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PRI A O TRAKTORU S NASLOVNICE 
 

FENDT DIESELROSS F 18 
 

Povijest Fendt-a, poznatog proizvo a a traktora, zapo ela je malim traktorom jedno-
stavne konstrukcije. Prema nekim poznavateljima povijesnog razvoja traktora, prvi primje-
rak traktora Fendt Dieselross ujedno je prvi mali traktor s dizelskim motorom u Europi. 
Po eci bavarske tvornice Fendt, danas jedne od vode ih na podru ju traktorske tehnike, 
se�e u kraj dvadesetih godina pro�log stolje a i bili su vrlo skromni. 

Prvi fendtov proizvod bila je motorna kosilica izra ena u kova nici obitelji Fendt 1928. 
godine. Motorna kosilica s benzinskim motorom poslu�ila je 1930. godine kao osnova za 
prvi fendtov traktor, oblikom sli an kosilici. Osim za spremanje sijena, traktor je kori�ten 
za obradu tla, transport i pogon stacionarnih strojeva. Konstrukcija traktora bila je vrlo 
jednostavna, na �eljezni okvir prigra en je stabilni dizelski Deutz motor snage 9 KS sa 
sustavom hla enja otparivanjem vode. Od 1936. godine ugra ivan je sna�niji deutzov 
motor od 12 KS. Pogon s motora na jednostavni mjenja  ostvaren je lan anim prijenosom. 
Traktor je bio namijenjen malim njema kim gospodarstvima kojima su bili nedostupni ve i 
i tehni ki dora eniji traktori na tada�njem tr�i�tu. Koncepcijski jednak fendtovom traktoru 
bio je i traktor njema kog proizvo a a Kramera tridesetih godina pro�log stolje a, te 
austrijskog Lindnera krajem etrdesetih. 

Tijekom 1933. godine pet je radnika u fendtovoj radionici proizvelo tri traktora. Dvije 
godine kasnije iz fendtove tvornice ve  je iza�ao stoti traktor. Godine 1936. tvrtka seli na 
dana�nju lokaciju u Marktsoberdorfu i od tada mo�emo govoriti o tvornici traktora Fendt. 
Ve  slijede e godine po inje proizvodnja modela F 18, opremljenog pneumaticima i Deutz 
motorom snage 16 KS. Tisu iti Dieselross proizvodnu je traku napustio 1938. godine. 

Godine 1940. predstavljen je model s motorom s dva cilindra i taj je traktor predstavljao 
osnovu za modele koji su se proizvodili etrdesetih i po etkom pedesetih godina pro�log 
stolje a. Te je godine proizvodna ve  narasla na 1000 traktora godi�nje. Zbog racioniranog 
goriva za civilnu upotrebu (velike potrebe njema ke vojske za teku im gorivima) zapo ela 
je proizvodnja modificiranih Dieselross motora na drvni plin, te je od 1942. do 1946. 
godine proizvedeno 1497 spomenutih primjeraka. Na te je traktore bio prigra en posebni 
kotao za proizvodnju drvnoga plina, izra en od �eljeza i oblo�en �amotom na mjestu gdje 
su se razvijale visoke temperature. U motoru je drvni plin sagorijevao jednako kao 
benzinsko ili dizelsko gorivo. Snaga motora smanjila se oko 20-30%, a masa traktora 
znatno pove ala. Drvni je plin bio problemati an zbog toga �to se u motoru skupljala a a 
pa ga je esto bilo potrebno istiti. 

U te�kim poslijeratnim vremenima Fendt je 1949. ponudio vi�e modela Dieselrossa s 
motorima snage 15-25 KS. Na slici je model F 18 koji se proizvodio od 1937. do 1942. 
godine i s njime se Fendt uvrstio me u prave proizvo a e traktora (proizvedeno je ukupno 
3212 primjeraka modela F 18). Jednocilindri ni deutzov dizel motor zapremine 1797 cm3 
razvijao je 16 KS pri 1400 min-1, kratkotrajno ak 18 KS. Mjenja  je imao etiri stupnja 
prijenosa za vo�nju naprijed i jedan nazad. Najve a brzina kretanja iznosila je 15 km/h, a 
masa traktora 1500 kg. Za razliku od prvih fendtovih traktora bez elektri ne instalacije, F 
18 je imao dinamo, elektri na svjetla i elektropokreta . 

 
Tekst: Viktor Jej i        Slika: Du�an Jej i  



PREDGOVOR - PREFACE 
 

Sustavnim radom organizacijskog tima, a uz stalnu potporu kolega iz struke, strukovnih 
udruga (HUPT i HAD), trgova kih ku a-predstavnika svjetskih proizvo a a poljoprivred-
nih strojeva i opreme, Ministarstva znanosti obrazovanja i �porta i Ministarstva poljopriv-
rede, �umarstva i vodnog gospodarstva, te me unarodnih udruga Poljoprivredne tehnike 
(EurAgEng, CIGR, AAAE i AAESEE) dospjeli smo do 35. Simpozija �Aktualni zadaci 
mehanizacije poljoprivrede�. Tijekom proteklih godina obi�li smo slijede e gradove, do-
ma ine simpozija: Zagreb (�70, �82), Zadar (�75, �87), Pore  (�77, �81), Split (�78, �85), 
Opatija (�79, �83, �84, �88, �90, �94 � �07), �ibenik (�80), Rovinj (�86), Trogir (�89), 
Stubi ke toplice (�92) Pula (�91, �93) . Dakle, najve i broj godina, ukupno 18, grad 
doma in bila je Opatija. Ukupan broj radova od 1.425, varirao je 20 � 83, prosje no 44.5 
radova, a ukupan broj stranica svih Zbornika je 13.432 s variranjem 58 � 900, prosje no 
419.8. Ovaj 35. po redu Zbornik sadr�i 52 rada sa slijede im u e� em: Estonija, Litva, 
Portugal i Turska (1), Bugarska i Gr ka (2), Italija, Ma arska, N.R. Kina i Njema ka (3), 
Bosna � Hercegovina i Srbija (4), Slovenija (7), Hrvatska (8) Rumunjska (11). Zahvalju-
jemo se svim sponzorima koji su svojom potporom omogu ili odr�avanje ovakvog skupa, 
autorima referata, kao i svim u esnicima na interesu. Posebno se zahvaljujemo Ministarstvu 
znanosti i tehnologije Republike Hrvatske na stalnoj potpori. Svim sudionicima �elimo 
ugodan boravak u Opatiji za vrijeme odr�avanja Simpozija. 

 

 

Continuous work of organizing team with long-term support of our colleagues, our 
associations (CAES, CSA), commercial representatives of the world famous agricultural 
machinery and equipment producers, Ministry of sciences, education and sport, Ministry of 
agriculture, forestry and water management and finally world known associations for agri-
cultural engineering (EurAgEng, CIGR, AAAE and AAESEE) has brought us to the 35th 
symposium �Actual tasks on Agricultural Engineering�. During all that years host towns 
were as follows: Zagreb (�70, �82), Zadar (�75, �87), Pore  (�77, �81), Split (�78, �85), 
Opatija (�79, �83, �84, �88, �90, �94 � �07), �ibenik (�80), Rovinj (�86), Trogir (�89), 
Stubi ke toplice (�92) Pula (�91, �93) . So, Opatija was our favourite town with 18 years in 
total. Total number of published papers was 1,425 with variations 20 to 83 per proceedings, 
in average 44.5 papers. Total number of pages was 13,432 with variations of 58 to 900 per 
proceedings, in average 419.8 pages. This proceedings contains 52 papers among them are: 
Estonia, Lithuania, Portugal and Turkey with 1, Bulgaria and Greece with 2, Italy, Hung-
ary, P.R. China and Germany with 3, Bosnia � Herzegovina and Serbia with 4, Slovenia 
with 7, Croatia with 8 and Romania with 11 papers. We would like to thank authors, revie-
wers, participants and especially sponsors for their contribution to organise the symposium. 
We especially emphasize sponsoring of Ministry of Sciences education and sport of Repub-
lic of Croatia who support us for 13 years. Finally we wish all participants, our colleagues 
pleasant time and company during symposium. 

 

               Chief Editor 

Zagreb, sije anj-January 2007.    Prof.dr. Silvio Ko�uti  
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AGRICULTURAL ENGINEERING CURRICULA: 
PAST, PRESENT AND FUTURE 

P. FEBO 

Università di Palermo, Dipartimento I.T.A.F. 
Viale delle Scienze, 90128 

Palermo 
Italy 

SUMMARY 

This paper chronologically unveiled events and principal ideas of the creation 
of academic harmonisation, in view of the Unique Market in order to facilitate 
the free exchange of University graduates in Agriculture and Agricultural 
Engineering throughout the EC, continuing with present situation and marking 
possible future. 

Key words: University curricula, Bologna Declaration, University Studies of 
Agricultural Engineering-USAEE, Agricultural engineering, European Federati-
on of National Associations of Engineers-FEANI 

AGRICULTURAL ENGINEERING CURRICULA: THE PAST 

At the end of 1989 the International Commission of Agricultural Engineering (CIGR), 
under the chairmanship of Prof. Giuseppe Pellizzi, with the cooperation of the former 
Italian Association of Agricultural Engineering (AIGR, now AIIA) and the University of 
Milan, sponsored a project designed to compare University curricula in Agricultural 
Engineering in the 12 Countries of the former European Community. The aim of this 
project was to facilitate the creation of academic harmonisation, in view of the Unique 
Market beginning in 1993 and in order to facilitate the free exchange of University 
graduates in Agriculture and Agricultural Engineering throughout the EC. 

Moreover, other Countries (e.g.: Japan, U.S.A.) felt the need of updating their academic 
curricula, so that they would better correspond to market demands and expected 
developments in the agro-industrial sector. 

This feeling determined the following events: two study seminars, attended by 
representatives of the various Countries, were held at Gargnano (Italy) in May 1991 and at 
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Silsoe (UK) in May 1992; several papers were presented at conferences or published in 
Italian or international journals [4, 5, 7, 8, 9, 11]; two Working Groups were created, of 
which one, called W.G. 1, within CIGR, and the other, called S.I.G. 12 �Education and 
Communication�, within the European Association of Agricultural Engineers (EurAgEng). 

From 1990 to 1994 various surveys were carried out in several Countries, in order to 
investigate the organisation of the University structures and academic degrees, with special 
regard to Agricultural Engineering degree courses or specialisations [1, 2, 3, 6]. 

From 1996 to 1999 the previous surveys were updated and extended to other Countries 
and Universities [10, 12]. 

In June 2000 the results of the last survey about the courses of Agricultural Engineering 
degree study programmes were presented in the report �The University Structure and 
Curricula on Agricultural Engineering. An overview of 36 Countries�, issued by FAO; this 
work was presented in July 2000, during the EurAgEng Conference held in Warwick (UK) 
[13]. 

In 2001 the Working Package 3 of AFANet (EU SOCRATES Thematic Network for 
Agriculture, Forestry, Aquaculture and the Environment) issued the report �Towards a 
European Standard for Agricultural Engineering Curricula�, which outlines the basis for 
four European core curricula: 

 a 5-year diploma degree, more scientifically oriented; 

 a 3-year Bachelor degree, more application-oriented; 

 a Master�s degree, corresponding to the long term 5-year diploma degree; 

 a Master�s degree, corresponding to the short term 3-year Bachelor degree. 

Further, in this report an accreditation system is proposed and the European University 
faculties and departments offering diplomas in Agricultural Engineering, in Agriculture 
with specialisation in Agricultural Engineering and in Engineering (agricultural engineering 
courses) are, respectively, listed [14]. 

Sadly the beginning of the third millennium brings a crisis in the Agricultural 
Engineering sector. Several Institutes, Departments and Research Centres of Agricultural 
Engineering were closed or had their staff significantly reduced. 

In the mean time, with the advent of new topics (e.g. Precision Agriculture, Robotics, 
Information Systems for Agriculture) in several Universities the Department of Agricultural 
Engineering and the related degree study programmes changed their name, course contents 
and research topics towards Applied Biology. This trend also implied the progressive 
substitution of the name �Agricultural Engineering� with �Bio-Engineering� or 
�Biosystems Engineering�. In order to take into account this trend, since 2002 EurAgEng 
changed the name of its official journal from �Journal of Agricultural Engineering 
Research� into �Biosystems Engineering�. 

In Agricultural Engineering study programmes the learning outcomes (knowledge, 
competencies and skills) of a lot of courses are integrated among each other, so that 
graduates can: 
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 develop new technologies and materials, in order to improve the quality and 
reliability of agricultural products; 

 plan field operations with high energy efficiency; 

 control electronically agricultural productions; 

 design environmental structures and systems; 

 develop efficient technologies for transforming agricultural products. 

In most European Countries the University study programmes in Agricultural 
Engineering are very different among each other; often they are a specialisation of a degree 
in Agricultural Sciences rather than a specific study programme in Agricultural 
Engineering, so that the Engineering learning outcomes are limited and, therefore, the 
graduates are Agronomists rather than Agricultural Engineers. 

Moreover, the millennium brought also the new structure of the degrees (3+2) (1st level 
or Bachelor of 3 years, 2nd level or Master of 2 years) according to the Bologna Declaration 
of 1999; several EU Countries felt the need of updating all the University study 
programmes, including those in Agricultural Engineering, in order to satisfy the general 
economical conditions, the scientific and technological development and the need of 
developing competitive study programmes. 

From this background the need of establishing an European thematic network on 
Agricultural Engineering was felt, as it is described in the report of AFANet - Working 
Package 3. 

Therefore, the idea of carrying out, at European level, a project aimed at developing 
basic core curricula to be used as benchmarks for the local developments of Agricultural 
Engineering and for training the future agricultural engineers, was born. 

Thus, in 2003 the thematic network USAEE (University Studies of Agricultural 
Engineering in Europe), coordinated by Prof. Demetres Briassoulis (Greece), was 
established with the aim of developing this project, approved and supported by EurAgEng 
and the 35 members of the thematic network itself (Tab. 1). 

The main objectives of USAEE-TN are to: 

 define and develop core curricula, to be used as benchmarks for Agricultural 
Engineering studies in Europe; 

 determine a set of minimum criteria/requirements, against which any curriculum can 
be tested, in order to decide whether or not it meets the criteria/requisites and, 
therefore, can be recognised or not as a programme of Agricultural Engineering; 

 define common accreditation strategies and procedures, also in terms of ECTS 
(European Credit Transfer System) credits and establish the bodies/committees for 
carrying out the accreditation of study programmes. 

In order to be recognised, a core curriculum must meet the criteria of FEANI (European 
Federation of the National Associations of Engineers) for being an Engineering study 
programme, concerning the basic Engineering course contents and the related ECTS, and 
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the criteria of EurAgEng, concerning the Agricultural and Biological course contents and 
the related ECTS [15]. 

In 2005 the USAEE Thematic Network produced the draft report �Core Curricula of 
Agricultural/Biosystems Engineering for the First Cycle Pivot Point Degrees of the 
Integrated M.Sc. or Long Cycle Academic Orientation Programs of Studies�. 

