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Overapplication of nitrogen (N) has direct and indirect environmental and social
impacts, both now and in the future. Therefore, applying N more efficiently is an
important goal in many developing countries. The purpose of this study is to understand
the factors affecting the intention of nitrogen consumption behavior by farmers in
Ramshir county in Khuzestan province (located in southwestern Iran). To this end, we
used the extensive normative activation model enriched with the planned behavior
model to understand farmers’ behavior. The statistical population for the study included
200 farmers in Ramshir county in Khuzestan province in southwestern Iran. Structural
equation modeling revealed that the proposed model predicted 32% and 45% of the
variance in intention and behavior, respectively. Personal norms were stronger predictors
of intention, whereas attitude and subjective norms had no impact on intention. As
fertilizer use continues to increase, imbalanced and unsustainable use of fertilizers and
their environmental effects will become a major concern according to the findings.
Factors that affect farmers’ decision-making on fertilizer usage need to be studied and
better understood in order to establish correct policies on costs, incentives, and future
program goals. It is therefore important for policymakers to communicate information to
producers through demonstration projects, technical assistance, and educational
programs, in order to formulate successful emission control policies. Under a changed
political environment, some integration of education and economic benefits could be
lower cost and more effective tools to achieve desired conservative environmental goals.

Keywords: reduced nitrogen application; norm activation model; emotion; Iranian farmers

1. Introduction

Nitrogen (N) plays a major role in increasing agricultural production worldwide
(Bontems and Thomas 2006; Elrys et al. 2019) to meet the increasing demand for
food and to combat hunger due to population growth (Stuart, Schewe, and McDermott
2014). The use of N fertilizer has increased tenfold in the past six decades (Robertson
and Vitousek 2009). However, applying N is risky in many circumstances (Monjardino
et al. 2013), and overapplication of N is directly and indirectly associated with several
environmental and social impacts, both now and in the future. These impacts include a
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loss of biodiversity, climate change, soil acidification, threats to human health, degrad-
ation of water quality, and eutrophication (Berre ef al. 2013; Weber and McCann
2015; Elrys et al. 2019). Because it is highly mobile in water, N has a significant
impact on groundwater pollution (Bontems and Thomas 2006; Barnes et al. 2011).
This type of pollution has been reported in many parts of the world, such as the
United States (Altieri and Nicholls 2001), Spain (Picazo-Tadeo and Reig-Martinez
2007), Egypt (Elrys et al. 2019), and Iran (Jalali 2011).

Furthermore, because N can enter into surface water through runoff from agriculture,
many coastal rivers and bays have been polluted (Stuart, Schewe, and McDermott 2014)
such as Mexico Gulf (Stuart, Schewe, and McDermott 2014). Moreover, N transforms
into nitrous oxide (N,O), a greenhouse gas (which is 298 times more active than carbon
dioxide) that contributes significantly to climate change and global warming (IPCC 2006).
The agricultural sector and food supply are the main suppliers of N,O emissions —
60%—-80% of total anthropogenic N,O emissions (Steinfeld et al. 2006; IPCC 2006;
Stuart, Schewe, and McDermott 2014), and increasing the level of nitrates in the soil
causes metahemoglobinemia (low blood oxygen levels) in children and gastric, bladder,
and oesophageal cancer in adults (Altieri and Nicholls 2001). Iran’s agriculture and envir-
onment are facing almost all of the problems posed by the use of N. Worsening water
quality due to the leaching of N from agriculture is a serious problem (Jalali 2005, 2011).
Some studies (Qasemi et al. 2018; Rahmati ef al. 2015) have revealed that concentrations
of nitrates exceed the World Health Organization’s acceptable thresholds. Moreover, Iran
is at the top of the list of greenhouse gas emitters (Zobeidi et al. 2016).

Improper and excessive use of nitrogen fertilizers, in addition to wasting fertilizer
and its negative impact on the environment — through the entry of fertilizer waste into
water and soil resources — lead to wasting the farmers’ financial resources.

Jayne, Zulu, and Nijhoff (2006) proposed the low use of outside inputs as a con-
tributor to declining crop productivity. As Duflo, Kremer, and Robinson (2011) have
noted, farmers frequently want to use more inorganic fertilizers, but face cost con-
straints when purchasing them, and they do not receive government subsidies to buy
nitrogen fertilizers. While poverty and declining soil fertility as a constraint on crop
production are a concern, farmers are forced to spend more of their income to provide
nitrogen fertilizers. Although increasing the price of fertilizer will have environmental
benefits, it will reduce crop production productivity. The results of many studies
(Ricker-Gilbert, Jumbe, and Chamberlin 2014; Holden and Lunduka 2012) have shown
that an increase in the price of nitrogen fertilizers will reduce demand for it, and the
elimination of its price or the allocation of subsidies may increase consumption
(Ricker-Gilbert, Jumbe, and Chamberlin 2014; Holden and Lunduka 2012).

The negative effects of nitrogen fertilizers on the environment, water, and soil on
the one hand, and the reduction of crop yields on the other hand, have caused farmers
to be concerned about using nitrogen fertilizers. Therefore, the use of these fertilizer
resources in order to protect personal interests and monitor social environmental issues
together requires the acquisition of behavioral skills, training, and consultation of
experts, which has become an important goal in many developing countries (Robertson
and Vitousek 2009; Sheriff 2005; Barnes et al. 2011; Kanter, Zhang, and Mauzerall
2015). In other words, using the opinions of experts in health protection, environmen-
tal protection, improving fertilizer management, sustainable production, reducing costs,
and helping the mitigation of climate change are very important (Stuart, Schewe, and
McDermott 2014; IPCC 2006).
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Although farmers are aware of the risk N poses, they overapply this fertilizer and
do not widely accept management practices and technologies developed for its optimal
application (Stuart, Schewe, and McDermott 2014), so understanding their motivations
is essential to reduce this behavior (Huang et al. 2012).

