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Abstract

The cultivation of alley cropping agricultural wood is an opportunity to comply with the greening requirements
of the common agricultural policy (CAP; 2014-2020), but farmers are not permitted to display the whole
alley cropping system (ACS) as ecological focus area (EFA) in Germany. They can display the agricultural
wood stripes separately as EFA instead. The willingness of farmers is of key importance for a successful
establishment, but, so far, the acceptance of this greening measure is extremely low. The aim of this paper
is therefore to point out factors which have linkages to the acceptance of ACS as EFAs by conducting an
online survey among German conventional farmers. The results of the regression analysis show that factors
such as attitude towards agricultural wood, level of professional education, location and social environment
affect the acceptance of ACS as EFA. To conclude, starting points that promote this type of greening measure
are identified.
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1. Introduction

Greening was one of the most important changes introduced with the latest reform of the common agricultural
policy (CAP)! (European Commission, 2013). The receipt of direct payments is tied to three specific
environmental requirements in the current funding period of 2014 to 2020 (SRU, 2013): diversifying crops,
maintaining permanent grassland, and dedicating arable land to ecologically beneficial elements. The latter
stipulates that farms with at least 15 hectares of arable land must designate a minimum of 5% of their arable
land as ecological focus areas (EFAs) to comply with the greening requirements (BMEL, 2015a). One option
for providing EFAs is to plant agricultural wood (BMEL, 2015b). In this connection, agricultural wood
refers to the planting of fast-growing tree species such as poplars or willows on land used for agriculture
with a maximum rotation period of 20 years (Dziewiaty et al., 2013). Besides the high annual growth in
yields, the trees are suitable for coppicing which opens up the possibility of multiple harvesting. The aim of
cultivating agricultural wood is generally to produce woodchips for electricity or heat generation (Barwolff
et al., 2013). Agricultural wood can be planted in a variety of ways: the plantation can occur in the form of
a short-rotation coppice (SRC) on the entire field or in strips in the form of an alley cropping agroforestry
system. Agricultural wood in form of an alley-cropping-system (ACS) can be integrated into particularly
adversely shaped sections of field, which enables it to contribute towards the technical improvement of the
field and increase machine effectiveness. CAP greening provides farmers with the opportunity to designate
these difficult-to-reach field sections with ACS as EFAs. However, ACS in the whole currently are not
permitted as EFA in Germany but farmers can display the SRC-stripes of an ACS separately as EFA (BMEL,
2015c¢). This requires an area of at least 0.3 hectares? for the agricultural wood and the growing of certain
tree species. Furthermore, fertilizers and pesticides are prohibited in the claim year (BMEL, 2015b).

In principle, agricultural wood (SRC as well as ACS) offers an array of benefits (for an extensive account,
see Drittler and Theuvsen, 2017): for instance, farmers can expand their product range with agricultural
wood (Griinewald and Reeg, 2009) and thereby diversify their cultivation structures (Feldwisch, 2011).
Particularly in locations with marginal yields, agricultural wood can help to spread risk and reduce income
fluctuations (Eichhorn et al., 2006; Wolbert-Haverkamp, 2012). Another advantage of agricultural wood
compared to annual crops can be seen in the reinforcement and stabilization of the soil nutrient content which
results from the redistribution of nutrients from deeper soil layers (Griinewald and Reeg, 2009) and a reduced
leaching of nutrients (Feldwisch, 2011). However, particularly in ACS, competing effects for nutrients or
light, in turn, can also rise between the annual crop and the strips of agricultural wood; whereas a loss of
yield of the annual crops can only be observed from a tree age of more than 20 years (Barwolff ef al., 2011;
DBU, 2010). Moreover, with the effects of year-round ground cover on adjacent areas, agricultural wood is
able to help reduce wind and water erosion (Anderson et al., 2009; Feldwisch, 2011; Lamerre et al., 2015).
Especially in monotonous, large-scale and extensively cleared farming landscapes, agricultural wood can
also enrich the cultivated landscape as a structural element and visually break up the land (BUND, 2010;
DLG, 2012), and thereby enhance the overall image of the landscape (Feldwisch, 2011; Nitsch et al., 2016;
Rigueiro-Rodriguez et al., 2009; Spiecker et al., 2009). However, it should be ensured that the extent of the
agricultural wood area fits into the landscape because oversized SRC or ACS, in turn, can be experienced
as disturbing regarding to the recreational function of landscape (Peters, 2012). In addition, various land use
requirements (bioenergy source production and foodstuffs) can be satisfied simultaneously with the planting
of strips of agricultural wood in particular (Griinewald and Reeg, 2009). The cultivation of agricultural wood
can likewise increase the biodiversity on fields (Griinewald and Reeg, 2009; Lamerre et al., 2015; Spiecker
et al., 2009; Zehlius-Eckert, 2010) as long as the area is not oversized; too large SRC in turn, can affect the
biodiversity negatively (Weih et al., 2003).