The main conclusions of the USAEE report are summarised as follows. 

It is recognised that the weak part of the current Agricultural Engineering studies in 
Europe is the inadequate Engineering foundation of the corresponding curricula. Therefore, 
the main challenges are to: 

 enhance the Engineering part of the European core curricula, so that they can meet 
the FEANI criteria for being Engineering study programmes; 

 significantly reduce the Agricultural and/or Biological Sciences part of the core 
curricula. 

In several European Countries intermediate 3-year degree study programmes, named 
�pivot point�, were established, in order to facilitate the exchange of students between 
Universities and Countries. These degree study programmes are different from those 
�relevant for the job market�, defined by Bologna Declaration. 

The degree study programmes should be fitted to Bologna Declaration Scheme and 
coexist with the new intermediate 3-year �pivot point� degree study programmes 
(Bachelor�s Science), according to the history, the industrial and social conditions and the 
traditions of any Country. 

The main challenge is to agree on certain minimum standards of core curricula and 
describe, in a commonly understood way, the various competencies to be used for 
professional and academic applications. In this perspective the work done by the Thematic 
Network E4 (Enhancing Engineering Education in Europe), run by the University of 
Florence in cooperation with SEFI (European Society for Engineering Education) and other 
organisations, is relevant. Therefore, from the beginning the USAEE Thematic Network 
established strong synergies with both SEFI and E4 TN towards common objectives. 

The core curricula structure should aim at developing the foundation for Agricultural 
Engineering studies, specialising in designing solutions to problems in systems involving 
(all or combination of): 

 plants (agricultural production, including power and machinery); 

 animals (animal production, including structures and environment); 

 humans (health, safety and biomedical engineering); 

 environment (bio-environmental engineering, including soil and water engineering, 
waste management, etc.). 

All of these areas require proficiencies in instrumentation, information technology and 
many other disciplines. 

In the first step of the development of Agricultural Engineering core curricula the 1st 
study level was examined and two different schemes were defined. 
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Scheme A, with academic orientation, is distinguished in: 

 core curricula of integrated 5-year degree study programmes (M.Sc.); 

 core curricula of �pivot-point� 1st level 3-year degree study programmes (B.Sc.). 

Scheme B, with applications-technological orientation, is represented by the core 
curricula of professional 1st level (mostly 3-year) degree study programmes. 

The above report contains not only the core curricula (Fig. 1) but also seven modules or 
specialisations in Agricultural Engineering topics: 

 Water Resources Engineering; 

 Mechanical Systems and Mechanisms used in Agricultural and Bioprocess 
Engineering (Figg. 2 and 3); 

 Structural Systems and Materials in Agricultural and Bioprocess Engineering; 

 Waste Management in Agricultural and Bioprocess Engineering; 

 Bioprocessing; 

 Energy Supply and Management in Agricultural and Bioprocess Engineering; 

 Information Technology and Automation in Agricultural and Bioprocess 
Engineering. 

In September 2004 this draft report was distributed to the Executive Committees of 
FEANI and EurAgEng for evaluation and comments; only after April 2005 FEANI started 
to evaluate this draft. 

At the end of 2005 the European Monitoring Committee (EMC) of FEANI assessed this 
draft and, then, required some modifications: 

 to explain the contents of �general� within Basic Sciences; 

 to specify the number of ECTS of Mathematics (which must be at least 24); 

 to specify the percent of Engineering Basic Sciences (which must be at least 20% 
and 36 ECTS) of the study programme; 

 to provide all the seven specialisations with at least 60% of Engineering subjects; 

 to specify the percent of non technical subjects (which must represent at least 10% 
of the study programme). 

Moreover, the EMC of FEANI implicitly required an accreditation process for Agricul-
tural/Biosystems Engineering curricula, such as a view of academic and professional 
qualification of the teaching staff and laboratories facilities. 

EurAgEng agreed to undertake the task of establishing the recognition process of the 
core curricula. 
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Tab. 1 Participants of USAEE Thematic Network. 
 

Contact persons Partners 

Prof. BRIASSOULIS Demetres  Coordinator, Agricultural University of Athens 

Prof. AHOKAS Jukka University of Helsinki 

Prof. AYUGA Francisco Polytechnic University of Madrid 

Prof. BIRZIETIS Gints Latvia University of Agriculture 

Prof. CRUZ Vasco University of Evora 

Prof. DOUZALS Jean Paul National School of Higher Agronomy Studies in 
Dijon 

Prof. FARKAS Istvan Szent Istvan University of Godollo 

Prof. FEBO Pierluigi University of Palermo 

Prof. HEATH Simon Coordinator of AFANET - TN 

Prof. HOFSTEE Jan Willem Wageningen University 

Prof. KIC Pavel Czech University of Agriculture Prague 

Prof. KUTZBACH Heinz University of Hohenheim 

Prof. LAKOTA Miran University of Maribor 

Prof. MINVYDAS Liegus Lithuanian University of Agriculture 

Prof. MITEV Georgi University of Rousse, Bulgaria 

Prof. MUSY Andre EPFL, ENAC, ISTE � HYDRAM 

Prof. NAVICKAS Kestutis Lithuanian University of Agriculture 

Prof. NILSSON Christer Swedish University of Agricultural Sciences 

Prof. PANAGAKIS Panos Agricultural University of Athens 

Prof. PERREIRA Estella TUNING counselor 

Prof. RAMON Herman K.U. Leuven 

Prof. ROWINSKI Robert Warmia and Masuria University in Olsztyn 

Prof. SCARASCIA-MUGNOZZA Giacomo  University of Bari 

Dr. FEHRMANN Jens Dresden University of Technology 

Mrs. NIKOPOULOS Effie Agricultural University of Athens 

Mr. BONDE Poul Danish representative of ECTS in E.U. 

Mr. SEVERIN Holde Christian The Royal Veterinary and Agricultural University 
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Fig. 1. Agricultural Engineering core curricula of 1st level �pivot point� integrated degree 

study programmes (3+2) and 5-year ones with academic orientation. 
 
 

ENGINEERING PART OF THE CORE 
CURRICULA: OPTIONAL COURSES 

 
24-30 ECTS CREDITS: equal to  

13-17% of total 180 ECTS CREDITS 
 

Learning outcomes and contents follow this 
table 

 

Assuming 6 course units with 4 or 5 ECTS 
credits per unit, respectively, or equivalent, 
the learning outcomes that follow may be 
delivered through the following structured 

coursework: 
 

1. Kinematics of Mechanisms  
2. Power Generation Engines 
3. Mechatronics 
4. Soil Mechanics 
5. Electrotechnics 
6. Electronic Circuits 
7. Instrumentation and Measurements 
8. Engineering Surveying - GIS 

AGRICULTURAL / BIOLOGICAL 
SCIENCES PART OF THE CORE 

CURRICULA: OPTIONAL COURSES 

(16-20 ECTS CREDITS: equal to  
9-11% of total 180 ECTS CREDITS 

 

Learning outcomes and contents follow this 
table 

 

Assuming 4 course units with 4 or 5 ECTS 
credits per unit, respectively, or equivalent, 
the learning outcomes that follow may be 
delivered through the following structured 

coursework: 
 

1. Crop Science and Management 
2. Crop Protection 
3. Agro-chemicals 
4. Animal Science and Management  
5. Environmental Impact Assessment 

 
Fig. 2 Proposed module or specialisation in �Mechanical Systems and Mechanisms used in 

Agricultural and Bioprocess Engineering� within the 1st level �pivot point� degree study 
programmes. 

General courses (adopted from E4-TN) 
+ optional courses 

Engineering 

Basic courses 

Agricultural/Biological 
Sciences 

Engineering 

Specialisation courses 

Agricultural/Biological 
Sciences 

Courses not included 
in the core curricula: 
needed to achieve the 

University strategic objectives 

31-44 % 

22-28% 

13-17 % 9-11 % 

11-14% 
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Mechanical systems and mechanisms used in agricultural and bioprocess engineering 
 

1. Agricultural Machinery Design 
2. Farm Power Units 
3. Farmstead Equipment 
4. Analysis and Design of Biomachinery 
5. Techniques in Precision Agriculture 
6. Automatic Controls 
7. Computer Control of Machines and Processes 
8. Ergonomics, Health and Safety 
9. Design Methods for Machines for Biosystems 
10. Remote Sensing 
11. Soil Erosion 
12. Landscape Planning 
13. Free Technical or Agricultural / Biological Electives 

 
Fig. 3 Indicative list of Agricultural Engineering courses included in the proposed module 

or specialisation in �Mechanical Systems and Mechanisms used in Agricultural and 
Bioprocess Engineering�. In fact, Agricultural Engineering courses are to be developed by 

each University according to the orientation of the study programmes offered and the 
institution�s strategic goals. 

AGRICULTURAL ENGINEERING CURRICULA: THE PRESENT 

Since the results of the USAEE-TN project needed to be widely disseminated and 
promoted, by March 2005 a dissemination proposal was submitted to the DG for Education 
and Culture of the EU. 

By August 2005 the above DG selected this proposal, so that on the 1st October 2005 the 
4th and last year of the USAEE-TN project, mainly aimed at the dissemination of its results, 
started. 

The outputs envisaged to be achieved during the USAEE Dissemination Year are the 
following: 

 development of a web-based database, where the USAEE-TN project results will be 
continuously updated and made available using a specific authorisation; this 
database will contain the courses or modules (set of courses) of the study 
programmes, including also the course ECTS value, in order to facilitate the 
recognition of the core curricula and, therefore, promote the student mobility 
throughout the EU; 

 enhancement of the USAEE web-site (www.eurageng.net), by creating links with 
organisations, other related thematic networks and projects (ICA, TREE, 
ARCHIPELAGOS and TUNING, etc.); 

 dissemination and promotion of the USAEE-TN results to the wider area of Higher 
Engineering Education in Europe, through synergic activities with TECHNO/AR-
CHIPELAGOS on issues concerning ECTS, quality assessment and employability; 
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 dissemination and promotion of the USAEE-TN results to the wider international 
Agricultural/Biosystems Engineering community outside Europe, through the 
TUNING III web-site and synergic activities with TUNING III; 

 dissemination of the USAEE-TN results, through contacts with student associations 
(in order to promote student mobility and participation), alumni associations (in 
order to promote alumni involvement), Deans, Rectors, ERASMUS officials, policy 
makers and other academic bodies, representatives of enterprises, companies and 
industries involved in Agricultural Engineering; 

 synergy and interaction with FEANI and, through FEANI, with the major 
professional non-academic stakeholders in Europe, aimed at the final approval of the 
USAEE-TN project results; this synergy will promote the core curricula developed 
by USAEE-TN; 

 synergy with EUR-ACE towards a common accreditation system for the Higher 
Engineering Education in Europe, according to the current developments of Bologna 
process; 

 organisation of dissemination events, at national level, where the national 
professional societies of Agricultural Engineers, also representing strong national 
contact and dissemination points towards the students and the industrial and the 
broader non-academic sector of Agricultural Engineering; 

 presenting and reporting comparative analyses from case studies about the 
implementation of the USAEE-TN project results; 

 organisation of two regional workshops concerning USAEE tasks, called 
respectively �Restructuring Agricultural/Biosystems Engineering studies and 
employability in Europe� and �Tools for Quality Assurance and Assessment 
Assurance of Agricultural/Biosystems Engineering in Europe�; a special session of 
one of these workshops will be devoted to disappearing rare knowledge on 
traditional environmental friendly agricultural engineering practices towards 
biological agriculture (eventually, in synergy with UNESCO and FAO-AGSE); 

 organisation of a plenary session in the framework of the combined EurAgEng 
Conference AgEng2006 - XVI CIGR World Congress, to be held in Bonn 
(Germany) in September 2006, where the USAEE-TN results will be presented to 
academic and non-academic (e.g. industries, students) communities; 

 synergic activities (together with ICA, SEFI, TREE, etc.) for promoting the 
USAEE-TN results to academic and non-academic communities and targeted 
groups, including industries and professional societies; 

 support of short-term student mobility, through the participation of student 
associations (e.g. IAAS, BEST) to the workshops with contribution to presentations 
and proceedings and also to the dissemination activities addressed to them, the 
European market and the students of Agricultural/Biosystems Engineering 
University studies in Europe (in synergy with IROICA and, eventually, with the 
development of a summer school); 
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 investigation about the possible cooperation of education with research, in the 
framework of Euro PhD schemes or ERASMUS Mundus. 

AGRICULTURAL ENGINEERING CURRICULA: THE FUTURE 

In November 2005 the same members of USAEE-TN proposed a new ERASMUS 
Thematic Network called ERBEE (Education and Research in Biosystems Engineering in 
Europe) to the DG for Education and Culture of the EU. 

The ERBEE-TN intends to carry out a new project, aiming at achieving the following 
objectives: 

 establishment of the recognition procedures of the new European study programmes 
in Biosystems Engineering by FEANI and EurAgEng, based on the core curricula of 
the first two cycles developed by the USAEE-TN; 

 promotion of the accreditation of new European study programmes in Biosystems 
Engineering, in synergy with EUR-ACE and in support of the establishment of 
European Quality Labels in Bio-Engineering; 

 organisation of case studies about the implementation of new European study 
programmes in Biosystems Engineering, based on the core curricula of the first two 
cycles developed by the USAEE-TN, aimed at recognition by FEANI and 
EurAgEng; 

 �mapping� and promotion of the 3rd cycle University study level and the European 
Doctorate in Biosystems Engineering, following the recognition by FEANI and 
EurAgEng, through the implementation of the core curricula of the first two cycles 
developed by the USAEE-TN; 

 development of synergies and schemes of cooperation for strengthening the 
interaction between research and education at all three cycles/levels of the 
University studies in Biosystems Engineering in Europe; 

 promotion of the adoption of the European Standards on quality assessment and 
assurance of European study programmes in Biosystems Engineering, in accordance 
with the emerging European Qualifications Framework (EQF); 

 enhancement of the attractiveness of European study programmes in Biosystems 
Engineering, both within and outside Europe; 

 implementation of the main lines of TUNING, based on the outcomes of USAEE-
TN and any further development in the field of Biosystems Engineering University 
studies in Europe; 

 promotion of the sustainability, through the interaction with non-academic 
stakeholders and third party organisations. 

The beneficiary target groups of ERBEE-TN project are the following: 

 the Universities offering Biosystems Engineering graduate and postgraduate-level 
studies; 



 
 

Agricultural engineering curricula: past, present and future 
 
 

 
 

23 

 the groups benefiting directly from teaching and research, namely graduate students 
in Biosystems Engineering, professional societies, companies and enterprises 
involved in agricultural production and processing, the industry and market in the 
field of the technical support of agriculture, etc.; 

 the European and national accreditation bodies for the corresponding output on 
accreditation, policy makers, ministries of education and the academic society of 
higher education in Europe; 

 students, scholars and researchers from regions outside Europe; 

 other related disciplines, associations and thematic networks in synergy with 
ERBEE-TN. 

