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Abstract: Pest control is one of the ecosystem services most affected by the intensification of agriculture. Pests can
lead to significant losses in crop yields and jeopardise food security. In this context, installing hedgerows around green-
houses is presented as an opportunity to improve the presence of natural enemies and favour the control of pests.
However, the adoption of this practice has not spread among farmers. The objective of this article is to determine the
factors that affect the decision to adopt hedgerows around greenhouses by studying the case of southeast Spain. A bi-
nary logistic regression model is developed from a farmer survey of 189 farmers in the study area. The variables that are
significant when explaining the installation of hedgerows are the size of the farm, the expenses, the number of methods
used to combat pests, technical advice, and environmental awareness. Based on these results, action measures are pro-
posed to promote the adoption of this practice.
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is fundamental to guarantee the food security of the
current and future population because the annual loss-

Various ecosystem services have been negatively
affected by the intensification of agricultural activity.

One of the most compromised at present is the bio-
logical control of pests due to the loss of biodiversity
generated by various factors, such as the simplifica-
tion of the landscape, the expansion of monocultures
or the excessive use of phytosanitary products (Rusch
et al. 2016). Natural enemies are capable of preventing
approximately half of the pests that could affect crops
(Geiger et al. 2010). Therefore, this ecosystem service

es of crops as a result of pests amount to between 20%
and 40% globally (Sharma et al. 2017).

In this context, the development of integrated pest
management (IPM) through the combination of diverse
methods (biological, natural, and chemical) is presented
as a good alternative to achieve economically viable pest
management while minimising the possible adverse ef-
fects on both the environment and human health (Naran-
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jo etal. 2015). One of the most promising IPM techniques
is conservation biological control (CBC), which seeks
to favour the presence of natural enemies of pests by trans-
forming the environment of the farm (Gontijo 2019).
For this, various management practices can be used, such
as providing non-crop vegetation, such as hedgerows,
in the vicinity of the farms. This practice encourages the
presence of natural enemies and improves their effective-
ness in combating pests (Shields et al. 2019). In fact, farm-
lands in which homogeneous landscapes predominate
have pest control levels 46% lower than those of more
complex landscapes (Rusch et al. 2016). In addition, other
ecosystem services, such as soil moisture conservation,
weed management, pollination, nutrient cycling, or aes-
thetics, can also be improved by implementing this type
of practice (Shields et al. 2019).

Although it has generally been considered that green-
houses offer greater protection against pests by acting
as a barrier to the exterior, it must be taken into ac-
count that most greenhouses in the world have ventila-
tion sources that connect the interior with the exterior
and allow the entry of pests (Messelink et al. 2021).
Therefore, installing hedgerows around greenhouses
is presented as an opportunity to improve pest con-
trol. In fact, several studies have confirmed that imple-
menting this practice has increased the auxiliary fauna
in greenhouses (Rodriguez et al. 2012; Li et al. 2020).
In addition to helping to control pests, the installation
ofhedgerows around greenhouses has other advantages,
such as preventing the transfer of pests between nearby
greenhouses or favouring the presence of pollinating
insects (Li et al. 2020; Messelink et al. 2021). On the
other hand, some studies have confirmed that the im-
plementation of this practice is economically viable and
that farmers can obtain additional economic benefits
derived from the increase in the price of the harvested
products by being produced in a more environmentally
friendly way (Li et al. 2020; Parra et al. 2020).

