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The Club of Bologna comprises more than 60 
experts from 30 Countries with the goal of: 
discussing and defining appropriate strategies for 
the development of agricultural mechanisation; 
identifying new technological and operational 
solutions; promoting the exchange of technical 
information and the international cooperation. 

 
The above with the aim of preparing technical 

and economic reports to be submitted to the 
Governments, the Agricultural Machinery 
Manufacturers and the Farmers. 

One of the topics the club of Bologna 
discussed in depth during its second plenary 
meeting held at EIMA in Bologna on November 
7-8, 1990, was "New Mechanization to Protect 
the Agricultural Environment". The discussion 
itself was based on the fact that the Club is well 
aware that agricultural activity in every country - 
whilst providing an attractive rural environment 
and a natural source of balancing the 
environment (for example CO2 reduction in the 
atmosphere) - is one of the factors responsible 
for various forms of environmental pollution that 
affect: 
 
− the atmosphere, through the spread of noise, 

dust, unpleasant odors, ammonia, and the 
emission of noxious gases. These things have a 
direct impact on man's welfare as well as on 
soil acidification, damage to our forests and 
gradual planetary warming; 

– the water, both surface and under-ground, due 
to the introduction of pesticides, herbicides 
and fertilizers (mineral and organic), which 
also contribute to widespread problems of 
eutrophication; 

– the soil, as a result of the gradual accumulation 
of components that are not easily degradable 
with particular reference to heavy metals that 
may thus' enter the food chain. 

 
 

In addition, another problem, which is 
becoming increasingly more serious in many 
areas, concerns the gradual degradation 

of the soil itself and of its structure, which is due 
both to external causes based on erosion and 
endogenous factors originating from unsuitable 
cultivation practices and/or extreme or 
inappropriate forms of mechanisation. 

On the basis of this analysis and, more 
importantly, the problems arising from the 
interaction between land and mechanisation, the 
need for proper management of animal wastes 
and the optimization of operations for 
agrochemical distribution, the Club of Bologna 
has reached the following 

conclusions and recommendations 
 

1. In order to reduce the forms of pollution 
mentioned above: in addition to the 
encouragement to a return to more natural 
agricultural Systems based on crop rotation and 
the widespread adoption of forms of "Low-Input 
Sustainable Agriculture", there are many 
possibilities for the development and spread of 
techniques designed to save machinery, work 
time, energy and agrochemicals through a more 
rational and efficient use of these factors of 
production with an increased product and process 
innovation, assisted by sensing techniques able 
to control both biological and mechanical 
aspects. 
 

2. The following is a summary of the major 
issues that have arisen within this context in 
terms of the various areas under discussion. 

With regard to the interaction between soil and 
mechanisation, there is a need to develop and 
spread appropriate, innovative technologies 
designed to: 
 
– remove excess water and control leaching and 

salinity; 
– reduce the loss of soil and nutrients; 
– optimize seedbed preparation operations; 
- -minimize damage due to compaction of the 

physical structure of the soil; 
– incorporate crop residues. 
The adoption of techniques and techno- 
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logies designed to meet these needs requires a 
common effort in the field of applied research. 
The goal is to make it possible for farmers to 
manage their own land in a more effective 
manner by greatly reducing production costs, 
increasing the useful periods during which 
various cultivation operations can be carried 
out, and defining forms of land "tractability" 
that will make it possible to carry out various 
cultivation practices without causing 
perceptible damage but rather improving soil 
quality. 

Innovative product and process solutions 
(some currently being worked on), which are 
designed to reduce tire slippage, decrease the 
pressure they exert on the soil, organize 
cultivation according to the criterion of traffic 
lanes, carry out combined operations (either at 
the same time as, or after, sowing) and reduce 
cultivation depth, will also be able to decrease 
current production costs by 30% and restore 
vitality to the soil itself. 

Within this framework, high contribution 
could be supplied also by the adoption of remote 
control system of tyre inflation pressure as well 
as of higher working speeds, whilst alternative 
traction devices should also be evaluated. 

This scenario must be backed up by the use of: 
electronic systems for machinery guidance, 
control and regulation; the application of 
artificial intelligence; appropriate databases 
operating in real time, and tools for processing 
agro-meteorological data for optimal cultivation 
planning. 

This situation calls for a joint effort made by 
research and industry in order to come up with 
fast, conclusive, technical and systems solutions. 
 

3. As far as the proper management of 
animal wastes is concerned it has to be noted 
that the nitrogen cycle in the soil is highly 
inefficient in the most intensive animal-breeding 
areas, where utilization efficiency is often lower 
than 0.3, even though it would be possible to 
create a significant improvement. Therefore, the 
Club realizes that soil pollution problems are 
directly 
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related to the surplus of minerals distributed, 
and that this fact has an impact on: 
 
 
– the phosphorus saturation of the soil itself; 
– the transfer of nitrates to underground 

water; 
– the eutrophication of the water. 
 
 

Furthermore, another important source of 
pollution is the emission of ammonia into the 
atmosphere by intensively housed animals and 
the cleaning methods in use there. In some 
countries, emissions from buildings housing 
animals contribute over 35% to the national 
total for this compound. If the ammonia 
released during the distribution of wastes over 
the ground is also included, this figure reaches 
90% of the total. 

In many countries, laws limiting the 
quantities of nitrogen and phosphorus that can 
be distributed on various types of soils have 
been or are about to be passed in order to 
encourage more appropriate animal waste 
management. The goal is to create situations of 
equilibrium between the quantities distributed 
and the quantities absorbed by plants. 

This means that technological innovations 
are required in both buildings cleaning 
operations and the storage, transport and 
distribution of slurries. 

Consequently, innovative systems and 
techniques for the design of buildings (which 
will differ according to the species bred there) 
and related equipment must be developed in 
order to reduce ammonia emissions and cause 
the NH3 produced to precipitate. In this case, it 
seems possible to reduce current emissions by 
about 50%. 

Radical innovation in technologies currently 
employed in storage, treatment, transport and 
distribution (of both farm livestock and 
municipal wastes) is another important 
requirement. On the one hand, solutions 
should be aimed at actual and complete soil 
incorporation of wastes (with a possible 
reduction in noxious emissions of 30-40%), 
and at increasing the dry-mat- 



ter content of transported wastes on the other. In 
addition, the various processes carried out on the 
soil, in housing and in slurry collection tanks 
must be checked with the use of special sensors 
and automatic devices for active control and 
regulation. 
 

4. With regard to the problems posed by the 
application of agrochemicals, it is necessary to 
reconfirm the importance of obtaining effective, 
uniform treatment (of both pesticides and 
fertilizers) with mini-mum formula consumption. 
Some countries already have legislation limiting 
the quantities and formulas that may be used. 
The goal in this case is to decrease the risk of 
pollution and the costs of the operation itself. 
While widespread, resolute action should be 
taken in favor of periodic on-site inspections of 
the machinery being used as well as its 
maintenance and performance, considerable 
innovation is also needed in both machinery 
components and distribution systems. 

The major improvements that should be made 
on pesticide spraying machines include: 
 
− tank size and shape and stirrer operation to 

guarantee the complete homogeneity of the 
mixture to be distributed; 

− fan size and position in relation to nozzle 
layout to ensure that crops are dusted with the 
minimum possible waste; 

− the design of new types of nozzles designed to 
improve treatment effectiveness using e.g. 
injection methods as well as solutions for the 
emission of pesticide near the nozzle; 

− the degree of precision and automation 
of onboard instruments that control and 
regulate operations, which should be 
handled by computerized systems; 

− improved operator protection. 
 

Options to be considered with regard to 
pesticide distribution systems (which would be 
especially useful in the case of 

trees) include improvements in droplet 
generation with or without protection screens, as 
well as the use recycling devices and of active 
control and regulation devices for machinery 
based on electronics and sensors for registering 
plant needs as a function of climate and soil. The 
establishment of sensors could allow automatic 
localised or locally varied treatments. 

Interesting possibilities are also offered by: 
systems of biocontrol of insects; solutions 
combining mechanical and chemical treatments 
against weeds; new technologies based on 
physical techniques; development of combined 
solutions for the simultaneous distribution of 
pesticides and fertilizers. 

If research is to focus on the areas mentioned 
above, the result could be a reduction of 30% in 
the consumption of pesticides, all other 
parameters being equal. 

Similar suggestions can be made in terms of the 
distribution of mineral fertilizers and product 
innovation with regard to technologies to be 
employed based on timely, continuous 
information about the nourishment required by 
crops in various soils. Again, this information 
should be obtained with the use of sensory 
techniques and advanced electronics. 
 

5. In conclusion, the Club of Bologna feels 
strongly that there is a fundamental need to 
support international research groups 
(representing a joint effort on the part of research 
and industry) to achieve - in a short period of 
time - the above mentioned goals through the 
development of techniques and technologies 
designed to strongly reduce agriculturally-
created pollution problems and improve the 
productive and economic results of agriculture. 
 

6. The Club of Bologna also held preliminary 
discussions on two other topics. Engineering 
policies and solutions for small farms both in 
industrialized and in less developed Countries 
were analyzed. The discussion embraced 
education and 
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training, infrastructures for equipment 
distribution and maintenance, economic and 
prices factors, as well as the advance of 
appropriate technology. Joint ventures for 
development in less advanced areas were 
considered. 
 

7. In the final debate, the potential for further 
reductions in agricultural pro- 
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duction costs through engineering advance was 
analysed. Substantial opportunities for savings in 
crop and livestock product costs of up to 25% 
were identified. Rapidly advancing technologies, 
involving collaboration between engineers and 
biologists, particularly biotechnology, robotics 
and information technology are of high economic 
importance. 



CONCLUSIONI 

E RACCOMANDAZIONI 



Il "Club of Bologna" riunisce oltre 60 esperti 
provenienti da 30 Paesi allo scopo di: discutere e 
definire appropriate strategie di sviluppo della 
meccanizzazione agricola; identificare nuove 
soluzioni tecnologiche e operative; favorire lo 
scambio di informazioni e collaborazioni 
internazionali. 

Tutto ciò attraverso la predisposizione di 
documenti tecnici ed economici da sottoporre 
alla attenzione: dei Governi; dei Costruttori di 
macchine; degli Agricoltori e di loro 
Associazioni. 

Nel corso della sua seconda riunione plenaria, 
svoltasi presso 1'EIMA a Bologna nei giorni 7-8 
novembre 1990, il Club of Bologna ha 
approfonditamente discusso, fra gli altri, il tema 
"New Mechanisation to Protect the 
Agricultural Environment" riconoscendo che 
in tutti i Paesi l'attività agricola - pur svolgendo 
un ruolo fondamentale di salvaguardia 
dell'ambiente (ad esempio, riducendo la CO2 
atmosferica) - è nel contempo responsabile di 
diverse forme di inquinamento riguardanti: 
 
– l'atmosfera, in termini di diffusione del 

rumore, della polverosità, di odori molesti, di 
ammoniaca e di emissione di gas nocivi. Tutto 
questo ha diretta incidenza sia sulla salute e il 
comfort dell'uomo, sia sull' acidificazione dei 
suoli e sui danni al patrimonio forestale, sia sul 
fenomeno del progressivo riscaldamento del 
pianeta: 

– le acque superficiali e profonde, per 
immissione in esse di eccessi di fitofarmaci e 
di fertilizzanti (minerali e organici) 
contribuendo, fra l'altro, ai noti problemi della 
loro eutrofizzazione; 

– il suolo, causa il progressivo accumulo di 
componenti non facilmente degrada-bili e, in 
particolare, di metalli pesanti che possono così 
entrare nella catena alimentare. 

 
 

A ciò è da aggiungere il problema - in molte 
aree sempre più grave - della progressiva 
degradazione del suolo stesso e della sua 
struttura dovuta sia a cause 
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esterne provocanti fenomeni erosivi, sia a cause 
endogene derivanti da pratiche colturali 
inadeguate e/o da forme di meccanizzazione 
troppo spinte o inappropriate. 

Sulla base di questa analisi e, in particolare, dei 
problemi derivanti dalle interazioni fra suolo e 
meccanizzazione, dall'esigenza di corretta 
gestione dei reflui zootecnici, dall'ottimizzazione 
delle operazioni di distribuzione degli 
agrochimici, il Club of Bologna è pervenuto alle 
seguenti 

conclusioni e raccomandazioni: 
 

1. Per rispondere all'esigenza di ridurre dette 
forme di inquinamento oltre a incoraggiare il 
ritorno a sistemi agricoli più naturali basati sulla 
rotazione colturale e l'adozione diffusa di forme 
di "Low Input Sustainable Agriculture", molte 
sembrano le possibilità per lo sviluppo e la 
diffusione di tecniche risparmiatrici di macchine, 
di lavoro, di energia e di agrochimici attraverso 
un più razionale ed efficiente uso di tali fattori di 
produzione e una forte innovazione di prodotto e 
di processo, assistita da tecnologie proprie della 
sensoristica atte al controllo degli aspetti sia 
biologici che meccanici. 

In questo quadro, le maggiori problematiche 
emerse nei vari comparti considerati possono 
essere riassunte come segue. 
 

2. Interazione suolo/meccanizzazione. Si 
riconosce l'esigenza di sviluppare e diffondere 
tecnologie appropriate e innovative miranti a: 
 
– rimuovere gli eccessi idrici e controllare 

 i fenomeni di lisciviazione e salinità; 
– ridurre le perdite di terreno e di nutrienti; 
– ottimizzare le operazioni di preparazione del 

letto di semina; 
– minimizzare i danni per compattamento della 

struttura fisica del terreno; 
– interrare i residui colturali. 
 

L'adozione di tecniche e tecnologie atte a 
rispondere a tali esigenze richiede ancora uno 
sforzo comune di ricerca applicata. 



L'obiettivo finale è di consentire agli agricoltori 
di gestire i propri terreni in maniera più efficace 
riducendo massicciamente i costi di produzione, 
ampliando i periodi utili per lo svolgimento delle 
diverse operazioni colturali, eliminando (o 
riducendo) il compattamento, definendo forme di 
"trattabilità" dei terreni che permettano di 
espletare le varie pratiche colturali senza causare 
sensibili danneggiamenti ma anzi consentendone 
miglioramenti qualitativi. 

Soluzioni innovative di prodotto e di processo 
- su parte delle quali si sta già operando - atte a 
ridurre lo slittamento dei pneumatici, a 
diminuirne la pressione esercitata sul terreno, a 
organizzare le lavorazioni secondo il criterio 
delle traffic lanes, a svolgere operazioni 
combinate (a seconda dei casi, differite o 
contemporanee alla semina) e a diminuire la 
profondità di lavorazione, saranno in grado di 
ridurre anche del 30% i costi attuali di produzione 
e a ricostituire la giusta vitalità nei suoli stessi. 

In questo quadro un notevole contributo potrà 
essere fornito anche dall'adozione: di sistemi di 
controllo continuo della pressione di gonfiaggio 
dei pneumatici, nonché di maggiori velocità di 
lavoro. Ciò definendo anche sistemi alternativi di 
trazione come è per i cingoli in gomma. 

Il tutto, supportato dall'uso: di sistemi 
elettronici di guida, controllo e regolazione delle 
macchine; dell'applicazione dell'intelligenza 
artificiale; di appropriati data-base operanti in 
tempo reale; di strumenti atti ad elaborare i dati 
agrometeorologici per la programmazione 
ottimale delle varie lavorazioni. 

Occorre, pertanto, esercitare ogni sforzo 
congiunto fra mondo della ricerca e mondo 
industriale per pervenire a rapide e conclusive 
soluzioni tecniche e sistemistiche al riguardo. 
 

3. Gestione dei reflui zootecnici. Il Club 
richiama il fatto che nelle aree più intensive 
l'efficienza del ciclo dell'azoto nel terreno è 
molto bassa presentando spesso coefficienti di 
utilizzazione anche inferiori 

allo 0,3, mentre risulta possibile pervenire a 
significativi miglioramenti. Il Club, per-tanto, 
riconosce che i problemi di inquina-mento del 
terreno sono direttamente corre-lati ai surplus di 
sostanze minerali distribuite il che incide su: 
 
– la saturazione in fosforo dei terreni stessi; 
– il trasferimento dei nitrati nelle acque 

profonde; 
– l'eutrofizzazione delle acque. 
 

Richiama, inoltre, il fatto che altra importante 
fonte di inquinamento riguarda l'emissione di 
ammoniaca, proveniente dai sistemi di 
stabulazione e dai metodi di pulizia in uso, 
nell'atmosfera. In taluni Paesi tali rilasci dagli 
edifici zootecnici intensivi contribuiscono per 
oltre il 35% alle emissioni totali di questo 
composto a livello nazionale, mentre, 
includendo l'ammoniaca liberata durante la 
distribuzione dei liquami sul terreno, si giunge 
anche al 90% del totale. 

Al fine di favorire una più corretta gestione dei 
reflui zootecnici, in molti Paesi sono già state 
approvate, o sono in corso di approvazione, leggi 
restrittive sui quantitativi di azoto e fosforo 
distribuibili sui vari terreni, sino a pervenire a 
situazioni di perfetto equilibrio fra quantità 
assorbite dalle piante e quantità distribuite. 

Occorre, quindi, intervenire sull'innovazione 
tecnologica per le operazioni sia di pulizia delle 
stalle e di stoccaggio dei liquami, sia del loro 
trasporto e distribuzione. 

Vi è, pertanto, l'esigenza di sviluppare tecniche 
e sistemi di progettazione innovativi degli edifici 
- diversi a seconda della specie allevata - e dei 
relativi impianti tecnologici, sì da ridurre le 
emissioni ammoniacali e tendere a far 
precipitare 1'NH3 prodotta. Sembra, in merito, 
esservi la possibilità di ridurre al 50% circa le 
emissioni attuali. 

Circa lo stoccaggio, i trattamenti, il tra-sporto 
e la distribuzione (relativamente ai residui sia 
agricoli, sia urbani), occorre 
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intervenire con una radicale innovazione delle 
tecnologie attualmente impiegate, privilegiando 
soluzioni atte: da un lato, a un reale e completo 
interramento dei liquami (con possibili riduzioni 
di emissioni nocive del 30-40%); dall'altro, ad 
aumentare il contenuto in sostanza secca dei 
liquami trasportati. Inoltre, ove possibile, il 
ritorno all'uso delle paglie per lettiera 
rappresenta una soluzione da incoraggiare. 

Il tutto, verificando i processi sul terreno, nelle 
stalle e nelle vasche di raccolta mediante l'uso di 
appropriati sensori e dispositivi automatici di 
controllo attivo e di regolazione. 
 

4. Applicazione degli agrochimici. Ricordato 
che, anche in questo caso, in alcuni Paesi già 
esiste una legislazione restrittiva sulle quantità e 
sui formulati da impiegare, è stata riconfermata 
l'importanza di ottenere un efficace e uniforme 
trattamento (relativo sia ai pesticidi, sia ai 
fertilizzanti) col minimo consumo di formulati, sì 
da ridurre il pericolo di inquina-mento e i costi 
delle operazioni. Mentre un'energica e diffusa 
azione va intrapresa in favore del controllo 
periodico presso gli agricoltori delle macchine in 
uso, del loro stato di manutenzione e delle loro 
prestazioni, occorre anche un'innovazione note-
vole sia sui componenti delle macchine, sia sui 
sistemi di distribuzione. 

 
Circa le irroratrici per pesticidi i principali 

miglioramenti devono riguardare: 
- la dimensione e la forma dei serbatoi e la 

funzionalità degli agitatori, sì da garantire una 
assoluta omogeneità delle miscele da distribuire; 
 
– la dimensione e la posizione dei ventilatori in 

rapporto alla disposizione degli ugelli al fine 
di assicurare il raggiungimento delle colture 
col minimo di perdite; 

– la definizione di nuovi tipi di ugelli atti a 
migliorare l'efficacia dei trattamenti, usando a 
esempio metodi ad iniezione, nonché soluzioni 
prevedenti l'emissione 
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dei fitofarmaci in prossimità degli ugelli stessi; 
– il grado di precisione e automazione degli 

strumenti di bordo per il controllo e la 
regolazione del lavoro, da attuarsi mediante 
sistemi computerizzati; 

– il miglioramento della protezione degli 
operatori. 
Circa i sistemi di distribuzione, poi, da 

considerare è l'opportunità - valida specie per le 
colture arboree - di migliorare le barre di 
distribuzione con o senza schermi di protezione, 
così come di imporre l'uso di dispositivi di 
recupero del formulato, di controllo attivo e di 
regolazione delle mac-chine basati sull'elettronica 
e di sensori per la registrazione delle esigenze 
delle piante in funzione dei climi e del terreno. 
Da considerare attentamente sono anche le 
possibilità offerte: dai sistemi di controllo biolo-
gico degli insetti; dall'utilizzazione di soluzioni 
per il diserbo di tipo misto, meccanico e chimico; 
dall'individuazione di nuove tecnologie basate 
su principi fisici; dallo sviluppo di sistemi 
combinati di distribuzione di fertilizzanti e 
pesticidi. La concentrazione delle ricerche sui 
temi sopra richiamati dovrebbe essere in grado di 
ridurre mediamente - a parità di altri parametri - 
del 30% il consumo dei fitofarmaci. 

Analoghe considerazioni possono svolgersi per 
quanto attiene la distribuzione dei fertilizzanti 
minerali e dell'innovazione di prodotto sulle 
tecnologie relative, da impiegare sulla base di 
informazioni puntuali e continuative sulle 
esigenze alimentari delle colture nei diversi 
terreni, da ottenere mediante l'uso di tecniche 
sensoristiche ed elettroniche avanzate. 
 

5. In conclusione, il Club of Bologna richiama 
con forza l'esigenza prioritaria di dare vita a 
gruppi di ricerca internazionali - coinvolgenti 
pariteticamente il mondo della ricerca e il mondo 
industriale - al fine di raggiungere in breve tempo 
gli obiettivi sopra accennati per ridurre 
drasticamente i problemi dell'inquinamento 
agricolo e per migliorare i bilanci produttivi ed 
economici dell'agricoltura. 



6. Il Club ha anche svolto alcune discussioni 
preliminari in merito ad altri due temi. Sono stati 
analizzati i problemi delle strategie 
ingegneristiche e delle soluzioni di 
meccanizzazione per piccole aziende per i Paesi, 
sia industrializzati, sia in via di sviluppo. 

La discussione ha riguardato gli aspetti: della 
preparazione tecnica; del training; delle 
infrastrutture necessarie alla distribuzione e 
manutenzione delle macchine; dei fattori economici 
e di mercato. 

Il tutto, nell'ottica dello sviluppo di tecnologie 
appropriate e tenendo conto che - per le aree non 
sviluppate - è auspicabile il 

ricorso a "joint ventures" fra paesi donatori e paesi 
recipienti. 
 

7. Nel dibattito finale sono state affrontate le 
tematiche della potenziale riduzione dei costi di 
produzione delle colture strategiche attraverso 
innovazioni ingegneristiche. In merito, sono state 
identificate reali opportunità per conseguire 
risparmi dell'ordine del 25%, sia per le colture, sia 
per la zootecnia. E di primaria importanza 
economica l'applicazione di tecnologie avanzate 
(quali le biotecnologie, la robotica e l'informatica); 
ciò, promuovendo una più stretta collaborazione tra 
ingegneri e agronomi. 
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Opening Session 



Prof. Giuseppe Pellizzi 
President of the Club Italy 
 

My dear colleagues, on behalf of myself and 
the president of UNACOMA who is our host, I 
would just like to take ten minutes to offer you a 
warm welcome to this second Meeting of the Full 
Members Unfortunately, we are starting out 
during 
rather difficult time for EIMA caused by the fact 
that the entrances are being blocked by several 
agricultural organizations who are protesting 
against recent European Community decisions 
with regard to price policies. 
 

Therefore, we are temporarily meeting in this 
room, without recording the proceedings. But this 
afternoon we will be at EIMA where a conference 
room has been specially prepared for our 
meetings. I apologize for any inconvenience, 
although I am sure you understand that we are all 
suffering through this situation together. 

You will find a program in front of you that 
lists the three subjects to be discussed during this 
meeting, that is, the main subject, which will take 
up one whole day, and the two other topics that 
we will examine in a preliminary fashion as a 
jumping-off point for more in-depth discussions 
during our 3rd Meeting. The folders provided by 
UNACOMA contain a catalogue of over 500 
manufacturers exhibiting at EIMA, a small present 
from UNACOMA, a copy of the Proceedings of 
the 1st Meeting held in 1989 a copy of the key-
note reports, and a preliminary edition (with the 
green cover) of the 16 Country Reports received 
up till now, to which another four reports from the 
Philippines, the Soviet Union, Mexico and 
Argentina were added this morning. As you can 
see, we have tried to make the reports homoge-
neous for the sake of comparison, and we feel that 
the contribution they make, or will make once 
they are complete, to our know-ledge about 
agriculture and mechanization in the various 
countries is an excellent documentary source for 
scientists, farm 

machinery manufacturers, the governments of 
these countries and international organizations. 
At the next meeting, we expect to present you 
with a complete, conclusive report, 2,000 copies 
of which will then be printed by UNACOMA and 
distributed to anyone who may be interested. I 
would like to remind you that all members have 
been sent five copies of the Proceedings of the 
1st Meeting. Anyone who needs or would like to 
have more copies should please ask the Club 
Secretariat for them. Finally, you will also find 
before you a complete, updated list of the full 
members. We would appreciate it if you would 
kindly check your addresses and phone and fax 
numbers and inform the Secretariat of any 
modification. The following full members 
apologize for their absence: Wylie from Chile, 
Goehlich, Gego and Schoen from Germany, 
Heyns from South Africa, Sundell from Sweden, 
Hiler and Leviticus from the U.S. and Zia Ul 
Rahman, the president of RNAM. Our best to all 
of them. Finally, before turning over the floor to 
Dr. Ambrogi, who will greet you on behalf of Dr. 
Vezzalini, the president of UNACOMA, I would 
like to suggest that the following colleagues, who 
are members of the Club's Management 
Committee, chair the various work sessions: 
− Professor John Matthews (UK) for "New 

Mechanization Systems to Protect the 
Agricultural Environment"; 

− Professor Karl Th. Renius (Germany) for 
"Mechanization of Small Farms"; 

− Professor Osamu Kitani (Japan) for "New 
Mechanization to Reduce the Production Costs 
of Strategic Crops". 

It is my pleasure now to turn the floor over to 
Dr. Carlo Ambrogi, the director of UNACOMA, 
for a brief welcome. 

 
Dr. Carlo Ambrogi  
Director of UNACOMA 
Italy 
 

Thank you, Mr. President. I apologize for my 
lateness, but I think that everybody 
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will understand that this is a very difficult time 
for our exhibition given the disquiet among 
farmers. In fact, the situation in the agricultural 
sector in Italy is very difficult, and we are doing 
our best to solve it. In addition, we apologize for 
the fact that we cannot participate in your 
deliberations. I want to also apologize in advance 
for the fact that in a few minutes I have to leave 
because of a new demonstration; it seems that 
tomorrow there will be another demonstration, as 
well as the day after tomorrow, so I suggest that 
you start tomorrow morning as early as possible. 

I would also like to apologize for the absence 
of UNACOMA's president, Dr. Vezzalini; 
unfortunately, other engagements made it 
impossible for him to be with you. If you will 
allow me, Mr. President, I would like to read a 
few words Dr. Vezzalini prepared for this 
occasion: 

"I would like to express UNACOMA's and 
EIMA's pleasure as well as our sincere thanks to 
Professor Pellizzi for his invaluable contribution 
as president of the Club of Bologna to the Second 
Plenary Meeting of the Full Members of the 
Club, which is being held during the 21st edition 
of EIMA. To the Italian manufacturers who 
promote EIMA, this event is not only a reason 
for pride, but also a form of recognition of 
EIMA's role as a stimulus for scientific and 
cultural debate on mechanization strategies. Now 
more than ever, there is a great need for 
information about possible mechanization trends 
in the future. There is a need, if not for absolute 
guarantees, at least for reliable evaluations that 
can provide farm machinery manufacturers with 
an idea of what the agricultural situation in each 
country requires. In fact, we are presently going 
through hard times, and the result of the critical 
situation in agriculture is lower profits and limited 
production choices; furthermore, there is the 
pressure of competition from developing 
countries and new producers as well as 
international business agreements at the same 
time that the capacity for investment in new 
technologies is decreasing". 
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"There is a lot of talk about total quality, and 
this should be discussed, among other things, at 
the meeting called by UNACOMA for next 
Saturday, even though I am not positive that we 
will be able to reach any final conclusions. In 
any case, it is clear that the quality of any product, 
and especially the so-called "agro-food" product 
which starts with the farmer and finally reaches 
the consumer, not only depends on the 
characteristics inherent in the product, but also 
on the technologies employed during the 
production process. In my own field, I am 
referring to mechanization, that is, 
mechanization which is consistent with the 
management requirements of farms, which helps 
reduce production costs, which has the least 
possible environmental impact and which keeps 
direct and indirect energy costs down. The 
subjects to be discussed by the Club of Bologna 
should focus on these issues, which are certainly 
the most important at present and the most 
urgent. The results obtained from these 
discussions will be examined with the utmost 
attention by manufacturers in our field. However, 
there is one observation that I would like you to 
think about on behalf of those of us who 
represent companies in Italy; this comment may 
seem to be of little importance and indeed 
partisan, but it must be made. The technological 
innovation that the industry (not only Italian, of 
course) makes in its attempt to interpret growing 
trends and therefore put reliably designed, 
economic, sophisticated machinery on the market 
through the widespread use of computerization 
and electronics for constant control over working 
conditions produces machines which are much 
more expensive than those manufactured twenty 
years ago, for example. It does not seem that the 
technological renewal of obsolete machinery is 
occurring in more advanced countries at the rate 
one would expect nor in relation to increases in 
quality, which should be the goal of total 
quality". 

"How can the industry continue in this 
direction if the agricultural sector doesn't 



have the means by which to acquire the new 
equipment available to it? This question is difficult 
to answer at a time when the market rules, and the 
regulations that various countries have established 
for free competition on the international level are 
drastically reducing, if not totally eliminating, 
govern-mental, public and community support for 
agriculture. We would prefer that the strict logic 
of the market not let us forget that agriculture is, 
and continues to be, strategic, not only as far as 
food is concerned, but also in terms of the 
environment. Bringing agriculture to its knees 
could mean placing the future of our planet in 
doubt. This should also be a matter for in-depth 
investigation by the Club of Bologna". 

Thank you, Mr. President, and thank you 
gentlemen, and once again I apologize for 

the inconvenience that you have experienced this 
morning. 
 
G. Pellizzi 
 

Thank you, Dr. Ambrogi. I am sure that since 
we all work in the field of agriculture, we can 
easily understand the problems that you are 
experiencing, and we fully understand why it is 
impossible for you and Dr. Vezzalini to 
participate in our sessions. We certainly hope that 
these problems will be solved as soon as possible 
and in the best possible manner. 

Now, I would like to ask Professor John 
Matthews to take over the chair so that we may 
begin talking about the first subject. 
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SESSION 1 

New mechanization to protect 
the agricultural environment 



Prof. John Matthews UK 
Session Chairman 
 

We are starting with a subject that is being 
given the highest priority in all parts of the world. 
It is a problem involving many potential sources 
of pollution and many engineering and scientific 
disciplines. Today, our speakers are the greatest 
experts in these disciplines. We start with the 
report by Dr. Munack. 
 
 
Prof. Axel Munack 
Germany 
 
SOURCES OF POLLUTION IN 
AGRICULTURE 
 
 
1. Introduction 
 

The role of agriculture in pollution is twofold: 
on the one hand agro-ecosystems act as acceptors 
for various substances which are emitted by 
external sources (industry, traffic, private 
households, etc.), while on the other hand 
agricultural activities can cause air, water, soil 
and biota pollution (Figure 1). The pollution 
produced in the former case, which mainly 
consists of SO2, NOx and various heavy metals 
such as Cd and Pb, must be prevented with 
measures applied to the emission source, since 
open agricultural systems do not offer 
opportunities for preventing absorption. 
Therefore, these types of pollution are not 
considered below. 

In the latter case, where the farmer is 
responsible for the entry of substances into the 
ecosystem, a minimization of doses is required, 
and this problem must be solved by responsible 
action and highly efficient equipment. Here, 
"intelligent" mechanization can play a major role 
in protection of the agro-ecosystem and the 
environment. A reduction in application rates 
means a smaller amount of substances is needed; 
therefore, economic and ecological goals 
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fully coincide, as long as the cost of the 
equipment is not a limiting factor. In any case, 
pursuing ecological goals will pay off in the long 
run, which means that ecology is equivalent to 
long-term economy. 

Due to the broad nature of the subject to be 
treated, this article can only be a brief overview 
of various types of pollution. Below, the various 
substances discussed are organized into groups 
according to their main effect or main form of 
circulation. 
 
 

2. Air Pollution 

 
2.1 Noise 
 

There are stationary and non-stationary 
sources of noise pollution. The main source in 
crop production is the tractor. Its audible sound 
level at a distance of 7.5 m is within the range of 
80-90 dB(A); combine harvesters produce 85-95 
dB(A). In the case of implements, forage 
harvesters are an extreme source of noise; at a 
distance of 1 m they produce over 100 dB(A). 
Other implements that are also considered to be 
loud produce 85-95 dB(A). 

These mobile sources of noise usually do not 
cause problems with respect to administrative 
regulations. This is not the case with stationary 
sources, however, particularly when they are 
located in villages. Here, German law (TA 
Laerm) permits 60 dB(A) during the day and 45 
dB(A) at night (Table 1). 
 

This means that in the case of hay dryers, for 
example, steps must be taken to reduce noise. An 
audible sound level of 75 dB(A) at a distance of 
7 m, for instance, means over 45 dB(A) within a 
range of 200 m if no noise reduction measures 
are applied. These considerations have become 
inevitable over the past few years, especially 
when existing equipment is to be expanded or 
new installations are planned (Figure 2). 



2.2 Dust 
 

The sources of dust are almost identical to 
those that produce noise. Non-stationary sources 
include the combine harvester, where a nearly 
linear relationship exists to the width of the cut. 
When the cut is 4.5 m wide, total emissions reach 
60 kg/h. Naturally, the amount of dust is highly 
dependent on weather conditions; differences in 
the mechanical construction of combines also 
play a major role in emission rates (Figure 3). 

Stationary sources include grain storage and 
dryers. Here, technical regulations require that 
the concentration of dust particles in the air 
stream outlet not exceed 50 mg/m3. This 
standard can usually be met with the application 
of protective devices such as cyclones. Another 
fact which should be considered here is wind 
erosion. This effect is not related to the farmer's 
activities, however, but rather to inadequate 
preventive measures. Various methods for 
reducing erosion in areas where climate and soil 
structure encourage this effect have been 
discussed in the literature. 
 
 
2.3 Odor and Ammonia 
 

The problem of odor emissions from animal 
houses or fields where liquid manure is applied 
has been attracting increasing public attention as 
information about the possible effects of 
ammonia on the ecosystem has been spreading. 
Odor level and ammonia concentration are not 
necessarily directly related; however, ammonia is 
usually regarded as a tracer substance. Although 
the pathways of ammonia are not yet fully 
known, one must assume that NH3, in 
combination with SO2 and NOx, is responsible 
for acidification of the soil and damage to forests 
in Europe. Emissions from livestock production 
are estimated to be 80% of total ammonia 
emissions in Western Europe. Ammonia is 
mainly formed by microbial 

and enzymatic degradation of livestock wastes; 
immediate formation starts from urea by means 
of the enzyme urease. Furthermore, the 
continuous degradation of proteins takes place 
when liquid manure is stored. Emission rates are 
influenced by temperature, the area and structure 
of the boundary layer between the liquid and 
gaseous phases, the air speed at the boundary 
layer, air pressure, pH value and composition of 
the manure (ratio of NH4-N to total N). 

Several steps may be taken to reduce the 
amount of ammonia being produced or reduce 
losses during or after field application. One 
possibility concerns the reduction of N-potential 
in food in line with physiological needs; this 
concept should be easy to apply to poultry and 
swine farms. The technical means that can 
reduce ammonia loss from animal houses 
concern floor construction, well-designed 
ventilation systems (producing an optimized 
flow inside the animal house) and effective 
climate and ventilation control. During liquid 
manure storage, ammonia losses can be reduced 
by 80% if a well-covered slurry storage tank is 
used. The losses caused by volatilization during 
deposition have been estimated as approximately 
3-5% of the NH4-N. However, when the manure 
is not covered immediately by soil (e.g., with 
surface tillage or injection), and the soil is not 
irrigated, volatilization results in losses of about 
20% during the first four hours. The wetness of 
the soil and temperature have a significant 
influence on further volatilization of ammonia. 
In unfavorable conditions, up to 80% of the 
NH4-N can be lost during the first week after 
application. 
 
 
2.4 Greenhouse Gases 
 

Agriculture has a significant influence on three 
of the six major greenhouse gases (CO2, CO, 
CH4, N20, 03, CFCs), that is, CO2, CH4 and N20 
(Table 2). 

Carbon dioxide contributes 45-50% to 
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global warming, with the anthropogenic flux 
being 20-28 GT/a. It is difficult to determine the 
amount of CO2 that is produced by agricultural 
activities (Table 3). 

A calculation for the Federal Republic of 
Germany based on the amount of energy used in 
agriculture for fuel, heating and electrical 
devices as well as that needed for the production 
of mineral fertilizers gave an approximate value 
of 3.2%, which is lower than the percentage of 
farm workers in the total working population. 
This means that in comparison to the industrial 
consumption of oil, natural gas and coal, the 
CO2 produced by agriculture is negligible 
Deforestation, however, contributes 
significantly to the increase in CO2 con-
centrations in the atmosphere; 6-20% of the 
global anthropogenic flux is presumably due to 
these changes in land cover. The CO2 released 
by deforestation is partly caused by the loss of 
vegetation. In addition, there is a reduction in the 
carbon content of the soil when forest is 
converted into arable land or grassland. 

Reforestation could help rebalance this 
situation, but up till now only small areas have 
been reforested. Changes in land cover in non-
tropical regions do not contribute significantly to 
the CO2 flux. 

Methane has a relative radiation absorption 
potential of 32, as compared with CO2 in the 
same concentrations. It is produced under 
anaerobic conditions or with stoichiometric 
combustion. While the latter may occur during 
biomass burning (deforestation) and adds to the 
overall flux rate by approximately 15%, the 
former is observed in flooded rice fields and 
ruminants, both of which contribute 15-20% to 
overall production. Other major sources include 
natural wetlands, landfills, coal mining and 
losses during natural gas production and 
distribution. The amount of methane produced 
by rice fields could be significantly reduced if 
dry cultivation techniques were used. However, 
the con-sequence of this would be decreased 
productivity, and therefore this measure does 
not make sense. More research is needed 
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on the effects of climatic factors, soil and water, 
cultivars, the composition of fertilizers and 
cultural practices on methano-genesis. 

One possible way in which to reduce methane 
production by ruminants would be to increase 
productivity; this would make it possible to 
reduce the number of cows without decreasing 
overall milk production. 

At present, nitrous oxide (N2O) only 
contributes 5% to global warming; however, it 
has a specific, relative absorption potential of 
150 and a high residence time (150 a). 
Furthermore, it has a catalytic effect on 
destruction of the ozone layer. Therefore, its 
sources must be carefully identified. Currently, 
there is enormous variability in the data and a 
significant absence of information on large areas. 
High emission rates have been recorded in 
heavily fertilized vegetable fields. Globally, 
approximately 2-3% of the nitrogen contained in 
fertilizers is emitted as N2O, which may 
correspond to 17-30% of total global emissions. 
Whether the increase observed in global N2O 
concentration is entirely the result of 
anthropogenic activities is still uncertain, 
however. 

3. Water Pollution    

 
 3.1  Pesticides 
 

Research projects in various countries have 
been devoted to the transport and degradation of 
pesticides in the soil. Furthermore, intensive 
programs for the surveillance of surface waters 
and ground water have been put into effect, 
especially since EC laws which defined a limit of 
0.1 µg/l for the concentration of a single sub-
stance and 0.5 µg/l as the total concentration. In 
the Federal Republic of Germany, 206 wells were 
observed as part of a study; 54 out of 12,674 
analyses showed concentrations that were over 
the limit. Other analyses have been carried out 
on major rivers. In this case, concentrations were 
in 



the range of 0.1 μg/l; however, concentrations 
were considerably higher during the summer. In 
June, 1987, 2.7 μg/l of Atrazin (Triazin) were 
measured in the Rhine River, and this amounts to 
a daily freight of 726 kg! While high 
concentrations used to be caused by producer 
dumping, this freight is almost totally due to 
agriculture. These significant losses should 
convince farmers to reduce pesticide application 
by technical means. New mixing devices (on 
board), new distribution techniques and computer 
control of deposition should be developed and 
applied. In the Netherlands, a mobile spraying 
tunnel with recycling was recently developed and 
tested; this tunnel reduces losses by half. Another 
consequence of this situation is interest in the 
development of intelligent, computerized, 
mechanical devices which could replace chemical 
plant protection, at least to some degree. 
 
 
3.2 Fertilizers 
 

There is almost no transport of phosphates in 
the soil, since phosphates are bound to soil 
particles. Therefore, the main flux of phosphates 
into surface waters is caused by erosion. 
Fertilizers contribute 14% to total freight in the 
Federal Republic of Germany, and a comparable 
percentage results from animal production. 

On the other hand, nitrates are easily 
transported with soil water. For many years now, 
the waterworks has been observing an increase in 
the concentration of NO3 in the ground water. 
Influences on concentration are very complex, so 
that a direct correlation between concentration and 
nitrogenous fertilizer cannot be established. EC 
regulations have set a maximum concentration of 
50 mg/l for drinking water. Various studies have 
focused on surveillance of nitrate concentrations. 
In critical regions in Western Germany, 3-6% of 
the samples taken exceeded the limit and showed 
a slightly upward trend in concentrations. 
Detection of the origin of 

nitrate fluxes into surface waters is a crucial task 
because of high solubility. According to some 
estimates, 34% of total flux is due to agricultural 
activities. Approximately 15% is a consequence of 
land cultivation without fertilization (crop 
rotation, soil cultivation), while the rest is due to 
fertilization. This means that roughly 6% of the 
total amount of nitrogen from mineral fertilizers 
and farmyard manure is found in surface waters 
(Figure 4). 
 
4. Soil Pollution 
 

In addition to being an intermediate medium for 
fertilizers and water as well as a host for various 
organisms, the soil acts as a storage medium for 
various pollutants which are only slightly 
degraded. Since the amount of waste-water sludge 
is increasing in most countries, there is a demand 
for its use as fertilizer. However, in addition to 
useful minerals and organic substances, sludge 
contains heavy metals and chlorinated or poly-
cyclic hydrocarbons. Heavy metal pollution is 
also observed in industrial regions. Another 
source of heavy metals, in particular Cd, is pho-
sphate fertilizer. Depending on the origin of the 
fertilizer, Cd content can vary from 1 to 100 ppm. 
In the Federal Republic of Germany, the level of 
Cd can be estimated at approximately 30 t/a. In 
addition to the risk of finding increasing levels of 
these substances in crops, they also have an effect 
on soil biota, including a reduction in 
microorganism respiration and dehydrogenase 
activity of up to 50% caused by Pb and a 
reduction in the growth of fungi and interference 
with nitrification by combinations of Cd and Pb. 
 