In January 2006 the pre-proposal of the ERBEE-TN project was selected by the DG for 
Education and Culture of the EU, so that all the partners of this thematic network are now 
invited to submit a full proposal by March 2006. 
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ABBREVIATIONS 

CIGR = International Commission of Agricultural Engineering 

AIIA (former AIGR) = Italian Association of Agricultural Engineering 

SIG = Special Interest Group 

EurAgEng = European Association of Agricultural Engineers 

FAO = Food and Agriculture Organization of the United Nations 

AFANet = EU SOCRATES Thematic Network for Agriculture, Forestry, Aquaculture and 
the Environment) 

USAEE-TN = University Studies of Agricultural Engineering in Europe - A Thematic 
Network 

ECTS = European Credit Transfer System 

FEANI = European Federation of the National Associations of Engineers 

Thematic Network E4 = Enhancing Engineering Education in Europe 

SEFI = European Society for Engineering Education 

EMC = European Monitoring Committee of FEANI 

DG = Directorates General 

ICA = Interuniversity Conference of Agriculture and Related Sciences 

TREE = Training & Resources in Early Education 

EUR-ACE = Accreditation of European Engineering Programmes and Graduates 

UNESCO = United Nations Educational, Scientific and Cultural Organization 

AGSE =Agricultural Engineering Branch 

IAAS = International Association of Students in Agricultural and related sciences 

BEST = Board of European Students of Technology 

IROICA = European Network of International Relations Officers at Higher Education 
Institutes for Agricultural and Related Sciences 

ERBEE-TN = Education and Research in Biosystems Engineering in Europe � A Thematic 
Network 

EQF = European Qualifications Framework 
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SUMMARY 

The paper describes past, present and future status of Agricultural Engin-
eering according to their social, economic and scientific role in the countries of 
South East Europe. Besides mentioned, the paper has clearly defined role, 
objectives and future activities for Bio - systems Engineering Societies. 

Key words: Agricultural engineering, bio systems engineering, education, 
economy  

                                                 
1 The paper is based on survey done as preparatory for Full Session of Club of Bologna 2006 
presentation, which has been supported by UNACOMA. Draft of presentation is available on 
www.clubofbologna.org.  
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INTRODUCTION 

Being witnesses of huge changes that had occurred during last 15 years within the field 
of Agricultural Engineering, some enthusiasts, founder members of Association of 
Agricultural Engineers of South-East Europe have started to taking care and thinking about 
changes and their influence on present and future status of Agricultural Engineering parts 
as: education, market of agriculture machines, their production etc. in South-East 
Countries. Here it has to be emphasized that this paper includes reports from Bosnia and 
Herzegovina, Bulgaria, Croatia, Romania, Serbia and Turkey. Macedonia and Monte Negro 
weren�t included only due to problems finding colleagues whom would be willing to make 
such kind of survey within very limited time period but colleagues from mentioned 
countries are always welcome for further cooperation. So, the essential idea for the survey 
had arisen due to the fact that a brief cross-section view of Agriculture and Agricultural 
Engineering in South-East European countries no one in the recent past hadn�t even try to 
make. According to that fact and fact that such survey would help us to face up with present 
state and possible prospects this group had started mentioned task and finished the job but 
authors accepted it only as the beginning. It should be also known that showed data 
describe status of single country are partly based on official statistical sources and partly on 
expert�s opinion. Objectives of this paper could be described with single mind that authors 
finally wanted to put down the bottom line at the past and raised his view to the new 
horizon.  

STATUS 

The following tables 1 and 2 give preview of general, economic and agriculture regard-
ing data for covered countries: 

 
 

Table 1 General and economic data  
 

 Bosnia and 
Herzegovina Bulgaria Croatia Romania Serbia Turkey 

GENERAL DATA       
Country surface in 
km2 51.209 111.002 56.594 237.500 88.361 769.604 

Population 3.843.000 7.761.000 4.437.460 21.680.974 10.100.000 72.070.000 
Agricultural land in 
million of ha 2,53 5,73 3,14 14,72 4,20 26,58 

Share of agricultural 
land 

49,4% 51,6% 55,4% 61,7% 48,0% 34,5% 

Agricultural land in 
ha per capita 0,66 0,74 0,71 0,68 0,42 0,37 

ECONOMICAL 
DATA 

      

GDP per capita 
EUR/a 2.100 2.400 6.900 2.800 2.200 3.700 

GDP in agriculture 10,1% 10,9% 7,6% 12,8% 16,0% 11,9% 



 
 

Agricultural engineering in south east Europe, status and prospects 
 
 

 
 

29 

Table 2 Agriculture data  
 

 Bosnia and 
Herzegovina Bulgaria Croatia Romania Serbia Turkey 

AGRICULTURE 
Main crops 

      

Cereals: 321,000 ha 1,811,039 
ha 700,000 ha 5,541,000 ha 2,000,000 ha over 

13,500,000 ha 
Maize 196,884 ha 415,971 ha 406,000 ha 3,199,600 ha 1,220,000 ha 545,000 ha 

Wheat 73,184 ha 1,044,006 
ha 227,000 ha 1,748,000 ha 

including rye 612,000 ha 9,300,000 ha 

Barley  333,484 ha    3,600,000 ha 

Industrial plants 9,000 ha 694,281 ha 117,000 ha 1¸,448,300 ha 420,000 ha over 1,700,000 
ha 

    Individual farms:   
Average size of 
farm 3.2 ha 5.2 ha 3.0 ha 2.28 ha 3.0 ha 5.9 ha 

   

2.4 ha 
(UAL) 
Utilised 

agr. Land 

Familial 
assoc.: 
139 ha  

Juri. personality:
435 ha 

  

under 5 ha 83,3%  85,7% 61,4% 39,0% 67,0% 
5 - 10 ha 13,7%  9,5% 20,3% 35,0% 18,0% 
10 - 100 ha 2,9%  4,7% 12,8% 14,0% 14,1% 
over 100 ha 0,1%  0,1% 5,5% 12,0% 0,9% 

 

COUNTRY REPORTS 

The country reports of most of South East European countries have been are presented 
below in alphabetic order of country names. 

Bosnia and Herzegovina 

Agriculture 

In B&H arable land and gardens cover approximately 1,028 thousand ha (2005), out of 
approximately 992 ha (96.5%) are privately and 36 thousand ha (3.5%) are state-owned. 
Average size of a farm is 3.2 ha. According to statistic data from 2005, cultivated land 
comprised 553,000 ha out of the overall 1,028,000 ha of arable land. It is assumed that the 
low utilization of arable land is a result of the size of farms, poor organization, insufficient 
adaptation to market economy and migration of population during and after the war in BiH. 
In 2005 the agriculture production structure was as follows: cereals 31.2%, feed crops 
13.4%, vegetables 8.3%, industrial plants 0.9%, nurseries, osier and aspen beds 0,3% and 
fallows and uncultivated arable lend 45.9%. 



 
 

S. Kosutic, G. Fabijanic, M. Martinov, O.K. Sindir, N. Mihailov, V. Ros, S. Skaljic 
 
 

 
 

30 

Agricultural mechanization 

Number of tractors in B&H decreased from 92,117 units in 1992 to 54,140 units in 2005, 
out of which 33,536 are double-axle tractors and 20,604 single-axle tractors. Agriculture 
tractors are rather old. The estimated age is 25 years for tractors and over 30 years for 
implements. The classification of agriculture tractors reflects the B&H breakdown of farms 
by size. Tractors up to 11 kW (38.1%) constitute the biggest category of tractors in B&H, 
and the second biggest category are two-axle tractors of 27-37kW. The tractor power in 
comparison to the type of land varies from 0.4 kW/ha for agriculture land to 2.0 kW/ha for 
arable land. Annual requirements for agriculture machinery are assessed to 1,200 single 
axle tractors, 1,030 double axle tractors, 70 harvesters and 8,300 implements. 

Industry of farm machinery 

Domestic production of agricultural machinery and equipment is relatively small, 
precisely it includes 500 units of motor-cultivators, assembly of 300 units of two-axle 
tractors, 500 trailers, 100 cabs for two-axle tractors, 50 fertilizer spreaders, 300 rotor 
cultivators for single-axle tractors, 200 ploughs and as production of components and spear 
parts about 1,000 pumps and 50,000 filters. Value of production of tractors is 2.3 million � 
and of motor-cultivators 1.7 million �. Assembly program includes two categories of two-
axle tractors: light, 18-26 kW, and medium heavy, 27-37 kW, and four categories of motor 
cultivators: 3.7 kW, 5 kW, 9 kW and 12 kW.  

Visions and missions 

The B&H agriculture machinery market is relatively small and characterized by the 
transition from socialist concept to market concept of economy. Domestic production and 
export of agriculture machinery, together with the above-mentioned two restricting factors, 
is limited. Manufacturers in B&H should develop cooperation or joint ventures with 
renowned international manufacturers, and capitalize on the availability of cheap and 
highly-qualified working force, and availability and proximity of raw materials (iron, steel, 
aluminum, etc.). One of the main goals of foreign policy of Bosnia and Herzegovina is 
membership in the EU and other Euro-Atlantic integration processes. B&H is currently in 
the process of negotiations of the Stabilization and Association agreement with EU. 
Estimates are that B&H will hopefully sign the Agreement in 2007. 

Bulgaria 

Agriculture 

The agricultural sector creates a significant part of the GDP �about 10-13%. It determi-
nes the life standard of the population and influences other important branches of the 
industry like energetic, transport, food production, etc. 

Agriculture employs more than 1 million full time and more than 300 thousands part 
time workers. The tendency is to decrease the agricultural working places, which creates 
other problems related to unemployment. 
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Since 2007, Bulgaria joined the European Union and this will influence the future 
growth of the agricultural sector, at least because of the very sharp competition and strict 
regulations for production and ecology requirements. 

The 3 main agricultural groups involved in the economy are:  

1. About one third of the agriculture land is owned by big landowners (more than 1,000 ha 
farms).  

2. The best part of the lands though (over 40%) is owned by middle sized landowners.  

3. The remaining ¼ of the agricultural land belongs to small family farms. There is a 
tendency toward increasing the percentage of big landowners, causing reduction of 
second group. 

Agricultural mechanization 

The level of mechanization could be estimated by the number, the type and the power of 
the used machinery. The 3 main groups of used machinery are tractors (25%), harvesters 
(8%) and soil tillage machinery (24%). 

The distribution of the type of machinery used by the three groups is as follows: the big 
landowners use mainly high and intermediate power machinery (40�60 kW and more). The 
most machinery are owned by the second group and with mainly intermediate and low 
power (less than 60 kW). The 3rd group which is also the largest, also prefers low and 
intermediate powered machinery.  

There are opportunities for subsidies in the sector. Only for 2005 under the Agricultural 
machinery program SAPARD, 272 investment projects have been financed at approxima-
tely 22 million �. 

Industry of farm machinery 

The domestic agricultural machinery industry has almost disappeared after 1989. This 
situation causes new specific problems like realization of machinery engineers, involved in 
design and production of agricultural machinery, the need for university specialties in this 
area, etc.  

The necessary agricultural machinery are mainly imported. Today the domestic industry 
consists mainly of companies specializing in smaller agricultural equipment and machinery 
as well as spare parts. Their production is oriented to ploughs, disks, harrows, seeders, 
fertilizer distributors, etc. 

Visions and missions 

In the future the agricultural production will play a major role for the feeding of the 
population and ensuring a raw material basis for other industrial sectors. Other than the 
traditional introduction of modern science achievements in the agricultural machinery, 
ecology, improvement of the working conditions and quality of the production, following 
areas will also be developed: 

 production of different types of renewable energies; 

 information technologies. 
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The access of Bulgaria to the huge European market, suggests new opportunities for 
development of the agricultural trade. This will force the introduction of more modern 
technologies and agricultural machinery, to make the domestic products competitive. The 
expected EU subsidies will contribute for that. 

Croatia 

Agriculture 

Agriculture, forestry and fishery account for about 8% of the GDP. The diversity of 
climate, landscape and soil enables a varied agricultural product range and ecosystems are 
well preserved. In accordance with Agricultural Census and data for 2003, there were 3.14 
million hectares of agricultural land (55.4% of land area), and 1.08 million hectares of that 
is utilized agricultural land. Two thirds of agricultural land belongs to family farms (about 
80% of plough-fields (arable land), gardens, orchards, olive groves, vineyards, and 
meadows, and about 40% of pastures). The whole territory consists of 42% of forests and 
forest woodlands (about 80% state-owned). The statistics on agricultural land use in Croatia 
are the most problematic of all agricultural data due to different reference basis. 

The plant production, preceded by cereals, dominates in the value structure of the 
agricultural production. Livestock production contributes with approximately 50% of the 
total value of agricultural production. 

Croatian agriculture has been characterized by the dual structure of ownership. 
Agricultural resources were directed to a small number of large socially-owned agricultural 
holdings and small family agricultural holdings, restricted in size. This resulted with a 
majority of very small agricultural holdings, unable to generate a profit sufficient for the 
necessary investment for improved production. Today, the majority of the Croatian 
agricultural holdings are characterized by small, fragmented parcels, which is the major 
limiting factor to improve their competitiveness. Also, problems are over-aged agricultural 
population and low degree of qualification and skills of the population occupied in 
agriculture as compared to other branches. 

Reform of the agricultural subsidy system comprises 4 support schemes: Production 
support scheme (direct payments), Capital investment scheme, Income support scheme and 
rural development scheme. The aim of the reform is distinguishing differences between 
commercial or potentially commercial farms, and that non-commercial farms which have 
weak potentials for profitable production.  

The process of privatization of companies dealing with the agricultural and food 
processing industry has been carried out since 1993, to date, more than 400 companies from 
the sector of agriculture and food-processing industry were privatized. 

Agricultural mechanization 

According to Agricultural Census 2003 data total number of two-axle tractors is about 
190,000 pieces. (similar figures were for 1991) and average engine power per tractor is 
approx. 36 kW. Engine power distribution shows that 75.1% of tractors are in category up 
to 40 kW and 20.9% are in 41-60 kW category. Only 3.2% of tractors are in 61-100 kW 
category and 0.9% in over 100 kW category. Since the last usual renewal of mechanization 
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had occurred at the end of 80's, rough estimation could be taken that 75% of the machinery 
starting with tractors, combine harvesters, tillage implements, fertilizers, plant protection 
equipment and other equipment are now at least 18 and over 18 years old. Dominant used 
mechanization are: tractors (up to 35 kW), with attachments for maize and wheat produ-
ction (conventional soil tillage), haymaking machinery (mowers, tedders, rakes and forage 
wagon), tractor attached/trailed harvesters for maize (corncob picker or for silage). 

In 2005 new and used tractors were mainly imported from EU countries (not necessary 
produced in EU). Main engine power category of imported tractors in 2005 was 55-80 kW, 
about 40% of new imported tractors and about 60% of used imported tractors were in that 
category. Used tractors represent about 33% of tractor's import market. 

Capital investment scheme (subsidy), takes a part in financing investment for which a 
financial institution has approved credit, also specialized pre-accession EU funds for 
candidate countries are intended for investments in agricultural. High investment costs are 
necessary for modern mechanization and production technologies for increased productivity 
and quality primary products, but poor solvency and indebtedness of farm resulting in low 
investment capacity and lack of interest of banks to become engaged in family farm 
lending. Also, problems are high risk aversion of farmers and fear of applying for bank 
credit, and lack of collaterals of smallholders for bank lending.  

