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Abstract— Integrated pest management is an ecosystem
approach to crop protection that combines different
control methods to reduce pesticide use and to obtain safe
food products with lower environmental impact. It has
increased in Europe and since 2014, it is mandatory for
farmers as a basis for their crop protection strategy.
Using the Portuguese context as a case study, the
evolution of integrated pest management adoption is
analyzed. Country statistics and survey-based data are
used to highlight technical differences among farmers,
their motivations and attitudes that give rise to
environmental benefits and food safety. A survey was
applied to vineyards and apple and pear orchards in
integrated pest management and in organic and
conventional farming. The collected data were related
with  farmer profile, farm description, farmers’
motivations towards sustainable farming practices,
technical itinerary and practices related to pesticide use.
A total of 177 questionnaires were applied.

Integrated pest management farmers are motivated to
adopt biological, biotechnical and cultural solution, even
if more expensive, and to give up toxic pesticides, to
reduce agricultural impacts, while producing healthier
and safer products. Practices that affect crop protection
and soil conservation varied between agricultural
systems, and can be used as lessons to improve their
quality.

Keywords— farmers’ attitudes, indicators, motivations,
sustainable farming practices.

I.  INTRODUCTION

Agriculture plays a key role in producing ecosystem
services, such as farmland biodiversity, water and soil
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quality, climate stability or landscape maintenance.
Simultaneously, many farming practices lead to soil
depletion, water shortages, pollution and loss of wildlife
habitats and biodiversity [1,2].

In the last two decades, the use of pesticides has
decreased in European countries including Portugal [3,4].
However, it is still responsible for health risks and
impacts on the environment. In 2011, 1.9% of total food
samples analyzed in Europe exceeded the legal Maximum
Residue Levels (MRL), while in Portugal that percentage
rose to 3.1% of collected food samples (4.9% in fruits and
nuts and 2.8% in vegetables) [4,5]. Intoxications caused
by misuse or accidental exposure, and also by oral
ingestion (voluntary or not) of organophosphorus
compounds and herbicides were reported [6,7].

The reduction of the negative effects of intensive
agriculture and pesticide use has been one of the major
concerns of European policies [1,8]. Therefore, agri-
environment programs were introduced in the European
agricultural policy in 1985 to encourage EU farmers to
adopt agricultural production methods compatible with
the preservation of the environment and natural resources.
The agri-environmental support aimed to promote the
transformation of conventional agriculture (CA) by
encouraging the adoption of IPM and organic farming
(OF). These systems endorse and ensure long term
adoption of practices compatible with environmental
protection and food production with equivalent quality
and yields [9]. This support should compensate farmers
for using environmentally beneficial, but more expensive,
farming techniques.

In 1992, the application of the agri-environment programs
was compulsory for member states in the framework of
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their rural development plans, whereas they remained
optional for farmers. In fact, until 2014, agri-environment
payments were implemented on a voluntary basis through
contracts that established a set of commitments that the
beneficiary was required to fulfill, including fertilizer
reduction, pesticide reduction, extensification of livestock
farming, crop rotation, maintenance of set-aside areas,
prevention or reduction of soil erosion, use of local
genetic resources, biodiversity conservation, upkeep of
the landscape, water-related actions, buffer strips, field
margins, and wetland management [8].

Since 2000, an increasing number of farmers have
adopted environmental farm management practices, such
as IPM or OF, in response to incentives provided through
government payments and regulations, and voluntary
private-led initiatives, often promoted by food processors
and retailers, local markets or by individual farmers
[2,10]. More than 22.2 billion euro in EU funds were
allocated to encourage farmers to protect and enhance the
environment on their farmland [1,11].

Thus, the evaluation of the agri-environmental policies
and programs is crucial in order to determine if the cost of
paying additional best practices was compensated by the
environmental benefits generated [12,13]. In 2000, results
from the first agri-environmental measures demonstrated
that the programs have had little effect in reducing
intensive practices, but in 2011, evidence proved that the
conversion to friendly farming systems was effective in
achieving their environmental benefits, especially in the
case of IPM and OF [8,11].

