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ABSTRACT

    The adoption of Precision Farming (PF) has been studied by personal interviews during the AGRITECHNICA fair in Hannover. The intention of the survey was to monitor the adoption of PF in Germany. The results of all surveys showed, that especially among young farmers in education, there was a high percentage of those who didn’t know what PF exactly means. This result was not expected, since young farmers were thought to be familiar with new technology and computer equipment.

     Due to the fact that obviously the opposite is correct, one planned another study to investigate the educational situation in the area of PF in Germany. Therefore teachers, professors and lecturers from various institutions in the area of agricultural education were interviewed. The results of the surveys showed, that PF is still not included in the agricultural education especially at vocational and technical schools, while PF-knowledge is provided in the higher education levels. In order to improve the educational situation at vocational and technical schools suitable teaching material, which is adopted to the education level, was developed. This paper shows the results of the survey and will present first teaching material
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INTRODUCTION

     PF is an agricultural system approach, which demands a high level of knowledge and cognition (Baey-Ernsten 2003). In such computer-aided manu
facturing processes knowledge becomes an important role. So the acquirement and transfer of knowledge should occur conveniently (Probst et. al. 1999). Own surveys at the AGRITECHNICA fair in Hannover in 2001, 2003 and 2005 showed that especially among young farmers there was a high percentage of those who didn’t know what PF exactly means. This result indicates that there are still many teachers who don’t provide current PF-knowledge in their courses. Other surveys in the area of organic farming, which also assumes a high information level, show that most farmers were not informed about current research findings (Lehmann 2005). Through education and transfer the available knowledge becomes an individual skill and the farmer could reduce this knowledge to practice. 

     In the time of technical change in agriculture it is important to impart knowledge about techniques, management requirements and the effects of PF in all levels of education and professional trainings (Doluschitz & Jungbluth 2004). The integration of innovative knowledge in existing curricula is very difficult (Kutt 2001). Regarding this circumstances it is necessary to analyse the present educational situation, the structures and target groups before transferring the knowledge to the users. Based on the results suitable transfer measures could be developed and specified. If the contents are developed in consideration of the particular target group, the transfer measures will be successful.  

     So the first aim of the study was to get a general idea of the extent of PF in agricultural education in Germany and to identify existing information deficits concerning PF. In order to achieve this aim several telephone interviews were conducted with teachers from technical and vocational schools, responsible persons from institutions for further and interplant education as well as with professors at universities and universities of applied science. Based on the results of this survey suitable concepts for transfer were developed. This paper presents the results of the surveys and demonstrates first teaching material.

METHODOLOGY

     In order to get a general idea of the consideration of PF in the different levels of agricultural education in Germany, interviews with experts from different educational institutions were conducted in 2005. 

     In the sector of education at technical and vocational schools, institutions from all over Germany with the exception of the small federal states Hamburg, Berlin and Bremen (because there are no schools with offering education in the sector of agricultural education) , were included in the survey. Furthermore officers at the ministry of education and at the department of agriculture, as well as the bearer of institutions for further and interplant education were interviewed. Moreover the contents of the curricula of the technical and vocational schools in the different federal states were analysed with consideration of the PF subject.  

     At the universities and universities of applied sciences with courses in agricultural science 27 professors and assistant professors from agricultural engineering and plant production were interviewed with the help of standardized questionnaires with predominantly closed question. 

     In the area of professional training, institutions for further education for agricultural advisors and institutions in the area of interplant education were interviewed by mail surveys with the help of standardized questionnaires with closed questions. 
     The results of the analysis provide the basis for the development of suitable transfer concepts in the area of PF. Moreover popular scientific articles from agricultural journals were used for the development of teaching materials, especially for technical and vocational schools. Furthermore existing teaching materials from books, special editions, booklets and in parts private teaching material from the respondents were included in the development. 

     In addition special information and education events were organized and conducted. The events were evaluated with the help of a questionnaire, so that specific educational concepts for the different target groups could be developed.

