Soil & Tillage Research 146 (2015) 204–212

Contents lists available at ScienceDirect

Soil & Tillage Research
journal homepage: www.elsevier.com/locate/still

A renewed view of conservation agriculture and its evolution over the
last decade in Spain
E.J. Gonzalez-Sanchez a,b, *, O. Veroz-Gonzalez b , G.L. Blanco-Roldan a ,
F. Marquez-Garcia a,b , R. Carbonell-Bojollo c
a
Departamento de Ingeniería Rural, ETSIAM, Universidad de Córdoba, Ediﬁcio Leonardo Da Vinci, Campus de Rabanales, Ctra. Nacional IV km. 396, Córdoba
14014, Spain
b
Asociación Española Agricultura de Conservación, Suelos Vivos (AEAC.SV), IFAPA Alameda del Obispo, Av. Menéndez Pidal s/n., Córdoba 14004, Spain
c
Área de Producción Ecológica y Recursos Naturales, Centro Ifapa “Alameda del Obispo”, Apdo. 3092, Córdoba 14080, Spain

A R T I C L E I N F O

A B S T R A C T

Article history:
Received 22 May 2014
Received in revised form 30 September 2014
Accepted 21 October 2014

The interest in conservation agriculture in Spain is evidenced by practical and institutional aspects. The
practical aspect is reﬂected by the area cultivated under this farming system, 1.28 Mha in perennial crops
and 0.57 Mha in arable crops, both for 2013. The period under review was 2009–2013 for arable crops and
2006–2013 for perennial crops. In that period, ﬁgures increased 208% for no tillage in arable crops, and
54% for groundcovers in perennial crops. The institutional support is reﬂected by the ﬁnancial funding
given to conservation agriculture farming practices by some Spanish Regional Governments, primarily
through Rural Development Programs, that reached over s 200 million in the 2000–2006 period. The
origins of soil conservation practices date back to the 1930s and have evolved in parallel in America and
Europe. This parallelism has led to the use of different terminology for similar practices that do not
always fall within the scope of conservationist practices. Consistent with the literature, and based on the
results of 6 meetings with 144 Spanish experts, this paper aimed at clarifying terms and practices applied
under the conditions of Spain, but could be useful for other geographies. This article also proposes
deﬁnitions to clearly describe the different concepts for experts, advisers, and also for policy makers to
accurately allocate funds in the European ﬁnancial framework 2014–2020.
ã 2014 Elsevier B.V. All rights reserved.
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1. Introduction
Conservation agriculture (CA) is one of the so-called emerging
agrosciences (Lichtfouse et al., 2010) and encompasses techniques
that minimize or eliminate tillage and, thus, maintain a vegetative
cover that protects soil from its degradation. CA principles
emanate from conservation tillage (CT), which includes no tillage
(NT), reduced tillage (RT) and groundcovers (GC) in perennial crops
(CTIC, 1994). Nevertheless, CA is not the same as CT. Certainly, CA
concept goes beyond CT and is deﬁned by three linked core
principles that must be jointly applied to create synergies (Kassam
et al., 2012): minimum soil disturbance; permanent organic soil
cover; and crop rotations. CA relies on NT as the best practice for
arable crops, and on GC for perennial crops.
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In some way, CA intends to go back in time in terms of soil
protection, as ancient cultures based their agriculture on planting in
virgin soil using sticks or other sharp tools to make small holes in
which to place the seeds (Derpsch, 1998). In the early 1930s, in the
central plains of the United States of America, years of extreme
drought resulted in intense wind erosion events known as the Dust
Bowl, and millions of tons of soil were lost. These events were
captured by Pare Lorentz of the United States Department of
Agriculture (USDA) in the ﬁlm “The Plow that Broke the Plains”,
which documented the action of tillage as the main cause of erosion
(Lorentz, 1936). In response, new tillage equipments to loosen the
