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ENGINEERING ADVANCES FOR 
AGRICULTURE AND FOOD 

PROCEEDINGS OF THE 1988 JUBILEE CONFERENCE OF 
THE INSTITUTION OF AGRICULTURAL ENGINEERS 

The papers presented at the Jubilee Conference, together with a summary of each of the poster contri­
butions , are published in hard-cover book form by Butterworth Scientific Ltd., and are available through 
usual booksellers at £30.00. 

The Proceedings contains authoritative papers by twenty European and North American scientists and 
technologists , focusing on the opportunities for the application of new technologies in their spheres of 
agriculture and food processing. These papers are complemented by extended abstracts on eighty six 
specific topics covered in the Conference poster sess ions. 

This book stands as an important reference work for all those engaged in agricultural engineering, 
whether in research and development, design and production, teaching or consultancy. It represents a 
landmark in the development of the agricu ltural engineering profession in general and of the Institution 
in particular. 

Members oj IAgrE may ohtain copies of the Proceedings at a special price of £24.00 pOSI free direct from the Institu­
tiOl1. Write, WiTh remi{((Jnce 10: 
The IIlS/jlll/ioll of Agricultural Engineers, West End Road. Si/soc, Be{lford MK45 4DU or order by telephone giving 
YOllr ACCESS. EUROCARD or MASTERCA RD details to Silsoe (0525) 61096. 

Jl'hen profitability 
depends on more 

going down the drain ... 
NOTHING BEATS OAKLAND PIPES FOR 
, Flow capacity , Silting resistance 

, Strength and durability 

UNIV ERSITY OF KENT 
A T CANTERBURY •••• 
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C WYE COLLEGE !-. _________ . Universit y of London 

This is an exciting new course suitable for students 
with a biological , chemical or agricultural background. 
The course w ill be taught jointly by the Biological 
Laboratory, University of Kent and the Department 
of Biochemistry, Physiology and Soil Science and 
the Department of Biological Sciences, Wye College, 
University of London. 

The course will be full-time lasting 12 months 
(October-Septemberl: the first 6 months devoted 
mainly to course work; the second 6 months to an 
independent research project. 

I---------FEES-------I 
The course fee for 1990/ 91 will be in the order of £2 150 (UK 
and Ee) and £6250 (overseas other than Ee). It is hoped that a 
number of bursa ri es will be available. 

Further information and applica tion forms may be 
obtained from: 

Dr R. G. Burns, Biological Laboratory, University of Kent 
Canterbury, Kent CT2 7NJ 

or: Dr K. E. Giller, Wye College, University of London, 
Wye, Ashford, Kent TN25 5AH 
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TILLAGE 

Reduced tillage 
for energy and cost savings with cereals: 

practical and research experience 
Be Ball 

Significant savings of energy and labour arc possible using reduced tillage. 
These are greatest when tillage is omitted completely (direct drilling) . Two 
classification schemes of soil suitability for direct drilling and for other 
forms of reduced tillage are reviewed. These classifications indicate that 
more than half of the arable land area in Britain could be sown to winter 
cereals using reduced tillage. 

Results from recent field experimentation indicate that long-term average 
yields of winter cereals with reduced tillage rarely differ from those with 
conventional tillage viz. ploughing to 2S cm and drilling. However, 
problems of compaction, weed control and straw disposal mitigate against 
the uptake of direct drilling and influence the choice of reduced tillage 
systems. This is confirmed by the small fraction of the area considered 
suitable for reduced tillage systems which is sown using such systems. 

The use of single pass tillage implements in conjunction with seed 
broadcasting is likely to be more reliable than direct drilling. 

A reliable guide which can be easily used by farmers is required to 
permit identification of the most suitable minimum tillage system applic­
able to a field for a given crop. One such system, applicable only to 
continuous winter barley in Scotland at present, is CULTSA VE, a simple 
interactive computer program. 

1 

The use of reduced tillage or direct drilling in Britain for 
cereals has always been limited and principally confined to 
soils where conventional tillage is difficult, for example clayey 
or stoney soils. This use has been furthe r restricted in Northern 
Britain because of rotational cropping. Use of reduced and 
zero tillage systems has decreased further in recent years 
because of difficulties with weed control, build·up of soil 
compaction and limitations encountered by farmers in burning 
straw due to legal restrictions and the consequent requircmcI1l 
for straw incorporation (Cannell , 1985) . 

