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Abstract

The adoption of Precision Farming (PF) in Germany has been studied through personal interviews with farmers during the AGRITECHNICA fairs in Hannover in 2001, 2003 and 2005. The intention of the surveys was to monitor how PF techniques have entered the German market over time and geographic location. The German farmers have been interviewed about their experience with the new technology and their attitudes and obstacles towards it. Based on some key questions the respondents have been divided into different groups and have been asked group specific questions. This paper focuses on various aspects of the farmers precision farming experience and compares different results from the surveys 2001, 2003 and 2005.
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Introduction
Precision Farming offers the opportunity to deal with site specific differences within a single field. The appliance of this modern technology assumes that the farmer has to modify his machinery and adopts new computer technology. This is surely an obstacle that has to be overcome by the farmers. In order to monitor how PF techniques have entered the German market over time and geographic location, three surveys were conducted at the AGRITECHNICA fair in Hannover from 2001 to 2005.

In comparison to other surveys about the adoption of precision farming (Arnholt et al. (2001); Daberkow et al. (2002); Fountas et al. (2003), Pedersen et al. (2004)), the generated database differs in the dimension of sample size ( 2001 n = 1742, 2003 n = 2620, 2005 n = 2110)  and the complexity of the interviews. Beyond the group of PF-users the questionnaire includes also potential PF- users, who intend to use PF within the next three years and farmers who do not intend to start with PF.

Materials and Methods

To get more information about the PF market in Germany, a special standardized questionnaire with closed questions was designed. Most of the questions allowed more than one possible answer. Based on some key questions, the respondents have been divided into different groups and have been asked group specific questions. Depending on the group the interviewed farmer got between 9 and 50 questions. Issues like the positive and negative experience of the PF technology, reasons for hesitating introduction of PF, economics etc. were discussed.  In order to achieve a high number of interviews at the AGRITECHNICA fairs a digital standardized questionnaire was used on palm handheld computers. The survey results were evaluated regarding temporal and spatial aspects. 

The interviewed farmers were divided into the following groups:

1.0 non-informed farmers: farmers who are not familiar with the terms of PF and are not using PF technology

2.0 informed farmers: farmers who are familiar with the terms of PF

2.1   informed Non-PF Users: farmers who know about PF, but do not intend to introduce PF  technology on their farms

2.2   Potential PF Users: Farmer, who know about PF and intend to introduce some PF     

        techniques within the next three years

2.3   PF Users: Farmers who already use PF technology

2.4   beginning PF-Users: Farmers only using area mapping. GPS-based area measurement

is a common method among German farmers, but the use of this method by its own does not necessarily implies the future use of additional PF methods.

The conducted interviews at the AGRITECHNICA fairs in 2001, 2003 and 2005 were all fully representative, as the interviewed farmer represent one percent of the German fair visitors. The following table shows the sample size in the different groups.  

Table 1: Sample size for the different groups

	 
	2001
	2003
	2005

	 
	N
	%
	N
	%
	N
	%

	full sample size
	1489
	100
	2319
	100
	1913
	100

	1.0
	686
	46,07
	1175
	50,67
	848
	44,33

	2.0
	803
	53,93
	1144
	49,33
	1065
	55,67

	2.1
	653
	43,85
	875
	37,73
	828
	43,28

	2.2
	126
	8,46
	137
	5,91
	167
	8,73

	2.3
	99
	6,65
	171
	7,37
	152
	7,95

	2.4
	51
	3,43
	98
	4,23
	85
	4,44


Results and Discussion

The results of all three surveys show that about 50 % of all interviewed farmers were familiar with the term “precision farming/ precision agriculture”. In all three surveys the informed farmers (2.0) related terms (PF-techniques respectively) like “yield mapping”, “area measurement” and “soil sampling” with PF. 

Most of them belong to the group of informed Non-PF Users (2.1), who hesitated with the introduction of PF. The main reason for hesitation was that PF technology still was too expensive and the use of PF was not profitable with a small farm size. The average farm size (median) of this group (2.1) was about 90 ha (2001), 92 ha (2003) and 100 ha (2005), more than 50% less than the average farm size (median) of PF-Users (2.3) which was about 380 ha  (2001), 250 ha (2003) and 345 ha (2005). Furthermore many of the informed Non-PF Users (2.1) wanted to wait until they realize that PF proved to be no longer problematic. They (2.1) had been asked on which condition they would introduce PF. In all three surveys the most of them stated the reduction of the costs as the main prerequisite. Moreover they wanted to get more information about the profitability of this technology and they hope for financial support for the introduction of PF.