I The present article is part of a project that was granted at a time where it was not yet foreseeable that greening would not be continued in its design
in the CAP after 2020. Nevertheless, this article grants important implications in the light of the CAP after 2020 because the requirements of greening
will be part of the so-called new conditionality which will remain mandatory for the receipt of direct payments.

2 However, the CAP allows the governments of the German federal states to lower this minimum size due to regionally different farmland sizes.
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The growing of agricultural wood can thus combine the achievement of various goals (Reeg, 2010) and
contribute towards more sustainable farming that meets the needs of both the economy and ecology at the
same time (Béarwolff et al., 2013; Wirkner, 2012). Nonetheless, German farmers only grow agricultural
wood — especially as EFAs — to a very limited extent (around 7,000 hectares of SRCs and ACSs) (BMEL,
2015c¢, 2016, 2018; Klabunde, 2016), although agricultural wood is a bioenergy source that is accepted by
a general public who are aware of the food-or-fuel debate (Henke and Theuvsen, 2014; Herbes et al., 2014;
Schaper and Theuvsen, 2006; Zschache et al., 2009) and which is classed as ecologically valuable in various
studies (Anderson et al., 2009; Barwolff ef al., 2013; Lamerre et al., 2015).

Various studies on the cultivation of agricultural wood in Europe have already examined the acceptance
of SRC (Boll et al., 2015; Glithero et al., 2013; Roos et al., 2000; Skodawessely and Pretzsch, 2009;
Warren et al., 2016; Wrobel ef al., 2009) and agroforestry systems (Borremans et al., 2016; Pisanelli et
al., 2012; Sereke et al., 2016). In contrast, the acceptance of ACS as EFAs has not yet been the subject of
scientific study. A rare exception is Beer and Theuvsen (2019) who analyzed farmers’ attitudes towards
agricultural wood and their willingness to plant ACSs as EFA. This paper takes a broader view and analyses
attitudes from a broader angle; therefore, statements on interest and cultivation risks are also included in the
analysis. However, although the willingness of farmers to plant ACS is of key importance for the successful
establishment of this EFA measure, research is still very scarce. To close this research gap, the aim of this
paper is to point out the factors that have a linkage to the willingness of German farmers to grow ACS as
EFAs and to identify starting points for promoting the cultivation of ACS as EFAs. The paper is structured as
follows: Section 2 describes the status of research on the factors that influence the decisions of farmers and
sets forth the hypotheses underlying this investigation. Section 3 is dedicated to an account of the material
and methods. The findings are presented in Section 4. The paper closes with a discussion of the findings
and several conclusions in Section 5.

2. Factors influencing the decisions of German farmers

In theory, a decision is a calculating and goal-oriented action performed by an individual. Decision-makers
have at least two possible courses of action to choose from (Pfister ez al., 2017). Neurological research has
shown that two decision-making systems in different parts of the brain are existing; one part is much more
active for decisions that are really contemplated, logical, controlled, and another part that is more active
when decisions are made more unconsciously, based on routines (Gold and Shadlen, 2007). In the case of
business decisions, it is often assumed for reasons of simplification that they only act rationally in strict
pursuit of economic profit maximization. In practice, however, the decision-making process is influenced
by non-economic factors in addition to economic factors (Austin et al., 1998; Edwards, 1954; Ilbery, 1978;
Kahneman and Tversky, 1979; Simon, 1959; Warren et al., 2016). To summarize these studies: the decision
behavior of farming businesses is subject to the influence of operational characteristics, environmental factors
and the motives of the decision-makers (Burton, 2004). In the literature, a distinction is therefore drawn
between operational and personal factors as well as external factors in the form of the social environment.

2.1 Operational factors

Studies on the investment behavior of farmers were also considered in the selection of literature; although
agricultural wood is a rather atypical investment, since it is practically arbitrarily divisible, these studies are
still able to provide indications of relevant factors. The size of the farm — in the form of the area available — is
a variable that determines the decisions of farmers in various respects (Ilbery, 1978). Gardebroek and Oude
Lansink (2004) show that the available area of a farm affects the decision of the farm manager to invest in
buildings. According to Barham et al. (2004), Granoszewski et al. (2009) as well as Savastano and Scandizzo
(2009), a high availability of land or the possibility to procure land promotes investment; the investment
thresholds declines as farm size increases. The larger a farm is, the more willing farmers are, for example,
to invest in a biogas plant (Granoszewski et al., 2009). Regarding the planting of energy crops, the farm
size likewise affects the decision to plant (Breen et al., 2009; Paulrud and Laitila, 2010). In a survey on the
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acceptance of SRC, Roos ef al. (2000) determine that the decision on the choice of tree species is influenced
by the area of arable land and wooded land available. The proportion of leasehold land and grassland has
a negative effect on the decision to plant (Roos et al., 2000). In contrast to the investment in biogas plants
(Granoszewski et al., 2009), investment in an SRC negatively correlates with the farm size: according to
Neubert et al. (2013), small farms with fewer than 50 hectares consider the possibility of planting SRCs
more intensively than large farms with more than 500 hectares. Notwithstanding the discrepancies regarding
farm size, Hypothesis 1 is formulated thus:

H1: The smaller the area cultivated by a farm, the more farmers are willing to plant an ACS as EFA.