5. Conclusions 
 

The agricultural environment is both an acceptor 
and a source of various pollutants. This report only 
discusses the main pollutants resulting from 
agricultural activities. 
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The need to reduce pollution raises various 
problems which can be solved by appropriate 
agricultural machinery and farm equipment. 
Combinations of micro-electronic components, 
"intelligent" software and high performance 
mechanical devices will enable farmers to 
maintain high levels of productivity while 
guaranteeing high 

standards in terms of environmental protection. 
On the other hand, we should not forget that in 
addition to food production, agricultural activities 
can also serve a means for active protection of the 
environment. Examples include the production of 
renewable resources and the decontamination of 
contaminated soils. 

 



 



 



 



J. Matthews 
 

Thank you very much, Dr. Munack, for your 
excellent introductory report. Now, let me ask 
Prof. Godwin to take the floor. 
 
 
Prof. Richard J. Godwin  
UK 
 
INTERACTION BETWEEN SOIL AND 
MECHANIZATION 
 
Introduction 
 

In this paper I will review the most recent 
work leading to the improved under-standing 
between machines and the soil environment. As 
"Mechanised Soil Management" affects not only 
the physical condition of the soil structure but 
also the water and air status, this will be wide 
ran-ding and consider the following: 
i. the removal of excess water and salinity 

control 
ii. soil loosening and nutrient placement 
iii. tilth production 
iv. minimisation of structural damage 
 
2. Removal of Excess Water and 

Salinity Control 
 

In order to ensure that soils can be mechanised 
effectively any water above field capacity must 
be removed by drainage and is a prerequisite for 
all subsequent soil management practices. In 
situations where the soils are free draining pipe 
systems alone can be installed to remove the 
surplus, the correct installation procedures are 
reviewed by Spoor (1987). In soils with low 
hydraulic conductivity very close drain spacings 
and/or additional soil cracks are required. This is 
cost effectively achieved in clay soils by the use 
of mole drains, where 75±25 mm diameter chan-
nels are forced into the soil at depths of 06.±0.10 
m, and spacings of 2-3m. The water collected by 
the mole channels discharging either into 
permeable backfill 
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above a pipe drain or an open ditch. 
Leeds-Harrison et al (1981) showed that the 

cracks and herringbone fissures created above 
the mole channel, were fast conduits for water 
from the soil surface into the mole channel 
(Fig. 1). As a result the discharge hydrograph 
peaked at 2-3 hrs after the start of a rainfall 
event and flow ceased some 24 hrs later (Fig. 
2). This characteristic ensures that mole 
systems drain land much faster than pipe only 
and hence are very effective. To ensure, 
however, that mole channels have an 
economic life, it is necessary to minimise risk 
of collapse. The first stage in this process is to 
minimise the possibility of backfalls to 
prevent water ponding in the channel, and 
secondly the channel must be formed to resist 
premature failure. 

Spoor et al (1987) report upon the design of 
a floating mole plough system, designed to 
minimise undulations in the mole channel as 
a result of surface variation. This was 
achieved by the insertion of a smoother 
device between the mole plough beam and 
tractor (Fig. 3). The principle for this, based 
on Magalhaes (1985), was that if the hitch 
point of a floating plough was held at a 
constant grade, then variations in soil surface 
profile would have minimal effect upon the 
grade of the plough tip. The 
smoother/floating beam system also 
permitted: 
i) Reduced draught force from the removal 

of the normal stress by the beam 
(Godwin et al 1981). 

ii) The installation of graded mole channels 
on a level surface. 

iii) Loose surface trash to pass without 
blockage. 

In order to ensure that the mole channel is 
stable, the depth of operation must be 
sufficient to ensure that the confining stresses 
are great enough to ensure that compressive 
soil failure occurs at depth (Godwin et al 
1981). If this is not achieved, a subsoiler 
failure occurs. Spoor and Ford (1987) 
identify a further six mole failure mechanisms 
in which either the implement has a direct or 
indirect effect. Hence 



modifications to the implement geometry to 
change the type of soil disturbance, under given 
conditions, have the potential to increase channel 
life. 

Weather, and hence soil moisture conditions, 
following installation have a major influence on 
the initial stabilization of the channel and the rate 
of subsequent deterioration. The extent of the 
ageing period between channel formation and its 
first significant wetting influences the channel 
life. Whilst it may not be possible to control the 
weather, possibilities do exist through implement 
modification and tillage to delay the onset of the 
first wetting of the mole channel. 
 
 
3. Soil Loosening and Nutrient 

Placement 
 

When conducting soil loosening operation to 
either: 
I) improve aeration, water and root movement, 

or 
II) position nutrients, 

one of two options are required: 
i) an even but cloddy finish, or 
ii) an even, smooth finish with: (a) mini-mum 

new clods and the original tilth left on the soil 
surface, or (b) the mini-mum disturbance to 
grass or other growing crops. 

The principles established by Godwin and 
Spoor (1977) developed for the injection of 
anhydrous ammonia have led to developments in 
both cases. 

In the former the use of high lift height wings 
(0.20-0.25 x working depth) to exploit the 
horizontal cracks caused by the tine tip, either 
alone or in conjunction with leading shallow tines, 
have produced methods for very effective soil 
loosening by brittle and indirect tensile failure 
(Spoor and Godwin 1978) (Figure 4). The correct 
positioning of deep and shallow tines can enable 
additives to be distributed uniformly in the soil 
profile to depths of 0.45 m with modest tractor 
sizes (90 kW : 4WD) (Godwin and Spoor 1981). 
The 

introduction of a third set of leading tines at a 
depth of 100 mm (Muirhead 1976) ensures the 
correct aggregate size for the surface tilth. 

In the later case, the tip width is reduced to 
produce a slot with some herringbone cracking 
with additional disturbance caused by soil flow 
over low lift height wings (0.1-0.15 x working 
depth). An alternative approach is to incline the 
implement leg sideways to operate in the shear 
plane produced by the tip (Ede 1974/77) hence 
reducing the secondary heave produced by a 
vertical leg. In both of these solutions the use of 
leading disc coulters is beneficial to reduce 
surface disturbance. It is possible with soil 
loosening equipment, to minimise the amount of 
surface heave by increasing the confining stress 
by inclining the leg rearwards. This does increase 
the draught force and reduce the penetration force, 
but this does not become a serious problem until 
the leg surcharges the soil which the tip is 
simultaneously attempting to lift (Warner and 
Godwin 1988). 

This design is of particular importance to 
grassland where surface damage must be 
minimised especially for applications relating to 
the disposal/utilization of sewage sludge and farm 
slurries where injection below the soil surface 
controls odour, pathogens and crop taint. Injection 
tines with low lift height wings produce cavities 
into which the liquid can flow which reduces the 
depth of work required to satisfactorily inject a 
given volume of slurry (Figure 5). This reduces 
the draught force by 50%, and hence tractor 
wheelslip and grass damage (Warner and Godwin 
1988). 
 
 
4. Tilth Production 
 

The underlying management principle should be 
to avoid the formation of hard dry clods, because 
of the subsequent difficulties is reducing their 
size. However, under certain conditions, where 
residues must be incorporated with clay soils this 
is difficult. In addition to the size reduction it 
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is important to produce the correct tilth 
packing density for germination and to 
avoid manganese deficiency problems 
(Chamen et al 1988). 

by Needham (1990) which include gangs 
of straight discs, have produced improved 
performance both in clod size reduction 
and overall energy usage. 

 

5. Minimization of Structural Damage 

5.1. Arable 
 

Analysis by Soane et al (1987) of deep 
loosened soils highlighted problems of 
recompaction from the subsequent shallower 
tillage operations. The main problem resulted 
from the use of a tractor with wheels 
operating in an open mouldboard plough 
furrow (Figure 7). This increased the 
subsoil density to levels in excess of the 
undisturbed soil. The following suggestions 
were made to minimise this problem: 
i) conduct both the shallow and deep 

cultivation simultaneously; to be fol-
lowed for the subsequent crop establi-
shment and protection operations by 
equipment with low ground pressure 
(35 kPa) tyres 

ii) as (i) but linking as many of the subse-
quent operations to the initial shallow 
and deep cultivation 

iii) establish a controlled traffic/bed 
management system, where tractor and 
harvester wheels were confined to
specific wheelways in the field. 

The first option could be achieved using a 
rigid tine fitted below and behind individual 
mouldboards of a conventional plough, with 
the exception of the last. Omitting the last 
rigid tine leaves a firm furrow bottom for 
the following tractor pass. Any compaction 
caused by the tractor is removed by a rigid 
tine mounted on the plough headstock 
immediately behind the in-furrow wheel. 
Although the range of equipment for 
conducting linked operations is increasing, 
substantial re-investment is required, which 
today is unlikely. The practical way,
therefore, to avoid recompaction of the soil
in the crop growing zone is therefore to 

The practical techniques available for the 
size reduction of hard clods and their 
rearrangement to the correct packing density 
are: 
i) Compression, i.e. roller or furrow press 

techniques 
ii) Impact, i.e. power driven horizon-

tal/vertical rotors. 
Current work at Silsoe College is inve-

stigating both techniques. Hann et al (1987a) 
report the effect of furrow press design 
parameters for either the compaction of loose 
tilths or clod fracture, and the authors 
conclude that alternate larger and smaller 
diameter press sizes can improve performance 
(Figure 6). 

Despite the number of different rotary 
powered secondary tillage tools available and 
reports of their development, Jeffrey (1984), 
Watts and Patterson (1984), there are few 
reports of fundamental studies. The exception, 
Wilton (1964), showed that increasing the 
speed of impact significantly reduced the size 
of the fractured aggregates. Scarlett (1988) has 
confirmed much of the work of Wilton and has 
extended the technique to record the impact 
force/energy requirement using piezoelectric 
impact transducers, so that optimum head 
configurations and impact speeds can be 
derived. Preliminary analysis shows: 
i) current impact speeds are satisfactory for 

sandy soils 
ii) there is a clearly defined maximum speed 

for dry clays 
iii) brittle failure can be induced in wet 

clays at high impact speeds. 
Embodyment of these principles into a field 

going rig confirm the principle that good 
aggregate fracture is possible (Pain 1989). 

Work by Al Ghazal (1989) has identified 
discs operating at low sweep and tilt angles as 
being effective at cutting clods with 
comparatively low penetration and draught 
requirements. Tillage trains developed 
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control traffic with a bed management system, 
using either conventional tractors or gantries. 
Spoor et al (1988) have shown that it is practical 
to match the equipment required for sugar beet 
production using conventional tractor wheel 
spacings. A number of unforeseen practical 
problems have emerged namely: 
i) poor lateral stability of tillage and harvesting 

equipment on sloping land, which hitherto 
has been provided by wheel sinkage. 

ii) the increased lifting force required to 
harvest sugar beet as a result of the 
improved tap root development. 
 

Although trafficability is significantly 
improved, wet seasons can still be problematical 
and compacted wheelways are a natural drain for 
collecting surface runoff. To combat this problem 
Spoor et al (1988) have developed twin slanting 
tines to drain the corners of each wheelway by 
shedding the surface water . 

Yield increases have not been observed but the 
authors argue that the technique can be justified 
by the greater number of work-days provided by 
firm roadways. This is important when linked to 
the reduction in spring seedbed operations by the 
provision of an even cloddy finish in the autumn 
(Spoor and Godwin 1984). Controlled traffic 
systems have resulted, however, in overall yields 
of potato tubers >30 mm of 59.2 t/ha which is 
significantly greater than the 51.1 t/ha for the 
random traffic system (Dickinson and Campbell 
1988). Additional benefits of the controlled 
traffic system were: 
i) a reduction in clod yield from 50.5 t/ha to 

42.2 t/ha . 
ii) a 50% reduction in subsequent tillage forces. 

It can be argued that the benefits of controlled 
traffic systems can be further exploited by 
widening the span of the vehicle to 10-15 m. 
Developments of gantries in the farm workshop 
(Dowler 1980) have proved the feasibility of the 
system and work at the A.F.R.C. Institute of 
Engineering Research (Chamen et al 1988) has led 

to the development of a prototype gantry system 
that performs the full range of field operations. To 
ensure adequate compaction of the seedbed a 
lightweight roll has been developed, to permit 
lifting by the gantry, which in operation has 2/3 of 
its effective load transferred from the mass of the 
gantry. 
 
5.2 Grassland 
 

The benefits of minimizing field loads and the 
reduction on vehicle contact pressures through 
the use of low ground pressure tyres on grassland 
are reported in Hann et al (1987b). The number 
of winter work days lost, for slurry disposal, by 
poor trafficability, can be significantly reduced 
on all soil types by replacing the field going 
tanker with an umbilical hose and result in work 
rates greater than twice those of tanker systems 
(Godwin et al 1990b). Replacing the 
conventional tractor tyres with low ground 
pressure tyres enabled the operation to be 
conducted with an loss of work days (Figure 8). 
The other major advantage of supplying the 
slurry via an umbilical hose is the reduction of 
soil damage at the gateway. This results from the 
need to enter and exit a 10 ha field once rather 
than 200 times using a 5000 1 tanker. 

Hann et al (1987b) show that low ground 
pressure tyres have significant advantages over 
conventional tyres in spreading the load and as a 
result reducing both rut depth and wheelslip. 
Reduced wheelslip significantly minimizes the 
amount of grass yield lost within the wheel mark, 
agreeing with Douglas and Campbell (1988) and 
Mander and McMullan (1986). However, when 
the results of low ground pressure and 
conventional tyres are compared considering 
their total width there is no overall advantage. 
The reason is that the low level of damage occurs 
over a zone approximately three times wider than 
the conventional tyre system. 

It is possible to reduce soil compaction, and 
hence crop damage, caused by trailed 
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implements by the use of a tandem axle. Current 
work (Weise 1990 ) indicates that soil 
compaction, in terms of soil compression and 
displacement, is a minimum when tandem axles 
are used and loaded equally. This agrees with the 
findings of Stadie et al (1989) that a tandem axle 
has minimum rolling resistance occurring when 
it is loaded equally with a slight bias to the rear. 

The ability to predict conditions when field 
operations could cause surface damage is 
valuable. This is particularly so as land is used 
for other than normal farming operations and 
machine operators are less experienced. Direct 
measurement of soil shear strength is time 
consuming and the results variable. In order to 
assist with the prediction of work days for field 
going tankers Godwin et al (1990a) have develo-
ped a 2 kg, 30° apex angle drop cone. This, when 
dropped from a height of 1 m, has the equivalent 
depth of penetration of a normal load of 70-80 
kg. Field calibration shows a linear relation 
between cone 
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sinkage and rut depth for a range of vehicle 
systems with relationships that are independent 
of soil texture (Figure 9). 

6. Conclusions 
 
 

A full understanding of the interaction 
between soil and mechanization is critical to the 
development of mechanization within the 
agricultural environment. Recent research has 
improved this very significantly, however further 
work is required as many questions are still not 
answered and as both environmental pressures 
and economic factors cause farmers to still further 
improve husbandry techniques. 

The current and projected developments in the 
methods for soil manipulation should enable 
farmers to manage soils more effectively, by 
reducing the energy inputs, avoiding 
recompaction, and increasing the number of 
work days. 
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J. Matthews 
 

Thank you Richard for your presentation. We'll 
now open the discussion on the first two papers 
before continuing with the reports of Dr. 
Jongebreur, Prof. Baraldi and Prof. Hood. I would, 
however, before doing so, welcome the people 
who are joining us for the first time, and there are 
a number of them. 

One of the issues which I think was quite 
important in the Munak's report was the extent to 
which we feel we have to return to lower inputs 
and more rotations. In his original draft, I think he 
won't mind me saying, he seemed to be supporting 
that very strongly as a way ahead. Judging from 
the discussion yesterday and in my own opinion 
on the subject, it may not necessarily be the best 
way ahead in many areas, and I would just like to 
see whether we have other solutions and other 
priorities for how we can improve more intensive 
agriculture. There was a lovely example, I think, 
in Professor Munack's figures about the closed 
environment over the plant during its processing. I 
wonder how broadly that principle can be 
developed for many agricultural processes. Any 
thoughts? 
 
 
Prof. Richard O. HEGG USA 
 

I would like to make a comment. I'm not fully 
convinced that we threw out low-input sustainable 
agriculture. I think we probably need further 
discussion or definitions or examples. We thought 
in the United States that it came on hard with a lot 
of supporters, and I think we are still going 
through a process of evaluating systems and 
seeing examples of low-input sustainable 
agriculture systems that are very appropriate. A 
prime example would be the one in which row-
crop agriculture and live-stock systems are 
combined, and there you are looking at an ideal 
situation. It is not appropriate for everybody, but 
this is a 

situation where you are taking the animal waste 
and returning it to the soil, and maximizing its 
use must be good. There are some very good 
examples, and some people have been using this 
ideal system for 15 or 20 years, and in some 
cases for hundreds and hundreds of years. I 
would be interested in some other comments 
regarding low-input sustainable agriculture. 
 
Dr. Brian D. Witney  
UK 
 

The only comment I would make as an aside is 
that that is what we could call mixed farming, 
and perhaps it does highlight the fact that we 
ought to go back to some of the good practices 
that we had in the past. 

There was reference to rotations; we've moved 
away from rotations, and we ought to be moving 
back to them, particularly away from all cereal 
farming and very heavy use of fungicides to 
allow that to proceed. So, we've either got to 
have cereal crops which don't require high fun-
gicide dosages or go back to some form of 
rotational cropping. 
 
R.J. Godwin 
 

I think the thing that comes to my mind on this 
matter is really a question of two sorts of 
economics. On thing which I think will dictate 
what happens is the price of land and how much 
people have to pay for that, and therefore the 
returns that they have to get from that land to 
make farming a business activity. It can no 
longer, I think, be just a way of life, unless we 
are paying farmers to put land into set-aside and 
manage it as sort of countryside managers rather 
than as agricultural output. The other thing that 
will influence it is what people are prepared to 
pay for food. If we go back to those halcyon days 
that we referred to about low-input, reliable, 
sustai- 
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nable systems, at that particular point in time 
people were paying 50% of their incomes to buy 
the food they ate. If we are prepared to go back to 
that, then I believe that there is a future for it. But 
until people are prepared to pay a lot more for 
food, I think we do have these other pressures on 
us. 
 
R.O. Hegg 
 

Well, there certainly is a situation where people 
are prepared to pay more for food: those who want 
chemical-free food are willing to pay, in some 
cases, 5 to 10 times more for their food supplies. 
In fact, we have a lot of groceries or supermarkets 
in the U.S. which have a section set aside just for 
organically-grown food. There is a tremendous 
demand, and many states now are going through a 
process of certification so that you get the 
vegetable or the food that is organically grown 
without the use of chemicals or antibiotics, and it 
is labeled in such a manner under the certification 
process, and this is very common in most states at 
this point. 

J. Matthews 
 

I'm surprised at your five to ten times; in my 
opinion, the limit in our area would have been 
about 1.5. 

R.O. Hegg 
 

I guess one of the examples that I saw that 
really struck home to me was when I was at the 
CIGR meeting in Dublin last year, and I went 
down to a market in the center of Dublin, and 
there was a basket of apples about ten times the 
price. And there were a lot of bad looking apples 
that I wouldn't eat, and then there were the good 
apples that were grown with chemicals. I asked 
the seller about it, and those apples that had the 
damage and the holes in them sold as well or 
better than the chemically grown ones. 
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Prof. Clarence E. Hood USA 
 

I would like to make a comment about low 
inputs. It seems to me that if we use the very 
minimum amount of chemicals to control the 
insects or pests or fungi, that isn't low input; it's 
just better management. In other words, if we 
have the sensors to properly apply these 
chemicals, I would interpret that to mean low 
input, because we're using what we have to use 
more efficiently. So, we ought to mainly focus on 
that aspect of it, to do the very best we can do. 
And I think everybody who is realistic can say 
that we can't grow vegetables practically without 
using chemicals. Now, with cereal crops and 
grains, that's different. But with fruits and vegeta-
bles, we can certainly do a better job of planning 
with chemicals. 
 
 
Dr. Jake Vowles UK 
 

One thing I would like to say about LISA is that 
you are using livestock and expecting that 
livestock will give you a useful return on the 
land. But with animal wastes you've got a 
problem, because underneath the dung patches 
and urine patches you have enormous loads of 
nitrogen and other elements—micro-nutrients 
that are capable of going straight through. If you 
wish to apply animal waste to the soil, the only 
effective way of doing it is to contain it within a 
silo or a barn or a stall and then spread it equally 
over the land. And that is the very worst way of 
putting wastes on the land from a nitrogen or 
chemical leaching point of view. 
 
 
J. Matthews 
 

That's an interesting thought. Certainly, the use 
of animal waste is very inefficient at the moment. 
I remember at our meeting in Rennes earlier this 
year we were told in 



you could reduce the pesticide inputs by half, 
and the economics of production were the 
same. Now, in this experiment various other 
things were monitored, such as the soils, the 
soil fauna and the plants surrounding the 
field, and the interesting thing is that there 
was, in fact, practically no change in soil 
fauna in terms of beneficial or non-beneficial 
insects. But the conclusion from this system 
was that if you could monitor your crop and 
register when you were running into disease 
problems, you could certainly cut down your 
pesticide inputs by about 50%. But I would 
emphasize that the standard of management 
needed was a very high one. 

that area that the local animals' capability 
for replacing artificially-added fertilizer 
was 80%. Thus, if they used just the ani-
mals in that area and made sure that their 
waste went into the land, they would have 
reduced the use of artificial chemicals by 
80%, which is highly inefficient. I like the 
point that one definition of low input means 
using what we are using much more 
efficiently, and I would like to stress the 
question of land price that Professor 
Godwin raised. It significantly tends to 
come from the United Kingdom because 
our land prices, with the scarcity of land, 
are very high, and our cereals are grown 
with 30% of the input cost represented by 
chemicals (15% protective chemicals and 
15% fertilizers). This creates an optimal 
economic situation because the fixed cost of 
the land is the basic part. 
 
 
Dr. D.J. White 
UK 
 

I would like to comment on some expe-
riences that we have had in the U.K. in 
reference to LISA. For something like six 
or seven years now, on one of the Ministry 
of Agriculture's experimental husbandry 
farms, we have been growing cereals in 
continuous cropping with varying levels of 
pesticide inputs. Basically, we have had 
three experiments; one of these was the 
control with the use of no pesticides at all. 
The next one involved merely spraying 
when there were indications that spray was 
needed because of some incidence of 
disease in the crop, and the other was what 
we call insurance spraying. This was anti-
cipating problems, and I believe I am cor-
rect in saying that the insurance system 
used roughly twice as much pesticide as 
what we call the managed system. Now, the 
interesting thing about this is that the 
economics of production were roughly the 
same from both the insurance system, that 
is, a lot of pesticide, and the managed 
system, that is, about 50% of the pesticide 
used. So, here was a situation in which 

 
 
Mr. Yoshisuke Kishida 
Japan 
 

One thing I would like to comment about is 
recently established growing to calculate the 
cost to the environment of many kinds of 
commodities, not only the agricultural 
product. That means that to preserve a 
healthy environment we have to think not 
only about the production process, but the 
marketing process as well. When we use a 
commodity we sometimes destroy the envi-
ronment, and after the use of a commodity we 
have the cost to the environment of each 
commodity, and that cost is not, as I said, 
purely on the production side, but in marke-
ting, in the use of the commodity and what 
happens after use of the commodity as well. 
Therefore, the calculation is very, very 
complicated, but we have to try to start to 
define the cost of the agricultural product to 
the environment, and our engineers have to 
try to reduce this cost with new, emerging 
technologies. We have to find the real cost, 
and in that case, the consumer has to pay for 
this cost. We have to do some demonstrations 
featuring this. 
 
 
J. Matthews 

Thank you for your useful contribution.  
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We now continue in our presentation and I turn 
the floor to Dr. Jongebreur, Director of IMAG for 
his report. 

Prof. Aad Jongbreur 
Netherlands 
 
MECHANIZATION FOR SLURRY 
MANAGEMENT (*) 
 
 
1. Introduction 
 

Livestock production has become more and 
more intensive over the past few decades in 
many European countries. This development has 
been stimulated by relatively cheap concentrates 
for animal nutrition and artificial fertilizers, 
among other things. 

Environmental problems have resulted from 
the fact that mineral imports (raw materials and 
fertilizers) now exceed exports (meat, milk and 
crops). In the Netherlands, these problems exist 
more or less throughout the country; however, 
regions differ in terms of the severity of the 
problem. In other European countries, such as 
Belgium, West Germany, France, Italy and 
Sweden, problems occur on a regional scale. 

The situation in the Netherlands can be 
illustrated by the following data. In 1985 and 
1986, annual nitrogen input in Dutch agriculture 
was approximately 1,145,000 tons (12). Output 
was estimated at 290,000 tons per year. The 
remaining 855,000 tons of nitrogen have to be 
considered as potential losses (air, ground water). 

In the mineral cycle, the most important 
factor in the loss of minerals is the relatively low 
utilization ratio of minerals by animals and 
crops. 

Environmental problems caused by 

(*) This report has been written in collaboration with G.J. Monteny 
- Agricultural Research Service Wageningen (NL) 
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intensive agriculture (livestock-keeping, arable 
farming, horticulture) are directly related to the 
surplus of minerals. The most important 
phenomena are: 
− phosphorus-saturated soils; 
− leakage of nitrate into ground water; 
− eutrophication of bodies of water. 
Another important phenomenon that creates 

environmental problems is ammonia emission 
from animal manure, which causes acidification. 
 
 
2. Legislation and Governmental Guidelines 

on Manure and Ammonia 
 
2.1 Phosphorus Restrictions 
 

The Dutch government introduced legislation 
on animal manure during the mid-1980's. 
Restrictions were imposed on the amount of 
manure that could be used on grassland, arable 
land and maize land. These restrictions (Table 1) 
were based on phosphorus. No predictions can 
be made for after the year 2000. The goal for the 
turn of the century is to apply as much 
phosphorus as can be taken up by crops, that is, 
creation of an equilibrium situation. 
 
 
2.2 Phosphorus-Saturated Soils 
 

Research has shown that about 300,000 ha are 
saturated with phosphorus because of the 
abundant application of animal manure over the 
course of many years. There has been discussion 
about the amount of phosphorus to be allowed 
on this land. 

Environmental specialists say that no 
phosphorus should be allowed as part of 
fertilization for the next few years in order to 
return to a normal situation with mini-mum 
phosphorus leakage. However, some additional 
phosphorus will be required to produce good 
crops. Therefore, legislation is not yet ready, but 
it should be approved in the near future. 



2.3 Landspreading Period 
 

In the Netherlands, there are also restrictions on 
the time of year in which the land-spreading of 
animal manure is allowed. No manure can be 
spread on grassland from October 1 to November 
30; on snow-covered ground, this applies from 
January 1 to February 15. Landspreading is not 
allowed on arable land and maize land from 
harvesting time to October 31. 

At the moment, a government advisory 
committee (17) has suggested extension of the 
restricted period from September to March for 
environmental reasons. This suggestion will be 
the basis of further legislation. 
 
 
2.4 Nitrates 
 

More attention is being paid both nationally and 
internationally to the problem of nitrates in 
ground water, lakes and seas. At the recent "North 
Sea Conference" in Noordwijkerhout, the so-
called "North Sea Countries" reached an 
agreement about a reduction in the flow of nitrate 
into the North Sea. In the next ten years, the flow 
of nitrate will have to be reduced by 50%. Dutch 
legislation on this subject is in preparation. 
 
 
2.5 Ammonia Emissions and Acid 
      Precipitation 
 

The role of ammonia in acidification has only 
recently been quantified. It has been calculated 
that ammonia contributes about 25% to acid 
deposition in the Netherlands (3). The other 
contributors are SO2 and NOx, which are mostly 
produced by industry and automobiles. 

Dutch agriculture is responsible for about 90% 
of total national ammonia emissions (estimated at 
240,000 tons per year). 

The government is now preparing legislation on 
ammonia which is aimed at reducing the national 
level of emissions by 

50-70% by the year 2000; total emissions in 1980 
are used as the reference. Table 2 (2) provides 
data on ammonia emissions from different types 
of animal production. 

A Strategy Plan (2) was developed and 
published in 1989 with regard to the reduction of 
ammonia emissions. The plan offers ideas for 
reductions in ammonia emissions from 
agriculture and a schedule for the introduction of 
new manure application techniques, housing 
systems and feeding strategies. Additional funds 
have been raised for research, development and 
the introduction of these techniques and systems 
on farms. 

3. Slurry Transport and Distribution 
 

One of the most important ways in which to 
handle slurry surpluses at farm level is through 
its transport and distribution to regions with a 
demand for animal manure. In most cases, this 
concerns arable farms. For a long time, the Dutch 
government thought that distribution alone would 
solve the manure problem. Recently, however, it 
has become clear that central processing will be 
needed in addition to transport and distribution to 
solve the manure surplus problem. 

A few years ago, the Dutch government and 
farmers' organizations founded the "Mestbank". 
The task of this institution is to oversee slurry 
and manure transport and distribution. The 
Mestbank is also expected to encourage the 
transport of high quality animal manure, that is, 
slurry with considerable dry matter content or 
manure from poultry farms. In order to encourage 
the transport of this kind of manure, a system has 
been created in which farmers with manure 
surpluses pay less for the transport of slurry with 
high dry matter content. This system is illustrated 
in Table 3 (1). 
 

The Mestbank's transport capacity is minimal. It 
makes use of several private 
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transport companies, private farmers, etc. In 
1989, about 13,500,000 tons of manure were 
transported a distance of 20 km or more. 
 

4. Mechanization for Application of Animal 
Manure 

 
A lot of attention is now being paid to 

improved prediction of the nutrient value of 
animal manure for crop production in order to 
utilize manure in a more optimal fashion and 
better protect the environment. By predicting the 
value of the minerals, it is possible to have their 
application coincide with crop needs. There are 
many different types of animal manure; there 
may also be significant differences in the amount 
of dry matter, nitrogen, phosphorus, etc., within a 
certain category of manure. Therefore, it is felt 
that an evaluation of animal manure based on the 
nutrients it contains, in combination with the 
history of the manure (animal nutrition, storage 
and handling), will help improve fertilizer 
management. 

In addition to predicting manure quality, the 
manure must be evenly spread over the field. 
Good mixing before field application is a must. 
Slurry spreaders should be properly set not only 
in terms of the required rate of application, but 
also in terms of even distribution in the direction 
of movement of the machine and in relation to 
operating width. 

Machines with good distribution systems have 
been developed through research carried out in 
conjunction with the farm machinery industry. 
However, some persistent problems are 
connected to plugging. Filters and cutting 
systems are being tested now in an attempt to 
solve these problems. 

Another important development in slurry 
application concerns the creation of application 
techniques and systems with low emissions. 

Research has shown that landspreading of 
animal manure contributes about 50% to 
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total national ammonia emissions produced 
by agriculture. Various types of application 
systems and techniques with low ammonia 
emissions have been developed for both 
grassland and arable land. Table 4 (8) shows 
the degree to which ammonia emissions can 
be reduced with the most important 
techniques and systems used on grassland. 

These data show that emission reductions can 
reach almost 100%. Injection (Figure 1) and sod 
injection, however, can only be used on about 1/3 
of all grassland in the Netherlands. These 
techniques generally cannot be used on wet peat 
soils and heavy clays. Irrigation and dilution 
have been developed for these situations, 
although legislation is being prepared that will 
limit the use of water for irrigation or dilution of 
slurries (Figure 2) in some parts of the country. 

In the case of arable land, significant reductions 
in emissions can be achieved with the equipment 
normally used. Table 5 
 (5) provides some data on emission reductions. 

These data show that tillage six hours after 
slurry application has a limited effect. It is also 
clear that intensive mixing of manure and soil 
(rotary harrow and rigid tines) or complete 
covering of the slurry with soil (plough) is most 
effective when carried out immediately after 
slurry application. 

Reductions in ammonia emissions are very 
important from an environmental standpoint 
(acidification), but there are also economic 
reasons why reductions should be attempted. 
Ammonia is, in fact, a nitrogen fertilizer, and 
extra nitrogen will become available to the crop if 
the ammonia is not lost. This means that a farmer 
can use less artificial fertilizer. If reductions in 
ammonia loss are not taken into consideration 
when planning fertilizing strategy, more nitrate 
may be lost to the ground water. 

Experience in the Netherlands with slurry 
application techniques that reduce ammonia 
emissions has provided a clear 



picture of the costs of these techniques 
and systems. Table 6 (4) lists the extra 
costs related to above-ground application 
with a vacuum tanker. 

On the basis of this data, it may be con-
cluded that slurry application with low 
emissions will increase costs somewhat. 
However, major savings can be obtained, 
especially in terms of artificial nitrogen 
fertilizers. 

 
5. Slurry Storage 

 
Total animal manure production in the 

Netherlands in 1987 was over 83,000,000 
tons. Table 7 (10) presents production 
figures for various types of livestock. 

In 1987, the animal manure surplus was 
approximately 20% of total production. 
Due to more strict legislation on phospho-
rus, the surplus will probably increase 
about 2,000,000 tons per year. 

In the Netherlands, in 1987, manure 
storage capacity was estimated at 
15,000,000 tons (10). This figure 
corresponds to 18% of total production 
and is based on an average s torage 
period of three months. Extending this 
period by 1.5 months (e.g., through 
stricter legislation on the period of the 
year in which slurry can be applied) 
would require an increase in capacity of 
approximately 5,000,000 tons (9). 

Slurries are mostly stored under live-
stock houses and in additional storage 
tanks outside the buildings. Most housing 
systems locate storage facilities under 
slatted floors. Almost 35% of cattle 
slurry is stored in tanks on the ground. 
As a result of 1990 legislation on 
ammonia, newly built storage facilities 
must be covered to prevent ammonia 
emissions. 

The Dutch government, in cooperation 
with research institutes and storage buil-
ding firms, has drawn up guidelines for 
the construction of slurry storage tanks. 
These guidelines include an exact descrip-
tion of building regulations. Research has 
shown that slurry tank covers and joints 
are susceptible to corrosion. Guidelines  
on 

covering materials and cover construction 
will be ready within the year. 

Various system can be used for slurry 
storage (Figure 3), including: 

− earth basins with liners; 
− aboveground tanks; 
− underground tanks; 
− manure bags. 

Earth basins with liners consist of earth-
backed basins with plastic coat ings .  
Underground tanks always have a cover 
that can be used as flooring for feed storage 
or a building. Aboveground tanks are placed 
at or partially below ground level. Table 8 
(6) lists frequently used construction 
materials. 

Manure bags are closed bags that are laid 
on the ground; they can be easily moved. 
Covers for aboveground tanks include the 
following: 
− roof framing; 
− tent structures; 
− floating covers. 
A roof or tent structure prevents rain 

water from getting into the tank; a floating 
cover does not, unless special steps are 
taken. 

Due to obligatory covering, more and 
more underground tanks have been built in 
the past year. Mixing is very important 
even in covered storage areas. 

A computer model (ACMES) has been 
developed to calculate the investment 
required and annual costs of various slurry 
storage tanks on the basis of functional 
demands. Table 9 (15) provides data on the 
investment costs, per metric ton, of various 
storage systems. All prices include value-
added tax. 

In some parts of the Netherlands, soil 
resistance is very low, and therefore 
storage tanks must have a pile foundation. 
The extra investment required amounts to 
about Dfl 65 per ton, depending on the 
length of the piles. Table 10 (13) presents 
the costs of some cover constructions. 

Investments in covers largely depend on 
the top surface of the tank. Tanks can be 
built higher (up to 5.0 m) to reduce this 
surface. The total operating costs of a 4.0- 
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meter-high, concrete slurry tank covered with a 
tent construction and provided with a mixer are 
presented in Table 11 (13). 

The additional costs of a pile foundation for 
this type of tank are approximately Dfl 8 per 
metric ton. 

 
6. Possibilities for Reducing 
    Ammonia Emissions From 
    Housing Systems 
 

Ammonia emissions from housing systems 
contribute approximately 35% to total national 
ammonia emissions. It is obvious that given 
future government restrictions on total ammonia 
emissions from Dutch agriculture the 
introduction of slurry application techniques 
alone is not sufficient. Measures concerning 
housing systems must also be taken. Below, the 
most important developments in this field are 
discussed. 
 
6.1 Pigs 
 

Research on new housing systems for pig 
production with lower ammonia emissions has 
concentrated on two areas: 
− the effects on ammonia emissions of three 

different housing systems with different means 
for the collection and removal of slurry; 
− the effect on ammonia emissions of three 

different flushing systems (Figure 4). 
 

The three different types of housing systems 
mentioned above are: 

- partly slatted floors with a 1.00-meterdeep 
cellar. Storage capacity is adequate for 
approximately six months, and storage occurs 
under the entire floor (A); 

- partly slatted floors with a 0.4-meterdeep 
cellar. The slurry is removed weekly. Storage 
facilities are located under the slats (B); 
− partly slatted floors with a sloped cellar 

under the slats. Urine runs off immediately to an 
outside storage facility. Feces 

 

36 

are removed with a scraper twice a day (C). 
This research was conducted in 1988. 

Ammonia levels were measured for one year 
(three fattening periods). Table 12 (16) presents 
the results of this study. 

 
These results show that there are no substantial 

differences in total emissions from the three 
housing systems. It may be concluded from these 
experiments that the slurry surface and weekly 
slurry removal have no influence on emissions. 
Therefore, in order to obtain a substantial 
decrease in ammonia emissions, all of the slurry 
has to be removed more frequently from the 
cellars. This conclusion has been the jumping-off 
point for a whole new research approach. On the 
basis of the foreign literature, it was found that 
flushing systems could be very effective in terms 
of smell reduction. Thus, three different types of 
flushing-removal systems were installed in the 
three houses: 
 

House 1:
A 10-cm layer of flushing liquid was always 
present under the slatted floor to collect feces 
and urine. At regular intervals, the mixture of 
flushing liquid, feces and urine was removed by 
means of drainage system. Fresh flushing liquid 
was brought in with a pump. 
House 2:
The principle is similar to that of House 1, 
except that removal of the mixture and the 
supply of fresh flushing liquid is handled by a 
pump. 
House 3:
Feces and urine are flushed a few times a day 
over the sloped floor under the slatted floor. 

 
These systems were then compared to 

completely slatted floors with prolonged storage 
underneath. A second reference was a pig house 
with partly slatted floors from which slurry was 
removed every other week. Initial results (16) 
showed that House 1 had the lowest emission 
levels (30% of reference levels). However, the 



other two systems also had relatively low 
emission levels as compared with reference levels 
(40-60% reductions). 

The recycled flushing liquid was prepared by 
means of a solid-liquid separation of the mixture 
of feces, urine and flushing liquid. The solids (11-
15% dry matter) were treated as manure. The 
liquid (approximately 2% dry matter) was aerated 
to convert the ammonia into nitrate (nitrification); 
this was followed by sedimentation. A part of the 
sludge was returned to the aeration tank. Then the 
flushing liquid was ready to be re-used. 
 
 
6.2 Cattle 
 

Approximately 70% of the cattle in the 
Netherlands is kept in cubicle houses with mostly 
natural ventilation. Since there are no reliable 
methods for measuring ammonia levels in 
naturally ventilated buildings, a house was built 
with mechanical ventilation. The results of 
measurements of ammonia levels from January 
through June, 1989, are presented in Table 13 (14). 

The ammonia emissions from this type of cattle 
housing are approximately 1 kg/cow.month. There 
is a tendency for emissions to increase during the 
spring due to higher temperatures and a higher 
ventilation rate. This becomes particularly 
obvious during the summer. Despite the fact that 
in the summer the cows are kept in the house 
during the night only, emissions are higher than 
during the winter (when cows spend both day and 
night in the house). 

Research into measures to reduce ammonia 
emissions from cattle housing systems is still 
being conducted. Potential solutions include 
acidification (pH reduction) of the slurry and 
flushing the slurry from the house floor. Other 
concepts include the rapid removal of urine by 
means of a sloping floor under the slats. 

Acidification with nitric acid is quite possible 
when the pH is kept below 4.5 (14). At this level, 
denitrification does not take 

place, and the ammonia is kept in the slurry. 
Because fresh slurry is constantly added to the 
storage cellar, nitric acid must be added every 24 
hours. The slurry must also be mixed well 
because the acid has to be distributed throughout 
the cellar. Several farms are already equipped 
with this system. Most of the research, however, 
is being done in a house for young cattle that has 
been specially built with forced ventilation. 
Emission reductions have only reached 40%, 
because nothing has been done to stop emissions 
from the slats and floors. 

It should be considered that the nitrogen content 
of the slurry rises from 2.5-3.0 to 7.3-8.4 kg/m3 
after acidification with nitric acid. Therefore, 
slurry application must be carried out in small, 
carefully dosed quantities. 

When this system has been perfected, it is 
expected that slurry storage outside the building 
will not require covering since all bacteriological 
processes related to nitrogen and ammonia are 
blocked at a pH of 4.5. Even aboveground 
landspreading will perhaps remain a possibility 
with acidified slurry. However, further research 
is needed in this regard. 

It has been mentioned that when the slurry is 
acidified in the cellar under the slats, nothing is 
done to reduce emissions from the slats and the 
floor. However, a flushing system has been 
designed for this purpose for slatted and concrete 
floors. Tubes with nozzles are used for flushing. 
Feces are quickly flushed off. Acidified water and 
acidified slurry (after separation) can be used for 
flushing water. When water has been used as the 
flushing liquid, emission reductions of up to 50% 
have been observed. The use of water means an 
increase in slurry volume; therefore, further 
research is being carried out with acidified and 
treated slurry. 
 
6.3 Poultry 
 

Research on possibilities for the reduction of 
ammonia emissions from poultry 
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housing has been ongoing for several years. 
Ammonia emissions have been measured in three 
different types of manure removal systems in 
tiered housing. The results are contained in 
Table 14 and in Figure 5 (7). 

The table shows that common battery housing 
has a high level of ammonia emissions. Houses 
with manure removal belts have significantly 
lower emission levels. The manure must be 
removed daily. 

Attention must be paid to storage of the 
manure. Untreated poultry manure with a 
relatively low dry matter content can be stored in 
covered tanks. When a drying unit is used, the 
manure must have a mini-mum dry matter 
content of 70% to prevent composting from 
occurring during storage. Additional equipment 
is required because belt drying systems can result 
in a dry matter content of 40-50%. When the 
manure's dry matter content is lower, composting 
takes place with the subsequent formation and 
emission of large quantities of ammonia. This 
must be prevented. 

Further drying of pre-dried manure can be 
accomplished on the farm or at centralized 
facilities. Some pilot installations are already 
operating. The end product has a dry matter 
content of approximately 90% and can be 
exported. 

In the Netherlands, broilers are kept in houses 
with litter. Research has been done on ammonia 
emissions from these types of houses, two of 
which were compared. One house had an un-
insulated floor, and the other had an insulated 
floor with floor heating. It was observed that 
hardly any ammonia was emitted during the first 
three weeks of the fattening period (total of 6 
weeks) in both houses. Afterwards, however, 
when the animals began to grow rapidly, manure 
production rose significantly. Table 15 (9) 
presents results with regard to ammonia 
emissions. 

The housing with the insulated, heated floor 
fared somewhat better. It is obvious that the 
dryer the litter the less ammonia will be emitted. 
Floor insulation and heating have some effect on 
the litter's dry 
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matter content, but they are far more effective 
when the spilling of drinking water is 
prevented. 

Research has begun on new housing systems 
for broilers with low ammonia emission levels. 
The goal is to increase the litter's dry matter 
content by means of aeration of the litter on a 
perforated floor. Initial results are promising. 
 
