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Abstract

Innovation at farms is crucial to face technological, environ-

mental and social challenges of the agricultural sector. Our

hypothesis is that access from farmers to research & devel-

opment services (RDS) is enhanced by certain entrepreneur-

ial attributes (market orientation and learning orientation) as

well as by their innovative attitude and human capital, as

innovation capabilities. We explore the role of these factors

in a sample of farmers in a region of Spain (Valencian Com-

munity), which is a context dominated by small and

medium‐sized farms. Through a logistic equation modelling

hood to be users of RDS. Our findings suggest that both

strategic and innovation capabilities, as well as a high level

of formal education, are positively correlated with farmer's

willingness to make use of RDS, while the largest group of

farms shows a lower probability of adoption of RDS. Poli-

cies promoting knowledge intensive support services can

pay attention to the fact that more innovative and educated

farmers are also those who interact more with RDS, even in

a context where small and medium‐sized farms prevail.
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1 | INTRODUCTION

Innovation in agriculture is now recognized as a key tool to address the great social challenges faced by rural econ-

omies. Progress towards a sustainable paradigm requires new ways of evaluating results and impacts of the Agricul-

tural Knowledge and Innovation System (AKIS) (EU SCAR, 2012). The AKIS concept considers innovation in

agriculture as a social process, were lineal models of innovation have been replaced by a cooperative approach, in

which innovation is “co‐produced” due to the interaction between farmers, researchers and intermediary actors

within the system (EU SCAR, 2015). Therefore, fruitful links between agents become a desirable goal in the AKIS.

There are certain AKIS characteristics that demand an effective relationship between innovation intermediaries

and small and medium‐sized holdings. First, social returns from R&D in agriculture are relatively high compared to

other sectors (Alston, 2010). Second, the pursued benefits of innovation efforts in agriculture go beyond simple

productivity increase; they also take into account broader contributions, including in the environmental and social

areas (European Commission, 2017). Third, the public‐sector role mainly concerns innovations that are complicated

to protect (Alfranca, 2005). Finally, in comparison with other sectors, the speed of technological transfer from science

to actual farming practice is quite low. Sutherland et al. (2017) argue that innovation potential has been lost in the

agricultural sector, because of disconnection between scientific research and small‐scale farmers. New approaches

take too long to be put in place, given that in the EU small and medium‐sized farms prevail, showing less ambition

to engage in research and innovation than in other industries. Particularly because of the low applicability of basic

research, recent EU agricultural and innovation policies have increasingly focused on the innovation potential of

the agri‐food sector. An example is the European Innovation Partnership (EIP) in agriculture, which works to foster

a smart and sustainable multi‐actor cooperation.

Understanding farmers’ social and entrepreneurial attributes can help to improve the effectiveness of research &

development services (RDS), organizations identified as innovation intermediaries or cooperation tools addressed to

agricultural holders and other rural stakeholders (Caputo, Cucchiella, Fratocchi, Pelagagge, & Scacchia, 2002; Klerkx &

Leeuwis, 2008). The literature has extensively discussed the crucial role that innovation intermediaries play in the exploi-

tation and dissemination of innovations, increasing both the speed and the innovative performance of organizations (De

Silva, Howells, & Meyer, 2018; Edler & Yeow, 2016). However, there is less research on the type of contribution of dif-

ferent types of intermediaries (Kilelu, Klerkx, Leeuwis, &Hall, 2011), especially in the agriculture sector. Seen as interme-

diary actors, RDS are supposed to facilitate intense interaction between actors inwhich human capital plays a critical role

(Alvesson, 1995; Klerkx, Aarts, & Leeuwis, 2010; Mas‐Verdú, Wensley, Alba, & García‐Álvarez‐Coque, 2011; Miles,

2005). Intermediary agents help to solve the challenges faced by agricultural entrepreneurs as well as to integrate their

needs through a “service relationship” between providers and beneficiaries, through interactions leading to a co‐produc-

tion process (Faure et al., 2017). However, what is the perception of agricultural smallholders regarding RDS?Which cul-

tural and structural attributes enhance the use of such services?We argue that the effectiveness of RDS is enhanced by

entrepreneurial and cultural farmers’ characteristics, such as their innovation attitude and their learning orientation.