soil and control weeds without turning over the soil were developed
in North America. Those new implements allowed to keep the plant
residues on the surface of the soil. This method rapidly expanded
throughout the dry lands in the U.S. In addition to ﬁghting soil
erosion, this practice better conserved soil moisture. Another
milestone in the history of CA, was the foundation in 1935 of the
US Soil Conservation Service. In the following years, the service
encouraged the creation of research teams dedicated to CA in many
American universities (Hill et al., 1994). Similarly, the release of the
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book Plowman’s Folly (Faulkner, 1942) increased the sensitivity to
the problems of excessive tillage and helped to spread the techniques
of CA. During the 1940s, universities, the USDA and farming
companies began an intense research plan that resulted in several
advances. In 1946, the University of Purdue developed the ﬁrst seeder
for NT, the M-21, and in the 1950s, the wavy disc blade and treatments
with atrazine (2-chloro-4-ethylamino-6-isopropylamino-1,3,5-triazine) and paraquat (1,1’-dimethyl-4’,4’-bipyridilium dichloride)
were commercially introduced. In the 1960s, NT was presented as a
viable technique for farming (McKibben, 1968).
In northern European countries, the combined negative effects
of excessive tillage, particularly in wet soils, with the decline in the
rural population and the increased costs of machinery, led many
researchers to consider a reduction of tillage and to start
experiments in Germany (Baeumer, 1970), the Netherlands
(Ouwerkerk and Perdok, 1994) and the UK (Christian, 1994).
Nevertheless, the lack of appropriate herbicides made weeds a
limiting factor for the development of these tillage systems (Allen,
1981). This problem was overcome with the emergence of
herbicides such as paraquat and diquat (1,1’-ethylene-2,2’bipyridylium dibromide), developed by Imperial Chemical Industries (ICI) in the late 1950s. These products eliminated the need of
tillage to control weeds because its total action eradicated them
without risk for the subsequent crop. This approach made it
feasible to replace tillage by the chemical control of weeds (Hood
et al., 1963; Boon, 1965). Thus, the concept of NT arose when the
ability to control weeds and equipment adapted to the presence of
stubble on the surface of the soil were available. Despite these
advances, the idea of entirely eliminating tillage was viewed with
scepticism by farmers, and NT was restricted to research projects.
It was not until the mid-1960s that the agronomic and economic
advantages of these new techniques were perceived by a wider
section of the agricultural sector (Moody et al., 1961), and as a
consequence, new programs for developing and introducing these
systems were initiated in several European countries.
In Spain, the ﬁrst studies on CA in annual crops date back to
1976 and were performed in the “Haza del Monte” farm in Seville.
In these trials that aimed at advancing the sowing date of a
second crop, the NT of soybeans over previous crop residues were
evaluated (Fernández Quintanilla, 1997). In Madrid, NT trials
began in 1980 on the ‘The Encín’ farm and were carried out based
on an agreement between the Technical School of Agricultural
Engineers (ETSIA) of the Polytechnic University of Madrid and the
National Research Institute for Agriculture and Food Technology.
The results showed that NT did not affect grain yields and reduced
80% of energy consumption (Juste et al., 1981). This type of trial
was extended to other Spanish regions, including those
performed by the Agricultural Research Service of Andalusia
and the ETSIA of the University of Cordoba in the ‘Tomejil’ farm in
Carmona, Seville. These trials, which began in 1982 and still
continue today, resulted in higher yields in NT ﬁelds than in those
with traditional tillage (TT) (González et al., 2010). TT practices
comprise the common passes of primary and secondary tillage for
preparing the seedbed. The primary are deep tillage passes, and