Parra et al. (2020) found that the cost of install-
ing hedgerows amounts to about EUR 405 per ha
in Almeria, representing 1% of the total cost structure
of a hectare of greenhouse. Adopting hedgerows can
reduce phytosanitary products' use by promoting pest
control. For example, adopting plants in Southeast
Asian rice fields has reduced their use by 70% (Gurr
et al. 2016), while non-crop vegetation has reduced the
use of insecticides by an average of 34% in Beijing's egg-
plant greenhouse (Li et al. 2020). A study conducted
in the Mediterranean region of Spain on the installation
of hedgerows showed that 70% of farmers perceived
a decrease in the number of phytosanitary products

applied, and 80% saw an increase in auxiliary fauna
(Giagnocavo et al. 2022). In addition, Li et al. (2020)
estimate an increase in the selling price of the prod-
ucts of 0.4 EURkg™! due to improved fruit quality and
increased product value by using more environmen-
tally friendly techniques. On the other hand, there may
be other benefits derived from the provision of other
ecosystem services by hedgerows, such as carbon se-
questration, which is estimated to provide additional soil
carbon storage of 0.15 tonnes per ha per year (Bamiére
et al. 2021), or enhanced pollination, which can be in-
creased by up to 36% (Morandin et al. 2016). However,
installing hedgerows can lead to a reduction in crop
yields, estimated at 1.2% by Bamiere et al. (2021). In any
case, this practice is not very widespread among farm-
ers who produce in greenhouses because they consider
it best to maintain scarce vegetation around their farms
because they believe this reduces the risk of pest infesta-
tions (Messelink et al. 2021). For this reason, it is inter-
esting to know the factors that affect farmers' decisions
about installing hedgerows around greenhouses. In gen-
eral, the literature on why farmers adopt hedgerows
around their farms is limited and, even so, in the case
of greenhouses (Li et al. 2020; Byerly et al. 2021).
Agricultural Technology Adoption Theory is a mul-
tidisciplinary field combining decision theory, and
innovation spread theory to explain the factors influ-
encing farmers' adoption of new technologies (Ruzzante
et al. 2021). The literature on this topic can be catego-
rised into three paradigms: the innovation and diffusion
paradigm, the economic constraints paradigm, and the
adopter perception paradigm (Dissanayake et al. 2022).
Although each paradigm highlights different factors that
affect adoption rates and patterns, they overlap signifi-
cantly. The innovation and diffusion paradigm emphasis-
es the formation in the spread of innovation. In contrast,
the economic constraints paradigm assumes that farm-
ers aim to maximise utility and that resource inequali-
ties impact adoption patterns. The adopter perception
paradigm acknowledges subjectivity by considering
the perceived need for innovation and the characteris-
tics of the innovation as drivers of adoption behaviour.
Overall, research on adopting agricultural technology
assumes that farmers are rational decision-makers who
seek to maximise their utility, and numerous factors in-
fluence this utility function (Ruzzante et al. 2021).
Factors influencing farmers' adoption decisions can
be personal, farm, sociological and exogenous factors
(Coulibaly et al. 2021). Age is one of the most common
personal factors analysed in adoption studies with mixed
results. On the one hand, the experience and resources
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available to older farmers can facilitate the adoption
of new technologies (Mango et al. 2017). On the other
hand, several studies suggest that younger farmers are
more willing and educated to take the risk of incor-
porating new technologies (Kabir and Rainis 2015).
The educational level of farmers is another of the most
analysed factors that tend to affect technology adoption
positively (Ruzzante et al. 2021). However, having a bet-
ter income usually allows farmers to make the neces-
sary investment, and therefore, the relationship between
these variables is usually positive (Kabir and Rai-
nis 2015). Farm characteristics can affect the adoption
of technologies. The size is one of the most important
factors in this area. The provision of larger farms may al-
low farmers to use part of the farm to incorporate or test
new technologies, and larger farms tend to have higher
incomes, which may facilitate the adoption of new tech-
nologies (Kabir and Rainis 2015). However, some stud-
ies show a negative relationship between these variables
(Liu et al. 2018). Land tenure is also an important factor
in favouring technology adoption (Coulibaly et al. 2021).
Additionally, depending on the technology or practice
to be adopted, other factors may influence the adoption
process, such as climate, soil type, and markets.
Sociological factors include variables related to how
farmers act and perceive certain actions. The evalua-
tion of the advantages and disadvantages of the tech-
nologies to be adopted by farmers is a factor that can
affect their final decision. Among these variables, en-
vironmental concerns have been a driving force in re-
cent years for adopting practices and technologies that
allow production with less harmful effects on the land
(Prokopy et al. 2019). External factors include different
aspects that can have an impact on the adoption of tech-
nologies, such as the availability of technical assistance
and advice, the availability of information and contact
with other farmers and membership in farmers' asso-
ciations. Numerous studies establish that information
is one of the most relevant elements when incorporat-
ing new technologies, as farmers need to be aware of the
available technologies to decide to adopt them (Velasco-
Muioz et al. 2022). One of the ways to obtain such infor-
mation, access to training sessions and technical advice
is through membership in farmers' associations (Zhang
et al. 2020). Furthermore, in this way, farmers can share
their experiences using these technologies, which can
greatly facilitate the extension of these technologies.
This work aims to determine the socioeconomic and
technical factors influencing the decision to adopt hedge-
rows around greenhouses in southeast Spain, which has
the highest concentration of greenhouses globally. Al-
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though it is a practice with several benefits and does not
involve high costs, it is not very widespread in this area.
In addition, efforts are being made to encourage the ex-
pansion of this practice through various instruments.
On the one hand, establishing a regional subsidy covers
around 80% of the cost of setting up hedgerows. On the
other hand, a regulation has been approved that requires
the establishment of green infrastructures on at least 1%
of the greenhouse-free surface area of newly created
farms. However, experts state that this regulation is not
sufficient as it does not refer to the composition of these
infrastructures, and in order to maintain adequate di-
versity, they should account for 15% of the farm.