In the literature, the type of employment of the farm represents another determinant of the decision behavior
of farmers. Vollmer et al. (2015) were able to identify the influence of the type of employment ‘main
occupation’ on investment behavior. According to Adesina ef al. (2000), part-time farmers invest in an SRC
earlier than full-time farmers due to their secured income beyond farming. Consequently, Hypothesis 2 is
set down as follows:

H2: Managers of farms operated as part-time employment are more willing to plant an ACS as EFA.

The majority of decisions made by farmers focus on the realization of profits (Swinton et al., 2015). Jonsson
et al. (2011) identify economic factors as key determinants in the decision to plant energy crops. According
to Granoszewski et al. (2009), a good economic initial situation of the farm has a positive effect on the
investment behavior of the farm manager. In particular, the self-assessment of the economic situation and the
future viability of the farm determine the decision to invest. Farm managers of successful farms invest more
readily in a biogas plant, for example, when they are satisfied with their financial situation (Granoszewski
et al., 2011). Accordingly, Hypothesis 3 is formulated:

H3: The more economically advantageously the farm is positioned, the greater the willingness of the
farmer to plant an ACS as EFA.

Gardebroek and Oude Lansink (2004) identify the farm location as a factor in the decision to invest in
new buildings. The decision to plant SRCs is likewise affected by the geographical location as well as soil
conditions (Roos et al., 2000; Wrdbel et al., 2009). Skodawessely and Pretzsch (2009) also ascertain that
the willingness to plant wood fuel trees is dependent on the location in the form of soil quality and annual
rainfall. In light of this, Hypothesis 4 is expressed as follows:

H4: The better the location factors of the farm are, the lower the willingness of the farmer to plant an
ACS as EFA.

2.2 Personal factors

The age of a farmer is a further determinant of the decision behavior (Ilbery, 1978). Paulrud and Laitila (2010)
identify the age of the farmer as being a factor affecting the decision to plant energy crops. The willingness to
plant SRCs is also decisively influenced by the age of the farm manager (Roos et al., 2000). Gardebroek and
Oude Lansink (2004) find that the willingness to invest in buildings declines with increasing age. Younger
farmers accordingly tend to invest earlier than their older occupational peers. Only when the advantages of
investment are large enough older farmers are likewise willing to invest (Gardebroek and Oude Lansink,
2004). Wrébel et al. (2009) and Neubert et al. (2013) show that the willingness to plant SRCs falls with
increasing age. Accordingly, farmers younger than 40 years of age demonstrate the greatest willingness to
plant a SRC. Consequently, Hypothesis 5 is composed:

HS: The older a farmer is, the lower the willingness to plant an ACS as EFA.
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The decision behavior of farmers is also affected by their level of education (Breen et al., 2009; Ilbery 1978).
Sauer and Zilberman (2009) show that better-educated managers of dairy farms are more prepared to invest in
a new technology; similar results can also be seen in studies for other industry sectors (Heise, 2017; Miiller,
2017). Good professional education thereby clearly reduces the investment threshold for farmers (Gardebroek
and Oude Lansink, 2004). Moreover, a completed degree increases the probability of choosing the optimal
time to invest (Holst ef al., 2016). Vollmer et al. (2015) demonstrate that deviations from recommended
courses of action — defined on the basis of the real options approach — occur less frequently, the higher the
education level of pig farmers is. Against this background, Hypothesis 6 is drawn:

H6: A higher level of professional education positively influences the decision of farmers to plant an
ACS as EFA.

The attitude of a person relates to his or her behavioral intention (Fishbein and Ajzen, 1975). The action
of farmers is influenced by attitudes, personal characteristics and aims (Willock et al., 1999). Borris and
Maart-Nolck (2013) show that personal attitude determines the investment decision for biogas, albeit to a
lesser extent than economic factors. The attitude of farmers also plays a critical role in the willingness to
plant SRCs (Warren et al., 2016). Hence, Hypothesis 7 is formulated:

H7: A favorable attitude towards agricultural wood positively influences the decision of farmers to plant
an ACS as EFA.

The risk appetite of a farmer likewise determines the decision behavior (Granoszewski et al., 2011). Risk-
averse decision-makers tend to delay the implementation of operational investments (Sauer and Zilberman,
2009). Vollmer et al. (2015) show that the probability of an investment being made too late increases with
rising risk aversion. The stronger the risk aversion is, the later investments are made (Viscusi et al., 2011)
and growth strategies implemented (Inderhees, 2007), and the more defensive the decision behavior of the
farmers (Schaper et al., 2010). Thus, Hypothesis 8 is stated as follows:

HS8: The more risk averse a farmer is, the lower the willingness to plant an ACS as EFA.