are usually performed with mouldboard or chisel ploughs,
whereas the secondary passes are shallower than the primary
ones, and are generally performed with cultivators or disk
harrows. After all those tillage passes, the soil is bare. Another
good example of NT that started in 1986 and is still active today, is
the Malagón farm (López-Bellido, 2014). As well, several longterm trials were conducted by the Technical and Farm Management Institute in Navarra, the Universtity of Lleida in Catalonia,
the CSIC research station Aula Dei in Aragon, and the Research
Institute of Castille and Leon. In some studies, it was remarkable
the collaboration with the technical departments of the industry
(Fernández Quintanilla, 1997). In February 1995, a group of
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farmers, technicians and scientists, many of them participants of
the above-mentioned experiments, founded the Spanish Association for Conservation Agriculture and Living Soils. Thanks to the
development of European funded projects, such as LIFE 99ENV/E/
308 and LIFE 96ENV/E/338, and the support of manufacturers of
NT machinery and the industry of plant protection products, a
number of technology transfer activities were conducted with a
high degree of regularity, still on-going currently.
Nowadays, the growing interest in soil conservation farming
practices across the world is demonstrated by the expansion of NT.
In 1999, 45 million hectares were cultivated using NT, whereas
125 million hectares in 2011. These ﬁgures represent about 9% of
global cropland, and 14% of the cropland in the countries that have
adopted NT (Friedrich et al., 2012). There is an evidence to predict a
wide and imminent growth in major global economies, such as
China (He et al., 2010). Globally, the reasons for this increase
mainly derive from the economic beneﬁts that NT practices entail,
given the drastic reduction of mechanised operations and the
subsequent drop in fuel consumption and working time (González
Sánchez et al., 2010). During the expansion of CA systems,
achievement of similar yield levels compared with TT has been
demonstrated by multiple studies (Triplett et al., 1973; Van Doren
et al., 1976; Phillips et al., 1980; Uri, 2000), and has been a major
driver for farmers to shift to CA.
In Europe, CA is recognized as an effective practice to protect
soil, and has been identiﬁed as a solution to serious environmental
problems that affect European soils. An impact assessment, carried
out in accordance with the European Commission’s guidelines and
on the basis of available data, shows that soil degradation could
cost up to s38 billion a year (Van-Camp et al., 2004). To promote
soil conservation practices, European Union’s (EU) Member States
have tools available, such as the National Rural Development
Programmes (RDP), which are co-ﬁnanced by the EU and its
Member States. In Spain the RDPs supported some measures
promoting CA during the period 2007–2013 (MAGRAMA, 2014a,b).
In the previous RDP, which covered the period 2000–2006, the
total budget was over s 1300 million. An example of annual
investment is shown in Table 1. In year 2006, all agri-environmental measures slightly exceeded s 201 million, whereas 27 million
for CA measures. At the end of 2006, nearly 18% of farmers who
adopted any agri-environmental measure in Spain received this
support for practicing CA. These farmers accounted for 4.6% of the
total area that adopted agri-environmental measures and 13.4% of
the budget allocated to the RDP. In addition, other initiatives aimed
at promoting the adoption of CA in Spain. CA has demonstrated to
help Spain’s authorities to meet the targets set in the Kyoto
Protocol (González-Sánchez et al., 2012). Based on the actions to
establish the potential for the sequestration of CO2 throughout the
Spanish territory as a result of changes in the use of agricultural
land, the Spanish Ofﬁce for Climate Change suggested the use of
several agricultural practices to increase the soil’s sink effect. These