MATERIAL AND METHODS

Study area. The area selected for this research was
southeast Spain's Campo de Dalfas region (Figure 1).
This region was chosen because it has the largest area
of greenhouses in the entire southeast of Spain, with
around 68% of the total (Velasco-Muiioz et al. 2022).
Although this area comprises different municipalities,
the area was considered a whole for selecting the re-

Figure 1. Location of the Campo de Dalias in south-
east Spain

x —municipalities in which the survey took place; x — munic-
ipality of El Ejido, where more surveys took place as the larg-
est greenhouse area of Campo de Dalias is located

Source: Authors' own elaboration
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spondents, as the climatic, agronomic, and technical
characteristics are similar in all of them. Moreover, the
usual crops throughout the region are pepper, cucum-
ber, courgette, aubergine, tomato, bean, watermelon,
and melon. However, more farmers were surveyed
in the municipality with the largest greenhouse area,
El Ejido, representing 59% of the total.

Agricultural activity in the area has developed due
to the existence of a large number of hours of sun
per year, moderate temperatures, and the availability
of underground water resources. However, the expan-
sion of agriculture in the area has had some adverse
effects, one of the most important being the reduction
of native perennial vegetation. This has increased the
vulnerability of this region to attacks by pests and dis-
eases (Cotes et al. 2018).

Biological control began to expand in this region
in 2007 because certain crops began to show resistance
to commonly used pesticides, and there were no new
products registered in the market that could replace
them (Parra et al. 2020). The results obtained using this
technique have been so good that more than 90% of the
surface of greenhouses have implemented it (Cotes
et al. 2018). In most farms, augmentative biologi-
cal control is used so that the natural enemies reared
in laboratories are introduced into the greenhouses
to deal with the pests depending on the requirements
of the crop at all times (Naranjo et al. 2015). However,
this technique is not as effective as pesticides and in-
volves a high cost. Therefore, other CBC techniques
are spreading, such as using banker plants based on es-
tablishing complementary plants inside the greenhouse
to create spaces that continuously maintain the popula-
tion of natural enemies of pests (Messelink et al. 2014).

Providing hedgerows around farms would be an ad-
ditional step in using CBC techniques and could help
reduce the threat posed to crops by pests. To facilitate
the establishment of these hedgerows in the region, sev-
eral studies have determined that native species with
complementary flowering stages are the most suitable
plants (Cotes et al. 2018; Rodriguez et al. 2018).