Industry of farm machinery 

Main activities in industry of agricultural mechanization are in production of walking 
tractors, combine harvesters including machines and devices for harvesting and threshing. 
During the 90�s many producers with tradition and reputation bankrupted and vanished, but 
some producers in metal industry are still able to be manufacturer for reputable world 
producers of farm machinery. 

Visions and missions 

Introduction of high EU environmental, hygiene and animal welfare standards increases 
costs and requires additional investments for upgrading of technologies, premises and 
management practices. 

Romania 

Agriculture 

Romania has proper natural condition for a high efficient agriculture. The main relief 
forms in Romania (plains � 33%, hills � 36%, mountains � 31%), determine a wide range 
of vegetal and animal production. Romania has a transitional temperate-continental climate, 
with oceanic influences to the west, Mediterranean influences to the southwest and 
continental-excessive to the northeast. The annual average rainfall is variable, depending on 
altitude: 500 mm in the plains, 700 mm in the hills and 1200 mm in the mountains. 

With its 14.72 million hectares of agricultural area, of which 9.4 millions is arable land, 
Romania has the potential to became a large and diversified market for farming equipment. 
As a new member of EU, Romania will feature among the four to five important farming 
countries in Europe. 
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The structural changes in the Romanian agriculture led to the formation of small or 
average farms. The main type of farm is the small household, with an average area of 2.28 
hectares of farming land, representing 53% of the total of farming land. Farming companies 
have an average area of 282 ha and account for 43% of farming land. From the total of 
4,462,221 individual farms which have the surface of agriculture land of 7.71 millions ha, 
52.4% have the surface of agriculture land smaller than 1 ha, and 42.1% have the area of 
agriculture land between 1-5 ha, represent subsistence farms and semi-subsistence farms. 
The farm structure will be changed, in the future according to the INMA evaluation, as 
follows: 1-5 ha (10%); 5-10 ha (10%), 10-20 ha (10%), 20-50 ha (30%) and over 50 ha 
(40%). 

Agricultural mechanization 

Related to Romanian agricultural land, the level of mechanization is low. A tractor is 
allocated to 57 ha arable land. Only 30.6 % of necessary tractors exist and about 70 % is 
necessary for the normal load. 

Domestic output of agricultural equipment is far from meeting, either quantity or 
adequacy requirements. In analogy with EU situation, the experts estimated a need for 
about 720,000 tractors, 400,000 new cultivators and 60,000 new harvesters over the next 
five years, compared to only 170,000 tractors, 132,000 cultivators (including ploughs) and 
26,000 self-propelled harvesters. About 60% of tractors and farm machinery have more 
than 10 years in use. 

Industry of farm machinery 

Most of the tractors and agricultural machinery were produced in Romania before 1989. 
There were about 25 agricultural machinery and tractor factories. The main tractors type 
was: 45 HP, 65 HP and 100 HP wheel tractors and 150-180 caterpillar tractors. They were 
produced for domestic needs and for export. Some of the farm machinery and tractors 
factory drastically reduced their production and some changed the production 
nomenclatures.  

The newly established family farms, due to their smaller size and different production 
structure, need tractors and agricultural machinery adapted to their own needs. While 
straight import for the sector is limited for the Romanian�s shortage of hard currency, 
accessing the market via licensing agreements and joint ventures with the local industry, 
which has good basic technologies, skilled labor, and low labor costs could be a rewarding 
option for EU and others manufacturers of tractors and agricultural equipments.  

Visions and missions 

Agriculture is the vital part for the living resources, is strongly related to the rural area 
and to the environment. Consequently, each action and steps towards �better� have to take 
into account these three figures.  

Romania, as a new member of EU, has to take adequate actions in accordance with the 
real situation in the agriculture and rural area and in harmony with EU regulations. In this 
respect the main missions of the government and of us may be defined as follows: 
Temporary support for semi-subsistence farms and encouraging of association of farmers; 
Modernizing of technology and agricultural infrastructure; Modernizing the processing 
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units and encouraging and promoting innovation and access to research and development; 
Diversifying production and activities in rural areas through non-agricultural economic 
activities by promotion of new technologies; Training human resources to create/improve 
local technical potential; development of sustainable agricultural systems. 

Serbia 

Agriculture 

Agriculture has a good status and is politically supported, not only due to economic 
importance, food security and exports, but also due to social effects, support of rural areas, 
and vision of future chances in the sector. Only limited subsidies for commodities and 
acreage are practiced. On the other hand there is a program for support of purchase of 
mechanization and equipment offering allowance and very convenient loans. 

There are three significant groups involved in agricultural production: 1. big company 
farms, farming over 1,000 ha; 2. advanced young farmers and well organized cooperatives; 
3. small family farms including also these owned by old farmers. The farming technology 
and economic status are significantly different between the groups. Unfortunately, the third 
one is the biggest.  

It is typical that processors of agricultural products dictate the prices and mange to have 
benefits of almost all supporting measures. That is why medium and small farms try to set 
up some kind of post harvest processing, up to level of getting shelf ready products.  

The economic regression of rural areas is significant.  

Agricultural mechanization 

The obsolescence of machinery is critical, but last five years this has been significantly 
improved. Renovation of machinery was until now reduced due to intention of farmers to 
buy as much as possible land. The machinery market, including equipment for primary post 
harvesting, is estimated to be round 1.5 billion of euro per annum. Farms belonging to first 
and second mentioned group mange, in most of the cases, purchasing of contemporary 
machinery, with high capacity and profitability of use. The problem are farmers belonging 
to the third group, whose are not able to follow trends and mostly use old machines or buy 
out of dated ones. This makes their situation even tougher.  

Industry of farm machinery 

�Big� domestic industry of agricultural mechanization almost collapsed. The 
privatization is in progress and should be finalized up to middle of 2007. The future of it is 
uncertain, and best scenario will be establishing of the cooperation with reputable world 
producers. It will be supported by national legislation and funds. A huge number of small 
companies produce simpler machinery and equipment, as well as spare parts and 
assemblies. This group will grow and, already now, some companies are able to be sub-
contract manufacturer for reputable producers of mechanization. Establishing of regional 
cooperation in the sector, as well as expected custom duties free trading, are remarkable 
visions and intentions. 
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Visions and missions 

There are two objectives for future development of agriculture: to support agricultural 
production and processing for domestic market and exports and to support development of 
rural areas. Improvement of food safety and quality has been declared and accepted as an 
important task. Many activities are already in progress, introduction of HACCP, newest 
ISO standards and GAP, organic farming etc. The interest of farmers is creation of regional 
and wider cooperation in the field of agricultural production � market and agricultural 
mechanization.  

Most of the farmers are interested in non-food production, intensive crops and process-
ing of agricultural products. Production and use of renewable energies is expected to be 
important issue. Rural development and especially help of economically weak groups are 
objectives for government and universities.  

Turkey 

Agriculture 

The agricultural sector, with a GDP share of 11.5% in Turkey, is not able to achieve the 
performance level of production that can be obtained with the existing resources. In other 
words, the productivity level of agriculture is very low, which is due to small (avg. 5.9 ha) 
and scattered (avg. 4 plots/farm) agricultural enterprises and rather high input costs. As in 
many parts of the world, Turkish farmers are also typically conservative and resistant to 
new technologies and do not accept them unless they are fully convinced of their benefits. 
Low level of farm income is one of the major sources of problems within the sector. The 
government has recently cut down all incentives, subsidies and any kind of support, but 
direct income support to agricultural production. Crops are the most important products 
with 75% of total value of agricultural production, split between field crops (46%), 
vegetables (26%) and fruits (28%). Within the field crops value, cereals has a 52% share, 
whereas industrial crops (mainly cotton, tobacco) 23.4% and root crops 13%. Wheat is the 
most important single crop with 7.9% of total output value. Livestock farming in Turkey is 
generally a small-scale family farm activity, carried out in the vast majority of cases as a 
sideline activity by arable farmers.  

Agricultural mechanization 

Tractor power use per ha and total weight of machines per tractor are approximately 1.3 
kW/ha and 4.2 tones, respectively, compared to 5�7 kW/ha and 12 tones in the EU. Very 
few numbers and types of agricultural machinery are imported. Main importers are those 
marketing companies of major tractor manufacturers. They import sets of agricultural 
machinery especially compatible with their large size tractors. 31.5% of 3.075,515 farmers 
own at least one tractor. 19.7% of farmers, having land between 0-5 ha, own at least one 
tractor whereas 85% of farmers, having land larger than 50 ha, own at least one tractor. 
74% of farmers (3.0121,190) are using tractors. 72% of farmers possessing land are 
cultivated by tractors. Area cultivated per tractor is 13.3 ha.  
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Industry of farm machinery 

In Turkey almost all of the machinery and tractors used in agriculture are produced 
domestically and apart from those well-known and marketed brands, most of them are 
manufactured locally in order to meet the local market needs. There are 9 agricultural 
tractor manufacturing establishments in Turkey working with 58% capacity utilization. 

There has been a significant development for the last 20 years in the production, use and 
adoption of machinery in agriculture. Turkey has always had a surplus with an important 
share of exports of agricultural machinery and tractors. Only some of those machines which 
are not feasible to produce domestically, such as combine harvesters, cotton pickers, self 
propelled forage harvesters and some other SP machines, large and extreme large tractors 
and machines required by specialized farming establishments. Import penetration rate in 
agricultural machinery sector is very low, which means there is not much prosperity for 
foreign machinery falling into ranges of machines being produced in the country.  

Visions and missions 

Agriculture is and will be one of the most important sectors in Turkish economy. 
Turkey�s geographical location and diverse climatic conditions give the advantage of 
production of numerous diverse crops. Recent progresses towards EU membership also 
enable the country to harmonize with the European countries and therefore improve the 
competitive advantage in terms of quality of production for certain crops.  

The current trend in agriculture is towards sustainable, more productive, intensive and 
environment friendly production in agriculture. In this respect, organic farming or 
ecological farming practices and the consumer demand for their products are to a large 
extent increasing in the country as well as all over the world. It is therefore necessary to 
consider the production and implementation of appropriate machinery, such as computer 
aided production technologies, precision farming, zero-tillage techniques, multi-farm use 
organizations, etc. As the awareness of public widens, environmental issues, on the other 
hand, are becoming vital for the government policies. Soil conservation, savings of 
irrigation water usage, lesser use of chemicals and fuel consumption, and more productive 
approaches are those issues considered within the current policies. Good agricultural 
practices and traceability of food products is also highly essential concerns for Turkey, 
especially due to the high level of fruits and vegetables production marketed mainly to the 
EU. On the other hand, since there is a pressure on the rural sector to move to urban areas 
and diminish the employment rate of agriculture, the farm sizes are becoming larger than 
before and this brings the consideration of larger and more productive machines in 
operation. 

THE ROLE, OBJECTIVES AND FUTURE ACTIVITIES 

The role of agricultural engineering today is much more complex than before. It should 
not only fulfill the goals of agriculture, but of society in general. The objectives of the 
profession, in addition to traditional ones, mostly related to engineering problems, should 
today strictly respect following issues: 
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Complexity and multidisciplinarity. It has to be treated not only for the main crop, but 
also for the influence of technology and machinery on all ecosphere, considering all 
possible influences, and prevent negative effects. Even more pronounced is the need of 
close cooperation with other professions, agronomists, breeders, food technologists etc. 

Environment protection. Full respect for environment protection is a very important 
issue. Every technology has to be evaluated from this point of view. Typical examples are: 
reduction of soil compaction, environment friendly application of crop protection 
chemistry, and fertilizer broadcasting, energy saving, reduction of emission of pollutants, 
etc. 

Food safety and quality. Every process in agriculture and post harvesting has to be 
evaluated according to its influence on food safety and also quality. The introduction of 
documented production, Good Agricultural and Manufacturing Practice and Traceability 
are contemporary societal and market demands. Here, agricultural engineering is very close 
to, or even overlapping with food processing industry. 

Economy of production, profitability. Farmers are more than ever expected to produce 
without subsidies or as low as possible. Due to globalization, all domestic markets are 
open. All activities of agricultural engineering have to ensure sufficient income for farmers. 
High income, not high yield. 

The country reports have presented status of industry of machinery and equipment for 
agriculture and food processing. Obviously this sector is of special importance for every 
country. It offers employment of domestic recourses and should contribute to welfare of 
societies. Similarities in conditions, structure of agriculture and vicinity are good 
prerequisites for regional cooperation in this field. Agricultural engineering should support 
development of own industry of agricultural machinery and equipment and establish 
cooperation with reputable world companies and regional cooperation and trading. 

All country reports signalize that there exist wide and huge groups of small farms. These 
farmers belong to economically weak groups of the society. Their income can not ensure 
satisfactory living standard. It causes enormous emigration from rural to urban areas and is 
followed by many economic and social problems. This has been recognized also by World 
Commission of Agricultural Engineering, CIGR. During World Congress, called 
Agricultural Engineering for a Better World held in September 2006 in Bonn, a new 
Working group entitled: �Rural development and preservation of cultural heritages� was 
established. By this act agricultural engineers expressed their interest and willingness to 
help rural development, not only as a typical, but as a cultural problem as well. From the 
country reports it is obvious that rural underdevelopment is a critical point in the region of 
South East Europe.  

Agricultural engineering today has much wider objectives, and therefore a new term 
�Biosystems Engineering� which is already widely used in the USA and also in Europe, 
covers this wide field better.  

All country reports point out the existence of three major types of farms: big, mostly 
over 1,000 ha, company or privately owned, medium, mostly family farms and cooperatives 
and small. The last type is most numerous and also economically weakest. In the future, the 
agricultural engineering profession should focuses and support all types of farms, and third 
one should be from point of view of social progress much more focused. 
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Based on country reports, and discussed contemporary roles of agricultural engineering, 
the list of objectives of the profession has been established and presented in tab. 3. 

 
Tab. 3 Objectives of agricultural engineering in SEE countries 

 
No Objectives Type 

1 Sustainable and effective agriculture, competitive on the World 
market, whose can contribute increase of GDP. Increase of 
competitiveness of domestic farmers. 

Economic 

2 Security of safe and quality food for domestic market and 
exports. 

Supporting farmers who are not able to follow economic 
restructuring. Production support. 

S and Q 

Economic and societal 

 

3 Support of rural development. Rural development, societal 

4 Protect environment from negative influences of agricultural 
production. Contribute utilization of renewable energies. 

Environment protection 

5 Development of own industry of agricultural machinery and 
equipment, establish regional, European and world wide 
cooperation. 

Economic and societal 

6 Adopt own agriculture to EU agricultural policy.  

Harmonize subsidies policy and trading in agriculture with 
WTO (World Trading Organization) rules. 

