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ABSTRACT

    The adoption of Precision Farming (PF) has been studied through personal interviews at the AGRITECHNICA fairs in Hannover Germany in 2001, 2003 and 2005. The intention of the survey 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 PF and their attitudes and obstacles towards it. Those farmers who are not yet using PF techniques were asked for the reasons and on which conditions they would probably start with PF. The rate of PF-users in Germany slowly increased between 2001 and 2005. In general the users were contented with the techniques they apply and were interested to use additional techniques on a larger area. Most of them could gain financial benefit with the help of PF. The time consumption, the lack incompatibility between machines of different manufacturers and the unreliable land machines were the main problems in the beginning. Those farmers who were not yet using PF stated as the main reasons for hesitation the high costs for the technique and that PF is not profitable with a small farm size. So the reduction of the costs was the main prerequisite for the farmers to start with PF. The results of all surveys show that still there are a lot of farmers, especially young farmers in education, who didn’t know the term PF or Precision Agriculture.

Keywords:      multitemporal survey, adoption of Precision Farming

INTRODUCTION

     Precision Farming offers the opportunity to manage the spatial and temporal variability within a field in order to increase profitability and reduce environmental impact. Within the concept of PF the main activities are data collecting, data processing and variable rate application inputs (Blackmore et 

al. 2003). The appliance of this modern technology assumes that the farmer 

has to modify his machinery, adopts new computer technology and a coherent 

management structure. These are surely obstacles that have to be overcome by the farmers. Although PF technologies have been commercially available since the early 1990´s, the initial adoption started at the end of the nineties (Fountas et. Al. 2005 (2)) and till today the adoption of PF has been less than expected. To find out the reasons for the low adoption rate and to find out more about the experiences and problems farmers had with PF-technologies, several surveys in USA, UK and Denmark have been conducted (Arnholt et. al. 2001, Fountas et. al 2005 (1),  Pedersen et. al. 2001). Most of these studies concentrated on the group of PF-adopters, so one aim of this study was to survey not only the group of PF- adopters, but also the potential adopters, who intend to use PF in near future and those who never heard about the term PF. Furthermore one’s interest was to monitor the diffusion of PF into the German market considering spatial and temporal aspects. This paper focuses on various characteristics of the farmers precision farming experience and compares different results from the surveys 2001, 2003 and 2005 

METHODOLOGY

     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, using the standard statistics package SPSS and ArcGIS. 

     The interviewed farmers were divided into the following groups (Gumpertsberger and Jürgens 2003):

· Non-informed Farmers (1.0): farmers who are not familiar with the terms of PF and are not using PF technology

· Informed Farmers (2.0): farmers who are familiar with the terms of PF

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

· Potential PF Users (2.2): Farmer, who know about PF and intend to introduce some PF techniques within the next three years

· PF Users (2.4): Farmers who already use PF technology

· Beginning PF-Users (2.5): 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 table 1 shows the sample size of the conducted interviews in the different groups.  

Table 1. Sample size in the different groups, listed for the conducted surveys

	Group
	2001
	2003
	2005

	 
	N
	---%---
	N
	---%---
	N
	---%---

	all respondents 
	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

     In all three surveys about the half of the interviewed farmers were familiar with the term PF or Precision Agriculture (compare table 1, group 2.0), the comparison of all three surveys shows, that the proportion of this group (2.0) slowly increased. At the same time the percentage of the uninformed farmers (1.0) decreased. Interesting about the group of uninformed farmers (1.0) was the extraordinary high percentage of young farmers in education. In all three surveys more than 70 % of the farmers in the age-group under 20 never heard about PF. Most of the informed farmers (2.) connected PF techniques like “yield mapping”, “area measurement” and “soil sampling” with the term of PF. A small percentage of this group – the group of potential PF-Users - intend to start with PF within the next three years. The percentage of this group (2.2) based on all interviewed farmers varied between 8.5 % (2001), 5.9 % (2003) and 8.7 % (2005). The group of the PF-Users (compare tab. 1 group 2.3) slowly increased from 6.65 % in 2001 to about 7.95 % in 2003.
Characterisation of the Group of PF-User

     The group of PF-Users was in general good informed about the PF-techniques. Most of them informed themselves about PF with the help of technical journals or on agricultural fairs. In comparison to the other groups they often visit special seminars for PF. In general farmers with a farm size more than 300 ha tend to be the first to test PF technologies on their farms (Pedersen 2003). A nation wide study in the USA proved that the adoption of PF is associated with the farm size, larger farms were the first to adopt PF (Daberkow, Mc Bride, 2003). Similar adoption trends could be proved for the adoption of PF in Germany. Characteristically the group of the PF-Users (2.3) in Germany also manage large farms with an average size (median) between 380 ha (2001), 250 ha (2003) and 345 ha (2005), while the average farm size in Germany was about 59.9 ha (BMELV 2003) and 197 ha in the eastern part of Germany. The differences between the average farm size of the general farm and the farm size of PF-Users is comparable to the situation in Denmark, where the average farm size of general farms was about 50 ha (in 2000) and that of PF-Users more than 200 ha (Pedersen et. al. 2004). 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. This could be a consequence of increasing confidence in the technology. 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 (see Figure 1).

[image: image1.png]@ PF-User 2005
PF-User 2003
e PF-User 2001

federal states

N

A

0
Kilometers

0258 100 150




Figure 1: Spatial Distribution of the PF-Users in Germany

     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 were 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.