In this paper a logit model is proposed to assess which aspects can influence the likelihood of farmers to use

RDS, with focus on capacities connected with innovation, such as market orientation (MO), learning orientation

(LO) and innovative attitude (IAT). We also consider specific characteristics related to human capital (education

and age) as well as information on the size of holdings (gross margin), and territorial localization. We test the pro-

posed framework in a sample of farmers at the region of Valencia based on a survey on innovation in agricultural

operations carried out with farmers in the region, designed and collected ad hoc for this research.
2 | CONCEPTUAL FRAMEWORK

According toTouzard, Temple, Faure, and Triomphe (2015), despite the complexity of the AKIS, an interactionist view

of innovation suggests to explore the key factors that influence the farmers’ participation in the innovation networks.
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In this paper, we evaluate the role of RDS as intermediate agents in the AKIS system by assessing the characteristics

of small and medium‐sized agricultural holders that make use of RDS.

RDS fulfil different functions to promote knowledge dissemination: advisory, consultancy and technical support;

demand articulation; networking, facilitation and brokerage; capacity building; institutional support and scaling‐up

mechanisms (Faure et al., 2017; Mathe et al., 2016). In order to investigate farmer's values and attitudes towards

support services, we first need to define the relevant constructs and attributes that characterize farmers’ behaviour.

We will proceed then to test their influence on the farmers’ likelihood to make use of RDS.

RDS should be locally adequate to farmers, according to their own contexts and individual priorities, hence the

relevance to focus on farmers’ views about the RDS adoption. Related to this, research about innovation in agricul-

ture cannot avoid the study of subjective cultural constructs that involve perceptions and beliefs (Borges, Oude

Lansink, Marques Ribeiro, & Lutke, 2014). We propose to focus on farmers’ market orientation, learning orientation

and innovative attitudes as core characteristics that can influence farmers’ use of RDS. We also consider certain indi-

vidual characteristics of agricultural holdings such as human capital (age & education level), geographic localization

and farm size, considered here as control variables. We focus then on a regional context approach through a case

study in the Spanish region of Valencian Community.

2.1 | Market orientation (MO)

As a component of the farmer's innovation behaviour, MO provides information about the entrepreneurial orienta-

tion of farmers and the relationship between them and other market actors. MO is recognized as a cultural variable

which is also identified as a behavioural characteristic in contexts where internal innovation determines the process

in which individuals develop and implement firm's strategies based on information given by market trends, compet-

itors and customers (Kohli & Jaworski, 1990; Narver & Slater, 1990). Micheels and Gow (2014) describe MO as a het-

erogeneous intangible firm's cultural resource that integrates articulated new information that includes needs of

potential or actual markets and consumers. Empirically, previous literature concludes that the MO significantly

enhances business performance in a context also influenced by the learning orientation of individuals in firms (Baker

& Sinkula, 2002; Lin, Peng, & Kao, 2008; Slater & Narver, 1995).

2.2 | Learning orientation (LO)

Hurley and Hult (1998) consider learning orientation as a strategic tool required to build a culture where firms

become organizations receptive to innovation. In this research, LO focus on knowledge‐sharing and its assimilation

to become essential capabilities aiming to assimilate new ideas about market dynamic and innovation. In line with

MO, Narver and Slater (1990) highlight the organizational culture in firms, which allows managers to learn fast about

market developments. Consequently, LO is considered an important capability that joins market orientation as a

baseline to innovativeness (Baker & Sinkula, 2002; Day, 1994; Sinkula, Baker, & Noordewier, 1997). Small and

medium‐sized holders need to integrate knowledge and learning capacities as resources to improve organizational

performance (Ibrahim & Heng, 2015). We propose learning orientation as an antecedent to innovation behaviour,

which also, in synergy with MO, provides a baseline for technical and organizational change (Ramos‐Sandoval,

García‐Álvarez‐Coque, & Mas‐Verdú, 2016).