Political 

 
The objectives defined in tab. xx can be realized through following groups of research, 

development and demonstration (including education and training) activities: 

A. Continuous study of newest achievements in the field of agricultural production, agri-
cultural engineering, including post harvest technologies, critical evaluation from point 
of view of applicability in own country. Especially should be evaluated environmental 
influence, but also demands defined by EU. First after detailed evaluation and own 
testing the technology will be proposed for farmers. The beneficiary of this group of 
activities will be big and medium scale farms. It will cover objectives 1, 2, 4 and 6. 

B. Development of new or significant improvement of existing, including traditional, 
indigenous, production technology with special regard to improve food safety and 
quality. Here can be included new measuring equipments and procedures, testing 
methods and certifications. It will include also demonstration and training. The target is 
to get high level of certified products, including organic, with final goal to get shelf 
ready branded food. Beneficiaries are all size of farms, and medium one are 
emphasized. It covers objectives 1 and 2, partially 3. 

C. Support for establishing international cooperation in the field of agricultural machinery 
and equipment, primary with reputable world companies, but within the region as well. 
Research and development of new products, especially low costs solutions, whose will 
be produced by domestic small and medium companies, or realized in a frame of 
regional cooperation. Introduction of new solutions based on information technologies, 
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taking into account profitability of application. This can contribute realization of 
objectives 1 and 5. Beneficiaries are, first of all, producers of agricultural machinery 
and equipment, and small and medium scale farms. 

D. Improvement of existing and introduction of new technologies aimed in improvement of 
environment protection. Here are included all typical measures of crop protection, 
fertilizer broadcasting and similar. Activity includes development of new, applicable in 
local conditions, testing and adjustment equipment, demonstration and training of users. 
This activity is very important and should be performed by institutes, faculties and 
extension services. Beneficiaries are all farms, but society in general. It is related to 
almost all objectives, but especially to 2, 4 and 6. 

E. Integration into European Research Area, first of all through FP7 projects. Involvement 
into international, regional and bilateral project. Internationalization of R&D activities. 
This activity will not only approved national human recourses and R&D capacities, but 
will contribute demonstration, training/education and certification in land. This group of 
activities includes also PR activities, presentation to the public, and creation of farmers� 
awareness related to contemporary production methods. The later will include also 
extension services. Beneficiaries are all farmers, and this group of activities covers all 
objectives. 

F. Contribution to rural development is a very important future group of activities. It 
should be provided in cooperation with other professions. To name but a few: 
introduction of use of Internet, e-commerce, tending of traditional skills, including 
handicrafts, creation of background for production of traditional foods and beverages 
and development of countryside tourism etc. Improvement of infrastructure, 
development of other profitable activities. Beneficiaries are small farms and society. 
This covers objective 3. 

G. According to the contemporary demands in EU and world wide development of 
production and utilization of renewable energies, although can be included in one of 
former groups, here is emphasized as a separate. The hypothesis is simple and clear: 
most or resources of renewable energies are available or can be produced in rural areas; 
the society is obligated to support utilization of renewable energy sources, and have to 
provide funds. The funds can used to support both: utilization of renewable energy 
sources and contribute rural development. Beneficiaries are rural areas and whole 
society. This group of activities can cover objectives 3, 4, 5 and 6. 

CONCLUSIONS 

In all countries of South East Europe the agriculture has important role for national 
economy and also high reputation. Some of the countries are already members of EU, two 
of them are official candidate countries and all other intend to join the Union. The condi-
tions of agriculture in the region are similar and different than in many other EU countries. 
Consequently, the goals of agriculture are different. The role of agricultural engineering is 
to fulfill these goals. The objectives of contemporary agricultural engineering, not only in 
the region, but also worldwide, overcome traditional role of profession. It is expected not 
only to contribute in the field of engineering, but also to solve problems of environment 
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protection, help ensure food safety and quality, enable profitable agricultural production 
and food processing, support environment protection and general societal welfare. The 
regional survey shows realistic need of supporting rural development in the region, what is 
also the objective of agricultural engineering. The complexity, multidisciplinarity and 
synergy of many professions suggest that the new term Biosystems Engineering instead of 
agricultural engineering becomes more adequate. 

Following the world trends and the results of country reports, the most important objec-
tives of agricultural engineering, i.e. bio systems engineering profession in the region of 
South East Europe are defined. They comply not only with the traditional rules of the profe-
ssion but also with economic, environmental, societal and political ones. The seven groups 
of activities aimed at realization of objectives present background for future national, 
regional and European research, development and demonstration�training policies.  
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ABSTRACT 

A thorough understanding of the factors affecting spray flow and evaporation 
losses in sprinkler irrigation is important for developing appropriate water 
conservation strategies. To properly tackle this problem, relevant theoretical and 
experimental studies have been carried out during the second half of the last 
century. Notwithstanding all these efforts, the phenomenon of aerial evaporation 
of droplets exiting from a nozzle has not been fully understood yet and something 
new has to be added to the description of the process to reach a better assessment 
of the events. To this end, a mathematical model for irrigation sprinkler droplet 
ballistics, based on a simplified dynamic approach to the phenomenon, has been 
presented. The model proves to fully match the kinematic results obtained by 
more complicated procedures. Moreover, field trials showed the model to 
reliably estimate spray evaporation losses caused by environmental conditions. 
Further analytical and experimental activities are needed to gain a better 
understanding of water flow and waste in sprinkler irrigation practice 

Keywords: thermal fluid dynamics, mathematical model, sprinkler irrigation, 
water droplet, travel distance, time of flight, evaporation. 

INTRODUCTION 

Scientific literature concerning irrigation systems (Larry, 1988; Schultz & De Wrachien, 
2002) is mainly focused on the optimisation of water distribution on the soil, generally 
neglecting other aspects such as aerial evaporation in sprinkler irrigation. One of the causes 
of this behaviour is a scarce agreement among scientists for what concerns a clear and 
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univocal definition of the phenomenon causing water losses during irrigation and of the 
parameters affecting its dynamics. So, spray evaporation of water droplets in sprinkler 
practice - that is water loss in the aerial path covered by a droplet exiting from a nozzle 
before it reaches the soil surface - was quantified with values ranging from 2 % or less up 
to 40 % or more (James, 1996; Tarjuelo et al., 2000). 

Since Christiansen�s (1942) now classical work, important studies (theoretical and 
experimental ones) have been carried out to determine sprinkler spray flow and losses 
under various climatic and operational conditions (Mather 1950, Frost & Schwalen, 1955; 
Wiser, 1959; Inoue, 1963; Kraus, 1966) 

Among the different procedures now available, the heat and mass transfer approach 
offers a sound basis for the assessment of evaporation from falling droplets and the results 
are in reasonable agreement with experimental data for Reynolds numbers, generally, lower 
than 1000 that fall, mainly, under the laminar and/or intermediate flow laws (Edling 1985; 
Thompson et al. 1993). 

More recently, Lorenzini (2004) and Lorenzini and De Wrachien (2003, 2004, 2005) 
proposed a model that accounts, mainly, the effects of air friction on droplet evaporation, 
which is relevant in the turbulent flow law (Reynolds numbers greater that 1000). The 
model proved to fully match the kinematic results obtained by more complicated 
procedures and to work out ready to apply formulae suitable to assess the contribution 
given to the droplet evaporation by the dynamic phenomena that accompany its aerial path 
from the sprinkler nozzle to the ground. 

A NEW MODEL FOR SPRINKLING SPRAY FLOW AND EVAPORATION 

Droplet dynamics 

The flow of a droplet from the sprinkler nozzle down to the ground is described by 

means of the Second Principle of dynamics: amF , where F  is the total force in N 
acting on the droplet and equal to the vector sum of the weight of the droplet of mass m in 
kg diminished by its buoyancy force and of the friction force acting during the flight on the 

droplet of acceleration a  in ms-2. The friction factor f used in the model is that defined by 
Fanning (Bird et al., 1960). For a fluid flow surrounding a droplet it is given by : 

a) for Reynolds number Re  0.1: 
Re

f
24

 

b) for 2  Re  500 : 
6.0

5.18

Re
f  

c) for 500  Re  200000 : 44.0f  

Case (a) expresses the conditions of the laminar flow law; case (b) of an intermediate 
flow law, and case (c) of the turbulent flow law. Case (a), statistically speaking, is very 
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unlikely to occurs in sprinkler irrigation practice as, at the usual flow velocities, it would 
imply droplet diameters of an order of magnitude 0.1 µm, which is more typical with 
chemical spray application rather than with irrigation. 

The hypotheses formulated are that: each droplet is generated exactly in correspondence 
to the nozzle outlet; the forces applied to the system are weight, buoyancy, friction; the 
droplet has a spherical shape; the volume of the droplet is invariant during the flight; the 
friction has the same direction of the droplet velocity but opposite sense for all the path; 
and there is no wind. 

The parameters to be introduced are: the nozzle height h with respect to ground level; the 
droplet velocity v and the angle , with respect to the horizontal direction, of the jet . 

If n is the mass of the droplet accounting for its buoyancy component and the friction 

parameter k in kgm-1 (given by
2

Af
k  where  is air density, depending on temperature, 

and A is the cross section in m2 of the droplet) is the coefficient which defines the action of 
the friction force, then the final equations in the horizontal and vertical directions are : 

2

xkxm  (1) 

ngykym
2

  (2) 

where x , y , x , y  are velocities in ms-1 and accelerations in ms-2 in the horizontal and 

vertical direction, respectively.  The initial conditions are: 

00tx  (3) 

xvtx 00  (4) 

for the first equation and: 

hty 0  (5) 

yvty 00  (6) 

for the second one: where t is time; xv0 , yv0  represent the horizontal and vertical 

velocity components in ms-1, respectively, at the entrance; and h is the nozzle height with 
respect to the ground in m. Integrating the system of differential equations we obtain the 
full analytical solution of the problem in the form of parametric equations of position (x(t), 

y(t)), velocity ( x (t), y (t)) and flight time. 

The model, providing an exact solution, applies to every particular configuration of the 
system, i. e. for every droplet diameter, flow state, air temperature nozzle geometry, initial 
flow rate and velocity, in the hypotheses formulated. Attention, though, has to be drawn to 
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the friction parameter k, as it is strongly affected by the flow state of the droplet. In fact it 
may happen (and it often does) that a droplet starts its path in a certain flow state modifying 
it along the way, so requiring a different value of k, to be inserted in the model. Lorenzini 
(2004) showed that, a part from the smallest diameter droplet, all the cases fall in the 
turbulent flow law region in which the value for f is 0.44. 

Droplet evaporation 

Spray evaporation is assessed on the basis of the analytical procedure previously 
described (Lorenzini, De Wrachien, 2003). The model accounts only the effects of air 
friction on the droplet evaporation and neglects all other parameters. Despite its limits, the 
model could improve the understanding of the sprinkler evaporation phenomenon. This 
approach has not been found elsewhere, probably because air friction was considered as a 
factor of minor relevance in the process.  

Three additional assumptions have been introduced: 

(1) evaporation is obtained by the total work of the resulting force (sum of weight, 
buoyancy and friction force) acting on the droplet along its trajectory; 

(2) droplet evaporation occurs just at the end of the flight path; and 

(3) the droplet is considered as a material point. 

The second hypothesis entails a limitation to the results, as the final kinetic energy of the 
droplet is calculated by means of the initial mass: this implies that the evaporation losses 
are somehow over-estimated. A sort of �upper limit� (in the proper mathematical meaning) 
of the �force-induced� droplet evaporation is so worked out in the present approach. This 
does not, anyway, reduce the effectiveness of the model, just aimed at assessing the role of 
air friction in spray evaporation for sprinkler irrigation systems. 

Validation of the dynamic model 

The validation of the procedure needs a quantitative approach to check how reliable the 
predictions are: this can be done introducing other authors� data in the model. The works 
chosen for these comparison purposes are by Edling (1985) and Thompson et al. (1993). 
Among the case studies by these authors, only those involving a no-wind condition were 
considered. Results are shown in Fig 1 to 7 in terms of travel distance and in table 1 interns 
of time of flight.  

Facing a comparative approach, it can be stated that the model here defined proves to be 
kinematically reliable in its predictions from a qualitative and quantitative points of view, 
particularly when droplets having a �not too small� diameter are considered. This, being the 
model defined by neglecting most of the parameters typically introduced in the others, can 
be considered as a first relevant result. The comparisons performed with the Thompson et 
al.(1993) data show that when the droplet gets close to a condition of the laminar flow law 
the model provides less accurate results. This is the limit to the model and it somehow 
defines the field of acceptability of the method. The model becomes weaker when moves 
away from the turbulent flow law because of the approximation used to define the value of 
k in the other two flow patterns. The dependence of the results on the flow state criterion 
can easily explain the different results obtained for the smallest  droplets in the present 
work and in Thompson et al. (1993). 
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Figure 1 Travel distance of sprinkler droplets: Edling�s (1985) data compared to 
Lorenzini�s (2004): flow rate= 1.4x10-4m3s-1; nozzle diameter 3.96x10-3m; air temperature 

29.4°C; nozzle height = 1.22m; droplet diameter = 1.5x10-3m.(R2=0.997) 
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Figure 2 Travel distance of sprinkler droplets: Edling�s (1985) data compared to 
Lorenzini�s (2004): flow rate= 1.4x10-4m3s-1; nozzle diameter 3.96x10-3m; air temperature 

29.4°C; nozzle height = 2.44m; droplet diameter = 1.5x10-3m.(R2=0.997) 
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Figure 3 Travel distance of sprinkler droplets: Edling�s (1985) data compared to 
Lorenzini�s (2004): flow rate= 1.4x10-4m3s-1; nozzle diameter 3.96x10-3m; air temperature 

29.4°C; nozzle height = 3.66m; droplet diameter = 1.5x10-3m. (R2=0.995) 
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Figure 4 Travel distance of sprinkler droplets: Edling�s (1985) data compared to 
Lorenzini�s (2004): flow rate= 1.4x10-4m3s-1; nozzle diameter 3.96x10-3m; air temperature 

29.4°C; nozzle height = 1.22m; droplet diameter = 2.5x10-3m. (R2=0.999) 
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Figure 5 Travel distance of sprinkler droplets: Edling�s (1985) data compared to 
Lorenzini�s (2004): flow rate= 1.4x10-4m3s-1; nozzle diameter 3.96x10-3m; air temperature 

29.4°C; nozzle height = 2.44m; droplet diameter = 2.5x10-3m. (R2=0.998) 
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Figure 6 Travel distance of sprinkler droplets: Edling�s (1985) data compared to 
Lorenzini�s (2004): flow rate= 1.4x10-4m3s-1; nozzle diameter 3.96x10-3m; air temperature 

29.4°C; nozzle height = 3.66m; droplet diameter = 2.5x10-3m. (R2=0.998) 
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Figure 7 Travel distance of sprinkler droplets: Thompson et al (1993) data compared to 
Lorenzini�s (2004): flow rate= 5.5x10-4m3s-1; nozzle diameter 4.76x10-3m; air temperature 

=38°C; jet inclination=25°; nozzle height = 4.5m. (R2=0.994) 
 
 

Table 1 Time of flight of sprinkler droplets: Thompson et al.�s (1993)data compared to that 
of Lorenzini(2004): flow rate = 5.5 x 10-4m3s-1; nozzle diameter = 4.76 x 10-3 m; air 

temperature = 38°C; jet inclination = 25°; nozzle height = 4.5 m. 
 