The first step to designing effective policy to encourage efficient N fertilizer appli-
cation on farms is to understand the current behavior of farmers regarding N applica-
tion. Since little is known about which factors influence farmers’ decisions to use
fertilizers (Stuart, Schewe, and McDermott 2014), it is necessary to investigate the per-
ceptions and behavior of farmers regarding N fertilizer (Ribaudo et al. 2011). We
argue that the future success of N management largely depends on farmers’ intentions
and behavior regarding adequate use of N. We ask the following questions: What
encourages farmers’ adequate use of N? What factor(s) determine(s) farmers’ willing-
ness to use, and actual use of, adequate N? The answers to these questions have
important policy implications for the effective use of N on farms. These insights can
help policymakers facilitate changes in farmers’ intentions to use adequate N.

Although relatively comprehensive studies regarding farmers’ attitudes and behavior
regarding the application of chemical pesticides have been performed in Iran (Abadi 2018;
Monfared, Yazdanpanah, and Tavakoli 2015; Rezaei, Seidi, and Karbasioun 2019), there
are no studies on the overapplication of N in Iran, and this topic has received less attention
by stakeholders (including researchers, practitioners, and even the public) than chemical
pesticides. Therefore, this study provides much needed empirical data on farmers’ percep-
tions and behavior toward reduced and efficient use of N on their farms. We hope that the
results of this study draw more attention from scholars and policymakers to this neglected
area. Furthermore, we believe that our results provide policymakers with meaningful infor-
mation for improving the design of environmental policies aimed at reducing the consump-
tion of N in Iran’s agriculture and food supply.

Today, there is a growing interest in using cognitive approaches to better under-
stand environmental decision making (Yazdanpanah et al. 2015; Delfiyan et al. 2020;
Pakmehr, Yazdanpanah, and Baradaran 2020a; Rahimi-Feyzabad ef al. 2020). In add-
ition, researchers in the behavioral sciences consistently advocate the application of
theories to better understand the determinants of individual decision making
(Monfared, Yazdanpanah, and Tavakoli 2015; Pakmehr, Yazdanpanah, and Baradaran
2020b). A range of theoretical models from social psychology has been used exten-
sively to investigate individual intention and pro-environmental behavior (Wittenberg,
Blobaum, and Matthies 2018; Tajeri Moghadam et al. 2020). Thus, given their poten-
tial for predicting individual environmental behavior (Zeweld et al. 2018; Boazar,
Abdeshahi, and Yazdanpanah 2020), this study relied on social-psychological models
to investigate farmers’ behavior.

Today, the purpose of using nitrogen fertilizers is not only to increase production but
also to reduce environmental pollution and move toward sustainable agriculture. Therefore,
it is necessary to identify the factors influencing the tendency of farmers to reduce the
consumption of nitrogen fertilizers. The first step in designing an effective policy to
encourage the effectiveness of nitrogen fertilizers is to understand farmers’ current behav-
ior toward the use of nitrogen. Illiteracy and lack of awareness among farmers about the
risks of long-term use of chemical inputs, such as nitrogen fertilizers, are among the issues
that need to be addressed. The results of previous studies (e.g. Zhou et al. 2010;
Williamson 2011; Han and Zhao 2009; Freeman and Omiti 2003) show that none of these
studies examined the actual behavior of farmers in the use of nitrogen fertilizers to reduce
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environmental hazards. Since success in achieving sustainability and reducing environmen-
tal pollution largely depends on farmers’ intentions and behavior toward the appropriate
use of nitrogen, the current study seeks to use a broad-based activation model to under-
stand farmers’ behavior and intentions. The results of this study can be used to educate
farmers to use nitrogen fertilizers and move toward sustainable agriculture to increase
productivity and reduce environmental degradation.

2. Theoretical approach
2.1. Factors determining the behavior of farmers toward fertilizer utilization

Low recovery rates and large losses of fertilizer have increased the costs of food produc-
tion and the environmental cost. To solve agricultural pollution issues, people who con-
tribute to environmental pollution have to change their actions (Hopkins, Schnitkey, and
Tweeten 1996). More specifically, voluntary conservative farmers’ actions do not take
place by themselves; not all farmers are willing to reduce their use of fertilizer because
of the relevant risks of slowing yields and lowered chemical input production. Farmers
will voluntarily reduce fertilizer use by lowering their production. Exogenous variables
are key factors that influence the use of fertilizers, including land title, family farm,
accessible working days, family debt, current assets, overall farm profits, public services
(Zbinden and Lee 2005), farming, and the use of knowledge. In summary, a farmer’s
conservation pattern is jointly determined by human factors, physical conditions, finan-
cial conditions, and policy variables (Daberkow and McBride 2003).

2.2. Ethical responsibility

Reducing N fertilizer application may represent a conflict between farmers’ personal
interests and the collective interest because the increase in the use of fertilizer results in
an increase in the yield crop and therefore in the farmer’s income (Ju et al. 2016;
Himmelstein et al. 2017). The question is, what motivates individuals to pursue environ-
mentally friendly actions while having a detrimental impact on their income or conveni-
ence? Researchers believe that moral consideration makes people prefer the collective
interest to their own self-interest. In other words, environmental protection measures,
such as reducing the use of nitrogen fertilizers, are considered a kind of altruistic theory.
This means that farmers who minimize their use of nitrogen fertilizers to improve the
environment will not achieve the anticipated benefits, such as increasing income from
the sale of more goods. Extension and awareness programs on the value of waste entry
due to lack of adequate fertilizer use and environmental degradation tend to play a key
role in improving the agricultural sector. Therefore, governments must increase the num-
ber of representatives of their additional services in order to raise awareness of the
proper use of agricultural inputs among farmers. The Norm Activation Model (NAM)
developed by Schwartz has a strong emphasis on moral considerations. Thus, we used
an extended NAM to look at farmers’ decisions on the application of N.