7. Conclusions 
 

The seriousness of the environmental 
problems caused by Dutch agriculture requires 
a well-coordinated, goal-oriented program of 
research designed to come up with short-term 
solutions. The Dutch government, farmers' 
organizations and cooperatives connected with 
animal production have raised funds for 
research on problems related to manure and 
ammonia. Research on the mechanization of 
slurry management plays an important role. 
Several important solutions have been found in 
this field. Mechanization has made a 
substantial contribution to the solution of 
environmental problems, especially with regard 
to the reduction of ammonia emissions and 
improved use of animal manure on grassland 
and arable land. 

More work is required on housing systems; 
however, some promising results have been 
achieved. Farmers will tend to become manure 
managers who, with the aid of mechanization, 
will help solve environmental problems related 
to animal manure. The general goal is to 
promote healthy agriculture from both an 
economic and ecological point of view. 
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                             Note: total costs of transportation are different for most of the provinces with manure surpluses (Limburg 
                     f 15,75; Southern Holland f 10,25) and for the different types of slurry. Also the distance in transport has to be 
                     at least 75 km for provinces with manure surpluses). 
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J. Matthews 
 

Thank you very much Dr. Jongebreur for your 
presentation. I should like to divide up our 
discussion into four points: legislation in relation to 
slurry management, application of slurries, storage 
of slurries and handling the problem inside housing. 
I think under the first heading we strayed quite 
usefully into the second and third part and dealt 
quite a lot with application and quite a lot with 
storage and treatment, both anaerobic and aerobic. 
Before turning to handling in housing—to some 
extent we have talked about that in relation to solid 
wastes—could I ask if there are further points on 
application or storage? 
 
 
 
R.J. Godwin 
 

Mr. Chairman, I would like to ask Dr. Jongebreur 
something: his comments concerned limitations of 
injections, and those comments were related to wet 
peat soil and heavy clay soils, true? What does he 
see as the limitation there? 
 
 
A. Jongebreur 
 

Limitations on the application of those techniques 
mainly concern damage to the soil, especially in the 
case of grasslands, where the grass grows less and 
thus there is more damage to the openings that are 
made. You need much more horsepower on your 
tractor. The last point concerns damage due to the 
weight of the machines and problems with the 
environment. In other words, if you have a high 
ground-water table, the risk of leaching and nitrates 
are higher, especially with the application of, let's 
say, 30 to 40 cubic meters per hectare. 
 
 
R.J. Godwin 
 

Thank you very much. I can see some 

of the problems, but we've had some 
experience on heavy clay soils and most of the 
problems associated with that have come from 
pulling tankers. If we avoid using the tanker 
and go to the flexible hose delivery system, 
then there is a lot to be gained in terms of 
minimizing damage, and we can actually work. 
Although the draft is there, an 80 kW tractor 
can handle four injector tines in some very 
heavy and wet clays where the going is very 
difficult. 
 
J. Matthews 
 

Are there any further questions on the subject 
of legislation, application or storage? If not, 
then perhaps we can move on to questions of 
housing. You will recall that this section in the 
paper dealt with possibilities for the reduction 
of ammonia emission from housing systems, 
and I think today we have heard some 
comments about bio-filters and their limited 
effectiveness. We've heard elsewhere, 
certainly, about the use of chimneys from 
buildings, and there is the use of chemicals to 
deal with the atmosphere and no doubt some 
other methods to reduce the generation of 
ammonia or dissipate it elsewhere. I think it's 
an area of growing importance. Mr. Jongebreur 
signaled it to me as the most important of all 
the areas. Can I have any comments about 
ammonia and odors together in buildings, 
please? 
 
A. Munack 
 

I think this is more of a comment than a 
question, because I find it very challenging 
when I look at the possibilities which you 
mentioned in your paper, that is, the addition 
of liquid acids, for instance, which should take 
place in the housing in order to avoid any 
ammonia loss. Then there is the fact that the 
ventilation system and climate control should 
be constructed in conjunction with 
construction of the floor. I think that the whole 
package would be a good 
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proposal for a symposium. I definitely think that 
research in this area would be very good in that 
sense; tackling all these different things together 
would be quite challenging. 

      
     A. Jongebreur 

 
I agree with Professor Munack on this 

point. 
I think I handled the theme from the point 

of view of slurry management, but when you 
are looking at it from the point of view of 
good design of livestock housing, it is quite a 
bit more difficult to implement slurry 
management or slurry treatment with low 
ammonia emissions because of the fact that 
you also have to deal with ventilation 
systems, and you also have to deal with the 
needs, and indeed meet the needs, of the 
animals, especially with regard to welfare. 
This makes waste treatment more difficult 
than what I discussed in my paper, but it was 
connected to slurry management. 

 
     J. Matthews 

 
Any further comments on the building or 

housing situation? I was going to talk with 
our Japanese colleagues while we were on the 
bus, but somebody said to me, "Well, surely 
they keep animals in very small numbers and 
one doesn't have the concentration, so, 
Professor Kitani, are there problems in 
Japan?" 

 
     Prof. Osamu Kitani Japan 

 
Well, for pig houses, we have quite a high 

concentration, and we have some bio-
treatment systems, and they help prevent 
pollution, but for cows we don't have such a 
large-scale system, so we don't have such a 
serious problem. 
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J. Matthews 
 

How would you define your bio-treatment 
system? 

0 .  Kitani 
 

Oh, just ordinary. Some are simple aeration 
systems and some are more sophisticated. 
 
Dr. Brian Legg UK 
 

Can I ask, if one goes to a deep litter or 
straw-based system, what is the ammonia 
release from that system, and what percentage 
of nitrogen is preserved at the end of the 
period? 
 
A. Jongebreur 
 

It is not well known at the moment, because 
what you are doing with the deep litter system 
is mixing it every week with a substrate of 
bacteria which prevents the release of 
ammonia, so what you get is a kind of 
nitrification and de-nitrification within the 
litter, and you get the release of pure nitrogen 
and nitrous oxide. We have not mentioned 
ammonia emissions, but rather the release of 
nitrogen and nitrous oxide. And when you 
have a litter from half a meter up to 70 
centimeters, it is possible that there is some 
leakage under the litter, but this system is 
currently under development, and not much 
data is available at the moment. 
 
Prof. Franco Sangiorgi 
Italy 
 

Could Dr. Jongebreur please tell us if he has 
any figures on the total solids removed, 
processed and exported from the Netherlands 
up till now? 



A. Jongebreur 
 

No, I have no figures on this at the 
moment because this figure changes con-
stantly. But in any case it is not very high. 
There is some export of dried poultry 
manure to France; dried, processed poul-
try manure has a dry matter content of 
90%. And there is some export of pig 
manure—dried, pelleted pig manure—but 
the quantity is very low. I think most of 
the exported manure is dried poultry 
manure. 
 
 
J. Matthews 
 

Thank you. I think we'd better stop 
there as we have two hours for our remai-
ning two papers, so our thanks to Mr. Jon-
gebreur for his excellent presentation. It's 
obviously an area with a lot more work to 
do that needs a lot of concentration, and I 
hope that the collaborative thoughts that 
have come out here will be taken up during 
the moments outside the meeting. 

Well, perhaps I could call on Professor 
Baraldi from the Agricultural Machinery 
Department at the University of Bologna. 
He and his team have done a great deal of 
work on improvement of techniques for 
application of agro-chemicals, and I am 
sure that he will lead us well into that 
topic. 
 
 
Prof. Gualtiero Baraldi Italy 
 
THE INTERACTION BETWEEN 
MECHANIZATION AND 
CHEMISTRY 
 
1. Introduction 
 

Chemical substances are used in 
agriculture to encourage crop 
development and production. Adoption of 
a type of agriculture that does not make 
use of the chemical treatments that plants 
require for their nor- 

mal development and the protection of their 
final products is highly problematic. There 
seems to be no sound alternatives to the use 
of chemical substances, although 
convincing solutions based on reduction of 
the total amount of chemicals applied are 
now being put forward. 

In addition to agricultural mechanization, 
the use of chemical substances generally 
involves the field of agronomy, envi-
ronmental protection and questions of 
hygiene and sanitation. Therefore, solutions 
to this problem must be based on multi-
disciplinary cooperation among these 
sectors. This naturally involves engineers, 
farmers, farm workers in general, 
machinery manufacturers, product users 
and others. 

Considerable attention has recently been 
paid to the use of chemical substances. 
Herbicides, pesticides and manure are the 
major sources used in agriculture. They are 
applied to the both soil and the plants, in 
specific locations or spread over an entire 
surface, with the use of special mechanical 
equipment. The machinery's task is to 
distribute the product in the doses and forms 
necessary to guarantee the maxi-mum effect 
while still respecting the work environment 
and attempting to protect the people who are 
directly or indirectly involved in the result. 

Attention has especially been paid to anti-
parasitic substances that are generally used 
in the liquid state, while manure is usually 
applied in solid, granular form. However, 
operations are also performed with solid 
anti-parasitics and manure in water 
solutions and suspensions. 

The discussion that follows concentrates 
on the distribution of anti-parasitic products 
in liquid form, focusing on up-to-date 
equipment and the most recent knowledge 
and experimentation in this area. 
 
 
2. Spraying Machines 
 
 

These machines are capable of producing 
drops and distributing them over a tar- 
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get. Their features vary in terms of con-
struction complexity, size, materials used, 
etc. Manufacturers offer well-equipped 
(sometimes with sophisticated instru-
ments), self-propelled machines and trac-
tor-drawn machinery capable of doing 
large volumes of work as well as very 
simple equipment with or without trailer-
mounted or packsaddle motors for small 
surfaces and economically poorer areas. 
All machines are expected to be efficient, 
reliable, multi-purpose and safe, since the 
same machine may be employed in opera-
tions with varying requirements when it 
comes to doses, targets, type of parasite 
and type of product. Available chemical 
products have a certain level of toxicity 
on the basis of which the risks run by 
farmers in the case of contact and/or 
ingestion and/or inhalation are defined. 
Therefore, it is important to use the right 
equipment with clearly defined features 
and precision adjustment; in addition, the 
personnel employed must be well trained 
and aware of the risks involved in the 
operation. Every machine has a vector that 
brings together the main elements needed 
for its operation and a distributor that 
transforms the liquid mass into drops and 
projects them on the target. The 
components mentioned above can be 
broken down as shown in Tables 1 and 2. 

Classic spraying machines (bar-type and 
air convection) can produce drops of 
approximately 200-500 microns, which are 
quite satisfactory for medium-to-large 
volume weed-killing and plant-protection 
treatments. The flow of air generated by 
the fan (with blades, hence radial) 
transports the drops, but it can also 
provide anti-drift barriers. The air current 
produced is about 10-15 m3/s with an 
outgoing speed of 25-35 m/s. 

The flow of air generated by the fan 
(centrifugal) in pneumatic spraying 
machines is 2-5 m3/s with a speed of 80-
100 m/s. Drop size varies from 80 to 200 
microns, and this is an important 
characteristic for the distribution of small 
and very small volumes. 
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Centrifugal spraying machines with 
rotating spray nozzles of various types pro-
duce uniform drops whose size varies from 
60-70 to 300-400 microns. Therefore, 
these drops are useful for very small volu-
mes used on trees and in weed-killing. 

The machines described above are or can 
be equipped with devices for electrostatic 
charging of the drops during distribution in 
order to aid in their direct application to 
the target. These devices generally work 
by induction with the use of high voltage 
magnetic fields crossed by just-produced 
sprays. 

A thorough examination of the existing 
fleet of machines shows a significant pre-
ference for classic machinery where the 
liquid is under pressure. However, increa-
sing interest is being taken in pneumatic 
spraying machines and, to a lesser degree, 
centrifugal machines, especially when it 
comes to the distribution of small volumes. 

The important role played by the machi-
nery, which is responsible for uniform 
distribution of the anti-parasitic product 
according to established doses and proce-
dures, has only recently been recognized. 
Evaluations of these operations tend to 
concentrate on the qualitative aspects, 
especially limitation of the amount of che-
mical applied and its dispersion through 
the use of minimum doses and, wherever 
possible, localization of the product on 
rows and strips of vegetation. The ten-
dency to focus on these aspects has contri-
buted to a limited interest in air-borne 
machines, whose enormous work capacity 
and lower costs are eclipsed by the fact 
they are unable to handle segmented, direct 
application on a target or overcome the 
effects of drift. 

A wide range of spraying machines is 
commercially available to meet the widely 
varying requirements of the fight against 
parasites on targets with very different cha-
racteristics. 

This extensive fleet of machinery can 
also be characterized according to color, 
shape and distribution of the parts on the 
frame. The shape of the tanks, the charac- 



teristics of the hydraulic mixers, the layout 
of the fan parts, the layout of the equipment 
providing the flow of air and liquid, the size 
and the instrumentation are all elements that 
vary from one type of machine to another 
and from one manufacturer to another. The 
placement of the various parts and the 
performance connected with these are, or 
can be, elements that affect the uniform 
distribution of anti-parasitics. Furthermore, 
the operator's experience, the right choice of 
machinery, its correct use, the type of 
control adopted and good maintenance are 
also important elements. 

Spraying machines also apply liquid 
manure, although the specific requirements 
of the substances to be distributed must be 
taken into consideration. 
 
3. Technological Contribution 
 

Manufacturers pay special attention to 
those parts of the machine that have a direct 
impact on the quality of the job. The main 
distribution elements, the instrumentation 
responsible for controlling the sprayer, the 
various protection and safety devices and 
comfort features play a significant role in 
this regard. Many manufacturers use 
special materials in parts that are highly 
susceptible to mechanical and chemical 
wear. 

Some machines have several spraying 
heads which make it possible to quickly 
adapt the machine to different treatment 
requirements. The use of identifying colors 
and abbreviations simplify the choice and 
analysis of particular types of performance. 
Many manufacturers use centralized filters, 
which may or may not be self-cleaning, 
adjustable hydraulic mixers, fans which are 
capable of proportioning the flow, extra 
tanks for the preparation of mixtures and 
for operator hygiene, and instrumentation 
that can inform the operator about work 
conditions. 

In terms of machinery design and crea-
tion, there is a tendency towards standardi-
zation of components that must be frequent- 

ly changed. This is expected to simplify both use 
and maintenance. 

Research has led to interesting solutions 
with regard to the placement of sprayers in 
relation to the shape of the target to be 
treated, especially when it comes to trees and 
shrubs. Examples include bars with variable 
geometry located on several parts, the 
flexibility of sprayers on a vertical and 
horizontal plane designed to create the right 
kind of air-water flow, and bars protected by 
two side walls or walls on every side, with or 
without liquid recovery devices. These 
solutions prove that it is possible to 
considerably decrease product loss to the 
ground while simultaneously reducing the 
drift effect. All of this is possible if the type 
of stock farm and the plant size are made to 
conform to the needs of the machine. 

"On-board instrumentation", which makes 
it possible to precisely adjust pro-duct 
distribution and control the machine while in 
operation, is becoming a frequent addition to 
modern machinery. While this 
instrumentation raises the cost of the 
machine, it also provides extremely useful 
information for operators and helps limit, or 
even prevent, mistakes in the volume 
distributed. 

In addition to these positive aspects, 
researchers and manufacturers also con-
centrate on problems, such as recovery of the 
undistributed liquid and the washing, 
distribution or recycling of anti-parasitic 
product containers. The initial approaches to 
these problems are already providing 
interesting, simple solutions. The chemical 
industry is also investigating safer 
packaging, water-soluble containers and 
purifiers for undistributed substances, based 
on mechanical, chemical and micro-
biological action. 
 
 
4. Experimental Indications 
 

Some comments should be made about the 
results of research, which has been 
intensifying over the past few years, espe- 
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cially as a result of the increasing attention paid to 
environmental problems. In addition, these 
results should point out the problems that need to 
be tackled in the future. There are still many 
long-standing, complex problems to be solved, 
and their incomplete answers are connected with 
the identification of optimal volumes and doses 
and their correct application. 

The quantity of liquid distributed has been the 
subject of many studies, especially in the case of 
fruit-growing; the orientation has been towards a 
gradual decrease in volumes. With the right 
machinery and the necessary care (connected 
with the preparation, distribution and disposal of 
highly concentrated products), it is possible in 
many cases to distribute 400-600 1/ha, instead of 
the usual 2000-3000 1/ha, in densely-packed 
fruit-growing areas by increasing concentrations 
and reducing drop size proportionally. A further 
reduction in volume (less than 100-150 1/ha) is 
not generally applicable, at least with water 
solutions and suspensions. Medium-sized 
volumes can be applied with any type of 
machine, as long as it has been properly 
prepared, whereas small volumes do better with 
pneumatic and centrifugal spraying machines 
(Figures 1, 2 and 3). 

Reduced volumes have a positive effect on a 
machine's work capacity, since they influence the 
amount of time required to restock. However, 
this is also connected with the machine's specific 
characteristics and the extent of the area to be 
treated (e.g., it has been observed that by reducing 
the volume eight times, the machine's work 
capacity can be doubled) (Figure 4). 

The amount of dispersed product that has 
missed the target often proves to be significant, 
especially when the target's development and 
size are not uniform throughout the period in 
which a series of operations is carried out. In any 
case, dispersion increases when the supply and 
the target are too far away from each other and 
when air currents are used (Figure 5). The many 
tests conducted show that a 
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significant amount of product misses the target, 
even when plant development has reached its 
maximum (e.g., values of 10-20% and higher in 
the case of anti-cercospora treatments and trees). 
These values increase under unfavorable 
treatment conditions (e.g., plants with widely-
spaced leaves, intense air currents, high 
operating pressure, etc.). Walls around spraying 
machines operating on fruit crops and vines are 
capable of cutting ground dispersion in half 
(Figure 6). 

The so-called "drift effect", which occurs when 
drops stray from the treatment area, has always 
been considered during field tests. Antiparasitics 
can stray quite far from the confines of the plot. 
Machines placed on the ground have observed 
chemicals deposits, under normal conditions, at a 
distance of 5 to 15 meters. This figure appears to 
depend on whether or not horizontal flows of air 
have been used for drop transport, the type of 
adjustment of the spraying machine (high 
pressure encourages this effect), the presence or 
absence of antidrift air currents, and the presence 
of equipment screening the pro-duct source. This 
aspect becomes more apparent with airborne 
machines and is closely connected with 
meteorological conditions at the time of 
treatment. The operator also plays an important 
role, since he can affect the extent of drift by 
opening and closing the flow mechanisms, adju-
sting the machine, choosing the route, etc. The 
drift effect occurs in the longitudinal and 
transversal directions with respect to the route 
taken by the machine. 

The uniformity of distribution is often 
satisfactory with the use of horizontal bars, which 
can provide sufficiently uniform patterns. 
However, uniformity becomes a problem when 
distribution is carried out on a vertical plane, 
mainly because the lines of flow and those of the 
target are arranged differently (Figure 7). The 
need to penetrate vegetation leads to the use of 
air cur-rents with both vertical and horizontal 
treatments; the resulting turbulence encourages 
penetration but works against 



uniform distribution. 
A greater amount of pesticides is found on the edge 

of the plant in the case of very dense surfaces. A 
similar effect is caused by electro-static distribution. 
With regard to electro-static systems, it should be 
mentioned that many years of testing have not been 
sufficient to identify the effects of this treatment. 
5. Conclusions 
 
 

Several methods have made a significant 
contribution to the reduction of chemical substances 
used in crop protection. For example, identification of 
optimal work periods makes it possible to reduce the 
number of insecticide applications. Localized 
distribution on the plant (e.g., trunk injection) or in 
strips along crop rows or in a line inside small furrows 
significantly decreases the amount of chemical sub-
stance required. The use of highly reduced doses with 
repeated applications (which also make use of the 
synergy of several products) can also decrease the 
amount of chemical that reaches the ground, and thus 
this method will probably become common in certain 
types of weed-killing. Further contributions can be 
made by the field of agronomy, which can help plants 
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J. Matthews 
 

Thank you Prof. Baraldi for that review of the 
subject. Now, it seems to me that I'd again like to 
divide up the discussion, but perhaps I'll first ask 
if there are any general questions that people 
have, because one hand from Mr. Sarig has gone 
up already. 
 
 
Dr. Yoav Sarig 
Israel 
 

With all due respect, I was under the 
impression that this Club is not here to issue 
directives, but rather to influence public policy, 
and I think that maybe Professor Baraldi was sort 
of misdirected. But at least my perception was 
that we should not simply have a review, but 
rather focus on critical issues that need to be 
addressed either by further research or other 
sources. The application of chemicals in 
agriculture is a very crucial aspect; I mean it is 
both costly and hazardous, and so we need to 
evaluate, for instance, aerial versus ground 
machine application. This is a major issue, at 
least in some countries. There are pros and cons 
for both: problems with drift, problems related to 
the use of some new high-tech machine vision, 
for instance, to pinpoint spray application. I 
mean, the ultimate goal of this discussion should 
be to decide what we should focus on, what the 
priority is in terms of research. Obviously, we 
can't handle everything. This is just a general 
observation. 
 
 
J. Matthews 
 
I had divided it up into some of the things you 
said for discussion, but as you raised it, I'd be 
interested if you would perhaps deal with the first 
point of aerial- versus ground-based spraying. I 
say that particularly with the consciousness that 
in our part of the world aerial sprayings seem to 
be on the way out for environmental reasons. 

Y. Sarig 
 

Yes, this is definitely the case in many 
countries. I think even in some states in the 
U.S.A. this is the case, and Professor Hegg can 
correct me on that. I don't know if it seems to be 
on the way out, but it's definitely debatable. On 
the other hand, in some areas, for instance, 
Australia, South Africa and even Israel, 
sometimes this is still the only efficient or 
possible mode of application. We are talking 
about applying chemicals in a very short time 
over difficult, muddy or other types of terrain. 
For instance, spraying cotton seems to be the only 
viable method. There are many obvious 
drawbacks, one of which is drift. But companies 
that offer aerial application are concerned with 
that; for instance, new improvements in aerial 
application include changes made on the boom 
dispersion to provide better penetration and 
possibly reach the underside of the leaf. Aerial 
application is still used, not in Europe, but in 
many parts of the world: in Africa, Australia and 
Asia, it is still a viable method. I'm sure there is 
still room for further improvements in its 
targeting. One aspect that has still not been 
addressed by companies is how to measure the 
uniformity of application. The method itself is 
very easy from the grower's point of view; all he 
has to do, at least in our country, is pick up the 
phone and ask the applicator, that is, the 
company, to come on a specific day at a specific 
time and that's it. All he has to do is just sign for 
the pilot who is doing it. Nobody knows how 
much, in terms of material, has been put on the 
ground or how uniform it's been. They have to 
rely entirely on the discretion of the pilots, and 
even they sometimes know very little about the 
mechanism of aerial application. All they know is 
that they are damn good pilots, but that's all. 
 
 
G. Baraldi 
 

In Italy, there are two big problems, and  
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these same problems exist all over the world. 
They both concern improvements in distribution 
and protecting the environment. One of these 
problems concerns the condition of the 
machinery, the technology and the machinery's 
capacity to distribute evenly. Here, there are two 
problems: one concerns new machines and 
choosing from among what is on the market, and 
another serious problem concerns farm 
machinery which does not function well because 
no one looks after it. Another basic problem is 
the application of pesticides. This problem is 
related to technology and the application of 
technical machinery. This second problem also 
brings up others connected with it, the worst of 
which concerns fruit trees and the target, which 
varies from case to case even over small surfaces. 
The characteristics of the target also vary during 
the year, depending on the state of the 
vegetation. 

We are now working on both these problems 
in order to provide guidance which ranges from 
the regulation of mechanical means to the search 
for the optimum volume to be distributed and the 
best doses to be applied for product efficiency. In 
addition, a lot of attention is still paid to 
decreasing the use of chemical substances in 
agriculture, to treatment of only a part of the 
plant (the target), as well as to the use of 
mechanical treatments, such as removing 
machinery. 
 
 
J. Matthews 
 

Thank you. We have discussed all these things 
earlier today as possibilities, and what I think we 
need to do now is to look at them one at a time 
and see if we can take them any further. Where 
are the advances to be made? I think the first 
point you made is a very good one, that is, that 
many of us find that the spraying of bushes and 
trees is the most worrying area because it is the 
least efficient. One thing I notice that has been 
explored in Italy is the question of catching 
drifting spray and 
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recirculating it. There was a mention earlier 
today of being able to cover individual plants 
perhaps and recirculate spray to have a trapped 
environment. We have the possibility of using 
air; we have the possibility of using electro-
statics. Now, do we have any feeling about how 
we should move in terms of spray physics with 
these mechanisms and devices? Where is likely 
to be the best success in spray physics? Does 
anybody want to put forward their bright ideas? 
 
 
A. Munack 
 

I don't have a bright idea, but I would like to 
pose a concrete question about our activities 
which could perhaps give us an idea of where our 
development is headed. We have mentioned 
electro-static devices and recycling devices, and 
I would like to know about the efficiency of 
those. Can anyone tell us about how much is lost 
with a modern electro-static device and a modern 
sprayer? 
 
 
Y. Sarig 
 

I'm not a sprayer specialist, but we have had 
quite a lot of experience in our institute. 
Unfortunately, although work on electro-static 
spraying has been going on for forty years, at 
least in the case of documented investigations, 
there is no evidence whatsoever that an electro-
static sprayer in the field can do a better job than 
a traditional sprayer. 
 
 
J. Matthews 
 

In the case of trees, we have electro-static 
spraying with 50% increased deposition on the 
leaves. In field crops, my judgment would be that 
we have not increased the deposition on ground 
crops, but we have reduced the drift with electro-
statics by 50%. 



G. Baraldi 
 

As far as electrostatics are concerned, there are 
many problems. First, Dr. Swig posed the problem 
of drift. As far as electrostatics are concerned, it is 
true that this has been studied for many years, and 
yet things are not clear, and this is already a 
significant result. I can describe studies that we 
have conducted, and the results that we have 
obtained on trees. With electrostatics, application 
on the peripheral part of the plant was improved, 
and, in particular, developing fruit was better 
protected. 

Meanwhile in other studies we conducted on 
weedkillers, there were problems concerning the 
equipment, that is, application of electro-static 
equipment. We saw in one of the slides a machine 
equipped with electro-static devices, and we are 
now working on this in an attempt to obtain some 
answers in our region on grassy plants. 

I would also like to add something with regard 
to what the gentleman said earlier concerning the 
drift effect. 

This is a great problem for tree crops; indeed, it 
creates a multitude of problems, the most 
important of which concern the environment and 
the shape of the plant. We have seen product loss 
where the pro-duct misses the target by 90% when 
the plant is completely without leaves; that figure 
can be 7, 8 or 10% under optimal working 
conditions, and that's why we're looking for 
solutions. 

They are still in the experimental stage, but they 
are starting to provide satisfactory results with the 
use of a tunnel which encloses the plant. We 
already have a prototype machine for fruit plants 
and two for vineyards. 

One of the two for vineyards was the one 
shown on the slide; the other is a multiple-use, 
self-propelled machine, which can also be used 
for treatment and has an entirely enclosed tunnel 
on its lower portion. The results in terms of 
efficiency have been very good in this sense. 

Dr. Graeme R. Quick I.R.R.I. 
 

Let's turn our minds to something else. In the 
Third World, there are some enormous problems 
with chemical use and application, and I would 
like to put this into the system for discussion. We 
need innovations, and we need several areas to be 
addressed. Maybe, people in agency positions 
who are looking for ways to support and assist the 
Third World should take these points on board. 
Number one: there is a need for standards for the 
manufacturing of pesticide-application equipment. 
In the developing world, we need some help in 
that area because a lot of the equipment which is 
sold is substandard. Oftentimes, equipment is sold 
that, if the operator leans over, causes the sprayer 
to dribble chemicals down his neck. There are 
frequent problems with pesticide drift on the 
operator, and the amount of operator contamination 
is enormous. We have done some preliminary 
medical studies at IRRI, and we are finding a very 
large percentage of operators with very serious 
health problems caused by pesticides. Number 
two: there is an enormous amount of homicides 
and accidental poisonings with chemicals in the 
Third World. It is a fairly common way of killing, 
one women use to kill their husbands. There is a 
need for innovation to improve the way that 
pesticides are distributed in the Third World. There 
is a need to look at containers and the way that 
pesticides are distributed in the Third World, and 
there may be room here for engineers to come up 
with some innovative ideas in that respect. And 
then there is the problem of application of active 
ingredients and mixing, which is another problem 
whose solution may involve mixing in small, hand-
held sprayers or mixing at the nozzle. Oftentimes, 
farmers who make a mix and have some of the mix 
left over after finishing their fields, simply unload 
it into a channel or the irrigation system. These 
are areas in which engineers could make some 
contributions. I am throwing this out as a 
challenge. 
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J. Matthews 
 

Thank you. I'll just comment on the first one, 
and then I'll turn the others over to somebody 
else. The standards for design, particularly of 
pedestrian-controlled equipment, I remember 
from my time in India as an area with a lot of 
effort going into it and some very good design 
standards. 

Perhaps I can turn then to the second and 
third problems: how you supply it and direct 
injection of the concentrate. I'm sure somebody 
would like to talk on that one. 
 
 
Prof. Paolo Balsari Italy 
 

I just want to say something about what 
Professor Baraldi has already said. Pesticide 
application is a problem that involves not only 
agricultural engineering, but also other areas, 
and I think that there must be closer cooperation 
between agricultural engineering and those 
people who make chemicals and pesticides. In 
other words, I think that at the moment we are 
able to create a spraying machine that 
distributes a certain amount of liquid with 
droplets of a certain size and a certain number 
of impacts. But what we don't know is the 
minimum number of impacts required and the 
minimum droplet size needed to obtain a 
successful treatment result. 
 
 
J. Matthews 
 

Well, we're getting back to the rather general 
again. 

There is work in progress, and collaborative 
work between agronomists and engineers, to 
again try and get a more precise definition of the 
quantities and droplet sizes that are optimum. I 
think that Dr. Quick has challenged us to think 
about systems where the concentrate is injected 
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nearer to the spray nozzle. I think we need to 
deal with this one a little more because it's 
fundamental, not only to safety, but probably to 
localized spraying as well, where you are going 
to want to turn on and off the delivery system. It 
is difficult to turn on and off water without 
drippling and not establishing the spray 
properly. Does anybody want to contribute on 
the future of concentrate mixing at the nozzles? 
 
 
Dr. H.L. Musa 
Nigeria 
 

Mr. Chairman, I think that you are the person 
who could say it best, because when I was at 
your institute I saw that there was research 
activity attempting to minimize contamination 
by injection of the chemical liquid only at the 
time of application. Could you elaborate on 
what I have said? 

B. Legg 
 

I will make a comment on it as regards 
engineering. We have, as you say, developed a 
system for direct injection, and there are now 
three or four systems on the market. Personally, 
I think it is a correct direction to go in for 
reasons concerning operating safety as well as 
environmental aspects and for a whole variety of 
reasons, but I would say that all the systems that 
have been developed so far are far more 
complicated than bulk tank systems, and they 
are more expensive. I think that trying to 
develop a direct injection system for a hand-held 
system for less developed countries is a superb 
target, but I think that we shouldn't fool 
ourselves into thinking that it's an easy one. I 
think it will take many years to develop a 
system that is cheap and robust and reliable to 
use in developing countries for direct injection. I 
think it's a good target, but it will take many 
years. 



B.D. Witney 
 

Could I raise a more general problem in relation 
to the comments which have been made on hand-
held sprayers? Should we actually be 
concentrating further and finally on hand-held 
sprayers knowing the problems involved in 
handling these very dangerous chemicals? I 
believe that we should be phasing out rather than 
improving these sprayers. 
 
 
H.L. Musa 
 

I wish to state, Mr. Chairman, that I agree with 
this, but I would like to say a little bit more on the 
use of the "Electrodyne". Can someone here say 
something more about its use, since it is, in a way, 
an electro-static applicator. If that is true, I have 
found out that there is less contamination with the 
use of the "Electrodyne" than with any other type 
of sprayer, especially hand-held sprayers. So in 
terms of phasing out common sprayers, especially 
hand-held ones, some interest should be taken in 
the use of the "Electrodyne" and its commercial 
viability. 
 
 
J. Matthews 
 

Well, thank you. Looking at the "Electrodyne" 
principle for ground crops—for large areas of 
ground crops-the problem with the electro-static 
system is that there seems to be generated on the 
tips of the crop a charge which reduces the 
amount of penetration into the crop. In an open 
structured crop, such as a tree or a bush, electro-
statics is very good; it gets adequate penetration 
and distributes well around the leaf. But in a 
cereal-like crop with spikes and fairly closely 
packed stems parallel to one another, it does 
appear that penetration is not good, partly because 
of the lack, in a straight-forward system, of inertia 
to carry the droplets and partly because of this 
problem of the charge, which seems to repel 

the droplets. My own very simple view is that for 
ground crops we could one day see a tractor type 
of sprayer which has both positive air blowing, as 
in the slide you saw, as well as electrostatics, 
where one can adjust the relative power of 
penetration from the blown air and attraction from 
the electrostatics according to the growth stage of 
the crop, the type of chemical and where the target 
is located, that is, if it is a fungicide target on the 
top of the plant or a herbicide target down within 
the crop, for example. I know that that sounds 
very expensive and the high costs may be off-
putting, but the equation we've calculated is that if 
you can save 10% of the cost of the chemical, you 
can double the cost of the machinery, and there is 
still a benefit. That should encourage engineers to 
think of fairly sophisticated advances. 
 
 
Prof. Karl Th. Renius 
Germany 
 

I highly agree with the comment you have just 
made, and I have a question in this regard about 
sensors. I think we need some sensors to control 
the result of the work, to get back to your point. 
So what about sensors? What if we exchange 
some of our experiences with sensors? 
 
 
D.J. White 
 

Certainly, my experience is not great in the area 
of agro-chemical application, but one of my 
colleagues who has just joined us at Silsoe from 
the International Centre for the Application of 
Pesticides, Steve Parkin, has been working for the 
last two years with a PhD student on rotary atomi-
zation. Certainly from the point of view of 
knapsack sprays, they have now developed a 
rotary atomizer which works off the pressure of 
the knapsack itself. So, a lot of the problems of 
the Third World, where at the moment rotary 
atomizers are battery driven and batteries are 
expensive and indeed 
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luxury items, and all of the problems associated 
with that, are removed since it is now possible to 
pump up the tank and drive the nozzle or the 
rotary applicator. Whether or not that cuts down 
the problem of drift, I don't know, but I would 
sense it would, but I am not enough of an expert 
in the area. There are some developments on the 
way. 
 
 
J. Matthews 
 

I think we'll leave that point and come back to 
the one of sensors if we can, because I think it is 
a question that we've heard a lot lately. Can we 
sense the amount of chemical we're putting on? 
Can we effectively sense the target to be able to 
adjust our application rates or control our 
application rates? Do you have any ideas on that? 
 
 
Y. Sarig 
 

To the best of my knowledge, wherever it's 
being done it is in the very early stages. From a 
conceptual point of view, there is no question it 
can be done. It incorporates some already off-
the-shelf techniques of machine vision. Now, 
what the cost-benefit relationship would be is 
hard to tell at that stage, but work is being done 
at several universities in the U.S., and I know that 
in the U.K. some work is being done in that area, 
and we will probably see more done with the 
further development of micro-electronics and 
data analysis. I just wanted to make a digression 
and a comment that sometimes we forget that the 
application of agro-chemicals is not exclusively 
the application of pesticides and herbicides. For 
instance, we are making quite extensive use of 
artificial tree pollination, where, again, aerial 
application is the only viable method. And I am 
sure that even in Third World countries, where 
artificial pollination has been contemplated, this 
could be considered. Another application of 
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agro-chemicals concerns aerosols; for instance, 
we have developed a system for automatic 
vaccination of day-old chicks which involves 
exposing them, while moving them on a conveyer 
belt, to aerosol with the relative humidity 
controlled. Not only do we save in terms of 
labor—this is a minor aspect—but we are able to 
decrease the mortality rate from 7 to 1%. If you 
figure that a chick is about half a dollar and in 
the case of some countries represented in this 
room we are talking about millions of chicks a 
year, well, you can make the calculations 
yourselves. 
 
A. Munack 
 

I would like to go further with the question that 
Professor Renius has just brought up, and I would 
like to say that sensors are not only for controlling 
spraying and application, but I think that sensors 
would also be very valuable if extended to all of 
agriculture. I mean, the first question concerns the 
fact that we have to measure the amount of 
damage or the amount of pesticides which we 
should use, and the second is: does the sprayer do 
what we want it to do? And I think the first 
question concerns what a plant actually wants, 
how much fertilizer, how much spraying and so 
on. This is a big question regarding sensors and 
should also be posed here, and I think there are 
also some challenges concerning image 
processing. Attempts have been made to provide 
indications in that regard. 
 
R.O. Hegg 
 

I was going to make a comment, if we are 
closing up on this part of the session, not 
necessarily about your question, but looking at it, 
the legal requirements that are perceived, 
particularly in our country, by the population and 
the environmental concerns are the driving force 
in making some of the decisions. Just like Dr. 
Jongebreur was saying as far as animal wastes 



are concerned, regulations might be made, and, 
therefore, you have to adapt technology to meet 
those. In fact, I think it was just yesterday that in 
California the population was voting on a law 
regarding major restrictions on the application of 
chemicals. A large part of the population is very 
concerned about that and those decisions. I don't 
know what the vote will turn out to be, but it may 
have a major impact on the amount of chemicals 
that can be applied. Another big concern for the 
chemical companies is the actual production of a 
chemical. In our country, they have to go through 
a very rigorous process—what is called "making 
an environmental impact study". But in order to 
do that they have to do years of testing and spend 
millions of dollars in order to have chemicals 
certified. So nowadays, many of the chemical 
companies—if it's a chemical that is only going 
to have a limited use, say just for apples, just for 
peaches or something like that—sometimes make 
this decision: "We aren't even going to test; we 
aren't even going to get recertified. We're just 
going to take it off the market." So there will be 
some major problems for the agricultural 
engineer in production agriculture. 
 
J. Matthews 
 

I'll take one more point on this one. We shan't 
be moving away from this subject because I 
think Dr. Hood's paper, "New Technologies to 
Prevent Pollution", is likely to leave us in this 
area, but Brian Legg has asked to make a 
comment. 
 
B. Legg 
 

Can I make just one point that I think hasn't 
been made yet, and that is, the role of 
information technology and the whole question 
of spraying and chemical application. It is well 
known that very often you can apply half the 
amount of chemical that is recommended and still 
get perfectly 

good control of weeds or pests. There are other 
occasions where you cannot spray at all, and the 
pest doesn't develop and doesn't cause serious 
damage. I think there is still far too much 
prophylactic spraying being done, whereas with 
better information and better models we could 
make very big reductions. And I think there is a 
need there for engineers to work with biologists 
and agronomists in order to come up with optimal 
systems. 

J. Matthews 
 

Thank you. There is just one other point I'd 
make, and that is that I think a lot of our 
experiments to look at comparative techniques 
have been bedeviled by the fact that the 
manufacturers of chemical sprays quote dosage 
figures which are so much over the top. They 
probably have to, because they cannot afford 
failures in times when the weather conditions—
when it rains, for instance—are the worst, so 
they have to give a big safety margin for that. 
We've found occasions where we have reduced 
doses by half or more than half, and it would still 
appear that they are more than adequate for 
average conditions. Quite how one deals with 
that, I don't know. Perhaps that's a general point 
again. Well, now I think we ought to move on to 
the final speaker. I thank Professor Baraldi for 
opening this subject, and no doubt you will talk 
to some of use after we've finished. 

Well, I think, gentlemen, that we are ready for 
our final paper today. It is a paper from Professor 
Clarence Hood from Clemson University, South 
Carolina, on new technologies to prevent 
pollution. We started off with a general review 
and then tackled individual areas separately, and 
now we are back covering a broader front but 
thinking particularly about our new technologies, 
something engineers can offer, and that will lead 
us into our final discussion today. Professor 
Clarence Hood will now take the floor. 
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Prof. Clarence Hood USA 

NEW TECHNOLOGIES TO 
PREVENT POLLUTION 

 
1. Background 

 
This paper focuses on the major envi-

ronmental pollution factors that currently 
influence U.S. production agriculture, and 
research/development and farmer adaptation of 
new practices and equipment technologies to 
reduce pollution. 

Public sensitivity to the use of agricultural 
chemicals and the pollution of streams and 
groundwater supplies by agriculture are major 
concerns that are seriously altering consumer 
purchases and strongly influencing legislative 
and regulatory activities in the U.S. For 
example, growers in the state of Washington 
recently lost one-half billion dollars as a result 
of a scare involving the use of the chemical Alar 
on apples (2). The Environmental Protection 
Agency (EPA) in December 1989 proposed a ban 
on the use of EBDC (ethylene 
bisdithiocabramate-based fungicides) and 
companies have already removed its use on some 
sixty crops. The $538 million tomato industry in 
Florida is threatened by this action which is just 
one example of the potential crop losses due to 
withdrawal of this chemical (5). The State of 
Florida has recently issued an emergency rule 
restricting the use of alachlor (an active ingre-
dient in several herbicides) after sampling 319 
wells that showed 41 were contaminated with 
this chemical(13). California recently banned 
the soil fumigant Telone after unsafe levels 
were found in the air. Some 7.49 million 
kilograms of this chemical were applied to 
81,000 farm hectares in California in 1988 (14). 
California is considering a proposal that would 
likely eliminate 23 agricultural chemicals by the 
year 1996 (2). 

The primary agricultural pollution problems 
that have been identified and are being studied 
across the U.S. by federal 
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and state government agencies, universities and 
private companies are pesticide and nitrate 
contamination of groundwater and surface water 
and soil erosion. These have spin off components 
that relate to human safety in terms of 
agricultural chemicals appearing in drinking 
water and on food as well as human contact of 
farm applicators and field workers with 
potentially harmful chemicals. Air pollution from 
sprayer (particularly the air blast type) drift and 
con-trolled burning of grain stubble and straw 
following harvest are typical regional and local 
pollution problems. 

Most studies undertaken by scientific 
organizations agree that the U.S. has a serious 
problem with contamination of groundwater 
with agricultural chemicals. The Environmental 
Protection Agency points to agriculture as the 
largest non-point source of water pollution (10). 
Groundwater aquifers are classified as 
unconfined and confined. Unconfined aquifers 
are more likely to be contaminated and this 
causes considerable concern because many 
shallow drinking wells in rural areas are drilled 
into these water sup-plies. Some of these 
aquifers in the coastal areas of the Carolina's 
originate near the soil surface and thus are 
extremely venerable to chemical intrusion from 
point as well as non-point sources. Pesticide 
usage in the U.S. is illustrated in Figure I. There 
is a downward trend in both herbicide and 
insecticide quantities used. In the case of 
insecticides, integrated pest management 
programs (IPM) and increased use of synthetic 
pyrethoid insecticides, which are applied at one-
fourth to one-tenth the rate of traditional 
insecticides, have contributed to a reduction in 
pounds used. Even with these trends, 
contamination of groundwater is stilt a major 
problem. In one study (7), 46 different 
pesticides have been found in the groundwater 
in 26 states across the U.S. just from non-point 
application of farm chemicals. From point-
sources such as agricultural chemical spills or 
improper handling, a total of 32 pesticides have 
been found in the groundwater in 12 states. 



