types of horticultural crops during the period 2014-2017. The study sample consisted of 456 farmers, selected 
through stratified random sampling. A questionnaire was utilized for data collection, and data was analyzed using structural 
equation modeling (SEM) (Smart-PLS software, version 3.0). The findings showed that the top four climate change adaption 
practices that can be used by smallholders to improve household food security are (1) using late-flowering and cold tolerant 
varieties, (2) actively participating in extension training courses, (3) using crop insurance, and (4) covering shrubs and trees 
with fabric to protect against frost. In addition, the results confirmed that adaptive farming and non-farming practices are posi-
tively related to the food security dimensions of food availability, access, stability, and utilization. The findings further showed 
that farmers’ knowledge and skills, as well as the local infrastructure are drivers for food security dimensions through the 
application of adaptive farming practices. When farmers intend to use adaptive non-farming practices, their attitudes toward 
the advantages of the climate change adaptation process may stimulate behavioral readiness toward climate change resilience 
and, consequently, improve food security.
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Introduction 

Climate change, a global challenge, is a significant threat 
to food security, especially in developing countries, where 
agriculture is still a primary means of subsistence for small-
holder farmers. These subsistence farmers are more vulnera-
ble to climate change and its possible consequences, such as 
the probable threat to the welfare and food security of their 
households (Wiebe et al., 2019). The relationship of climate 
change and smallholder household food security has been 
considered due to its impacts on agricultural productivity 
and production and even scarce resources to continuous food 
supply (Gregory et al., 2005). According to the FAO (2016), 
all four dimensions of food security are affected by changing 
climatic conditions. A range of impacts have already affect-
ed crop quantity and quality (food availability), agricultural 
production costs and household incomes (food accessibility), 
calorie intake, dietary diversity, and health (food utilization), 
and the stability of farmers’ strategies and production (food 
stability) (Wiebe et al., 2019; Ziervogel and Erikson, 2010). 

To reduce the threat of climate change on food security, 
strategies and practices are needed to ensure the availabili-
ty, stability, accessibility, and affordability of safe food for 
farmers’ households (Reyes et al., 2014). Farmers will have 
to learn to adapt to current and future changes (Roesch-Mc-
Nally et al., 2017) and to choose a set of adaptive farming 
and non-farming practices for climatic risk management 
(Alam et al., 2017). To accelerate the learning process and 
adaptation of farmers, identifying effective factors and pro-
viding underlying conditions are urgent priorities for local 
authorities, farmers’ organizations, and even regional re-
search centers in order to help smallholders across the devel-
oping world, who are more vulnerable to the consequences 
of climate change (Sousa et al., 2018; Shi-yan et al., 2018; 
Alam et al., 2017; Abdul-Razak and Kruse, 2017; Shikuku et 
al., 2017; Zamasiya et al., 2017; Karami, 2014). 

In Iran, like other developing countries, climate change is 
already affecting the production of agricultural crops, partic-
ularly horticultural crops, and risking food insecurity among 
smallholder horticultural farmers (Crisis Management Cen-
ter of Qazvin Agri-Jahad Organization, 2017). In Qazvin 
province, Iran, smallholder horticultural farmers’ livelihoods 
are heavily dependent on the crops they produce annually. 
According to reports by the Agri-Jahad Organization, grape, 
cherry, walnut, peach, nectarine, hazelnut, blueberry, and al-
mond comprise most of the horticultural crops in Qazvin. 
Smallholder horticultural farming in Qazvin generally in-
cludes a variety of crops rather than a single crop. Small-
holder horticultural farmers meet most of their subsistence 
requirements by producing and selling crops. In fact, they 

produce mainly for personal consumption, selling only the 
small surplus they have (Rola-Rubzen et al., ‎2010). In re-
cent years, the consequences of changing climates, such as 
prolonged low temperatures, frequent frost, season creep, 
unseasonal intensified rainfall and hail, reduced rainfall in 
the growing season, drought, and increased frequency of pest 
and diseases, have negatively affected horticultural produc-
tion in Qazvin (Qazvin Agri-Jahad, 2017). For instance, in 
2017, the Crisis Management Center of the Qazvin Agri-Ja-
had Organization estimated that prolonged low temperatures, 
frequent frost, season creep, and early blooming of the trees, 
followed by intense rainfall and hail caused more than $145 
million of damage to horticultural farmers in Qazvin. Qaz-
vin province has 73 thousand hectares area under cultivation 
with horticultural crops. According to the Horticultural Of-
fice of the Qazvin Agri-Jahad Organization, 590,000 tons of 
horticultural crops were produced in this province under nor-
mal conditions during the previous year. This figure, dropped 
to about 500,000 tons in 2017, due to unprecedented frost. 
Obviously, the welfare and food security of smallholder hor-
ticultural farmers was affected most by this situation. Thus, 
these farmers will have to learn to adapt to changes and to 
choose the best adaptive practices in order to reduce their 
vulnerability and the harmful effects of climate change and 
to achieve food security goals. 

Many previous studies on climate change adaptation 
have focused on identifying strategies and practices to cli-
mate change considering all agricultural products (Shi-yan et 
al., 2018; Shaffril et al., 2018; Alam et al., 2017) rather than 
horticultural crops, or they have assessed the direct effects 
of climate change strategies and practices on food security 
(Wossen et al., 2017; Shisanya and Mafongoya, 2016; Ring-
ler et al., 2010), as a whole without assessing the indirect 
influences of individual-based and community-based factors 
related to climate change adaptation on the food security di-
mensions. Therefore, it seems that the relationships between 
some individual and community factors that affect climate 
change adaptation practices (farming and non-farming) and 
subsequently food security dimensions (food availability, 
accessibility, utilization, and stability) are still unknown. 
Research is essential to filling this gap. Thus, this study 
aimed to explore effective factors on adaptive farming and 
non-farming practices and their impacts on food security 
(intended as its four dimensions) using the PLS-SEM ap-
proach. The research questions of this study are: (1) In what 
condition is the farmers’ household food security in Qazvin? 
(2) What factors have significant effects on adaptive farming 
practices? (3) What factors have significant effects on adap-
tive non-farming practices? (4) What factors have significant 
direct effects on the food security dimensions? (5) What fac-
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tors have significant indirect effects on food security dimen-
sions? 

In this paper, the theoretical background is provided first 
in Section 2. The research model and hypotheses are de-
scribed in Section 3, and the methodology and results of the 
study are presented in Sections 4 and 5. Finally, the discus-
sion and conclusion are presented in Section 6. 