2.3. Norm activation model

The norm activation model (NAM), first suggested by Schwartz in 1977 (Schwartz
1977), is considered one of the most widely used models for predicting pro-
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environmental behaviors. Several studies (Clark, Kotchen, and Moore 2003; Harland,
Staats, and Wilke 2007) have used the NAM as the basic principle to examine pro-
environmental practices in different contexts, such as public transport (Bamberg and
Moser 2007), electricity usage (van der Werff and Steg 2015), carbon footprint
(Vaske, Jacobs, and Espinosa 2015), and responsible adoption of technology. The
NAM mainly notes that an individual sacrifices his/her own benefit for others’ mutual
advantage and is rooted in altruistic behavior (Schwartz 1977; Clark, Kotchen, and
Moore 2003). There are three key variables in the NAM used to predict pro-environ-
mental behaviors, namely personal norms (PNs), ascription of responsibility (AR), and
awareness of consequences (AC). Public norms contribute to a person’s self-concept,
which is correlated with a sense of moral obligation to performing a specific activity,
such as environmentally friendly behavior (Thegersen 2006). It has been found in pre-
vious studies that personal standards were an important factor that influenced various
environmental behaviors, such as energy and water savings (Zhang, Wang, and Zhou
2013; Seyranian, Sinatra, and Polikoff 2015), public transport usage (Lind et al. 2015),
and recycling (Thomas and Sharp 2013).

NAM has been frequently used to explain a broad range of pro-environmental behavior,
such as pro-environmental decision making among convention goers (Han 2014), sustain-
able tourism (Han et al. 2019), carbon footprint mitigation (Vaske, Jacobs, and Espinosa
2015), energy use (van der Werff and Steg 2015), and the prevention of road traffic noise
(Lauper et al. 2016), but the adequacy of NAM’s predictive power has repeatedly been
called into question (Han et al. 2019; Han 2014). Therefore, we added some components
of the theory of planned behavior (attitude, subjective norms, and perceived behavioral con-
trol (PBC) as self-interested factors of NAM. In line with this argument, studies recom-
mend that when NAM is applied to prosocial/pro-environmental behavior, other variables,
such as attitude, subjective norms, and PBC, should be included in the model because of
their clear contribution to explaining individual decisions (Han 2014; Han et al. 2019;
Onwezen, Antonides, and Bartels 2013; Bamberg, Hunecke, and Blobaum 2007,
Wittenberg, Blobaum, and Matthies 2018). However, the relationships between these varia-
bles and the main model variables have rarely been investigated and are not fully under-
stood. The present study extends NAM by adding these four components to other basic

Figure 1. Theoretical framework.
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components of NAM (Figure 1). Attitude, subjective norms, and PBC have repeatedly been
used to examine environmental behavior (Rahimi-Feyzabad et al. 2020).

According to Ajzen (1991, 188), attitude refers to “the extent of an individual’s
satisfactory or unsatisfactory assessment or judgment of the action in question.”
Subjective norms refer to “the supposed social force to accomplish or not to accom-
plish the action” (Ajzen 1991, 188). Earlier studies (Bamberg and Moser 2007;
Onwezen, Antonides, and Bartels 2013; Park and Ha 2014) used a combination of
NAM and the theory of planned behavior (Onwezen, Antonides, and Bartels 2013;
Han 2014; Han et al. 2019) and have argued that anticipated emotion can direct indi-
vidual decision making and, therefore, be a stimulus for behavior. Humans are inher-
ently inclined to embrace positive emotions and avoid negative emotions (Frijda
2007). Onwezen, Antonides, and Bartels (2013) argued that emotion acts as a self-
regulatory function. In other words, anticipated emotion encourages people not only to
act in harmony with their values to avoid undesirable feelings such as guilt but also to
struggle for encouraging feelings such as pride. Therefore, the specific feelings of
pride and guilt are applicable to considerate environmental actions within NAM.
Although this model has been developed to understand altruistic actions, such as pro-
environmental activity, self-conscious emotion is helpful in understanding environmen-
tally sustainable conduct within NAM.

2.4. Research model and hypotheses

Figure 1 shows the proposed conceptual model in this study. The system includes 14
hypotheses. In addition, as indicated in the figure, the original NAM model consists of
bold constructs (i.e. knowledge of consequences, assignment of obligation, personal norm,
and purpose for behavior) and directions. Expected emotions of pride and shame, behav-
ioral behaviors, and the social norm are integrated to extend and deepen the theory.

H1: Awareness of the consequences has a significant and positive effect on assign-
ing responsibility.

H2: Assigning responsibility impacts the personal norm significantly
and positively.

H3: Individual rule influences intention dramatically and positively.

H4: Responsibility assignment dramatically and positively affects anticipated feel-
ings of pride.

H5: Ascription of responsibility dramatically and positively affects anticipated feel-
ings of guilt.

H6: The anticipated feeling of pride affects the personal norm in a significant and
positive way.

H7: The expected feeling of guilt affects the personal norm dramatically
and positively.

H8: Awareness of the effects dramatically and positively impacts behav-
ioral attitude.

H9: Attitude toward the behavior significantly and positively affects the behavior.

H10: Social norm significantly and positively affects behavior.

H11: Intention toward the behavior significantly and positively affects the behavior.

H12: Perceived behavioral control significantly and positively affects intention.

H13: Perceived behavioral control significantly and positively affects behavior.

H14: Personal norm significantly and positively affects behavior.
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3. Methods
3.1. Fertilizer use and policy

In Iran, fertilization-related policies and promotional programs in the past few decades
have focused on a fundamental principle, that is, ensuring availability and affordability
of fertilizers, to maintain the nation’s food security and environmental sustainability
(Tehrani et al. 2010).