Unfortunately, only a third to a half of OECD member
countries is regularly monitoring these environmental
benefits [2]. Primdahl et al. [13] found that half of the
farming systems monitored were assessed based on
general beliefs, rather than on objective evidence, of how
agricultural practices are linked to environmental
alterations and protection of resources and biodiversity.
Only 15% were based on quantitative models that provide
a statistical prediction of how changes in agricultural
practices will have specific environmental impacts.
Nevertheless, a survey conducted in 2005 to 62
international IPM projects covering 26 countries revealed
that in over 60% of the projects pesticide use was reduced
by 60%, on average, indicating a broad impact of IPM
[14].

In Portugal, the agri-environmental policies have
supported IPM through rural development measures; in
1999, 55 486 ha were under this production system and in
2013, the area was five times larger (248 595 ha). The
total area and the number of farmers, the public
investment and status given to IPM in the present
European policies, especially in Directive 2009/128/EC of
the European Parliament and of the Council of 21 October
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2009 that establishes a framework for Community action
to achieve the sustainable use of pesticides, justify the
analysis of the technical, environmental and economic
benefits of IPM.

Establishing a framework of relationships between the
agri-environmental measures and environmental pressures
is required to assess the extent to which agri-
environmental objectives were achieved. This can be
done using test plots, case studies, quantified impact
models, and surveys [8,13], as they define suitable
environmental indicators (a metric or a set of metrics that
helps provide insight into the linkages between
agricultural activities and environmental impacts). These
indicators will provide information to monitor and
analyze the effects of those policies on the environment
and to enhance the understanding, and study the effects,
of possible policy scenarios and agricultural projections
[15].

The purpose of the present paper is to understand if agri-
environment support and IPM adoption truly lead to the
positive environmental impact that is expected with the
adoption of environmentally friendly farming practices
and with the sustainable use of pesticides. More
specifically, this paper seeks to determine which
environmentally  friendly farming practices and
motivations towards the adoption of sustainable farming
practices are adopted by IPM farmers, and how farmers
motivations and attitudes are related to technical options.
The identification of the technical operations and tasks
related to the environmentally friendly farming practices
in IPM and the recognition of the technical differences
among farmers that help promote environmental benefits
and food safety are also pertinent aims of this study.

In the present study, the evolution of IPM is described,
based on country statistics. Additionally, survey-based
data are analyzed to support the definition of the farmer
profile, farm description, motivations towards sustainable
farming practices, technical profile and practices related
to pesticide use associated with IPM strategies, by
comparing it with CA and OF.

I1.  IPM —from the past to the present

2.1 IPM and environment policies in the period of

1994-2013
IPM began in Portugal based on the European policy
supported by the Council Regulation (EEC) No 2078/92
of 30 June 1992 and evolved into 3 phases: (1) Agri-
environment Program, 1994 to 1999; (2) RURIS, 2000 to
2006; (3) PRODER, 2007 to 2013.
In 1994, IPM was regulated with national laws and the
Agri-environment Program started, on an annual basis, for
farmers who were willing to adopt best agricultural
practices during at least 5 years. The major aim was to
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encourage farmers’ adoption of environmentally friendly
farming techniques compatible with the increasing need
for natural resources protection and the upkeep of the
landscape and the countryside. Within five years, the
program was successful, confirmed by a large number of
IPM experts (220), farmers (9 359) and IPM associations
(48) and there was a significant agricultural area under
IPM systems (62 831 ha) [16].

Based on the Council Regulation (EC) No 1257/1999 of
17 May, the national rural development plan was
established (RURIS) and reinforced the importance of
local and traditional agricultural systems. Thus, it seemed
crucial to support IPM and OF for a large number of
crops and to include other measures, namely pesticide risk
reduction in water, minimum and zero tillage and the use
of cover crops [16,17].

Finally, during the 2007-2013 period, a new rural
development program — ProDer - was established, whose
major goal consisted in sponsoring agriculture based on
economic and sustainable principles. This program has re-
introduced financial tools to encourage alternative
production methods with economic and social concern for
the sustainability of rural areas and the conservation of
natural resources [18].

2.2 IPM in Portugal from 1994 to 2013

In 1995, the first financial protocols with farmers were
established. In the first year (1996), the IPM area
achieved 7 236 ha and 927 farmers. At the end of the first
agri-environment program (1999), IPM was adopted by 7
450 farmers on 55 486 ha, mainly on orchards and
vineyards (tables 1 and 2). The IPM area was spread over
three main regions: ‘Norte’, ‘Lisboa e Vale do Tejo’ and
‘Alentejo’, respectively with 38%, 27% and 18% of the
total area. IPM in orchards was allocated mostly in
‘Lisboa e Vale do Tejo’ (45%) and in vineyards in the
‘Norte’ region (44%) [16,19].