Table 1
Financial support of total agri-environmental measures in Spain in 2006 and
support of conservation agriculture measures (adapted from MAGRAMA (2011b)).

Total agrienvironmental
measures
Conservation
agriculture
measures
Perennial crops
Arable crops

Number
of
farmers

%

Area (ha) %

Public
support
(1000s)

%

98,502

100

3,034,511 100

201,996

100

17,613

16,943
670

17.9

144,403

141,190
3213

4.6

27,133

26,959
174

13.4

206

E.J. Gonzalez-Sanchez et al. / Soil & Tillage Research 146 (2015) 204–212

practices included a decrease in the intensity of tillage, an increase
in the hectares of arable crops under CT and NT as well as an
increase in the surface area of perennial crops with GC, among
others (BOE, 2006). Nevertheless, not all agricultural practices
contribute equally in carbon sequestration, whereas NT and GC
were found always positive, RT may be positive or negative
concerning its carbon ﬁxation rates (González-Sánchez et al.,
2012).
In Spain, the names and deﬁnitions of CA practices have been
adopted from countries where this agricultural system was
developed. This has led to the lack of accuracy of CA deﬁnitions.
For instance, from the standpoint of machinery manufacturers, the
interpretation of CA principles has resulted in conceptual problems
such as the use of incorrect terms. As an example, small
mouldboard ploughs that penetrate soil less than 15 cm, shallower
than the traditional over 25 cm, are presented as RT equipment
(Ovlac, 2014). Similarly, combination cultivator seed drill that
prepares seedbeds with only one tillage operation, disturbing soil
and leaving less than 30% of crop residue, is wrongly considered as
NT equipment.
Due to the fact that CA has evolved in different parts of the
world, diverse nomenclatures were coined for similar agricultural
practices. As CA is practiced worldwide following different in-ﬁeld
methods, there is a need for the standardization of terms (Derpsch
et al., 2014). This article intends to standardize the deﬁnitions of CA
in Spain, and to present its evolution in perennial and arable crops
in the country. CA deﬁnitions, and the clariﬁcation of terms used to
describe the practices, also intend to serve as a basis for the further
implementation of agri-environmental measures by the next RDP
(2014–2020) of the Government of Spain and the Autonomous
Communities of the country.
2. Materials and methods
For the deﬁnitions, the method used was based on the
organization of meetings with Spanish experts. In total, 6 meetings
were organized and different soil and climatic conditions were
assessed (Fig. 1) at the early stages of the 2007–2013 ﬁnancial
framework. The analyzed regions were Seville in the south,

Albacete in the central-east, Madrid in the centre, Valladolid in the
central-west, Zaragoza in the northeast and Lugo in the northwest.
The expert groups comprised of researchers, advisers, ofﬁcials of
the Ministry for Agriculture and Enviroment, and farmers. For
identifying researchers, authors consulted the database of the
Thematic Network on Conservation Tillage AGF96-1613-E funded
by the Spanish Inter-ministerial Commission of Science and
Technology (CICYT). For advisers, the authors contacted companies
and private technicians collaborating with the CA movement in
Spain. Finally, key farmers were contacted through national and
regional CA associations; members with the most prominent
historical commitment to the practice of CA were chosen. In total,
144 representatives participated in the meetings. As a result of the
meetings, the deﬁnitions for the implementation and development
of CA in Spain were agreed upon and are summarized in Section 3.
The evolution in the uptake of CA in Spain has been studied
from ofﬁcial statistics of the Spanish Ministry for Agriculture, Food
and Environment, based on surveys. The methodology for
collecting data is fully described in MAGRAMA (2014b). As the
full description is in Spanish, a brief summary is given here below.
The survey is focused on the distribution of crops, land cover, and
yields on cultivated land. Fieldwork for data collection is
performed mainly between the ﬁrst two weeks of May and the
ﬁrst week of August, according to a schedule designed taking into
account the planting and harvesting of crops, and adapted
according to their phenological stage. The purpose of this calendar
is to enable the identiﬁcation of arable crops sown in the fall and
winter of the previous year, to be found close to its maturity phase,
and for crops sown in spring, to be already established in order to
correctly classify them at the time of the ﬁeld visit. The sampling
frame (Fig. 2) is obtained by overlaying on the national territory the
Universal Transverse Mercator (UTM) grid projection of Spain’s
topographic map. A frame dividing the territory in cells of 1 km2
areas is established and after, those cells are integrated in blocks of
100 km2. The basic sample comprises of 3 cells in each of the
blocks, which always occupy the same relative positions within it,
and are therefore, distributed uniformly throughout the territory
to be investigated. This is the systematic sampling procedure. As a
ﬁeldwork unit, a square of 700 m on each side is taken, and

Fig. 1. Map of Spain. Stars represent the locations where the meetings were held.
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Fig. 2. Sampling frame used for assessing hectares under different soil management systems and concepts for the statistical planning. Adapted from MAGRAMA (2007).

attached to the lower left corner of the corresponding cell.
Normally, the replacement of the sample cell by the segments
barely alter the reliability of the results and makes ﬁeld work
easier. In order to strengthen the results, the method allows to
study deeply the areas where many crops are present, by
investigating 3 or more additional segments per block in areas
where there is more crop diversity.
Data analyzed range from 2006 to 2013 in perennial crops, and
from 2009 to 2013 in arable crops. In perennial crops, the survey
considered as CA system areas where in the interrow spaces
spontaneous vegetation is maintained, cover crops are sown or
pruning residues are retained. For arable crops, only NT tillage has
been considered as a valid CA technique. The ﬁt of the regression
models was made with the linear regression module in the
program Statistix 8.
3. Results
3.1. Deﬁnitions
As a result of the meetings, the following deﬁnitions for soil
conservation practices in Spain were agreed among all participants.
3.2. Conservation agriculture
CA is deﬁned as a sustainable agriculture production system
comprising a set of farming practices adapted to the requirements
of crops and local conditions of each region, whose farming and
soil management techniques protect the soil from erosion and
degradation, improve its quality and biodiversity, and contribute to
the preservation of the natural resources, water and air, while
optimizing yields.
Agronomic practices included in CA are based on three core
principles, which must be fulﬁlled concomitantly:
 Minimum soil disturbance.
 Maintenance of permanent soil covers.
 Cropping system diversity, crop rotations.