2.3 | Innovative attitude (IAT)

Gellynck and Kühne (2008) describes innovation capabilities as a set of dynamic processes based on searching and

exploring, which eventually results in knowledge generation and absorption to be converted into new products,

new techniques or new markets. Lee and Tsai (2005) state that an interactive cooperation among firms has an impor-

tant role when comes to encouraging the internalization of the market and learning orientation. At a farm level, inno-

vation capabilities could facilitate firms to be more aware of opportunities within markets trends and new processes,
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which allows them to strengthen their position in the value chain (Micheels & Gow, 2014). A shift from a simple

“transfer of technology” approach to an “innovation system” approach is considered desirable in the AKIS (Wielinga,

Koutsouris, Knierim, & Guichaoua, 2017). Here the study on how innovation attitudes affect small holders’ collabo-

ration with RDS becomes increasingly relevant.

2.4 | Human capital characteristics

There are several individual characteristics that can be proposed as human capital factors that may influence the like-

lihood of farm's managers to adopt RDS. In this research, we propose two main individual attributes: agricultural

holders’ age and education levels. Farmer's age was formulated in our model as a dummy variable that captures

two time horizons of individuals: young farmer (≤ 40 years) and senior farmers (>40 years). Diederen, van Meijl,

Wolters, and Bijak (2003) suggest that senior farmers are usually less interested in assimilating external information,

which could hamper their access to information about market trends or competitor's information. Experienced farm

managers may show less willingness to take the risk of implementing innovations in their farms (Micheels & Gow,

2014). Younger farmers would show a better connection to new knowledge and would display a riskier attitude.

Läpple, Renwick, and Thorne (2015) underline the relevance of farmers’ risk attitude in the process of innovation

adoption.

Furthermore, we evaluated the education level as a dummy variable that distinguishes between farmers with a

technical or university degree from those who lack any professional training. O’Donoghue and Heanue (2018) stress

that the quality of education matters and they suggest that the influence of education depends on whether it is for-

mal or informal, it has either long or short‐term length or it is accredited or not. Finally, they conclude that a close

connection between education level and the advisory and extension services may improve the effectiveness of the

knowledge services as well as the mutual understanding between scientists and farm managers, which is not always

fruitful (McCown, 2002).

2.5 | Farm size

Whereas the relationship between firm size and innovation has been commonly investigated in the industrial and

technology sector (Acs & Audretsch, 2005; Pavitt, Robson, & Townsend, 1987), we evaluate the influence of the size

of agricultural holdings on their managers’ propensity to make use of RDS. Our survey allowed to group farm sizes in

five categories of farm gross income: (i) below 5,000 euro; (ii) 5,000–10,000 euro; (iii) 10,000–20,000 euro;

(iv) 20,000–50,000 euro; and (v) above 50,000 euro. This classification allows to capture the micro‐farms which

are relevant in the Mediterranean context. Langemeier and Jones (2000) suggest a relation between farm size and

their financial capability to invest, which may pose a limitation because priorities that especially small and medium

farms face. Related to these, large farms would show an enhanced capacity to invest in new technologies and equip-

ment, which is normally constrained for small farms (Laforet, 2008; Laforet & Tann, 2006). Pascucci and De‐Magistris

(2012) associate farm size with organizational complexity as a factor for farmers’ technology choices. García‐Álvarez‐

Coque, Mas‐Verdú, and Sanchez‐García (2015) highlight the problems that small and medium enterprises in the agri‐

food sector face to carry out R&D projects in partnership with universities and research centres. However, large

farmers may have better connections with agribusiness and lower incentives to collaborate with public RDS.

2.6 | Sub‐territory

Previous research (Fearne, García‐Álvarez‐Coque, López‐García‐Usach, & Sanchez‐García, 2013) has underlined the

role of territorial factors in explaining the participation of agri‐food firms in R&D partnerships. García Alvarez‐Coque

et al. (2015) confirm the existence of certain conditions that allow small firms to take part in R&D projects and net-

working, such as the proximity to the knowledge centres and the collaboration within food clusters. We divided our

sample into three provinces. Valencia and Alicante, with larger urbanized areas, and Castellón, with the more
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predominant rural population. Valencia benefits from holding the regions’ capital city, with a significant concentration

of universities and agricultural research centres. Therefore, in order to determinate the territorial influence, a

categorical variable was included to evaluate in the model the effect of farmers’ location in the three region's

provinces.
3 | DATA AND METHODOLOGY

Data collection and analysis were according with a local approach that allows a statistical evaluation of farmers' per-

ception regarding the regional innovation system. A survey was designed aiming to make an introspective evaluation

of farmers’ innovative attitude in the region of Valencia. Data were collected from May to December of 2012

obtaining a 40.80% response rate, with 247 surveys completed, each one randomly selected, with a sampling error

of 6.3% at an acceptable level of confidence, given a total census of N ≥ 100 000 holdings, based on available

datasets: “Agricultural Census” (INE, 2009) and the “Survey on Agricultural Structure” (INE, 2007).