Table I Crop areas - Scotland; England and Wales - as 

Reduced ti llage has been also used by farmers to save 
time so that large areas of winter cereals can be established 
quickly (Ball , 1986) . Reduction in ti llage also allows savings 
of machinery, labour and fuel inputs (Allen, 1981 and Ball, 
1986). The assessment of such savings, which include time 
and energy, made possible by the use of reduced tillage are 
particularly relevant when land and crop values are decreasing. 
This paper considers the alternative cultivation systems used 
in Britain for cereals, their energies and costs, their yield 
performance in field experiments and the problems involved 
in their application in practice . Scotland is considered separ­
ately from England and Wales because the crops, soils and 
climate are sufficiently different for crop responses to tillage 
to differ. The area available for arable crops and the types of 
crop grown are given in Table I. 

The area available for crops in England and Wales is about 
seven limes greater than in Scot land . Cereal crops and oilseed 
rape may be sown with reduced cultivation systems. Other 
crops are potatoes, sugar beet, etc. which are taken to require 
conventional cultivation. Winter cereals rorm a much greater 

Bruce Ball is a Research Scienlisl al Ihe Scollish Cenrre of 
Agricultural Engineering. Penicuik. Midlothian (refereed paper). 

2 

percentage of total cropping area, 1985 

Crop Scolland, 

Cereal crops and oilseed rape 
of which: 

Winter sown : 

Spring sown: 

Other crops: 

wheat 
barley 
oilseed rape 
barley and oats 

potatoes, peas, fodder roOlS, 
vegetables, bulbs 

Total cropping area: 
actual area, ha 

82.2 

12.2 
13.6 
3.3 

53 .1 
17.8 

100.0 
669,500 

England 
& Wales 

82.1 

40.1 
20.6 
6. 1 

15.3 
17.9 

100.0 
4,519,000 

proportion of the total area of cereal crops in England and 
Wales than in Scotland. 

Reduced tillage for larger areas of winter crops 
The main reason why farmers wish to use reduced tillage is 
Lo sow as large an area as possible to winter crops in the 
I imited time available. This is because the gross margins for 
wimer cereals, particularly in Scot land, considerably exceed 
those for spring cereals. The increase in gross margins resulting 
from a switch from spring to winter cereals can be up to 
£ 185/ ha and varies annually (Nix, 1987). Gross margins have 
dropped in recent years due to the decrease in cereal prices. 

Tillage systems compared 
Tillage and sowing systems can be allocated into three groups. 
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Table 2 Tillage grouping for winter barley in Scotland version of the classification. 
Cull ivai ion group 

I. Direct drilling 
2. Reduced tillage 

TopsoilleXlure Subsoil penneabilily According to this classification, 30"10 of the 
cereal growing areas of Engla nd and Wales 
are sui table for direct drilling spring cereals 
and 80% are suitable for direct dr illing winter 
cereals. The classification was based on the 
limited informat ion available at the time and 
seemed to allocate some soils wrongly and was 

Sandy loam, loam 
Sandy loam, loam 
Loamy sand , silty loam 
All textures 

Free 
Moderate 
Free or Moderate 

3. Convent ional tillage 
A ll clay loams and si lty clay 

Slow 
Moderate 

This grouping scheme shown in Table 2 was developed in 
Scotland for specifying tillage requirement according to soil 
texture and dra inage (Ball and O'Sullivan, 1987). 

The extent of cost, energy and time savings made possible 
by use of these reduced tillage options is shown in Table 3 
where the cost, energy and time are expressed as a percentage 
of those in Cultivation Group 3 where they are greatest. 
Cultivation Group 3 corresponds to the conventional system 
of mouldboard ploughing to 20-25 cm and secondary cultiva­
tion before drilling. 

Cultivation Group I has the smallest inputs of energy and 
cost which are about one-third of those for the conventional 
system (Group 3). In Cultivation Group 2, tillage to 5 to 15 cm 
is recommended. Possible systems are shallow ploughing and 
conventional dri11ing or alternatively broadcasting on to 
undisturbed soil and cultivating, a successful Scottish system 
extensively tested at the Scottish Centre af Agricultural 
Engineering (SCAE) and described further by Ball (1986). 
The total cost and energy from sowing to marketable crop 
for Cultivation Group 3 are also shown in Table 3. The cost 
savings for Group I or 2 (mostly machinery and labour) as 

confined to d irect drilling. Subsequently, 
Scottish researchers developed the grouping scheme shown in 
Table 2 which identifies land appropriate for reduced ti llage 
systems additional to that suitable for direct dr illing. Since 
this grouping scheme is designed for application at the field 
scale, soil stoniness, depth, slope and climate-soil interactions 
are taken into account before grouping the soil. The arable 
soils of Scotland are divide.d almost equally a mong the three 
groups. In both this grouping scheme and in the classification 
of soil suitability for direct drilling, the slowly permeable 
or poorly drained soils are unsuitable for direct drilling or 
reduced cultivations . 