3.3. No tillage
NT is a CA agronomic practice for annual crops, and is deﬁned as
a way to farm without disturbing the soil through tillage. NT must
leave at least 30% of area covered by plant residues right after crop
establishment, and crops are sown using a machinery which is able
to place seeds through plant residues from previous crops.
The agronomic practice that best characterizes CA for annual
crops is NT, which has the highest degree of soil conservation in
annual crops, since the mechanical tillage of the ground is
completely suppressed.
3.4. Reduced tillage
RT is deﬁned as an agronomic practice in which the soil proﬁle
is only altered vertically. For being considered as a soil conservation practice, it must leave at least 30% of area covered by plant
residues right after crop establishment. RT has a lower soil
conservation grade than NT.
3.5. Groundcovers
GC is the most widely used CA agronomic practice for perennial
crops, whereby the soil surface between rows of trees remains
protected against erosion. With this technique, at least 30% of the
soil not covered by the canopy is protected either by sown cover
crops, spontaneous vegetation or inert covers, such as pruning
residues or tree leaves. For the establishment of sown cover crops
and the spread of inert covers, farmers must use methods in
coherence with CA principle of minimum soil disturbance.
3.6. Evolution of conservation agriculture in Spain, 2006–2013
Regarding CA, Spain is the leading country in Europe. Fig. 3
represents the ofﬁcial data of the adoption of CA for the country. It
comprises the sum of NT and GC in the period 2009–2013. Fig. 4
shows the evolution and adoption trend for NT since 2009, and Fig. 5,
the same for GC since 2006. In the period 1995–2009, assessment of
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Fig. 3. Evolution of conservation agriculture in Spain (arable and perennial crops).
Source: MAGRAMA, 2010, 2011a, 2012, 2013, 2014c.

Fig. 5. Evolution of groundcovers in perennial crops in Spain. Source: MAGRAMA,
2007, 2008, 2009, 2010, 2011a, 2012, 2013, 2014c.

NT adoption was performed based on indirect indicators such as the
number of NT planters sold and an average area drilled per planter,
and personal interviews with pioneers from diverse areas across the
country. Pioneers consulted are members of regional associations of
NT, and have access to the number of associates of the region, and
know the average area drilled per farmer. Normally, the practice of
GC in perennial crops is not included in international statistics that
reﬂect the adoption of CA. In Spain, CA is practiced to a much larger
extent in perennial crops when compared to arable crops, with
25.5% vs. 7.5% of the total area, respectively. In both cases, the
implementation trend is positive and the expectations are high. In
the next 2–3 years, NT is expected to reach 700,000 (9%) hectares
and GC 1,400,000 (28%). Possible reasons for this growth are the
increasing availability of speciﬁc machinery, incentives under agrienvironmental schemes (2014–2020), and the soil protection
promoted under the cross-compliance in the Common Agricultural
Policy. Cross-compliance is a mechanism that links direct payments

to compliance by farmers with basic standards concerning the
environment, food safety, animal and plant health and animal
welfare, as well as the requirement of maintaining land in good
agricultural and environmental condition (European Commission,
2014). In the period under review, NT has increased 208%, while GC
has grown by 54%.
As shown in Fig. 6, in Spain main crops in NT are winter grains
(barley and wheat); spring grains (corn); legumes (chickpea,
beans, vetch); and oilseeds (sunﬂower). Fig. 7 presents the area
under CA in the main perennial crops, which are olive groves,
fruits, citrus and vineyards. The types of covers used are shown in
Fig. 8, where a clear predominance of the use of spontaneous
covers, with over 90%, can be observed. This is mainly due to the
reduced costs for implementing that type of cover crop.
4. Discussion
Table 2 lists CA techniques and synonyms frequently used in the
literature, and substantiates which ﬁt into CA systems. Still,
deﬁnitions in this paper are in coherency with the literature. A
possible reason for the different names for essentially equal

Fig. 4. Evolution of no tillage in arable crops in Spain. Source: MAGRAMA, 2010,
2011a, 2012, 2013, 2014c.