Pérez‐Ledo (2013) indicates the particular agro‐climatic conditions in Valencia as one factor for productive spe-

cialization: 80% of its agricultural final production corresponds to Mediterranean crops (fruits, vegetables, rice,

vineyards, and olive trees, among others). Valencia is, therefore, a territory with specific agricultural conditions to

explore, with most of its production oriented to export outlets. Table 1 presents the basic characteristics of the

surveyed farms.

A construct for the farmers’ use of RDS was built as an indicator of the propensity of surveyed farmers to resort

to RDS (Segarra‐Blasco & Arauzo‐Carod, 2008). Questions related to such use were organized in three Likert scales

(1 to 7):
RDS1
TABLE 1

Variable

Age

Educatio

No prof

Technic

Sub‐Ter

Alicante

Castelló

Valencia

Farm Si

Below 5

5,000–1

10,000–

20,000–

Above 5

Notes: n
Source: P
I usually take advice from research centres and universities,
RDS2
 I take part in projects of research and innovation undertaken by public or private organizations,
RDS3
 I consult agricultural county offices to apply the best techniques.
A binomial variable was designed and built by applying a cluster analysis on the RDS construct based on the

defined scales. The variables obtained from the non‐hierarchical cluster process were segmented through SPSS© into
Description of the sample

s Frequency Mean S.D

247 48.16 11.396

n Level 1.53 0.500

essional training 115

al / University degree 132

ritory 2.64 0.659

25

n 39

183

ze 3.07 1.145

,000 euro 16

0,000 euro 69

20,000 euro 79

50,000 euro 47

0,000 euro 36

= 247 farmer respondents. Education level, Sub‐Territory, and Farm Size are reported in absolute frequencies.
repared by authors based on the project survey.
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two categories (Y = 1, RDS user; Y = 0, No RDS user). Through this technique, a total of 92 farmers were identified as

RDS users, whereas as 155 farmers were identified as no RDS users (Table 2). At the same time, three constructs

were built to describe MOi, LOi, IATi, based on the scales in Table 2, which also resulted from survey responses.

The functional equation of the logit model is displayed in Equation (1):

bp ¼ Prob Y ¼ 1ð Þ ¼ E Y ¼ 1 Xð Þ ¼ expxβ

1þ expxβ
; (1)

where Y is the dependent variable RDS. Y = 1 means RDS = 1, that is, the farmer being a RDS user. X are the inde-

pendent variables:MOi; LOi; IATi; education level (EdL) and farmers’ age (Age) as individual respondent conditions; the

gross margin ( F s) to identify the firm size; and Sub‐Territory (Tsub) that indicates the geographical localization. The log

transformation of equation (1) yields the following linear regression (2):

ln
RDSuser

1 − RDSuser

� �
¼ β0 þ β1MOi þ β2LOi þ β3IATi þ β4 EdL þ β5Ageþ β6Fs þ β7F

2
s þ β8Tsub þ ε: (2)

4 | MAIN FINDINGS AND DISCUSSION

Model fit evaluation from a preliminary logistic regression that just considers the dependent variable indicates a cer-

tainty ratio of 62.8%, assuming a scenario that respondents are non‐RDS users. When the independent variables

were added to the regression evaluation, the model displayed adequate goodness of fit indices for the logistic regres-

sion: −2 log likelihood = 269.162; R2Nagelkerke = 0.281 to explaining the variance of the dependent variable at 28.1%.