The trends in fertilizer applications in recent 
years are shown in Figure 2 nitrogen has seen 
the greatest increase and is the most significant 
contributor to water pollution of the three major 
elements. A study by the U.S. Geological Survey 
showed that in 87 of 1,663 counties where wells 
were tested that nitrate levels exceeded the 
current EPA standard of 10 milligrams/liter (10). 
During the spring of 1990, excessive nitrate 
levels were reported in streams used for drinking 
water in the Midwest region of the U.S. This was 
caused by runoff from corn fields where nitrogen 
had been applied following excessive rainfall. 

Soil erosion is still considered a serious 
problem in the U.S. even after some 50 years of 
programs administered by federal, state, and local 
government agencies. Annually about 2.7 billion 
metric tons of soil is eroded by wind and water 
from U.S. cropland. Over 47.8 million hectares of 
the approximate 121 million hectares in row crop 
production are considered highly erodible (10). 
 
 
2. Strategies and Priorities to Reduce 

Agricultural Pollution 
 

The Food Security Act passed by Congress in 
1985 signaled a major change in direction for 
U.S. agricultural policy. This program that was to 
be fully operational by the year 1990 required 
that 18.2 million hectares of highly erodible 
cropland be set aside for 10 years and planted in 
grass or trees to form a conservation reserve. In 
addition, land of certain erodible classes had to 
have a conservation plan approved by the USDA 
Soil Conservation Service in order for farmers to 
be eligible for government support programs. 

Farmers response to the above legislation 
exceeded expectations. Some experts feel that 
this program may accomplish more in the next 
five years to control erosion on the nation's 
cropland than was accomplished over the past 50 
years. Farmers 

have accelerated their purchase of no-till and 
reduced-till tillage and planting equipment. 
According to the Conservation Technology 
Information Center, over 29 million hectares of 
the nation's cropland were farmed with 
conservation tillage methods in 1989 (4). 

In 1989 a major scientific group, the National 
Research Council, published a study entitled: 
"Alternative Agriculture" (10). This report 
documents procedures and case histories of 
farmers that are using alternative farming systems 
that use sustainable technology that provides long 
term economic benefits and environmental gains. 
Crop rotations coupled with legumes as a source 
of nitrogen, reduced tillage and energy, and 
reduced pesticides are all part of the proposal for 
redirection of American agriculture. This report 
has caught the attention of the news media, 
legislative bodies, farmers, and agri-business 
leaders across the nation. 

A new program has been initiated by the USDA 
dealing with lowering agricultural inputs. This 
program which involves both educational and 
research funding is entitled "Low-Input 
Sustainable Agriculture" (LISA). Its goal is to 
help farmers use the production resources of 
equipment, labor and chemicals in a more 
efficient manner. LISA helps farmers maintain 
profitable operations by improving management 
skills and reducing the need for chemical and 
other purchased inputs. It focuses on sustaining 
natural resources by reducing soil erosion and 
groundwater pollution and protecting wildlife. 

Special research funding for LISA was 
obtained from Congress by USDA beginning in 
1987 and various universities across the U.S. are 
currently involved in cooperative projects with 
farmers and state and federal agencies to develop 
as well as demonstrate new low-input farming 
systems. Four regions have been established 
across the country to facilitate the operation of 
the program. Some of these projects focus on 
lowering chemical inputs and the use of crop 
rotations while others 
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involve no-till and reduced-till equipment 
development and demonstration. The LISA 
program is very popular with the general public 
and it is expected that the program will receive 
increased funding from Congress in the coming 
years. 
Numerous trade and scientific groups have 
established priorities for research and 
development related to the agricultural 
environment and pollution. In 1989 the 
Equipment Manufacturers Institute (EMI, 
formally FIEI) issued the following priorities for 
public funded research: 1) Soil Compaction, 2) 
Importance of "Seed/Soil" Environment, 3) 
Conservation, 4) Machinery Guidance and 
Control Systems and Real-Time/Data Base 
Mapping, 5) Low Input Sustainable Agriculture, 
6) Utilization of Research That Has Already Been 
Completed and 7) New and Emerging 
Technologies. The majority of these priorities deal 
with the environment, reducing soil erosion, 
sensor development to monitor and adjust the 
application of chemicals, and increased 
profitability to farmers by lowering inputs 
including energy. 
A recent survey of 18 key individuals with 8 farm 
equipment manufacturers/organizations revealed 
some interesting development factors being 
considered by the industry for the 1990's (Il). 
These industry leaders ranked the following 
product development factors in order of 
importance: 1) Reliability/Quality/Durability, 2) 
Performance, 3) Design and Manufacturing Cost, 
4) Features, S) Safety, 6) Environmental Issues, 7) 
Competitive Pressures, and 8) Energy Usage. 
While other issues like "Prescription Farming" 
were emphasized in the survey as being important, 
it does not appear that environmental concerns 
rank very high in development priorities for the 
1990's. 
      Future research needs relative to engineering 
development and environmental issues have been 
established by the USDA and the State 
Agricultural Experiment Stations in several recent 
reports. A report entitled `The Future Role of 
Engineering in the United States Department of 
Agriculture” 
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 was issued in 1988. A synopsis of this study is 
illustrated in this statement from the report: 
"Future directions and needs for engineers in the 
USDA, SAES, and SCES will be in the areas of 
biotechnology, high-technology, natural resources 
management, commodity conversion and user 
education". A Strategic Plan for the State 
Agricultural Experiment Stations outlining the 
research agenda for the 1990's was released in 
February, 1990. This report cites five research 
initiative areas: 1) Environment and Natural 
Resources, 2) Food, Nutrition and Health, 3) Eco-
nomic and Social Issues, 4) Animal Systems, and 
5) Plant Systems. In both of these reports key 
issues related to environmental concerns are 
addressed, however, little or no mention is made 
of plans to fund engineering research and develop-
ment for production agriculture. From these 
reports one concludes that the current trend of not 
funding machinery development or mechanization 
projects across the U.S. by public agencies and 
institutions will continue. Also, less emphasis is 
pro-posed on the training of Agricultural Engi-
neers in the areas of machinery development at 
the various colleges and universities. 
 
Several long range concerns are not addressed in 
these policy instruments. A major question is: 
Who will train the future engineers (at both the 
undergraduate and graduate levels) for the 
agricultural machinery industry whether it be for 
development and production of new technology 
equipment to protect the environment or for 
traditional equipment lines? 
 
 
 
3. New Technology Adaptation and Its Impact 
on the Machinery Industry 
 
3.1 Tillage/Planting Equipment 
 
Since the early 1980's, conservation tillage and 
planting systems have grown significantly in the 
U,S. Conservation tillage refers to any crop 
production practice 



that retains at least 30% of the crop residue on the 
soil surface. The purpose of conservation tillage is 
to reduce soil erosion, reduce energy costs and 
conserve soil moisture. About one-fourth of the 
basic crops produced in the U.S. today utilize 
conservation tillage practices. Five categories of 
conservation tillage have been defined: 1) no-till, 
2) mulch-till, 3) strip-till, 4) ridge-till and 5) 
reduced-till. 

New and innovative no-till planters and drills 
have been developed by both major and short line 
machinery companies (Figure 3 and 4). Improved 
versions are being introduced each year. Drill 
applications include forage and pasture interseed-
ing of legumes and/or winter grazing crops as well 
as small grains and soybeans. Planter applications 
include primarily corn and soybeans. 

Special kits are being sold to convert 
conventional grain drills as well as conventional 
rowcrop planters to no-till or minimum-till 
systems (Figure 5). A major feature of these 
adaptation systems is the disc coulter which slices 
through crop residues and trash ahead of the 
conventional planter or grain drill opener. Disc 
coulters associated with these conservation tillage 
systems require considerable weight (in the range 
of 114 kg. per coulter) to adequately cut through 
crop residue. Weights are either added to the 
system frame or in some cases the weight of the 
tractor is transferred to the coulters. 

 
Ridge-till conservation systems are con-fined 

primarily to the Midwestern states on corn and 
soybean rotations. This method of crop production 
relies on a bed culture whereby a crop is planted 
into the same row each year with typically a single 
cultivation/bedding tillage during the cropping 
season that forms a bed for next season's crop. 
Controlled wheel traffic is maintained which 
minimizes compaction in the crop root zone area 
and thus deep tillage may be reduced or 
eliminated. While most of this equipment uses 
cone shaped bed followers to guide the equipment 
relative to planting beds, new toolbar steering 
with 

automated three-point "Quick Hitch" side-shift 
technology has been introduced to sense the row 
location to provide precision cultivation and 
retention of traffic patterns. 

Chisel shank plows have largely replaced 
moldboard plows as primary deep tillage 
implements. Both the number of moldboard units 
sold and the value of units sold are on the 
decrease as shown in Figure 6 and 7 (15). No-till 
disk coulters have been added ahead of chisel 
shanks to cut through high-residue fields (Figure 
8). Chisel shanks have been redesigned to pro-
vide a longer length for residue trash clearance 
and to provide soil residue mixing to control field 
erosion and speed up residue decomposition. 

Rapid farmer acceptance of this new 
conservation tillage/planting technology has had a 
major impact on the need for tractor power on 
farms (Figure 9). Fewer trips across the field and 
lower tractor draft power and total horsepower is 
required with many of these systems. 

Other innovative double-cropping conservation 
tillage/planting systems are being researched at 
this time. One example is the development of 
interseeding or intercropping technology at 
Clemson University in cooperation with the 
University of Georgia that allows the planting of 
soybeans and similar crops between rows of wheat 
before the wheat is harvested (Figure 10). This 
involves the use of special traffic lanes for the 
tractor and combine traffic which reduces 
compaction. While the system is more 
management intensive, advantages include 
reduced energy for deep tillage, reduced herbicide 
applications, reduced soil erosion and more timely 
field operations to take advantage of opti-mum 
soil moisture. 
 
4. New Technologies for Fertilizer Application 

and Pest Control 
 
4.1 Fertilizer Application 
 
Emphasis is being placed on precision 
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application of crop nutrients to reduce pollution 
of streams and lakes from runoff and subsurface 
contamination of groundwater supplies. Split 
application of nitrogen fertilizer, growing winter 
cover crops to retain nitrogen, and prescription 
application techniques are being adapted. The 
commonly used spinner spreaders are projected 
to be replaced in the near future by new techno-
logy system. 

The most innovative and far reaching 
technology to minimize pollution from 
commercial fertilizer and boost profits involves 
prescription application of fertilizer (can include 
impregnating dry fertilizers with herbicides also) 
with computerized spreaders that vary the 
amount and N, P and K automatically as the unit 
moves across the field (Figure 11). This techno-
logy uses computerized maps where laser located 
soil test samples have been/taken. As the 
spreader moves across the field, the on-board 
computer calculates the location and controls the 
fertilizer/chemical blend being distributed based 
on the soil tests (12). 

Pneumatic technology, used quite extensively 
for planting seeds, is rapidly being adapted for 
fertilizer (impregnated herbicides also) 
application purposes (3). Granular materials are 
applied at velocities of more that 160 km/hr. 
Where impregnated herbicides are used with the 
granular fertilizer there is virtually no chance of 
separation from the particles thus eliminating air 
pollution during the application even under windy 
conditions. Greater accuracy and efficiency of 
application are additional advantages. 
 
 
4.1 Pesticide Application 
 

New government regulations for hand-ling and 
applying agricultural chemicals are appearing 
frequently. Recycling of chemical containers and 
direct transfer of chemicals from containers to 
sprayer units is required in many states. Cleaning 
and water rinsing of sprayers in the field and 
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not at water sources or commercial applicator 
locations is being required. 

New technology hydraulic nozzle sprayers are 
using injection methods to direct the 
concentrated chemical directly into the 
pressurized fluid stream rather that tank mix the 
chemical which requires cleaning and rinsing the 
pump and tank following each chemical 
application. 

Electrostatic liquid or air carrier agricultural 
sprayers have not been widely adapted in the 
U.S. Electrostatic sprayers are being used 
successfully for confined applications such as in 
greenhouse and nursery operations (9). More 
uniform coverage, increased deposition and 
excellent penetration into hidden target areas are 
major advantages reported in these limited 
applications. 

A conventional air-carrier orchard sprayer has 
been modified by adding an on-board computer 
connected to a foliage volume measurement 
system using ultrasonic sensors (6). By using 
three 3-nozzle manifolds on each side of the 
sprayer controlled by the computer, the system 
will adjust the volume of chemical applied based 
on the tree densities present. This reduces air 
pollution with the chemical since the amount 
applied is reduced for smaller trees and stopped 
when trees are missing in the row. Spray volume 
savings reported range form 28 to 52%. This 
system is currently being placed into commercial 
production. 
 
4.3 Mechanical Insect Vacuums 
 

In 1988 insect vacuum machines were 
introduced on farms in the U.S. and are currently 
being used commercially on strawberries, lettuce, 
tomatoes, potatoes, squash, and grapes (1). 
Strawberries and lettuce are the major crops 
where insect control is successful with the 
vacuum machines. One commercial farm has 
purchased 48 units and markets their crop as 
"insecticide-free" lettuce. Some disadvantages of 
using the machines include increas- 



ed soil compaction, beneficial insects are 
removed, and some crops can be damaged by 
the vacuum action. More research is needed 
to clearly understand the benefits of this 
insect control method. At a mini-mum the 
machines could be combined with chemical 
sprays to reduce total chemical use and 
hence air and water pollution. 
 
 
4.4 Biocontrol of Insects 
 

Research and development is underway on 
new ways to use natural pest enemies as 
alternatives and/or complements to chemical 
pesticides. The USDA, A R S  has recently 
reported progress in identifying enzymes 
that appear promising for making fungi 
lethal to insects that attack corn, cabbage, 
wheat and other crops. A new genetically 
engineered bioinsecticide called MVP 
manufactured by the Mycogen Corporation 
is undergoing farmer testing during the 1990 
season in 17 states on 1,400 hectares to 
control diamondback moths and other 
caterpillar insects that attack cabbage, 
broccoli, lettuce and other vegetable crops. 
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                            Figure 1: U.S. agricultural pesticide usage in recent years 
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Figure 3: Side view of United Farm Tools no-till drill illustrating no-till disk coulter preceding the double-disk 

furrow opener and press wheel 
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      Figure 8: Chisel plow operating in high crop residue 
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          Figure 9: Estimate for U.S. farm tractor horsepower sold 1967-88 
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J. Matthews 
 

We have had all the papers for today, and 
that one has taken us in the right direction. A 
number of subjects that we mentioned earlier 
today has come up again. We have some 
more time for discussion at this stage, and 
after that, 1 remind you, we have some sort of 
report to complete, which we will be looking 
at this evening. I don't intend to divide it up 
at this point, but I have a number of questions 
if nobody else does. Let me throw it open 
now so that you can discuss those issues 
you're really interested in first, and then I'll 
add my questions. 
 
 
B.D. Witney 
 

I would like to make a comment first and 
then go on to a question. Earlier, in the last 
talk, the question of targeting chemicals and 
whether we could detect diseases and other 
infestations was raised. We are already doing 
work in detecting disease by exploring infra-
red spectra, and in fact that can be used to 
identify incipient  disease, which is 
extremely important to get away from 
prophylactic sprays. The question really is 
can we do it fast enough to be able to use it 
in plant protection? I'd like to have 
comments on that. Another thing is, looking 
at your graph in Figure I, you show a 
downturn in use in herbicides and pesticides, 
but you don't actually give any information 
as to what you think the projections might 
be. The figure shows a downturn from 1985 
to 1987, so perhaps there is a feel for what's 
happened in those last years, but would you 
like to hazard a guess as to what might be 
happening today, that is, whether use is going 
to continue to fall as dramatically as it 
increased from 1966 to 1980. 
 
C.E. Hood 
 

The production of crops, of course, 

decreased during this period of time, too. 
Also, we have taken a number of acres out of 
production as I mentioned. We were probably 
up around 325,000,000 acres, and we're down 
below 300,000,000 today, so we have already 
set aside those 45,000,000 acres. So that is 
taking less chemicals, but we have taken out 
our less productive soil, so that has 
contributed to it. As far as a decrease in 
insecticides, we are using more concentrated 
types of materials right now, so therefore 
that naturally brings the "pounds weight" 
down, so that is misleading in some sense. 
What has happened in the last year or so? 
Well, I can't say anything precisely on that. 
T can say this, though, that we don't know at 
all where we're headed with fungicides and 
what we're going to have on the market next 
year. I mean, just the common "Capitan", for 
instance. I've sprayed a lot of it in my time, 
and it hasn't bothered me, 1 don't think, and 
it hasn't helped my accent any either. But we 
may not have a chemical next year, and the 
fungicide that major companies are 
producing for tomatoes is likely not to be on 
the market next year, so what will happen to 
fungicides? Well, if we don't have them, we 
won't spray them, so we are really in a crisis 
mode as to where we are headed in use on 
these crops. Now, I might mention on 
herbicides that when we went into "no-till" 
activities herbicide usage increased because 
we had to go in and kill back the material 
before we planted the second crop, for 
example. Or, if we went in during the spring, 
we might put clover and then want to kill it 
back before we planted our major crop. We 
have clover as a cover crop, so therefore it 
requires more herbicides. But hopefully we're 
going to do a better job in coming up with 
schemes which will minimize the increase 
that occurred at that time, and some of the 
"no-till" work has slipped a little, which has 
also caused the chemicals to decrease. We 
used burn-back herbicides with the "no-till". 

In terms of sensing disease, the only two, 
or the major two types, that we have 
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right now are IPM. We have the skilled person 
who is paid, who is trained, who is out there 
scouting the field and making those decisions. As 
far as sensors are concerned, I'm not sure of what 
is exactly taking place, so I think the idea of 
image sensing and ideas like that could and should 
be developed. I can tell you one example of the 
new spraying system that has been developed at 
Michigan State, which is a much more precise 
chemical applicator, more uniform with trees, for 
example. And five sprayers have been replaced by 
only two in a farming operation, and they have to 
be prepared to spray maybe a thousand acres of 
trees in a matter of 48 hours. They are given a 
warning so they have to spray within 48 hours, or 
they are going to have a serious disease problem if 
they are measuring spore counts and that sort of 
thing. Those are the tools that we have, and they 
are used quite extensively. 
 
 
 
J. Matthews 
 

We want to look to the future really. Where are 
we going from here? Just one thought on your 
"no-till" in particular before calling on Professor 
Hellebrand, otherwise we may lose the point. 
Many of us will remember that in Western Europe 
"no-till" and the move away from mould-board 
plows to chisel plows in the 1970's was a very big 
trend, but we got into two problems. We had a 
problem with the sort of weeds, blackgrass and so 
on, that we couldn't deal with, and we encountered 
rutting problems. 

Now you'll find that people have gone back 
almost entirely from no-till to conventional 
techniques, and even chisel plows have tended to 
lose favor again with a return to mouldboard 
plows as a result of these problems. Have your 
systems been tested long enough in the U.S.A. 
that you think they are going to stick because you 
have differences in the soil and the agronomy, or 
will you run into these problems? 
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C.E. Hood 
 

I might say that's a very good point, and 
certainly with many crops we still use the 
mouldboard plow, and that is because of disease 
build-up and so forth—you've got to turn the 
material under—so I think your point is well 
taken. I would say this about farmers who have 
long-term experience with no till, that is, 10, 15 
or 20 years: when you went to their farms, they 
would say "come out and look at my new 200 
horsepower tractor." Now, when you go to their 
farms, they go out and kick the soil back and look 
at the organic matter on the top, and they brag 
about the soil tilth and organic matter, and I'm 
talking primarily about grain crops, soybean 
crops, etc. Farmers feel that by rotation with the 
corn-soybean system, where you get to rotate 
between one and the other, that does very much 
for the weeds and disease. If you can't rotate, 
then you've got problems. 
 
Prof. Jurgen Hellebrand 
Germany 
 

I was interested in your comment concerning 
plant disease sensors. I think there is work going 
on in several institutions, and one way is multi-
spectral analysis. It is already used via satellite, 
but in that case you can never reach over large 
areas and so on. Another way is machine vision 
and analysis, especially in individual plants. And 
there is a new way under development: the so-
called "bio-luminous sensor". You can use it on a 
small scale as well as via satellite, and I think that 
this will give us the opportunity to analyze areas, 
small zones or countries, in terms of plant 
disease. But this is a cost-intensive development 
and cannot be used under the pre-sent 
circumstances in the Third World. In connection 
with this, [ have another question; soil erosion is 
one of the biggest problems we have at the 
moment. You mentioned the question of non-
tillage and this new technology which will help 
pre- 



vent soil erosion. Do you think there is a 
possibility for low-cost equipment for non-tillage 
technology which can be used in African or Asian 
countries? 
 
 
 
C.E. Hood 
 

One of the first questions that has to be asked 
is, what is low-cost? Would you consider $10,000 
for a 13-foot interseeding machine as low-cost? It 
has been estimated that the machine that you saw, 
that was painted orange and planted both wheat 
and soybeans, would cost $7,500-10,000 to plant 
at least those two crops. It can also be used to 
interseed lagoons, on pastures, to overseed 
pastures for winter grazing, Bermuda grass, 
varieties of clovers. You also have a smaller 
version that's been sold for a little over $2,000 for 
actually inter-seeding pastures today. The seeder 
is driven with a 12 volt windshield-wiper motor, 
and it's low-cost technology. 
 
 
 
Prof. J. Ortiz Canavate Spain 
 

I think that this program that started with the 
Food Security Act in 1985 and that set aside 
45,000,000 acres or 18,000,000 hectares of highly 
available crop land to dedicate it to grass or trees 
is very interesting. Was this paid to the farmers? I 
have a question, because in Europe we also have 
something similar; we have a surplus, and we pay 
farmers so that they don't produce mostly cereals, 
and they are paid for leaving the land free for 
hunting or forestation. But l think the idea of 
having this program oriented to highly erodable 
land would be very interesting. We could also 
suggest that the European Community orient this 
program for erodable soils. Because in some areas 
of Europe, such as Southeast Spain, we have 
considerable erosion that could benefit from these 
kinds of programs, with grass and trees, etc. 

C.E. Hood 
 

Could I comment? First, the 45,000,000 acres is 
not a choice made by the farmer. There is an 
agency called the Soil Conservation Service, and 
they only approve the acreage. You bid in the 
acreage, and it's not the same price in every state. 
A farmer bids it in, and if they accept it, O.K. I 
want to say that typically it's about $40 per acre 
to sign up for, I think, ten years. And that goes 
either into trees or it goes into a cover crop that 
has to be mowed by the farmer once each year, 
and the people come out and check it. Now, there 
is another 118,000,000 acres involved in this. On 
this, if a farmer is to have a government subsidy, 
he must follow their advice, which may be to use 
no-till drills because there is no telling what you 
ought to do with those soils. So, there is not just 
the 45,000,000 that's in the program; there's 
another 118,000,000 that is producing crops, but 
under the control of this Agency, which is 
monitoring and telling them what they can and 
cannot do. 
 
 
Dr. EI Hassan Bourarach 
Morocco 
 

I would like to talk about the problem with 
mechanization in African countries. I have done 
experiments for four years, and the results are 
that the problem is not related to costs. The 
problem in North Africa is more the management 
of the whole system, because we use the stubble 
for animals, and we have to consider the entire 
system. In terms of savings, the net benefit in 
some cases was based on the fact that bad use 
was made better, that direct drilling replaced 
conventional tilling. In any case, in good years, 
there are no differences. Now, in terms of the 
engineering problem, we face the problem of 
penetration of the coulters, and we always have 
to wait until after the first rains to carry out this 
operation. But we have some advantages over 
conventional tillage, because traffica- 
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bility is similar than in plowed fields. I 
would also like to make a connection with 
another subject: manure and slurry, and the 
fact that you are looking for ideas. You have 
problems with manure, but we in our 
countries, especially in North Africa and 
Mediterranean areas, face a shortage of 
manure and slurry. They are very expensive 
in our part of the world. Perhaps, one could 
condense it to have less water and then 
export it. 

Dr. Arturo Lara 
Mexico 
 

Well, I think one possible alternative for 
direct planting in developing countries is to 
convert conventional planters into direct 
planters. I think it is not too difficult. 
Perhaps, it may be necessary first to do some 
tilling or sub-soiling and after that plant 
directly with a smaller tractor, and still that 
would mean great savings in terms of energy 
and time. 1 also think that in developing 
countries it is good in many cases to combine 
systems. Perhaps, not with cereal tillage 
systems, but we may have direct planting and 
after that mechanical cultivation and even 
manual weed control. In my country, for 
instance, the cost of farm labor is on the order 
of 8 cents an hour, so I think that it is 
important to consider the advantages of an 
alternative. 

 
H.L. Musa 
 

The last two speakers have mentioned 
problems connected with trying to reduce 
tillage, especially in terms of planting in 
some developing countries. Certainly, there 
is a lot to consider when it comes to tropical 
Africa. As one of the speakers said, in Africa, 
the type of soil is one of the most important 
things you have to consider when you want to 
use direct seeding, because soils have a crust 
that is formed at the beginning of the rains, 
and this makes 
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penetration very difficult. We must also 
consider the weeds, the rapid growth of 
weeds. Certainly, nothing is impossible, but 
there is a need to conduct investigations on 
the tropical environment. Having said this 
much, 1 would like to ask the guest speaker 
to comment. He made mention of the 
computer, to control the application of 
herbicides by monitoring the organic matter 
in the soil. 

I can see one rationale for this. The more 
you have organic matter, the more weeds will 
grow, and that is why you are trying to 
control the quantity of herbicides. Finally, 
about fertilizers, I should think that you also 
need to use the computer to study the amount 
of organic matter in order to reduce the 
amount of fertilizer applied. I don't know 
what you have to say about that. 

C.E. Hood 
 

I really am not an expert on those parti-
cular matters. I am more of a generalist, and 
I brought this material together, but the soil 
analysis systems they are using do perform 
soil testing. It sets out an array or a mapping 
of the fields, and the computer picks it up 
with laser equipment and adjusts those 
particular nutrients. Now, I am not sure if 
they monitor organic matter in the soil test or 
not, but it could be done if you wanted to do 
it. And the chemical companies recommend 
that the chemical component be adjusted on 
the basis of organic matter. 

J. Matthews 
 

As I understand it, for the chemical 
analysis of the soil, the vehicle stops and you 
actually take a sample, and it is analyzed 
while the thing is stationary. Then it is plotted 
on the graph, whereas l think the organic 
matter sensor is on the move. I'm not quite 
sure how it works. 



C.E. Hood 
 
The one I showed is the one that's called the "soil 
doctor"; it's the one I said was being patented. It's 
an on-the-go system that was presented at the 
ASAE meeting. However, we reserve comment on 
it because we won't understand it until the patent 
is issued. 
 
 
Dr. Oleg Marchenko 
USSR 
 
When we speak about new technology, I think we 
should take into account soil and climatic 
conditions first, because we have considerable 
experience with nature. We have taken some 
technologies from the U.S.A. for interseeding 
some grasses into grassland soil, and we use direct 
drilling for corn and soybeans, and I would like to 
make some conclusions on this topic. There are 
significant difficulties that arise with the 
introduction, for example, of new grasses into 
grassland soil in our country, especially with the 
new power tool technology that you use widely in 
the United States. Because you use it with 
herbicides, and when we tried to do it, it didn't 
work very well. We solved this problem by 
increasing the strip width in rotary tilling. When 
strips are ten or more centimeters, the grass grows 
very well without herbicides, and it's not so costly. 
The grass introduced lived three or four years. 
Power tilling was tested in Bulgaria and Romania 
on the slope of the mountains; on the southern 
part it was useful, but on the northern part it was 
not good. It's very difficult to estimate the effect 
on all types of soil conditions, so it seems to me 
that we should check everything and optimize soil 
cultivation. Perhaps, reduced soil tillage is more 
suitable for different tillage levels. 
 
 
J. Matthews 
 
I think it's an important point that we 

can't generalize around the world. We have to 
individually build up our experience as 
fundamentally as we can, however, so we can 
better predict whether something will work in 
another area or not. 
There is one question that I think is fairly 
fundamental, and I would like to hear if anybody 
has a good answer to it. We have heard about 
LISA (Low-Input Sustainable Agriculture), which 
can mean slightly different things to different 
people, but what do we think is the engineer's 
highest priority role in developing low-input 
sustainable agriculture? Clearly, it's being adopted 
in some areas, and maybe we don't like it, but 
what should engineers do to support it? 
 
 
A. Lara 
 
I can't speak for the whole world, but in our case, 
I think, the main objective would be to decrease 
agricultural costs. Prices have not increased much, 
and competition is intense. But on the other hand, 
I think yields depend more on genetics and water 
and fertilizers, so I think in our case it is essential 
to minimize cost increases. 
 
 
Prof. Làszlò Lehoczky  
Hungary 
 
Mr. Chairman, I think a problem for engineers 
concerns what to do with wastes in the case of 
low-cost techniques, that is, how to use the 
chemicals? It seems like a stupid question, but do 
we need fertilizers? In my country manure was 
practically for-gotten when it came to new ideas 
for agriculture and technology. Now, over the past 
three or four years, because of the economic 
situation, we are going back to manure. At least 
we would like to have every field covered with 
normal straw manure every fourth year, and that 
means that we must forget the problem of chisel 
plowing every fourth year. Then comes the 
problem of direct drilling. We started 
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to do this 25 years ago—triple-disc direct drilling 
and other types which you can now find in 
Finland. Then comes the problem of minimum 
tillage, which I was lucky enough to see in the 
United States some twenty years ago. When I later 
met Donald Hunt, who was one of the fathers of 
direct seeding, he said that his work was 
practically at an end because of prices. That was 
during the second oil crisis in 1978 or 1979. The 
economic problem made engineers change their 
whole idea about direct drilling no tillage, and 
now we are on the verge of another crisis. What 
should we do? Go back to grandfathers' way of 
doing things, using manure not fertilizers. What 
can we do with pesticides? We cannot go back to 
four- or five-year rotation systems. In my country, 
one-third of all arable land is planted with wheat 
and another third with maize, so you cannot rotate 
every four or five years. One-fourth of Hungary is 
represented by single-crop farming. What can be 
done? It is not a question for agronomists alone; it 
is a question for engineers. What machines should 
be developed? That is why I am telling you that 
there will never be a fixed solution, because every 
year something hap-pens which has nothing to do 
with manufacturing engineers, and then you have 
to start again on a new idea. 
 
 
J. Matthews 
 

But we want to know where our priori-ties are. 
Thank you. So, your idea is that we must be able 
to more efficiently handle manurial livestock 
waste. 
 
 
O. Kitani 
 

We have mentioned bio-control of insects, and I 
think that will be much more useful for the future 
of agriculture. Our department is now assisting 
microgen corporation, and I would like to know 
your opinion. 
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J. Matthews 
 

What should the engineers do? Should they 
develop systems adding bio-controls? Where does 
engineering come in? 
 
C.E. Hood 
 

I would just say that the reason I inserted this 
was to issue the challenge that agricultural 
engineers need to be strongly considering bio-
control systems in their development and research. 
The first organisms which we put out, by 
Monsanto, were with a grant that we had. We had 
to put it out with a 35-year-old John Deere grain 
drill to learn about the organisms and how they 
move in the soil. So we don't have the technology, 
and if we don't get on the move pretty shortly we 
won't be there when needed. The materials will be 
there, but we won't be prepared to deliver them 
safely and understandably. 
 
J. Matthews 
 

That's a good point. We would say it's easier to 
use these things in controlled cropping and in a 
controlled environment rather than in an open 
field environment. How far can they go in an open 
field environment? We are still on LISA. What 
have we got to do? 
 
J. Ortiz Cañavate 
 

I have a very short answer to your broad 
question. 1 will just say that engineers should try 
to put quality into design, quality into work and 
quality into the product. 
 
E.H. Bourarach 
 

You asked about sensors, and sometimes you 
must go from high-tech to developing countries, 
and I would like to ask Dr. Sarig 



whether human is the best kind of vision analysis. 
I have read that in Israel some experiments have 
been using men to give commands to the sprayer. 
Do you use the sprayer and then use the men as 
sensors to optimize the pesticides? 
 
 
Y. Sarig 
 

I would like to make two brief comments. You 
started with engineering, Mr. Chairman, and you 
ended up with a political comment, because I can 
challenge what you just said and say that if you 
are ready to eat lower quality goods, I'll give you 
LISA. But if you want to have both the apple and 
eat it, it's almost impossible. I'm not joking! I 
mean that maybe in years to come, if we want to 
live more in harmony with the environment, 
perhaps the consumer will have to live with an 
apple part of which is rotten. You just cut it, 
which means that we don't have to use any pesti-
cides at all. But we end up with lower quality 
goods, and the consumer will have to pay more. It 
is going to be more expensive, and if we are ready 
to pay for a better quality of life, I think the 
solutions are there. But to answer the question, I 
don't know what exactly it refers to. We are using 
sprayers, and in every case a human being makes 
the final judgment. I mean he goes into the field to 
check on insect mortality; he can judge the 
efficacy of the application by just observing the 
mortality rate. 

J. Matthews 
 

Just one point, because I think what you said is 
important, and I would almost be "in your camp". 
I asked the question about LISA because I 
understand that some politicians are already 
adopting it. Any calculation we do in my ex-
institute suggests that it's not economical, that the 
most economical agriculture is high-tech, high-
input agriculture. That is the best overall. Now, 
does this group want us in our final 

report to issue warnings about LISA?  
 
Y.  Sarig 
 

That is exactly the point that this Club should 
address. This is the type of issue that I was 
hoping the members of the Club would address. 
 
 
J. Matthews 
 

I can take two more comments now, and we can 
talk about it tonight when we're around, and then 
in the morning take some sort of consensus of 
what we think. Now, I have two final requests, 
Professor Sangiorgi and Professor Renius, and 
then I am afraid we must stop for tonight, but we 
can come back to our consensus in the morning. 
 
 
F. Sangiorgi 
 

My question was related to your last words. I 
would like to know if LISA can be applied to all 
areas, or what the priorities are, or what is the 
minimum program we can follow in order to 
understand if a certain area can be submitted to 
this type of farming? 
 
 
K.Th. Renius 
 

I think that agriculture is not like a cook book, 
you see, and it is very difficult. So what we need 
most is good people. Mainly in the field of 
agricultural engineering, we need many more 
good engineers. As this job is not self-selling, we 
have to advertise and pick up people and 
challenge them. 
 
J. Matthews 

We are going to start three quarters of an 
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hour early this morning so we can take the 
first fifteen minutes for a brief presentation 
with each author taking five minutes to 
show the slides we would have seen 
yesterday but for the fact that we were in 
the hotel. So, Professor Munack, Professor 
Godwin and De. Jongebreur will each just 
take five minutes to quickly go through 
some of their illustrations. Then, after that, 
we will go back to a more general discus-
sion of environment, particularly the issue of 
low-input or rotation or more controlled, 
intensive agriculture, or how we should deal 
with the issue of new farming systems. 
Professor Munack first. 
 
 
J. Matthews 
 
Well, I think that brings us to the end of our 
time for this session. As I have explained, 
Professor Pellizzi is drawing up a report 
which is for release to the press and 
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for all the delegates here to take back to 
their own countries for circulation and to 
use as they wish. He's out at the moment 
revising this report from yesterday's 
discussion, and it will then be circulated to 
you later today, so that this afternoon we 
can look at it. We will all have an opportu-
nity to accept it or to say that there are 
things included in it that we don't like. I 
imagine that we will find it generally 
acceptable, but there may be some com-
ments we need to make at that stage. 

I would like to thank our speakers as the 
leaders of this round table meeting and all 
those who have joined in the discussion. f 
hope you find that you do take home a little 
more knowledge and a few new thoughts on 
the subject area, as well as renewed 
enthusiasm to do your part and for all of us 
to do our part to progress in the direction 
of a more environmentally friendly 
agriculture that is, nevertheless, still 
economical and practicable. 
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Prof. Karl Th. Renius 
Session Chairman 
 

For me it is a little more difficult to chair 
a meeting, but I will try to do my best and 
with your help I think we will be successful. 
Our first presentation will be given by Dr. 
Evina, President of the Euro-African 
Association of Agricultural Engineering 
Centers, and he will talk about the specific 
case of developing countries with regard to 
our main topic for this morning, 
mechanization on small farms. 
 
 
Dr. Ela Evina 
Cameroon 
 
LABOUR INTENSIVE IN AFRICA. THE 
CASES OF CAMEROON AND 
MADACASCAR 
 
1. Introduction 
 

The current state of mechanization of 
tropical agriculture can be demonstrated by 
two concrete examples: the case of Came-
roon (farms in the forested portions of the 
country) and the case of Madagascar (farms 
in the Lake Alaotra area). 

The information presented here should 
make it possible to determine which 
advances in mechanization are required to 
ensure increases in agricultural production. 
Indeed, the structural adjustment plans 
adopted by a fair number of African coun-
tries in order to overcome current crises are 
based on this concept. 

In Africa, very few farms are fully 
equipped. Malagasy farmers tend to be a bit 
better equipped, but the situation is 
generally comparable. However, most vil-
lage residents know who, how and where to 
ask for help with regard to renting. 

Given the current state of African agri-
culture, the modest goals of a subsistence 
economy mean that only a limited amount of 
capital - and hence no particular cleverness 
- is necessary. Tools are mainly considered 
to be an extension of a man's arm 
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and his muscular strength. 
Furthermore, as we know, the agricultural 

mechanization market is highly limited at 
this point because of the types of crops 
cultivated, farmers' mentalities and farm 
organization. 

In addition, domestic markets are often 
unfavorable for farmers. World surpluses 
supply the towns, which means that African 
citizens can buy majority of their food more 
cheaply from abroad. 

Full protection of agricultural production 
(which has already been unsuccessfully 
attempted) would result in price increases 
on the domestic market, since international 
costs tend to be lower. 
 
 
2. The Case of Cameroon 
 

In Cameroon, machetes and hoes are the 
most widely used tools in the forests as well 
as on the savannah 

A study conducted in August, 1987, on 
tool inventories and tool diffusion in the 
provinces of Central and Southern Came-
roon provided the following average results: 
− Machetes: 4 per household 
− Hoes: 3 per household 
− Picks: 19% of households 
− Axes: 86% of households 
− Wheelbarrows: 4% of households 
− Rakes: 3% of households 
− Sprayers: 82% of households 
− Sprinklers: 2% of households 
− Dibbles: 1 per household 

 
 
2.1 Hand Tools 
 

The machete is the forest farm worker's 
main tool. It is used for everything: clea-
ring, weeding, cutting down, digging small 
holes, etc. There are as many machetes as 
there are working persons either at home or 
on farms. 

Use of these tools over time follows a 
certain family hierarchy: a new machete is 
always used by the farm owner. When the 



machete is partially worn down (after about two 
years), it is given to the owner's wife; youngsters 
or people who are not self-sufficient are given 
similar tools. 

Once a machete has been worn down, it can be 
used for specific tasks (e.g., weeding cacao 
plantations), since it has become too light or 
fragile for forest wee-ding. At this point, the old 
handle is replaced with a longer one so that the 
tool-user does not have to bend down as much. 

When a machete becomes even more worn 
down, it is not thrown away, but rather used in the 
kitchen to prepare plantains or cut back palm trees 
or raffias in order to obtain palm wine. 

Axes are used to cut down and saw up trees and 
split logs. They are considered to be necessary for 
every forest planting program. 

While every farmer has a machete, this is not 
true of axes. As a result, they are often borrowed, 
free of charge. 

Pruners are used to pick cacao pods that 
cannot be reached with machetes. They are part of 
the cacao planter's equipment. 

The knapsack sprayer is hand-operated and a 
15-liter capacity. This equipment is generally used 
for pesticide application on cacao plantations. It is 
possible to find three or four of them per village, 
but their use has not yet become general practice. 

The sprinkler systems recently introduced by 
SODECAO are used exclusively for cacao nursery 
upkeep. They are assigned to planters' groups. 

The basket is an essential piece of equipment 
for women. It is light, made of cane and can hold 
from 50 to 100 liters. It is carried on the back 
suspended by belts placed around the shoulders, 
or on the head, depending on the region. 
 
 
2.2 Animal-Drawn Equipment 
 

This type of equipment is especially widespread 
in the northern part of Cameroon, that is, the Far 
North, Adamaoua and 

the Northwest, which are animal-breeding areas. 
Tools yoked to animals are meant to solve 

handling and ploughing problems. Animals are 
used with ploughs, rigid cultivators and carts. 

The increase in the total number of workdays 
(in Cameroon, due to the transition from manual 
farming to the use of the animal-drawn 
equipment) is generally based on women's and 
children's work. With the exclusion of land 
clearing and reclamation during the dry session, 
seed-bed preparation takes 25 hours per hectare 
using hoes, 12 hours/ha using animals and I 
hour/ha using tractors. 
 
2.3 Tractors 
 

Cameroon imports about 100 tractors a year to 
be used for agriculture and road transport. 
Tractors generally belong to agro-industrial 
companies and rarely to private farmers. 

The following implements are used with 
tractors: ploughs, rigid cultivators, seeders, 
sprayers and trailers. 

About twenty power tillers are imported each 
year. 

In terms of domestic production, there is large 
agricultural equipment manufacturer in Douala 
called Tropic, two smaller ones, CMO and 
CATMI and CENEEMA, which manufactures 
machinery. 
 
3. The Case of Madagascar  

3.1 Hand tools 

 
The angady is the basic hand tool, and the 

symbol of the farmer's trade. It is used as a spade, 
shovel, hoe or dibble. It is used for both heavy 
(digging) and light work (weeding or hoeing) in 
the mountains as well as in the rice fields or on 
the plains. 

No other original hand tools are derived from it. 
The angady comes in small and large versions. 
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3.2 Animal-Drawn Equipment 
 

Animal-drawn equipment is w i d e r  used, 
depending on the availability of zebus and, 
more importantly, of yokes. The way in 
which yokes are used (harnessing and 
yoking structure) depends on handling 
rather than field work. 

Malagasy farmers generally use wide 
yokes (1.20-1.40 m). Voiced commands and 
whips are used to drive the animals, and two 
pairs of oxen often draw a plough. A single-
axle cart (tipcart) with a fixed braking 
system can carry 400-500 kg. The cart is 
very well made. 

A one-meter-wide, 60-70-cm high woo-
den box with slatted sides is used. This is 
placed on a metal axle (generally imported). 
Wooden wheels have metal bands around 
them; otherwise, the wheels are made 
entirely of metal (depending on a 
purchaser's preferences). The considerable 
diameter of these wheels makes it possible 
for carts to easily roll over obstacles. 

Poles can be added to the corners of the 
cart to increase its height, and hence its 
volume, when large loads such as stack 
straw are being carried. 

These three elements--the angady, the 
zebu and the cart--are the basic equipment 
used by many Malagasy farmers. 

The average useful life of this equipment 
is: 
− angady: 4-5 years; 
-    oxen: 2-3 years (when used in pairs); 
− carts: 25-30 years (when repaired regu-

larly). 
 
 

3.3 Production Location 
 

Angady are made in small, specialized 
workshops located in Mantasoa; the most 
beautiful ones are signed. About four sizes 
are produced by local craftsmen and sold on 
the market. 

Carts are generally built in two places: 
near Lake Alaotra (Bejofo) using local wood 
and axles bought in the capital, and in the 
region of Ambatolampy near Antsi- 
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rab. More and more craftsmen are setting up 
cart workshops. 

When a farmer works on flatland, he 
often uses two additional tools: the plough 
and the harrow. Not everyone uses these 
tools, however, especially in the rice-
growing zone, where it is still possible to 
find many farmers without equipment. 