Theoretical Background 

Climate change adaptation practices and effective fac-
tors

Mitigation and adaptation are two main responses to 
climate change globally. Mitigation addresses the causes of 
climate change, while adaptation tries to decrease the risks 
of climate change consequences (UNFCCC, 2007). In other 
words, mitigation reduces climate change, and adaptation is 
the response to life in a changing climate and adjustment to 
the actual, or expected future climate (NASA, 2017). The 
International Union for the Conservation of Nature (2010) 
defined adaptation as “the ability to respond to challenges 
through learning, managing risks and impacts, developing 
new knowledge, and devising effective approaches” (Shaffril 
et al., 2018). In the agricultural sector, adaptation to climate 
change also refers to “adjustments in farming activities or 
methods to suit the changes in climatic conditions in order 
to lessen the resultant potential damages” (Zamasiya et al., 
2017). 

Appropriate local adaptation practices are crucial to 
reducing the vulnerability of farmers to climate change 
consequences; historically, farmers have been adapting to 
environmental variability through culture-based and liveli-
hood-centered practices (Adger et al., 2008; Mugambiwa, 
2018). Alam et al. (2017) revealed that smallholder farmers 
could select a range of adaptive farming and non-farming 
practices and strategies to alleviate the severity of climate 
change impacts on agriculture production and food security 
dimensions. Shaffril et al. (2018) reported that crop manage-
ment, irrigation and water management, farm management, 
financial management, physical infrastructure management, 
and social activities are the most effective farming and 
non-farming adaptation practices and strategies to climate 
change. However, according to Alam et al. (2017), effective 
adaptation practices should be context specific and change 
over time and place. 

Fischer (2018) suggested a framework to realize the 
impact of climate change in terms of adaptation behavior, 
which includes a hierarchy of three analytical units of be-
havior (activities, practices, and strategies). He also stated 
that understanding adaptation practices and strategies is 

especially important at the individual level, as well as the 
community level, because individuals (for example farmers 
and their families) directly experience climate change im-
pacts. Thus, identifying effective factors on farmers’ adap-
tive behavior is an urgent priority. According to the existing 
literature, attitude toward behavior is one of the constituent 
elements of an individual’s behaviors (Ajzen, 2005). There-
fore, farmers with a strongly positive attitude toward climate 
change risk alleviation can be expected to select and imple-
ment a set of appropriate adaptation practices and strategies 
(Shikuku et al., 2017). Nonetheless, it should be considered 
that farmers differ in their ability to select and implement 
adaptation practices and strategies. George et al. (2007) in-
dicated that only 30% of farmers believe they are competent 
or very competent to manage climate risk. Meanwhile, it is 
expected that flexible education and training will improve 
farmers’ knowledge and skills, and as a result, a high level 
of knowledge and skills will reflect their competency and 
expertise in adaptive practices toward climate risk manage-
ment (Abdul-Razak and Kruse, 2017). 

Furthermore, Alam et al. (2017) revealed that local 
agro-ecological systems, socio-economics, and existing in-
frastructures and capacities are some of the driving factors of 
enhancing the efficiency of strategies and practices. Accord-
ing to Adger et al. (2009), adaptation to climate change im-
pacts can be affected by different factors, including detailed 
information about climate change effects; political power in 
local decision-making; socioeconomic and environmental 
support; government policies; and research, extension, and 
education. Abdul-Razak and Kruse (2017) showed that eco-
nomic resources, awareness and training as well as techno-
logical capacities were most relevant for smallholder farm-
ers’ adaptive capacity, while infrastructure, social capital, 
and institutions had the least amount of importance in the 
adaptive capacity of smallholder farmers in the Northern Re-
gion of Ghana.

In the horticulture sector, Williams et al. (2018) exam-
ined changing climate, through improving adaptive capacity 
at the local level to reduce vulnerability. Their results indi-
cated that enhancing households’ climate adaptive capacity 
is dependent on factors, such as improved access to finan-
cial resources, climate and production information, market 
accessibility, farm equipment, storage facilities, and other 
government and institutional support. Malhotra (2017) in-
dicated that integrating location-specific and knowledge-in-
tensive climate change adaptation strategies is necessary for 
improving production. They believed that crop-based adap-
tation strategies are required along with consideration of the 
nature of the crop, its sensitivity level, and the agro-ecolog-
ical condition.
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Food security and climate change adaptation practices.  
The link between climate change and food security, is 

very complex due to the impacts of climate change on crop 
productivity and food production (Gregory et al., 2005), as 
well as the socioeconomic issues surrounding food securi-
ty components (Ziervogel and Erikson, 2010). FAO defined 
food security as, “when all people at all times have physi-
cal and economic access to sufficient, safe, and nutritious 
food to meet their dietary needs and food preferences for 
an active and healthy life” (FAO, 1996). Based on the food 
supply chain, including agricultural production, processing, 
distribution, and consumption, the components of food se-
curity are (i) food availability (with elements related to the 
production of adequate crops, distribution, and exchange of 
food); (ii) food access (with elements related to affordabili-
ty, allocation mechanisms, and preference that enable people 
to effectively translate their hunger into demand), (iii) food 
stability (with elements related to continuous food supply 
and access to food), and (iv) food utilization (with elements 
related to nutritional value, social value, and food safety) 
(Gregory et al., 2005; Ziervogel and Erikson, 2010). 

Campbell et al. (2018) revealed that most of the stud-
ies regarding the impacts of climate change on food security 

have focused only on quantity of production as one compo-
nent of food security, while climate change impacts all di-
mensions of food security. Thus, to reduce climate change 
risks on food security, all determinants of food security must 
be considered from the production of adequate crops to food 
safety. According to Ziervogel and Erikson (2010), to un-
derstand the impacts of climate change on food security, the 
links between climate change, food security, and its drivers 
should be investigated. From their point of view, cycles for 
consistency, agricultural management, socio-economic vari-
ables, demographic change, cultural and political variables, 
and science and technology are the drivers of food security 
that could be directly or indirectly affected by climate chang-
es. Thus, to select and implement accurate adaptation deci-
sions and actions to reduce climate change risks, it is neces-
sary to consider the driver’s key role in the link between food 
security and climate change. 

Research model and hypotheses development

Figure 1 shows the research model of the current study 
that was formed in four parts (individual factors, community 
factors, adaptive practices, and food security dimensions). 

Fig. 1. Research Model
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Based on the model, adaptive farming and non-farming prac-
tices are influenced by two individual factors (farmers’ atti-
tudes and farmers’ knowledge and skills) and two commu-
nity factors (government support and local infrastructure). 
Food security dimensions are directly determined by adap-
tive farming and non-farming practices and indirectly deter-
mined by individual and community factors. The relation-
ships of the constructs in this research model are presented.