In 2005, the IPM area increased to 179 840 ha and 19 753
farmers, especially in vineyards (52%), olive (25%) and
apple orchards (14%) (tables 1 and 2). About 11 233 ha
were in the ‘Norte’ region with 37% of vineyards
supported area in this region. In ‘Alentejo’, the
production area was 57103 ha (32% of total area) with 2
719 farmers. In 2013, PRODER contributed to a major
development of the IPM production area, and reached 248
595 ha and 6 692 farmers, with greater adoption in
‘Alentejo’ (62%). This increase was due to the
development of IPM in new crops, in particular pastures
(table 2). At this time, IPM was also adopted on 35 553
ha of vineyards and 17821 ha of orchards.

Despite the positive evolution of the IPM area from 2005
(RURIS) to 2013 (PRODER), the number of farmers did
not reach the target set for this period (the PRODER
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target set for the 2007-2013 period was 24 000 farmers).
The average area per farm was higher in 2013, compared
with the previous years (table 1), mostly because farmers
were required to practice IPM across the entire farm in
order to get financial support [12]. This new condition has
discouraged less capacitated farmers, and led to an IPM
area concentration and to a reduction in the number of
farmers between 2011 and 2013.

Table 1: Area, number of farmers and average farm size
in IPM in Portugal [10,12,20-22]

Region Area (ha)
1999 @ 2005 @ 2011 | 2013
Norte 21 66 41 41
251 447 630 820
Centro 6 888 18 22 21
091 150 382
Lisboa e Vale do 15 34 28 27
Tejo’ 112 248 100 701
Alentejo 10 57 155 153
149 103 387 820
Algarve 2086 3951 4074 3872
Total 55486 179 251 248
840 341 595
Farmers (number)
Norte 3560 11 1 3536
233 3378
Centro 1055 2778 1072 1028
Lisboa e Vale do 1894 : 2680 858 824
Tejo’
Alentejo 778 2719 1215 1232
Algarve 163 343 227 230
Total 7450 19753 6908 6692
Farm size (ha)
Norte 6,0 59 118 @ 124
Centro 6,5 6,5 20,7 20,8
Lisboa e.VaIe do 8,0 128 328 33,6
Tejo’
Alentejo 13,0 ¢ 21,0 | 127,9 | 1249
Algarve 128 115 179 16,8
Total 9,3 115 364 371

Table 2: Area of IPM crops in Portugal (ha)[20-22]

Crop 1999 | 2011 2013
Permanent crops
13 17281
Fresh fruits orchards 339 17418
Dry fruits and olive 43329
orchards 42 724
Vineyards 42 34543 | 35553
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146
Rice 17601 | 18456
Forage and non- 25536 @ 27863
permanent crops
Vegetables 1 1117 1168
102 1104945
Permanent pastures 962
55 251 248
Total 486 339 595

Technical support was fundamental for the adoption of
IPM, particularly in the beginning of the program. In
1995, the government recognized the first IPM farmer
associations. In 1998, about 28 farmer associations were
recognized as IPM support structures operating mostly in
vineyards and orchards, and this number continued to
increase: 66 organizations in 2000, 112 organizations in
2004 and 162 organizations in 2013 [16,19,23].

The requirements for agri-environment payments in
Portugal between 1995 and 2013 were mainly
administrative actions undertaken by farmers: have a farm
management plan, use only authorized pesticides, have a
field book, keep the evidence of pesticides purchased and
of the soil, water and plant material analysis, have a
shelter for pesticides and fertilizers [16].