Investment behavior is partly determined by management characteristics such as the experience or knowledge
of the farm manager (Voss et al., 2008). Jonsson et al. (2011) identify experience as being a key determinant
in the decision to plant energy crops. The experience of the farmer is also a significant factor in the decision
to use manure solids as fermentation substrates (Kroger et al., 2016b). Sauer and Zilberman (2009) were also
able to determine a positive influence of experience on the willingness of farmers to invest. In the view of
farmers surveyed by Skodawessely and Pretzsch (2009), the cultivation of wood fuel is primarily impeded
by a lack of knowledge and experience with SRCs. In light of this, Hypothesis 9 is composed:

H9: The more experience farmers have with agricultural wood, the greater the willingness to plant an
ACS as EFA.

2.3 Social influence

The contacts of a decision-maker can have an important influence on their behavior. Behavior is particularly
affected by how the decision-maker believes their own action is assessed by the social environment if the
decision is socially visible (Fishbein and Ajzen, 1975). Farmers represent important members of a village
community (Retter et al., 2002). The social environment in the form of family, friends, colleagues and local
residents thus exerts an influence on the decision of farmers (Solano et al., 2003; Zimmermann, 2003).
Granoszewski et al. (2009) confirm that the position of the respective rural environment is also relevant
for decisions regarding investments in biogas plants. Conversely, the opinion of occupational peers and
advisors are less important for the decision to invest, according to their study (Granoszewski et al., 2009).
Information about the decisions of others has a strong influence on one’s own investment decision (Viscusi
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et al., 2011). Skodawessely et al. (2009) determine that the assessment of SRCs by nature conservation
associations shapes public opinion on the planting of agricultural wood. This, in turn, affects the attitude
and acceptance of farmers. The planting of SRCs — and thus farmers’ investments into a kind of innovation
(Rogers, 2003) — requires the acceptance of all stakeholder groups; this also applies to the establishment of
alley cropping agricultural wood as EFAs. Consequently, Hypothesis 10 is drawn:

H10: The influence of the respective social environment affects the decision of farmers to plant an ACS
as EFA.

3. Material and methods
3.1 Study design and analysis methods

In the first quarter of 2017, 238 managers of conventional farms were surveyed on their attitude towards
planting agricultural wood by means of a standardised online questionnaire. To reach as many farmers as
possible, various distribution channels® were utilized. The link to the questionnaire could only be used once;
this ensured that a farm manager could not participate in the survey multiple times.

In total, the questionnaire covered 140 variables. The statements of the questionnaire were predominantly
measured using five-point Likert scales from -2 (totally disagree) to +2 (totally agree) (based on Kroger et
al., 2016a). Only experience with agricultural wood had to be entered on a seven-point Likert scale, from
1 (no experience) to 7 (very much experience). Further characteristics were collected using open and nominally
scaled questions. The questionnaire was designed based on extensive literature research, discussions with
experts and own experience; it contained various questions on the attitudes of German farmers towards planting
agricultural wood in general and planting agricultural wood in an ACS as EFAs as well as on operations and
social demography. Following a week-long preliminary test, the questionnaire was placed online from 30
January to 30 April 2017 using the Unipark program of the company Globalpark AG.

Data analysis was conducted with the use of the statistics program IBM Statistics 24 (IBM, Armonk, NY,
USA). To obtain an initial overview of the sample, the sociodemographic data were analyzed on a univariate
basis (Raab-Steiner and Benesch, 2008). An explorative factor analysis was subsequently conducted due to the
range of variables that describe attitudes towards agricultural wood. By reducing the analysis to as few factors
as possible in this manner, the individual factors could be interpreted more effectively and better explain the
observed relationships between the variables (Backhaus ef al., 2011; Biihl, 2010). For quality checking, the
KMO value, Bartlett’s test and subsequent reliability analysis were applied (Brosius, 2013). Multiple linear
regression was then calculated as a next step based on the extracted factors and in consideration of further
relevant variables (Section 2). The input variables were scaled at intervals; nominally scaled variables were
separated into dummy variables. The coefficient of determination (R?) was applied as the quality criterion
for the regression model. In addition, all factors were examined for significance, a Durbin Watson test was
calculated in order to be able to eliminate the autocorrelation of residuals, and the variables were checked
for multicollinearity (Backhaus et al., 2011; Brosius, 2013).