Adaptive practices (farming and non-farming) and 
food security. 

To select and implement accurate adaptation practices to 
reduce the risks of climate change, prior research investi-
gated the role of key adaptive strategies and practices in the 
link between food security and climate change. Wossen et 
al. (2017) provided an ex-ante assessment of the impacts of 
climate on household income and food security in Ethiopia 
and Ghana to highlight the role of adaptation strategies under 
climate and price variability. They focused on the availabili-
ty and access dimensions of food security. They found that a 
set of adaptive farming and non-farming practices and strate-
gies, such as policy interventions, irrigation facilities, institu-
tional capacity building, access to credit, fertilizer subsidies, 
and new farming technologies and methods are necessary to 
allow households to mitigate the negative impacts of climate 
change. In comparison, Campbell et al. (2018) revealed that 
most of the studies regarding the impact of climate change 
on food security have focused only on the quantity of pro-
duction as one component of food security, while climate 
change impacts all dimensions of food security.

Shisanya and Mafongoya (2016) reviewed strategies for 
adaptation to climate change used by smallholder farmers 
and their impacts on household food security, determined us-
ing the Household Food Insecurity Access Scale (HFIAS) in 
South Africa. Their results showed that 95% of smallholder 
farmers were aware that the climate is changing and expect-
ed severe impacts on their crop production systems. Most of 
the households indicated that having altered livelihoods sys-
tems, government grants, knowledge and information, and 
appropriate input packages for farmers would play a key role 
in mitigating the impacts of climate change on household 
food security. Moreover, householders who were vulnerable 
to climate change recorded high levels of food insecurity. 
Toulabinejad et al. (2017) in a similar study investigated the 
climate change strategies and its impact on the food securi-
ty of farmer households in Iran using HFIAS and reported 
that 53% of households had no problem meeting their food 
needs under usual conditions. According to their findings, 
97% of households were aware that climate change has a sig-
nificant impact on the quality and quantity of products. They 

also found that the implementation of a portfolio of climate 
change adaption strategies (composed of soil and crop man-
agement strategies) by farmers could reduce climate change 
risks and food security vulnerability. Ringler et al. (2010) 
used a comprehensive climate change scenario (CCC) to 
explore the impacts of climate change on food security in 
Sub-Saharan Africa. They reported that climate change will 
lead to changes in yield and area growth, higher food prices 
and subsequent lower affordability of food, reduced calorie 
availability, and growing childhood malnutrition.

Therefore, the following hypotheses are proposed:
(H1): The application of adaptive farming practices pos-

itively affects food availability among smallholder horticul-
tural farmers.

 (H2): The application of adaptive farming practices pos-
itively affects food accessibility among smallholder horticul-
tural farmers.

(H3): The application of adaptive farming practices pos-
itively affects food utilization among smallholder horticul-
tural farmers.

(H4): The application of adaptive farming practices pos-
itively affects food stability among smallholder horticultural 
farmers.

(H5): The application of non-adaptive farming practices 
positively affects food availability among smallholder horti-
cultural farmers.

(H6): The application of non-adaptive farming practices 
positively affects food accessibility among smallholder hor-
ticultural farmers.

(H7): The application of non-adaptive farming practices 
positively affects food utilization among smallholder horti-
cultural farmers.

(H8): The application of non-adaptive farming practices 
positively affects food stability among smallholder horticul-
tural farmers.

Individual factors, community factors, and Adaptive 
practices.

Alam et al. (2017) revealed that smallholder farmers 
could select a range of farming and non-farming adaptation 
practices and strategies to alleviate the severity of climate 
change impacts on agriculture production and food security 
dimensions, while effective adaptation practices should be 
context specific and change over time and place. Therefore, 
understanding adaptation practices is especially important at 
the individual level, as well as the community level (Fischer, 
2018). 

Some of the prior research has focused on individual fac-
tors. For example, some studies have suggested that farmers 
with a strongly positive attitude toward climate change risk 
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alleviation can be expected to select and implement a set of 
appropriate adaptation practices and strategies (Shikuku et 
al., 2017; Kaiser et al. 2010). Wheeler et al. (2013) also em-
phasized the relationship between farmers’ attitudes and ad-
aptation practices and strategies. It should be considered that 
farmers differ in their beliefs and abilities to select and im-
plement adaptation practices depending on their knowledge 
and skills. George et al. (2007), Abdul-Razak and Kruse 
(2017), Zamasiya et al. (2017) and Sousa et al. (2018) indi-
cated that a high level of awareness, knowledge, and skills 
reflect a farmer’s competency and expertise about adaptive 
practices toward climate risks management.

Most of the studies regarding the community level con-
centrated on various ranges of government, support and local 
infrastructures to drive the adaptive farming and non-farm-
ing practices to enhance resilience to climate change. Im-
portant community factors (government support and local 
infrastructures) that affect local farms and the strategies and 
practices of smallholder farmers comprised access to infor-
mation about climate change events and appropriate prac-
tices information (Kumasi et al., 2019; Shi-yan et al., 2018; 
Alam et al., 2017; Adger et al., 2009), government policies in 
rural areas (Shi-yan et al., 2018; Burney et al., 2014; Adger 
et al., 2009), promotion of farmer associations (Kumasi et 
al., 2019; Shi-yan et al., 2018), membership in social groups 
(Zamasiya et al., 2017), promotion of research, extension, 
educational services and media (Shi-yan et al., 2018; Zama-
siya et al., 2017; Adger et al., 2009), adoption of new crop 
varieties and changing planting time (Alam et al., 2017), 
improved access to financial micro-credit services (Alam et 
al., 2017; Keshavarz et al., 2013b; Keshavarz and Karami, 
2014), promotion of insurance services and subsidies (Ku-
masi et al., 2019; Keshavarz et al., 2013b; Keshavarz and 
Karami, 2014), new farming facilities and modern technol-
ogy (Razak and Kruse, 2017; Keshavarz et al., 2013b; Ke-
shavarz and Karami, 2014), institutional support (Burney et 
al., 2014), provision of local agro-ecological systems (Alam 
et al., 2017), improvement of the existing infrastructure and 
capacity (Alam et al., 2017; Razak and Kruse, 2017), allo-
cation of economic resources and credit facilities (Kumasi et 
al., 2019; Razak and Kruse, 2017), and the establishment of 
local markets and local storage (Williams et al., 2018).