Source and data collection. For the development
of this study, it was necessary to collect primary infor-
mation directly from the farmers for which the survey
was used as a data collection instrument. The develop-
ment of the questionnaire was performed by combin-
ing two qualitative methodologies. On the one hand,
in-depth interviews were conducted with a group of ex-
perts in the region's agricultural activity to collect the
most relevant information on installing hedgerows
around the greenhouses. Five people with different pro-

files were interviewed: two farmers with a long profes-
sional career, the president of one of the most important
cooperatives, a researcher from a private centre and
the technical director of a biological control company.
The interviews provided information on the relevant
variables for this study. On the other hand, to test the
questionnaire, a focus group was developed in which
six farmers were brought together, of which three did
not have hedgerows on their farms, and the other three
did. The questionnaire included personal questions
(age and level of education), others related to the char-
acteristics of the farm (holding size, season income,
season expenses and organic production), others re-
lated to pest control (methods used to deal with pests,
use of phytosanitary products, banker plants inside the
greenhouse), external factors (technical advice and co-
operative membership) and a sociological factor (envi-
ronmental awareness) [see Electronic Supplementary
Material (ESM)]. To determine whether farmers were
environmentally aware, respondents were asked to in-
dicate the frequency with which they had performed
a series of actions in their daily lives using a five-point
Likert scale in which 1 corresponds to never' and 5 to
'always'. The elements were selected based on those
used in previous studies (Pago and Lavrador 2017;
Karasmanaki et al. 2021). Items include recycling, the
resumption of the bathtub while brushing teeth, the re-
striction of the time to shower, the use of energy-saving
lights, the use of energy-efficient appliances, and the
resumption of lights and electric appliances when they
are not in use. These responses were then converted
into a single variable where farmers were considered
environmentally aware if the sum of the scores on these
items was greater than the median.

Sample size and selection. The sample size was cal-
culated as follows [Equation (1)]:

szpquN
n= 1)
ezx(N—1)+Zz><p><q

where: n — sample size; Z — corresponding statistic
with the desired confidence value (for example, 1.96 for
95%); p — probability of having the characteristic studied
(0.5); g — probability if the studied characteristic is not
available (that is, ¢ = 1 — p); N — total population size;
e — margin of error (0.05).

The number of hectares of greenhouses in the region
was considered to establish the sample size because the
exact number of farmers operating in the region is un-
known. Specifically, the greenhouse area of the region
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amounts to 22 054 ha (Velasco-Munoz et al. 2022).
Taking into account these values, at least 378 ha should
be surveyed. Finally, 189 farmers, with a total of 392 ha,
were surveyed. Different associations of farmers in the
region collaborated in this study, facilitating contact
with farmers. The surveys were conducted in person
between August and November 2021, following the
sanitary standards established at any time by the au-
thority in relation to the COVID-19. The average dura-
tion of the surveys was between 15 and 20 min.

Model specification. The logistic regression model
is a standardised statistical technique for the study
of the probability of a dichotomous result, consider-
ing a series of explanatory variables that affect the re-
sult (Timprasert et al. 2014). Therefore, in this study,
this model was used to analyse the factors that influ-
ence the decision to adopt or not adopt hedgerows
around the greenhouses of the study region. The logis-
tic regression model is explained below, following Gu-
jarati and Porter (2009) and Hill et al. (2011).

The adoption or not of hedgerows depends on sev-
eral variables that are represented in the following
Equation (2):

B =B+ B Xy + BoXy + .ot BraXyp (2)

where: P, — probability of adopting hedgerows;
X,-X,, — explanatory variables; B,—f,, — parameter
values reflecting the relative incidence of each of the
explanatory variables.

This expression can also be represented as:

1 e
P = = (3)
TR Gl T

https://doi.org/10.17221/49/2023-AGRICECON
where: Z, = B, + B X, + B Xy + oot BpaX5s

If P, is the probability of adopting hedgerows, then
(1-P), the probability of not adopting hedgerows,
is [Equation (4)]:

1

1-P= @
1+ e
Therefore [Equation (5)]:
Z.
P 1+ e
L= =e” (5)

1-P 1+e%

12

If we consider the natural logarithm, we get Equa-
tion (6):

i

P
L= ln(1 ZP ] =By + B X] + By Xy + ..+ B Xy, (6)
where: L, — natural logarithm of the odds ratio (odds).