RESULTS

Consideration of PF in education at technical and vocational schools

     The majority (57 %) of the interviewed teachers (n = 89) at technical and vocational schools stated that PF is not a subject of the agricultural education. At those schools, where the topic PF was included in the education of young farmers, only basic information was provided, mostly in terms of single oral presentations or single lessons. Nevertheless most of the interviewed teachers declared PF as an important topic for the education of young farmers. However they remarked that PF is an ambitious topic, which assumes a basic knowledge at the students. So this topic is more suitable for technical schools, because there the basic knowledge already exists. 

     At most of the schools (89 %) PF was not a subject of tests or final exams. PF topics like the functionality of GPS, site-specific fertilization with the N-Sensor and yield mapping were in general taught at most of the schools. The results of the survey indicated, that especially in the eastern part of Germany, where the use of PF technologies is more popular as a result of the bigger average farm size in this part of Germany, PF was more often subject of the education of young farmers than in other parts of Germany. 

Integration of PF in the curricula 

     The attitude towards the integration of PF topics in the lessons or in the curricula varied in a wide range. Some of the respondents refused the introduction of PF in their lessons, because this topic was too complicated for the teaching level especially at vocational schools, or the curricula were filled up with other more important topics, so that there was not enough time to integrate PF. Other teachers declared the integration of PF as necessary for the future education of young farmers. Especially in the eastern part of Germany the teachers were interested to integrate PF in their courses. Actually the teachers contended with various difficulties like the missing technique for demonstration, most of the interviewed teachers had no knowledge about PF, because their own education was long time ago – so a further training for teachers would make sense – furthermore the missing legitimation by the predetermined curricula was a further problem, which constraint the introduction of PF.

Teaching material and training courses especially for teachers

     Most of the interviewed persons (86.6 %) were interested in adequate educational concepts and teaching materials. The developed material should be adapted at the education level of vocational and technical schools, simple and not to extensive. It should be provided in a digital as well as in an analogous form. There was a great demand especially for slides with illustrations about PF or for power point presentations in the different fields of application of PF.

     Furthermore most of the teachers were interested in special training courses in the area of PF. For these training courses it would be helpful to integrate companies, in order to get illustrative materials and the option for practical demonstration of the different techniques. Moreover some teachers made the proposition to collect and present existing teaching materials in the context of training courses. 

Analysis of the existing curricula in the different federal states of Germany

The results of the survey showed that most of the vocational and technical schools didn’t provide current knowledge in the field of PF. Thus one was interested how far the topic was integrated in the curricula of the different federal states of Germany. So the various curricula in the subject areas: plant production, agricultural engineering, agricultural management and information technologies were analyzed. 

     The topic PF was not integrated in any curricula of vocational schools. Possible points of contact for the integration of PF could be the field of fertilization, or in combination with economic farm management generally. Furthermore in the field of agricultural techniques the integration of PF techniques could be imaginable in the context with topics like tractors techniques, seeding techniques, yield mapping and fertilizations techniques.

     For the area of technical schools only three federal states prescribes the topic PF as part of the educational instructions:

· In Saxony the curricula for technical schools prescribes 30 hours with the topic geo-information systems. The use and functionality of such systems should be provided in the context with procedures of plant nutrition and plant protection

· In Schleswig-Holstein the curricula for technical schools recommend 2 hours with the subject “current methods for the determination of nutrition requirements”. In this context the functionality of GPS systems should be explained. 

· In Bavaria the guidelines require 15 hours with the topic Precision Agriculture and winning management

     The guidelines in the other federal states do not explicitly require the integration of PF in education, but there are many teachers voting for the inclusion of PF topics (e.g. in the area of plant production, agricultural techniques or process control). A few technical schools teach the subject data processing, the combination of this subject with PF technologies could also be possible. Some educational instructions strive for the cooperation with institutions of interplant education or with machinery rings in order to provide knowledge about PF and to demonstrate the various PF techniques.