Experimental results in England - cereal yields 
independent of tillage system 
Performance is usua lly taken as the yield of a system in 
comparison to the yield of conventiona l ploughing and 
d rilling. ADAS have shown that, from 133 experiment years 
the yield of winter cereals is independent of culLivaLion system, 
when averaged over a1l soils (D.B. Davies, personal com­
munication, 1988). AFRC experimentation based mainly at 

a fraction of the total cost are significant but 
the saving of energy as a fraction of the total 
energy is much less significant. This mainly is 
because grai n drying consumes much energy. 
The costs exclude the purchase of specialist 
machinery such as a direct drill. 

Table 3 Cosl, energy and time required for establishment of cereals wilh 
different tillage systems (as a % of conventional ploughing s)'stem) 

Further, the cast and energy of spraying 
to comral weeds and volunteers before direct 
drilling or reduced cultivation are excluded. 
This is because, with winter crops, such 
sprayings were not always necessary in field 
experiments run by SCAE or the East of 

Cultivation group 

I. Direct dri1l 
2. Sha1l0w plough or sha 1l0w cultivate 

+ conventional drill 

Relalive 
cost, 

% 

28 

85 
54 

Relmive Relolive 
energy time 
demand, required, 
% % 

29 29 

74 65 
46 20 

Scotland College of Agriculture or were 3. 

Broadcast + sha1l0w cult ivate 
Conventional plough and dri1l 
Further costs, Group 3, from sowing 10 

marketable crop 

100 100 100 
required for a ll tillage treatment s. Tab le 3 
also illustrates the main reason for adoption 
of reduccd tillage systems, i.e. that the crop 
can be established up to four times quicker 
with reduced tillage than with conventional 
tillage . Speed of establishment is particularly 
imponant in Scot land where the time avail­
able for cultivation after harvest of the 
previous crop is shorter than in England and 
Wales. The times are the sums of times for 
passes of implements calculated from their 
widths and work rales. 

Choosing the appropriate tillage 
system 
I n the 19705, Canne1l el 01 (1978) found th at 

- as % of conventional plough and dri1l 300 1050 
- as estimated actual values (£340/ ha) (14 ,000 MJ / ha) 

Data from Ball, 1986. 

Table 4 Classification of soil suitability for direct drilling developed for 
usc in Great Britain 

Soil and climate 

Stable structure, we1l drained. 
Dry climate 

Stable structure, moderate drainage. 
Moist climate 
Unstable structure, poor drainage . 
Wet climate 

Suitability class 

for spring and winter cereals 

for winter cereals on ly 

nm suitable 

the yield of direct drilled cerea ls in comparison to 
convent ionally sown cereals depended 011 whether they 
were sown in the spring or in the winter and on the soil 
type and climate. This was summarised into a classification 
of soil suitability for direct dri1ling . Table 4 is a simplified 

Letcombe Laboratory has shown similar results (Cannell, 1985). 
Three examples of results from long-term tillage experiments 
are given (Figs 1-4). In these Figures the direct drilled yields 
a rc expressed as a percentage of the yield from the corres­
ponding conventionally ploughed and drilled treatment. 
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TILLAGE . 
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Fig I. Yields aJler direci drilling in comparison 10 ploughing 
on a eUlric gleysol, Denchworlh series, classified as suilable 
Jor direci drilling oj winler cereals, England. (Source: D 
G Chrislian, AFRC IA CR ROlhamsled Erperimenlal Sial ion). 

In Engla nd, a la rge area of winter cereals is grown. Figs I 
and 2 show the results of two long-term experiments from 
south-east England which were under winter wheat in most 
years. The soil of the experiment shown in Fig I contains 
50"10 clay and has stable structure and moderate dra inage, 
properties which help make it suitable for direct drilling. This 
is confirmed by the yields which are mostly equal to or greater 
than those after ploughing . The soil of the experiment in Fig 2 
is silt loam and is considered to be unsuitable for direct drilling 
because o f st ructural instabi lity. However, the average yield 
is the same as that a fter ploughing. In this Figure, the yields 
for a shallow tine treatment (two passes to a bout 7 em depth) 
a re included a nd this is generally the highest yie lding treatment. 