Therefore, the following hypotheses are proposed:
(H9): Farmers’ attitudes positively affect the implication 

of adaptive farming practices.
 (H10): Farmers’ attitudes positively affect the implica-

tion of non-adaptive farming practices.
(H11): Farmers’ knowledge and skills positively affect 

the implication of adaptive farming practices.
(H12): Farmers’ knowledge and skills positively affect 

the implication of non-adaptive farming practices.
(H13): Government support positively affects the impli-

cation of adaptive farming practices.
(H14): Government support positively affects the impli-

cation of non-adaptive farming practices.
(H15): Local infrastructure positively affects the implica-

tion of adaptive farming practices.
(H16): Local infrastructure positively affects the implica-

tion of non-adaptive farming practices.

Materials and Methods

Based on the objectives, this quantitative paper concen-
trated on investigating factors influencing the climate change 
adaptation practices and their impacts on food security di-
mensions in Qazvin province, Iran. As explained earlier, the 
research model in this study (Figure 1) includes several en-
dogenous and exogenous constructs: farmers’ attitudes (FA) 
and farmers’ knowledge and skills (FNS) (individual fac-
tors), government support (GS) and local infrastructure (LI) 
(community factors) as the main independent constructs, 
adaptive farming practices (AFP) and adaptive non-farming 
practices (ANFP) as the mediator constructs, and food avail-
ability (Avail), food access (Aces), food stability (Stab), and 
food utilization (Util) as dependent constructs. 

Study area
This study was carried out in Qazvin province, located in 

northwestern Iran at latitude 35°37’ to 36°45’ N and longi-
tude 48°45’ to 50°50’E. Elevation ranges from 300 to 4000 
m, a.s.l. have created differences in topography. Mean annu-
al precipitation is 330 mm (Qazvin Agri-Jagad Organization, 
2016). Surface waters flow in both the northern and southern 
watersheds. According to Agri-Jahad Organization reports, 
grape, cherry, walnut, peach, nectarine, hazelnut, blueberry 
and almond are most of the horticultural crops in Qazvin.

Participants
The population of this study consisted of smallholder hor-

ticultural farmers involved in the production of at least two 
horticultural crops (grape, cherry, walnut, peach, nectarine, 
hazelnut, blueberry, and almond) in Qazvin during the time 
period of 2014-2017. The criterion for entering this study 
was having a maximum of three hectares under cultivation of 
horticultural crops. According to the Qazvin Agri-Jahad Or-
ganization, there are about 51,371 smallholder horticultur-
al farmers, who meet this criterion (N = 51,371). The study 
sample consisted of 456 farmers, based on Cochran, selected 
through stratified random sampling (n = 456). Some demo-
graphic characteristics of the sample are shown in Table 1.
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Data Collection
Data was collected with a questionnaire consisting of five 

sections composed of demographic characteristics, individ-
ual and community factors, climate change adaptation prac-
tices, food security dimensions, and household food security. 
The sub-scales of individual and community factors, climate 
change adaptation practices, and food security dimensions 
were developed, based on a 5-point Likert scale. The ques-
tions of these sections were derived from the research model, 
confirmed with previous studies, and then modified to fit the 
nature of this study. According to the research model, inde-
pendent constructs included farmers’ attitudes (FA) (5 items) 
and farmers’ knowledge and skills (FNS) (5 items), govern-
ment support (GS) (4 items) and local infrastructure (LI) 
(5 items); mediator constructs included adaptive farming 
practices (AFP) (5 items) and adaptive non-farming prac-
tices (ANFP) (4 items); dependent constructs included food 
availability (Avail) (3 items), food access (Aces) (3 items), 
food stability (Stab) (2 items), and food utilization (Util) (3 
items). It should be said that to enhance the questions re-
garding adaptive farming practices and adaptive non-farm-
ing practices with actual situations of smallholder horticul-
tural farming in Qazvin province, further information was 
gathered through in-depth interviews with horticultural ex-

perts from the Crisis Management Center and Horticultural 
Office of Qazvin Agri-Jahad Organization and the Farming 
Research Center of Qazvin province. After analyzing the in-
terviews, five items for adaptive farming practices and four 
items for adaptive non-farming practices were achieved. 

In these sections, reliability was measured through a pre-
test. The questionnaire was distributed among 30 horticul-
tural farmers, who were not in the sample of the study. The 
data was analyzed using Cronbach’s alpha to ensure the reli-
ability of measurement items. The results suggested that the 
Cronbach’s alpha (> 0.70) of all the research variables had 
acceptable reliability. Then, the validity of the scales was 
modified and confirmed by horticulture experts, professors 
of the Agricultural Extension and Development Department, 
and researchers of the Qazvin Agricultural Research Center.

Data on household food security was collected using the 
Household Food Insecurity Access Scale (HFIAS) (Coates et 
al., 2007). The HFIAS module yields information on food in-
security (access) at the household level. Coates et al. (2007) 
stated that “the Access Scale (HFIAS) is an adaptation of the 
approach used to estimate the prevalence of food insecurity 
in the United States (U.S.) annually. The method is based 
on the idea that the experience of food insecurity (access) 
causes predictable reactions and responses that can be cap-

Table1. Demographic characteristics of respondents
Variables Frequency Percentage Mode
Age (year) ≤ 30 55 12.1

31- 40 114 24.9
41-50 157 34.5 41- 50
51-60 95 20.8
≥ 61 35 7.7

Education level illiterate 7 1.6
Primary school 77 16.9
Middle school 56 12.3 Diploma
High school 93 20.3

Diploma 127 27.9
Academic degree 96 21

Gardening experience Until 10 172 37.8
11-20 144 31.5
21-30s 90 19.7 Until 10
31-40 40 8.8
≥41 10 2.2

The area under cultivation (ha) ≤ 1 240 52.6
1-2 192 42.2 ≤ 1
2- 3 24 5.2

garden’s insurance ≤ 50 233 51.2
50-75 65 14.2
≤ 75 158 34.6 ≤ 50

Total 456 100
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tured and quantified through a survey and summarized in a 
scale.” Four types of indicators can be calculated through 
HFIAS, including (i) household food insecurity access-relat-
ed Conditions, (ii) household food insecurity access-related 
Domains, (iii) household food insecurity access Scale Score, 
and (iv) household food insecurity access Prevalence. In this 
study, the first two items were assessed. Household food in-
security access-related Conditions indicators assess the per-
centage of households experiencing conditions at any time 
during the past four weeks, and household food insecurity 
access-related Domains indicators provide summary infor-
mation on the prevalence of households experiencing one 
or more behaviors in each of the three domains of anxiety 
and uncertainty, insufficient quality, and insufficient food in-
take and their physical consequences in the household in the 
past 30 days (Shisanya and Mafongoya, 2016). According to 
Coates et al. (2007), “the questionnaire consists of nine oc-
currence questions that represent a generally increasing level 
of severity of food insecurity (access) and nine “frequen-
cy-of-occurrence” questions that are asked as a follow-up to 
each occurrence question to determine how often the condi-
tion occurred.” This questionnaire, after being translated into 
Persian and back-translated, was confirmed by the research 
team and then used to collect data. 