Consideration of PF in education at universities and universities of applied science

     At all universities and universities of applied science with agricultural study courses, PF topics were represented in the education of the students. Since the middle of the 1990’s PF topics began to become part of the education at agricultural universities in Germany. Since 2005 at all agricultural universities in Germany PF was part of the education, though the extent of this topic differed from institution to institution. As the professors stated in the survey, between 300 and 380 students at universities and between 300 and 340 students at universities of applied sciences were educated in the field of PF every year. 

     The amount of courses offered at universities differed between 1 hour (Witzenhausen, Gießen) up to the maximum of 20 hours (Hohenheim). In most of the cases PF was part of the lectures in agricultural engineering, agricultural economics or agricultural information science. Moreover seven from ten universities offered special modules for PF, in which the knowledge about PF is intensified. The most courses in the field of PF offered the University of Hohenheim, which offered five modules in the field of Precision Farming and additionally one in the field of Precision Livestock Farming. At the universities of Kiel, Berlin, Bonn, Hohenheim and Freising the subject PF was taught interdisciplinary. Predominantly the PF subject was connected with agricultural engineering and plant production. In some cases PF was presented in context with soil science, plant protection, plant nutrition and remote sensing (see table. 1)

     At all ten surveyed agricultural universities of applied sciences in Germany PF was also part of the academic education, but to a smaller extent than at universities. The teaching units ranged from a half an hour (Bingen) up to eight hours per week (Osnabrück, four in the bachelor courses and four in the master courses). Predominantly PF was part of the courses in the field of agricultural engineering and process management, it was attached to the line of electronics and control-measurement techniques. In parts PF was tutored in combination with plant production. Concerning the survey results PF was taught at universities of applied sciences in a less differentiated and seldom interdisciplinary way. Only three universities of applied sciences (Neubrandenburg, Osnabrück and Nürtingen) offered special modules about PF and had an interdisciplinary cooperation for the academic education (see table 2). 

Table 1 Special modules about Precision Farming at universities in 2005

	University
	Name of the module 
	Cooperation 

	Kiel
	Precision Farming Methods
	Agricultural Engineering, Plant Nutrition, Soil Science 

	Kiel
	Precision Farming and soil information science
	Plant Nutrition, Soil Science

	Rostock
	Geoinformatics and Precision Farming
	Geodesy and Geoinformatics

	Berlin
	Precision Farming
	Precision Farming, Agricultural Engineering

	Berlin
	Innovative Farming Strategies for the protection of resources
	Precision Farming

	Göttingen
	Application of Electronics in Plant Production
	Agricultural Engineering

	Bonn
	Precision Farming
	Plant Production, Agricultural Engineering

	Bonn
	DFG- Graduate lecture course 722: Information Technologies for precise plant production
	Plant Production, Agricultural Engineering, Plant Protection

	Hohenheim
	Precision Farming
	Agricultural Engineering

	Hohenheim
	Automation of agricultural processes 
	Agricultural Engineering

	Hohenheim
	Precision Farming for Plant Protection
	Phytomedical science

	Hohenheim
	GIS for Plant Protection
	Phytomedical science

	Hohenheim
	Decision Support Models, Forecasting and Warning System for Plant Production
	Phytomedical science

	Hohenheim
	Precision Livestock Farming
	Agricultural Engineering, Agricultural Informatics 

	TUM Freising
	Special Technology for Land Use 
	Technology in the Plant Production 

	TUM Freising
	Site-Specific Farming
	Technology in the Plant Production, Plant Production, Plant Nutrition 


Table 2 Special modules about Precision Farming at universities of applied sciences in 2005

	University of Applied Sciences
	Name of the module 
	Cooperation

	Osnabrück
	Precision Farming and Special Technology for Plant Production 
	Environmentally Sound Plant Production, Informatics/ Statistics