I11.  IPM. ANALYSIS OF FARMERS’
MOTIVATIONS AND IPM TECHNICAL AND
PESTICIDE USE PROFILES

3.1 Methodology
The IPM adoption in Portugal was characterized based on
survey-based data collected from IPM, OF and CA farms
in the most important regions and crops where pesticide
use is of more concern: vineyards — Alentejo, D&o,
Douro, Verdes - and apple and pear orchards - Da&o,
Oeste. The questionnaire was conducted between 2007
and 2009 by trained technicians working at different
farmers associations, to the person responsible for the
decisions at farm level. The questionnaires were applied
face-to-face and a total of 177 survey questionnaires,
conducted in different farms, were considered valid (13
OF farms, 91 IPM farms, 73 CA farms).
These crops were chosen based on different criteria.
Firstly, vineyard was selected because it is the crop that is
responsible for the largest amount of pesticides used in
Portugal, mainly fungicides [3,24]. Apple and pear
orchards were selected based on the fact that the key
insect pests and diseases are numerous, causing serious
problems to farmers, and on account of apples and pears
being among the food products with the highest
percentage of samples with pesticide residues above legal
limits [5]. The questionnaires included data related to the
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farmer profile (socio-economic characterization), farm
description, motivations towards sustainable farming
practices, technical profile (inventory of farming
practices) and crop protection practices.

3.2 Data analysis

Results from the survey were stored in a database, and
categorical variables were codified as numbers (0 or 1) so
that an exploratory analysis could be performed to
identify which variables were related to the production
system (IPM, OF or CA) or to each other. The main
variables suggesting relations with IPM, OF and CA
production systems were identified with a Principal
Component Analysis. As this analysis was extensive [25],
only the variables that explained significant levels of
variance were included in the present study.

An analysis of variance (one-way ANOVA) was used to
detect differences among production systems (OF, IPM
and CA), in order to better understand and profile each
group of variables (farmer profile, farm description,
motivations towards sustainable farming practices,
technical profile and practices related to pesticide use).
Means were then compared using the Tukey HSD tests
and Bonferroni-Holm, whether the homogeneity of
variances was observed or not. Values of P < 0.05 were
considered significant. All statistical analyses were
carried out using IBM SPSS Statistics for Windows,
Version 22.0 (Armonk, NY: IBM Corp.).

IV. RESULTS

4.1. Farmer profile

Based on the survey results, the average farmer was 53
years old, men older (57 years average) than women (49
years average), and orchard producers older than vineyard
producers. IPM and OF farmers were significantly
younger than CA (table 3).

The surveyed farmers had on average a secondary level of
education (ISCED 2-3) , which reveals that these farmers
have an education level well above the Portuguese
national average in Portugal (on average, farmers have
basic education and 88% have only practical agricultural
training) [26]. This education level was higher in OF and
IPM farmers, as 60% of farmers had secondary or higher
education. More than half of CA farmers had less than six
years of education (ISCED 0-2)! (table 3). Most IPM

1 The International Standard Classification of Education (ISCED) was
developed by UNESCO and adopted since 1997 to facilitate
comparisons of education statistics and indicators across countries on
the basis of uniform and internationally agreed definitions [27]. Until
2011 ISCED had 7 levels of education, from early childhood education
(ISCED 0), primary education (ISCED 1), secondary education (ISCED
2-3), post-secondary non tertiary education (ISCED 4) to tertiary
education levels (ISCED 5-6).
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(93%) and OF (77%) farmers had already participated in
training courses related to IPM, pesticide use, and general
agricultural training.

Table 3: Average values of variables related with farmer
profile of IPM, OF and CA farmers

OF IPM CA

age 482 512 62°

education level (ISCED)! 2.54% 1.956° 1.356°

participation in training

772 932 33°
courses (%)

other economic activities (%) 77 532 44"

Note: 2¢ Scores in the same row with a the same
superscript are significantly different at p<.05 (post hoc
Bonferroni-Holm and Tukey multiple comparison tests)

Almost 50% of the inquired farmers have other economic
activities meaning that a part of their income is obtained
outside of the farm, and that they are not fully dedicated
to farming. This figure is in line with the Portuguese
reality (51% of farmers work less than 50% of a full-time
equivalent and dedicate, on average, 22 hours/week of
labor to their farms) [28,29]. This is especially relevant
among OF farmers, wherein more than three quarters
have other jobs in addition to agriculture (77%) (table 3).