The Hosmer and Lemeshow (1980) measures explain the model capacity of prediction: Chi square = 6.519; df = 8;
TABLE 2 Description of cluster segmentation from construct R&D Services

Construct Variables

RDS User / n = 92
No RDS User /
n = 155

Mean
Std.
Dev

Std.
Error Mean

Std.
Dev

Std.
Error

MO (Narver &
Slater, 1990)

▪ I follow the quality guidelines I
receive from clients.

6.24 1.093 0.114 5.45 1.555 0.125

▪ My interest in quality gives me
advantages over other holdings.

5.74 1.511 0.158 4.90 1.880 0.151

▪ Customer satisfaction is the main
goal of my holding.

6.18 0.994 0.104 5.44 1.834 0.147

LO (Calantone, Cavusgil,
& Zhao, 2002; Hult, 1998;
Johnson, Meyer, Berkowitz,
Ethington, & Miller, 1997)

▪ I like reading magazines or view
media about new crops or methods
that I could introduce.

6.14 1.210 0.126 5.23 1.720 0.138

▪ I enjoy attending fairs, courses, or
seminars to learn new ideas.

6.14 1.044 0.109 5.35 1.712 0.137

▪ When a new technique/product does
not yield results, I analyze the causes
of the failure.

6.09 1.023 0.10700 5.39 1.630 0.131

IAT (Harrison, Mykytyn, &
Riemenschneider, 1997;
Sophonthummapharn, 2009;
Venkatesh & Davis, 2000)

▪ Adopting innovation is a useful
decision.

6.12 1.098 0.1014 5.28 1.650 0.133

▪ I value people that innovate. 6.28 1.083 0.113 5.78 1.378 0.111
▪ The people who are important for

me believe that I should innovate.
5.51 1.456 0.152 4.44 1.809 0.145

▪ I am motivated to innovate. 5.39 1.791 0.187 4.14 2.167 0.174
▪ Innovations improve the results

of my farm.
5.68 1.526 0.159 4.74 1.948 0.156

▪ Innovation pays off. 5.55 1.699 0.177 4.82 1.925 0.155

Source: Prepared by authors based on the project survey.
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p value = 0.589 and indicate a high level of non‐significance, which is an index of higher level of reliability for the logit

modelling. The ratio of certainty also increases around at 8.9%, when the independent variables are added to the

model (70.9%). Outcomes obtained from linear logistic formulation are the set of regression coefficients (β), including

the intercept (β0) and the coefficients labelled (β1; β2; β3; β4; β5; β6; β7; β8) that are significant (p < 0.05) in four var-

iables from the model proposed (Table 3). These measures identify conditions for farmers to adopt the RDS except

for MOi(p = 0.060), any of sub‐territory categories (Tsub; Tsub2; Tsub3), age (p − value = 0.773); and three of the five

categories of farm size: F s1 (p − value = 0.096); F s2 (p − value = 0.114);and F s3 (p − value = 0.061).

The results for variables with significant p‐values and odds ratio > 1 (Table 3) confirm the relevance of some

variables, LOi, IATi, EdL, F s, as enhancers of the likelihood of farmers to be RDS users.

Table 2 shows,MO, LO, and IAT scale Likert means in RDS users group that were classified above 6, which allowed

to identify a high level score of these characteristics in farmers who are RDS users. In this regard, we identified that

farmers with relatively high levels of innovation attitude increased their likelihood to be a RDS user, up to 85%. High

levels of learning orientation can also increase by 64% the farmers’ probability to adopt innovation support services.

About the influence of socio‐economic or contextual characteristics, levels of high formal education such as

technical or college studies were also a factor that nearly duplicates (odds ratio = 2.241) the farmers’ probability to

use RDS. In his research on small‐holders, Läpple et al. (2015) prove the relevance of higher education in farmers’

condition to make them more able to absorb new information or adapting knowledge in a more efficient way. The

role of education in agriculture is crucial within the innovation process because education drives farmers to widen

their sources of information (O’Donoghue & Heanue, 2018) and to expand their networks (Faure et al., 2017).

The fact that age is not independently significant might be due to the role of education, which can be more

determining of a higher use of RDS than age by itself. On the other hand, within the largest farm size category,

the probability of farmers to be users of RDS is reduced by 10%. This finding would need further investigation but

suggests that larger farms may resort to alternative knowledge sources, perhaps in connection with agribusiness. It

can be also indicative of a crucial role from RDS in supporting small and medium‐sized holdings.