3.2 Sample description

The sample includes 238 conventional farmers; 98.3% are male and 1.7% female. On average, the farmers
are 44.9 years old and have 25.3 years of experience in farming. The sample is characterized by a very
high level of professional education; 46.2% of the surveyed farmers have a university degree and 19.3%

3 All farms providing agricultural training in Germany that added their email addresses to the websites of the respective Chambers of Agriculture were
contacted. Moreover, multiple farmers’ associations, the specialist magazines Top Agrar and Profi, the Bayerische landwirtschaftliche Wochenblatt,
the Landwirtschaftliche Zeitung Rheinland, the agricultural websites agrarticker.de and agrarheute.de, the federal association BioEnergie and the
Lower Saxony Network for Renewable Resources sent the link to the questionnaire directly to their members, placed the link on their website or
forwarded it onto members in their newsletter.
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are qualified as agricultural masters. The sample thus differs substantially from the overall population of
all farmers, in which only 9.8% of farmers have a university degree (Destatis, 2011). In this sample, 89.1%
of farms are managed as main occupations. The surveyed farmers manage 309.0 hectares on average, of
which on average 259.7 hectares are arable land, 45.2 hectares are permanent grassland and 4.1 hectares are
for permanent crops. The farm size thus lies significantly above the average of the basic population — 60.5
hectares of agriculturally used land per farm (Destatis, 2017). The proportion leased land of farms lies at
around 47.9% on average and therefore differs from the German average of 58.7% (Destatis, 2017). The
soil score varies in this sample from 3 to 90; the predominant type of soil stated by the farmers was sandy
loam (25.6%), followed by heavy loam (19.7%) and loamy sand (19.3%). The greatest proportion of farms
is located in southern Germany (30.7%); 27.7% of farms are located in northern Germany and 24.8% in
western Germany. Eastern Germany is the location of 16.8% of surveyed farms. Conversely, in the overall
population, almost half of farms are found in southern Germany (47.6%), a quarter in western Germany
(25.0%), 18.4% in northern Germany and 9.0% in eastern Germany (Destatis, 2017).

4. Findings of the empirical survey

Conventional farmers tend not to want to plant ACS as EFAs on their fields in the near future (u=-1,29), as
shown in Figure 1. 82.8% of farm managers reject the planting of ACS as EFAs, 10.5% are undecided, and
6.7% intend to plant ACS as EFAs. In contrast, the surveyed farmers are undecided whether they consider
the planting of ACS to be expedient as part of greening (u=-0,12) and whether they would decide in favor
of this if it were suitably profitable (u=0,27). 41.2% of farm managers assess ACS to be not expedient as
EFA, 21.4% are undecided, and 37.4% consider ACS to be expedient as part of greening. If the growing of
ACS is profitable as EFA, 47.5% of farmers would opt in favor of planting, 22.7% are undecided, and 29.8%
would not be convinced of planting ACS as EFA even if it were profitable to do so.

The willingness of German farmers to plant ACS as EFAs is presumably conditional upon various factors
(Section 2). In order to achieve a dimensional reduction of the range of possible variables relating to the
attitudes of farmers, an explorative factor analysis was first conducted. The principal component analysis
was used as extraction method and varimax rotation applied. To optimize the factor solution, all variables
that were loaded on more than one factor, as well as variables with insufficient commonality (<0.5), were
removed (Brosius, 2013).

Five factors could be determined which consist of 19 variables. The tests for assessing the quality of the
factor analysis confirm that the resulting factors meet all standard quality requirements. The stated overall
variance of the factors is acceptable at 64.4%. The KMO value amounts to 0.861, whereby the measurement
is considered well suited for the sample suitability. The correlation coefficients in the overall population are

| totally disagree disagree = undecided W agree totally agree
: o |
I intend to grow alley cropping agricultural wood as -

EFAs in the near future. ‘

I consider the growing of alley cropping agricultural
wood as EFAs to be expedient as part of greening. ‘

If it were profitable to grow alley cropping
agricultural wood as EFAs, [ would grow
agricultural wood. \ \

0% 20% 40% 60% 80% 100%
Share

Figure 1. Frequency distribution for the willingness to plant alley cropping agricultural wood as EFAs.
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not zero, as Bartlett’s test for sphericity verifies (Brosius, 2013). Furthermore, the reliability analysis shows
that the internal consistency of the factors is sufficiently high. For all factors, Cronbach’s alpha lies above
the minimum value of 0.6 stipulated in the literature (Backhaus et al., 2011; Biihl, 2010). The results of the
factor analysis can be seen in Table 1.

The first factor comprises three variables that enable conclusions to be drawn regarding the interest of
surveyed farmers in growing agricultural wood. A high level of agreement with the statements generally
indicates a high degree of information about agricultural wood and its cultivation. The second factor consists
of three variables that indicate the assessment of respondents regarding the operational advantages of growing
agricultural wood. If this factor has a high value, the farm managers hold the view that agricultural wood can
offer advantages to the whole farm operation. The third factor comprising five variables is concerned with
the opportunities of growing agricultural wood, which have a direct impact on the field. Agreement with
these statements shows that respondents can imagine benefits to the field as a result of growing agricultural
wood. The fourth factor encompasses four variables and deals with the possible cultivation risks of growing
agricultural wood. This factor is expressed as a high value if the respondents believe that various risks would
render the cultivation of agricultural wood unattractive for them. The fifth factor contains four variables

Table 1. Results of the factor analysis.!