Fig. 6. Area of major crops under no tillage in Spain. Source: MAGRAMA, 2010,
2011a, 2012, 2013, 2014c.
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Conservation Tillage Types (30% or more crop residue left, after
planting). Any tillage and planting system that covers 30% or
more of the soil surface with crop residue, after planting, to
reduce soil erosion by water. Where soil erosion by wind is the
primary concern, any system that maintains at least
1000 pounds per acre of ﬂat, small grain residue equivalent
on the surface throughout the critical wind erosion period.

Fig. 7. Major perennial crops with groundcovers in Spain. Source: MAGRAMA, 2007,
2008, 2009, 2010, 2011a, 2012, 2013, 2014c.

Considering the reduced tillage of NT and the presence of
protective soil cover, the FAO (2014) coined the term CA,
introducing crop rotation in their principles and thus enhancing
the biological improvement of systems.
Conservation agriculture is a concept for resource-saving
agricultural crop production that strives to achieve acceptable
proﬁts together with high and sustained production levels
while concurrently conserving the environment. Conservation
agriculture is based on enhancing natural biological processes
above and below the ground. Interventions such as mechanical
soil tillage are reduced to an absolute minimum, and the use of
external inputs such as agrochemicals and nutrients of mineral
or organic origin are applied at an optimum level and in a way
and quantity that does not interfere with, or disrupt, the
biological processes. Conservation agriculture is characterized
by three principles which are linked to each other, namely:
Continuous minimum mechanical soil disturbance.
Permanent organic soil cover.
Diversiﬁcation of crop species grown in sequence
associations.

Fig. 8. Types of groundcovers in perennial crops in Spain. Source: MAGRAMA, 2007,
2008, 2009, 2010, 2011a, 2012, 2013, 2014c.

practices is the parallel development of soil conservation systems
in America and Europe in the middle of last century, when the
transfer of information was not as efﬁcient as today.
4.1. Conservation agriculture vs. conservation tillage
CT is widely cited in literature. According to the Conservation
Technology Information Center (CTIC, 1994), it is deﬁned as
follows.

or

CTIC (1994) included in CT: NT, RT, ridge-till and mulch-till.
Thus, CT is an umbrella term for some soil management practices,
as a number of agricultural practices may meet the requirements.
USDA developed the Soil Tillage Intensity Rating (STIR) (USDA,
2014a). STIR is a numerical value calculated using RUSLE2 (USDA,
2014b), based on the factors determined by the crop management
decisions being implemented for a particular ﬁeld. Lower numbers
indicate less overall disturbance to the soil layer. Values may range
from 0 to 200 with a low score preferred. The STIR value reﬂects the
kind of soil disturbance besides the intensity of disturbance caused
by tillage operations. By deﬁnition, NT operations require a STIR
value of 30 or less.
The main difference between CT and CA is that CT allows more
tillage than CA. For instance, to fulﬁl CA core principles it is not
possible to perform strip-till, mulch-till, or ridge-till. All of these
would be allowed in CT. As well, neither RT should be
recommended for CA; although RT is typically included in CT.

Table 2
Synonyms for so-called soil conservation agricultural practices found in the literature.
Type of
crop

Technique

Synonym

CA

Arable

No tillage

Yes If combined with permanent soil cover and crop rotations.

Reduced
tillage
Mulch tillage
Strip tillage

No till; zero tillage; zero till; direct
drilling; direct seeding; direct sowing
Minimum tillage; minimum till; reduced
till
Mulch till
Strip till

Ridge tillage

Ridge till

No

Slot tillage

Slot till; slot planting

?

Row tillage

Row till

No

Perennial Groundcovers

No
No
?