Two types of ploughs are used: 
-  in the region around Lake Alaotra: the   
   BAJAC swivel plough (90 kg) drawn by   
   3-4 pairs of oxen; a lighter plough 
   (60 kg) derived from the BAJAC is now  
   produced    and sold in this region; 
− elsewhere:  the Menakely plough    
    (Burgundian; 20-40 kg), which can be   
   reversible. 

Adjustments are made to reduce 
ploughing depth from 8 to 10 cm with clods 
turned over 180 degrees before leveling 
transplanting rice. The plough's useful life 
is about 40 years. 

Harrows are used to prepare seedbeds for 
dry crops; they are also used for 
transplanting in ricefields after leveling. 
They have very short tines (10 cm), which 
correspond to ploughing depth. Their useful 
life is approximately 4-5 years. 
 
 
3.4. Harvesting Equipment 
 

Curved knives are used for paddy 
harvesting. The motion used is more like 
cutting (handful by handful) than reaping. In 
some parts of the island (Andapa), rice 
paddy is harvested ear by ear. 

Stack drying is used. Paddy is normally 
mixed by hand, and almost no forks are 
used. 

Threshing (no flails are used) is done on a 
stone (or a can), and hulling involves the 
use of oxen (this is general practice). 

Winnowing is a manual process involving 
use of the wind. 

Husking involves the use of 
unsophisticated huskers with rollers and 
knives, which are used in villages. 

Oxcarts are used for handling. 
In terms of domestic product ion,  



smithies operate in the largest villages, but their 
main activity is rethreshing. There is one large 
company, SIDEMA, which supplies agricultural 
equipment, and there is a mechanical 
manufacturer, MAFI (ex TOLY), which 
produces BAJAC ploughs and husking machines. 
 
3. Conclusions 
 

3.1 Technical Factors Influencing 
Equipment 

 
− Small farms ranging from 0.5 to 2 ha for 

food production; 
− a lack of skilled technicians; 
− the nature of the soil and the slope of the 

ground, as well as the presence of stumps 
and rocks. 

 
 
3.2 Microeconomic Factors 
 
- High purchase prices, which are unusual for 

farmers and make planning difficult; 
− low purchasing capacity; 
− unappealing product sale prices. 

3.3 Social Factors 
 
− An a priori rejection of mechanization; 
− non-existent technical training; 
− a marked preference for imported products. 

 
 
3.4 Strategies, for the Future 
 

Development must based on an increase in 
both the demand for and supply of products. 

Three different approaches are used to 
encourage development; 
− improved scientific training; 
− identification of appropriate production 

chains; 
− improved production systems. 

Scientific training is considered to be the basis 
for the development of modern factors of 
production. 

The production chain approach has led to a 
situation in which organization depends on crops 
when it comes to proposing complete 
technological packages. These packages favor 
research and planning, starting with the 
interaction to be encouraged between agricultural 
production and the operations that come before 
and after. 

Systems analysis must make it possible to get 
the most (in the long-term) out of factors of 
production provided by the entire ecosystem 
(including man) before resorting to external 
factors, which tend to be very expansive. 
 
 
3.5 Possible Future Development 
 

Crops and farming methods may become 
diversified. Examples of diversification include: 
new crops, new rotation systems, and local 
management linked to the agro-socioeconomic 
situation. 

Diversification also depends on the existence 
of a potential market. In fact, new product are 
not expected; instead, a locally created product 
should be able to substitute an existing, 
expensive (i.e., imported) product. 

In the case of an existing product, marketing 
limitations on the raw product (e.g., paddy) could 
encourage marketing of the processed or 
conditioned product. 

Finally, new factors of production should 
become available as a result of the previous two 
steps. 

Diversification: seeds, fertilizers, agro-
chemicals. 

Processing line: processing equipment and 
logistics. 

Harvesting equipment. 
Preservation equipment. 
At present, the development of cultivated areas 

as a result of mechanization creates a need for 
additional labor for various field operations and, 
most importantly, har- 
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vesting. 
Agricultural revolutions are only successful 

when the following factors exist; 
− political and cultural mobilization of 

farmers; 
− dynamic agronomic results; 
− an attractive market. 

With regard to the first two factors, there is 
consensus about strengthening the strategic side 
of both agronomic research and agricultural 
expansion. 

If there is not a cultural revolution as well, 
then the results of research will not be able to 
transform farming methods (e.g., seeds, small 
equipment for produce processing, etc.). 

A cultural revolution would mean: 
− awareness about the overall environment; 

awareness of the existence of product chains 
and their stages, so as to be able to act on 
these; 

− awareness of the existence of problems 
which could be solved by consultants. 
Once new systems have been defined, it will 

be possible to find a way to overcome obstacles 
by using new, higher quality equipment. This 
means specialized machinery (e.g., planters), 
harvesting equipment, cultivation equipment, etc. 

It also means that teams must already 
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begin to work on this equipment on order to 
adapt prototypes to the list of conditions prepared 
by farmers and agronomists. 
 
 
3.6 Basic Research Goals 
 

"Under these conditions, agronomic research 
must be part of a framework based on a long-
term process, during which it will prepare, 
patiently and with perseverance, tomorrow's 
factors of production, while waiting for the time 
to be ripe." 

This may appear to be in contradiction with the 
realization of short-term projects designed to: 
− develop research in order to constantly 

improve knowledge and factors of production; 
− encourage the gradual adaptation of tra-

ditional societies in order to make it possible 
for them to gain access, in the long term, to 
research contributions. This includes the 
development of both human sciences and 
extension activities. 

This long-term development makes it difficult 
to mobilize manufacturers during a prolonged 
period of evolution or market maturation. 



 



 



K.Th. Remus 
 

Thank you very much for your review of the 
subject of mechanization in developing countries. 
I would like to propose that Dr. Chèze make his 
presentation now, if you agree, and then we can 
discuss everything together. I would like to 
introduce Dr. Chèze, because his position has 
recently changed. Several weeks ago, Dr. Chèze 
became the head of the Department of 
Agricultural Engineering at CEMAGREE And 
the person who formerly held that position, Dr. 
Lucas, has gone into teaching, and so their 
positions have changed a bit. Now we will hear 
from Dr. Chèze on the same subject, that is, the 
case of developing countries with regard to 
mechanization on small farms. 
 
 
Dr. Bernard Chèze France 
 
THE MECHANIZATION OF SMALL 
FARMS THE CASE OF SOME 
AFRICAN COUNTRIES 
 
1. Introduction 
 

Before talking specifically about farms, it is 
useful to have some idea about the trends 
currently in progress in African countries and the 
challenges to be over-come there. 

North Africa has a high rate of population 
growth and a highly negative food balance. 
Redimensioning this negative balance will be the 
most important problem in the years to come. 
The population is mainly concentrated along the 
coast (Figures 1 and 2). Intensification of agri-
culture is an absolute priority. 

The part of Africa south of the Sahara is now 
facing a severe crisis. Development models have 
not provided the desired results. The population 
is increasing at an exponential rate, which is 
similar to the situation in Asia but with lower 
absolute figures (Figure 3). 

This population will quickly spread over he 
majority of usable land. In the Gulf of Guinea, 
for example, labor productivity in Agriculture 
should be increased by 300% in 2 5  years and 
yields by 2 5 0 %  in order to ace the growing 
demand for food and to maintain soil potential. 

A revolution is needed to reach these goal,  
Furthermore, an urban explosion, which has no 
point of reference in the history of the rest of the 
world, means that increases in productivity are 
not enough. agricultural production must be 
adapted to he needs of city dwellers; it must be 
diversified, and supply channels to towns must 
be organized. 
 
 
2. Strategic Problems 

Resulting From Mechanization 
 

According to R Campagne (CINAM), 
agricultural mechanization and motorization can 
have a significant impact only if :hey are the 
sole answer to farmers' and governments' 
strategic questions. A strategic situation for a 
farmer is when he can-not successfully meet his 
"socially-recognized needs". 

Governments must handle local food 
requirements, control the employment situation 
and strive towards financial balance. Part of the 
resources obtained through export can be 
absorbed by food imports (e.g., 30% of the 
money received for oil in Algeria in 1980, and 
2 5 %  in the Congo in 1981). 

While difficulties with regard to the spread of 
animal-drawn cultivation concern the absence of 
draught animals, motorization failures are mainly 
based on financial problems. in France and 
Japan, loans have played a significant role for 
farmers who do not have enough surface area 
for motorization. Furthermore, a developed and 
diversified system of mechanization existed 
before the introduction of motorization. In some 
countries, the use of tractors for non-
agricultural, income-producing operations has 
allowed for the spread 
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of motorization (e.g., the Mediterranean basin). 
In most parts of the world, modem agriculture 

has developed because of: 
− increases in agricultural production; 
− the development of motorization; 
− decreases in the number of people 

working in agriculture. 
But in the Ivory Coast, increases in production 

and the number of people working in agriculture 
have occurred without any change in 
mechanization. A full motorization policy has 
been adopted only in countries in which the 
agricultural population has nearly disappeared 
(e.g., Gabon, the Congo). 

Now let's get back to the farm in order to better 
analyze the situation with regard to 
mechanization. The first question is, do 
agricultural farm holdings exist in Africa? 

 
3. The Farm Holding in Africa 

 
In developed countries, farm holdings tend to 

break down the bonds between families and 
farms. This is mainly due to the fact that 
agricultural activity represents a part of the 
family's overall activity and resources. 

In Africa, on the other hand, many farm 
holdings continue to be based on the family's 
labor. But first we should explain what a farm 
holding is in Africa. This set-up has been studied 
by CIRAD economists since 1980. First, we must 
exclude all industrial or state-run farms and only 
consider the type of agriculture in which most of 
the agricultural population is engaged, that is, 
"partly marketed" production where most products 
are brought to market. 

In France, farm holdings very often include 
many different units with their own specific 
objectives, such as production, consumption, 
capital collection, housing, etc. These units are 
frequently separate in the African context. Many 
authors (e.g., Y. Bigot, Brossier) consider 
working capacity (labor) to be the most important 
factor in these production units, as well as 
identifi- 
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cation of the decision-making body able to 
mobilize it. 

The way in which the land is used is based on 
work division (collective fields). Capital 
investments occur at different levels on the farm 
but tend to increase as new techniques are 
introduced. Each production unit maintains close 
contacts with the others, especially in the case of 
cattle farming. 

According to Y. Bigot, the following definition 
applies: "A farm holding is a unit composed of a 
group of people under a main decision-making 
center for the mobilization of the work force 
aimed at production of the most important food 
and cash crops." This definition is especially well 
suited to farmers who have large areas available 
and little money, as is the case in many West 
African countries. The available manpower is the 
main limiting factor in this region. On the other 
hand, when the density of the rural population is 
over 70 inhabitants/km', the availability of land 
becomes the limiting factor. 
 
 
4. Study of the Introduction of 

Mechanized Techniques on Farms 
 

Various methods have been studied in this 
regard. In 1976, J.F. Richard, an IRAT agro-
economist, used a linear program, model "4s", on 
the region south of Sine Saloum in Senegal. In 
that area, one-third of all agricultural production is 
food crops (millet, sorghum, maize) and two-
thirds is cash crops (groundnut, cotton). Ten to 
twelve people work in the fields on a mid-sized 
farm. The study compared two types of 
mechanized equipment for oxen: the ARIANA 
and the POLYCULTEUR. 

By implementing the linear model, Richard 
showed that although the ARIANA required more 
work, it was economically sounder when more 
than 9 ha were being cultivated. The POLYCUL-
TEUR was best suited to 12 ha (Séminaire sur la 
mécanisation des exploitations individuelles des 
pays chauds, CEEMAT, 



Paris, 1977). 
In May, 1979, a feasibility study was conducted 

by request of the Ivory Coast in order to try to 
find the best system of mechanization for various 
types of farms. The study started with an analysis 
of the limitations of traditional farms: 
 
− Low acreage: of 443,295 farms in the south, 

37.6% covered fewer than 3 ha, 49.6% from 3-
10 ha and 12.9% from 10-100 ha. In the north, 
out of 106,413 farms, 54.5% had fewer than 3 
ha, 41.5% from 3-10 ha and 4% over 10 ha. 
Plots were also small: 0.37-0.84 ha for food 
crops, 1.35-1.65 ha for tree crops. Plots tended 
to be scattered and located far from villages (4-
6 km). Ease of access varied: in the south, 
44.3% of coffee plots could not be reached 
with a car or bike and only 36% by bike; 

− Mixed cropping: 10-15% of the land 
cultivated was single-crop. Even in the north, 
mixed cropping represented 20-65% (i.e., rice, 
maize, cassava; taro, plantain, cassava; coffee, 
cocoa, yam, etc.). Food crops were still very 
important for small farms, even in areas in 
which cash crops played a major role in the 
economy; 

− Manpower: was essentially represented by the 
family and sometimes included permanent 
workers (16.2% in the south). The use of 
seasonal labor was more frequent (50-60%). 
Mechanization was normally expected to 
reduce the need for outside labor. There were 
also farmers' groups and traditional forms of 
assistance among them; 

− Soils: that is, problems concerning erosion and 
fertility; 

− Yields: averages per hectare were low: 1.2-1.6 
t for paddy, 1-1.1 for maize, 0.8-0.9 of millet 
and sorghum,, 0.9-1.0 of groundnut and 8-11 t 
for yams and cassavas. Yields were not 
constant and depended on rainfall; 
Shifting cultivation was still the general rule, 
except in the case of irrigated 

rice. A change in this situation, which is a 
prerequisite for mechanization, would come up 
against the unsolved problems of fertility levels 
and weed control; 

− Mechanization had already been introduced: 
oxen cultivation was used in 17% of cotton 
growing, but it was marginal in the south due 
to a lack of cattle (1.2% of farmers owned 
oxen). Figures on motorization were low: from 
5% on cotton-growing farms to under 1% on 
other types of farms; 

− Commercial system adopted for food crops 
influenced the share of the sale price that went 
to producers and distributors. The latter had 
too many retailers because of under-
employment in the city. For some foods, the 
economic distribution was the following: 45% 
for the producer, 30% for transporters and 
wholesalers and 25% for retailers. 

 
Varying levels of equipment were selected on 

the basis of these factors and then tested in the 
field. Table 1 presents the solutions proposed for 
two regions in the Ivory Coast (far north and 
central north) and the number of units concerned. 

This experimental model, which was called the 
"project de motorization paysanne", was 
implemented from 1980 to 1986 by the Centre 
Ivoirien du Machinisme Agricole (CIMA). 

Many tests, reports and proposals for alternative 
mechanization schemes were then put forward, 
and many of them were highly original, such as 
low-cost land cleaning in the Savannah region and 
the use of power tillers and small Pangolin 
crawlers to transport coffee and cocoa in the 
south. But many solutions could not be imple-
mented because of the crisis. 
 
5. The Present State of Mechanization 
 

Rwanda has almost no ox-drawn cultivation 
and no motorization on individual 
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farms. Machetes and hoes are the basic hand tools. 
In fact, over half the farms cover less than I ha, 
and the terrain is rather mountainous. Rural 
families have an average of three active members. 

During a meeting held in 1985 in Butare, the 
proposed possibilities for mechanization did not 
go beyond a wider range of hand tools and light 
equipment for crop protection in the case of cotton 
(G. de la Pierre). 

In countries where cattle exists, animal-drawn 
cultivation could spread and thereby contribute to 
work productivity and the amount of acreage 
cultivated. However, manpower could be a 
limiting factor in this case. A recent survey on the 
western portion of Burkina Faso underlined the 
positive aspects of small motorization (good 
machine control, increased cotton and maize 
yields connected with expanded cultivation), but 
also mentioned other aspects that were less 
positive (decreased fertility, the risk of erosion 
and the fact that only four farms could handle the 
increased costs of motorization). Presently, only 
large, traditional, production units are involved, 
and there is a need for technical assistance 
(including machine distribution and maintenance) 
and marketing. In this part of Burkina, production 
units with small motorization have an average size 
of 28 ha (ranging from 15 to 50), contain 4-5 
families (2-10) representing 25 people (10-70) and 
depend on family workers (M. Le Moigne, 
PESCAY-CEEMAT/SEDES). Tables 2 and 3 
give a broader view of the present situation with 
regard to agricultural equipment in some African 
countries. 
 
6. The Agricultural Mechanization of Small 

Farms 

6.1 From Hand Cultivation to Animal-
Drawn Machines 

 
Since 1982, a development plan in effect in 

Mali has been attempting to provide 

 

 

98 

equipment to farms which do not yet have 
animals. The successful implementation of 
animal cultivation depends on: 
− limited acreage planted with crops 

requiring fertilizer (cotton, maize); 
− controlled cattle breeding (health, food); 
− improved know-how about cultivation 

practices and machines. 
The "first adapted equipment loan" package 

includes: technical follow-up on operations, a 
sanitation survey of oxen and management 
advice for farmers. Learning how to handle oxen 
is an essential part of the system. The basic 
equipment consists of a plow and a multipurpose 
tool-carrier. A cart, a weeder and even a harrow 
or a more effective multipurpose tool, like the 
ARIANA, can also be added to the package. 

A limited program for the intensification of 
hand cultivation has been developed for farms 
which have no knowledge whatsoever about 
animal cultivation. Intensification is limited to 
small farms because of the lack of manpower. In 
this area, hand ploughing is done during the dry 
season, so that planting can be done early during 
the cropping season (Sanogo, Mumgroop, 
Kleene). 
 
6.2 From Animal Cultivation to Small     
     Motorization 
 

Since 1984, Y. Bigot, an agro-economist at 
the Farming Systems Department (DSA) of 
CIRAD, has been analyzing the transformations 
that have followed the introduction of animal 
cultivation and motorization in the Sudanese 
SENOUFO region (the southern portion of Mail, 
the western portion of Burkina Faso, and the 
northern portion of the Ivory Coast). He has 
deter-mined that the use of agricultural equip-
ment on small farms is a progressive process 
that takes some time. In fact, at first oxen 
cultivation is only used for soil tillage, then, 
later, transportation and crop cleaning and, 
finally, seeding. The introduction of tractors 
(starting in 1980) has followed the same process. 



This "progression" can be explained by the 
following three reasons: 
a) geographical considerations: rainfall 

distribution and relatively low population 
density; 

b) economic considerations: the possibility of 
capital accumulation thanks to the economic 
integration of cotton production; 

c) human considerations: the possibility of 
using more labor on agricultural activities that 
have not yet been mechanized. 
More specifically: 

a) in this region, the quantity of rainfall varies 
from 900-1,300 mm from the end of May to 
the middle of October. This means there are 
more days available for mechanized soil 
tillage. Furthermore, soil tillage can be carried 
out on a scale that will result in the 
satisfactory amortization of the equipment. In 
addition, heavy rains require ridgers to control 
erosion. 
The rainy season in the northern regions is too 
short. In the south, the sanitary conditions and 
the absence of forage make cattle breeding 
difficult; in addition, there is the problem of 
tree stump removal. The irregularity of the 
rainfall each year is less important in cotton 
production, which also provides more security 
in terms of food and yields. 
The figures on the low population density in 
this area are: 15 inhabitants/km2 in the 
southern part of Mali and 8 in the northern part 
of the Ivory Coast. This makes it possible to 
more easily expand cultivated areas as shown 
by Table 4; 

b) investments in agricultural machinery require a 
total of many years of income, even in the 
case of animal-drawn tools. A credit system 
extended over several years must be set up. 
But this is a difficult task because of the 
absence of monetary resources, confusion 
between production and food loans, etc. The 
Companies for Developing Cotton Production 
have set up a system which pays the loan and 
takes part of the 

income to pay for the equipment. This is 
possible because these companies are 
responsible for marketing. Unfortunately, the 
only crop that benefits from this system is 
cotton, and all attempts to extend it to maize 
have failed. 

c) it is preferable for agricultural mechanization 
to spread to farms with significant 
demographics. The lack of a completely 
mechanized system of cultivation increases 
the need for hand work. In areas in which 
workers are not available, the cultivated area 
per worker has not changed significantly. In 
certain parts of the Ivory Coast, levels of 1-1.2 
ha per worker have been observed (M. Le 
Moigne). But temporary workers are 
increasingly needed for harvesting, since 
quantities have more than doubled with the 
expansion of cultivated surfaces and improved 
yields. Table 5 shows the evolution of labor 
requirements, productivity and the 
surface/worker ratio according to a survey 
conducted by Y. Bigot (Senoufo region). 
Y. Bigot comes to a negative conclusion as far 

as the motorization of individual farms is 
concerned because of: 

- the small number of larger farms with 30 people; 
− the system of assistance based on exchange 

between farmers and salaried people; 
− land tenure difficulties; 
− the costs of cotton harvesting. 

He suggests that small tractors be shared 
among farms. This could also be achieved with a 
contractor-type situation, which is justified by the 
large economic burden of a tractor when 
compared with the size of the farm. 

Public decision-makers should be encouraged 
to promote motorization through: 
− the creation of roads and tracks; 

the development of maintenance skills; 
− the encouragement of cattle breeding; 
− the creation of real markets for products 

and the improvement of food quality. 
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Small motorization is not the only option for 
the future. Its drawbacks include the power and 
speed of soil tillage, and it is not suitable for 
contracting work because of the time required to 
move from one field to another. 
 
 
7. Conclusions 
 

If one compares the urgent situation 
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represented by the dramatic increase in the 
demand for food in the years to come with the 
lengthy process of the evolution of equipment, 
there is no doubt that a rapid technological 
revolution is required. If this does not occur, 
Africa will have to rely more and more on food 
imports. However, massive imports are 
dangerous for local producers, and as agricultural 
engineers we should probably offer means of 
production rather than the products themselves. 



 



 



 
 

         Figure 1: Estimated demographic development in Northern Africa 
 
 
 

 
                          Figure 2: Estimated demographic development in Southern Africa (South of Sahara) 
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Figure 3: Demographic projection in the continents 
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K.Th. Renius 
 

Thank you for your statements. Gentle-men, 
we should now discuss these two presentations, 
and I would like to encourage you to put some 
questions or make comments so that we may 
begin discussion and perhaps discover some 
objectives to be tackled and some proposals to 
be put on the table to be discussed. I think that 
this topic could be our biggest problem in the 
future when it comes to feeding the world, 
especially the Third World, and we should think 
hard about these problems. 

 
J. Hellebrand 
 

Let me start with a few comments. I strongly 
support these two contributions because 1 know 
the situation a little bit from personal experience, 
and it really is difficult to determine the proper 
plan for development and mechanization in this 
part of the world. I think the proposal concerning 
small motorization is a reasonable one, but we 
must encourage the peasant, the population, to go 
this way, and one of the basic things I learned is 
that there must be some general knowledge and 
education before new ideas can be accepted. You 
must have a combination of traditional technology 
and modem education in agriculture. It's very 
difficult to find capital to buy new equipment, so 
there must be some incentives for capital 
accumulation. That means there must already be a 
reasonable market system and infrastructures as a 
pre-condition which must be developed at the 
same time. So you cannot solve one question 
alone. It requires the combined development of 
infrastructures, education and small-scale 
mechanization. This has been my experience. One 
possibility is for engineers to find solutions or 
machines and technologies which can be used for 
10 to 20 years with little energy consumption; that 
means ox-drawn machinery and then the 
beginnings of small-scale mechanization using 
power-driven machines. Another aspect concerns 
the fact that farms 

are generally very small, as indicated in these two 
papers. So the question of capital accumulation is 
a very difficult one, and this is another problem 
which must be solved: how to accumulate capital 
to buy new equipment. Up till now, the idea of 
cooperatives, which were attempted in some 
countries, has failed, and there is a need for some 
new ideas as to how to use equipment on a large 
scale, let's say ten farms together. 
 
 
K.Th. Renius 
 

I very much agree with your comments 
regarding problems of training and infra-
structures, and I think that could be one point we 
might tackle in more detail. 
 
 
A. Lara 
 

I think it is important that small motorization 
be supported in developing countries where there 
is a large number of small farmers. We have had 
some experience trying to introduce locally 
developed machines specially designed for local 
production. The main problem, once the pro-
totype was working well and we had found a 
manufacturer willing to produce the machine, 
was the fact that small manufacturers are very 
restricted in terms of their commercial attitudes. 
I think a good investment would be development 
of tutors. I think there are many good designs for 
both animal traction and powered machinery, 
but small manufacturers cannot face the 
commercial aspects. So, 1 think it would be a 
good idea to come up with ways in which 
developing companies could handle the sales 
aspect. I think it is very important to realize that 
engineers consider the problem of obtaining the 
same effect with very simple devices to be a 
worthwhile challenge. Development costs may 
be the same as in very sophisticated systems, 
and it sometimes takes years to develop 
something that works well and that is relia- 
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ble and simple, but all those years of deve-
lopment are lost if we don't have a good 
distribution system. 

E.H. Bourarach 
 

I see three difficulties. First, there is no 
national strategy, and I think it is the first time 
that there is some association or club dealing 
with strategies for the development of 
agricultural engineering, and that is what the 
Club of Bologna is doing. Second, there are 
financial problems. The state can help farmers 
get machines, and I think small mechanization 
is the best way. It's cheaper to buy, and the cost 
of using these smaller machines is lower. 
Third, there is a technical problem, and I think 
as agronomists and engineers we can do a lot in 
this direction. In terms of technical problems, 
in Morocco, for example, we have a situation in 
which farmers use tractors with animal traction; 
they use them a lot for traction and not for PTO 
use, for example, They use them with low-
speed engines because they think they are just 
like animals, and they have to go slowly for 
endurance. Some Moroccan companies are 
studying this problem in an attempt to come up 
with a high performance, low-speed tractor. 
We sometimes also have a problem with small 
tractor seats, which aren't comfortable, and so 
farmers don't use small tractors because of that. 
Another problem connected with traction is 
weight. A lot of farmers don't like small 
tractors because of their weight. We have 
received tractors from Japan with about 30 kg 
per hp, and I don't know whether by adding 
some mass to these tractors they will be sturdy 
enough in construction to cope with the 
conditions. Another ergonomic aspect concerns 
hydraulics. We have carried out studies in two 
areas in Morocco, in the Rab and Zaire areas 
where there are large portions in which the soil 
is good and the water is not a limiting factor, 
and we found that the 90 farmers and the 
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state farms as well don't know how to use 
tractor hydraulics. And so I wonder, is it 
possible or realistic to make a simple hydraulic 
tractor, up and down, or is it very important to 
have position control and draught control? We 
can't really do much about national strategies 
and financial problems, but the small 
mechanization that was suggested is a good 
solution as are ergonomic solutions to technical 
problems. 
 
G.R. Quick 
 

I have some good news and some bad news 
and a few observations. I notice that small 
Asian farmers are largely being over-looked in 
the discussions in this program, and I hope that 
will be rectified in the future, because, really, 
that is where the largest majority of the 
underdeveloped world lies, in Asia. So, that 
should be addressed, I believe, in the Club's 
itinerary in more detail. The good news is that 
the program in engineering at I.R.R.I. had 
some very positive effects. I think it would be 
worth spreading some information about this 
just for one minute. If you want further 
information, I have some slides that could be 
shown if the Committee so desires. This 
program has been developed on the basis of a 
philosophy that small manufacturers are an 
engine of growth in the developing world. The 
I.R.R.I. program has led to the establishment of 
at least 3,000 manufacturers around the world 
who produced approximately 1,000,000 machi-
nes from I.R.R.I. designs, and those designs are 
provided free of charge. We have learned from 
this—and this is something that people in 
influential positions may like to take on 
board—we've learned from that that small 
manufacturers in many cases are not very good 
at reading a blueprint or at reading anything, 
but they are very good at copying. So, one way 
to get the technologies extended is to provide 
the hardware to them on a loan or a donation 
and then let them copy it. This is a good way to 
pro- 



mulgate a technology. So, it is suggested that 
parcels of equipment could be placed by the 
wealthy nations at the disposal of small 
manufacturers, and government agencies could 
help small manufacturers get established. I 
place that idea in your minds. Now, the bad 
news is this: I think that we should not use the 
word mechanization in the developing world. It 
is a bad word. It has bad connotations in 
spheres of influence, so I think we should be 
very judicious in the use of the words machine 
and mechanization. We have to be a bit more 
cunning, a bit more subtle in the way we 
approach this. Take that for a thought. Another 
piece of advice or observation is this: in rice 
regions, in the developing part of the world, 
yields are declining in general, for whatever 
reasons. Another observation is that there is an 
ever widening gap between the haves and the 
have-nots, and a lot of the discussion on 
increased sophistication is fine in some areas, 
but the gap will, I think, be inclined to increase 
between those who are well-off and moving 
into sophisticated fields and those who are not. 
I would like to suggest that this Club place 
some emphasis, even in the form of a 
recommendation, on training individuals to 
move in spheres of influence. Agricultural 
engineers are trained as problem solvers, and 
this is an extremely valuable asset. Engineers 
are very valuable people; we should train 
young engineers to learn to move in positions 
of influence. We tend to be inclined to want to 
work on our own profession and concentrate on 
engineering problems, but I think it is going to 
be critical that engineers be trained and advised 
to move into spheres of influence where they 
can effect policy. Those are a few thoughts for 
you to take on board. 

K.Th. Remus 
 

I think that once again we have heard that it 
is necessary to have an overview of 

the complete system, not only in detail. The 
complete system is very important. Nearly 
every aspect of a country is important in 
agricultural development. To help our 
discussion along I've prepared a diagram and 
would like to present that now (Figure A). 
This may be the typical development of a 
country going from the agricultural phase to the 
developed phase, that is, from being an 
underdeveloped to a developed country. You 
see on the left the percentage of workers is 
plotted against time. In my country, for 
instance, in Germany, 200 years ago 80% of 
the people were also engaged in agriculture, as 
in many less developed countries today. Now, 
the objective is to free people from agriculture 
and put them into industry and the service 
sector, and the first stage in this general 
development requires increased industry so that 
as many people as possible can be placed in 
industry. At present, we have development 
from industry to the service sector, and only 3 
to 5% of workers in fully developed countries 
work in agriculture. These 3 to 5% are 
producing more goods or food than the 80% 
produced 200 years ago. So, what I want to 
illustrate with this diagram is that the system 
must be complete. It is not enough to consider 
agricultural mechanization, but we must also 
develop industry and the service sector. This is 
a very important, political problem. Without 
industry and services, it isn't possible to 
improve the people's standard of living, 
including health and everything else. 

R.O. Hegg 
 

I think a key question would be, "What's 
different now for a country that has 80% of its 
population involved in agriculture?" What's to 
prevent them going down to 3-5%? Are there 
different factors involved today as compared 
with 50 years ago? I don't know, but again this 
could be a point of discussion. 
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       Figure A: Historical dynamic population in relation with the economic development. 
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K.Th. Renius 
 

Yes, I think that some conditions have 
changed a little, but the general rule of 
developing countries, in my opinion, is nearly 
the same as 200 years ago, and I would very 
much like to focus on education. Education is 
the key to help people to help themselves, and 
perhaps, if you agree, we could focus on the 
subject of education. What can be done 
practically? What messages can come from this 
Club to put more power into the field of 
education for people in the Third World? 
 
D.J. White 
 

Could I raise the question of training of 
engineers and ask Dr. Quick whether there 
should be a greater proportion of time in 
engineering courses related to extension 
activities? How do we translate the engineering 
message to problem solving in developing 
countries and make sure that the ideas are taken 
up rather than simply solving the engineering 
problem on its own? 
 
 
A. Lan 
 

I think we have some experience in that 
regard. We have incorporated students from the 
country involved when it comes to identifying 
needs, rather than just going ahead and helping 
outside the school on something useful. Instead, 
we have incorporated them into a project from 
the very beginning, and then we lead them 
through several steps in the development of 
specific projects. I think the kind of education 
they get in that way is a lot more useful than 
simply solving a problem on paper. It is very 
interesting to see how long it takes for a student 
to draw something that is going to be built and 
tested. If they know the thing is not going to be 
built and tested, then they design it very quickly. 
But if they know the thing is going to be built 

and tested, then they go very slowly. I think 
that the maturity they get as engineers and the 
attitude they have towards participating in that 
kind of project is much better than regular 
teaching. I think it is very good to incorporate 
students and not just let them help in something, 
but rather to educate them to identify needs and 
learn the problem-solving process in a real 
situation. 
 
 
J.R. Godwin 
 

Just some thoughts on education based on 
our experience at Silsoe College, where 
currently we have students from 63 different 
countries involved in training and agricultural 
engineering and related matters. Our 
experience is, I think, mixed. The worry that 
we always have is that people come to us to be 
trained, we train them, and that is the last time 
they spend any time doing anything practically 
related to agricultural engineering. They are 
then, because of their position, diverted into 
Ministry buildings in capital cities, and they 
may reach a position of policy-making. But I 
sometimes wonder if they are deflected too 
soon into too high positions because there is 
not a strong enough infrastructure to adapt 
them, and trained people are so scarce. On the 
other point of scarcity, I looked at some figures 
the other day, and we'd had 175 applicants for 
people to do an MSc in agricultural machinery 
engineering. Most of those came from overseas 
countries. That was in the last year; only five 
of them turned up. There is a woeful need for 
funds to back students for training. That is one 
of the biggest problems the world faces. Our 
other experience, I think, is that mechanization 
alone is not the solution. We have heard this 
morning about social needs, the strategy, the 
attitude. We are not going to solve the problem 
by throwing hardware or technology at the 
people. It's a question of getting the balance 
right, and there are very many factors outside 
the control of mere 
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engineers and mechanization specialists. I 
don't know if there is anybody anywhere who 
knows the way through some of these problems, 
and it is of great concern to me. One single 
point just to finish is that we should look at the 
curve for population growth. We've talked 
about sealed systems; if you look at rabbits on 
an island, and there's plenty of food, the 
population develops. They eat all the food; 
there is no food left, and the population falls, 
and I believe that we have to look at the greater 
situation with respect to population control. I 
think some population control will be self-
inflicted, because I don't see any reason or any 
way in which we're going to increase food 
production by 300 or 400% in the next 50 to 
100 years. 

K.Th. Renius 
 

I think the problem of population control is 
too difficult, and this is not the right place to 
discuss it, although I agree that it's a very 
important subject, of course. Let's concentrate 
more on other points. 

 
Dr. Chak Chakkapak  
Thailand 
 

Just a few minutes on this change from 
agriculture to industry, as mentioned earlier. 
We in Thailand are facing this quick change 
where industry is booming. In the past four or 
five years we have been experiencing a move 
from agriculture to industry. In many cases, we 
face a shortage of farm labor, especially for 
harvesting. Of course, I agree with the 
comment about mechanization strategy, that it 
should be within the scope of the national 
economy since the national socio-economic 
five-year plan, and the last five-year plan and 
the upcoming five-year plans, will include this 
mechanization strategy. 7? We are the National 
Research and Development Institution in farm 
machinery, and years ago we 
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were kind of working alone, which is not quite 
right, because to support the local farm 
machinery industry, for example, you need to 
have other ministries and other departments 
participate. But with this national strategy, we 
have help from many other institutions, such as 
industry and banks with easy credit. I think 
this has been very successful in the past ten 
years in Thailand, where a lot of local 
machines have been developed and used by the 
farmer. Of course, we appreciate advanced 
technology from European countries. So, good 
machinery has to be imported to be 
incorporated into our mechanization pro-gram 
of locally produced machines. Many countries 
have had a similar situation, that is, a national 
strategy for farm development over the past 
five years, and it has been a very useful 
experience. 

O .  Marchenko 
 

I would like to make some comments about 
the diagram that Professor Renius showed us. It 
seems to me that it is highly suitable to view the 
world in terms of agricultural requirements. 
Many countries have good soil and climatic 
conditions for agriculture, but, in my opinion, 
agriculture is risky in some countries, and thus it 
is not suitable. We should not forget about the 
integration of countries. Of course, we should 
consider all the problems connected with the 
development of a country, but perhaps we 
should create some regional proposals to 
integrate the production of agricultural items. 
For example, we know that Ireland produces a 
lot of beef and milk and exports more than 70% 
of beef. It seems to me that there are some 
developing countries where we can make 
recommendations concerning particular 
strategic crops. We need some organization for 
crops for domestic needs and strategic crops 
that will be excluded from other countries. In 
this way, we can change our approach to 
strategic recommendations for certain 
countries. 



K.Th. Remus 
 

I agree with you, of course. We should be 
happy that every country is different and 
everyone has his special fields where he will 
be number one, of course. 

 
 

H.L. Musa 
 

I have listened with interest to what all the 
contributors have said about mechanization and 
about agriculture in developing countries, 
particularly in Africa. I was particularly 
interested in hearing what Professor Godwin 
and the 1RRI representative had to say, and I 
think that they understand the basic concept of 
the problems involved in agriculture in tropical 
Africa. I would like to state one important thing 
which was highlighted in the two papers on the 
development of mechanization in some develo-
ping countries, particularly in Africa. I would 
like to state very clearly that there are no 
definite stages in the shift from manual to 
animal labor before the application of 
mechanical power in agriculture. This is not 
going to work. Obviously, we have already 
mentioned some of the important factors that 
will never make it work. One of them, of 
course, is the social management of land 
tenureship, and another important factor is the 
crop. Another is the soil, and when we talk 
about crops in Africa, which crops are we 
talking about? Are we going to use robots to 
harvest them or to cultivate them after plan-
ting, and so on? So, when you talk about this, 
you find that there are certain crops, whether 
you like it or not, that require labor for 
harvesting or processing. In other words, 
whether they have machinery or not, manual 
mechanization is equally important. So, where 
we must start is where the farmer is, and when 
we start where the farmer is, we have to look at 
the four basic areas which make up mechani-
zation. These include basic research and 
development, manufacturing, education 

and extension and training. And then we have 
to look at the credit facilities. In looking at 
these things, I agree very wholeheartedly about 
the need for a national policy in which most 
African countries do not pay special attention 
at all to the development of mechanization. 
That is why I like the statement made by the 
IRRT representative that the word 
mechanization should not be used. 1 come here 
and I hear national strategies for 
mechanization, and what bothers me is that 
every time a pro-gram is talked about on TV 
and radio, the next day I see very important 
people coming to the center, and all they 
needed was tractor service. They don't know 
that the National Center for Mechanization is 
involved in research designed to develop new 
technologies. So, the word mechanization has 
an unusual meaning in African countries. The 
next important thing which Professor Godwin 
mentioned was the training of manpower. T 
agree with him wholeheartedly that when we 
are trained to go out immediately and take up 
government jobs in ministries that we forget 
our training. Because of this, I would like to 
make a suggestion to the Club. I have attended 
many seminars and conferences and workshops 
in which the topic of mechanization and its 
development in developing countries has been 
the focus, and a lot of useful papers have been 
writ-ten on this subject. An example is the one 
prepared by the FAO expert, Mr. Gifford, who 
touched on the aspect of manpower training. 
But so much of this information is isolated. 
Therefore, Mr. Chairman, I would like to 
request that you set up a small committee 
which could survey and put together all the 
ideas which have been proposed in terms of the 
appropriate development of mechanization in 
developing countries. Put them together, and 
maybe we can have another workshop with 
Club members. And we can put our heads 
together to see how we can improve the 
recommendations and strategies for national 
policy that can be used to reach a level of 
mechanization in developing countries. 
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K.Th. Remus 
 

Thank you for this practical suggestion; we 
will consider it, of course. I would personally 
propose that it might be possible to create such a 
center in Africa. Africa is the center of the 
problem, I think. If you look at India, they are 
solving their problems; if you look at China, 
they are solving their problems. But if you look 
at Africa, they are not solving their problems. 
So, is it not perhaps possible that in Africa, in 
any country—I'm not an expert in the field—
that an African council or African center of 
agricultural mechanization could be introduced 
to collect information and train people by 
ourselves, using our people? It's also a question 
of mentality. We are not that into our mentality 
as you yourselves are. Another proposal to 
consider is the possibility of forming an African 
center or council for agricultural mechanization 
and the development of agriculture. 
 
 
H.L. Musa 
 

Yes, Mr. Chairman, that is a very important 
step, and I know for certain we have various 
uncoordinated organizations, such as ACEMA 
and ASIDAM in Nigeria, and right now we 
have two important centers both at the national 
and international air-ports. The one in Ethiopia 
at Nazeret 80 km from Addis Abeba is being 
developed by the FAO as an agricultural 
machinery research center, and they have 
started an excellent project based on 
standardization. When I saw this, I went back to 
Nigeria and set up a colloquium on the need for 
agricultural engineering standards. Fortunately, 
it was endorsed, and by November of 1989, the 
Standards Organization of Nigeria set up a 
national committee on agricultural engineering 
standards. That is just a small example. Then, in 
Nigeria, the National Center for Agricultural 
Mechanization is a very comprehensive institute 
that was proposed back in 1974, but it did not 
take off until 1979. Now, just 20 days 
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ago, Mr. Chairman, the center was established 
by law as a research institute in agricultural 
engineering. That is just one center, the one 
Mr. Evina is heading. Given the fragmentation 
of Africa in small countries, you find that no 
single country can actually sponsor institutes of 
this nature. So, regional cooperation is 
indispensable, and as I said—and luckily you 
agree—we should now work to bring our 
thoughts together so that we will be able to 
come out with proposals that will be acceptable 
to African countries. When we were in 
Belgium we talked about donor countries, that 
is, developing countries, so now we can pull 
our resources together for training and creating 
actual trained manpower in Africa that can get 
down and do the work. I wish one of you had 
been at the National Science and Technology 
Trade Fair that took place in Lagos, in my 
country. It was amazing to see what most of the 
Nigerian universities, colleges and research 
institutes have been able to manufacture. I 
mean, the very functional prototypes they 
created. But we still need to cross over into that 
area represented by your domestic industry. 
And industrial production of agricultural 
equipment in many countries will not work. It 
has to cut across into those of other countries, 
but how? So, this is what I would like you to 
work on to achieve that goal. 
 
 
K.Th. Renius 
 

I think we have seen that a lot of ideas have 
already been tackled, and perhaps we can put 
more together in the future. Through our 
government, for instance, we spend a lot of 
money in this regard—about 6-7 billion DM per 
year—and they would be very happy to put 
some money into worthwhile projects. it is 
often a problem when we have to evaluate 
various areas and various projects to find out 
whether or not a project is good, and so I think 
that money-wise there is no problem, and that 
if such a center were created in Africa, you 



would get the financing you need to start. 
Another idea: you are more than welcome to 
come to Germany to study; every university is 
open, free-of-charge, and nearly no one comes. 
 
 
L. Lehoczky 
 

I just wanted to say a few words about 
education and training. As many of our 
colleagues here have something to do with the 
education of engineers from developing 
countries, we have found out that we sometimes 
make mistakes because we train these engineers 
without knowing what happens in these 
countries. We forget about the natural situation 
and the population, and most of all we forget that 
an engineer trained in Europe has to do things 
which he is not prepared to do after study in 
Europe. For instance, he goes into the 
countryside where he has to train his own 
people. So, he has to be trained to help others; 
he has to do something which he would never 
have thought of doing in a European country or 
in an industrial community. He has to be trained 
to be a trainer; he has to educate his own 
people. He has to not only be an engineer, but 
also a kind of agronomist in his community. 
And if he has studied agronomy in Europe, he 
must also be a technician. I have friends who 
have worked in developing countries at 
fisheries, and the first thing they found out was 
that there was nobody who could make a 
concrete pool. Never being trained to be 
masons, they had to go out and buy books. So, I 
think that when we have people from 
developing countries at our universities or 
colleges, we must prepare special courses for 
them which are not primitive but which are 
different from the European approach. Second, 
as far as possible we must create training 
centers in these countries, and, if possible, we 
must send our teaching personnel there. This 
whole system of colleges or schools must be 
created on the spot. In this case, I think we 
could make more of an impact and that our 

Club should make some recommendations to 
governments in this regard. 
 