Factors with statements Factor loading

Factor 1: Interest in agricultural wood (C.a = 0.741; share of total explained variance: 11.1%)

I have discussed agricultural wood with colleagues who cultivate agricultural wood. 0.836
I have informed myself about the growing of agricultural wood (online, specialist magazines, 0.802
presentation, fair, etc.).
My farm already cultivates agricultural wood. 0.691
Factor 2: Advantages for the farm operation (C.o = 0.834; share of total explained variance: 12.4%)
Growing agricultural wood enables the spreading of risk for my farm. 0.819
Growing agricultural wood offers development opportunities for my farm. 0.777
The soil nutrient content of a field can be improved by growing agricultural wood. 0.731
Factor 3: Advantages on the field (C.a = 0.821; share of total explained variance: 15.2%)
Alley cropping agricultural wood reduces the risk of erosion on adjoining farmland. 0.758
Agricultural wood can enhance the landscape, particularly in cleared agricultural landscapes. 0.753
Growing agricultural wood can improve biodiversity in agrarian landscapes. 0.695
Two land use claims (food and bioenergy) can be realized by growing alley cropping 0.689
agricultural wood.
Agricultural wood provides a practical opportunity of complying with the greening 0.541

requirements of the Common Agricultural Policy (CAP).
Factor 4: Cultivation risks (C.o = 0.685; share of total explained variance: 11.1%)

The high investment costs prevent me from growing agricultural wood. 0.749
The greening subsidy only compensates for a fraction of the higher effort required to harvest 0.727
agricultural crops between strips of agricultural wood.
The costs of alley cropping agricultural wood are very high. 0.685
The irregular cash flows during the production process make agricultural wood unattractive 0.683
for me.

Factor 5: Publicity effect (C.a. = 0.833; share of total explained variance: 14.6%)
The growing of alley cropping agricultural wood as EFAs improves my public image. 0.784
Growing agricultural wood improves the image of conventional farming. 0.767
The growing of agricultural wood for complying with greening requirements would be 0.744
supported by the local residents in my village.
Farmers who plant agricultural wood are considered to be innovative. 0.696

! Principal component analysis; varimax rotation; total explained variance: 64.4%; KMO = 0.861; C.a. = Cronbach’s alpha.
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that — in the case of the agreement of the respondents — attests to a positive effect of cultivating agricultural
wood on the public image.

In the next step, a regression analysis is performed to show which of the examined factors have a linkage
to the intention of farmers to grow ACS as EFAs in the near future. In addition to the generated factors,
the calculation includes further variables, some of which had to be coded as dummy variables due to their
scaling. The statistical model of regression is significant and accounts for 36.7% of the total variance. The
autocorrelation of residuals was checked by means of a Durbin Watson test. As the value for this regression
model is almost two (at 1.899), an autocorrelation of residuals can be ruled out (Backhaus et al., 2011; Biihl,
2010). Moreover, there is no multicollinearity since the variance inflation factor values lie significantly
below ten (Bowerman and O’Connell, 1990). The regression model thus satisfies the standard quality tests.
The result of the regression analysis can be seen in Table 2.

The variables that are included in the regression model are associated with the areas ‘personal criteria’, with
the attitudes and experience of farmers relating to agricultural wood, ‘operational criteria’ as well as ‘social

Table 2. Result of the regression analysis.!

Independent variable Standardised Significance Variance
regression inflation
coefficient beta factor

Personal criteria
Criteria on attitudes towards agricultural wood

Factor 2: advantages for the farm operation 0.282 0.000%** 1.684

Factor 3: advantages on the field 0.212 0.0071 **x* 1.362

Factor 1: interest in agricultural wood 0.155 0.099 3.291

Factor 5: publicity effect 0.118 0.060 1.468

Factor 4: cultivation risks -0.118 0.025* 1.027
Experience with agricultural wood

Please rate your experience with agricultural wood using the scale*  0.045 0.614 3.020
Further personality criteria

I am prepared to take on risks in order to advance my farm business® 0.020 0.715 1.146

Agricultural training? -0.116 0.036* 1.142

Age of the farm manager? -0.022 0.674 1.064
Operational criteria

I would like to expand my farm business? 0.098 0.087 1.222

The long-term solvency of my farm business is secured? 0.022 0.698 1.168

Annual volume of precipitation® -0.144 0.011* 1.192

Farm size of at least 1000 hectares? -0.072 0.188 1.110

Part-time farms? -0.062 0.269 1.169
Social influence

The decision to grow agricultural wood would be supported in my 0.209 0.006** 2.169

farm business (family, partner, etc.)3

! Dependent variable: ‘I intend to grow alley cropping system as ecological focus areas on my fields in the near future’; method:
enter; corr. R2=0.367; F = 10.171; P = 0.000; n=238; significance: * P<0.05, ** P<0.01, *** P<0.001.