In recent years, government policies based on the proper use of fertilizers are conducting
research on soil testing and estimating the real needs of the land and plants for fertilizer
use. Despite this, there is still no specific public policy for managing the use of fertilizers,
especially nitrogen fertilizers, in their agricultural and horticultural lands, and gross over
application of fertilizers is still common in Iran. This problem lies in the fact that end-users
lack knowledge because the majority of the many millions of farmers received inadequate
education about the importance and use of plant nutrients (Baybordi et al. 2000). For the
sake of improving nutrient quality and reducing nutrient application, timely submission of
scientifically validated fertilizer recommendations is also necessary. In addition to many
other agricultural technologies, the soil testing and fertilizer recommendations project was
important to improve efficacy in the use of N fertilizers. While these communication activ-
ities for fixed-term projects can be very effective, the country’s long-term need is an
ongoing network of qualified and dedicated extension experts to provide basic knowledge in
the field and government in terms of financial investment, infrastructure support, and cap-
acity building, where necessary (Baybordi et al. 2000).

In recent years, there have been many concerns around the world about the effects
and consequences of some agricultural activities on the environment and society.
Human warfare with nature after the Industrial Revolution, including the advent of
artificial chemicals and the introduction of toxins and chemical fertilizers, have dealt a
fatal blow to nature. Sustainable agriculture not only considers future needs to increase
production but also maintains the quality of the environment as well as water and soil
(Eshaghi 2010; Baybordi et al. 2000). Due to the importance of this issue, the system
of agricultural promotion and education, as a result of direct and close communication
with the executive sector, users, and farmers, who can exchange useful and up-to-date
information, is one of the serious approaches to improving the pattern of consumption
of chemical and hazardous fertilizers to protect the environment. Therefore, the agri-
cultural extension and education system uses various methods and approaches to train
the villagers on the optimal use of chemical fertilizers and to inform them about the
destructive effects of over-consumption. These methods and services include holding
collaborative projects, FFS projects, model sites for the production of healthy products,
individual and group training, implementation of research-extension projects, publica-
tions and educational-promotional announcements, consulting services through the
presence of promoters in the agricultural field, training of facilitators, and combining
indigenous knowledge with information and new technologies (Eshaghi 2010).

3.2. Research and sampling method

The method used in this study followed two main aspects: (a) It is a type of experi-
mental theory and research, (b) It is a causal-relational analysis, as it explores the
causal relationship between variables. The sampling process was stratified at random
with proportional allocation. The statistical population of the study includes all farmers
in the Ramshir county in Khuzestan province in Southwestern Iran (Figure 2). A total



Journal of Environmental Planning and Management 1893

> =

o J
15-20 % . =) x

>20-25% &

>25-30 % T /ﬁ.

>30-35 % :

>35% e it

No data

| (W] | |

Figure 2. Location of the study area.

of 200 farmers who were responsible for household agriculture were selected through
random sampling from a list provided by the local agricultural office during the sum-
mer of 2018.

The descriptive results of this study reveal that among our respondents, 14 were
female and 186 were male. This reflects the fact that agriculture in the region is a
business largely conducted by men, and men are usually the household head. The aver-
age age of respondents was 43.14 years. With regard to education, among participants,
50 (25%) had graduated from high school, 43 (21.5%) had no college degree, 41
(20.5%) had finished primary school, and 63 (31.5%) had finished middle school. The
average family size was two people. The average agricultural experience was
48.19 years, and the average size of their farm was 11.26 hectares. The average nitro-
gen fertilizer they used was 434.42 kg. Of those studied, only 48 undertook soil tests.

3.3. Survey instrument

The data from this analysis were obtained using a questionnaire. The views and sug-
gestions of the study advisor and supervisor, accompanied by researchers and experts
from the Khuzestan Province Agricultural Organization, were used to determine the
validity of the questionnaire. After the necessary corrections were made, it was assured
that the questions presented could be used for calculation regarding the quality and
characteristics of this study. A pilot test was carried out to determine the reliability
and validity of the questionnaire, in which 30 copies of the questionnaire were distrib-
uted and completed by the farmers. The general Cronbach’s alpha coefficient was esti-
mated at 0.854 (AC = 0.85; AR = 0.88; PN = 0.86; Attitude = 0.82; SN = 0.90;
PBC = 0.80; Pride = 0.89; Guilt = 0.95; Intention = 0.73; Behavior = 0.86).
Selection of methods often entails certain variations, and our system, which is based
on surveys, is no exception. While survey-based methods have limited usefulness in
exploring some of the more complex nuances of certain conceptual categories, such as
identity, they are of great use in testing well-established theories and also in
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identifying broad patterns of relationships among populations (Davidson et al. 2019).
We used confirmatory factor analysis (CFA) to evaluate the reliability and validity of
the measurement model. To perform CFA, the total number of samples was randomly
divided into two subgroups of equal size (100 people in each group) for calibration
and validation using SPSS software. The calibration group was used to modify the
model and the validation group was used to confirm the stability of the model created
from the calibration sample. Using calibration samples, the suitability of the data for
factor analysis was evaluated. To modify the model with calibration data, first items
with a factor loading below 0.5 were removed, and then items with a high modifica-
tion index, or in other words, items that had a very high correlation with other items
were also removed. Thus, the initial model was approved. The results indicated that
the measurement model demonstrated an acceptable and adequate fit to the data (see
Tables 1 and 2).