Data Analyzing
Descriptive analysis was done using SPSS 20. In addition 

to testing the research model, this study also used the partial 
least squares (PLS) technique of structural equation model-
ing using Smart-PLS 3.0 (Ringle et al., 2014) because of its 
suitability with the exploratory nature of this study. PLS path 
modeling provides robust solutions, especially when the ob-
jective is a prediction, the model is relatively complex, the 
sample size is small, there are several dependent variables, 
or the phenomenon under study is new or changing (Chin & 
Newsted, 1999). A two-step process was applied: first, outer 
model assessment (measurement model) was done to evalu-
ate the reliability and validity of the variables, and then the 
inner model (structural model) was assessed to evaluate the 
relations among the constructs and the significance of the 
path coefficients in the research model using the bootstrap-
ping technique (Henseler et al., 2009). Finally, the goodness 
of fit (GoF) index was assessed to provide evidence to sup-
port the research model. The GoF index is defined as the 
geometric mean of the average communality and average R2 
for all endogenous constructs that can be used to determine 
the overall prediction power of the complex model. The GoF 
represents an index for validating the PLS model globally 
such as χ2 and related measures in SEM-ML (Akter, 2011).

Results

Based on the objectives and research questions of this 
study and to assess the hypotheses, both descriptive analysis 
of household food security and structural equation modeling 
of the research model were conducted.

Household food security
Household food security was assessed using the HFIAS 

structure. According to the results of household food insecu-
rity access-related domains, 89% of households as respon-
dents were anxious and uncertain about food supply, 76% 
of the households in the study sample had insufficient food 
quality, and 71% experienced inadequate quantity of food 
intake and its physical consequences (Table 2).

Household food insecurity access-related conditions 
were also assessed, and the frequency of experiencing food 
insecurity condition in the past four weeks was calculated 
(Table 3). The results showed that 47% of households often 
experienced anxiety and uncertainty about household food 
supply. Moreover, most of the households often consumed 
poor quality food by eating non-preferred kinds of food 
(53.5%), a limited variety of food (50.5%), or non-preferred 
food (51%). Similarly, most of the households sometimes 
experienced an inadequate quantity of food and used cop-
ing strategies, such as eating smaller meals than they needed 
(52.5%), eating fewer meals in a day (60.5%), experiencing 
total lack of food due to lack of resources (59.5%), going to 
sleep at night hungry due to lack of food (49.5%), and going 
a whole day and night without eating anything due to lack of 
food (47%).

PLS-SEM analysis
In the next step, the model developed based on the re-

search model (Figure 1) in Smart-PLS 3.0 was assessed 
through a two-step process: (a) measurement model was 
evaluated to assess the reliability and validity of the con-
structs, and (b) structural model was evaluated to examine 
the significance of the path coefficients in the research mod-
el. Finally, the predictive relevance and GoF index of the 
model and constructs were assessed. 

Table 2. Percentage of Household Food Insecurity Ac-
cess-related Domains (n = 456)
Household Food Insecurity Access-related  
Domains in the past 30 days

Percentage

1. Anxiety and uncertainty 89
2. Households with insufficient food quality 76
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Measurement model
In the evaluation of the measurement model, initially, 

confirmatory factor analysis was executed to examine the 
reliability, convergent validity, and discriminant validity of 
the constructs for achieving the optimum values of param-
eters. Smart PLS estimated the construct loading, average 
variance extracted (AVE) and composite reliability (CR). 
As revealed in Table 4, all construct factor loadings were 
higher than 0.5 as the benchmark value (Chine et al., 2014). 
In relation to AVE and CR values, as shown in Table 5, the 
AVE scores ranged from 0.5 to 0.9, and the AVE values of 
all the reflective constructs were higher than the required 
value of 0.5 (Hair et al., 2011).CR values ranged from 0.5 
to 0.9 and were higher than the cut-off value of 0.7 for all 
constructs (Wong, 2013). Discriminant validity of the con-
structs was also assessed. To achieve adequate discriminant 
validity, each square root of the value of AVE was more than 
the correlation coefficient. In other words, according to Table 
5, the diagonal values of the correlation matrix were greater 
than the off-diagonal values (Barclay et al., 1995; Hulland, 
1999). Discriminant validity was also assessed using Het-
erotrait-Monotrait (HTMT) criterion (Henseler et al., 2015). 
All HTMT values were below the threshold of 0.85 and con-
firmed the discriminant validity of the constructs.

Structural model
The hypotheses were tested using the PLS-SEM ap-

proach. The structural model was evaluated in order to assess 
the quality of the model and examine the research hypothe-
ses through the process of bootstrapping, using a two-tailed 
t-test with a significance level of 5%. The path coefficient 
was considered significant if the t-value was larger than 1.96 

(Ringle et al., 2015). The results of the structural model are 
shown in Figure 2, along with the coefficients (β) of all the 
paths and their significance. Based on the results, most of 
the path coefficients were statistically significant and most 
of the hypotheses are supported. As shown in Figure 2, the 
relationship between adaptive farming practices and food 
availability was confirmed (β = 0.408, t-value = 3.934; p = 
0.000); thus, H1 was supported. Furthermore, the relation-
ships between adaptive farming practices and food access 
(β = 0.392, t-value = 3.035; p = 0.000), adaptive farming 
practices and food stability (β = 0.444, t-value = 4.381; p 
= 0.000), adaptive farming practices and food utilization (β 
= 0.392, t-value = 3.566; p = 0.000), adaptive non-farming 
practices and food availability (β = 0.426, t-value = 4.143; p 
= 0.000), adaptive non-farming practices and food access (β 
= 0.383, t-value = 2.937; p = 0.003), adaptive non-farming 
practices and food stability (β = 0.415, t-value = 3.910; p = 
0.000), adaptive non-farming practices and food utilization 
(β = 0.432, t-value = 3.800; p = 0.000) were confirmed; thus 
H2, H3, H4, H5, H6, H7, and H8, respectively, were support-
ed (Table 6). 