Droplet diameter (m)  

0.9 x 10-3 1.8 x 10-3 3.0 x 10-3 5.1 x 10-3 

Thompson 
et al. (1993) 

1.54 1.63 1.75 1.84 
Time of flight (s) 

Lorenzini 
(2004) 

1.35 1.73 2.00 2.26 

 

Validation of the droplet evaporation model 

The droplet evaporation model, based on the consideration of the air friction effect only, 
which applies to the turbulent low, was tested on the basis of the data provided by Edling 
(1985) and Thompson et al. (1993) reported in Table 2. These authors took into account a 
range of conditions which fall, mainly, under the laminar and/or intermediate flow laws, so 
neglecting the air friction effect. This is why the evaporation results, reported in Table 3, 
are not directly comparable to ours, even if a check on the order of magnitude can help an 
analysis. Table 4 presents the upper limits of droplet evaporation obtainable by means of 
the model presented, starting from the reference data set. The discrepancies between the 
results in Table 3 and Table 4 depend on the different nature of the affecting parameters 
chosen. It has to be stressed, however, that the results here achieved are both qualitatively 
and quantitatively correct, not of course as descriptive of the whole phenomenon, but just 
with regard to the maximum role that air friction plays in the process. In fact, the friction 
force depends on the cross section area of the droplet, and so it is reasonable to expect that 
larger droplets undergo bigger frictional effects. This is due on the one hand to a longer 
time of flight, on the other hand to a more intense action of the friction forces because of 
the bigger cross-section. It has, also, to be underlined that in some practical applications, 
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such as fogging systems or pesticide sprayers, equipment is made to produce very small 
droplets to have maximum evaporation. In this case, it is clear that droplet evaporation 
decreases when its diameter increases due to the fact that the parameters introduced 
(relative humidity, etc.) depend on the whole external surface of the droplet, which, 
augmenting the droplet diameter, has an increase smaller than that of the volume. So it 
clears why the trends are different. 

On the whole, it is possible to underline the general reliability of the procedure. 
Furthermore, the model could represent the first step towards a full comprehension of an 
important issue; i.e. to assess the role played in the evaporation process by the thermo fluid 
dynamic phenomenon that accompanies the droplet along its trajectory.  

 
Table 2 Droplet evaporation without allowing for air friction: Edling�s (1985) and 

Thompson et al. (1993) data 
 

 Edling Thompson et al. 

Flow rate exiting from the sprinkler, ls -1 0.73 0.55 

Nozzle diameter, mm 7.14 4.76 

Jet inclination with respect to horizontal, ° 0 25 

Nozzle height, m 3.66 4.5 

Air temperature, °C 21.11 38 

Air relative humidity, % 20 20 

Wind NO NO 

 
 

Table 3 Droplet evaporation without allowing for air friction: Edling�s (1985) and 
Thompson et al. (1993) results 

 
Droplet diameter, mm Edling Thompson et al. 

1.000 1.19 2.39 

1.125 1.08 2.11 

1.250 1.01 1.85 

1.375 0.95 1.75 

1.500 0.81 1.41 
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Table 4 Maximum value possible for droplet evaporation caused by the air friction: 
Lorenzini & De Wrachien (2003). 

 
Droplet evaporation, % Droplet diameter, mm 

Lorenzini & De Wrachien 

with Edling�s data 

Lorenzini & De Wrachien 

with Thompson et al data 

1.000 1.12 1.99 

1.125 1.52 2.19 

1.250 1.70 2.35 

1.375 2.29 2.78 

1.500 2.69 2.95 

CONCLUSIONS 

Irrigation water that is applied to crops is most effective if that water enters the 
transpiration stream and contributes directly to the matter accumulation. Unfortunately, 
some of the irrigation water may be lost by evaporation and never be able for transpiration 
or direct contribution to yield. Evaluating the losses associated with an overhead sprinkling 
system is challenging because evaporation can occur from droplet before they reach  the 
canopy, from wet leaves, and wet soils. Therefore, a thorough understanding of the thermal 
fluid dynamic process that effects spray flow and evaporation losses in sprinkler irrigation 
systems represents a great help in assessing the performance of the systems and in 
developing appropriate water conservation strategies. The issue requires a full analytical 
description of how a droplet exiting from nozzles reaches a solid surface and entails both 
experimental and theoretical studies.  

Among the analytical studies, the heat and mass transfer analogy, linked with particle 
ballistics, offers a well-established approach to assess jet flow and evaporation losses. The 
procedure describes the event of a droplet travelling from the sprinkler nozzle to the ground 
as a combination of environmental parameters such as pressure gradient, vapour 
concentration, air relative humidity, resulting in very elaborate formulae and strongly 
condition-dependent. The results are in reasonable agreement with experimental data for 
Reynolds numbers, generally, lower than 1000, that fall, mainly, under the laminar and/or 
intermediate flow laws. However, this range covers too small an interval of values to be of 
a general utility in irrigation practice. To narrow this gap, the model proposed is suitable to 
assess the contribution given to the droplet evaporation by friction force during the aerial 
flight of the droplet, within the field of the turbulent flow law.  

The tool has proved to fully match the kinematic results obtained by more complicated 
procedures. Furthermore, the model made it possible to work out ready-to-apply formulae 
suitable to asses the �upper limit� of the contribution given to the droplet evaporation by the 
friction force during the aerial flight of the droplet. This approach has not been found 
elsewhere, probably because air friction was considered as a factor of minor relevance in 
affecting spray evaporation. A more comprehensive analysis of this problem by means of 
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the model here described, will allow the authors to assess the �actual value� of the �force-
induced� droplet evaporation and further steps towards a thorough understanding of the 
phenomena. 
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AKTUALNA SITUACIJA U POLJOPRIVREDNOJ 
PROIZVODNJI U DOLINI RIJEKE SPRE E U BIH 

NUSRETA DJONLAGIC, HUSEJIN KERAN 

Tehnolo�ki fakuletet, Univerzitetska 8, 75000 Tuzla, BiH 

SA�ETAK 

Sliv rijeke Spre e nalazi se u sjeveroisto nom dijelu Bosne i Hercegovine, a 
ima veoma dobre potencijale za poljoprivrednu proizvodnju, a razli ite kulture 
vo a i povr a se uzgajaju na ovome podru ju. U zadnjih pedesetak godina, u 
ovom dijelu BiH, gra eni su veliki industrijski kapaciteti, uklju uju i i rudnike 
uglja, te razli ite fabrike kao �to su fabrika sode, koksa, cementa, itd., �to sve 
skupa predstavlja veliku opasnost za tlo, vo e i povr e. Pored toga, vje�ta ko 
jezero Modrac, koje se tako er nalazi na ovom podru ju, predstavlja veliku 
opasnost za poljoprivrednu proizvodnju nizvodno rijekom Spre om. U ki�nom 
periodu, jezero Modrac ne mo�e da akumulira svu koli inu vode sa okolnih 
planina, zbog toga se kao posljedica esto javljaju poplave. Uzimaju i to u obzir, 
u ovome radu, �elja je da se poka�e na opasnosti koje prijete ne samo navedenom 
podru ju nego i �iroj regiji, nizvodno rijeka Spre e, Save i Dunava. Na �est loka-
liteta, gdje Spre a naj e� e plavi uzimani su uzorci tla, te analizirane osnovni 
pokazaatelji kvaliteta, koji pokazuju da je na tim lokalitetima tlo prekiselo, pH 
ispod 6. Uz ove analize, ra ene su i analize radi kategorizacije rijeke Spre e. Na 
osnovu ega se do�lo zaklju a da rijeka Spre a, pripada tre oj kategoriji 
otpadnih voda, te kao takva ima velike i nesagledive posljedice za poljoprivrednu 
proizvodnju, �to se naravno ogleda i u velikoj kiselosti tla.       

Klju ne rije i: poljoprivredna proizvodnja, vo e, povr e, plavljenje 

UVOD  

Razvoj industrije, i sve manja briga ovjeka za okoli� dovela je do mnogih problema od 
kojih je plavljenje najve i. U zadnje vrijeme na podru ju sliva rijeke Spre e, nizvodno od 
jezera Modrac, skoro dva puta godi�nje mnoge obradive povr�ine budu poplavljene i mnoge 
kulture ostaju uni�tene. Do nekih biljnih kultura stigne voda, ali ih ne uni�ti, �to mo�e 
predstavljati jo� ve e probleme zbog toga �to dolazi do promjena mikroflore i mikrofaune, 
te naru�avanja ravnote�e me u �ivim organizmima (Van Os et al. , 1997.).  
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Nakon plavljenja, dolazi do odre enih promjena koje imaju negativan efekat na strukturu 
i sastav zemlji�ta, jer mo�e do i do promjena elektroprovodljivosti, dostupnosti fosfata, 
izmjenjivosti dostupnog kalija, itd. (Minkyeong et al., 2006.). 

S geolo�kog aspekta, poplave su prirodne posljedice kontinuirane promjene rije nih 
tokova, a uzroci mogu biti prirodni i posljedica ljudskih djelovanja. Prirodni uzroci 
plavljenja su uglavnom obilne ki�e, reljef, itd., dok su ljudski faktori razli iti, �to uklju uje 
sje u �uma, slabo upravljanje vodenim resursima, rast ljudske populacije, itd. (Rebecca et 
al., 2007.). 

Procjene rizika od plavljenja su uglavnom nepredvidive zbog mnogih razloga, �to uklju-
uje dru�tvene i klimatske promjene, kao i osnovne te�ko e u odre ivanju klimatolo�kih 

rizika ekstremnih doga aja koje uzrokuje voda (Nelson, 2006.). Biljne vrste koje pretrpe 
plavljenje, trpe odre ene promjene u fitosinteti kom kapacitetu i pona�anju biljaka u 
narednim stadijima dozrijevanja (Bradford, 1983.). 

Plavljenje brzo iscrpljuje kisik iz tla, mijenjaju i metabolizam biljnih vrsta, i inhibiraju i 
njihov rast. Usporen rast se ogleda u reduciranoj fotosintezi, translokaciji ugljikohidrata, 
adsorpciji ugljikohidrata, kao i promjenama u biljnim hormonima. Otpornost biljaka prema 
plavljenjima je razli ita, jer zavisi od morfolo�kih i fizi ko � kemijskih prilago avanja 
biljaka(Kozlowski, 1984.). 

Kada su u pitanju karakteristike tla kao �to je pH, plavljenje pove ava pH kiselih tla, a 
smanjuje kod alkalnih vrsta tla. Tako er je bitno naglasiti da se smanjuje sadr�aj organskih 
materija, jer njihovim razlaganjem nastaju mnogi produkti kao �to su ugljen dioksid, metan, 
huminske materije i drugo, �to o�te uje korijenov sistem. Nakon plavljenja na povr�inama 
tla kod obradivih parcela nastaje talog koji sprije ava aeraciju tla, �to tako e dovodi do 
o�te enja biljaka (Kozlowski,1991.). Ovaj rad je namijenjen da uka�e na probleme i 
posljedice  �irih razmjera, a ne samo lokalnog karaktera. 

MATERIJAL I METODE 

Sjeveroisto na Bosna je dio, koji je najzna ajniji po poljoprivrednoj proizvodnji u cijeloj 
Bosni i Hercegovini. Pored toga, u ovom dijelu BiH, smje�teni su mnogi prera iva ki 
kapaciteti te�ke kemijske industrije, posebno oko Tuzle i Lukavca, odnosno dolinom rijeke 
Spre e. Na rijeci Spre i, smje�teno je i vje�ta ko jezero Modrac, koje pokriva oko nekoliko 
tisu a hektara obradivog zemlji�ta.  

U dolini rijeke Spre e �ivi oko pola miliona ljudi, od kojih polovina �ivi od poljopri-
vredne proizvodnje, a mnogi, obradivo tlo oko rijeke Spre e upotrebljavaju za proizvodnju 
vo a i povr a za vlastite potrebe. Uslijed toga su ura ene odre ene analize rijeke Spre e i 
tla na lokalitetu jezero Modrac, do u� a rijeke Spre e, odnosno njenog ulijevanja u rijeku 
Bosnu. Uzimanje i analizu vode iz rijeke Spre e, radio je Institut za kemijsko in�enjerstvo, 
gdje su kori�tene standardne metode po va�e em pravilniku za kategorizaciju otpadnih 
voda u BiH. Analize tla su uklju ivale sljede e:  

1. Vrijednost pH tla je odre ivana u H2O (aktivna kiselost) i KCl (supstitucijska 
kiselost) elektrometrijski na pH � metru sa jon selektivnom elektrodom u suspenziji 
tla u odnosu 1 : 2,5. 
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2. Sadr�aj humusa u tlu je odre ivan kolorimetrijskom metodom po Springer-u. 

REZULTATI I DISKUSIJA 

Tabela 1 Osnovni pokazatelji kvaliteta vode iz rijeke Spre e(9)  
 

Utvr ene vrijednosti na 
lokalitetima Redni 

broj Osnovni pokazatelji 
I II III 

MDK 
vrijednosti 

1. Otopljeni kisik, mg/l 12,2 12,2 12,3 4,0 

2. Zasi enost kisikom, % 104,2 105 105,4 115 � 125 

3. Petodnevna biokemijska potro�nja kisika 
(BPK5) mg O2/l 

5,6 3,0 4,0 7,0 

4. Kemijska potro�nja (HPK) kisika iz KMnO4 7,0 5,7 6,1 20,0 

5. Kemijska potro�nja (HPK) bikromatna 
metoda  mg O2/l 

18,2 54,5 72,7 -- 

6. Suspendirane materije mg/l 129,6 75,5 94,3 80 

7. Suhi ostatak filtrirane vode mg/l 721,4 833 813 1.500,00 

8. pH vrijednost 8,4 8,4 8,4 6,0-9,0 

9. Elektroprovodljivost S/cm 844 983 975 -- 

10. Mutno a NTU 63 48 53 -- 

11. Amonija ni N mg/l 0,85 1,45 1,45 10,00 

12. Nitriti (N) mg/l 0,044 0,044 0,055 0,5 

13. Nitrati (N) mg/l 0,38 0,48 0,52 15,00 

14. Kloridi mg/l 189,6 272,9 225,1 -- 

 
Rezultati kvaliteta vode iz rijeke Spre e, ne pokazuju velike varijacije u smislu promjena 

pojedinih pokazatelja. Sadr�aj otopljenog kisika na sve tri lokacije uzorkovanja i analiza 
vode iz rijeke Spre e je uglavnom isti, a iznosi 12,2 mg/l. Izmjerena vrijednost je tri puta 
ve a od dozvoljene vrijednosti definirane pravilnikom(9). Za zasi enost kisika se tako er ne 
mo�e konstatirati da je u dozvoljenim granicama, jer je sadr�aj manji od donje dozvoljene 
granice. Petodnevna potro�nja kisika (BPK5), manja je od dozvoljene i to za sva tri 
lokaliteta uzorkovanja. 