The wunivariate normality assumption was checked with the one-sample
Kolmogorov-Smirnov Test (SPSS) and multivariate normality was assessed with the
Shapiro-Wilk goodness-of-fit test on the distribution of the Mahalanobis distances.
There were significant departures from normality on both tests. With regard to outliers,
multivariate outliers have more influence on the factor solution than do univariate out-
liers, so that is what we checked. Using the Mahalanobis distance values, multivariate
outliers can be identified using the %> distribution. None were identified.

We assessed multicollinearity in two ways; first, we checked multicollinearity through
the correlation matrix of all variables (Table 2). Neither bivariate correlation, however,
exceeds the critical 0.70 threshold (Bryman and Cramer 1994), which is a strong indica-
tion that multicollinearity problems are absent. Furthermore, to check the multicollinearity,
the variance inflation factor (VIF) should be less than 10. The results showed that the val-
ues were reasonably low and therefore multicollinearity was not a concern.

Furthermore, as presented in Table 2, the internal consistency between the variables
was investigated. Composite reliability exceeded the recommended threshold of 0.60, rang-
ing from 0.774 to 0.949. That is, all multiple-item measures for the variables had good
internal consistency and reliability (Bagozzi and Yi 1988). Next, we tested the average
variance extracted (see Table 2). The lowest value was 0.512, which exceeded the sug-
gested cutoff value of 0.5 (Fornell and Larcker 1981). The average variance extracted,
which ranged from 0.512 to 0.758, indicated good convergent validity.

There are a broad variety of variables that have been found to affect the decisions
of farmers. Taking into account the complexity of these variables, the following five
categories have been identified: demographic and socio-economic variables; capital,
infrastructure, and technologies; structural and political factors; social and cultural fac-
tors; and cognitive and psychological factors (Dang et al. 2019). Collecting two or
more factors or putting the range of factors into groups could be relatively difficult.
Incorporating all the classes into one specific study is also very complex. In addition,
each author has his/her own goal of investigating one or more specific groups of fac-
tors to explain the behavior of the farmers. Therefore, this research focuses primarily
on cognitive and psychological factors.

4. Results

To analyze the data, SPSS20 and AMOS20 have been used in this study. First, con-
firmatory factor analysis (CFA) has been used to examine the measurement model and
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Table 1. Items in the questionnaire.

Alpha

Item

AC (M=2.79, SD=0.73)

AR (M=2.55, SD=0.92)

PN (M=2.92,SD=1)

Attitude (M =2.29, SD=0.58)

SN (M=2.20, SD=0.92)

PBC (M =2.48, SD=0.75)

Pride (M =2.56, SD=0.83)

0.85

0.88

0.86

0.82

0.90

0.80

0.89

Overuse of nitrogen fertilizer causes acid rain

Overuse of nitrogen fertilizer can damage the
environment

Overuse of nitrogen fertilizer can adversely
affect people’s health

Overuse of nitrogen fertilizer has negative
effects on children’s health

I feel partly responsible for the ecological
problems due to the use of N fertilizer in
agriculture

I feel jointly responsible for the ecological
problems due to the use of N fertilizer in
agriculture

I believe that every farmer is partly responsible
for the ecological problems caused by
N fertilizer

I feel an obligation to reduce and efficiently use
N fertilizer

I feel that I have a moral commitment to reduce
and efficiently use N

Regardless of what other farmers do, because of
my own values I feel that I should reduce and
efficiently use N

If I reduce and efficiently use N, I will feel that
I am making a personal contribution to
something better

For me, attending to reducing and efficiently
using N is pleasant

For me, attending to reducing and efficiently
using N is attractive

For me, attending to reducing and efficiently
using N is wise

For me, attending to reducing and efficiently
using N is good

Most people who are important to me think I
should reduce and efficiently use N

Most people who are important to me would
want me to reduce and efficiently use N

People whose opinions I value would prefer that
I reduce and efficiently use N

It is mostly up to me whether or not to reduce
and efficiently use N

I have enough skill and knowledge to reduce
and efficiently use N

If I wanted to, I could easily reduce and
efficiently use N

Imagine that your reduction and efficient use of
N minimizes its negative impact on humans
and the environment. How would you feel?

Proud

Accomplished

Confident

Worthwhile

(Continued)
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Table 1. (Continued).

Alpha Item

Guilt (M =2.39, SD=10,98) 0.95 Imagine that your overuse of N fertilizer
generates a negative impact on the
environment and humans. How would you
feel?

Guilty
Remorseful
Sorry
Intention (M =2.40, SD =0.89) 0.73 I am willing to reduce and efficiently use N
I intend to reduce and efficiently use N
I plan to reduce and efficiently use N

Behavior (M =2.44, SD=0.62) 0.86 I use green manure instead of nitrogen fertilizers

to boost crop yields and strengthen the soil
To reduce the use of fertilizers, I use crop
rotation on my farm

the reliability and validity of constructs. Then we performed structural equation model-
ing (SEM) to examine our hypotheses.

The use of SEM in many fields of science has a long tradition. However, discus-
sions about the usefulness of this method are ongoing. Some SEM researchers believe
that this is a method that allows testing causal relationships based on non-experimental
data (Meehl and Waller 2002); others view structural equations as a worthless method
and undermine the validity of its use (Freedman 1987, 1997). According to Cheng
(2001), Structural Equation Modeling (SEM) has become one of the most common
statistical techniques in the quantitative social sciences across various disciplines. This
technique has become popular due to its sophisticated theory and its ability to solve
important substantive issues. In many cases, changing the direction of the relationship
between two constructs does not change the fit of the model and estimation of parame-
ters. Further arguments are focusing on the possibility of using SEM to test the ana-
lysis of equivalent models, i.e. models with the same number of parameters, degrees
of freedom, and different relationships between variables. They show similar alignment
with the same empirical data.