 
B. Cheze 
 

I fully support your idea, and I think that 
many people coming to Europe or to other 
areas look at things that they will never be able 
to buy, such as tractors, etc. I would repeat the 
words of Ray Widgiwardne, whom you 
probably know, who has said that afterwards 
these people have an "impossible dream". They 
dream of things that are impossible. So, I fully 
sup-port the idea of training people in their 
own environment, and we are getting more and 
more involved in the field. On behalf of Mr. 
Evina, the president of ACEMA, I would like 
to say some words about our Association, 
because the reality of conditions in Africa as 
such that each country has its own peculiarities 
and organization. But after the CIGR meeting 
in 1985 in Yaoundé in Cameroon, we felt that 
it was necessary to bring together all the people 
dealing with mechanization. So, we decided to 
have this seminar, which is, in fact, an 
association of the engineering centers in 
Africa. But the end result was the creation of 
links with European agricultural centers that 
were interested in African problems. So, we 
decided to set up this link. There was an 
important meeting in Brussels last year where 
we received some recognition from the 
European Community. Of course, there is a 
problem of fun-ding for this association; we are 
trying hard to find that. The European Commu-
nity has asked us to do a sort of audit of 
ACEMA so as to check on how the various 
centers operate and to come up with a common 
program that could be developed. I think this is 
very promising, and we hope to get some very 
important European help on that. In terms of 
industry, Dr. Renius' scheme is very interes-
ting. But the nature of industry in West Africa 
could be a little different from the classical 
model. You know that most West 
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African countries are lacking in materials, iron, 
etc., and energy is also a severe problem. So, 
the main thing going on is development of the 
food industry, which, I think, is certainly the 
most important challenge for the years to come. 
This means food processing, because food as a 
raw material is highly available. So, it is 
important to develop the food industry in 
Africa itself, and, more generally, the bio-mass 
industry. There may be some bio-mass products 
that would be of interest to developed countries 
in terms of exchange; the exchange could be 
for technology for mechanization. In terms of 
Dr. Lara's statement on small mechanization 
and, more specifically, motorization, of course, 
a small tractor is not very comfortable, and 
that's very right. But I think in terms of 
appropriate means of technology that the 
introduction of small tractors is very inte-
resting, because a lot of farmers under-stand 
how they work and can repair them more 
easily, etc. There is less advancement in terms 
of ergonomics and work quality, etc., but I 
think it is important for them to employ some 
tractors that go at the same speed as animals. 
Don't forget that in France and other European 
countries there was a changeover from animal-
drawn implements to tractors, and they put 
animal-drawn plows, for example, on small 
tractors at the beginning of the motorization 
phase, during the Marshall Plan, etc. 
Afterwards they took a serious interest in 
control, hydraulics, etc., but even in France and 
other countries, people don't use the full 
capacity offered by hydraulics. I am sure that 
they use 50-70% and no more; so, that is also a 
problem in developed countries. 
 
 
K.Th. Remus 
 

I think controlled, small steps should be the 
rule in any strategy—controlled, small steps 
and not uncontrolled or risky, big steps. I 
learned that in a special school for planning 
strategies, and they said that in 

 

114 

most cases it is better to take smaller steps. But 
we have some more people who would like to 
make comments or ask questions. 
 
 
G. Pellizzi 
 

There are many aspects that 1 would like to 
discuss. I am thinking about my own 
experience. I was a UNIDO consultant for 
agricultural machinery for many years, and I 
think that the initial approach should be to 
encourage donor countries to change their 
mentality. Look at Africa; this region is a 
cemetery of technologies provided by 
European countries or the United States. These 
technologies have never been used; they are 
absolutely not appropriate to the specific 
technical, climatic, pedologic and sociological 
conditions. I think that we need to convince the 
governments of donor countries to modify their 
approach. The problem is not to supply tractors 
or machines; the problem is to encourage, in 
my opinion, some forms of joint ventures 
between a donor country and one or more 
recipient countries for the creation of a system. 
There is no doubt that the development of 
agricultural mechanization in developing 
countries involves the development of 
agricultural machinery manufacturing facilities 
and allied facilities. I mean that we cannot 
consider the different aspects separately, that 
is, repair service, extension service, training 
and education. We have to consider everything 
all together. In this type of joint venture, I 
think, there is another problem to which we 
have to pay a lot of attention: it is the problem 
of economies of scale. In many countries, there 
are 2-3,000,000 people; I am thinking about 
Benin, Togo and the Central African Republic 
and so on. It is impossible to produce the more 
sophisticated technologies, so we need an 
approach in which the local content of the 
manufacturing industry in developing countries 
increases step by step. There we have to supply 
the more sophisticated technologies 



in which economic scale plays an important 
role. This is a very serious problem. A second 
aspect concerns the problem of quality. Last 
year I was in Argentina for two weeks in my 
capacity as a UNIDO consultant. In some 
countries, like Argentina, in which there are 
no open markets, the quality of the machines 
that are locally produced is no higher than 60-
70% of that of European, American or 
Japanese machines. This is true for tractors, it 
is true for combines and so on. So, these 
industries must be assisted in their attempt to 
increase the quality of their machines, 
appropriate machines, that is. And I com-
pletely agree, f inally,  with Professor 
Lehoczky. It is not useful or suitable to host 
people from developing countries at our 
universities and centers, because their 
mentality and problems are completely dif-
ferent. There is an institute in Italy which hosts 
some people from developing countries, and in 
order to show these people what a banana tree 
is, the tree is cultivated in a greenhouse! So, 
the thing to do is to go into the countries and 
assist the local people. It is very difficult; it is 
very expensive, but it is absolutely necessary 
to recommend that the mentalities of both 
donor and recipient countries change. 

 
K.Th. Renius 

 
Regarding education at the universities, I 

would say that it is necessary to make 
adjustments, not to do nothing. 1 would not 
agree about doing nothing, since some 
knowledge is useful. You mentioned quality 
regarding the right machinery design; we can 
do something in Europe, of course, but in others 
this has to be adjusted to fit a broader 
spectrum. 

 
Dr. N. Moyo  
Zimbabwe 
 

I would like to address some of the points 
which have already been discussed. 

There is the issue of development from a 
network point of view. I think that each 
individual country should follow its own lead 
and then just use the network as a way of 
exchanging ideas when necessary, because 
right now we are not all the same or very 
uniform. The case of leap-frogging would apply 
here, since one country should take the lead in 
one aspect and make sure that it is secure in 
that. I'm talking about African countries in this 
case. I will give an example of the diversity of 
the problems facing African countries. There 
are some countries with surplus production 
problems, especially in the case of cereals. 
How to market those cereals is their problem, 
not how to pro-duce them. So, first 1 think that 
we should look at it from an individual 
country's point of view and be selfish about it. 
There is more incentive in selfishness, I think, 
than there is in looking at everything properly. 
Second, I think when it comes to the issue of 
training, particularly advanced training during 
post-graduate work in engineering, Western or 
European universities should offer study 
programs based on research and so forth, 
where research is done on a local level. Then, 
the problems of that particular country are 
directly addressed. This is better than 
transplanting ideas which are based on 
hypothetical examples that are given in 
universities overseas. For individuals to try 
and apply these ideas in their own countries is 
not that easy. In addition, there is the issue of 
equipment. If a student is doing a masters or a 
doctorate on his country, he has to be using the 
same equipment he will be using afterwards, 
after he has graduated and so forth. He may 
also, therefore, be more attached to his job 
because the incentive is there for him to 
continue along these lines. I would now like to 
talk about a more direct problem that we have 
in Zimbabwe. We mainly suffer from a currency 
problem. It is not really the currency or rate of 
inflation and so forth, or the fact that there is no 
money in the country. The money is there, but it 
is not the money the Europeans or 
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Americans accept. So, in that respect, I think 
the problem is better handled if most of a 
country's materials, such as steel, do not have 
to be imported. We are somewhat lucky to have 
a steel mill which can produce most of the 
steel, not all of it, but most of it, and so the 
main constraint remains special steels, such as 
EN45 and so forth, which we have to import. 
That is a very minor constraint that can be 
addressed by improving the mills, and in that 
way a direct problem has been addressed and 
the engineers can then design and manu-
facture without that constraint. I would say that 
the next problem is one of recent development. 
We have large farms which used to work on 
innovations, but now they don't because they 
are concentrating on marketing. They are 
marketing whatever they have, and they see 
that there is no need to actually work on 
innovations if there is such a demand for their 
product already. I think it is partly a problem 
of trained manpower, since people who can 
handle innovations are not there. Our third 
problem concerns manpower incentives, which 
I have already addressed in terms of training 
programs. We should attach incentives to some 
post-training programs. The other problem 
which has been addressed and which I agree 
with concerns the small size of farms. I am 
particularly interested in this because I have 
been doing a study on the effects of small farms 
and the efficiency of mechanization. The 
problem is quite profound; you can see it in the 
shapes and sizes of plots. My country is very 
different from the European setting, where you 
have a nicely laid out contour situation. In our 
case, we have to follow the contour for 
conservation purposes, and the shapes of the 
fields resulting from that are sometimes even 
unworkable with larger tractors. But, I will 
return to the problem of the size of tractors. In 
our case, we need a larger rather than a smaller 
tractor because conditions are quite harsh. You 
cannot use a single-axle tractor, for instance; it 
would not penetrate the soil because we do 
most of our tillage or 
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plowing during the dry season because of the 
work calendar. We cannot start plowing after it 
rains, because the season is short and we won't 
be able to plant on time. 
 
K.Th. Remus 
 

A lot of ideas and comments. Some of them 
were highly detailed and others more general. I 
would like to make a comment about one of 
your first observations. The currency problem 
is, of course, a mirror of economics. It mirrors 
the actual situation in economics. The inflation 
rate is an indicator of the quality of an 
economic system, so we have to accept this 
fact. We cannot say that is bad currency, and 
we cannot stand by and do nothing. If currency 
is a problem, then we have to try to improve 
the economic situation. I think it is important to 
realize that. 
 
J.R. Godwin 
 

Just to follow up on Dr. Moyo's comments 
concerning masters and PhDs; I think the word 
he used was "split". That is a term used by the 
British Council for students returning home to 
spend maybe one-third or half of their research 
time based in their own country. That has 
proven to be a very useful way of getting 
research done back home that is immediately 
transferable, and it overcomes many of the pro-
blems we have been discussing this morning. 
The other thought that just occurred to me, and 
it came up when Ray Widgiwardne's name was 
mentioned a moment ago, was that Ray and I 
put our heads together some two years ago to 
see what we could do in relation to the 
development of agricultural engineering in Sri 
Lanka. And as a result of that, we are at a very 
advanced stage of planning a distance learning, 
post-graduate, diploma program in Sri Lanka. 
This program is in agricultural engineering; it 
has three streams: a mechanization stream, a 
soil and water 



stream and a post-harvest technology stream. 
The course material is being writ-ten by the Sri 
Lankans with advice from us. It will be taught 
over a two-year period, but by distance 
learning, that is, while keeping the workers in 
place in Sri Lanka. I did a market survey in Sri 
Lanka earlier in the year, and I was told that 
there was a need for maybe 140 students to 
undertake this program each year. There is no 
way 140 students can be shipped out of Sri 
Lanka and sent to Germany or Italy or the 
United Kingdom or the United States. If we can 
train people on the ground in Sri Lanka while 
they are still doing their job, using this particular 
approach, I believe we can go some way towards 
solving some of the manpower training 
problems. I just hope that our overseas 
development administration and the British 
Council sign the document in the next few days 
so that I can send it to Sri Lanka in December. 
 
 
Dr. Daniel Jorajuria 
Argentina 
 

First of all, I want to respond to Professor 
Pellizzi's thought about quality and the trouble 
he saw in Argentina. With regard to the know-
how to improve the quality of farm machinery, 
our problems, I think, are financial, economic 
and market problems. We have an agricultural 
production system that is prepared to produce at 
a good price, but we don't have an economy to 
subsidize this production. The situation in 
Argentina is always the same: agriculture 
subsidizes industry. I just wanted to make a 
comment about strategies for developing a 
country's mechanization. I think that education 
is the key, as we stated. I mean, the trouble lies 
in the communication between researchers and 
farmers. We are not only in need of machines in 
the Third World; we also have to learn the 
correct ways to use them. We need to 
investigate the real problems with regard to the 
use of these machines in each country's produc-
tion system. I think the first step, scientifi- 

cally speaking, is to clearly understand the 
problem. The second problem we have to solve 
is communication between researchers and 
farmers. How they can get information. So, I 
think anyone investigating this should spend 
some years working with farmers and 
improving two aspects. First, it is important to 
find the real problems in their production 
system, and second it is important to learn how 
to improve communication with farmers. With 
regard to mechanization, I think that Professor 
Lehoczky's idea of promoting changes in 
students' own countries is better than offering 
the opportunity to study at universities in 
developed countries. 
 
 
Y. Sarig 
 

The topic of this session was the small farm 
in two different cases: in developing countries 
and in developed countries. I don't necessarily 
think it's wrong, but all of a sudden we are 
talking about all the problems of the Third 
World. Now, this is a valid topic in itself, but 
we should not forget that the aim of this Club is 
to pro-pose strategies. We are to focus on work 
that would make it possible to help both 
developing and developed countries. Now, we 
are all experts on education and training, and 
most of the proposals--and I'm not trying to 
undermine them—focused on how to provide 
better training and better education and where to 
put centers, and I fully agree with all the 
proposals, but this is only one facet. We tend to 
forget that the Third World is not homogeneous. 
Problems in Zimbabwe are not the same pro-
blems you find in Thailand or Argentina or 
Morocco or Nigeria. I think what we are 
missing—and I speak for myself here, maybe 
you are more expert in this—is identification of 
the problems. I mean, what are the problems? If 
we want to come up with strategies for solutions 
to these problems, we have to be more aware 
and have more knowledge. I can toss in some 
ideas; I haven't thought about them 
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in detail, but just to stir things up. One idea 
could be to create some sort of data bank of all 
the problems, which should aid in our efforts to 
come up with some relevant proposals about 
how to deal with these problems. That is one 
idea. A second idea which has been taken up 
by several countries is joint ventures in 
research and development projects. And by the 
way, one of the terms used recently is not 
developing countries, but less developed 
countries, just to make it clear that they may be 
in another state of development. So, these joint 
ventures couple one of the less developed 
countries with one of the developed countries to 
ensure that the real problems of that country 
are identified. At the same time, the developed 
country would be able to provide not just 
experience and know-how, but help as well. 
Another aspect is to help build infra-structures. 
Ultimately, those less developed countries 
would like to have the infrastructures to build 
their own machinery. They don't like to rely on 
the importation of tractors and machinery that, 
in general, are not suitable for their own needs. 
These are some of the ideas I wanted to bring 
up and maybe that will steer us to some more 
discussion later on. 
 
 
K.Th. Renius 
 

Thank you very much. 1 am very grateful to 
you for that comment. Any other comments 
about concentrating on this proposal to get into 
strategies, to define problems in order to come 
up with strategies for solving them? 
 
 
B. Legg 
 

In many ways, I'm saying the same things 
and reinforcing what Dr. Sarig has said about 
the fact that we have spent all this time talking 
about the political and financial situation and 
infrastructures and educational needs, and we 
haven't discussed 
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engineering research needs. Now, along with 
that I observe that in the U.K. it is becoming 
very, very difficult to get funds either 
internally or from international agencies to do 
agricultural engineering research for 
developing countries. What I really want to ask 
is whether, by implication from the discussion 
we've had, we agree that all these other 
questions are so important that agricultural 
engineering research is a low priority, or 
whether we think it is a high priority, and we 
should be trying to change that situation. Now, 
if it is a high priority, we need to think about 
what the priority areas are, and there are two 
ways we can look at that. We could say, we 
could ask, should we be putting some of our 
research effort into hand tools or into animal 
power, cultivations and operations, which is 
certainly a priority in India at the moment, or 
should we be putting it into the small sale 
mechanization that we've at least referred to in 
passing? But another way in which we could 
look at the question would be to ask should we 
be putting most of it into soil management or 
into crop production technologies or should it 
be going into the post-harvest area'? I think we 
haven't begun to identify where we think the 
research priorities area, and if we don't give a 
message on that there isn't going to be one. 
 
H.L. Musa 
 

Mr. Chairman, I would like to make a 
comment about the last speaker's statement 
concerning areas of priority and research in 
developing countries. I would like to state 
categorically that one of the inhibiting factors 
when it comes to helping our policy-makers 
embrace our suggestions in the area of research 
is specifically saying that we are going to be 
interested in hand-tool technology so that we 
put all our efforts into carrying out research on 
hand-tool technology or animal power 
technology. No! 1 still want us to understand 
the fundamental concept that research and 
deve- 



lopment in agricultural engineering or 
mechanization is location-specific, and if it is 
location-specific, that means that we go there 
and identify the problem and actually solve the 
problem. In other words, if, for instance, you 
are in an area where they use a lot of animals, 
you may believe that animal mechanization can 
be incorporated into the system, but you know 
for sure that the areas with animal 
mechanization are the same areas with the 
highest concentration of tractors, especially in 
Nigeria. The areas that have the highest 
concentration of animal draught power are the 
same areas with the most tractors. So, what we 
are we saying? We need to have an engineer 
fully equipped to go and develop research 
projects that are highly relevant for the 
application of either hand-tool technology or 
animal technology or mechanical power 
technology. I think the three go hand-inhand; it 
depends on how you find the situation there. 
 
 
Y. Sarig 
 

I just wanted to add some concrete 
examples. Priorities are important in research, 
and people have mentioned that they have been 
confronted with a lack of funding. I can give 
two examples from my own experience. One is 
a trilateral funding mechanism which involves 
Germany, Israel and one of the less developed 
countries, in which the three countries together, 
with money provided by the German 
government, are identifying the problem 
together, although primarily by people from 
the less developed countries. In this way, it is 
ensured that a research and development 
program will go on for three years which 
ensures the exact identification of the problem 
and its implementation through the final stage. 
Now, I fully agree with Dr. Musa that it 
depends on the specific country. in the past, we 
have had a project with Thailand, and they 
were concerned with the problem of 
developing a low-cost, compact cashew-nut 
sheller. 

Now, the cashew is a very important crop in 
Thailand. The conditions under which small 
farmers are processing this nut are horrible: 
girls sitting there in a very closed-in 
environment and exposed to this toxic cashew 
oil. We were able, primarily with the input of 
the Thai people, to develop a low-cost cashew 
nut cracker that enabled the farmer to get a 
better return on his product. No, this is not just 
a hand tool or animal-drawn technology, but, by 
the same token, the priority might be a hand 
tool in some African countries. So, again, back 
to identification. My final example concerns 
the fact that the U.S. also has a similar pro-
gram which is called the CDR and which 
provides financial help while bringing together 
the U.S., Israel and less developed countries. 
These are just two examples from my 
experience, but I am sure there are far more in 
other countries, so I think I agree with Dr. 
Renius that funding can be found provided a 
valid and viable project can be identified and 
proposed. 
 
 
Y. Kishida 
 

I would like to ask some questions about the 
promotion of mechanization for small farms in 
developing countries because I have been 
working on this for the last twenty years in 
terms of publications. As for the promotion of 
small-scale mechanization for the small 
farmer, the most important thing is to 
recognize the importance of the small farmer, 
who is neglected in many cases in developed 
countries. For example, in Japan's case we 
don't have a policy in support of the small 
farmer. This is one example, but in other 
countries, especially in Europe, very few 
policies exist in favor of the small farmer. The 
most important thing is to recognize the 
existence of small farmers as the majority of 
the world's population. I would say that in each 
country and on an international level we need to 
have a clear understanding of the importance of 
the small farmer. The next point is that we have 
to come up 
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with a broader policy to protect small farmers; 
without this policy, a lot of effort will not 
produce positive results. There are several ways 
to promote small farms; one important way is 
by developing local industry. But how? One 
good example is ERDA. I think the ERDA 
approach is one of the best; it is a think tank in 
which many people discuss the structures of our 
systems. New machinery and new technology 
can create new infrastructures when they are 
appropriately created. That means that if 
somebody is capable of designing an appropriate 
machine that can be profitable for the farmer or 
for the dealer or producer, then this machine 
automatically creates a new system, a new 
infrastructure. But how can these machines be 
designed? This is a real problem. Because of my 
activities I get so many papers from so many 
institutions and so many universities, but to get 
back to my earlier comment: these papers have 
very few opportunities to be read. For example, 
almost everyone here comes from universities 
and institutes, and very few people come from 
industry. There is no one here from local 
industries in European countries. How can we 
transmit our knowledge, our information? How 
can we combine our knowledge with that of 
industry? We have to develop a way to com-
municate effectively. Without this commu-
nication system, no amount of effort will 
produce good results, since mechanization can 
only be promoted by the actual machine. Only 
research will provide results, and research must 
be carried out in cooperation with local industry, 
But how can we do that? This is one of the real 
problems, and another big problem concerns 
commodity policy. If the farmer does not have 
enough money he cannot buy the machine, but 
the price of food is very depressed in some 
countries and even internationally. So, I would 
say that when it comes to promoting 
mechanization, commodity prices are very, very 
important. In addition, every country should 
have a good strategy for mechanization, but 
many countries do not. The other day we discus- 
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sed this at the FAO. The FAO has been 
recommending that countries develop good 
mechanization strategies, but very few countries 
do so. As Japanese, we have to help developing 
countries come up with good mechanization 
strategies. Here in Bologna, perhaps, we should 
stress the importance of the existence of small 
farmers and the importance of the establishment 
of food mechanization policies for each country, 
and, thirdly, we should make some 
recommendations about commodity price 
policy. Perhaps I have covered too much 
ground, but I will stop now. 
 
K.Th. Renius 
 

Thank you very much for your comments. We 
all know that you are working very hard for the 
development of small farms not only in your 
country but also around the world, and I very 
much appreciate your activities and your 
commitment. This overlaps a bit with the next 
subject. I would now like to introduce Professor 
O. Kitani from the Department of Agricultural 
Engineering at the well-known Tokyo Uni-
versity. He will present a paper on the case of 
developed countries and this morning's subject, 
the mechanization of small farms. 

Prof. Osamu Kitani 

MECHANIZATION FOR SMALL 
FARMS IN JAPAN AND SOME OTHER 
ASIAN COUNTRIES 
 
1. Introduction 
 

Small farms with an average size of 1 
ha/farmer are common in developing countries 
(Table 1) where nearly three-fourths of the 
world's population lives (1). In this sense, 
small farming is predominant in international 
agriculture and supports 75% of the world's 
population. The mechanization of small farms 
is becoming increasingly 



important when it comes to ensuring an 
adequate food supply for the growing world 
population and improving the nutritional level 
in developing countries. 

There are more limitations on mechanization 
for a small farm than for a large one. Ample 
land, the scarcity of labor and abundant capital 
are generally believed to be conditions that 
favor farm mechanization. Land on small 
farms is quite limited, and this makes 
mechanization economically difficult. 

Most farmers in Japan have enough capital 
to invest in machinery given present price 
levels for agricultural products. However, 
there are many countries in which farmers 
have too much labor and too little capital to 
invest in mechanization. 

The efficient use of input machines is 
important for small farmers, whether or not they 
have sufficient capital. Since the scale of 
smaller farms is less well suited to 
mechanization, they are handicapped in 
relation to larger farms. 

 
2. The Present Status of Small Farm 

Mechanization in Japan 
 
2.1 An Overview 
 

About 4,600,000 Japanese farm workers 
cultivate 5,300,000 ha of arable land, 2,900,00 
of which are paddy fields and 1,100,000 
orchards and meadow (2). Ave-rage farm size 
in Japan is 1.15 ha, and 41% of all farms cover 
less than 0.5 ha, 28.5% cover 0.1-1.0 ha and 
21.5% cover 1-2 ha. Only 14.8% are full-time 
farms, while 85.2% are part-time farms; 
69.9% of the latter mainly depend on non-farm 
income. Agricultural income accounts for only 
14.5% of total farmer income. 

Most part-time farmers work in the fields 
on weekends only and need higher capacity 
machinery than their farm size would suggest. 
The average, four-wheel-drive tractor has 22.4 
PS; 1,800,000 of these tractors are in 
operation. There are 2,500,000 two-wheel 
tractors or power til- 

lers, but this figure represents only 23.6% of 
total tractor power. The average tractor power 
on a farm is 12.5 PS, that is, 12.9 PS per 
hectare of arable land. 

The farm population (19,400,000 people), 
which is 16% of the total population, earns 13% 
of the net domestic product, but the contribution 
made by agriculture is only 2%. The self-
sufficiency ratio for food is 71%, but the self-
sufficiency ratio for cereals is only 33% (2, 6). 
 
 
2.2 Machine Systems 
 

The machinery currently used for the 
cultivation of rice is taken as an example. 
Tillage is basically carried out with rotary tiller 
implements which are attached either to a 
power tiller or a light, 4WD tractor with 14-35 
PS. Manure can be applied by a small manure 
spreader for a 14-35 PS tractor, but a more 
common means of returning organic matter to 
the field involves scattering raw straw with a 
head-feeding combine equipped with a cutter. 
Granular chemical fertilizer is applied either 
by a broadcaster or by hand. Nearly 99% of the 
rice fields are transplanted, and nurseries are 
usually prepared by a power tiller and by hand, 
but there are fully-automated nursery devices 
for large farms or custom operators. 
Transplanting is done with either a walking or 
riding rice transplanter. The former works on 
2-6 rows and the latter on 4-8 rows at a higher 
speed. A riding transplanter with an offset gear 
train is becoming more popular. A granular 
fertilizer applicator attached to a transplanter is 
a new implement that can improve yields. Pest 
and insect control is handled by a power 
sprayer or a duster with a long, perforated, 
flexible tube. Weeding is sometimes carried 
out with a power weeder, but farmers mainly 
rely on herbicides. There are two methods for 
harvesting: a binder-field, drying-threshing 
system with an automatic thresher or a 
combine-dryer system with 'either a head-
feeding combine (Figure 1) or a conven- 

 

121 



tional combine. Binders work on I or 2 rows 
and have a 2-5 PS engine, while combines work 
on 2-6 rows and have a 10-40 PS engine. 
 
 
2.3 Machine Utilization 
 

Most machines are owned by individual 
farmers. Since part-time farmers have to 
conduct field operations in the very limited 
period of a weekend, they prefer to have their 
own machines at their disposal. Moreover, the 
limited number of younger laborers and the 
increase in elderly and female laborers means 
that machines must be easier to handle and 
have automatic control devices. A part-time 
farmer may sometimes operate his rice 
transplanter or combine only a few days each 
year; thus, the machine's utilization time is 
minimal: on average, for a tractor: 67 h/year; 
for a power tiller: 35 h/year, and for a combine: 
29 h/year. This fact is reflected in the higher 
cost of mechanization. 

Over the past few decades, labor and 
machine costs have remained almost constant, 
that is, about 70% (Figure 2) (3), thereby 
indicating that machines have replaced human 
labor. But this substitution has not brought 
about an overall cost reduction, even though the 
farm machinery industry has been supplying 
comparatively inexpensive machines to farmers 
(4), as illustrated by Figure 3. The annual pur-
chase value of farm machinery is 19.4% of 
annual agricultural income, 10.9% of annual 
farm management expenses, and 2.8% of total 
annual farmer income (4). 
 
 
 
2.4 Problems and Issues 
 

The younger generation on farms usually 
does not want to continue farming because field 
operations are still laborious, the work depends 
on the weather, and farm income remains low. 
Due to the very limited amount of land and its 
high price, an increase in acreage through the 
purchase of 
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land is extremely difficult. Instead, increased 
acreage through contract farming is now 
prevalent. 

Since machine costs make up about 30% of 
total farming costs, a reduction in machine 
prices and utilization costs is crucial. Changes 
in the farming system are also needed. Rice 
transplanting requires more labor and costs 
more than direct see-ding; however, yield 
reduction is always rejected by farmers. 
Furthermore, the application of large amounts 
of herbicides must he prevented from an 
environmental point of view. An automatic, 
mechanical weeding system is needed to make 
direct seeding feasible. Improved utilization 
of machines has been achieved with a 
"machine bank" or "farm cooperative" in some 
cases. 

There are many farm operations for which 
appropriate machines and implements have 
not yet been developed. The harvesting of 
vegetables and fruit is a typical example, and 
these cases require innovative techniques in 
order for farming to continue despite a severe 
labor shortage. 
 
 

3. The History of Mechanizat ion  in 
Japan and Prospects for the Future 

 
3.1 The Development of Machinery for Small 

Farms 
 

Farm mechanization began in Japan about 
1920, when small engines and electric motors 
were first manufactured. They were mainly 
used for stationary operations, such as 
irrigation pumping and paddy husking. Then 
semi-stationary operations, such as spraying 
and threshing, were mechanized in the 1930's. 

Tillage is one of the most important mobile 
operations, and it was mechanized with the 
introduction of the power tiller about 1950. 
Machines that could move about in a soft 
paddy field required numerous technical 
innovations. In the mid-1960's, rice 
transplanters, binders and head-feeding 
combines became commer- 



cially available. These machines for hand-ling 
the plant body completed the mechanization of 
rice cultivation associated with transplanting 
(Figure 4). 

Beginning in 1970, four-wheel tractors 
began to be predominant, and mechanization 
shifted from walking to riding. This was also 
true for other machines, such as the rice 
transplanter. Machines used on crops other 
than rice have also been developed and have 
become popular; implements for upland crops, 
such as beans, potatoes, other vegetables and 
fodder, have appeared on the market. However, 
there are still many missing links in the farm 
mechanization chain. 
 
 
3.2 Prospective Mechanization Systems 
 

Although many difficulties are encountered 
in the promotion of farm mechanization in 
Japan, including the requirement of an open 
market for all farm products and a severe labor 
shortage, farm mechanization will continue to 
be the key technology in agriculture in the 
years to come. Farm mechanization can also 
have a hand in the rapid increase in farm wages 
and the need to lower costs. 

A reduction in machinery costs with lower 
prices is expected, and this will be achieved 
through standardization, the creation of 
simpler, lighter machines, all-purpose 
machines, and more intelligent machines for 
optimal operation, as well as increases in the 
useful life of the machinery. Improved 
utilization of machinery will be based on 
choosing machines with the most suitable 
capacities. More efficient use of machinery 
will be based on contract farming, machine 
banks, custom operations and cooperative 
usage. Optimal utilization of machinery will be 
achieved with computer-aided technology, 
including the application of artificial 
intelligence. 

An improvement in farm product quality is 
necessary for competition on the market, and 
specific machines must be developed to meet 
this need. Examples include har- 

vesting machines that cause less damage and 
fewer losses and post-harvest technologies to 
retain initial crop quality through pre-cooling, 
gentle handling and other means. 
 
 
4. The Mechanization of Small Farms in 

Some Asian Countries 
 

This section is based on a survey con-
ducted by the Asian Productivity Organization 
(APO) in 1983. The author of this paper was 
responsible for the technical aspects of that 
survey. 
 
 
4.1 An Overview 
 

The average size of a farm in Asian 
countries is relatively small. Sizes range from 
0.99 ha in Indonesia to 1.02 in Korea, 1.20 in 
Nepal, 1.23 in Sri Lanka, 1.95 in India and 3.6 
in the Philippines. The income from this 
small-scale farming is quite limited; income 
levels are generally raised by increasing yields 
through the use of high yield varieties (HYV), 
fertilizers and chemicals, or by introducing 
multiple cropping systems. HYV usually 
require more intensive care and increased 
labor because they need more fertilizer and 
chemicals; in addition, plant density is usually 
higher. The introduction of multiple crop-ping 
has made it difficult to run a farm without 
mechanization. However, the use of farm 
machinery in countries other than Korea is still 
generally restricted to a few field operations, 
such as land preparation, spraying, threshing 
and transportation. Animal power is also still 
important. 
 
 
4.2 The Intensity of Mechanization 
 

Table 2 presents the differences in 
mechanization intensity. The level of 
machinery as well as other production inputs, 
such as seed varieties, fertilizers and 
chemicals, is reflected in the rice yield 
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(in paddies), which is the following: in Japan 
6.2 tons/ha, Korea 6.2, the Philippines 2.0, 
Thailand 1.6, Sri Lanka 2.0, India 2.0, 
Indonesia 2.8, and Nepal 1.8 tons/ha. 

A certain level of inputs must be reached in 
order to increase output; increases in 
machinery, fertilizers and chemicals usually 
result in higher yields, which is a small 
farmer's primary concern. However, intensive 
mechanization requires large amounts of 
capital and entails higher costs, and since the 
rate of increase of inputs decreases as input 
costs rise, there must be some optimal input 
level from an economic standpoint. This 
optimal level varies according to each 
country's economic and social situation and 
farming conditions. 
 
4.3 Problems and Issues 
 

The process of mechanization of small farms 
in the above-mentioned countries has revealed 
the following problems: 

i) farm holdings are usually too small for 
even the smallest machines to be eco-
nomically efficient; 

ii) land fragmentation and narrow farm roads 
are serious obstacles to mechanization; 

iii) when field soil is soft and muddy, it is 
often impossible to properly operate 
machines; 

iv) surplus labor sometimes hinders 
mechanization, even where the latter is 
truly necessary; 

v) a decrease in the availability of manure due 
to a reduced farm animal population is a 
threat to soil fertility; 

vi) the consumption of fuel and electricity for 
agriculture has increased dramatically 
(Table 3), and high energy costs are a 
deterrent to mechanization; 

vii)the maintenance and repair of farm 
machines remains a serious problem in 
some areas. 
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5. Conclusions 
 

The average agricultural area per person in 
developing countries is 1.0 ha, whereas in 
developed countries that figure is 9.9 ha (Table 
1). The economic balance required to make 
small-scale farm mechanization successful is a 
more difficult proposition than securing capital 
for the initial investment. Selection of the right 
size machinery is essential, because equipment 
that is too small may have inadequate field 
capacity and poor operating quality, while lar-
ger machinery may reduce economic effi-
ciency. 

Small farmers with sufficient capital must 
reach an optimal level of machinery and other 
production inputs, since too much input is not 
economical (according to the law of 
diminishing returns) and can harm the 
environment. 

The main concern of small farmers in 
developing countries is the productivity of their 
land, because they must get as much food as 
possible from a limited amount of land given 
the increasing pressures of the population. 
There is a serious scarcity of land in 
developing countries; about 66% of the 
population in 90 of these countries lives on 
"scarce" or "extremely scarce" land where the 
share of arable land within a potential area is 
83 and 96%, respectively (Table 4). Land 
development must take place in harmony with 
the natural environment. The scarcity of land 
often hampers farm mechanization, because 
fields are too small to accommodate full-sized 
machines and farm activity is too limited to 
economically justify machinery. Land 
fragmentation is an associated problem in most 
cases. Multiple cropping and cooperative use 
of machinery or custom operations usually 
improve the economics of mechanization. Land 
improvement is also essential in many cases. 

Limited investment capital for machinery is 
always a serious obstacle in developing 
countries. Loans or credit systems may 
improve the situation, but it is often very 
difficult to make funds available. 



Simple and inexpensive machinery and 
financial subsidies are expected. 

Since the oil crisis, energy costs have also 
threatened the mechanization of small farms in 
developing countries. The increase in fuel 
costs, as compared with the costs of seeds, 
fertilizers and other necessities, often makes it 
difficult for small farmers to decide in favor of 
mechanization. Alternative energy 
technologies based on solar energy and 
biomass may be the answer. 
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Table 1: Arable land. Population and farming size in the world (8) 

 
(*) economically active population 
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K.Th. Remus 
 

Thank you, Professor Kitani, for this 
interesting presentation on mechanization in your 
country. I would propose that we now hear Dr. 
Lucas' report. Let me intro-duce him: he is a 
professor at the Superior European Institute for 
Agricultural Equipment (ISEAE) and at the same 
time is teaching at the National Institute for 
Agriculture (INAPG), both of which are located 
in Paris. 
 
Dr. Jean Lucas 
France 
 
ROBOTS: A NEW SYSTEM TO PROTECT 
THE ENVIRONMENT AND HELP 
REDUCE PRODUCTION COSTS IN 
AGRICULTURE 
 
1. Introduction 
 

The evolution of agriculture has been 
characterized by a decrease in production costs 
over the past few years. This decrease is the 
result of the use of fertilizers and a significant 
improvement in work efficiency. Agricultural 
machinery makes it possible for a farmer to 
cultivate an area 400 times larger than the area he 
would be able to work on with manual tools 
alone. Robotization should further reduce produc-
tion costs. 

However, when a society is self-sufficient in 
terms of food production (as is the case in the 
industrialized world), agriculture must also 
attempt to protect the rural environment so that it 
can be enjoyed by the entire population. This 
involves several constraints as demonstrated by 
these two examples: 
− in order to keep nitrate and phosphate levels 

low in rivers and ground water, we must 
limit fertilizer application to where and when 
it is actually required; 

− in the interests of landscape conservation, we 
must stop hedge and grove 
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suppression, which has been occurring to 
allow machines and large implements to 
circulate. 
Taking these constraints into consideration 

will result in higher production costs. However, 
most people should be willing to my these costs 
if they remain within reasonable limits, and 
robotics should help in his regard. 
 
 
L. What Kind of Robots? 
 

From 1975-1980, there were plans to make a 
robot to substitute the tractor-implement-driver 
system. People thought that robots would take 
the place of man in tedious and dangerous 
operations. During this period, CEMAGREF, 
among others, built a "ploughing robot". The 
first problems that arose concerned safety and 
rentability; furthermore, in those days, elec-
tronic components were expensive. Today, these 
difficulties have become less pressing due to 
considerable progress made in the field of 
electronics. 

Later, task robots were studied; these included 
fruit-picking robots, milking robots, sheep-
shearing robots and others. The role of these 
robots is important, and the technology available 
for their construction and rental is more 
accessible. They have gradually progressed, and 
today they are almost ready for industrial 
development. The following slides are examples 
of some of the robots the CEMAGREF has been 
studying over the past few years in cooperation 
with several industrial partners. They are not yet 
on the market, but they may be available to 
farmers in a few years. 
 

We are now at the beginning of a third period 
based on "autonomous robots". The significant 
progress made in electronic components and the 
results obtained by very clever research teams 
(some of which are represented at this meeting) 
have opened the way for the use of autonomous 
robots in agriculture. Personally, I think 



the next period in agriculture will be the "robot 
herd" period. 

It is natural to think about the repetition of 
human work by a robot. A robot could take the 
place of a driver. Tractors are becoming 
increasingly automatic, and driving aids are 
improving regularly. Present tractor studies 
envision a vehicle in which the driver has very 
little work to do, and it is reasonable to think 
that he could be replaced by a robot. 

Nevertheless, all industrial robots have a 
"supervisor" because their electronic software 
cannot easily solve problems created by 
unpredictable situations. In the case of tractors, 
the "supervisor" will have to intervene at least 
one or twice an hour. Therefore, he must stay 
near the tractor, but not necessarily on it. 

We have said that he can be near the 
machinery. This brings us to the "robot herd", 
which could have more important 
consequences than previous robots. The 
increasing size of machinery has made it 
possible for farmers to increase their work 
efficiency. But giant tractors are expensive; 
they contribute to soil compaction, and their 
movement on roads is dangerous or even 
impossible. They are only efficient on very big 
fields. If a farmer wants to use them, he has to 
cut down hedges and therefore change the 
landscape. This increases erosion and generally 
alters the ecosystem. 

This situation changes radically when "robot 
herds" are used. It is possible that in a few 
years a "supervising" farmer will be able to 
drive his machines onto the field and start up 
one machine at a time or all the machines 
together. One farmer could operate more than 
ten "supervised machines". This number 
depends solely on the possibility of efficient 
"supervision", which in turn depends on the 
distances between fields and the intelligence of 
the machines. Thus, it will be possible for one 
farmer to supervise machines totaling hundreds 
or thousands of hp, and this will increase the 
productivity of his work without creating 
environmental damage. 

Another way to increase work efficiency is 
for a farmer to work faster. This quite often 
leads to a decrease in the quality of the work, 
however. The use of "robot herds" would mean 
that intelligent machines could take all the 
time necessary to process pictures from 
installed cameras or carry out sophisticated 
operations. Mechanical or electrical weed 
killing and sowing would become possible, 
and other tasks, such as ploughing, soil tillage 
and harvesting, would become more 
economical at reduced speeds. 

For example, the energy consumed by 
ploughing operations increases as the speed 
increases, but we can optimize the shape of 
the share and the mouldboard with reference 
to the speed. In terms of weeding or spraying 
operations for pest control, it is not possible to 
treat each plant individually at high speeds. It is 
necessary to proceed slowly if a process of 
looking and deciding before acting is to be 
implemented. 

In fact, I think the concept of "robot herds" 
has been approaching for several years, but 
until recently I considered their manufacturing 
at a reasonable price impossible. There were 
two reasons for that: 
− location systems were not feasible; 
− safety was very expensive to ensure. 

But there has now been considerable 
improvement in these two areas. 
 
3. The Location System 
 

After the systems constructed for airplanes, 
new systems for boats were built. They are 
cheaper but still too expensive for agricultural 
purposes. 

Current studies on location systems for cars 
are very interesting for the field of agriculture, 
but they only give an approximate position (50 
meters with a differential GPS). Their cost is 
very low. 

I think it is useful to have three location 
levels: 
− the first one would be a differential GPS; 
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the second would make use of active beacons 
placed at the corners or on the borders of a 
field. A (∂, φ ) system appears useful, but it is 
also possible to utilize a (φ1, φ2, φ3) system 
or a (∂1, ∂2, ∂3) system. I think that the (∂,φ) 
system will be cheapest if it is possible to 
adjust a VHF distance sensor. 
the third one would make use of a 
camerascope including software treatment 
that would allow the machine to recognize an 
area that has already been worked. 
The safety problem has no precise solution 

today, but I think that obstacles could be detected 
(and hence the machines stopped) with a flash or 
a laser telemeter or two or three cameras. 

The main difficulties presented by "robot 
herds" are gradually disappearing, and farmers 
are right to hope that "robot herds" will be able 
to offer assistance in the future. This means that 
farmers will be able to operate many machines 
in different fields at the same time. The only 
limit will be the possibility of supervision, 
which depends on the distance between fields 
and the machine's level of intelligence. It is 
possible that in the future one farmer will 
supervise machines totaling several hundred or 
thousand HP, 
 
 
K.Th. Renius 
 

Thank you, Dr. Lucas, for your outlook on 
robotics, which in my opinion is a long-distance 
view. I would like to open the discussion on 
these two presentations, I hope that you have 
some ideas to discuss, and that we may also 
concentrate on strategies coming out of these 
two papers. 
 