	Osnabrück
	Sustainable Landuse 
	Environmentally Sound Plant Production

	Osnabrück
	Applied Informatics 
	Informatics/ Statistics 

	Brandenburg
	Precision Farming
	Plant Production, Agricultural Engineering, Plant Nutrition

	Nürtingen
	Precision Farming
	Agricultural Engineering


Furthermore the application techniques were represented less intensive, than at universities. Only topics like the use of GPS, yield mapping, the use of sensors for fertilization and tracking systems were taught at universities as well as at universities of applied sciences in the same extent. Yet topics like variable rate soil tillage, variable rate seeding, variable rate plant protection and telemetry played a minor role at universities of applied science.

    Regarding the statements of the interviewed professors in general the students have no or little knowledge about PF, with the exception of those, who already made practical experience on their farms. In the academic education predominantly slides, power point presentations and teaching materials, which were created by the lecturers themselves, were used in the courses. Additionally handouts were provided for the students as print-outs, on disks or for download in the internet. With the exception of one all interviewed professors declared PF as an important topic for the academic agricultural education, whose importance will increase in the future. These results are supported by the increasing number of lectures in the field of PF within the last few years. 

     Regarding the future perspective of PF, sixty percent of the respondents stated that the duty of documentation will lead in the increasing spread of PF technologies. Therefore it would be necessary to develop functioning automatic data collecting systems, which simplify the field documentation. Furthermore the possibility of an optimized nutrient management and an optimized fertilization by PF as well as the use of tracking systems, will promote the spread of PF. 

     Some of the respondents saw PF more critical. They remarked that the importance of PF is overestimated, because it is just one part of available farming techniques. Regarding to them the most practicable tools of PF are the online applications. 

     In general the respondents remarked that the technique must be cheaper, more user-friendly and more reliable in order to be adopted by an increasing number of farmers in future.

Consideration of PF at educational institutions for further training

     In 2005 institutions (n = 17) in the field of further and interplant education from all over Germany were asked, whether they offer special courses in the field of PF. The institutions in Lower Saxony, North-Rhine Westphalia and Hessen didn’t offer any education events regarding PF. In Saxony two institutions and three from four institutions in Bavaria offered courses in the field of PF. In Bavaria since 2000 the institutions integrated singular components of PF techniques in their educational measures. For example topics like the functionality of PF, tracking systems, N-Sensor and other possibilities of electronic documentation were provided. Concerning the statement of the respondents about 600 participants per year visited the various PF courses, predominantly the young farmers in education. The courses last from two hours up to one day. Most of the participants had not any or just little knowledge about PF. The institution had no special teaching material.

     For the further education of farmers a few concepts including PF techniques exist. An emphasized example for a good concept in the field of PF education was the DEULA institution in Schleswig-Holstein. Besides the providing of theoretical knowledge about PF, the practical use of these techniques was also demonstrated. Per year about 50 farmers joined the different measures. It was also possible to organize courses on the farms, in case that there were enough participants. Moreover the DEULA offered individual advise for farmers starting with PF. 

     In addition seven institutions for further education of agricultural advisors were interviewed too. These institutions offered especially for advisors further education events in the field of PF. These courses were conducted in the form of one- or two-day meetings, seminars or single oral presentations. In the last year about 300 advisors joined the various events. The participation was not obliged for the advisors. These institutions were very interested in suitable teaching material, especially slides and illustrations for their lectures.

The development and evaluation of teaching materials

     The results of the analysis of the educational situation in the field of PF showed that in the higher educational levels at universities and universities of applied sciences, PF was already part of the education and there was sufficient material for the lectures. In contrast to that, in lower educational levels at technical and vocational school as well as at institutions for further and interplant education PF was underrepresented in the educational courses. Furthermore these institutions (especially the technical and vocational schools) remarked the lack of suitable teaching material. So the development of teaching material, which was adapted to the education level at vocational and technical schools, was the first step.