This analytical methodology identifies whether models match, where there are
redundancies, and can also help to determine what specific feature of the model is in
conflict with the data. This is a kind of integration of various regression and factor
analysis with some additional advantages over these approaches, including an effective
way of dealing with multicollinearity and methods to take into account the unreliability
of response data (Adnan, Hura Ahmad, and Adnan 2006; Payandeh Najafabadi, Omidi
Najafabadi, and Farid-Rohani 2012). SEM can be implemented in both confirmative
(testing) and exploratory (model construction) modes. It is, however, used in large part
as a confirmatory technique. Here, a researcher is more likely to use SEM to determine
the validity of a given model (Kaplan 2000). For this study, therefore, SEM was used
to investigate the relationship between the research variables.

Using the measurement model obtained from the calibration samples, initial
structural modeling used with maximum magnification estimate. The modification
of the structural model was performed using the modification indices as a guide.
This generated our hypothesized final model that would be subject to
cross-validation.
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The indices obtained in the calibration model were as follows [relative x*=1.567,
p<0.0001, GFI=(0.860), CFI=(0.890), RMSEA=(0.054)]. These indicators confirm the
validity of the structural model. The structural model obtained was validated through val-
idation data. In fact, cross-validation was performed in two stages for the measurement
model and the structural model separately to confirm that there was no change in factor
loads, indirect paths and direct paths. Finally, the validated model of cross validation was
fitted using the dataset as a whole to evaluate the model fit and its suitability. The results
of SEM with all samples showed a reasonable fit for our research model: y* = 1325.722
(df = 800, p < 0.0001), relative y*=1.657, root mean square error of approximation =
0.057, comparative fit index = 0.906, incremental fit index = 0.908, normed fit index =
0.796. The appropriateness of the fit indices supports the validity of the approved model
in the cross-validation stage.

4.1. SEM and hypothesis testing

SEM revealed the direct and indirect effects between the proposed model variables (Table
3 and Figure 3). According to the results, AC had a significant direct effect on AR (0.634,
»<0.0001) and predicted 40% of the variance in AR; thus, this research hypothesis is
confirmed with a 99% confidence level and at the significance level of 0.001.

According to the results, AC had no effect on attitude (—0.093, p <0.263).
Therefore, the research hypothesis based on the positive and significant effect of AC
on attitude is rejected.

AR had direct effects on pride (0.429, p <0.0001), PN (0.653, p <0.0001), and
guilt (0.618, p < 0.0001). Therefore, the hypotheses are accepted and confirmed with a
99% confidence level and at the significance level of 0.00.

Based on the results, AC had indirect effects on guilt (f#=0.391) and pride
(f=0.272) and predicted 18% and 38% of the variance in pride and guilt, respectively.
However, pride had a direct effect on PN (0.240, p < 0.0001). Guilt had no significant
effect on PN (0.074, p < 0.317). Thus, the research hypothesis based on the positive and
significant effect of guilt on PN is rejected. AC (f =0.508) and AR (ff =0.149) had indir-
ect effects on PN and they jointly predicted 69% of the variance in PN. PN (0.268,
p<0.002) and PBC (0.506, p<0.0001) had direct effects on intention; therefore, the
research hypotheses are confirmed with a 99% confidence level, whereas AC (= 0.137),
AR (f=0.215), and pride (f =0.064) had indirect effects on intention and together pre-
dicted 32% of the variance in intention. The effects of attitude (—0.011, p < 0.886) and
subjective norms (—0.058, p < 0.495) on intention were not significant. Therefore, the
hypotheses are not accepted and confirmed. Intention (0.175, p <0.035), PN (0.151,
»<0.05), and PBC (0.468, p < 0.0001) had significant direct effects on farmers’ behavior.
Thus, this research hypothesis is confirmed with a 99% confidence level and at the signifi-
cance level of 0.001. According to the results, AC (f=0.101), AR (f=0.159), PN
(f=0.047), and PBC (f=0.082) had indirect effects on behavior. These constructs
together predicted 45% of the variance in farmers’ behavior.

5. Discussion
5.1. Pre-defined conceptual framework

To the best of our knowledge, no studies to date have investigated farmers’ intentions and
behavior toward reduced and efficient use of N fertilizer in Iran. Therefore, the findings of



Journal of Environmental Planning and Management 1899

Table 3. Direct and indirect standardized effects of the variables.

Direct standardized effects

Variable Social norms AC Self-efficacy AR Guilt Pride Attitude PN Intention Behavior

AR 0.634

Guilt 0.618

Pride 0.429

Attitude

PN 0.653 0.240

Intention 0.468 0.268
Behavior 0.506 0.151 0.175
Indirect standardized effects

AR

Guilt 0.391

Pride 0.272

Attitude

PN 0.508 0.149

Intention 0.137 0.215 0.064

Behavior 0.101 0.082 0.159 0.047 0.047
Total standardized effects

AR 0.634

Guilt 0.391 0.618

Pride 0.272 0.429

Attitude

PN 0.508 0.802 0.240

Intention 0.137 0.468 0.215 0.064 0.268
Behavior 0.101 0.588 0.159 0.047 0.198 0.175

this study contribute to a growing body of literature applying a psychological model in
behavioral decision making to reduce and efficiently use N fertilizer. We explored psycho-
logical factors influencing the reduction and efficient use of N fertilizer application among
farmers in Southwestern Iran as a health, environmental, and climate change mitigation
strategy. We proposed a socio-psychological model that combines Schwartz’s ethical
model (NAM) and Ajzen’s self-interest model (the theory of planned behavior). As
Bamberg and Moser (2007) and Park and Ha (2014) have argued, environmental behavior
is the best possible outcome of self-interest and prosocial motivations. Our proposed
model predicted 32% and 45% of the variance in intention and behavior, respectively.
Regarding the predictive power of our proposed model, results revealed that the model
is an effective tool for investigating farmers’ intentions and behavior regarding reduced
and efficient N fertilizer application. Compared to the theory of planned behavior as a
common model of pro-environmental behavior, our model has appropriate explanatory
power. For example, in their meta-analysis, Armitage and Conner (2001) found that, on
average, the power of the theory of planned behavior for predicting intention and behavior
is about 39% and 27%, respectively, while our proposed model explained 32% and 45%
of the variance in intention and behavior, respectively, to reduce and efficiently use N fer-
tilizer. Therefore, our proposed model is comparable to the theory of planned behavior.