Y. Sarig 
 

First, let me make a comment: I think that Dr. 
Lucas' presentation was probably better off 
scheduled as part of the next 
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session, because I don't see how robotics fits in 
with small farm mechanization, even in 
developed countries. So, this was probably 
unintentional, and as much as I think the 
development of robotics is interesting, and I 
think it is something we should consider, I don't 
see a farmer with one hectare or even ten 
hectares (except, perhaps, with the exception of 
the milking robot, about which I do have 
something to say) getting involved with the 
other robots. If, for instance, we take the 
Magali, the robot for picking fruit, this is still 
very questionable, even for very highly 
productive farms with huge acreage covered 
with trees. So, one can-not envision a robot for 
fruit picking on five hectares planted with 
apple trees. This is just a general comment. I 
would like to say that I think the concept of 
small farm mechanization in developed 
countries is very valid, and again I will 
mention an example from my country. Part of 
the agricultural sector is geared towards 
family-run, large investment, high-tech small 
farms which could cover something in the 
neighborhood of maybe half a hectare. It could 
be in the flower industry or something which is 
related to biotechnology or intensive industry 
based on biotechnology and could involve auto-
mation in tissue culture handling or the herb 
and medicinal crop industry. So, by focusing 
on high cost commodities—not on quantities, 
but on very special, high cost commodities 
where we are using all the new technologies 
and even those which are still being 
developed—that would mean investing a lot of 
money, but there would be low input in terms 
of labor. So, there we could imagine a lot of 
devices helping a family or small farmer to 
cope with the enormous operations required in 
this high-tech environment. 
 
K.Th. Renius 
 

Thank you for these comments. Of course, we 
know from the Management 



Committee that this second presentation was not 
100% right for this session, but for practical 
reasons it was inserted here. So, we will discuss 
it more fully in the afternoon, perhaps, with 
regard to larger farms and concentrate on 
smaller farms during this session. 
 
 
Y. Kishida 
 

I have a different opinion. Robotics is in great 
demand for small farms, especially in Japan 
because there our land is very scattered. It is 
very difficult to put together a large field like in 
the U.S. and Canada. Under these conditions, 
how can we increase productivity? The only 
solution is the mechanization of brainpower. 
Instead of using big combines with one operator 
and a lot of horsepower, the idea for the future is 
highly automated small machines where one 
farmer can control 50 machines at the same 
time. One machine has 20 HP in this case, and 
one farmer can control 1,000 HP at one time in 
separate fields. We have already introduced a 
lot of robotics in Japan. One example is dryer 
control. Kitani showed a slide of this; it is such a 
small dryer that it is completely automated. This 
is not a field machine, but anyway 1 should also 
say that the cost of the mechanization of 
brainpower is going down. in the future, a 
country which has many smaller plots will have 
to draw on this technology. I think that robotics 
is one of the central issues when it comes to 
promoting mechanization on small farms. 
 
 
J. Ortiz Canavate 
 

I think Japan has made an enormous effort in 
terms of robotics, but in my opinion Dr. 
Kishida's idea that these robots could be applied 
to small farms may be too futuristic. For 
instance, electronics will become very 
widespread in the future, and the dryer that Mr. 
Kishida 

described has electronic controls, but it's not a 
robot. In my opinion, machines and tractors and 
combines will be electronically controlled very 
soon, but robots for small farms are just too 
futuristic. Only use of the milking robot that Dr. 
Sarig mentioned might become widespread in 
the future, but it would be quite difficult to 
apply robots in the field. Since these two papers 
were quite different, and since I agree with Dr. 
Sarig that Dr. Lucas' paper should perhaps be 
part of subject three, I would suggest that we 
start with discussion of Dr. Kitani's paper. 
 
 
R.O. Hegg 
 

Sitting here listening to the previous 
presentation on developing countries and their 
mechanization needs, l guess this came to me as 
I was listening to Dr. Kitani's presentation 
regarding what is taking place in Japan: using 
the technology you develop as experts working 
with developing countries and applying that 
technology and information seems very natural 
to me. In the United States, for example, there 
are large land areas and large production, and 
we are certainly not in the best position to be 
trying to transfer technology to a developing 
country. I think it is a real challenge for Japan, 
in particular, to take some of their technology 
and apply it, and I would be interested in 
hearing what is taking place, what Japan is 
doing as far as applying their technology to 
developing countries. 
 
 
O. Kitani 
 

We have been making every effort not only to 
spread our technology, but we have also been 
trying to evaluate the exact situation in each 
country. Our main project now is through 
JAICA, the Japanese international body for 
cooperation on international projects. This 
organization has quite a big budget, so there are 
many 
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projects, and I think that almost all the projects 
concern developing countries. What we are 
trying to do is to consider the degree of farm 
mechanization, which is, in a sense, constant. In 
this case, we divide it into two: intensive and 
less intensive. I think it is a constant situation, 
and our machines and technology may appear 
rather strange to farmers in some developing 
countries, but they could really be used in any 
part of the world if they were modified for that 
situation. I think this kind of modification 
could be applied to the exact farming need in 
cases in which farmers are working under 
highly limiting conditions, so modification 
must be done in a very systematic fashion. In 
fact, what our organization is now trying to do 
is to organize this kind of system. For exam-
ple, I myself have been involved in writing up 
some manuals and things like that, but the 
problem is highly diversified. It's a very 
difficult job. So, what we actually do is consult 
with the people in that country, as the most 
important thing is what they need. I would 
appreciate any advice that could make our 
efforts more efficient. 
 
 
K.Th. Renius 
 

Thank you, Professor Kitani. Perhaps, I could 
focus on one question. I was traveling around 
Japan several weeks ago, and I was very 
surprised to see the high price of rice-around $2 
a kilogram—which, of course, is a very special 
framework condition in Japan. I would like to 
evaluate this difficult situation. They have 
been very successful with this framework 
condition, and we may be against this 
condition and want to propose that nobody 
accept it, but they are doing it and are quite 
successful. People are willing to pay $3 a 
kilogram in a shop to have the rice privately, 
and my question is can this be transferred to 
other countries? Is it realistic to transfer this 
policy to developing countries? For instance, 
should we close the rice market and enable the 
farmer to make money? I 
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think this is an interesting question.  

Y.  Kishida 
 

There is an agreement on that policy among 
South Korea, Thailand, China and Japan as 
well. In these four countries, they commonly 
protect farm prices. This is especially true in 
Thailand where farm organization rapidly 
developed after the government decided to 
increase the price of rice. Of course, the 
consumer was against this, but the government 
did it. The same thing applies to the history of 
mechanization in South Korea. During the 
morning session I told you that the commodity 
pricing policy is very, very important when it 
comes to helping average sized farms. Without 
a useful pricing policy, the development of 
agriculture and mechanization will be very 
difficult. In any case, these four countries have 
now become very successful. It is common for 
the country to apply this logic: first we protect 
the farmer, then the farmer becomes a buying 
power for industry. We have good circulation 
of goods, but in many other countries it is a 
different story. You know, they depress farm 
prices, and the farmer cannot sell rice, and then 
he has to rush off to the city. In the city, they 
make some money, but they don't have enough 
buying power in the farm system. Furthermore, 
the politicians don't like the demonstrations in 
the city, because they depress food prices. You 
see, this is now the main concern in developing 
countries. I don't want to continue this 
discussion because it is too political, but we 
are engineers and we have some right to talk 
about these things. 
 
 
G.R. Quick 
 

I would like to suggest that the Japanese 
model is a very bad model for parts of the 
Third World. We need a completely different 
kind of evolution in terms of 



what can take place in other countries, such as 
Vietnam, the Philippines, Nepal, Laos and 
Cambogia. You will create the "impossible 
dream" that has been referred to by other 
individuals talking about taking people from 
the Third World to Europe for training, and I 
see that happening in Japan. Now, I would like 
to suggest that a very poor model is being 
used, with all due respect. The price of rice 
being extraordinarily high, that is, three or four 
times the world price of rice, is a completely 
ridiculous situation which cannot apply to the 
majority of the rest of the rice world. 

The fact that you have many part-time 
farmers is the other factor; 80% of part-time 
farmers supported by off-farm income makes 
for a completely impossible situation for parts 
of the world where the population is 
enormously rurally based. This model is not 
relevant, and to take people to Japan for 
training is often not in their best interests. I 
have seen beautiful facilities over there for 
training. You take an individual from Fiji, you 
put a boiler-suit on him that is dry-cleaned, 
and he is surrounded by sterile surroundings, 
which is fantastic to him, and he will take 
everything that you can give him as long as it's 
free. But it is absolutely irrelevant to his 
situation. 
 
 
O. Kitani 
 

Thank you for your comment, but I have to 
say that half your comment is quite erroneous 
and goes against the facts. You know quite well 
that we never forced developing countries to use 
our machinery designs. What they are using 
and what they are manufacturing in some 
developing countries in association with Japa-
nese companies are things that are accepted in 
that area, and I think that it is quite similar to 
the initial stage of the extension program. There 
are many problems even for IRRI-designed 
machines. Former engineers and others who 
were there have 

experienced many stages to be improved, but I 
think your comment is not correct. I appreciate 
the warning about overly sophisticated 
machines and bad parts applied to them, but 
basically a machine must be modified for the 
place in which it will be used. 
 
K.Th. Renius 
 

Thank you. We can see how difficult 
political questions are for us engineers. I think 
your comment was that it is not easy to transfer 
the Japanese model to the Third World, is that 
right? 
 
 
R.J. Godwin 
 

I am very much interested in Figure 3 in 
Professor Kitani's paper, where he shows very 
clearly that, in fact, against an absolute index 
of 100, the price of farm machinery has fallen 
over the last 20 years. When we look at that 
against labor costs, it is a very significant 
reduction in real costs. I would just like to 
know, for the benefit of manufacturers around 
the rest of the world, how Japan has almost 
managed to reduce the cost of production of 
farm machinery by 50%. 
 
Y. Kishida 
 

One thing I would like comment on is that 
we have very interesting index figures for 
tractor hp per hectare, and the size of the 
agricultural labor force has a completely linear 
function. In 1950, the tractor density per 
hectare was almost zero, and from 1950 to 
1960, we increased tractor density by 
introducing 2.5 or 3 HP or 5 HP small-scale 
hand tractors, unlike Europe. In 1960, tractor 
density reached a level of 0.86. Now, this is a 
fast impact count. Then from 1960 to 1975, the 
reduction in the number of farm laborers and 
the increase in tractor density per hec- 
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tare completely revised the function and this 
number through small-scale mechanization. Dr. 
Quick mentioned the possibility of adopting 
Japanese designs for developing countries, and 
I think that the pre-sent designs are not right 
for European countries, but I think that our 
mechanization process may be helpful for 
other countries. 
 
 
A. Lara 
 

l have a number of comments to make here 
concerning Professor Kitani's presentation. T 
think special machinery is jus t i f iable  in 
many cases, but not in others. I think local 
production in developing countries is scarcely 
feasible in many cases because it requires a 
very large investment. We are talking about 
tractors with a very complicated gear box 
which requires very advanced technology, and 
for a gear box to be economical it must be 
mass produced. On the other hand, many 
developing countries have dry-land agriculture 
and row crops, and that means that in those 
countries we need high clearance and high 
traction rather than flotation. Also, I think we 
can collaborate with Japan and learn their 
design methods. T think that some of the ideas 
are valid, but it is not valid, in any case, to 
simply adapt machinery. I think we have to 
start from the beginning and take advantage of 
Japan's experience in developing machinery 
that is appropriate for small farms. But our 
conditions are very different. I think it would 
be very good for our engineers to go to Japan 
to solve the specific problems that we have in 
our countries and to benefit from the advice of 
Japanese professors. It is better to work on the 
specific problems we have in our countries 
than to transfer knowledge. I think it is very 
important for engineers in developing 
countries to believe that they are able to 
innovate in terms of design and solve problems 
by considering all the possible alternatives, 
including 
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new ones. I think it is valid for engineers in 
any country to think about all kinds of 
alternatives. 
 
 
H.L. Musa 
 

I would like to say that Professor Kitani's 
presentation clearly confirms what we were 
trying to say this morning, and that is: 
problem-solving in the field of mechanization 
is location-specific, and whether you believe 
it or not, in 1982, Japan celebrated its 100th 
year of trying to mechanize rice production 
from the mini-plot to any size plot in our 
country. What I mean is that we have solved 
the problem, that is, the problem as it was 
defined in our country, and all we are trying to 
do is learn how they have done it so that we, 
too, can apply the problem-solving technique 
to achieve the same goal. I will give you an 
example. They have developed a ground-nut 
sheller using wood paddles, and it was one of 
the things we read about in the literature and 
saw demonstrated, and we thought at the time 
we bought it that we would solve the shelling 
problem in Nigeria. So we bought it. But the 
majority of ground-nut shelling in Nigeria 
takes place from the month of February to May, 
and during this season the relative humidity is 
so low that the groundnut's moisture content is 
only 3%. So, when you use the wood paddle, 
the damage becomes very severe, unbelievably 
severe, when compared to moisture content 
over 5%. Now, the question is, are you going to 
say that the groundnut sheller that was built in 
Japan is not applicable? The answer is no. The 
problem is the conditions in the area in which 
you are shelling groundnuts. Why not develop 
a groundnut sheller that will shell ground-nuts 
when the moisture content is under 5%, or do 
not use a groundnut sheller. We started to work 
on different alternatives until we were able to 
come up with a different groundnut sheller that 
will shell groundnuts and give us a whole nut 
yield of over 80% at that moisture content. So, 



what I am saying, Mr. Chairman, is that we 
know how we went about solving the problem, 
but there are all kinds of indications about the 
need for us to use different approaches to solve 
a problem in a particular location. Of course, we 
know all the factors that go into solving a 
problem where social and economic conditions 
as well as the climate are taken into conside-
ration. 
 
 
C.E. Hood 
 

I believe that part of our discussion here was 
supposed to focus on mechanization for small 
farmers in developed countries, am I correct? 
One thought that has occurred to me is that we 
live in a global economy where your 
commodities must compete on the world market, 
and you drew on the graphs and showed the 
people moving from the farm to industry. What 
we see in reality, in these countries, is that there 
are many part-time farmers, and this is a big 
category, and it means that their insurance and 
their basic needs are met. Therefore, they like 
farm living in a rural area. So, in terms of 
strategy, I feel that there is a need for equipment 
for the people in these categories. For example, 
in the U.S., we have traditionally used older, 
used equipment to perform farm operations, but 
today that equipment is not being manufactured. 
It is very large and complex and will not be 
usable when it is 15 years old. So, the market 
that was described in the paper refers to a size 
and category of machines that can be applied by 
smaller, part-time farmers in developed 
countries. I think that is something we shouldn't 
lose sight of. I've heard a lot of discussion about 
small, part-time, even hobby farmers. We have 
people in all professions, and they are the people 
who kept many of our farm equipment 
dealerships from going under when we had 
severe depressions in agriculture, and they 
brought some stability to machinery industry 
dealerships. Maybe this is unique to the U.S., 
but Kubota is, in 

the U.S., a major supplier of farm equipment, 
primarily of smaller sized tractors. The tractors 
are being sold to the part-time hobby farmer. So, 
I think this is something to keep in mind. Our 
systems can't be too complex for the part-time 
farmer. Another category concerns more intense 
systems, such as those used for poultry 
production. These systems are highly automated, 
so the farmer may work in town while his wife 
maintains the egg production and other things to 
make it a family operation. So, there is a place 
for pretty high investments made by the part-
time farmer, but not where it takes a lot of 
acreage. Sometimes it's financed by the 
integrated company that has the feed and 
processes the poultry. I know that part-time 
farmers are not necessarily being discussed 
here, but I feel that they are a very important 
part of the total system in developed countries 
and will continue to increase. We are going to 
have a very large farming operation which will 
do its own engineering and make its own 
equipment, but we don't have growing numbers 
of small-time farmers. 
 
 
O. Kitani 
 

Agriculture in Japan is probably an extreme 
case; 86% of the farmers are part-time farmers, 
and 75% of them live on non-farming incomes. 
But this is our situation, and we have to continue 
with this social structure. You commented that 
sometimes machines are too complicated, but, 
for us, when part-time farmers use a combine, 
for example, just two weeks a year, the machine 
must be highly automated. So, these machines 
need enormous adjustments, and that, in fact, is 
what we are doing now. 
 
Y. Sarig 
 

Just a brief comment. I think that while we 
appreciate Professor Kitani's presentation, I am 
not so sure that this is the best 
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model for small farm mechanization in the 
developed world because the price system is 
different, and the percentage of part-time 
farmers is completely different. On my side, I 
would like to see more examples of small 
farming in the developed world as it exists, 
and we know it does exist; it exists in Europe. 
So, maybe we should first define what a 
small farm is. Is it half a hectare or one 
hectare or five hectares? And once we agree 
on that, you will see in this room a lot of 
examples from other countries which will 
probably be quite different from the example 
given by Professor Kitani. Professor Kitani's 
presentation is probably the ideal link, and I 
think that Dr. Hegg indicated that very 
clearly. It is an ideal link between developed 
and less developed countries. Some of their 
technologies would be almost around the cor-
ner in terms of implementation in less 
developed countries. I would like to see 
examples of small farm mechanization from 
the U.K., Germany, Holland and other places, 
as well as the U.S., to complete the picture. 

 
 

K.Th. Renius 
 

The size of small farms in Europe is still ten 
times greater than in Japan. What we call a 
small farm may be up to 20 hectares, and they 
call a small farm one with one or two hectares, 
I think. The average was one hectare, so this 
very small farm of about one hectare cannot 
exist in Europe; this would be a garden or a 
greenhouse. 

 
 

H.L. Musa 
 

In order to actually support what he is 
saying, the ideal country which would be a 
clear-cut example of the situation existing in 
most developing countries would be India. I 
can honestly say that India's form of 
agricultural mechanization stands as a model 
which many, many developing countries 
should copy. So, in response to 
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Dr. Sarig's comment, in the future we should 
try to get some experts from India to 
participate in such a discussion. 
 
 
K.Th. Renius 
 

That is a nice proposal, because I also have 
the feeling that these countries that have 
already reached a certain level of development 
could teach the Third World sometimes better 
than we can. We had a discussion in VDI one 
year ago on that subject, and there was the man 
who had created the Good Earth Company in 
India, which is very successful in 
manufacturing tractors. He gave a report on his 
experience over the past thirty years, and his 
opinion was, for instance, that India could help 
the Third World in mechanization more than 
the very highly developed countries could 
because their technology was beyond the level 
that was appropriate for many Third World 
countries. But let me say that we will think 
about India. There is a representative from 
India, but he did not come. He didn't answer 
our letter, so we don't know why. 
 
 
J. Ortiz Cañavate 
 

I think if we try to come to some conclusions 
from this discussion, we can see that the 
mechanization for small farms in Japan is not 
applicable to other developing countries. But I 
think it is very similar to the part-time farms 
that we have in Europe and the U.S. This is a 
situation in which the agricultural community 
is wealthy and can buy machines that normally 
don't pay for themselves. It's a sort of hobby. 
These part-time farms have expensive machi-
nery; they don't mind having machines to 
produce items that do not pay for this type of 
mechanization. So, in my opinion, this 
machinery is an interesting subject for 
manufacturers, because it is sophisticated and 
can be expensive, and its value is not 
necessarily offset by the agricultural items 



it produces. But I think this is a completely 
separate topic; as we can see on the program, 
this kind of mechanization is completely 
separate from the mechanization of small farms 
in developing countries. 

J. Lucas 
 

I would say the same thing. I think the real 
problem does not lie in this part of the world, in 
developing countries. I think it concerns small 
fields. In developing countries, we have farms 
with 20 hectares, but very often we have fields 
with one or two hectares. The fact that we 
cannot put together fields with 20 or 100 
hectares like in other countries is a real 
problem. We are stuck with one- or two-hectare 
fields, and the problem is the same on small 
fields and small farms. It not only concerns the 
work and the economic situation, but the 
technical situation as well. We need small 
machinery; a tractor with 2-300 HP cannot work 
on a one-hectare field. I think it is important to 
decide whether it is possible to have very 
modern agricultural with very small fields. 

 
 

Y. Kishida 
 

At present, the majority of the world 
population is located on small farms. Our 
engineers have to think about small farms, and 
these farms are located not only in European 
countries, but in developing countries as well. 
We cannot deny the existence of small farms. 
Our engineers have to try to supply different 
kinds of technology for different kinds of 
farmers. In the case of Japan, we tried to make 
bigger fields with 100 or 200 hectares, and it 
was extremely costly to scatter them around in 
one place. But it is almost impossible to make 
big fields like in Canada. It is very difficult. 
Our engineers have been trying to overcome 
this problem. How can we 

increase productivity under these conditions? I 
think that Dr. Hegg mentioned part-time 
farmers, and in developed countries the 
existence of part-time farmers is becoming very 
important. And we are not only talking about 
smaller farms, but about large farms as well. 
One example is the Canadian wheat farmer in 
Saskatchewan. Even the full-time farmer wants 
to get another job because farming always has a 
busy season and an idle season. For farmers to 
increase their total productivity, they need two 
jobs, but there is very little research on this 
phenomenon. I would like to propose to the Club 
of Bologna that in the future we study more 
about the possibility of formulating new 
production systems that include more than one 
job. Since farming always has a busy time and a 
less busy time, if farmers don't want to utilize 
this idle time, then their total productivity will 
decrease. But in the case of Japan, luckily we 
placed factories and industry in good locations, 
and a farmer can often reach a factory in one 
hour. The total productivity of a farmer with two 
jobs is much higher than the specialized farmer, 
and the average income of such a farmer is 
higher than that of a specialized farmer in many 
cases. 

K.Th. Renius 
 

I think it's important to realize that part-time 
farming is gaining in importance in all countries 
and not only in your country. With regard to 
your field sizes, of course, your main product is 
rice, which is a special situation that cannot be 
transferred to other countries. 

Y. Kishida 
 

Rice now represents only 30% of our 
production. The part-time farmer has a 
greenhouse, and his income is sometimes more 
than $100,000. 
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A. Lara 
 

I think that in certain ways the Japanese 
model is applicable if we consider that its 
merit is that they solved their mechanization 
problem by designing machines that were 
appropriate for their conditions. I think that is 
what we have to do, and in that sense, I think, 
that it is an excellent example that should be 
followed somehow. On the other hand, l think it 
is important to consider many other 
alternatives, such as machinery centers for 
plowing small fields, etc. I don't think we have 
to limit the alternatives to be considered for 
mechanizing small farms. Each case is 
different. 
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K.Th. Renius 
 

That is already a good conclusion, I think, 
and I would just like to summarize. During the 
session, we tackled a very difficult subject that 
was not very easy to chair, so please don't be 
dissatisfied with the limited results. It is really 
very difficult, and if you have some ideas and 
some input, it will be beneficial to think about 
them and develop them and come up with 
strategies. I would like to thank our speakers 
for preparing and giving their papers, and 1 
would like to thank participants for their 
contributions to the discussion. 



SESSION 3 

New mechanization to reduce the 
production costs of strategic crops 
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Prof.Osamu Kitani Session 

Chairman 
 

Our subject during this session is "New 
Mechanization to Reduce Production Costs", and 
our first keynote speaker is Professor Hegg from 
the U.S., who now heads the College of 
Agricultural Sciences at Clemson University in 
South Carolina. He will present a paper entitled, 
"Developments in Mechanization for the United 
States: Production Agriculture". 
 
 
R.O. Hegg 
 
DEVELOPMENT IN MECHANI-
ZATION FOR THE UNITED STA-
TES: PRODUCTION AGRICULTURE 
 
1.  Introduction 
 

Agricultural Mechanization is the use of 
various machines, power units, controls and 
techniques to replace human or animal power. 
Mechanization has been the most significant 
element in the development of production 
agriculture in the United States in the 20th 
century. Currently, less than 2% of the population 
is involved in production agriculture. This is a 
very low number considering the fact that a large 
portion of the raw products are exported out of 
the United States, in addition to providing nearly 
all of the domestic demand. Production 
agriculture is the growing of raw agricultural 
products such as grains, fiber, milk and meat 
animals. These products can then be further 
processed to meet the needs and demands of the 
population. Each time further processing is done, 
there will be additional costs which will have to 
be borne by the consumer. The objective of this 
report will be to assess the factors affecting the 
future of mechanization as it applies to 
production agriculture. This report will also 
concentrate on just the mechanization as it 
applies to the major 
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agricultural crops in the United States.  

2. Historical and Future Trends 
 

The Economic Research Service of the USDA 
has recently developed a model to predict crop 
acreages to the year 2000 (Williamson et al., 
1989). This is a spatial and market equilibrium 
model entitled: U.S. Agriculture Sector 
Mathematical Programming (USMP). This 
model estimates changes in the agricultural 
sector parameters resulting in changes from an 
agricultural policy/farm programs. There is 
pressure from U.S. public opinion to reduce the 
farm subsidy programs. Assuming that there is 
such a reduction between now and the year 2000 
there will be different target prices for crops, 
loan rates and set-aside rates. Table 1 shows the 
result of this model and also included is the effect 
of the Conservation Reserve Program (CRP). The 
CRP is a national program to remove 16 to 18 
million hectares of highly erodible land 
previously devoted to crop production. 
Compliance with the program is voluntary, 
however, some 9 million hectares were enrolled 
in the program from its inception in 1986 to 
1989. The crop areas shown in Table 1 do 
include estimates of 18.2 million hectares of 
cropland retired under CRP. These areas were 
distributed among the crops based on percentage 
of highly erodible land currently devoted to the 
planting of a specific crop. The ten crops shown 
in Table 1 all show a slight increase in production 
from 1982 to 2000. The crop area required to 
produce these ten crops was projected to 
decrease for 7 of the 10 commodities. The total 
area for these ten crops is estimated to be 
reduced from 132 million hectares to 120.5 
million hectares by 2000. 

Farmers will be purchasing replacement 
tractors or equipment at an increased rate up to at 
least year 2000 (Williamson et al., 1989) (Hood et 
al., 1989). This is because there were dramatic 
decreases in these purchases during the economic 
stressful times 



of the 1980's and the equipment presently in use 
is becoming obsolete and worn out. 
Conservation tillage practices require less 
horsepower, therefore, there will generally be 
less need for the high horsepower tractors. 
 
 
 
 
3. Survey of Agricultural Engineering 
    Departments in the United States 
 
 

There are several ways to predict or estimate 
the current changes in mechanization. One is to 
observe the new machinery or modifications in 
existing machinery that are being produced 
both by the large and small machinery 
manufacturers. While this approach is used 
only indirectly in this study, the primary 
method used was surveys and studies by 
groups who are interested in production 
agricultural machinery. 

In February, 1990, a survey was sent to each 
Agricultural Engineering Department (45) in 
the United States requesting a response to a 
series of questions concerning major 
developments and trends in agricultural 
mechanization for major crops. The questions 
were directed to aspects of production such as: 
tillage systems, power units, harvesting, control 
systems and application of fertilizers and 
chemicals. Each department head, or a faculty 
members involved with mechanization research, 
prioritized the various factors that were listed 
on the survey. The response from all 
participants was summarized for a overall 
ranking of the top five factors. Comments are 
included from suggestions of the participants 
regarding other factors that may apply, based 
on their regional or national demands. 
 

Question 1. What are some examples of 
factors which may "require" a new technique 
or method of mechanization to evolve? 

The word "require" may have several 
meanings depending the situation. Some 
examples may include situations like: reducing 
costs because of high fuel prices, therefore 
different machinery is required; 

or changing machinery to reduce adverse 
environmental effects from production 
agriculture practices. The top five responses, in 
order of priority, were: 
− Concern for the environment; 
− Water; 
− Legal requirements; 
− Demand for a particular agricultural crop (an 

example would be a crop that hadn't been 
previously grown in a particular region or 
area. This could be like producing vegetables 
in an area that normally grew only feed 
grains and therefore different machinery 
would be required.); 

− Economics/profitability was a factor that 
was not listed on the original list but it 
certainly is the overall factor that influences 
every decision made in any business 
enterprise. The author recognizes this and it 
was pointed out by the responders in the 
survey. 
The other factors listed were: reduce energy 

requirements, labor, high technology that can 
be adapted to agricultural uses, safety, and 
product quality. 
 

Question 2. What are the major forces 
affecting tillage systems? The five top 
responses in order were: 
− Concern for the environment; 
− Reduce energy requirements; 
− Labor; 
− Water; 
− Soil compaction. 

The other choices listed, but which did not 
receive a high ranking, were: legal 
requirements, high technology, increased 
demand for certain agricultural products, 
safety and product quality. Other factors that 
were suggested by the responders were lower 
cost and greater machine versatility. 
 

Question 3. What are the major forces 
affecting changes you would like to see in 
power units ( tractors)? The five top responses 
in order were: 
− Lower initial cost; 
− Reduce energy requirements; 
− High technology that can be adapted to 
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power units; 
− Safety; 

Product quality. 
The other choices listed, but which did not 

receive a high ranking were: water management, 
labor, concern for the environment and legal 
requirements. Other factors that were suggested 
by the responders were reliability, durability, soil 
compaction, automation, front hitch systems and 
bidirectional configurations. 
 
Question 4. What are the major changes that have 
taken place with power units? 

There were very few factors listed for the 
responders to rank so just the suggestions from the 
respondees will be shown, unranked. The 
suggestions were hydraulics, reduced sizes (down 
sizing), initial cost, sensors/electronics, all-
purpose medium sized tractors, front mounted 
implements, bidirectional tractors, increased 
commonality between manufacturers, power shift 
transmissions, safety features and cab comfort. 
 

Question 5. What are the major forces affecting 
harvesting systems? 
− Initial equipment cost; 
− Product quality; 
− Labor; 

High technology; 
− Reduce energy requirements. 

Other factors that did not receive a high ranking 
were: water, concern for the environment, legal 
requirements and safety. 
 

Question 6. What are the major changes that 
have (or will) taken place in harvesting? 
− Electronics/controls; 
− Increased size; 
− Price increase. 
Other factors that were suggested by the 

responders were: multiple crop harvesting 
systems, reliability, automation and safety 
features. 
 

Question 7. What are the major forces 
influencing changes in sensor and control 
systems? 
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High technology adapted to agricultural uses; 
− Product quality; 
− Technical support at the farm for control 

systems; 
− Concern for the environment; 
− Safety. 
 

Question 8. What are the major changes that will 
take place in control systems'? 

Changes that were suggested by the responders 
included: robotic devices, automatic steering 
devices, automatic adjustment of combine 
mechanisms, better sorting/grading capability, 
accurate application of pesticides and 
automatically varying inputs (prescription 
farming). 
 

Question 9, What are the major changes that will 
take place in applications of fertilizers and 
chemicals? 
− Regulatory requirements/environmental 

concerns; 
− Computer control; 
− Recycle/recovery systems; 
− Electrostatic sprayers; 
− Addition of pesticide to carrier at point of 

application. 
Other suggestions from the responders were: 

bio-control agent application, spot control, 
increased use of organic fertilizer, mechanical 
methods to control pests and safety. 

The EMI (Equipment Manufacturers Institute) 
have recently (Tweedy, 1989) completed a study 
that identifies the research needs for production 
agriculture. The EMI (formerly the Farm and 
Industrial Equipment Institute) represents more 
than 175 manufacturers. 

This study is an excellent way to predict the 
mechanization needs because the identified 
research needs directly relate to what changes are 
going to take place. A summary of these results 
are shown below. Equipment manufacturers, 
researchers, agriculturalists, engineers all 
participated in this study. 

There were five main topics chosen as having 
the greatest research need. 



A) Soil Compaction 
Soil compaction can reduce crop yield so 

equipment and farming practices will be modified 
to lessen the impact. This will require 
modifications depending on soil type, timing of 
tillage practices, soil moisture, etc. 
 
B) Seed/Soil Environment 

Equipment will be further developed to 
maximize seed germination and emergence as this 
is a critical step in producing an economically 
profitable yield. 
 
C) Conservation 

Good farming practices and the correctly 
designed equipment will be used to protect the 
environment and the soil resource. This includes 
the surface and ground water supplies. There will 
be an increasing demand to use agricultural soils 
for the disposal of industrial and municipal wastes 
and proper techniques must be used to protect the 
environment. 
 
D) Machine Guidance and 

Control Systems 
Further developments in sensors and controls 

will make power units and equipment more 
accurate and reliable and therefore a more 
profitable crop will be produced. Some examples 
of sensors are: moisture, nutrients, residue, 
location in field, depth, soil organic matter and 
soil pH. 
 
E) Low Input Sustainable Agriculture 

Each farming practice will be evaluated as to its 
effect on the long-term productivity of various 
soils and preventing pollution problems. The 
optimum level of chemicals, fertilizers, tillage, 
etc. will be used rather than trying to maximize 
profits over the short term. Ownership of the land 
by the farmer will naturally enhance the long term 
viability of the farm, because he has a vested 
interest. 

The EMI report discussed several new or 
emerging technologies that will be adopted that 
will enhance the tillage and cultural practices. 
Biotechnology, encapsu- 

lation of herbicides and insecticides, closed 
chemical handling, expert systems, intensive 
cropping practices and modification on the use of 
nitrogen fertilizer are some of the methods and 
practices that will be enhanced or developed to 
make mechanization more efficient. 

A survey (Ruff, 1990) of 18 key individuals in 
product development with several major 
agricultural equipment manufacturer was 
reported. These included six vice-presidents and 
four directors of engineering. The summary of 
the product development factors for agricultural 
equipment are listed below in rank order: 
− Reliability/quality/durability; 
− Performance; 

Design and manufacturing cost; 
− Features (new technology adapted to 

agricultural machinery, electronics, sensors, 
etc.); 

− Safety; 
− Environmental issues; 
− Competitive pressures; 
− Energy usage. 

These are factors that are considered by the 
machinery manufacturers as important in the 
development of new or redesigned equipment. 
When looking at the different product types, 
there are certain factors which came out as the 
most important. In tractors, 
reliability/quality/durability and costs for design 
and manufacturing were the main factors. 

For harvesting, tillage and planting equipment, 
performance and reliability/quality/durability 
were the most important factors. In chemical 
application equipment, performance and 
environmental issues were the most important 
factors, according to the equipment 
manufacturers. 
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O. Kitani 
 

Thank you for opening the subject with a 
very interesting survey. We would now like to 
have the second report given by Professor John 
Matthews. 

I don't think he needs any introduction; he 
has long been the director of the A.RR.C. 
Institute for Engineering Research and has 
recently retired, but he has been active in many 
fields. The title of his presentation is, "Some 
Notes on Prospects for Agricultural Cost 
Reduction Through Further Improvements in 
Mechanization". 

J. Mattews 
 

SOME NOTES ON THE 
PROSPECTS FOR 
AGRICULTURAL COST 
REDUCTION 
BY FURTHER IMPROVEMENTS 
OF MECHANIZATION 

 
 

1. Introduction 
 

Intensive agriculture with its sophisticated 
mechanisation and management is undoubtedly 
the most economically efficient agriculture that 
exists. There is a temptation to think that all that 
needs to be done is to further intensify where 
agriculture is more extensive and to mechanise 
where it is less assisted by engineering so that 
the world would then have reached an effi-
ciency optimum. This is clearly not so if one 
examines the current efficiency of many 
agricultural systems and processes and also if 
one studies and calculates the improvements 
which engineers are still able to conceive and 
confidently predict. This paper encourages 
discussion on these further advances in 
efficiency that can be made, but before doing so 
some cautionary remarks are necessary. 

With surpluses in many parts of the world 
further output from agriculture is not a desirable 
target in many countries. Intensifica- 

tion, and perhaps even mechanisation, are 
considered by many to have been responsible for 
certain environmental pollution, unreasonable and 
unsatisfactory circumstances for farm livestock 
and various other socially perceived hazards. 
Whilst high out-put agriculture has undoubtedly 
led to changes in balances of nutrients, 
chemicals, physical soil conditions etc., the fault, 
where it lies with intensification and 
mechanization, should not be regarded as 
irreversible. Engineers can often ameliorate 
circumstances by better system design and in fact 
in most of the socially motivated desires related 
to the environment, farm animal welfare, or 
workforce welfare, it is the engineer who will 
need to solve the problem rather than the 
biologist. 

However, none of this precludes a further 
advance in system efficiency through improved 
investigation and application of engineering 
principles and so we may confidently study what 
is possible. 
 
2. Means to Improve Efficiency 
 

Agricultural economics can be improved 
through mechanisation in several different ways. 
These include: 
(a) Reductions in cost associated with labour, 

machinery or buildings. 
(b) Savings in materials that represent the other 

principal input costs to agriculture. These 
include seed, fertilizer, protective chemicals 
or livestock feedstuffs. 

(c) Improvement in the efficiencies by which 
plants or animals convert nutrient to biomass, 
meat or animal products. 

(d) Improvements in produce quality and hence 
value. 

(e) Increased reliability of supply or extension 
of the supply season to a larger pro-portion of 
the year to provide supplies at a premium 
price. 

(f) More precise planning and management to 
optimise system output by choosing 
optimum action. 

In many cases these can interact and certainly 
more than one can work at the same time on the 
same system. 
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3. Examples of Potential Cost Savings from New 
Technology Being Derived at Silsoe 

I have chosen these examples to clearly 
illustrate the fact that potential still exists. In each 
case some approximate net cost savings are 
forecast. Figures must clearly be regarded as 
indicative rather than proven but nevertheless they 
do show the tremendous scope still remaining for 
economic advance even in intensive systems. The 
examples should certainly not be regarded as 
exhaustive but purely illustrative. The following 
examples are illustrated together with calculated 
economic benefits in Annex 1. The following 
paragraphs add a few background points. 

3.1 Robotic Milking 
 

This is essentially an example of increasing 
biological efficiency in that the cow, free to milk 
itself as many times as it wishes during the day, 
becomes a more efficient converter of nutrients to 
milk and thereby produces milk at a lower cost. It 
will be noted that even without labour saving with 
herds of over 60 cows the process becomes 
economic and as herd sizes increase substantial 
cost savings of up to £25 per cow per annum are 
forecast. 

3.2 Dial-a-Crop Sprayer 
 

This is an example of cost saving arising from a 
reduction in use of a material input to agriculture - 
protective chemicals - due to their better 
application and more precise targeting by using 
more sophisticated engineering. It is clear that 
relatively small savings in chemicals can pay for 
significantly more sophistication on the machine. 

3.3 Clean Air Piggery 
 

In this case by adding engineering equipment to 
provide a cleaner atmosphere 
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within the building the pig is made into a more 
efficient converter of feedstuffs. This arises from 
a reduction in chronic disease and deteriorated 
physiology and again leads to a very significant 
saving. 

3.4 Improved Mushroom Houses 
 

As in the previous example a more appropriate 
and optimum environment is provided, this time 
for the growth of mush-rooms. The extra cost of 
engineering equipment is more than paid for and a 
profit enhancement results. 

3.5 Gantry Cauliflower Growing 
 

Our experience in this case indicated that the use 
of specialised vehicles provided both an improved 
quality of cauliflower and also an extended season 
in that the harvesting process was able to proceed 
over a wider range of soil conditions with substan-
tial net benefit in the value of the product. 

3.5 Sprung Tractors 
 

This can be regarded as a reduction in the cost of 
both machinery and labour in that by the addition 
of the greater comfort the output of both tractor 
and man are increased by a greater extent than the 
cost increases of adding the suspension. 

3.6 Information Technology Farm 
 

This is somewhat different and in my example 
no figures are given. It is one of our awkward 
problems of the moment that we all have a great 
deal of confidence in integrated information 
technology management systems but very little 
evidence on which to base an economic case since 
in most countries little has been measured on the 
performance variation within a field or between 
individual animals in a flock or herd. Nevertheless 
it seems to be accepted that decision support 
systems will for the 



majority of farmers add a little to efficiency. 

4. Examination of the Potential Cost 
Reduction in the Wheat Crops as a More 
Detailed Example 

 
There have been two recent sources of 

analysis to show the potential for cost 
reduction in the growing of cereals. The one I 
give below is something I had worked out from 
a knowledge of costs in the United Kingdom 
and what I believed to be the potential of 
various on-going programmes for reductions of 
those costs. A much more comprehensive study 
carried out by a working group of the EC under 
Professor Pellizzi has concluded that 25% 
reduction is a possibility. 

My own analysis showing up to 20% is a 
little more modest but does carry some greater 
detail so I give it to indicate for discussion the 
sort of reductions which we might expect. 
Annex 2 shows a table in which the various 
processes in establishing and harvesting a crop 
of wheat are itemised. For easy understanding 
of the significance, these costs have been 
converted to the cost in £sterling per ton of 
growing crop. With crop values a little over 
£100 the figures given could equally well be 
considered as percentage figures for the total 
value of the crop. 

The column indicating short-term 
improvements would imply an improvement 
that could be made in the present decade 
whereas the long-term improvement I regard as 
something that might be achieved in the early 
part of the next century, i.e. over a 10-25 year 
timescale. 

In the tillage processes, for example, short-
term saving could be from better efficiency in 
the combined use of tractor and cultivation 
machine including improvement to tractor 
transmissions, traction, and more automatic 
control of tractor and implement. The long-
term saving I calculate could come from the 
use of gantry 

mechanisation systems in place of traditional 
tractors and implements. 

Improved spray physics can lead to sub-
stantial reduction in quantities used and 
something like 30% reduction is considered to 
be ultimately practicable. The reduction shown 
in the processing cost of spraying would relate 
to better sprayers able through suspensions etc. 
to travel faster, the use of information 
technology to better time and quantify spraying 
needs, and in the longer term the employment 
of automatically adjusted spray rates. 

The reductions in combine harvesting cost 
have been calculated from the employment in 
the shorter term of retrofit stripping headers for 
combines. In the long term the combine 
harvester can be redesigned to employ the 
stripping principle optimally and give a more 
substantial reduction. 

Savings in drying are known to be possible 
from analyses of the efficiencies of cur-rent 
drying systems and from the variabilities 
which are current but could be very much 
reduced by the use of sophisticated automatic 
control. 

It will therefore be seen that over the next 
ten or so years a 10% reduction in cereal costs 
could be possible. Into the next century this 
could double to the order of 20%. The figures 
have a particular significance in that if cereals 
are to be employed for non-food uses then costs 
will be critical and these targets all the more 
vital to achieve. 

5. Conclusion 
 

This paper has been prepared mainly for 
discussion and is therefore not comprehensive. 
It gives a cross section of examples where cost 
reduction should be possible from a number of 
sectors of agriculture. It also shows, taking one 
example in detail, that very substantial cost 
reductions can be made in such relatively 
familiar and historic systems as the growing of 
wheat. 
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ANNEX 1 

Robotic milking 

 

Typical yield increase with on-demand milking 3-7 times a day 20% 
 

Cost of additional feed required per year £ 71 per cow 
 

Extra cost of automatic milking equipment - fewer units required 
but at higher annual cost typically £ 15 per cow 

 
Assuming output limited by quota, annual net benefit excluding 
labour savings for herds of 60 or over £ 1 -25 per cow 

 
Typical annual labour savings worth £ 36 per cow 

 
Likely additional annual savings from automatic oestrus and 
mastitis detection £ 17 per cow 
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Dial-a-crop sprayer 

 

On a 400 ha arable farm: cereals 320 ha 
sugar beet 40 ha 
potatoes 40 ha 

 
Present spray costs: cereals £ 27000 

sugar beet £ 4600 
potatoes £ 6000 

 
Total £ 37600 

 
Possible total savings, 30% on each crop: £ 11300 

 
Additional cost of sprayer-capital £ 5000 

equivalent annual cost £ 1000 
 

Net annual saving > 

10000 
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• The IT farm will ensure that the right information is available for the farmer when he 

needs to make decisions. 

• Tactical management models will aid decision making, using the computer to simulate 
farm systems so that options, eg. for spraying or harvesting date or livestock feeding 
regimes, may be compared. 

• Longer term financial planning will be easier with management models to help the far-
mer decide on the best policy for investment and land use. 

• Livestock growth, health and welfare will be more efficiently monitored eg. using 
computer vision systems to improve stockmanship. 

• Information on prices, weather, pest populations and disease incidence will be available 
from external sources to help in deciding when to market, harvest or spray. 