Comments

Generally, the preparation of soil for planting needs 2–3 tillage operations. Less than 30% of
soil is covered after seeding.
The mulch is buried through tillage operations. Less than 30% of soil is covered after seeding.
The equipment must be used accurately in order to qualify as CA. Generally, there is excessive
soil or residue disturbance, so less than 30% of soil is covered after seeding.
Building the ridge involves soil tillage in most of the surface. Less than 30% of soil is covered
after seeding.
The equipment must be used accurately in order to qualify as CA. Generally, there is excessive
soil or residue disturbance, so less than 30% of soil is covered after seeding.
Generally, excessive soil or residue disturbance. Less than 30% of soil is covered after seeding.

Yes If combined with permanent soil cover.
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Table 3
Comparison of different agricultural practices concerning their environmental impact.
Degree of environmental beneﬁts for different environmental topics

Arable crops

Perennial
crops

TT*
RT
NT
NT + GC
Slight GC 30%
Average GC
60%
Total GC 90%

Erosion/
runoff

Organic Matter
increase

Compaction CO2
emissions

Decrease in
biodiversity

Pollution of surface
water

Pollution by
pesticides

+
++++
+++++

+
+
++++
+++++

++
++
++++
+++++

++
+++++
+++++

++
+++
+++++

++
+++
+++++

++
+++
+++++

++
+++

++
+++

++
+++

++
+++

++
+++

++
+++

++
+++

+++++

++++

+++++

+++++

+++++

+++++

+++++

TT, traditional or conventional tillage; GC, groundcovers; NT, no tillage; RT, reduced tillage; GC 30%, cover crop in-between tree rows with 30% of the surface without trees; GC
60%, identical to GC 30% but with 60% of the surface without trees; GC 90%, identical to GC 30% but with 90% of the surface without trees. Grading of the environmental effect:
+, slightly positive; +++++, strongly positive; , indifferent or negative.

Concerning residues over the soil, some practices included in
Table 2 may retain 30% of plant residues on the surface of the soil
after planting and can be considered as CT, but again may not
achieve required CA’s core principles.
The CA deﬁnition proposed in this paper agrees with the one
adopted by FAO (2014), Kassam et al. (2012), and Dumanski et al.
(2006). As well, the deﬁnition agrees with the European
Conservation Agriculture Federation (ECAF), which extended CA
systems to perennial crops (ECAF, 2012).
The beneﬁcial effects of CA on the environment have been widely
studied and disseminated by the scientiﬁc community since decades.
Particularly with regard to erosion (McGregor et al.,1990; Baker et al.,
2002; Espejo-Perez et al., 2013); increased organic matter content
(Ordóñez Fernández et al., 2007a; González-Sánchez et al., 2012;
Repullo-Ruiberriz de Torres et al., 2012); improved water inﬁltration
(Thierfelder and Wall, 2009); water usage (Blanco-Canqui and Lal,
2007); water quality (Jordan and Hutcheon, 1997); reduced water
pollution (Fawcett, 1995); biodiversity enhancements (López-Fando
and Bello-Pérez, 1997; Kladivko, 2001); reduced CO2 emissions (Lal,
2005; Carbonell-Bojollo et al., 2011). Likewise, several studies
demonstrate the technical viability of CA in terms of yields when
compared to TT (Cantero-Martinez et al., 2003; Van Den Putte et al.,
2010) and also regarding the economical revenue for farmers (Uri
et al., 1999; García-Torres et al., 2003). In Europe, the necessity of
changing the dominant agricultural model due to problems caused
by soil degradation is a need (Bakker et al., 2007; Van-Camp, 2004),
so the above mentioned beneﬁts, scientiﬁcally supported, would
serve to substantiate initiatives by the Public Sector in favor of CA in
the European programming period for 2014–2020. Aiming to assess
environmental performance of several agricultural practices, Table 3
compares different soil management systems for arable and
perennial crops.