After evaluating the effects of constructs, IPMA (Im-
portance-Performance Matrix Analysis) was used to fur-
ther investigate the indicators (or items of adaptive and 
non-farming practices) and generate additional findings 
and conclusions. IPMA was used to prioritize and identify 
the most important adaptive practices to develop resilience 
against climate change risks regarding enhancing the posi-
tive impact on food security dimensions. Smart-PLS com-
putes indicators’ importance by using unstandardized total 
effects. It was found that adaptive practices include (1) use 
of late-flowering and cold tolerant varieties (AFP1), (2) ac-

Table 3. Household Food Insecurity Access-related Conditions (n = 456)
The frequency of experience of food insecurity condition in 

past four weeks (%)
Food insecurity conditions Rarely  

(Once or 
twice)

Sometimes  
(3 to 10 
times)

Often (More 
than 10 
times)

Total

Anxiety and uncertainty about food supply 18 35 47 100
Poor quality food consumption coping strategies
Non-preferred kinds of food 20 26.5 53.5 100
Limited variety of food 21.5 28 50.5 100
Non-preferred food 19.5 29.5 51 100
Inadequate quantity of food coping strategies
Ate a smaller meal than they needed 19.5 52.5 28 100
Ate fewer meals in a day 20 60.5 19.5 100
Experienced total lack of food due to lack of resources 18.5 59.5 22 100
Went to sleep at night hungry due to lack of food 40.5 49.5 10 100
Going the whole day and night without eating anything due to lack of food 41.5 47 11.5 100
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tive participation in extension training courses (ANFP1), (3) 
use of crop insurance (ANFP1), and (4) covering shrubs and 
trees in frost with fabric, etc. (AFP2), to be the top four high-
ly important climate change adaption practices that could 
be implemented by smallholder horticultural farmers to im-
prove household food security.

As shown in Figure 2, the relationships between farm-
ers’ knowledge and skills and adaptive farming practices (β 
= 0.277, t-value = 2.870; p = 0.004), farmers’ knowledge 
and skills and adaptive non-farming practices (β = 0.251, 
t-value = 2.813; p = 0.005), farmers’ attitudes and adap-
tive non-farming practices (β = 0.314, t-value = 2.922; p = 

Table 4. Results of measurement model based on confirmatory factor analysis
Variables items Loadings AVE CR

Farmers’ atti-
tudes (FA)

Using adaptive practices increases farm productivity. FA1 0.790 0.545 0.856
Using adaptive practices helps decrease farm costs. FA2 0.591
Using adaptive practices enhances stability of resources. FA3 0.645
Learning how to use farming adaptive practices is easy. FA4 0.713

FA5 0.841
Farmers’ 
knowledge and 
skills (FNS)

Awareness of the conditions and terms of crop insurance FNS1 0.382 0.555 0.857
Knowledge of how to select appropriate varieties FNS2 0.598
Knowledge and skills of how to protect farm against frost FNS3 0.743
Knowledge and skills of using integrate pest management FNS4 0.669
Knowledge and skills of using modern irrigation equipment FNS5 0.702

Government 
support (GS)

C1Allocate inputs with subsidy price GS1 0.790 0.541 0.822
Delivery of information and training programs from media GS2 0.591
Allocate low-interest rate credits GS3 0.645
C3Support and equip farmer associations and cooperatives GS4 0.713

Local infra-
structure (LI)

Set up stable local markets LI1 0.841 0.525 0.844
Set up local agro-meteorology center LI2 0.382
Set up a local storage LI3 0.598
Promote local processing equipment LI4 0.743
Provide safe crop transportation equipment LI5 0.669

Adaptive farm-
ing practices 
(AFP)

Use late-flowering and cold tolerant varieties AFP1 0.702 0.515 0.840
Cover shrubs and trees in frost with fabric, etc AFP2 0.790
Use sprinklers and garden fog machine for frost protection AFP3 0.591
Conduct integrated management of pests and diseases AFP4 0.645
Use modern irrigation methods and equipment AFP5 0.713

Adaptive 
non-farm-
ing practices 
(ANFP)

Use crop insurance ANFP1 0.841 0.542 0.825
Access to timely information ANFP2 0.382
Membership to farmers associations ANFP3 0.598
Active participation in extension training courses ANFP4 0.743

Food availabili-
ty (Avail)

Production of adequate crops Avail1 0.669 0.582 0.802
Distribution of crops Avail2 0.702
Exchange of food Avail3 0.790

Food access 
(Aces)

Affordability Aces1 0.591 0.732 0.891
Allocation mechanisms Aces2 0.645
Preference Aces3 0.713

Food stability 
(Stab)

Continuous food supply Stab1 0.841 0.650 0.848
Access to food Stab2 0.382

Food utilization 
(Util)

Nutritional value Util1 0.598 0.696 0.821
Social value Util2 0.743
Food safety Util3 0.669
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0.004), government support and adaptive farming practices 
(β = 0.312, t-value = 2.556; p = 0.011), government support 
and adaptive non-farming practices (β = 0.295, t-value = 
2.532; p = 0.012), and local infrastructure and adaptive farm-
ing practices (β = 0.219, t-value = 3.239; p = 0.001) were 
confirmed; thus H9, H10, H12, H13, H14, and H15, respec-
tively, were supported. However, farmers’ attitudes did not 
significantly influence adaptive farming practices (β = 0.167, 
t-value = 1.618; p = 0.106). Thus, H11 was not confirmed. 
Furthermore, local infrastructure did not significantly influ-
ence adaptive non-farming practices (β = 0.104, t-value = 

1.311; p = 0.191); therefore, H16 was also not confirmed 
(Table 6). In addition, all R2 values were higher than 0.50, 
which indicates good models (Hair et al., 2011). 

After evaluating the effects of constructs, IPMA was used 
to prioritize and identify the most important effective fac-
tors on adaptive practices to developing resilience against 
climate change risks. It was found that indicators including 
(1) delivery of information and training programs from me-
dia (GS2), (2) having knowledge and skills to protect the 
farm against frost (FNS3), (3) allocating inputs with subsidy 
prices (GS1), and (4) establishment of a local agro-meteo-

Table 5. Discriminant validity and correlation between constructs
constructs 1 2 3 4 5 6 7 8 9 10
FNS 0.745
FA 0.591 0.739
GS 0.645 0.628 0.735
LI 0.713 0.522 0.671 0.724
AFP 0.641 0.587 0.611 0.677 0.718
ANFP 0.582 0.422 0.577 0.483 0.489 0.736
Avail 0.598 0.645 0.624 0.655 0.636 0.473 0.763
Aces 0.743 0.752 0.681 0.719 0.854 0.538 0.793 0.856
Stab 0.669 0.663 0.709 0.737 0.702 0.569 0.652 0.790 0.806
Util 0.702 0.550 0.599 0.785 0.642 0.437 0.691 0.721 0.732 0.835

*Correlation is significant at the 0.05 level (2-tailed)
Diagonal values are the square roots of the AVE, and below the diagonal values are the correlations between the construct values.