4.2. Farm description

Farms included in this study have an average area of 30.9
ha, when compared to the national average farm size (12
ha of utilized agricultural area per farm) [29], and OF and
IPM farms are larger than CA ones — 46.2 and 37.6 ha in
average, respectively. More than 80% of the farms are
held by individual farmers while only 20% work as a
company (enterprises), which is higher when compared to
the national figure (27% of the Utilized Agricultural
Area) [1,29], probably because vineyard and orchard
farms are more professionalized. The average number of
workers per farm is higher in IPM (10.2workers), with
twice more workers, on average, than in CA farms (4.64.0
workers) (table 4). Comparing the number of permanent
hired workers on these farms, we observe that number of
permanent hired workers outweigh the Portuguese
national average (far less than 1 per farm) [28,30].

Table 4: Average values of variables related with IPM,
OF and CA farm characteristics

superscript are significantly different at p<.05 (post hoc
Bonferroni-Holm and Tukey multiple comparison tests)

4.3. Motivations towards sustainable farming practices

Various recent studies demonstrated that the motivations
towards a particular production system go far beyond
technical and economic issues [31,32]. Cultural, social
and environmental beliefs underlie the choice of more
sustainable production systems, such as IPM or OF. In
fact, we found that some agricultural practices regarded
attitudes or reasons pertaining to more sustainable
practices (almost 54% of variance is explained by the two
first axes) (table 5).
Forward selection results, from the principal component
analysis, showed that the variables ‘look for a biological,
biotechnical, cultural solution’ (F=18.36; p=0.002), ‘look
for a new pesticide’ (F=21.13; p=0.002), ‘not change
agricultural practices in favor of species conservation’
(F=4.58; p=0.008), and ‘give up toxic pesticides, using
them only when needed, to preserve local fishes’ (F=2.79;
p=0.044), were significant for p<0.05. The variable ‘look
for a biological, biotechnical, cultural solution’ was
responsible for 14.0% of variance and the variable ‘look
for a new pesticide’ for 18% of variance. The variables
‘use an expensive crop protection solution’ and ‘not use
an expensive crop protection solution’
significant for p<0.10.

were also

Table 5: Principal Component analysis of the OF, IPM
and CA farmers motivations towards the adoption of
sustainable farming practices

Conditional Effects

OF IPM CA
VARIABLE (h=13) (n=91)  (n=73)
farm dimension (ha) 59.752 44,502  10.47°
number of workers 7.7°2 10.2°b 46°¢

Note: b€ Scores in the same row with a the same
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Question Answer/variable ’ 5 =
If it were necessary change agricultural  0.01 0.262 1.36
to reduce pesticide practices in favour
use, with economic of species
risk to your farm,  conservation.
to save a very rare  not change 0.03 0.008* 4.58
butterfly that was  agricultural practices
observed in the in favour of species
area, you would: conservation.
If near your farm,  not use pesticidesin  0.00 0.372 1.19
all the fishes were  the next campaign,
found dead as a to preserve local
result of pesticide  fishes?
use, would you: give up toxic 0.02 0.044* 279
pesticides, using
them only when
needed, to preserve
local fishes?
buy pesticide 0.00 0.432 0.83

equipment that
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recovers pesticide
loss, to preserve

practices, which
increase farm
costs, has led other
farms to improve
their results.
Facing other
experiences, you
would:

solution.

not use an expensive 0.02 0.068** 2.65
crop protection
solution.

* Significant at p<.05; ** Significant at p<.10

local fishes?
use a biological, 0.01 0.222 1.54
biotechnical,
cultural solution
even if expensive?
don’t use pesticides, 0.01 0.122 2.24
so there is no need
of change to
preserve local
fishes?
If you had to reduce pesticides for 0.01 0.202 1.47
change your a subsidy.
agricultural reduce pesticidesto  0.01 0.280 1.18
practices, by have technical
government support.
decision, you have already 0.02 0.140 1.86
would: reduced the use of
pesticides.
In Portugal, about  give up pesticidesto 0.02 0.224 1.49
2 100 pesticide reduce poisoning
poisoning cases even 2%.
occur per year, and give up pesticidesto 0.00 0.636 0.44
of those 360 reduce poisoning
happen with 50%.
children less than 5 give up pesticidesto 0.00 0.600 0.50
years old. If reduce poisoning
decreasing the use  100%.
of toxic pesticides  not give up 001 0340 115
would contribute pesticides, because it
to reducing this would not guarantee
risk, you would:  poisoning reduction.
Facing anewora look for a new 0.18 0.002* 21.13
resistant pest or pesticide.
disease, or even in  look for a biological, 0.14 0.002* 18.36
the presence of biotechnical,
new technical cultural solution.
knowledge, you use the same 0.00 0.878 0.13
would: solution.
In view of your use a new crop 0.01 0.662 0.39
neighbour’ farming protection solution.
success , withthe  notuseanewcrop  0.00 0.794 0.25
adoption of anew  protection solution.
crop protection
method that
requires more
work, and
increases risks and
costs, you would:
The adoption of use an expensive 0.03 0.066** 2.91

new cultural

crop protection
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Based on the biplot analysis, it is possible to identify
some relations between the adopted farming system and
the attitudes or reasons for embracing sustainable
practices (figure 1).