Nevertheless there is a certain potential for new PF-users, who wanted to introduce PF-technology within the next three years on their farms. The percentage of this group (2.2) based on all interviewed farmers varied between 8,5 % (2001), 5,9 % (2003) and 8,7 % (2005). In general the farmers in this group (2.2) were well informed about PF and knew about the problems in the phase of introduction. The reasons for hesitation and the conditions for introducing PF in all three surveys were similar to the responds of the group of the informed Non-PF Users (2.1). In comparison to the informed non-PF Users (2.1) the group of potential PF-users (2.2) differed in the extend of the farm size (median), which was between 131 ha (2001), 150 ha (2003) and 170 ha (2005).    
The rate of PF-Users (2.3) slowly increased between 2001 (6,65 %), 2003 (7,37 %) and 2005 (7,95 %). Looking at the regional distribution of the PF-Users (2.3), one could discover that most of them are located in the northern half of Germany (Figure 1). Characteristically the group of the PF-Users (2.3) manage large farms with an average size (median) between 380 ha (2001), 250 ha (2003) and 345 ha (2005), while the average German farm size was 59,9 ha (BMELV 2003) and 197 ha in the north eastern area of Germany. These results show that in the period between 2001 and 2005 the number of PF-Users with farms of an average farm size smaller than 1000 ha increased, which indicates that PF techniques are also profitable for farms with a farm size less than 1000 ha.
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Figure 1. Location of German PF-Users 

This could be a consequence of increasing confidence in the technology. The main motivation for introducing PF were economic reasons like increasing profit respectively minimizing costs, these results are similar to other surveys (Arnholt et al. (2001)). Another important motivation for using PF was a better knowledge of the fields. Considering the economic motivations for introducing PF, the farmers had been asked if they gained financial profit with the use of PF, in all surveys about 50 % of the respondents stated that they gained financial benefit with the help of PF (2001: 56,6 %, 2003: 48,8 %, 2005: 58,9 %). Only a minority of PF-Users (2.3) suffered financial loss. Information regarding the benefits and loss in € per ha varied in a wide range, so that a general conclusion could not be drawn.

Although an increasing number of farmers used PF, the results of all surveys indicated that still numerous obstacles exist, which prevent a wider use of this technique. Thus a large number of PF-users (2.3) mainly applied techniques that provide information regarding their fields like yield mapping, soil sampling and area measurement. These techniques were established very early and were very common among the farmers. Only a few farms already used reacting techniques like site-specific seeding and fertilization, that help to react according to the prior gained information regarding their fields (figure 2).             
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Figure 2: PF techniques used by German PF-Users

In order to find out more about the introduction of PF one was interested in the way the farmer decides how to start with PF and how to continue. So in the survey 2005 the PF-Users (2.3) and the beginning PF-Users (2.4) were asked if they intend to use more PF techniques. The majority of the PF-Users (2.4) (57,6 %) and 50 % of the beginning PF-Users (2.4) stated to increase the number of methods within the next three years. The farmers were asked what kind of techniques they wanted to use in future. The answer of the two groups differed, while the PF-Users predominantly wanted to use reacting methods, many of the beginning PF-Users (2.4) stated that they want to continue with recording method as well as with reacting methods. Based on these results a wider use of PF techniques could be expected for future. Those who had more experience with this technology seemed to be more prepared to use PF to the full extend.   

Like other technical innovations the user of PF-techniques had to face various problems. Most of the PF-Users (2.3) stated that “the high amount of time spent to become familiar to the used techniques”, “the missing compatibility” and “the unreliable land machines” as the main problems of PF. Nevertheless the majority of PF-Users (2.3) in all three surveys were satisfied with the applied PF technologies, most of them recommend PF to other farmers.

Conclusion

The multitemporal survey shows that PF increased slowly in Germany since 2001. More and more farmers with a smaller farm size under 1000 ha adopted PF-techniques. Although most of them had to cope with problems in the beginning like the high amount of time spent to become familiar to the used techniques and problems with the machinery, they were in general satisfied with the introduction of PF and wanted to apply more techniques in future. Furthermore the results of the surveys showed that still the use of recording techniques dominates the PF-market in Germany and only a few but increasing number of farmers already use reacting techniques. There seem to be a need for better data interpretation and a better advisory service in order to react to the prior gained information. 

In addition many farmers (2.3) intend to introduce PF within the next three years. They stated the reduction of the costs and a better information about the PF as main prerequisites.  
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