 U pogledu kemijske potro�nje kisika, mo�e se re i da je neujedna ena, prema  objema 
metodama. Posebno je potrebno ista i lokalitet broj 3, gdje je prema bikromatnoj metodi 
kemijska potro�nja kisika iznosila, 72,7 mg/l. Suspendirane materije izra�ene kao mg/l su 
na lokalitetima, 1 i 3 ve e od maksimalno dozvoljene, a iznose 129,6 mg/l (lokalitet 1) i 
94,3 mg/l (lokalitet 3). Suhi ostatak filtrirane vode, izra�en u mg/l je manji od dozvoljene 
vrijednosti za sve tri lokaliteta.  

pH vrijednost na sve tri lokacije je iznosila 8,4, a nalazi se u grani nim vrijednostima. 
Elektroprovodljivost na drugoj (2) i tre oj (3) lokaciji je ve a za oko 100 S/cm u odnosu na 
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lokalitet 1, �to nije slu aj za  mutno u, jer je najve a vrijednost od 63 NTU na lokalitetu 1. 
Amonija ni N je na lokalitetima 2 i 3 isti i iznosio je 1,45 mg/l, �to je vi�a vrijednost u 
odnosu na lokalitet 1. Nitriti i nitrati su unutar grani nih vrijednosti, koje su znatno ni�e u 
odnosu maksimalno dozvoljene. Sadr�aj klorida na lokalitetu 2 je najve i i iznosio je 272,9 
mg/l, a najmanji na lokalitetu 1, 189,6 mg/l.      

Kao elementi osnovne analize tla uklju eni su rezultati odre ivanja kiselosti, prikazano 
kao pH u vodi i u 1M KCl-u, sadr�aj organske materije i vlage (Keran, 2006.). 

Na slici 1. prikazani su rezultati odre ivanja kiselosti tla Spre kog polja, izra�ene kao 
pH vrijednost. 
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Slika 1 Kiselost uzoraka tla u vodi i u 1M KCl 
 
 

Na osnovu rezultata prikazanih na slici 1. pokazuju da parcele sa kojih su uzeti uzorci tla 
za analizu imaju pH ispod 7, �to zna i da je to tlo kiselo.  Uzorak tla, ozna en kao tlo 3 ima 
najve u vrijednost pH koja iznosi 6,94 u vodi i 6,60 u KCl. Zna ajno je naglasiti da tlo sa 
lokaliteta broj 4. ima najni�e vrijednosti pH, u vodi 5,12, a u 1M KCl, 4,94. Uzorci tla, 
ozna eni kao tlo 2, 4, 5, su uzeti sa lokaliteta gdje je esto plavljenje (Keran, 2006.). 

Rezultati odre ivanja sadr�aja vlage i organske materije u tlu sa lokaliteta Spre kog 
polja, dati su u procentima, �to je dato na slici 2. (Keran, 2006.). 

Sadr�aj vode i organske materije je predstavljen na istoj slici. Bitno je napomenuti da je 
udio vode bio najmanji u uzorku tla sa oznakom 5, i iznosio 3,42 %, a najve i u uzorku tla 
sa oznakom 2, i iznosio 8,66 %. Sadr�aj organske materije u tlu je bio razli it i varirao je u 
intervalu od 5,72 %, uzorak tla sa oznakom 6 do 12,49 %, uzorak tla sa oznakom 2.  
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Slika 2 Sadr�aj vode i organske materije u tlu Spre kog polja 
 

ZAKLJU CI 

Iz navedenog proizlaze slijede i zaklju ci: 

 pH vrijednost tla sa plavljenih lokacija je znatno ni�a od pH neplavljenog tla, �to 
zna i da je kontaminacija plavljenjem uzrokovala pove anje kiselosti tla;    

 prema va�e em pravilniku za otpadne vode(9), a na osnovu dobijenih parametara, 
voda u rijeci Spre i pripada tre oj (III) kategoriji;  

 Nu�na je edukacija stanovni�tva da ne uzgaja vo e i povr e na lokacijama u blizini 
rijeke Spre e; 

 Nu�an je stalni nadzor kvaliteta tla i vode u rijeci Spre i, kao i mjere sanacije tla 
nakon plavljenja.  
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ACTUAL SITUATION IN AGRICULTURAL 
PRODUCTION IN SPRECA RIVER BASIN IN B&H 

SUMMARY 

Spreca River Basin in the North � East Bosnia and Herzegovina has very good 
potential for the agricultural production and differenet fruits and vegetables are 
grown there. In the last fifty years, in this part of B&H, a big industry capacities 
are placed, including coal mines and different factories such as soda, coke, 
cement, etc. and all of it presnts a great danger for soil, fruits and vegetables. 
Beside this, an artificial lake, Modrac, which is also located in this region, is 
threat to agricultural production downstream Spreca River. In raining pariod, 
Modrac accumulation cannot receive all amount of water and as consequence, 
the flooding is very often.  

The main purpose of this work is to show the possible threats not only to 
agricultural production in B&H, but also in the region, and downstream the 
rivers such as Spreca, Sava and Dunav. Soil samples were taken at six locations, 
where the flooding is the most often, and analyzed. Results showed that soil from 
these locations is very acid, pH below 6. Beside this, categorization of water from 
Spre a river was also performed, and results showed that it belongs to the third 
category. High pollution of Spre a river affects the soil quality and agricultural 
production, as well as produces a high acidity of soil.   

Key words: agricultural production, fruits, vegetables, flooding 
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AGRICULTURAL TRACTORS 
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Dositeja Obradovica Sq. 8, 21000 Novi Sad, Serbia 

SUMMARY 

The results of a three-year research of bases for development of new tractors 
were presented in this paper. The conceptions and categories were defined 
according to the minimal drawbar pull and built engines: one-axle tractors 5�15 
kW, mini tractors 15.1�30 kW, light tractors 30.1�60 kW, medium tractors 60.1�
130 kW, heavy tractors 130.1�260 kW and super heavy tractors > 260 kW.  

The needs for tractor models according to categories were defined: light 
tractors 30�60 kW, five models; medium tractors 60�130 kW, five models and 
heavy tractors 130�260 kW, five models. 

The new and improved existing tractor models were developed like light TP.50 
(IMT 2050) and TP.70 (IMT 2070), medium TP.90 (IMT 2090) and TP.140 (IMT 
2140) and heavy TP.200 (IMT 2210). 

Key words: bases, tractor, development, categories, characteristics 

INTRODUCTION 

The situation in the field of power machines and tractors is slowly improving, but this is 
far from an optimal situation in which readiness of the whole mechanization would be in 
such a state that all farming operations could be carried out to meet the optimal deadline, 
and that is the beginning of November in the next year. There are still machines which are 
between 15 and 18 years old, and even it may seem that there are more tractors than 
necessary, overall efficiency is low, thus mechanization appears to be the key factor for 
exploitation of the genetic potential of plants. It is estimated that every year, around 18,000 
new, two-axle tractors should be introduced into the agriculture, and there should be: 
15,000 tractors with engine power of 30-60 kW, 2,000 tractors with engine power of 60-
130 kW, and 150 tractors with engine power over 130 kW, [4]. 
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Tractors prices exceed 500 EUR per horse power, and expenses of maintenance and 
utilization are high, which consequently increases the expenses of production, making our 
agricultural products loose their competitive edge on the world's market, and our producers 
incapable of accomplishing complete modern technology for production of plants. 

Therefore, the aim of this paper is a research of methods for improvement of production 
and utilization of tractors, which is the basis for an economical production of high-grade 
food in plant and cattle-breeding production. New and improved products should be 
competitive on both domestic and world's market. 

For that purpose a research of bases and development of tractors was carried out, and 
that is for tractors with power: 

 30-60 kW (light tractors); 

 60-130 kW (medium tractors) and 

 130-260 kW (heavy tractors). 

METHODS 

During the research, an analysis of structure, utilization frequency and the condition of 
tractors is carried out, as well as the need for realization of complete technology in the 
production, which served as the basis for the selection of tractor models which need to be 
developed (light 30-60 kW, medium 60-130 kW, and heavy 130-260 kW).  

Afterwards, some initial bases for development and utilization of tractors are done:       

 analysis of soil and climatic conditions; 

 structure of sowing and applied technology;  

 tractive and technological parameters of tractor applications under different 
conditions; 

 analysis of domestic tractor industry possibilities, and 

 defining necessary categories of tractors in the range of light, medium and heavy 
tractors. 

For tractor development or improvement of those already existing, there are appropriate 
methods for the selection of characteristics of: 

 engine; 

 transmission; 

 wheels; 

 ergonomic and technical characteristics concerning safety and 

 morphological and other tractor systems. 

Power and technological characteristics of new and already existing tractors of both IMT 
and foreign producers' have been studied. This helped define better the characteristics of 
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new tractors or improvement of the already existing in the production program of Machine 
and tractor industry IMT � Belgrade.  

RESULTS AND DISCUSSION 

For successful development and economical use of tractors, it is necessary to define soil 
and climatic conditions, structure and size of properties and parcels, structure of sowing, 
returns, applied production technology, structure and tractor needs, and achieve a level of 
development of agricultural machines, [7]. 

The area of around 4,000,000 hectares of soil suitable for cultivating extends in the 
plains and hilly mountainous areas where 70% is at an altitude of 500 m. Specific soil 
resistance found in 93% of area is from 0,4 to 1,0 daN/cm². From the standpoint of 
mechanization utilization, climatic conditions are rather unfavorable, so the efficiency 
coefficient of farming periods on soil with medium plowing resistance from 0.7-0.8 
daN/cm² , is around 0.65. 

Properties are broken up which enables massive utilization of high productive 
mechanization. 15% of total area is comprised of properties, each having an average size of 
around 1,500 hectares, and the rest is comprised of properties with size of 3-5 hectares. 

The length of a parcel is also small, around 400m on smaller properties, and 1,000 m on 
larger properties. The size of parcels should be at least 50 hectares with length around 
1,000m.  

The sowing has such a structure that grains and industrial raising prevail, then fodder 
and smaller vegetables. Organization of production technology is on a high level, but not in 
all properties, especially smaller ones in villages where the structure of farmers is very bad, 
since they are unable to accept modern mechanization.  

Structure of tractors is unfavorable, and most of them have average engine power of 
around 34 kW (around 97.5%) and 66 kW (around 2.5%). The most common are tractors 
with power of 30-60 kW (light), then 60-130 (medium), and the rarest are heavy tractors 
with power of 130-260 kW. Development of implements that is achieved in the world is on 
a considerable level, which inevitably demands development of appropriate tractors. 

Numerous construction tests carried out in our country and abroad, [1], [2], [3], [4], [5] 
and [6], defined the starting parameters for calculation of tractors, such as: tractive 
efficiency coefficient v = 0.60-0.70, coefficient of net traction  = 0.4-0.50, optimal 
sliding  = 10-15% and resistance to motion f = 0.06-0.09 for wheeled tractors on stubble.  

There is also defined optimal motion speed, working speed 5-15 km/h, and road speed 
up to 30 km (50 km), and coefficient of time spent during the work with different 
implements,  which is in medium conditions from 0.60 to 0.85.  

Categorization of tractors is made according to the minimal drawbar pull (Fn), tab. 1, and 
according to the engine power at fly-wheel (Pe), tab. 2. These methods of categorization 
have certain disadvantages, but both of them are applied as the need arises. 
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According to the categorization of nominal drawbar pull, tractors are classified into  
n = 15 categories with drawbar pull from Fmin = 1 kN to Fmax = 200 kN. An average quotient 
of geometric progression in the equation (1) in this category is q = 1.460. 

 
Tab. 1 Categorization of tractors,[2] 

 
No Nominal drawbar pull (kN) 
1. 1 Fmin 

2. 2  
3. 5  
4. 7  
5. 10  
6. 15  
7. 20  
8. 30  
9. 40  

10. 50  
11. 60  
12. 80  
13. 100  
14. 150  
15. 200 Fmax 

 

1n

min

max

F

F
q  (1) 

 
gde je: 

n = 15 number of categories 

Fmax (kN) - nominal draw bar pull for the last category 

Fmin (kN) - nominal draw bar pull for the first category 

Categorization according to the rated engine power is comprised of 6 categories of 
tractors, table 2. 

 
Tab. 2 Categorization of tractors according to rated engine power, [2] 

 
No Categories Rated engine power (kW) 
1. one-axle  15 

2. mini 15 - 30 
3. light 30 - 60 
4. medium 60 - 120 
5. heavy 120 - 240 
6. super heavy  240 
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According to the researches of characteristics of transmision, wheels systems in the 
usage conditions and defined ergonomic and safety technical characteristics, as well as the 
testings of characteristics of other producer's tractors, there are defined models and 
characteristics of light, medium, and heavy tractors. 

Light tractors have universal purpose with engine power of 30.1-60 kW, and they are 
most common in agriculture (around 160,000 tractors),with conception 2WD and 4WD, but 
there is the need for 15,000 of them per year. Within this category, there are five defined 
models, tab. 3. 

 
Tab 3 Models and characteristics of tractors power 30-60 kW 

 
Type 

No Model 
Engine power 

kW/KS 2WD 4WD Category (kN) 

1. TP. 40 29.4/40 + + 7 
2. TP. 50 39.5/54 + + 10 
3. TP. 60 44.2/60 + + 10 
4. TP. 70 55/75 + + 15 
5. TP. 80 58.9/80 + + 15 

 
 

Two new basic models of tractors are developed, TP.50 and TP.70, fig. 1, with following 
characteristics:  

 engine IMR, Perkins or John Deere, EURO 2, with engine power of around 36 and 
51 kW 

 mechanical transmission, completely synchronized with 10 to 15 gears for forward 
movement and 2-4 for backward movement 

 new design, new air-conditioned and safety cabin 

 tractors are built according to the international and domestic standards 

Besides this, some improvements on the following models were carried out: 

 TP.40 (IMT 539); engine D2600T with direct injection, new design, plastic control 
panel, cabin characteristics improved, more reliable. 

 TP. 45 (IMT 550; improved IMT 549): engine JD 5029 with direct injection, or 
Perkins, or IMR; transmission is mechanically synchronized, more reliable, new 
pneumatic installation 

 Tractors are in assembly line and are exported into the neighboring countries  

Medium tractors with engine power of 60.1-130 kW have standard conceptions 2WD or 
4WD, intended for more difficult farming operations, and they have universal purpose.  

Serbia uses around 25,000 of these tractors, and there is the need for around 2,000 of 
them per year. In this category there are five defined models, tab. 4. 
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a) TP. 50 (IMT 2050) b) TP. 70 (IMT 2070) 

 
Fig. 1 Tractors of category 30.1-60 kW 

 
 

Tab. 4 Models and characteristics of  tractors power 60-130 kW 
 

Type 
No Model 

Engine power 
kW/KS 2WD 4WD Category (kN) 

1. TP. 100 73.6/100 + + 20 
2. TP. 120 88.3/120 + + 20 
3. TP. 140 103/140 - + 30 
4. TP. 160 117.8/160 - + 40 
5. TP. 180 132.5/180 - + 40 

 
 

In IMT in Belgrade, there are two models of tractors built in this category, and those are 
TP. 90.and TP. 140, fig. 2. 