Fig.1: Biplot for motivations towards the adoption of
sustainable farming practices of OF, IPM and CA
farmers

IPM farmers were ready to ‘look for a biological,
biotechnical, cultural solution’, ‘give up toxic pesticides,
using them only when needed, to preserve local fishes’ or

3

to ‘use an expensive crop protection solution’.
Meanwhile, CA farmers will ‘look for a new pesticide’,
‘will not change agricultural practices in favor of species
conservation’ and ‘will not use an expensive crop
protection solution’. The variable ‘don't use pesticides, so
there is no need of change to preserve local fishes’ was

positively related to OF farmers, but with no significance.

4.4. Technical profile

Concerning crop management, the results from our survey
indicated that, compared to CA farmers, IPM and OF
farmers use less ‘tillage operations’, adopt ‘cover crops’
(especially OF farmers), prefer ‘organic fertilizations’
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instead of mineral ones, perform ‘soil analysis’ to decide
their fertilization plans (especially IPM farmers) and
frequently use ‘green interventions’ to control canopy
environment. The adoption of these practices was
significantly different among IPM and CA farmers, with
the exception of tillage operations (table 6).

In 2010, in Portugal, the use of cover crops was adopted
by 10% of farms, with more expression in the ‘Norte’ and
‘Centro’ regions and in orchards and vineyards and only
8% of farmers decided their fertilization plans based on
soil analysis (8%) [29,33]. IPM and OF farmers have
exceeded these values, probably because they understand
the contribution of such sustainable farming practices for
the balance of the ecosystems, namely to improve
functional biodiversity [34,35].

Table 6: Percentage of sustainable practices (crop
management and protection) adopted by IPM, OF and
CA farmers

OF IPM CA

VARIABLE (%) (=13) (n=91) (n=73)

Technical profile - Practices related to crop management
adopted by OF, IPM and CA farmers

tillage 62 67 78

Ccover crops 772 385 11°¢

organic fertilizations 462 79° 562

soil analysis 772 822 70

green interventions 62 66 42
Pesticide use - Practices related to crop protection

risk assessment 92 993 85°

adv!ce and na_tlonal 46 78 44

advisory services

reading of labels 692 85 @ 470

luation of —

eva} uation of pesticide 544 97b 75 ¢

efficacy

pest|C|Fie residues 39 17 7

analysis

use _of protective 85 95 a g5 b

equipment

prgfgssmnal applicator 46° 450 7b

training

Note: 2P¢ Scores in the same row with a the same
superscript are significantly different at p<.05 (post hoc
Bonferroni-Holm and Tukey multiple comparison tests)

4.5. Pesticide use

In Portugal, 71% of the total pesticides used are
fungicides, with sulphur representing 90% of them (48%
of total pesticides, and especially in vineyards) [3].
Herbicides represent 14% of the total sales and
insecticides only 2%. From 2008 to 2011, the total
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pesticide sales decreased 18%, especially due to a
reduction in the use of sulphur, but 3.1 % of total food
samples analyzed in Portugal still exceeded the MRL [5].
According to our results, concerning the adoption of
practices related to pesticide use, IPM farmers declared to
use ‘advice and national advisory services’, practice ‘risk
assessment’ for decision making, ‘reading of labels’
before pesticide treatment, ‘evaluation of pesticide
efficacy’ regularly, request ‘residues analysis’ and ‘use
protective equipment’, more often than OF and CA
farmers (table 6).

The participation in ‘professional applicator training’ was
similar between OF and IPM farmers. Differences
between IPM and CA farmers were significant for ‘risk
assessment’, ‘evaluation of pesticide efficacy’, ‘use of
protective equipment’ and ‘professional applicator
training’ (table 7).