2 Dummy variables;

3 Scale from +2=totally agree to -2=totally disagree;

4 Scale from 1=no experience to 7=very much experience;

3 In years;

6 Tn millimeter.
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influence’. It becomes evident that the factors initially generated from the area ‘attitude towards agricultural
wood’ have a linkage to the intention to grow ACS as EFAs. In particular, the factors ‘advantages for the
farm operation’ and ‘advantages on the field’ represent positive linkages to the cultivation decision of ACS
as EFAs. The factor ‘cultivation risks’, in contrast, has a significantly negative effect on the decision to grow
ACS as EFAs. All the factors initially generated for the attitudes towards agricultural wood could, therefore,
be included in the regression analysis. Even if not all the factors are significant, they still invariably have a
linkage to the intention of farmers to grow ACS as EFAs in the near future.

The level of training of the respondents likewise has a significant linkage to the planting decision. Farm
managers with agricultural training as their highest educational qualification tend to be less willing to grow
ACS as EFAs. Of the operational criteria, only the ‘annual volume of precipitation’ has a significant linkage
to the growing decisions of farmers. The lower the annual volume of precipitation is, the more farmers tend
towards cultivating ACS as EFAs. Moreover, it was possible to demonstrate a significant effect of ‘social
influence’ on the decision to grow ACS as EFAs. If farm managers are convinced that their decision to
cultivate agricultural wood will be supported by their social environment, this will tend to have a positive
effect on their actual planting decision. Hypotheses H4, H6, H7 and H10 can thus be accepted.

Contrary to the expectations derived from the literature, the operational criteria ‘farm size’, ‘type of
employment’ and ‘economic situation’ as well as the personal criteria ‘age’, ‘risk appetite’ and ‘experience’
could not be shown to be significant factors on the willingness to cultivate ACS as EFAs. With the exception
of the criterion ‘type of employment’, however, the signs do point in the presumed direction. Nonetheless,
hypotheses H1, H2, H3, HS5, H8 and H9 must be discarded.

5. Discussion

Overall, the surveyed farmers tend to reject the growing of ACS for the provision of EFAs. Thus, the results
of prior studies have been confirmed regarding the cultivation of agricultural wood. This rather negative
attitude was already demonstrated in studies on the acceptance of SRCs in the United Kingdom (Glithero
et al., 2013; Warren et al., 2016). In Germany, too, farmers have a critical stance towards the cultivation
of SRCs due to the lack of knowledge and experience relating to SRCs as well as due to the long-term
capital and land commitment (Skodawessely et al., 2008). Boll ef al. (2015), however, were able to show
that German farmers demonstrate a general willingness to cultivate SRCs, although only 10.5% of their
respondents were already involved in SRC cultivation. However, so far, no studies exist which examine the
attitudes or acceptance of agricultural wood in the context of providing EFAs in the context of the EU CAP.

The aim of this study was therefore to analyze the factors affecting the willingness of German farmers to grow
ACS as EFAs. The acceptance of agricultural wood is of key importance for the successful establishment
of this EFA measure. There have so far been few studies that examine the acceptance of agricultural wood
cultivation generally; none of these studies, however, refer to greening. A contribution towards closing
important research gaps in light of the increasing greening of agricultural policy can thus be achieved with
this investigation.

The regression analysis shows that both operational and personal factors, as well as the social environment,
determine the willingness to grow ACS as EFAs. The combined effect of these linkages (already determined
in previous studies) on the decision behavior of farmers can thus be confirmed (Burton, 2004).

Skodawessely and Pretzsch (2009), as well as Wrébel et al. (2009), already confirmed that the location
characteristics exert an influence on the acceptance of agricultural wood. Likewise, in this paper, the location
conditions in the form of the precipitation volume determine the willingness to grow agricultural wood as
EFAs. The lower the volume of precipitation is, the greater the willingness to cultivate ACS as EFAs.
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The professional level of education proves to be another factor that has a linkage to the growing decision.
Farm managers with agricultural training tend to reject the cultivation of ACS as EFAs. This leads to the
assumption that the willingness to grow agricultural wood increases with a higher level of professional
education in the form of an agricultural master qualification or agricultural degree. This corresponds with
previous studies, according to which the investment threshold of farmers reduces with a rising level of
professional education, for example (Gardebroek and Oude Lansink, 2004; Sauer and Zilberman, 2009).
However, the level of professional education presumably also has a linkage to other factors of the growing
decision.

As previously shown by Warren et al. (2016) regarding the acceptance of SRCs in the United Kingdom, the
attitude towards growing agricultural wood represents another personal factor. The greater the agricultural
and operational advantages arising from agricultural wood, as well as the interest in agricultural wood, are
judged and the lower the cultivation risks of growing agricultural wood are estimated, i.e. the more strongly
the farm managers hold a positive attitude towards agricultural wood, the greater the acceptance of ACS for
the provision of EFAs. In this respect, this paper also illustrates the long-postulated general importance of
attitudes for the behavioral intentions of decision-makers (Fishbein and Ajzen, 1975).