5.2. Main findings

The predictive power of our proposed model revealed that the model is an effective
tool for investigating farmers’ intentions and behavior toward reduced and efficient N
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Behavior
R2=45

Intention
R2=32

Attitude
R2=01

Figure 3. Structural model of farmers' behavior in using nitrogen fertilizers.

fertilizer application. Compared to the theory of planned behavior as a common model
of pro-environmental behavior, our model has appropriate explanatory power.

Regarding factors that influence the decision to use N fertilizer, SEM revealed that
as AC increased, AR also increased. However, AC had no effect on attitude. Barnes
et al. (2011) pointed out that being aware of the relationship between performing a
certain agricultural activity and its potential for damage can change farmers’ behavior
and attitude. Huang et al. (2008) pointed out that farmers’ lack of knowledge on the
amount of N fertilizer required by the crop is the major cause of its misuse (Huang
et al. 2008). Another important finding of this study is that PN emerged as a main fac-
tor (motivator) in prosocial motivations. AR and Pride were the main determinants of
PN, although the effect of AR was stronger than pride. Farmers who are well informed
about the possible consequences of overusing N fertilizer and anticipate positive emo-
tions regarding less and efficient use of N tend to have a strong sense of personal
responsibility to reduce and efficiently use N fertilizer. Furthermore, PN and PBC pre-
dicted farmers’ intentions, whereas attitude and subjective norms had no significant
effects on intention. These results are consistent with past studies which found that PN
and subjective norms together have no direct influence on intention (Bamberg,
Hunecke, and Blobaum 2007). Therefore, if a person’s AC and AR levels increase in
connection with overuse of nitrogen fertilizers, PN increases. Thus, it is very important
that farmers first be aware of the hazardous effects of overusing N fertilizers on
humans, society, and the environment, as this will increase their sense of responsibility
and might lead to increased PN regarding efficient use of N. Finally, PN and PBC
were the main determinants of farmers’ behavior toward reduced and efficient use of
N fertilizer. These findings reveal that ethical aspects (prosocial motivations) take pre-
cedence over self-interest in predicting farmers’ intentions and behavior regarding effi-
cient use of N. In other words, as Figure 3 shows, PN and PBC predicted farmers’
intentions to reduce fertilizer application, whereas attitude and subjective norms as the
main drivers of self-interest had no effect on intention.

Our findings reveal that the self-interest variables (attitude and subjective norms)
failed to make a significant and consistent contribution to predicting farmers’ inten-
tions. This is not surprising, because self-interest is associated with maximizing profit,
which stands in direct opposition to reducing the application of chemical fertilizer. It
may be that the farmers, when making decisions about fertilizer use, may have been
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thinking of potential reduced crop production due to reduced fertilizer application. For
example, Davidson ef al. (2014) reported that farmers believe that N fertilizer budgets
are large enough for them to reduce and more efficiently use N, but they also pointed
out that the economic risk of applying too little N is very high. In line with this find-
ing, Kassam and Dhehibi (2016) found that Egyptian farmers believe that the more fer-
tilizer they use, the greater the crop growth and thus their profitability will be;
therefore, they use more fertilizer than crops require. We conclude from this finding
that ethical factors can better predict decisions to use N fertilizer than self-interest.

PBC is another important factor that influences farmers’ intentions and behavior
regarding reduced and efficient use of N fertilizer. Farmers must be confident that they
have the skills and knowledge to be able to reduce and efficiently use N fertilizer. The
role of PBC in a range of pro-environmental behavior has been substantiated by a
large number of researchers (Azadi et al. 2019; Azadi, Yazdanpanah, and Mahmoudi
2019; Bozorgparvar et al. 2018). According to Bandura (1977), PBC refers to individ-
ual skill, knowledge, and ability to perform a new behavior. In this study, PBC meas-
ured the degree to which farmers felt they had the self-confidence to reduce and
efficiently use N fertilizer on their farms.

In other words, farmers’ perception of how easy or difficult it is to reduce and effi-
ciently use N fertilizer is expected to have an impact on their behavior. This percep-
tion is largely dependent on the knowledge, skill, and ability of the farmer. Therefore,
PBC influences farmers’ intentions and behavior. Farmers who are more confident that
reducing and efficiently using N fertilizer is easy and/or those who believe that the
reduced and efficient use of N fertilizer is under their management are more able to
do that and utilize N fertilizers effectively. This finding highlights the importance of
extension and education programs to empower farmers to feel confident in reducing
and efficiently using N fertilizer. Huang et al. (2008), in a study in China, found that
by training, education, expert guidance, and other extension activities, farmers can
reduce N fertilizer from 20% to 30% without reducing their rice production.
Improving farmers’ knowledge about soil nutrients is a form of empowerment and
self-efficacy. Self-efficacy is a cognitive variable that focuses on self-confidence to be
able to change individual practices. This can help farmers overcome a sense of power-
lessness. In other words, self-efficacy is related to positive feelings such as hope and
self-confidence. Therefore, this condition can occur both among literate and illiterate
people (Wuepper and Lybbert 2017; Wuepper, Zilberman, and Sauer 2020; van
Valkengoed and Steg 2019). Kassam and Dhehibi (2016) argued that a lack of know-
ledge about soil nutrients leads to imbalanced fertilization. Furthermore, providing
financial and educational assistance to farmers and providing precise recommendations
for application rates and timing based on soil type, irrigation, and previous crops are
very effective ways of increasing farmers’ PBC.