 
 

    
a) TP. 90 (IMT 2090) b) TP. 140 (IMT 2140) 

 
Fig. 2 Tractors of category 60.1-130 kW 
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Technical characteristics of TP.90 (IMT 2090) tractor are:  

 Engine IMR, Perkins or John Deere, with power of around 73 kW, transmission is 
mechanical and synchronized with 10-20 gears for forward movement, and 4-6 for 
backward movement, and with speed of 2 to 30 (40 km/h). Italian hydraulics 
"MITA", new comfortable, safety cabin, seat GRAMER, steering wheel "KOBO". 
New modern design.  

 One tractor of this model is on testing in India, in a firm "TAFE" 

Technical characteristics of TP. 140 (IMT 2140) tractor are:  

 Engine IMR, Perkins or John Deere with power of around 100kW. Mechanical 
transmission, synchronized with inversor, 18 gears with speed of 2-40 km/h. They 
are provided with hydraulics and power take-off at the back and in front. Air-
conditioned safety cabin. 

 25 tractors with Deutz engine are on testing in Algeria. 

Heavy tractors with power from 130 to 260 kW are intended for the most difficult 
farming operations in agriculture. Serbia uses around 1,300 tractors of this type, and there is 
the need for around 150 tractors of them per year. There are five models in this category, 
tab. 5.  

 

Tab. 5 Models and characteristics of tractors power 130-260 kW 
 

Type 
No Model 

Engine power 

kW/KS 4WD 
Category (kN) 

1. TP. 200 147.2/200 + 50 

2. TP. 240 176.6/240 + 50 

3. TP. 280 206.1/280 + 60 

4. TP. 320 235.5/320 + 60 

5. TP. 360 265/360 + 80 

 

 

Main characteristics of TP.200 (IMT 2210) tractor, fig. 3, are: Mercedes engine, Perkins 
or John Deere with power of around 147 kW. Transmission is synchronized with inversor 
with 16 gears. "MITA" hydraulics, disc brakes soaked in oil. Steering is hydrostatic with 
wheels swiveling of 50 degrees. Hydraulics at the back and in front. Air-conditioned safety 
cabin, built according to the international standards. 
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Fig. 3 Tractor of category 130.1-260 kW, TP. 200 (IMT 2210) 
 

CONCLUSIONS 

On the basis of carried out researches, the following conclusions could be drawn:  

 There are bases  formed for the development of new tractors, improvement of the 
already existing tractors, and methods for rational utilization in accordance with the 
usage conditions 

 The tractor models which are required are defined with their basic characteristics of 
engine power, light (30-60 kW), medium (60.1-130 kW), and super heavy with 
power over 360 kW. 

 New tractors are built, and those already existing are significantly improved 

- light, TP.50 (IMT 2050) and TP.70 (IMT 2070) 

- medium, TP.90 (IMT 2090) and TP.140 (IMT 2140)  

- heavy, TP.200 (IMT 2210)  
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SUMMARY 

The paper presents some results concerning the use of a Biodiesel type fuel in 
a direct injection (D.I) Diesel engine. The fuel was produced from waste 
vegetable oil, collected from the local McDonalds� branch.  The tests were 
developed on a D-110 Diesel engine (S/D= 130/108 mm,  = 17, four in line 
cylinders; the engine was mounted on an IRIMD test bed. Biodiesel fuel and 
50%Biodiesel+50%Diesel fuel blend (Biodiesel blend) were used as fuels. The 
use of methylester (Biodiesel type fuel) led t to lower the output power and 
torque, while BSFC and fuel consumption increased. The autoignition delay 
decreased by 1�2o CA. when Biodiesel blend was used in order to fuel the 
engine. 

Key words: Biodiesel, Diesel engine, cylinder pressure, autoignition delay 

MATERIAL AND METHOD 

The material used for the vegetable oil methylester (VOME) production was waste 
cooking oil collected from a local branch of the McDonalds� restaurants. The base 
catalyzed method was used for producing the methylester. Some physical properties of the 
methylester are shown in Table 1. The engine was fueled with a blend containing 50% 
Biodiesel and 50% Diesel fuel (B50, Biodiesel blend). 

The tests were developed on a D.I. Diesel engine with the following features: 

 type: D-110, 4 in line cylinders, water cooled; 

 bore/stroke: 108/130 mm; 

 compression ratio: 17; 

 fixed start of injection (S.O.I.): 180 BTDC. 
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Table 1 Physical characteristics of the fuels 
 

Fuel 
Item Test method 

Diesel Used cooking oil B100* 

Density at 150C 
[g/cm3] 

EN ISO 3675 0.8393 0.891 0.857 

Viscosity at 40 0C 
[mm2/s] 

EN ISO 3104 4.9  34.0 5.7 

Acid value [mg 
KOH/g] 

ASTM D664 0.089  2.67 0.92  

Ash content [%} SR ISO 6245:1995 0.085 0.075 0.038 

Flash point [0C] ASTM D93 69 115 110 

Cu corrosion EN ISO 2160 1b 2e 2a 

Surface tension [N/m] - 0.0281 0.0336 0.0296 
*Note: B100 � neat methylester 
 

 

The engine was mounted on a test bed in order to measure the output power, output 
torque and fuel consumption and was operated at full load. In order to obtain the cylinder 
pressure trace, the engine was equipped with a water cooled Kiestler pressure transducer 
and with a transducer for the crankshaft rotation angle. Using the cylinder pressure trace, 
the maximum combustion pressure, the heat release and the autoignition delay (defined as 
the delay between the start of injection and the start of combustion) were calculated.  

The brake mean effective pressure (BMEP) was calculated using the relation: 

inV

P
p

h

e
e

300
, 

where: 

 = 4 (number of strokes of the engine cycle); 

 Pe � output power [kW]; 

 Vh � displacement  [dm3]; 

 n � engine speed [rev/min]; 

 i  - number of cylinders. 

In order to calculate the engine efficiency, the following relation was used: 

ie Qc

1000
3600 , 

where ce is the BSFC [g/kW h] and Qi is the heat of combustion [kJ/kg]. 
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RESULTS AND DISCUSSION 

The results referring to engine output power and torque are presented in fig. 1 and 2. As 
reported by other authors [4, 5, 9] and shown in figure 1, the engine power diminished 
when the B50 fuel was used (because of the lower heat of combustion of the Biodiesel 
blend); thus, the maximum power has decreased from 38.3 to 36.9 kW. Numbers 1�4 on 
the chart mark the points where the heat release rate was calculated, using the cylinder 
pressure trace. 
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Fig. 1 Output power 
 

Fig. 2 Engine torque 
 

The use of the B50 fuel also affected the engine torque (fig. 3); the maximum torque 
dropped from 21.8 daN m to 20.9 daN m. 

Figures 3 and 4 show the effect of the B50 fuel over the engine�s fuel consumption. As 
expected, when fueling the engine with Biodiesel blend, the fuel consumption increases; 
thus, the specific fuel consumption increased from 329.3 g/kW·h to 356.9 g/kW·h at 1800 
rev/min engine speed. At 2200 rev/min (maximum power regime), the fuel specific 
consumption increased from 376.2 to 393 g/kW·h. 

Brake mean effective pressure (fig. 5) is also affected when the B50 fuel is used to feed 
the engine, due to the decrease of the output power; BMEP decreased with 0.2�0.3 bar 
over the entire engine speed range. 

Fig. 6 shows an increase of the engine efficiency when the Biodiesel blend is used, 
probably due to the higher oxygen content of methylester. Depending upon engine speed, 
the engine efficiency raise was comprised between 0.015 and 0.03 (1.5�3.0%). This effect 
was also reported by other authors [4, 17]. 

The experimental results concerning the peak cylinder pressure during combustion are 
summarized in fig. 7 
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Fig. 3 Fuel consumption 

 
 

 
Fig.4 BSFC 
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Fig. 5 Mean effective pressure 
 

Fig.6 Engine efficiency 
 

For the both fuels, peak combustion pressure increased when engine speed decreased 
(and respectively BMEP increased); this tendency is more significant for the Biodiesel 
blend. As a result, for engine speeds up to aprox. 1800 rev/min (high BMEP � fig. 5), the 
B50 fuel recorded higher peak combustion pressures compared to Diesel fuel; at higher 
engine speeds, Diesel fuel led to the achievement of higher peak combustion pressures.  As 
shown in another paper [14], the use of the Biodiesel type fuel led to a prolonged injection; 
the most significant results were recorded for a pump speeds over 900 rev/min (1800 
rev/min engine speed). It is known that increased injection duration leads to the decrease of 
the peak combustion pressure [6] and we think this explains the results shown in fig. 7. 
These results are in accordance with the ones obtained by other authors [2, 3]. 
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Fig. 7 Peak combustion pressure 
 

Fig. 8 Autoignition delay 
 

The results concerning the autoignition delay, presented in fig. 8 show that increasing 
the engine speed at constant load results in the decrease of autoignition delay; this is in 
accordance with the theory [6]: a change in engine speed changes the temperature/time and 
pressure/time relationships, leads to an increased injection pressure and higher peak 
compression temperature. 

Biodiesel type fuels were reported to have a shorter ignition delay compared to Diesel 
fuel [10, 18, 19]; our experimental results confirmed that the autoignition delay for the B50 
fuel is shorter by 2�40CA (0.1�.0.25 ms). 
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Fig. 9 Combustion pressure and pressure rate - points 2 and 4 (1900 rev/min) 
 

The combustion pressure trace for points 1 to 4 (see fig. 2) are shown in fig. 9 and 10. 
The charts reveal an earlier start of combustion when the Biodiesel blend is used to fuel the 
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engine, due to the shorter autoignition delay of this fuel. The combustion pressure recorded 
for the B50 fuel is lower than the one recorded for the petrodiesel: 63.5 bar peak 
combustion pressure for Diesel fuel and only 59.6 bar for the Biodiesel blend (fig. 9), 
respectively 56,9 bar and 55.4 (fig. 10). 

Figure 11 presents the calculated results for the heat release and heat release rate. For the 
both fuels, combustion duration decreased when the engine speed increased (for Diesel 
fuel: from 240CA at 1900 rev/min to 200CA at 2200 rev/min). When the engine was fueled 
with Biodiesel blend, the combustion duration decreased (from 240CA at 1900 rev/min for 
Diesel fuel to 190CA for B50 and from 200CA at 2200 rev/min for petrodiesel to 170CA for 
B50). 
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Fig. 10 Combustion pressure and pressure rate - points 1 and 3 (2200 rev/min) 
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Fig. 11 Heat release and heat release rate - points 2 and 4 (1900 rev/min) 
 

The peak heat release rate decreased as engine speed increased: from 0.123 kJ/0CA at 
1900 rev/min to 0.093 kJ/0CA at 2200 rev/min for Diesel fuel and respectively from 0.127 
to 0.088 kJ/0CA for the Biodiesel blend. 
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For the both fuels, at 1900 rev/min, the peak heat release rate was located after TDC (at 
361 an respectively 3630CA); due to the lower autoignitoin delay at higher engine speeds, 
at 2200 rev/min the peak heat release rate was recorded before TDC (at 3570CA for 
petrodiesel and 3590CA for B50). 

There are no major differences between the two fuels regarding the heat release (mass 
burned fraction). 

The overall heat released during combustion is lower for the Biodiesel blend, compared 
to Diesel fuel (at 1900 rev/min: 1.6 kJ/cycle for petrodiesel and only 1.27 kJ/cycle for B50), 
due to the lower heat of combustion of the B50 fuel. 

CONCLUSIONS 

1. A Biodiesel type fuel was produced using waste vegetable oil. 

2. A D.I. Diesel engine, mounted on test bed, was fueled with Diesel fuel and Biodiesel 
blend (50% methylester, 50% Diesel fuel). Engine in-cylinder pressure data were 
collected and used to evaluate the autoignition delay and the rate of heat release with 
respect to crank angle. 

3. When the B50 fuel was used, power output was reduced by 2�4%, while engine torque 
was diminished by 4�9%. In the meantime, the fuel consumption and BSF increased. 

4. A slight increase in engine efficiency (1.5�3%) was recorded when the Biodiesel blend 
was used to fuel the engine, probably due to the higher oxygen content of the fuel. 

5. Compared to Diesel fuel,  a lower autoignition delay (with 2�40CA) was registered for 
the Biodiesel blend. 

6. When the engine was fueled with Biodiesel blend, the combustion duration decreased. 

7. The overall heat released during combustion is lower for the Biodiesel blend. 
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POVZETEK 

V prispevku so opisane meritve tlaka kompresije motorja in tlaka odpiranja 
�ob za vbrizgavanje. Pri meritvah smo primerjali razlike delovnega tlaka �ob in 
razlike v tlaku kompresije. Diagnostiko smo izvajali na traktorju Massey 
Ferguson 3655 in traktorju Steyr 9170, ki imata razli no �tevilo opravljenih ur. 
Pri traktorju Massey Ferguson je bilo v 3., 4. in 6. valju preveliko odstopanje od 
zahtevanega tlaka kompresije, ki ga predpisuje proizvajalec. Pri traktorju Steyr 
smo ugotovili preveliko odstopanje tlaka kompresije v 6. valju. S temi meritvami 
smo �eleli ugotoviti, ali je po dolo enih delovnih urah na teh dveh traktorjih 
manj�i tlak kompresije motorja in tlak odpiranja �ob za vbrizgavanje goriva. 

Klju ne besede: diagnostika, vzdr�evanje, tlak kompresije, �obe za vbrizgava-
nje 

UVOD 

S servisiranjem traktorjev po nasvetih proizvajalca lahko traktorju podalj�ujemo delovno 
dobo. Dolo eni deli v traktorjih so v stalnem pogonu, kar pogojuje hitrej�i izrabljenosti. 
Zato smo v okviru prispevka v traktorju Massey Ferguson 3655 in traktorju Steyr 9170 z 
diagnostiko (merilec kompresije) preverili tlake v kompresiji motorja. Izmerili smo tlake v 
valjih motorja in jih primerjali z tlaki, ki jih dolo a proizvajalec. Kako dolgo vzdr�ijo 
ventili, je odvisno od natan ne nastavitve. e se ventil s svojim tesnilnim delom ne usede 
povsem v sede� ventila, ne omogo imo zadovoljivo odvajanje odve ne toplote, zelo vro i 
plini uhajajo med tesnilnim delom ventila in sede�em pa ga po asi za�gejo. To pa zahteva 
dokaj drago popravilo. Prevelike re�e (zra nosti) med ventili in nihalnimi vzvodi sicer ne 
povzro ajo �kode, vendar pade motorju mo , sli�i pa se tudi ro�ljanje v motorju. Po 
proizvajal evih nasvetih za oba traktorja, se morajo preveriti oziroma nastaviti zra ne re�e 
na ventilih na vsakih 2000 ur (servis) [1]. 

Kompresija je odvisna od obrabljenosti motorja in je ni mogo e nastavljati. 




























































































































































































































































































































































































































































































































































































































































































































































































































































