The linkage between the social environment and the decision-maker most strongly co-determines the
acceptance of agricultural wood as EFAs. This is likewise substantiated by previous studies (Granozewski
et al., 2009; Solano et al., 2003; Zimmermann, 2003). If farm dependents (such as the partner or family)
support the decision, the willingness to cultivate ACS as EFAs increases.

Although further determinants are shown to have an influence on the farmers’ acceptance in various studies
(Section 2), no significant effect on the willingness to cultivate ACS as EFAs could be demonstrated for
these factors in this paper. This is possibly due to limitations exhibited by this paper — as it is the case with
most experimental investigations — which should have been taken into consideration when interpreting
the findings. The sample in this investigation is therefore not representative for the overall population of
conventional farmers in Germany due to the insufficient size of the sample and its composition. A significantly
above-average level of professional education and above-average farm sizes are overrepresented in the
sample. However, as the decision behavior of farmers is influenced by operational and sociodemographic
characteristics (e.g. Boll et al., 2015; Borris et al., 2013; Granoszewski et al., 2011; Jonsson et al., 2011;
Sauer and Zilberman, 2009; Warren et al., 2016; Wrobel et al., 2009), the inadequate representativity can
lead to distortions in the response behavior of farmers. In addition, the survey method, as well as the selective
inclusion of respondents due to the distribution media, may have contributed to further distortions. The
allocation of attractive incentives and the definition of a quota regarding sociodemographic and operational
characteristics could reduce these distortions in future studies. It should also be noted that the willingness
of the farmers concerns expressed intentions and not actual actions. Due to the high number of respondents
in the sample, it is nonetheless possible to derive important hints from the results for the promotion of
growing ACS as EFAs which are also relevant for the overall population — in any case, however, at least for
the group of larger farms.

6. Conclusions

Only little spatial relevancy under the current CAP framework does not automatically imply that it is not
relevant for the future. The acceptance of agricultural wood is a progress taking many years due to certain
barriers and sceptics. Nevertheless, starting points for promoting the cultivation of agricultural wood
as EFAs can be found, on the one hand, in the dissemination of knowledge regarding agricultural wood
cultivation and, on the other hand, in the improvement of greening framework conditions. The knowledge
of farmers regarding agricultural wood cultivation could be improved by means of intensive publicity work
and the provision of advisory services. An improved level of knowledge regarding the benefits of growing
agricultural wood and the associated reduction of concerns relating to cultivation risks could help facilitate
a more positive attitude of farmers, which could substantially increase the acceptance of agricultural wood
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as EFAs. Moreover, advisory services particularly for farms in locations with marginal yields could raise
the attractiveness of agricultural wood. The framework conditions of greening should be improved by
increasing the weighting factor for short-rotation coppices as EFAs to better reflect the ecological value of
agricultural wood as well as to raise the attractiveness of this form of EFA. Profit maximization is not the
only business motivation; however, in order to secure acceptance of new and unknown production systems
particularly, strong financial incentives are required (Warren et al., 2016) which would be provided as a result
of a higher weighting factor based on the study results. Furthermore, the minimum area of short-rotation
coppices should be repealed. As noted by Drittler and Theuvsen (2017), strips of agricultural wood are not
suitable as EFAs in all regions in Germany with a minimum area of 0.3 hectares due to highly varied field
sizes regionally. It would also be important to ensure that political greening requirements have a long-term
nature, such that farmers can be provided the necessary planning security for cultivation decisions, which
are likewise long-term in nature due to the production cycle of agricultural wood. To identify further starting
points for promoting agricultural wood cultivation as EFAs, future studies should more closely examine the
attitude of farmers towards ACS as EFAs. The analysis of frequencies also indicates that farmers should
not be considered to be a homogenous group with respect to their attitudes towards agricultural wood as
EFAs. By identifying target groups (such as with the use of a cluster analysis), a step could be taken towards
developing a differentiated picture of the willingness of German farmers to plant ACS as EFAs. The results
could then be used to derive further measures for increasing the acceptance of agricultural wood as EFAs
among farmers. It is also recommended to investigate the attractiveness of agricultural wood compared to
other EFA measures in future studies.

Although based on the current CAP framework, the empirical findings of this study have also interesting
implications for the new CAP system to be implemented after 2020. The idea of greening will be replaced
and extended by the new system of conditionality and eco-schemes. The new conditionality is a mandatory
but more flexible approach which will link farmers’ income support to more environment- and climate-
friendly farming practices. Eco-schemes which are mandatory for member states but voluntary for farmers
will help to increase the environmental effect of first pillar payments. Against this background, insights into
the determinants of farmer’s decision to grow ACSs can provide meaningful input for a proper design of
new conditionality and eco-schemes as vital parts of the new green architecture of the CAP.
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