The multicollinearity of the independent variables was
verified by calculating the correlation matrix, consider-
ing those values above 0.7 as critical (Rogério-Fogue-
satto and Dessimon-Machado 2022). The Hosmer and
Lemeshow test was used to verify whether the model
fits the data correctly. This occurs when the significance
is greater than 0.05, which shows differences between
the observed and expected values. Nagelkerke's R* was
used to indicate the explanatory variable's capacity
to predict the response variable (Timprasert et al. 2014).
It was also found that the percentage of correct predic-
tion was greater than 60% (Tey et al. 2014). The sta-
tistical package SPSS 28 was used to perform the data
analysis. The variables studied are shown in Table 1.

Table 1. Independent variables used in the logistic regression model

Variable Unit Expected sign
Age (X;) years -

Level of education (X,) years of formal education +
Holding size (X;) hectares

Season income (X,) EUR-m™ +
Season expenses (X;) EUR-m™2 -
Methods used to deal with pests (X) number +

Use of phytosanitary products (X;)
Banker plants inside the greenhouse (Xg)
Technical advice (X,)

Organic production (X,)

Cooperative membership (X,)

Environmental awareness (X,)

1ifyes, 0 if no —
1ifyes, 0 if no
1ifyes, 0if no
1ifyes, 0if no
1ifyes, 0 if no

+ o+ o+ o+ o+

1ifyes, 0if no

Source: Authors' own elaboration
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Table 2. Descriptive statistics

Variable Min Max Mean SD
Age 27.00 61.00 46.75 9.03
Level of education 1.00 18.00 10.55 3.82
Holding size 0.35 11.00 2.39 1.82
Season income 5.00 13.00 8.80 1.85
Season expenses 2.00 11.00 4.51 1.36
Methods used to deal with pests 3.00 7.00 5.60 1.02
Use of phytosanitary products 0.00 1.00 0.94 0.23
Banker plants inside greenhouses 0.00 1.00 0.51 0.47
Technical advice 0.00 1.00 0.32 0.47
Organic production 0.00 1.00 0.36 0.48
Cooperative membership 0.00 1.00 0.68 0.47
Environmental awareness 0.00 1.00 0.52 0.50

SD - standard deviation
Source: Authors' own elaboration

RESULTS AND DISCUSSION

Table 2 shows the descriptive statistics of the sur-
veyed farmers in southeast Spain. All variables were
included in the analysis because no evidence of mul-
ticollinearity was found. Table 3 shows the results
of the logistic regression. The results show an accept-
able fit of the regression model: the significance of the
Hosmer and Lemeshow test is 0.117, the Nagelkerke
R*is 0.716, and the per cent correct prediction is 88.9%.
The variables that have been found to be significant are
the size of the farm, expenses, the number of methods

Table 3. Results of the binary logistic regression

used to deal with pests, technical advice, and environ-
mental awareness.

The farm size shows a positive and significant rela-
tionship at 10% with the establishment of hedgerows.
According to the odds ratio value, for each increase
in the size of the farm in one hectare, the probability
that hedgerows will be installed will increase by a factor
of 1.701. This may be because a large number of green-
houses are concentrated in the study region. This situ-
ation makes it very difficult to expand the cultivation
area, so farmers try to make the most of the land avail-
able for cultivation. In this context, the installation