Fig. 2. Structural model results for research model
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rology center (LI2) were the top four, highly important in-
fluencing factors to adaptive farming practices that could be 
implemented by smallholder horticultural farmers to reduce 
the destructive consequences of climate change. The top four 
influencing factors to adaptive non-farming practices were 
(1) increasing farm productivity (FA1), (2) delivery of infor-
mation and training programs from media (GS2), (3) aware-
ness of the conditions and terms of crop insurance (FNS1), 
and (4) supporting and equipping farmers’ associations and 
cooperatives (GS4).

In Table 7, the coefficients (β) of all indirect effects of 
constructs on food security dimensions and their significance 
are presented. Based on the results of indirect effects, farm-
ers’ knowledge and skills through adaptive farming practices 
as a mediate construct positively and significantly affected 
food availability (FKS→AFP→Avail: β = 0.113, t-value 
= 2.129; p = 0.034), food stability (FKS→AFP→Stab: β 
= 0.123, t-value = 3.333; p = 0.001), and food utilization 
(FKS→AFP→Util: β = 0.109, t-value = 2.956; p = 0.003), 
while farmers’ knowledge and skills through adaptive 
farming practices had no significant effect on food access 
(FKS→AFP→Aces: β = 0.109, t-value = 1.694; p = 0.091). 
In summary, as shown in Table 7, effective factors on food 
availability through adaptive farming practices as a mediate 
construct included farmers’ knowledge and skills (β = 0.113, 
p = 0.034), government support (β = 0.128, p = 0.030), local 
infrastructure (β = 0.090, p = 0.005), while through adaptive 
non-farming practices, only farmers’ attitudes (β = 0.134, p = 
0.005) had a significant effect on food availability. The effec-

tive factors on food access, through adaptive farming prac-
tices as a mediate construct included government support (β 
= 0.123, p = 0.040) and local infrastructure (β = 0.086, p = 
0.019), while through adaptive non-farming practices, farm-
ers’ knowledge and skills (β = 0.096, p = 0.049) and farmers’ 
attitudes (β = 0.120, p = 0.026) had significant effects on 
food access. Furthermore, effective factors on food stability, 
through adaptive farming practices as a mediate construct 
included farmers’ knowledge and skills (β = 0.123, p = 
0.001) and local infrastructure (β = 0.097, p = 0.011), while 
through adaptive non-farming practices, farmers’ knowledge 
and skills (β = 0.104, p = 0.021) and farmers’ attitudes (β = 
0.130, p = 0.004) had significant effects on food stability. Fi-
nally, effective factors on food utilization, through adaptive 
farming practices as a mediate construct included farmers’ 
knowledge and skills (β = 0.109, p = 0.003) and local in-
frastructure (β = 0.086, p = 0.032), while through adaptive 
non-farming practices, farmers’ knowledge and skills (β 
= 0.108, p = 0.014) and farmers’ attitudes (β = 0.135, p = 
0.012) had significant effects on food utilization.

Assessment of GoF index
The GoF index was generated through the standardized 

root mean squared residual (SRMR), which was 0.071 and 
the normed fix index (NFI) 0.810, which means that the 
model fit the empirical data. The GoF index has a descrip-
tive nature, so there are no inference-based criteria to assess 
its statistical significance (Vinzi et al., 2010). This index is 
bounded between 0 and 1, and Wetzel et al. (2009) suggested 

Table 6. Hypothesis testing, relationships between constructs (direct effect)

Hypothesis Coef. (β) SD t-value p-value decision R2
H1 AFP → Avail 0.408 0.104 3.934 0.000 Supported 0.602
H5 ANFP → Avail 0.426 0.103 4.143 0.000 Supported
H2 AFP → Aces 0.392 0.129 3.035 0.000 Supported 0.517
H6 ANFP → Aces 0.383 0.130 2.937 0.003 Supported
H3 AFP → Stab 0.444 0.101 4.381 0.000 Supported 0.638
H7 ANFP → Stab 0.415 0.106 3.910 0.000 Supported
H4 AFP → Util 0.392 0.110 3.566 0.000 Supported 0.586
H8 ANFP → Util 0.432 0.114 3.800 0.000 Supported
H9 FKS→AFP 0.277 0.097 2.870 0.004 Supported 0.758
H10 FA→AFP 0.167 0.103 1.618 0.106 Not-Supported
H11 GS→AFP 0.312 0.122 2.556 0.011 Supported
H12 LI→AFP 0.219 0.068 3.239 0.001 Supported
H13 FKS→ANFP 0.251 0.089 2.813 0.005 Supported 0.752
H14 FA→ANFP 0.314 0.107 2.922 0.004 Supported
H15 GS→ANFP 0.295 0.117 2.532 0.012 Supported
H16 LI→ANFP 0.104 0.079 1.311 0.191 Not Supported

**** p < 0.001 ** p < 0.01 * p < 0.05
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GoF small (0.10), GoF medium (0.25), and GoF large (0.36) 
(Akter et al., 2011). For the research model in this study, a 
GoF value of 0.587 was obtained, which exceeds the cut-off 
value of 0.36, indicating that the model has very good pre-
diction power.

Discussion 

The current study examined the factors that influence cli-
mate change adaptation practices and their impacts on food 
security, intended as its four dimensions, using the PLS-
SEM approach. The results are presented in three sections. 
First, the findings of this paper show that 89% of households 
were anxious and uncertain about their food supply, 76% of 

households had insufficient food quality, and 71% have ex-
perienced an inadequate quantity of food intake and its phys-
ical consequences. This finding is in close accordance with 
those of Shisanya and Mafongoya (2016) and Toulabinejad 
et al. (2017). 

Second, the findings of this paper show that government 
support (Kumasi et al., 2019; Shi-yan et al., 2018; Alam et 
al., 2017; Adger et al., 2009), farmers’ knowledge and skills 
(George et al., 2007; Abdul-Razak and Kruse, 2017; Zama-
siya et al., 2017; Fischer, 2018; Sousa et al., 2018), and local 
infrastructure (Alam et al., 2017; Razak and Kruse, 2017; 
Kumasi et al., 2019; Keshavarz et al., 2013b; Keshavarz and 
Karami, 2014) are the main predictors of adaptive farming 
practices, respectively, that are supported by earlier research. 