     A booklet was developed (Hüter et. al. 2005), in which the usability and various PF techniques were explained and illustrated in a simple and well structured way. It was especially developed for farmers and students of vocational and technical schools, who had not any or just a small knowledge about PF. The booklet was developed with the help of various articles from agricultural journals, special editions, booklets and in parts private teaching material from interviewed respondents. Furthermore several companies in the field of PF supported the development with technical information and illustrations. This booklet was the basis for the development of target group specific teaching materials. Besides this, popular scientific articles from agricultural journals and a booklet from the Austrian Association for Agriculture (Aschenbrenner et al. 2003), which was about the employment of electronics in agriculture, as well as existing teaching materials from an educational event for advisors, which took place in Wien in 2004, were considered for the development of the teaching material. 

     On the basis of these materials and in cooperation with some teachers from vocational schools a power point presentation was developed for the different fields of PF. These presentations can be used for class. The teaching material was developed especially for the educational level at vocational and technical schools, therefore the explanations and illustrations were created in a simple way. In addition special learning modules will be developed for individual studies. The modules will contain explanations and illustration, at the end of every chapter there will be a test for control. This summer the materials will be tested and evaluated at various vocational schools. The results of the evaluation will be used for revision.

The development and the testing of transfer concepts

     The development and transfer of teaching concepts is still in the beginning phase, so only the first steps can be represented in this paper. In cooperation with the chamber of agriculture of Lower Saxony five educational events in two subject areas (“Sensor- and Navigation-Systems in agricultural practice” and “The field record as an instrument for the control and monitoring in plant production”) were organised in 2005 and 2006. These seminars were conducted as one-day or half-day events. The target group of these events were farmers and employees in the area of agriculture. Altogether 132 participants joined these events, the majority of them were employees of farms with an average farm size of 200 ha in Lower Saxony. Concerning the results of the evaluation 76.5 % of the participants were agriculturists, about the half of the remaining participants were agricultural mechanics. Most of them assessed their own knowledge about PF to be small. Most of those had knowledge about cereal yield mapping. There was a great interest in GPS tracking systems among the participating farmers. The seminars were evaluated consistently positive, on a scale from 1 (very good) to 4 (insufficient) an average of 1.41 for the technical contents, 1.54 for the choice of the subject-matter and 1.38 for the representation could be achieved. The estimation of the own use of these techniques was slightly (1.70) under the other values. One reason for this result could be the fact, that most of the participants have no influence on management decisions as most of them were employees. 

CONSLUSION

     The first impression from the AGRITECHNICA surveys, which indicated that there were educational deficits in the field of PF, could be proved for various educational levels. While in the academic education at universities and universities of applied sciences PF is already part of the curricula, it is missing especially at vocational and technical schools, as well as at institutions for further and interplant education. As the respondents remarked, the main problem for the education in the area of PF are missing suitable teaching materials. One aim was to develop such materials about PF, which were adopted to the particular teaching level. Furthermore many teachers and lecturers had no education in the fields of PF, so further education courses with PF topics are necessary in order to provide PF knowledge in the future and to reduce the existing obstacles towards PF among the farmers in future. 

     On the basis of various information sources a special booklet for farmers and students of vocational and technical schools with general information about PF was developed, in which the usability and various PF techniques were explained and illustrated in a simple and well structured way. Furthermore special teaching material for vocational and technical schools was developed, which contains a power point presentation. Furthermore the development a booklet for individual studies is in process . The material will be tested at various schools this year and revised afterwards. 

     Several educational events with various topics in the field of PF were organized for farmers in 2005 and 2006. The evaluation of these events was positive, so more events will be planned in the future. 

     The impart of special knowledge could lead to a conscious decision for or against a specific PF technology. Simultaneously it is necessary to establish PF topics in the education of young farmers. Although vocational and technical schools as well as institutions for further education only provide basic knowledge in the field of PF, it could help to overcome existing hesitations and could help to increase the adoption of PF.   
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