Variable B SE Significance Exp(p)
Age -0.021 0.029 0.462 0.979
Level of education 0.005 0.067 0.941 1.005
Holding size 0.531 0.292 0.069* 1.701
Season income 0.167 0.176 0.343 1.182
Season expenses -0.527 0.280 0.060* 0.590
Methods used to deal with pests 2.333 0.512 0.000%** 10.307
Use of phytosanitary products -1.689 1.098 0.124 0.185
Banker plants inside the greenhouse 0.638 0.690 0.355 1.892
Technical advice 2.046 0.598 0.001%*** 7.739
Organic production 0.311 0.605 0.607 1.365
Cooperative membership 0.202 0.644 0.754 1.224
Environmental awareness 0.140 0.605 0.067* 1.150
Constant —12.542 3.236 0.000 0.000
P

, **, ***significant at 10, 5, and 1%, respectively; p — parameter values reflecting the relative incidence of each of the
explanatory variables; SE — standard error; Exp(p) — value of the odds ratio; Hosmer and Lemeshow test: y2 = 12.848,
df = 8, sig = 0.117; Nagelkerke R* = 0.716; percent correct prediction = 88.9%; number of observations = 189

Source: Authors' own elaboration
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of hedgerows could lead to a reduction in the yield ob-
tained, which implies a high opportunity cost for farm-
ers (Byerly et al. 2021). In this same sense, Mie Aung
et al. (2020) conclude that small farms are less likely
to incorporate IPM practices because their owners are
concerned about the impacts that can be generated and
the difficulty of carrying them out. Generally, during the
surveys, farmers commented that the large concentra-
tion of greenhouses in the area means there is limited
space to install hedgerows, which may mean that part
of the farm may have to stop producing to install them.
Therefore, farmers with a larger surface area were more
open to installing hedgerows. In addition, these farm-
ers considered that installing such systems could have
commercial advantages in the medium term, given that
European consumers increasingly demand more food
produced using environmentally friendly techniques
(Amoabeng et al. 2021). In this sense, the farmers con-
sider that it is necessary to carry out communication
and marketing campaigns to show the benefits of this
practice and how it allows cleaner production.

The expenses are negatively related to installing
hedgerows at a significance level of 10%. The odds ratio
indicates that for each cost increase by one euro per
square metre, the probability of installing hedgerows
is reduced by a factor of 0.590. Farmers with higher
expenses run a higher risk when incorporating new
practices since they can affect the yield obtained. Dur-
ing the surveys, farmers facing higher costs were more
reluctant to adopt hedgerows due to the risk that they
would affect crop yields and thus unable to meet farm
payments. On the other hand, installing hedgerows can
result in cost savings by reducing the need to apply phy-
tosanitary products. This advantage is of great inter-
est in the current context, characterised by a growing
trend in the price of these products. It should be con-
sidered that spending on phytosanitary products repre-
sents more than 5% of the annual costs of agricultural
operations. In addition, the purchase of natural en-
emies raised in the laboratory can also be reduced with
the implementation of this practice because CBC is fa-
voured (Naranjo et al. 2015; Gontijo 2019). This can also
be a great advantage in cases where natural enemies
cannot be acquired in the market because some can-
not be bred in the laboratory. In this sense, Timprasert
etal. (2014) determine that farmers are likelier to adopt
IPM practices if they reduce the pest control cost. Ac-
cording to farmers' comments, they are not opposed
to their adoption but request more evidence on the
benefits of installing them and quantifying the cost sav-
ings they can bring. However, no studies quantify this
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saving in the region, so more research on this practice
is needed to provide farmers with this information.

The number of methods used to deal with pests
shows a positive and significant relationship at 1%
with the installation of hedgerows. The odds ratio for
this variable indicates that using an additional method
to deal with pests increases the probability of installing
hedgerows by a factor of 10.307. In the region, various
methods are used to deal with pests, such as phy-
tosanitary products, the use of biological control, and
the installation of hormonal attractants or anti-insect
meshes. Farmers' receptivity to incorporating vari-
ous methods to combat pests can help them choose
the installation of hedgerows around greenhouses.
In this sense, Prokopy et al. (2019) indicate that bet-
ter farmers' adoption of better management practices
has a positive attitude towards them and if they have
previously adopted other sustainable practices. Dur-
ing the surveys, the farmers who had hedgerows said
that the incorporation of these had been gradual, so at
first, they began to incorporate laboratory-bred auxil-
iary fauna and other techniques, but that these tech-
niques were not totally effective when a pest attacked
suddenly. However, incorporating hedgerows creates
a habitat for the auxiliary fauna that serves to prevent
and be prepared for when there are more severe pests.
They also point out that it is important to incorporate
different techniques little by little, as they require a pe-
riod of adaptation and learning, thus reducing the risk
of yield losses in the harvest.