• Expert systems will make the knowledge and experience of off-the-farm experts avai-
lable via the computer. 
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Simple redesign of tray layout to give better air circulation with more uniform air speed over 
the mushrooms has given improved quality in a commercial house 
 
Increase in yield of Class 1 quality mushrooms per ton compost 20% 
 
Reduction in house capacity due to redesign 14% 
 
Net gain in yield per house 3% 
 
This net gain is achieved with reduced input costs because of the 14% reduction in the number 
of trays per house 
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• Reduced soil compaction may increase yields of vegetables by an average 20% 
 

• Access to the crop in wet weather is possible, improving timeliness particularly for harvesting 
 

• Damage to the crop by wheels is eliminated 
 

• Row widths can be selected to suit the crop 
 

• Gantry can provide ideal work platform for harvesting, trimming and packing with ample 
carrying capacity 

 
• Gantry is an ideal vehicle for spraying because the wide track width gives good boom 

stability 
 

• Experiments to measure improvements in yield and quality using a gantry are in progress 
 
 

As a guide, if the crop market value can be increased by 10% an additional capital expenditure 
on mechanisation of £42,000 can be justified 
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Improved tractor ride gives: 

• less risk to drivers' health 

• increased comfort 

• and hence, increased work rates Assuming 1,000 hours use/year costing £ 9/hour 

including labour, saving is £ 900 

Extra cost of tractor 5%, say £ 274 pa 

Net saving £ 626 for each tractor per annum 
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O. Kitani 
 

Thank you, Professor Matthews, for covering 
the subject very comprehensively. This cost 
reduction problem is especially widespread, as 
it is a comprehensive engineering problem, and 
so there will probably be many opinions and 
comments about this. But at first let's stick to 
the two presentations and raise some questions 
with regard to them. Do you have any que-
stions on the first presentation? 

 
G. Pellizzi 
 

I would like to ask Professor Matthews a 
question. In your last table, you only con-
sidered product innovation in terms of 
machines, I think. But in real agriculture we 
also have to consider improvements in the 
agricultural process, that is, work organization, 
larger plots and so on. Would you have any 
figures on cost reductions in relation to these 
improvements on farms? 

 
J. Matthews 
 

I think I took into account to some extent 
better use of machinery, anyway, if not 
complete farming organization. I am 
addressing myself mainly to the major grain 
growing areas where the plot sizes are already 
50 to 100 hectares, and I don't think there's a 
big potential in those areas. There is a recent 
paper in the United Kingdom by Professor 
O'Callaghan, whom many of you might know, 
which sets out to show how the grain growers in 
the Eastern part of England, where it's most 
productive and most mechanized, could produce 
grain at £70 per ton, which is two-thirds of 
today's price. 

B. Chèze 
 

This is a question for Professor Hegg. I 

would like to ask what is going to happen to 
the 16-18,000,000 acres. Are they being 
returned to wildlife or are they going to be 
maintained as landscape? How will all those 
acres be used? 
 
 
R.O. Hegg 
 

Well, they are in the process of being 
converted into land that you would not harvest a 
crop off, but you still need to do some annual 
maintenance, such as just mowing these areas. 

Again, this was identified as highly erodable 
land, and therefore we try to take it out of 
production. As it was probably mentioned 
yesterday, the farmer would obviously choose 
to take those areas that were least productive. 
That's why, in fact, you see to some extent that 
the yields here would actually increase slightly, 
even though you are taking that out of produc-
tion. 

B.D. Witney 
 

Is there any indication over the next 25 years 
as to how the cost of machinery production will 
increase as the machinery market declines? 

J. Matthews 
 

I would make one point on this, which is that 
the machinery market at the moment is in some 
difficulty because there are too many 
production plants for the amount that we need 
worldwide. Now, we are going through a 
rationalization period where I would think that, 
because we have fewer tractor plants and fewer 
implement plants, in the long run it shouldn't 
increase the cost. We ought simply to produce 
machines from fewer factories. Costs will rise 
with inflation, but I see little excuse for costs 
going up more than inflation, plus 
sophistication. 
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D.J. White 
 

I would like to address a question to 
Professor Hegg. His Table 1 was very 
interesting, and I was wondering why it is that 
we see some increases in total production of 
various crops there. Does this mainly reflect an 
increase in population in the States? I don't 
think this can be the whole answer because the 
increase is not uniform. There is a substantial 
differential among the crops there. One of the 
ones that intrigues me in particular is oats, 
which has a relatively low level of production 
but is moving from 8,580,000 tons to 
11,700,000 tons. I'm interested in this because 
in the U.K. we've been looking at crops which 
might replace those in surplus, and we think in 
the U.K. that oats have some potential because 
people have more leisure, there are more horses 
around, and they eat oats. Plus, it is a very 
good health food. One can argue this, but I find 
the whole spectrum quite intriguing. Can you 
give us some of the reason behind these 
figures, please? 
 
 
R.O. Hegg 
 

Well, I don't have any details on particular 
crops. I don't believe I'd be able to say what the 
factors involved are. You know, in some 
instances there has been a lot more research and 
development; therefore, I think the model 
would reflect less potential growth. As I said I 
don't know the details of preparing this data, 
but there has been research and work that has 
gone in there. So, I think there is potentially 
more growth with better varieties or better 
technology in terms of the fertilizer or 
irrigation they used, and I guess that is the way 
I would respond to that. 

D.J. White 
 

I don't think the explanation can be based on 
improvements in yield, because 
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you are assuming that these crops are going to 
be utilized, so that has to reflect consumer 
demand. 
 
 
R.O. Hegg 
 

Well, consumer demand, and, I think, if I 
remember the figures correctly, maybe 30% of 
our production is exported. There are 
expectations that there would be continued 
product export. 
 
 
C.E. Hood 
 

I believe Hegg's model takes into account this 
problem. This was developed by an agricultural 
economist from the U.S. Department of 
Agriculture, and it's been refined. You have to 
take into account the fact that there wasn't 
necessarily engineering input that went into it. 
However, my understanding of the study is that 
it is consumer-driven, and it does take into 
account export markets and the population 
being fairly level in the U.S. It also considers 
the potential for marketing the crops in develo-
ping countries as they develop, as well as 
various changes. This is a computer model and 
has been studied in relationship to machinery 
demands linked with this according to 
agricultural engineers, but it was not made by 
engineers; it was made by economists. 
 
Dr. Ken W. Domier 
Canada 
 

I had two questions. One was mentioned 
yesterday and applies again today to Professor 
Matthews in terms of increased use of sensors 
and electronics. I'd better give you a little 
background from personal experience. I have a 
North American General Motors car, and 
Europeans will probably say that's what you 
get for buying a North American car instead of 
a European or Japanese one. Anyway, it's a 
Pontiac Bonneville, and I had two expe- 



riences two years ago, because it has a crank 
sensor on it, and the crank sensor would cut 
the engine, and the engine would die at 
highway speeds of 110 km an hour. And on the 
road in Manitoba, it died three times in ten km. 
So, I developed the policy of putting it into 
neutral, restarting it on the go, and it would 
start. When you do that, you don't have any 
power steering, and your brakes are almost 
zero. I asked the service rep. what he would do 
in that case, and he said "You get damn strong 
awful fast on the brakes." The second 
experience was two months ago when my oil 
indicator light came on, and fortunately we 
were going to stop anyway, so I stopped. I 
tried it an hour later, and the next morning it 
went off, no problem. Thirty km down the road 
it came on, and after another 10 km practically 
all the lights came on. My door was open, no 
fuel, the brakes were out of order. And then I 
drove another 100 km and stopped at a GM 
Chevy dealer who didn't know much about 
Pontiacs, but when I came out and turned on the 
engine, no lights! So I drove home. Now, my 
question for Professor Matthews and Professor 
Renius is, with increased sensors and 
electronics—and l know now that some of the 
tractor people are going to go to an electronic 
governor instead of a mechanical one—will the 
operator be able to bypass some or most of these 
electronics on tractors and combine harvesters? 
That's my first question, and when you are fini-
shed I have one more. 
 
 
J. Matthews 
 

I think it implies two points; the first one is, 
"Are electronics and sensors inherently less 
reliable than mechanical parts?" I guess you 
could have told the same story twenty years ago 
about wheels falling off on mechanical things, 
but let me go back thirty years. I joined the 
institute at Silsoe to work on automatic control 
systems, and in my first two or three years of 
trials most of my problems were mechanical. It 
was 

automatic control of grain dryers, and it was 
quite surprising how often it got blocked up 
with walking sticks, parts of trees and things 
that were essentially mechanical. I don't think 
that electronics are inherently less reliable, but 
I accept your second point, which is that one 
has to have a degree of redundancy or fail-safe 
operations. I believe that's so, and it already is 
so in cars where we have hydraulics in braking 
and so on or power assistance in steering. We 
have a fallback system, and that has to be so. I 
would say on the state of farm electronics at 
the moment that that which has been incorpo-
rated in the mainline machinery is very 
reliable, in my experience, because it's 
common to road vehicles, and there is a mass 
market for it. But agricultural electronics 
which is very specific to farm equipment may 
have a little way to go before it has the 
reliability that we could all be happy with. 
 
 
K.W. Domier 
 

Before I go on to the next point, when the 
dealer told me that this so-called cluster was 
going to cost me 1,000 Canadian dollars, just 
under £500, for controls or lights we never 
used to need, than I started to wonder what is 
the value of all this stuff. My second question is, 
is there a need now, more than ever, for a 
portable power unit for traction, haying, 
combining, etc.? Because it seems to me that 
about 30 years ago one group in the U.S. tried to 
push this common, portable power unit, 
because combines are only used for a few 
hours a year, and that's a hell of a lot of money 
tied up in one unit. 
 
 
J .  Matthews 
 

Yes, l agree, and there's a lot of psycho-logy 
that comes into this because ideally many 
farmers should take their big, wide tires from 
their combines and use them on 
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the tractor for other parts of the year, and that 
would seem to be something they could do 
already. It would be easy, functional and 
effective, and yet the psycho-logy is that the 
combine, as a harvesting device—because that's 
the only stage where the money comes back in, 
when the crop comes back in—seems to be 
sacrosanct. It's very difficult to do this, and I do 
believe that this "sacrosanct" harvester stopped 
things like the "New Idea" system, where you 
moved around not only the power unit, not even 
the engine which was relatively cheap, but the 
whole of the control module, which has become 
much more expensive than the engine these 
days., from one machine to the other. I don't 
think we should give up the idea of doing it, but 
we do have to overcome a certain amount of 
user tradition. 
 
 
K.Th. Renius 
 

I think a lot of money has been lost on those 
projects. A few billion dollars have already 
been lost on projects like that, and it is 
impossible for me to tell you why. I would say 
you could make it if you were able to impose a 
mechanization concept for at least twenty years, 
that is, to give the farmer a concept that could 
work for twenty years, a complete system. But 
you cannot. It will not be optimum for even ten 
years. So, in my opinion, it is not possible. Did 
I understand it right? A power unit that can be 
used as a tractor, as a combine and so on? All 
companies have tried, and no company has 
succeeded anywhere in the world. 
 
 
J. Ortiz Canavate 
 

I want to raise a question that may appear 
quite polemical, and it is about robotics. This 
morning we didn't talk very much about 
robotics, and I think the description that John 
Matthews has given us about the milking robot 
is very intere- 
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sting. The figures, I think, are very real and 
show that it can be economical in a very short 
period of time. But what about other types of 
robots? Mr. Lucas has told us that robots in the 
field could be a real possibility in a very short 
time. My opinion is that the milking robot will 
be available commercially maybe even next 
year, but I don't think the other types of robots 
will be available so quickly. This is a concept 
that I want to discuss with you. What do you 
think about this? 
 
 
J. Matthews 
 

Well, maybe it should be a round table 
discussion to have ideas from some other 
people. 

You've read the figures there, and you know 
what I say about that. It is interesting; you know 
that we had a driverless tractor about 15 years 
ago, and we did the calculations on that and 
could show that that, too, was economical 15 
years ago. But it wasn't needed; it wasn't 
commercialized because there were some other 
non-economic factors. What happened, perhaps 
you could argue as an excuse, was that tractors 
became larger and one man drove a larger 
machine. There are other robotics that we 
calculate as economical at the moment, but I'd 
prefer to turn it into a round table discussion. 

 
R.J. Godwin 
 

I'm interested in the figures Matthews used 
for calculations, and I think the general thesis 
was probably correct. What worries me is that 
the margin is so very small. Now, if we are 
talking in certain instances of 2 or 3%, how 
much confidence do you have in costings 
which give us a margin of 2 or 3% on 
something? Because it could equally well be 2 
or 3% in the other direction, and I am a bit 
hesitant about moving into projects with high 
capital costs, unless we can make much greater 
potential cost savings at this stage. 



J.  Matthews 
 

May I answer that, because it was my direct 
question. I think my figures up there were only 
2 or 3% of the total cost, but of the individual 
processes they were all some tens of percents. 
Now, on robotic milkings, the situation there is 
break-even for 60 cows with no labor savings. 
So, the labor savings is there as a contingency, 
and I suggest a reasonable contingency. I think 
it's better than it looks. 
 
Y. Sarig 
 

I'd like to support the general premise 
without going into all the details in your 
example. I think I could pick even better 
examples that would challenge Dr. Godwin's, 
because I think I can prove the general 
statement that we are able to reduce costs by 
applying primarily high-tech and new 
technologies, although they are still not off the 
shelf. For instance, in terms of post-harvesting 
treatment of agricultural products, primarily 
fruits and vegetables, the spoilage and damage 
of certain agricultural products, certain fruits—
not even considering the loss of loyalty, but 
just the direct cost—does not account for I or 
2%, but sometimes 100%. I think Matthews 
gave one example, but I think the major theme 
of this afternoon session is that mechanization 
is capable of reducing costs. I think this is so, 
and I think this should be one of the major prio-
rities. Some of the technologies are not yet 
available, and I can give you some examples. 
What we are saying is that the human, to some 
extent, is a good alternative to mechanization. 
In many countries where labor is still in 
abundance and cheap, it is definitely a viable 
method. I would hesitate to automatically 
change from manual labor to mechanization 
where labor is available, and the general 
quality of the operation is acceptable. But a 
human is simply incapable of carrying out 
certain operations. If we are talking about 

internal quality, a human is not capable of 
looking inside a product. Now, with the birth 
of new, non-destructive technologies, some of 
which are in the advanced stage, I think we will 
probably see some of this being implemented 
commercially in the next ten years, and the 
savings are enormous. 

Now, a few words on robotics. This year, I 
was fortunate enough to participate in a summer 
course that was organized by the University of 
Valencia, and several of the people who were 
invited were from the U.K., the U.S. and Italy, 
and there is certainly a lot of misconception 
about robotics. The same is also true in 
industry, so it's not just a matter of raising the 
robotics flag and hoping that it will lead to the 
overcoming of agricultural maladies. This 
simply is not true. Robotics is very, very 
intriguing, but it's not that simple. If we take 
just one example, that is, robotics and fruit 
picking—and I might get into an argument with 
some of my colleagues here, such as Mr. Le 
Bars and Dr. Lucas—I would argue that with 
the current state of the art the premise put 
forward by my French friends that within two 
or three years robots for fruit picking are going 
to be commercially available is simply not 
true. No grower would accept a situation in 
which 70% of the fruit is picked and 30% is 
left on the ground or on the tree. Right now it's 
not feasible. This is not to say that I would not 
encourage continuation of this work, because I 
think we should continue. Technology that was 
not available yesterday might be available next 
year, and the pace at which we are able to 
analyze machine vision is becoming faster and 
faster. Just to give you an example from a 
different area: there is a project which is close 
to commercial implementation at the 
University of California at Davis where a 
machine vision system has been developed to 
sort prunes at the rate of 25 units per second. 
No human can do that. So, there is some 
potential; we should work at it, but we have to 
be very careful. 
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O. Kitani 
 

Even to make the milking robot practical I 
think it is necessary to develop more 
sophisticated image processing to detect 
diseases at least. I think we have to do more 
along these lines in order to make it practical, 
and it should be included later on in the 
summary of the conference. But I think the 
robotics issue is only part of the whole 
problem, and it may be better to shift the 
discussion to other, more urgent and more 
practical topics. 
 
J. Lucas 
 

I think that those of us in the Club must be 
able to look ten years ahead, and I think that 
agricultural engineers cannot progress very 
quickly when it comes to producing electronic 
technology. I think that we need more progress 
in electronic technology, and I think what Dr. 
Sarig said was doubtful. Ten years ago, no 
farmer believed in this possibility, but today it 
is a reality, and in two or three years we can 
have an industrial product. The Japanese also 
say that the best model for agricultural 
production is the American model with very 
big farms, but I am not so sure, and the envi-
ronmental problems are major problems. I think 
we must see what point technology has 
actually reached as well as the real possibilities 
for manufacturing robots to work on all types 
of farms at a reasonable cost. In ten years, I 
think, we will see a lot of robots in use on 
farms. It is not easy to tell whether it will take 
ten years or eight years or eleven years, but a 
number of things are possible. 
 
B. Cheze 
 

I would like to comment about the Magali 
fruit-picking system. In fact, the first 
commercially available machine will appear in 
1995 or `96, so you were right in saying that it 
wouldn't be in the next three 
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years, but rather in 1996. And, in fact, the 
problem is that there is a shortage of people 
right now in France for fruit picking. So, even 
if a robot only picks 70% or 80% of the fruit, 
well, there will be enough people to pick the 
remaining 30% because they will pick it more 
quickly. Otherwise, some fruit will remain on 
the trees, and that is probably not a good 
solution. In fact, that is a fast-growing 
problem, and there are a lot of people who have 
seen the machine (tree growers, for example) 
who are very interested in the machines, and 
they are ready to wait until 1995 to buy new 
machines. 
 
 
L. Lehoczky 
 

I think that all the ideas presented in these 
two papers are of interest to all of us, and they 
could have considerable impact on how 
manufacturers could be involved in the creation 
of modern mechanization for agriculture. But 
one thing I think we should not forget is the 
biological potential of plants and animals, 
because useful automation or robotization must 
take into account the possible use of biological 
possibilities. Secondly, if the biological possi-
bilities do not measure up when we have a 
completely new machine or robot, we must 
change the biological possibilities of the plant. 
I think that this should be taken into account in 
terms of both of this afternoon's papers. May 1 
remind you that when, about 25 years ago, the 
tomato harvester was made in the United 
States, the problem was not the harvester, but 
the tomato itself. They had to change the whole 
pattern of the tomato. When we first bought 
one of these machines we were picking about 
50%. And I would like to remind you that in 
Israel when you had a problem with apple 
picking, you didn't change the picking 
machine, you cut the whole tree. And it was a 
good idea to change the whole genetics 
because of the machine. So, in this case, I 
think we should add to these materials when 
we make our Club of 



Bologna recommendations. We should not 
forget to link biological and technical 
machinery concepts. 
 
 
Y. Kishida 
 

I would like to bring up one subject related to 
reduced production costs. Now, in European 
countries marketing costs are increasing rapidly, 
and if even we can completely reduce costs on 
the production side, the consumer still has to 
pay a lot for marketing. Some researchers tell 
me that if the consumer could make the products 
at home using modern technology at a lower 
cost, this could reduce the total cost drama-
tically. T don't know if this is possible or not, 
but we agricultural engineers should also talk 
about how we can reduce the total cost of food 
for the consumer, including marketing issues 
and high costs. Anyway, by introducing new 
technologies and ideas maybe we can reduce 
production costs, but we still have to pay a lot in 
terms of other costs. 

J. Matthews 
 

Could I Just answer a few of the points? We 
have talked quite a lot about robotics. I'd just 
like to add one or two things there. As I 
understand it, the Australian sheep shearing 
robot, we are told, could be on the market next 
year. If that is so, that's likely to be the first 
major one, I guess. My feeling about the 
milking robot is that it will be three or four 
more years. Many of us are at the stage of using 
a milking robot, and we have to know more 
about cow behavior. It is the biology we have to 
know more about. One interesting, rather 
positive point is that one thing the robot is 
doing is going back towards nature; it's 
allowing the cow to milk itself when it wants to, 
and without wanting to be over optimistic, there 
are some signs already that cow health may be 
better rather than worse with robotics because it 
is going 

back to a more natural process, and that would 
be very encouraging. On the use of 
mechanization, there are good and bad 
examples of how we have to change the 
product, the fruit or the vegetable. I would only 
suggest one very positive one, and again it's a 
question of choosing your mechanization 
carefully. In the case of black currants, 
virtually all manual harvesting is taken over by 
mechanized processes because it lends itself to 
the mechanical process without changing the 
crop or damaging the fruit. On speeds, 
something has been said about speeds, and 20 
prunes per second was quoted. The potato 
shape grader we have with a vision system—
quite a complex vision system—is 40 per 
second, which shows how fast vision systems 
can be with quite complex processing. Now, I 
am going to introduce one nasty thing, and I 
know it's very nasty at such an international 
meeting like this, but I think somebody has to 
say it, and some-body has to realize it's there. 
One of the robotics projects we have—robotic 
propagation, which was talked about earlier—
might be silly on a world basis. But we're 
doing it in Westernized, industrialized 
countries because if we don't take the labor out 
of a process like that, which is very labor-
intensive, we will lose the process from our 
country to a part of the world where labor is 
cheaper. Now, I have to admit that it's not a 
nice thing to say. Some people from the parts 
of the world with cheaper labor might say, 
"Right, you should let it come." But it's not the 
way of things, and competition is still there. I 
think in milking robots many of us would claim 
that we are working on them because we 
couldn't afford milk to be produced more 
cheaply in another country. Competition will 
always be with us, and we mustn't forget it. On 
the ability of electronics to do better than 
humans, I had an example on a slide to show 
that 25 years ago the automatic control system 
was more accurate than a human, even if that 
human was in 100% attendance and was 
control-ling all the time. It's possible because 
you 
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can develop more sophisticated algorithms 
which can do better calculations. Just one thing 
on robots, one final point. I think we have to 
think about the possibility of, if not universal 
robots, at least universal components for robots, 
so that the apple harvester will do some pruning 
at another time of the year and perhaps some 
spraying. I think that other than milking, which 
is 365 days a year, five times a day, most 
robots will not be justified by a single task. 
One quotation from Ag. Eng. `90 in Berlin: 
"Machines are not defined in the engineering 
laboratory, but rather in the market-place." 1 
will not comment on that, but it's an interesting 
observation. 
 

A. Lara 
 

I think it is very important to consider the 
case of less developed countries with regard to 
all this advanced technology. Just to illustrate 
my point, 1 am going to give an example. 
About 80% of the shoe industry is concentrated 
close to our school, and some of the machines 
to cut the pieces of shoe are totally 
mechanical. It would be very difficult for us to 
redesign these totally mechanical machines. It 
is easier for us to control a simple, final 
mechanism by computer than to substitute the 
whole mechanical machine. The same thing 
may happen in agriculture, and, as in our case, 
we don't have to go step-by-step through the 
whole history of technology, because we'll 
never get any closer to the modem 
development context. I think that in many less 
developed countries it is a good idea to jump 
ahead to advanced technology when possible. I 
don't think we can say that advanced 
technology is not appropriate for less 
developed countries, because there is a wide 
range of forms of development among 
countries. There are countries that are not as 
underdeveloped. But what 1 want to say is that 
we have to look at this area with an open mind 
and understand that we are importing machines 
anyhow, so why not import electronic 
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equipment? In the long term, those kinds of 
electronic devices may even be cheaper than 
traditional machinery. Of course, what I say is 
not always applicable, but my proposal is that 
we not assume that advanced technology is not 
always appropriate for less developed 
countries. 

A. Munack 
 

My main concern about the discussion we 
are having at the moment is that everyone is 
talking about cost reductions, etc., and f am a 
little bit astonished about that, because we 
have heard lots of things about environmental 
protection and all that, and to me it's clear that 
environmental protection should cost 
something and not reduce something. When 
you have reached a balance in something, such 
as the cost of wheat production, I would think it 
is quite optimistic to say that spraying will 
reduce the cost. I am sure that the cost of 
sprays will decrease because we can save on 
that, but I'm not sure whether the fact of 
spraying, the process i tself,  will decrease in 
cost. I would even say it might go up, and the 
same may be said of drying, since the cost of 
energy is going up. So, shouldn't we also 
discuss some of these processes, since they 
will need increased investments and costs will 
rise? I think it is extremely necessary to point 
out these processes, because we have to know 
about this for farm machinery and 
manufacturers. It's a hard question, you see. 
 
 
O. Kitani 
 

You have covered yet another aspect of this 
problem, but I would like to move on to 
another topic. However, as you suggested, 
initial costs are quite a serious concern in 
Professor Hegg's report, and I think that 
production costs can be reduced in many ways, 
for example, by increasing the life of machines. 
We still have many things to do; for example, a 
fatigue analy- 



sis has not yet been established for farm 
machinery. These kinds of things are very 
important, but I would like to move away from 
this kind of problem and go on to the 
information technology problem because of 
time constraints. It's also very important from 
the farm machinery point of view. 

G. Pellizzi 
 

Dr. Munack, I frankly don't understand your 
position because I think what you have told us is 
not in contradiction with the idea of cost 
reductions. One thing is increasing the cost of 
machinery manufacturing or installation, and 
here I am talking about increases in capital 
investments, and another thing is reducing total 
costs. We have to reduce management costs. 
This is one of the main problems, and costs will 
certainly increase as we add new devices, 
technologies, sensors and the like. But if that 
means that we can avoid using large quantities 
of pesticides or improve the productivity of a 
machine, then we can reduce costs. 

The farmers' demonstrations we saw 
yesterday and this morning are due to the fact 
that the EEC has reduced prices by 20%, so this, 
I think, is a real problem. A few months ago, I 
spoke with a Frenchman who is a representative 
of the Cereal Producers Association, and he told 
me that his association had asked him to analyze 
what would happen when the price of wheat was 
not supported by the Community, which means 
subsidies would be reduced by 100%. This 
committee of expert's answer was, "Well, you 
have to manage cereal production on the basis 
of farms of about 300 hectares run by only one 
man." So, that means that we have to 
completely change our mentality with regard to 
mechanization. This is the big problem we have 
to face and solve and about which we must 
provide some suggestions to our manufacturers. 
This will also contribute to environmental 
protection. 

A. Munack 
 

I totally agree with Professor Pellizzi in the 
general sense. 1 also think, in fact, that total 
costs can be reduced to some degree. However, 
one should also point out those costs that are 
rising. So, if you need to buy a new spraying 
system where you don't go over a field three 
times, but rather six times, then of course 1 think 
this part of the cost will go up. And we should 
also be thinking about the type of costs that may 
be rising in the next few years. That was my 
concern, not total costs. 
 
J. Matthews 
 

Could I just claim that that has happened, and 
if you look in my paper on the dial-a-crop 
sprayer you will see that there is a proposed 
increase of £5,000 ($10,000) in the capital cost 
of the sprayer, but that accounts for only 10% of 
the forecast reduction in the cost of spraying 
due to better targeting. I believe that to be an 
honest figure. 
 
R.O. Hegg 
 

I would like to tell you about a highlight that 
came to mind; it is an excellent example of what 
we are discussing here. At our university, we 
developed an orchard sprayer that used image 
processing sensors to spray apple or peach trees, 
and it has been patented. The use of this system 
with image processing on board will save 25-
50% in chemicals, and a company wanted to 
purchase the patent in order to start production. 
But it became a real dilemma, because the 
lawyers for the company that was going to 
produce it were concerned about liability in case 
there was some environmental concern or an 
operator got hurt or something like that. So, 
they actually wanted the university to absorb the 
liability in case of any legal ramifications, and, 
of course, the university said absolutely not. 
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It is still under discussion, so, as we said, the 
liability issue will drive up the cost of 
equipment even with new technology on it. This 
is an example of just what we are talking 
about. 

J. Matthews 
 

I would suggest that if that company had new 
technology available which could reduce drift, 
and if they were not using it, it would be even 
more liable in some courts. 

 
 

K.Th. Renius 
 

Perhaps we can get a better feeling for cost 
development if we analyze what has happened 
in the last ten years. Have you done some work 
in that area at Silsoe? I have a feeling that in 
the past ten years costs have gone done to 
some extent because the price of wheat, for 
example, has been stable for at least twenty 
years. And we have had some reduction in the 
value of money, some inflation, so if we 
compare the figures then the reduction in costs 
will become quite realistic. Perhaps it should 
be done. 

O. Kitani 
 

Well, we have ten minutes left, so I would 
like to devote three minutes to a discussion of 
manufacturing cost reductions. Perhaps, we 
could hear from a manufacturer, Mr. 
Mikayama or Mr. Takagi, if they have some 
comments. And then after that we would like 
to have a seven-minute discussion on the 
information technology problem in terms of 
machines and their costs and what sort of R&D 
is required. 
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Mr. Masao Mikayama 
Japan 
 

For cost reductions through manufacturing 
we increase the operating speed and accuracy 
of the machinery, and we design machinery to 
do two jobs at once, such as rice planting and 
fertilizer application. We are working on these 
things, and the advantages are more basic. 
This will reduce machine parts; for example, 
we use precision stampings, precision castings 
or less machining, plastics and precision pres-
sed sheet metal. Especially in Japan, we can 
use cheap parts from the automobile industry. 

Mr. Mamoru Takagi 
Japan 
 

I would like to make a comment from the 
standpoint of engineering. As you know, in 
Japan we used to have a very high demand for 
farm equipment, but recently total demand has 
been shrinking year by year, and many 
manufacturers have started to think about how 
to save on production costs and how to assist 
farmers so they can save on operating costs. 
One suggestion from the engineering side is to 
produce less costly products, that is, by 
making common parts or components. That is 
one point; the other point is that we used to 
have 100 or more models and varieties. Now, 
we are just concentrating on the very basic 
models. We follow the customers' choices. So, 
one idea may be to decrease the number of 
models. Another suggestion from the 
engineering side is to save on operating costs. 
Some examples include savings on fuel, the 
overhead valve engine, as well as trying to 
apply direct injection for small-sized engines. 
These are some of the examples, and there are 
many, many more from an engineering 
standpoint. We are now making an effort in 
this direction. Another important point which 
Mr. Mikayama brought up is the manufacturing 



effort. Most of the manufacturers are now 
adopting so-called "flexible manufacturing 
systems", and these systems make it possible to 
change tools very quickly. So, while we used to 
need about thirty minutes or even several hours 
for chain saws or punching presses, now in 
most of the industry these tools can be changed 
in fifteen minutes or even less time. These 
efforts have made it possible to cut costs. As 
Mr. Kitani said, in the past ten or twenty years, 
the price of machinery has almost remained the 
same, although labor costs have increased 
dramatically. These are some examples, and 
we have many more. 

O. Marchenko 
 

Excuse me if I change the subject of the 
discussion, but in view of the big changes in 
the agriculture of our country, I would like to 
have some advice from you in order to reach 
some conclusions. First of all, I would like to 
comment briefly on the agricultural situation 
and the agro-industrial complex, which are 
undergoing considerable reconstruction right 
now. As you know, there are many changes 
going on in the social, economic, political, 
human and psychological spheres in our 
country. State legislation about the introduction 
of private activity in many branches of our 
lives, including private farming, that is, 
family-run farms, is currently under 
consideration and will, perhaps, be approved 
soon. Under these conditions, we have some 
problems with the creation of small private 
farms in terms of choosing the right way to 
introduce them into agricultural production and 
making them competitive and able to function 
together with existing collective farms and 
state farms. At present, we have a large tractor 
fleet of approximately 2,600,000 units with an 
average power of 92 hp per unit. We also have 
a small fleet of about 500,000 working tractors 
with an average power of 4 hp per unit. Arable 
land totals 226,000,000 hectares. Approxi- 

mately 20% of the population works in 
agriculture. The average size of collective 
farms and state farms is 6 and 15,000 hectares, 
respectively, and the average number of 
tractors per farm is approximately 40-50. The 
density per tractor is approximately 100 
hectares. At present, the political, social, 
economic and psychological analysis is 
concentrating on the size and level of 
organization of small, private farms and the 
optimal number of them for Soviet 
agriculture. Regulations are now under 
consideration, and family farms may end up 
representing 10-15% of all farms. They could 
cover 30-50 hectares, except in the case of 
grain crops where they would cover 
approximately 200-400 hectares. In any case, 
we should take into account the possible 
number of small farms and probably 
significantly increase tractor and farm machine 
production. This is also a big problem; the 
situation depends on how we choose to 
introduce small, private farms in order to 
increase agricultural production in our country. 
We need to significantly change farmers' 
relations and mentalities in order to use the 
land more efficiently within a private context. 
Farmers must intensify their work in order to 
promote the development of our agriculture. 
There are alternatives: first, there is the 
gradual method used throughout the world 
based on the use of bank credits, because our 
peasants do not have much money now. Then, 
we can gradually move on to profitable 
production and farm development. The second 
possibility is to use government investments 
to help create private farms with farmers 
gradually returning the money to the 
government over long periods, even 20-25 
years, since we can assume that our private 
farms (for example, dairy farms with 40-50 
cows) will cost 300-400,000 rubles, which is a 
comparatively large sum. We are also 
investigating the experiments carried out by 
our Eastern European neighbors; we have just 
created a Union of Peasants of the U.S.S.R. and 
an Association of Farmers of the Russian 
Republic to promote unit construction in 
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our agriculture. We must also consider that the 
previous connection between agriculture and 
agro-industrial complexes has been destroyed 
on a large scale, but it will be re-established. 
So, I would appreciate it if you could give me 
some advice on improving and choosing a 
suitable method for the installation of private 
farms. 
 
O. Kitani 
 

Well, I thank you for your special report. 
Now, Professor Matthews will you make a brief 
comment on information technology given our 
time limit. 

 
J. Matthews 
 

I would summarize information technology 
in the future by saying that there are five 
fundamental questions that we need to answer 
for IT management of farm enterprises. The 
first one is, what is the size of the unit we're 
going to manage? We know that we will 
manage each cow individually, but will we 
manage each pig individually? We will almost 
certainly not manage each chicken individually, 
so what is the size of the management unit? But 
more importantly, what is the size of the crop 
management unit? If we're growing cereals we 
certainly won't have a record for each square 
meter on the data base, at least I guess we 
won't. It will be bigger than that, but what is the 
optimum size of the unit to be managed? What 
will one item on the data base represent? The 
second question, I think, is how accurately and 
how frequently will we need to sense the state 
of our crop or animal? 1 would underline the 
frequency because how often we need to sense 
it is almost a bigger question than how 
accurately we need to sense it. The third 
question is how often will we need to process 
that crop or animal or interact with 
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it? Will it be more often than with present 
management techniques, or less often? The 
fourth question is, when we are using the 
computer as a decision support or as a decision-
making process, what level of economic risk 
can a farmer take? If it were a major company, 
it could probably optimize its profits over a 
five-year period, but 1 suspect that the cash flow 
situation in agriculture and in biological 
enterprises where there are greater risk factors 
(weather, disease and so on) means that we 
cannot optimize over a long period but must do 
something less than optimum, while 
maintaining a degree of cash flow and 
economic security. Then, I think my fifth 
question is, how much will the manager want 
to input his own personal experience and 
challenge? I suggest that's quite important, but 
how much will the manager, therefore, want to 
add his decisions to the computer's decision? 
So, l would sum up where we are in informa-
tion technology management, Mr. Chair-man, 
by those five questions, and, as I say, I doubt 
that we can answer them until we have actually 
developed the technology for experimental 
purposes. 
 
 
O. Kitani 
 

Thank you for your very interesting 
comment. Before closing this session, I would 
like to thank you, all of you, for a useful 
discussion on this comprehensive and rather 
difficult topic, and I am convinced that cost 
reductions in mechanization is a crucial topic 
and we can do many things with it. 

We have a lot of research and development 
to do along these lines, in the areas of robotics 
and information technology as well, even 
though that creates many problems. Thank you 
very much. I will now turn over the floor to 
Professor Pellizzi for the closing session. 



CLOSING SESSION 



G. Pellizzi 
 

Thank you, Professor Kitani. We have come 
to the conclusion of this meeting, so we can sit 
back and smile now. I would like to distribute to 
each of you a draft of the conclusions and 
recommendations from the first day. It will be 
distributed to the press tomorrow at noon. I 
would like to ask you to take a look at it, and if, 
in principle, you have no major modifications or 
alterations to make, to express your agreement 
with it. While we are waiting for this paper to 
be distributed, I would like to give you some 
other information. Tomorrow morning the 
Management Committee will discuss the 
preparation of conclusions and 
recommendations with regard to the subjects 
that have been discussed this morning so that 
these may be distributed to the manufacturers 
and policy-makers involved in the development 
of agriculture and agricultural mechanization. I 
think we have had two very good days of 
discussion, and I enjoyed it very much and 
appreciate all your contributions, and I want to 
express my deepest thanks for your cooperation 
in this intensive brainstorming. We expect to 
organize and hold a third meeting on November 
6 and 7, 1991. All of you are invited, and new 
members will also be invited. I think that we 
now have representatives from 32 countries, and 
we should reach 35 or 36 countries by next 
year. There are also some problems that I want 
to discuss with you. First of all, we need to 
prepare the proceedings from these two days, so 
all the speakers are kindly requested to send me 
any slides, photos, drawings, figures or 
illustrations they want to add to their papers. Of 
course, we will use them when we print the 
papers, and then they will be returned to you 
within the next few months. You should choose 
the minimum indispensable for this purpose. The 
second thing is, as you can see, that we have 
given out the first draft of the first sixteen coun-
try reports. In addition, we have received three 
more reports. Now, this means that 
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we have a total of nineteen country reports. I 
would like to ask all of you to check his own 
country report and communicate any changes to 
the Office of the Secretary or myself. I would 
ask others to fill out the sheets and prepare 
something similar. This mainly concerns 
Argentina, Australia, Brazil, Cameroon, 
Canada, Egypt, France, Indonesia, Korea, 
Morocco, New Zealand, Nigeria, Sweden and 
Zimbabwe. Naturally, I will write to those 
people who are not present. We would like to 
have the final copy of the country reports by the 
end of February, if possible, so that we can pre-
pare a final edition that will be distributed 
during the next meeting. It will be discussed 
and illustrated, and 2,000 copies, I think, will be 
published and distributed all over the world. 
Please try to be punctual; otherwise, there will 
be a lot of publication problems. We need to 
have final corrections on the country reports 
and all those reports that are currently missing 
by the end of February. Now, we can take a 
look at the conclusions and recommendations 
from the first day. 
 
G.R. Quick 
 

I have a number of grammatical corrections 
to make. I'll give them to you in writing to save 
time now, but there are two points that I think 
have been missed in here. One of them is that 
there seems to be an over-emphasis on tires, and 
I would like to see a suggestion made that 
alternative traction devices be evaluated or 
something like that. It's just too much work on 
tires, and there are better systems than tires 
already, so we shouldn't act as though all we're 
interested in is tires. Another thing is that I don't 
see here—it may be here—but I don't see 
anything about alternatives to straw burning. I 
thought we had talked about that. I don't see it 
picked up here, and we talked about it, and 
therefore we ought to show that we've given it 
some consideration here, especially in light of 
the rules and regulations that are coming along. 



H.L. Musa 
 

I just asked my neighbor here, and yesterday 
we did touch on the use of inorganic fertilizers 
on the soil, including the changes in pH values. 
Since you mentioned it yesterday, I think it is 
appropriate because of the adverse effect it has, 
especially where there is dry land and not 
enough leaching and pH values change fast. 
 
 
K.Th. Renius 
 

I think you have encapsulated very well a lot 
of the discussion. Having said that, I think that 
there are areas that are politically dynamite. I 
think that for agricultural engineers to be quite 
so bold and to play into the hands of a minority 
of very robust parties around the world is a little 
bit dangerous. 1 don't actually think I would 
wish to be party to the fact that we are having a 
major impact on human health, that there is an 
excess of pesticides. There are a number of 
bodies that are saying, very care-fully, that there 
are problems, and we have to look at them, and 
I think that we would be flying in their faces. 
There are a number of other organizations and 
bodies with whom we should be working 
closely and perhaps not throwing sand in their 
faces at this stage. I think the changes are 
probably very simple, but as my neighbor on the 
right called it, political sanitization might just 
help a little bit. 
 
 
J. O. Cañavate 
 

I think you have done a very good job, only I 
feel that in terms of slurry management we have 
discussed anaerobic digestion, and, Mr. 
President, you made some comments. I think 
this technique is not considered in these reports, 
and I think it is quite important. Maybe we 
should indicate the importance of this technique 
in a very short paragraph. 

A. Munack 
 

I think you have addressed the main pro-
blems very frankly, and so I think I can 
congratulate you on this very good paper. 
However, one addition might be to say that 
agriculture is not only emissions; it's not only 
the source of pollution, but a means of 
absorbing it. Then, on page two on the fifth 
line from the bottom, you say the input-output 
ratio of nitrogen could create a situation of 
parity. Do you really mean input equals output? 
Because I think that without some loss to the 
soil, it's not possible. With the rotation of crops, 
you also lose some nitrogen to the soil; it's 
impossible not to. So one should not let people 
think that it could be done without some loss. 
 
 
G. Pellizzi 
 

Any other comments? Well, with these 
suggestions can I consider these Conclusions 
and Recommendations approved? So, 1 will 
approve this and send it to each of you, asking 
you to please make it known to policy-makers 
and the media. 

Let's get back for a minute to the next 
meeting. The Management Committee has 
discussed the next subject a little. I would think 
that maybe the problem of new mechanization 
to protect the environment could be rediscussed 
not next year, but rather in 1992, in order to see 
if there have been improvements, new 
technologies, something new to say. 
Meanwhile, I think we have to go one step 
further into the other two subjects that we have 
discussed today: mechanization for small farms 
and new systems for reducing production costs. 
On the second day, we would like to discuss a 
new topic. One possibility might be renewable 
energy sources and related technologies for 
agriculture. I think that the impact of the Iraq 
crisis could provide the impetus for discussion 
of this problem, which is very important, and I 
think that we need new technologies to be 
applied 
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here. The second possible subject could be the 
problem of mechanization for LISA, Low-
Input Sustainable Agriculture. 

The third possible subject that I think would 
be of great interest to manufacturers concerns 
application of the concept of Total Quality to 
agricultural mechanization, from design to 
sales and after-sales service, in order to 
improve the entire chain of mechanization. I 
personally think that we might not be ready to 
discuss this subject in depth next year, but I 
would like to find someone who could prepare a 
good report on this problem in order to take an 
initial look at it and maybe discuss it more 
deeply in 1992. 

The Management Committee is invited at 9 
a.m. to the Blue Room for our meeting and then 
the press conference. Let me, on behalf of 
myself and the president of UNACOMA, Dr. 
Vezzalini and its director, Dr. Ambrogi, who, 
you will surely under-stand, have been a bit 
nervous these past 

few days because of the demonstrations and so 
on, express my deepest thanks first of all to the 
Keynote Speakers for the excellent job they 
have done and to all of you for participating in 
this very positive, very interesting and highly 
conclusive day of the Second Meeting of the 
Club of Bologna. All the best for the future and 
for your trips home. Thank you so much. 
 
 
J. Matthews 
 

Mr. Chairman, on behalf of all the members, 
I would like to thank Professor Pellizzi and his 
colleagues for all the effort they have put into 
organizing this two-day event. I would also like 
to take this opportunity to thank UNACOMA 
for their excellent hospitality, both with regard 
to what we have already experienced and what 
we hope to experience this evening. Thank you 
very much. 
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