     As the high costs for the PF technology could possibly a reason for hesitation, in the survey 2005 the respondents were asked if they own the PF-equipment they use. The majority of the PF-users own the technology they use (36.73 %). Other PF-users hired the equipment from contractors (compare table 2.)

Table 2: The percentage of own and hired PF-equipment

	Answer
	PF-Users

	
	----%----

	only own PF-equipment
	36.73

	predominantly own PF-equipment
	6.12

	partly own PF-equipment
	5.44

	only hired technology from the contractor
	19.05

	predominantly hired technology from the contractor
	6.12

	partly hired technology from the contractor
	7.48

	only hired technology from the machinery ring
	10.20

	predominantly hired technology from the machinery ring
	6.68

	partly hired technology from the machinery ring
	2.04

	only hired technology from the manufacturer
	4.76

	partly hired technology from the manufacturer
	1.36


     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 (Fig. 2). In order to find out the reason for the different adoption of recording and reacting techniques, in the survey 2005 PF-users, who only used recording techniques, were asked for the reasons. Many of them stated that they use PF only for documentation (31.3 %), others (16.3 %) remarked that they didn’t have the necessary equipment in order to react according to the prior gained information or the need more time (12.5 %) to gather sufficient information. 
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Figure 2 PF-Techniques used by German PF-Users

    In addition one was interested (survey 2003 and 2005), if the farmers did the analysis of the gathered information on their own, or if they charge machinery rings or contractors with the analysis of the data. In both surveys (2003 and 2005) the majority of the farmers analysed the gathered information on their own (2003: 50 %, 2005: 60.14 %), some of them (2003: 20.24 %, 2005: 18,24 %) charged service companies with the analysis of the gathered information (compare figure 3).

     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. 

PF-users in Denmark, USA and UK remarked similar problems, especially the time spent on PF-technologies and equipment problems were pointed out as main disadvantages of PF (Pedersen et. al. 2001). Nevertheless the majority of PF-Users (2.3) in all three surveys were satisfied with the applied PF technologies, most of them (86 %) recommend PF to other farmers.

     Beside this group we also interviewed beginning PF-Users, who only used GPS-based area mapping. This method is very common among German farmers, but the use of this technique does not necessarily imply the future use of additional PF techniques. Like the PF-Users the beginning PF-Users were generally also well informed about PF. The average farm size of this group differed evidently from the average farm size of PF-Users, the median was between 211 ha (2001), 141 ha (2003) and 160 ha (2005). In order to find out more about the future perspectives of PF one was interested how the beginning 

[image: image3.emf]0,00

10,00

20,00

30,00

40,00

50,00

60,00

70,00

I did it myself service

company

employee machinery ring  contractor the data isn't

yet analysed 

percent 

PF-User 2003 (n = 168)

PF-User 2005 (n = 148)


Figure 3: Who analyses the data?

PF-Users want to continue with PF. So they were asked if they intend to use more PF techniques. In all three surveys the majority of the beginning PF-Users (2.4) stated to increase the number of methods within the next three years (2001: 58.8%, 2003: 44.9 %, 2005: 48.2 %).

Characterisation of the Group of Potential PF-User

     Potential PF-Users are those farmers who intend to use PF within the next three years. The percentage of this group 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. In comparison to the group of PF-Users their average farm size (median) was evidently smaller (it was between 131 ha (2001), 150 ha (2003) and 170 ha (2005)) than the average farm size of PF-Users. In the period from 2001 to 2005 the difference in the farm sizes between PF-Users and Potential PF-Users slightly assimilated. While the average farm size of Potential PF-Users increased, the average farm size of PF-Users stagnated (compare Figure 4).

     The potential PF-Users were still hesitating with the adoption of PF for several reasons, the main reason in all three surveys were economic ones, like the high amount of costs for the technique and the low profitability with a small farm size. Furthermore they wanted to wait until they realize that the technique seems to be no longer problematic. They were asked on which conditions they would introduce PF on their farms. Most of them stated the lowering of the cost for the technique as the main prerequisite. Moreover they wanted to get more information about the profitability of the technique, e.g. on which farm size PF is profitable. Furthermore they wanted to get more and better information about PF. Many of them hope for financial support in the beginning of PF. 

[image: image4.emf]0

50

100

150

200

250

300

350

400

2001 2003 2005

average farm size in ha

PF Users

Informed Non-PF Users

Potential PF Users


Figure 4: The average farm size (median) of the different groups in consideration of time

The survey among producers in Denmark, UK and USA (Peterson et. al. 2001) came to similar results. There the farmers also pointed out that the cost for the technology is too high in relation to the gained profit. For the further development of PF the lowering of the costs was recommended by the farmers.

CONSLUSION

     The multitemporal survey shows that the adoption of 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 PF-technology and problems with the machinery, they were in general satisfied with the introduction of PF and wanted to apply more  PF-techniques in future. Maybe a better advisory service for PF, especially during the introduction of PF, could reduce the high amount of time spent in the beginning. 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 exploitation of the recorded data in order to react to the prior gained information. This could be achieved by external service providers or easy use of the software package

In addition many farmers intend to introduce PF within the next three years. They stated the reduction of the costs and a better information about PF-technologies as main prerequisites. A better advisory service for these farmers could help to overcome the existing obstacles.
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