The availability of technical advice on this practice
shows a positive and significant relationship at 1% with
installing hedgerows around greenhouses. The odds ra-
tio for this variable indicates that the availability of ad-
vice increases the probability of installing hedgerows
by 7.739 compared to not being advised. This is not
surprising considering that it is a new practice in the
region and, therefore, it is necessary to transmit infor-
mation about it. In this regard, Timprasert et al. (2014)
established that access to extension and counselling
services is positively related to vegetable producers'
adoption of IPM techniques in Thailand. Kabir and
Rainis (2015) indicate that this is also one of the de-
terminants in the case of vegetable farming in Bangla-
desh. Access to useful information is an essential factor
when incorporating IPM practices (Tey et al. 2014).
Therefore, promoting the transmission of the experi-
ences of farmers who develop a new practice is nec-
essary since this is usually the best way to promote its
adoption (Liu et al. 2018; Mazhar et al. 2021). Advice
is often available to farmers in the area from various
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sources (cooperatives, supply companies, farmers' asso-
ciations). However, this advice is more focused on com-
mercial aspects. Therefore, farmers who had chosen
to implement hedgerows referred to the importance
of advice on hedgerows. Firstly, it is necessary for farm-
ers to know that it is possible to improve biological con-
trol by implementing this practice. Secondly, experts
are required to advise on the best species to incorpo-
rate depending on the farm's location and the crops
to be grown. Finally, technicians are required to ac-
company farmers during the first stage to check that the
hedgerows are actually working and to avoid possible
problems and yield losses. Farmers who had been us-
ing hedgerows for some time were quite satisfied with
them, commenting that, as they were native species, the
maintenance required was minimal and, in addition,
they had noticed an improvement in biodiversity that
had enabled them to control pests better. It is true, how-
ever, that some of them indicated that they would like
to see an accurate quantification of the growth of auxil-
iary fauna and the reduction in the application of phy-
tosanitary products that this entails.

Environmental awareness is positively related and
at a significance level of 10% to installing hedgerows.
According to the odds ratio, farmers who are aware
adopt this practice 1.150 times more than those who
are not. Those farmers who know the environmental
effects of their activity are more likely to change their
usual way of managing the farm and incorporate pos-
sible practices and actions that are more respectful and
responsible (Prokopy et al. 2019). Farmers with hedge-
rows performed more frequently than the actions
measured in this study showing their higher level of en-
vironmental awareness. In addition, these are generally
younger farmers who are more knowledgeable about
environmental issues and are concerned about ensur-
ing the sustainability of this economic activity. Thus,
communicating with farmers about the environmental
effects of their activity is essential to increase their level
of awareness and promote the use of more sustainable
practices. Therefore, it is necessary to communicate
to farmers in the region the main environmental ben-
efits of this practice — improvement of biodiversity and
enhancement of biological control of pests.

The following recommendations are proposed
to policymakers to intervene and improve the adop-
tion of hedgerows by farmers. First, financial support
for farmers with the smallest farms would be necessary.
Small farmers often face challenges in adopting sustain-
able methods or new technology due to the opportunity
cost of reducing their production on limited land. There-

fore, financial assistance could alleviate the burden of in-
come loss. In this respect, it would be necessary to extend
the aid available to cover the cost of installing hedgerows
and make them more accessible to farmers. On the oth-
er hand, different types of economic incentives could
be considered, such as tax exemptions or recurrent
subsidies for the ecosystem services generated by the
implementation of this practice (Pifieiro et al. 2020).
Secondly, quantifying the cost savings associated with
implementing hedgerows is crucial to convince farmers
to adopt them, especially those with higher expenses.
A cost-benefit analysis can help farmers understand
the long-term financial benefits, such as reduced input
costs, increased productivity, or improved pest con-
trol. Such an analysis can provide information on the
potential risks and trade-offs associated with adopting
hedgerows. Overall, quantifying cost savings is essential
to promote their adoption and reap their long-term ben-
efits for both farmers and the environment.