In Scotland - soil conditions more critical 
I n Scotland, more spring barley is grown than any other cereal 
a nd Fig 3 shows the results of a long-term experiment on 
spring barley. The experiment involves two soils on the same 
site. O ne soil, a cambisol (loam), is suitable for direct dr illing 
whereas the other soir, a gleysol (clay loam), is not suitable. 
This gleysol is unsuitable for direct drilling because o f the 
earl ier date o f return to field capacity than for the gleysol 
considered in Fig I. Direct dri ll ing of spring bar ley on both 
soils in the Scottish experiment gave lower yields than 
p loughi ng on average and thus can be considered unsuitable. 
The low yields under direct dri ll ing were att ributed to adverse 
so il physical conditions viz. high strength and poor aerat io n. 

, ... 
R 

'" 
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~ 100 
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Year 

Fig 2. Yields aJler direci drilling in comparison 10 ploughing 
on an orthie /uvisol, Hamble series,c/assified as unsuitable/or 
direcl drilling oj willler cereals, England. (Source: D G Chrislian, 
AFRC IACR ROlhamsled Experimental Stalion). 

4 

The 1983-8 yields are for winter barley where yields on both 
soils were on average greater than conventional ploughing and 
were little different. The reason for the diffe rent response to 
tillage of the winter and spring barley crops is currently under 
investigatio n, but is thought to be linked to the timing of the 
establishment of root systems. The results are for soils which 
have been continuo usly direct drilled since 1968. On changing 
from spring to winter barley, a previous deep ploughing 
treatment was replaced by a new direct drilling treatment. The 
yields for th is treatment are included in Fig 4 which is an 
expansion of the winter barley yield portion of the previous 
graph. 
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Fig 3. Yields aJler direci drilling in comparison 10 ploughing 
on a soil classified as suilable Jor direci drilling (cambisol, 
Macmerry series) and unsuitable Jor direci drilling (gleysol, 
Winlon-Macmerry series) oj cereals, Scolland. BOlh soils 
conlained a ploughed reJerence Irealmenl. (Source: Easl oj 
Scolland College oj Agricullure). 
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Fig 4. Yields aJler shorl- and long- Ierm direcl-drilling oj winter 
barley in comparison 10 ploughing, Scolland. Yields are Ihe 
means/or the two soils ill Fig 3. 

The yields for short-term direct drilling were less than for 
the long· term treatment in the first three seasons of winte r 
barley. Figs 1 and 2 showed that it was generally only afte r 
the first year that the direct dri lled yields exceeded the 
ploughed. SCAE research has shown that , in the first year or 
two of direct drilling, the soil is most vulnerable to compaction 
during development of a continuous and stable pore structure 
and increased bearing capacity due to organic matter accumu· 
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lation at the surface and soil weathering (Ball et aI, 1988). 
In general, though, winter barley yields are considerably less 
dependent on climate and soil type and condition than spring 
barley yields. Grass weeds, however, became a problem under 
direct drilling in the Scottish experiment. Infestation of the 
reduced tillage plots wit h Bromlls sterilis (sterile brome grass) 
was sufficiently high in 1988 for the crop to be changed to 
oilseed rape to allow wee~ control. 

These results indicate that both the land grouping and the 
classificat ion are in error, at least for the prediction of soil 
suitability for long-term direct drilling and that some revision 
is required. The groupings are rather conservative and other 
methods of choosing tillage systems are required for field use 
by farmers. 

Scope for much wider adoption of reduced tillage/ direct 
drilling 
Adoption by farmers of reduced tillage systems in 1985/ 6 is 
shown in Table 5 which contains the percentages of the cereal 
cropping area established with different tillage systems. The 
Table shows that most cereals were established conventionally. 
In Scotla nd, only 0. 15 "70 were di rect drilled and 1"70 sown 
using reduced tillage. A bigger proportion of the area of 
England and Wales was established by non-ploughing tech­
niques. The figure of 3"70 direct drilled is the same as that for 
198112, but the 12 "70 established by reduced tillage is a 5"70 
drop since 1981/ 2. This is most likely due to the increased use 
of conventional ploughing for straw incorporation. 

Table 5 Proportion ("70) of cereal cropping area established 
according to tillage system in 1985/ 6. Data for 
England and Wales from Farmstat Limited, 
Newbury, Berks and for Scotland, from Scottish 
Agricultural Industries, Edinburgh. 

Til/age system 

Direct drilled 
Reduced tillage 
Conventional ploughed 

System adoption (% oj cereal area) 

England & Wales Scotland 

3.0 0.2 
12.0 1.0 
85 .0 98.8 

The area of reduced cultivat ions in the three countries 
considerably exceeds that of direct drilling . Farmers tend to 
regard reduced cultivations as a less risky alternative to direct 
drilling. Problems encou ntered by farmers with direct drilling 
include slugs eat ing seed along exposed drill slits, build-up of 
grass weeds, Bromus slerilis in particular and compaction of 
the surface tilth at ha rvest. In addition , recent bye-laws insist 
that farmers incorporate straw or stubble ashes immediately 
after burning, thereby confining direct drilling to baled 
stubbles. 