Furthermore, the results show that most people have a low level of education.
Therefore, it can be said that the level of education is effective in understanding
behavior toward the use of nitrogen fertilizers. In other words, the more educated peo-
ple are, the more willing they are to accept and engage in positive behaviors.
Therefore, in order to better understand behavior toward nitrogen fertilizers, it is
necessary to encourage farmers to continue their education.

In general, the environmental actions of farmers can be affected by several factors
and solutions. Abundant studies in the fields of environmental psychology, human
ecology, environmental sociology, and others led to the conclusion that a portion of
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the harm to the environment is the product of the harmful actions of humans.
Consequently, the factors which affect (and shape) human behavior should be
explained and recognized in order to improve the environment. It should be noted that
several studies have looked at factors that form the attitudes of individuals toward the
environment and natural resources, i.e. pro-environmental behaviors. For example,
according to the planned behavior theory, Niaura (2013) analyzed the factors influenc-
ing young people’s pro-environmental behaviors and revealed that pro-environmental
attitudes affect pro-environmental behavior. The need for better management practices
was most likely recognized by young farmers, new owners, and conservation-based
farmers (Seitz and Swanson 1980; Burton 2014; Gifford and Nilsson 2014).
Furthermore, in the decision-making process toward conservative practice, the age and
years of education of the household head, confidence, and perception of net benefits
play a role. In addition to the characteristics of farmers, exogenous variables are cru-
cial factors influencing the actions of farmers applying fertilizers, such as land owner-
ship, usable farm, family working days, family debt liabilities, overall farm profits,
public services (Zbinden and Lee 2005), farming knowledge, and access to information
(Yazdanpanah and Feyzabad 2017). In summary, the tendency of a farmer to preserve
the environment can be calculated collectively by human attributes, environmental fac-
tors, financial conditions, and policy variables.

6. Conclusions and policy implications

The findings of this research have practical implications for the public sector and
advisory and extension services with respect to communication with farmers to encour-
age reduced and efficient use of N fertilizer. The results reveal the importance of farm-
ers’ training and education regarding the benefits of reducing and efficiently using N
fertilizer in terms of income, consumer health, societal well-being, and the environ-
ment. Therefore, investing in extension training and education on efficient N use is a
critical policy need for Iranian farmers. Therefore, farmers should be conscious of the
economic, social, and environmental challenges raised by overuse of N (AC).
Messages should describe the expected consequences of overuse of N, such as climate
change, threats to consumer health, loss of water and soil quality and biodiversity, and
greater incidence of cancer. Farmers should recognize that overuse of N leads to a
range of problems. Then they should feel that they can help to reduce or resolve these
hazards by changing their actions. That is, they should understand that ecological haz-
ards will decrease if they reduce their N application. It is expected that these efforts
will stimulate farmers’ intentions and behavior to reduce and efficiently use N by
enhancing moral obligation and PBC. It is essential that extension and education pro-
grams focus on linkages between N fertilizer application and consumer health, destruc-
tion and pollution of natural resources, loss of biodiversity, and climate change. Such
efforts should be designed to make farmers conscious of the consequences of their N
fertilizer application. For example, agricultural extension and education programs
should use images and scenarios to increase awareness of the costs of fertilizer appli-
cation and engender a strong obligation to act to reduce N application. Farmers with
these features will be more prone to actually acting to reduce N application (see also
Ebreo, Vining, and Cristancho 2003). Furthermore, farmers should be supported (tech-
nically, financially, and educationally) to minimize defensive reactions and increase
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participation in programs touting reduced and efficient use of N fertilizer. According
to the findings of this study, the following recommendations are developed:

e Policymakers must convey information to producers through demonstration
projects, technical assistance, and awareness programs, in order to formulate suc-
cessful emission control policies. Through a changing political environment,
some integration of education and economic incentives could be lower prices
and more effective tools for achieving desired conservative environmen-
tal objectives.

e The results indicate that the lack of guidance in determining the appropriate lev-
els of fertilizers for farmers’ land may have led to high levels of nitrogen fertil-
izer use. Training greatly reduces the risk of nitrogen overuse. Therefore, further
educational programs should be introduced to avoid the overuse of nitrogen fer-
tilizers by farmers. It also significantly reduces the probability of overus-
ing nitrogen.

e Since weather conditions are critical in determining whether to use fertilizer,
timely local weather forecasts help farmers to evaluate the risks and decide the
appropriate amount of fertilizer to use.

e [t is essential to implement new models of extension services, such as the model
under which those services are delivered by specialist extension agricultural
agencies and funded by farmer organizations, such as commodity cooperatives.

Although this study focused on Iran, research methods and survey techniques are
highly important in other regions where smallholders dominate and share many socio-
economic attributes with Iranian farmers, in particular in South and Southeast Asia, as
well as Sub Saharan Africa. When the use of fertilizers increases, unbalanced and
unnecessary usage of fertilizers may become a significant concern for their environ-
mental impact. The factors determining farmers’ decision making on fertilizer use
must be investigated and better understood to develop the relevant price policies,
incentives, and future priority extension programs.

Future studies may involve a more in-depth analysis of the issue of overuse on a
wider geographical scale. It is also necessary to consider the factors which caused
farmers to continue overfertilizing and how environmental costs that are at present
external to farmers may be internalized through policies, apart from lack of knowledge
on the part of farmers and the strong will to secure returns. Extending the analysis to
pesticide use will also be important, as it is undergoing similar growth and has the
potential to have a detrimental effect on the environment. In addition, new methods
for extension services need to be identified in order to provide farmers with tailor-
made knowledge and advice on safe fertilizer usage for particular crops under different
agro-climate conditions.
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