Thirdly, adopting diverse methods of dealing with
pests needs to be encouraged, as this makes farmers
more familiar with incorporating various technologies
and practices and more willing to take the risk involved.
To achieve this, technical advice on this issue is es-
sential, especially in the case of a novel practice such
as hedgerows. In this sense, in addition to technicians,
demonstration days in which other farmers who have
successfully implemented technology and practices are
involved are the most effective tool because they enable
farmers themselves to exchange experiences (Velasco-
Muiioz et al. 2022). For hedgerows, workshops are
needed to show how hedgerows work, their economic
feasibility, and the benefits they generate both at the
agricultural level and at the area's environmental level.
Finally, improving farmers' attitudes and environmen-
tal awareness is crucial for promoting sustainable ag-
riculture practices such as installing hedgerows. More
aware farmers are more likely to be aware of the benefits
of adopting hedgerows, such as improved biodiversity,
pollination, or pest control. In addition, they are also
more likely to see the long-term benefits of reduced ap-
plication of pesticides or commercial advantages. Vari-
ous ways to raise farmers' awareness of these aspects
include education programs, advertising campaigns,
or on-farm demonstrations (Ardoin et al. 2020).

CONCLUSION

The objective of this work was to analyse the fac-
tors that determine farmers' decisions about installing
hedgerows around greenhouses to favour the presence
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of natural enemies that help combat pests. To this end,
the case of agriculture in southeast Spain has been an-
alysed. The results have provided helpful information
on how to increase the adoption of this practice. Thus,
the size of the farm, the expenses, the number of meth-
ods used to deal with pests, technical advice and envi-
ronmental awareness are statistically significant when
explaining the adoption of hedgerows around green-
houses by farmers. However, age, educational level,
income, use of phytosanitary products, use of banker
plants, organic production, and belonging to a coop-
erative were not significant.

These results are relevant for policymakers be-
cause they show what can be the areas of action
to increase the installation of hedgerows around green-
houses. First, it would be interesting to financially sup-
port farmers who have the smallest farms because they
are the ones who have the greatest difficulties in in-
corporating this practice due to the opportunity cost
of not producing in part of their farm. Second, it is nec-
essary to quantify the cost savings that implementing
this practice can entail, given that farmers with higher
expenses are more reluctant to install them. Third,
it is necessary to encourage the adoption of various
methods to deal with pests, for which it is essential
that farmers have technical advice on this issue and,
especially, on installing hedgerows since it is a novel
practice. Finally, developing plans to improve farmers'
attitudes and environmental awareness would be very
appropriate since the more aware farmers are more
willing to adopt the hedgerows.

Future research should focus on installing hedgerows
in the study region to analyse the opportunity cost of al-
locating land for this practice, its effectiveness in reduc-
ing the use of phytosanitary products, and its impact
on commercial production. It should be noted that this
study was conducted in southeast Spain, and the specific
characteristics of this region may influence farmers' at-
titudes and perceptions about hedgerows. Therefore,
the findings of this study may have limited applicability
to other regions or agricultural systems. To promote the
adoption of hedgerows in other greenhouse agriculture
areas and address the loss of biodiversity that threatens
pest control and agricultural sustainability, it is neces-
sary to replicate this study in other geographical areas
and consider other variables that may affect farmers'
willingness to adopt this practice. Additionally, future re-
search should analyse the impact of proposed measures
to encourage the adoption of hedgerows. Overall, the
lessons learned from this study can promote sustainable
agriculture practices in greenhouse agriculture areas.
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