In this regard, agricultural innovation is a process which cannot be simply understood as a top‐down process

related to technology adoption (Dedieu et al., 2009), but as an interactive process in which innovation policies need

to consider characteristics of agricultural holders that improve the effectiveness of the AKIS.
TABLE 3 Estimates of logistic regression

Variable β S.E. Wald df Sig.
e(β) = Odds
ratio (*)

95% C.I. for EXP(β)

Lower Upper

MOi 0.451 0.240 3.524 1 0.060 1.570 0.980 2.513

LOi 0.493 0.239 4.263 1 0.039 1.637 1.025 2.614

IATi 0.617 0.238 6.704 1 0.010 1.852 1.162 2.954

Age 0.004 0.014 0.083 1 0.773 1.004 0.977 1.032

EdL 0.807 0.317 6.461 1 0.011 2.241 1.203 4.175

Fs (< 5 000 € = 0) 9.936 4 0.042

Fs1 (5 000–10 000 €) −1.100 0.660 2.778 1 0.096 0.333 0.091 1.214

Fs2 (10 000–20 000 €) −1.040 0.657 2.505 1 0.114 0.354 0.098 1.281

Fs3 (20 000–50 000 €) −1.292 0.690 3.506 1 0.061 0.275 0.071 1.062

Fs4 (> 50 000 €) −2.339 0.774 9.134 1 0.003 0.096 0.021 0.439

Tsub (Alicante = 0) 2.966 2 0.227

Tsub2 (Castellon) −0.256 0.660 0.150 1 0.698 0.774 0.212 2.822

Tsub3 (Valencia) 0.497 0.499 0.992 1 0.319 1.644 0.618 4.371

Constant −3.611 1.393 6.724 1 0.010 0.027

Note: (*) Odds ratio confidence interval at 95%.
Source: Prepared by authors based on the project survey.
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5 | CONCLUDING REMARKS

In previous sections, we provided a framework that allowed us to: (i) measuring some innovative capabilities of agri-

cultural holders; and (ii) evaluating their willingness to adopt RDS. We found that behavioural and cultural resources

explain why some holders make use of RDS more than others. Holders’ learning orientation and innovative attitude

were identified as enabling internal conditions that enhance an entrepreneurial orientation that may increase the like-

lihood of a holder to be RDS adopter, even in territorial contexts where small‐scaled agricultural holders are predom-

inant. In this regard, it is outstanding that the most motivated group of farmers are the more active RDS users, which

also are those more prone to capture and share knowledge. Market orientation considered by itself is not significant,

at least if it is not accompanied by an innovation attitude and a learning orientation.

These findings would need to be taken into account in the formulation of territorial innovation policies such as

future developments of the European Innovation Partnership for agriculture productivity and sustainability. Our

results reveal that innovation policies need to consider farmers’ cultural and social attributes in order to enhance

the effectiveness of RDS, which interact with more innovative and educated farmers. The new interactive and bot-

tom‐up innovation approach is not easy to implement because in certain places there are issues regarding collective

action and weaknesses in initiatives where farmers lack training and professionalism.

The education level of farmers, in our research context, plays a significant role that increases their likelihood to

become RDS users, which is consistent with previous research suggesting that educated farmers are more willing to

participate in networking activities with other agents of the innovation system. Also, our findings reveal the impor-

tance of an educational system that promotes innovation and a learning orientation and further fosters linkages

between farmers and RDS.

Age and some categories of farm size do not seem to be relevant to discriminate between RDS users and non‐

users. The fact that large holdings in our research context have a negative effect on the probabilities that farmers

become RDS users, should be better explored, perhaps by investigating the role of agribusiness in the AKIS or by bet-

ter specifying the typology of innovation support services also in research contexts where small holdings are not

predominant.

The nature of future generations of farmers as real entrepreneurs will help to enhance their effective use of inno-

vation support services from the local AKIS. Future farm advisory services should be designed to strengthen the EIP's

Agricultural Productivity and Sustainability Programme in order to improve innovation support systems for farmers

and to facilitate the adoption of new and relevant technologies for farms.
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