Table 7. Relationships between constructs (indirect effect)
Hypothesis Coef. (β) SD t-value p-value
FKS→AFP → Avail 0.113 0.053 2.129∗ 0.034
FA→AFP → Avail 0.068 0.043 1.599 0.110
GS→AFP → Avail 0.128 0.059 1.173∗ 0.030
LI→AFP → Avail 0.090 0.032 2.811∗∗ 0.005
FKS→ANFP → Avail 0.107 0.055 1.944∗ 0.052
FA→ANFP → Avail 0.134 0.048 2.791∗∗ 0.005
GS→ANFP → Avail 0.126 0.067 1.865 0.063
LI→ANFP → Avail 0.044 0.036 1.214 0.225
FKS→AFP → Aces 0.109 0.064 1.694 0.091
FA→AFP → Aces 0.065 0.048 1.374 0.170
GS→AFP → Aces 0.123 0.060 2.057∗ 0.040
LI→AFP → Aces 0.086 0.036 2.356∗ 0.019
FKS→ANFP → Aces 0.096 0.049 1.976∗ 0.049
FA→ANFP → Aces 0.120 0.054 2.228∗ 0.026
GS→ANFP → Aces 0.113 0.066 1.712 0.087
LI→ANFP → Aces 0.040 0.035 1.137 0.256
FKS→AFP → Stab 0.123 0.037 3.333∗∗∗ 0.001
FA→AFP → Stab 0.074 0.048 1.580 0.115
GS→AFP → Stab 0.139 0.078 1.783 0.075
LI→AFP → Stab 0.097 0.038 2.537∗ 0.011
FKS→ANFP → Stab 0.104 0.045 2.319∗ 0.021
FA→ANFP → Stab 0.130 0.045 2.876∗∗ 0.004
GS→ANFP → Stab 0.123 0.073 1.671 0.095
LI→ANFP → Stab 0.043 0.034 1.268 0.205
FKS→AFP → Util 0.109 0.037 2.956∗∗ 0.003
FA→AFP → Util 0.065 0.047 1.405 0.161
GS→AFP → Util 0.123 0.067 1.835 0.067
LI→AFP → Util 0.086 0.040 2.156∗ 0.032
FKS→ANFP → Util 0.108 0.044 2.453∗ 0.014
FA→ANFP → Util 0.135 0.054 2.520∗ 0.012
GS→ANFP → Util 0.128 0.072 1.762 0.079
LI→ANFP → Util 0.045 0.038 1.169 0.243

**** p < 0.001 ** p < 0.01 * p < 0.05
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In addition, farmers’ attitudes (Fischer, 2018; Shikuku et al., 
2017; Wheeler et al., 2013; Kaiser et al. 2010), local infra-
structure (Alam et al., 2017; Razak and Kruse, 2017; Ku-
masi et al., 2019), and farmers’ knowledge and skills (Ab-
dul-Razak and Kruse, 2017; Zamasiya et al., 2017; Fischer, 
2018) are the main predictors for adaptive non-farming 
practices to climate change. The top four climate change 
adaption practices that could be implemented by smallhold-
er horticultural farmers to improve household food security 
are (1) use of late-flowering and cold tolerant varieties, (2) 
active participation in extension training courses, (3) use of 
crop insurance, and (4) covering shrubs and trees in frost 
with fabric. According to the results, the most important in-
fluencing factors to applying these adaptive practices are the 
delivery of information and training programs from media, 
having knowledge and skills to protect farms against frost, 
the allocation of inputs with subsidy prices, the establish-
ment of a local agro-meteorology center, a positive attitude 
toward adaptive practices, awareness of the conditions and 
terms of crop insurance, and supporting and equipping farm-
ers’ associations and cooperatives. These influencing factors 
should be considered when farmers, government, and other 
stakeholders want to achieve short-term and long-term goals 
toward reducing the risks and destructive consequences of 
climate change. 

Third, the results of the current study confirm that adap-
tive farming and non-farming practices to climate change 
are positively related to food security dimensions, including 
food availability, food access, food stability, and food utiliza-
tion. This finding is supported by earlier research (Wossen et 
al., 2017; Campbell et al., 2018). The findings further show 
that farmers’ knowledge and skills and local infrastructure 
are drivers for food security dimensions, through implicating 
adaptive farming practices. When farmers intend to employ 
adaptive non-farming practices, their attitudes toward the ad-
vantages of the climate change adaptation process may stim-
ulate them into behavioral readiness toward climate change 
resilience and improvement of food security.

Conclusion

Climate change, a global challenge, is already affecting 
the production of horticultural crops in Qazvin. Such chang-
es are negatively affecting both natural and agricultural 
ecosystems on the one hand and human social systems on 
the other, because of the lack of some resources, policies, 
farming skills, and adequate adaptation practices. This paper 
contributes to the ongoing debate on how to accelerate the 
drivers to improve smallholder farmers’ adaptation behav-
iors to climate change and, subsequently, to household food 

security. The results of this study imply the need to facili-
tate farmers’ knowledge and skills, local infrastructures, and 
farmers’ attitudes as influential factors to develop adaptive 
farming and non-farming practices in order to achieve food 
security goals. 

Providing on-farm extension services by extension 
agents, persuading farmers to join rural cooperatives and 
associations, providing the required farming, or gardening 
equipment and technologies by public and private institu-
tions, facilitating the terms of crop insurance for farmers, 
providing sprinklers and garden fog machines to rent for 
frost protection, and facilitating the appropriate conditions 
for access to financial resources, as the most important ad-
aptation strategies, may be responsible for reducing climate 
change risks for smallholder horticultural farmers in Qaz-
vin province. In fact, these strategies could be introduced 
as food security drivers for smallholder horticultural farm-
ers in Qazvin province. It should be said that food security 
components, especially food stability, food availability, and 
food access among smallholder horticultural farmers’ house-
holds, might be aggravated by the implementation of these 
adaptation strategies. It seems that success in building stable 
and enhanced food security could be driven through the in-
corporation of these strategies in plans, aims, and programs 
of policymakers, researchers, specialists, farmers, and other 
stakeholders in the horticultural sector of Qazvin. 

It is further suggested that future studies more thoroughly 
investigate the role of the main climate change adaptation 
strategies introduced herein that were found to be the most 
important households food security drivers in Qazvin prov-
ince.
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