4.3. Reduced tillage
The deﬁnition proposed is in agreement with CTIC (1994). The
challenge of farming RT within CA resides in accomplishing the
principle of leaving at least 30% of crop residues over the soil after
seeding. In fact, the negative effects that the runs of machinery
have on plant residues over the soil makes it very difﬁcult to
achieve that percentage of cover (Sloneker and Moldenhauer 1977;
Hanna et al., 1995; Liu et al., 2010). Authors agree with Hobbs et al.
(2008) and do not consider RT adequate for CA. CTIC (1994) deﬁned
RT as an agricultural practice that, by reducing tillage, could fulﬁl
the requirements of CT depending on several factors. Baker et al.
(2002) considered RT as a CT technique.
Consequently, RT does not always meet the requirements of CT.
The reduction of tillage derived from RT must be accompanied by
the presence of 30% of plant residues on the surface after planting.
CTIC (1994) sets a percentage of plant residues present in the ﬁeld
after planting under RT principles of 15–30%, so in some cases it
may fulﬁl requirements but not always. Tillage operations are
cumulative in terms of the loss of plant residues at the surface,
which makes it difﬁcult to meet the requirement of maintaining
surface residues (Colvin et al., 1986; Liu et at., 2010). Studies by
López et al. (2003) showed that primary tillage operations had a
major inﬂuence on residue incorporation, reducing the percentage
of residue cover by 90–100% in TT (mouldboard ploughing), 50–
70% in RT (chiseling). Two ﬁnal passes of cultivator, needed in a RT
routine for prepare the seedbed may leave 30–50% of residue cover.
Therefore, RT seldom meet CT soil cover requirement. This is in
accordance with the STIR index, which shows values not
compatible with proper soil conservation when RT equipment is
used.
4.4. Groundcovers

4.2. No tillage
The deﬁnition proposed is in line with national and international literature. According to studies in Spain (Ordóñez Fernández
et al., 2007b), the threshold of 30% of plant residues necessary to
effectively protect the soil is in agreement with the CTIC (2014). As
well, NT deﬁnition is in agreement with the synonyms given in
Table 2, frequently used in the literature (Derpsch et al., 2014).
ECAF referred to NT as direct sowing in its ﬁrst publication (ECAF,
1999), while Baker et al. (2002) used direct drilling as a common
synonym of NT, as well as Russell et al. (1975) did. Another similar
term is direct seeding, often used synonymously with NT in the
literature. As well, zero tillage or zero till (ZT) has been used for
decades. Monneveux et al. (2006) stated that soil preparation in ZT
is minimal, only enough to bury the seed.

GC deﬁnition proposed is in accordance with Pastor et al. (2001)
and García-Torres (2001). GC and cover crops have a certain
language connection in Spanish, thus it is needed to distinguish
among them. The reason for clariﬁcation is that cover crops have
been translated into Spanish with two different terms, “cubiertas
vegetales” and “cultivos cubierta”. That duplicity has created
confusion for farmers, technicians and policy makers, as the ﬁrst
term is usable for perennial crops and the second is understood for
arable crops.
Cover crops (“cultivos cubierta”) are planted in between two
main arable crops, and are only a tool used for agronomic and
environmental purposes, such as covering the ground, protecting
nutrients from lixiviation (catch crop) or suppressing weeds
(Varela et al., 2014). They can be established in both arable crops,
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between 2 main crops, or in the interrow of perennials. For
perennial crops, those covers are translated as “cubiertas
vegetales” in Spanish and not as “cultivos cubierta”. Covers
comprising spontaneous vegetation, green or dry, or residues, such
as prunings, are understood as well as “cubiertas vegetales” in
Spanish. To avoid terminological confusion between the covers in
herbaceous and perennial crops, the authors recommend the use of
GC for perennial crops and cover crops for arable.
5. Conclusions
CA has a clear positive adoption trend in Spain, both in arable
and perennial crops. Certainly, there is still a signiﬁcant potential of
growth, as only 7.5% of arable crops are under NT nowadays.
The deﬁnitions proposed clarify which practices ﬁt into CA and
which not, in accordance with the literature. NT is the best practice
for arable crops while GC are the best approach to perennial crops.
Although RT is sometimes accepted as a CT practice for arable
crops, it is not considered adequate for CA.
Due to improved ecosystem services when compared to TT, CA
should be broadly addressed by the Spanish Government and its
Autonomous Communities in the ﬁnancial framework 2014–2020.
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