V. CONCLUSIONS
Since 1990, the environmental performance of agriculture
has improved in Europe based on agri-environment
measures that were designed to protect and enhance the
environment through the adoption of agricultural
sustainable systems, such as IPM and OF [1,8,11]. These
measures have been essential for the integration of
environmental concerns by farmers and have originated a
valuable contribution to the ecological balance of
ecosystems.
Until 2014, IPM was adopted by farmers, on a voluntary
basis, but since then, European states should promote
IPM under the framework of their National Action Plans
for the Sustainable Use of Pesticides.
Ultimately, farmers’ actions and practices determine their
environmental performance. Reacting to public concerns
and policies, IPM farmers in general have become
increasingly aware of the effects of their actions on the
environment and have upgraded their management
practices based on scientific and technical knowledge,
and investments in environmentally friendly practices [2].
Based on the present case study, we can conclude that
there are obvious differences between IPM and CA,
related to farmer profile, farm description, motivations for
IPM adoption, technical profile and practices related to
pesticide use.
IPM farmers are younger, better educated, and more
concerned with technical training. A significant number
of IPM holdings are companies, specialized in one crop,
with larger areas and employing more workers, both in
orchards and vineyards, when compared to other systems.
The results from our survey proved that IPM farmers are
ready to look for biological, biotechnical and cultural
solutions to control pests, are willing to give up toxic
pesticides and to use more expensive crop protection
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solutions to preserve the environment and health.
However, they usually want to be compensated with
subsidies when they implement these sustainable
agricultural practices.

Most IPM farmers are adopting cover crops to overcome
weed problems and other technical issues (e.g. water,
erosion), namely in permanent crops, such as orchards
and vineyards. In fact, tillage, as a routine task, decreases
from CA to IPM, and at the same time soil cover
increases. Usually, IPM farmers execute green
interventions to control the canopy environment (removal
of side shoots, orientation of vegetation, among others).
These techniques have several purposes: improve the
canopy environment, reduce the number of fruits to
improve size and quality, among others, and farmers
don’t receive any incentives to adopt them. IPM farmers
also prefer organic fertilizations instead of mineral ones
and organize their fertilization plans based on soil
analysis.

IPM farmers are always more diligent in what pertains to
pesticide use: risk assessment is the basis for decision
making, advice from experts and national services is
deemed indispensable, as well as information contained
on labels, and they oversee the efficacy of pesticide
treatments. These farmers are naturally apprehensive
about the secondary effects of using pesticides and protect
themselves with the appropriate equipment, more often
than OF and CA farmers.

We might conclude that IPM, as a crop protection
strategy, has been successful in Europe, and in particular
in Portugal, in terms of area and number of farmers, due
to the important technical support that was provided by
farmers associations. Furthermore, the adoption of several
sustainable practices, related to crop management and
protection, and farmers’ attitudes towards the use of
pesticides are expected to have contributed to protecting,
and enhancing, the environment and health safety. These
variables (tables 3, 6 and 6) might be considered to
establish new requirements for IPM support and used to
monitor the environmental and health outcomes gained
through this crop protection strategy and the sustainable
use of pesticides.

The environmental and health outcomes that are obtained
with these sustainable practices should be assessed, based
on environmental indicators (simple metrics that disclose
the linkages between agricultural activities and
environmental impacts), as they will result in a balanced
and sustainable management of resources and generate
environmental services that have an economic value.
Some difficulties ensue when using these environmental
indicators, as their monitoring (e.g. biodiversity or
pesticide use) is challenging due to political, conceptual,
practical (technical) and institutional factors [36], but it
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should be attempted. They will provide a coherent
guidance for the best practices that should be defined as
requirements for IPM while, at the same time, might be
used in cost-benefit analysis of the most desirable policy
measures and support programs, based on the
identification and assessment of synergies between
policy/program goals and their benefits [37].

The financial support of environmentally friendly farming
systems, such as IPM, either by implementation of
subsidies, by specific price policies or by ensuring a
market for these specific products, should play a
prominent role in supporting the sustainable development
of rural areas and in responding to society’s increasing
demand for environmental services. It should further
encourage farmers to serve society as a whole by
introducing, or continuing to apply, agricultural
production methods compatible with environmental and
health protection, IPM being a prime example.
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