The areas of reduced tillage and direct drilling represented 
by the figures in Table 5 are only a small fraction of the areas 
of land indicated by the classification and grouping schemes 
(Tables 2 and 4) as suitable. 

One reason for thi s low uptake by farmers is their 
indiscriminate method of choosing tillage systems. A system 
is chosen a nd applied on every field in the farm until it is 
considered to be no longer su itable because of yield losses or 
soil, weed and crop residue problems . T hus farmers may 
switch from direct drilling to conventional ploughing to 
reduced tillage. Such switches involve much expense for labour 
and machinery, 

The problem is overcome by some farmers by adopting 
rotational tillage. Thus, dependent on soil conditions and 
crop disposal, different fi elds receive different cultivation 
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treatments. This enables the work load to be spread and 
reduces labour and machinery inputs. However, direct drilling 
requires the purchase of a specialist drill. 

Another problem preventing the uptake of reduced tillage 
systems is that the crop rotations found in northern and 
western Britain prevent continuous use of reduced tillage 
systems or direct drilling. Rotations therefore preclude the 
sustained improvement of soil structure under direct drilling 
which takes several seasons to develop. 

Future savings in tillage energy by farmers wi ll thus tend 
to come from greater, but select ive, use of reduced cultivations 
using machinery existing on the farm . These savings are most 
likely to be realised with winter cereals. 

Problems and their solution 
Problems associated with surface soil condition, topsoil com­
paction, straw incorporation and grass weeds can influence 
the extent to which the energy savings possible with reduced 
tillage may be exploited . These problems and possible 
solutions are summarised in the panel on the next page. 

The cultivator type used to tackle surface problems depends 
on the extent of the problem. Tine cultivation may be adequate 
where the soil is loose, but in stronger soils with more crop 
residues, rotary cultivation or shallow ploughing may be 
required. A suitable system tested extensively at SCAE is to 
broadcast the seed on to the undisturbed stubble and to 
incorporate this with the fertil iser, ash and stubble in one 
pass after sowing. 

The next problem is that of topsoil over-compaction. This 
problem is greatest when first adopting a reduced tillage system 
a fter conventional cultivations or where the soil is poorly or 
imperfectly drained and grouped as unsuitable for direct 
drilling or reduced cultivations. Elimination of compaction 
on such soils by use of a zero traffic system can increase soil 
suitabi li ty for direct drilling (Campbell et aI, 1986). Thus it 
is essential to minimise compaction in th~ first one or two 
seasons at least by some form of traffic control. This is most 
practically achieved by a tramline system of 12 m working 
width. Primary cultivations can be carried out by a one pass 
operation between the tram lines, but traffic on the loosened 
soil should be avoided until harvest by keeping to tramlines. 
The use of 12 m wide seed broadcasters and cult ivators can 
help to achieve this aim. 

Gantries 
An alternative means of traffic control is to use a 12 m wide 
gantry. The area occupied by the gant ry wheel ways is one half 
of that occupied by a conventional tramline system of 12 m 
working width. Using a gantry, all operations except deep 
primary cultivation and possibly harvesting can be made 
wit hout traffic in the 12 m span between the gantry wheels. 
Harvesters and grain trailers may require low ground pressure 
tyres and the trailers may be best restricted to the headlands. 

Keeping the soil loose and clod-free by avoiding all wheel 
traffic can reduce the energy requirement for tillage by 50"70 
both for winter cereals (Chamen et aI, 1986) and spring cereals 
(Dickson, 1989) and increase the number of days available 
for cult ivation. Gantry systems can be more profitable than 
convent ional systems for rotational cereal cropping in England 
and Wales part icu larly on heavy soils. The reduction in costs 
largely results from the lower cul tivation inputs (Heitbrink 
et aI, 1988). Gantries are now commercially available. Some 
farmers have adopted such systems in conjunction with 
broadcasting. 
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TILLAGE 

Even thou gh some 
traffic is controlled, the 
compactive effon of the 
other, random traffi c at 
sowing and harvesting 
should be reduced by 
reducing vehicle weight 
e .g. b y u sin g sma ll er 
vehicles and then by fill ing 

Problems influencing reduced tillage and possible solutions 
int er - active computer 
system called CULTSA VE. 
The tillage se lection 
method used in the pro ­
gram is based on the tillage 

extra wheels or low ground 
pressure tyres to vehicles . 
Again the confinement of 
grai n trailers to headlands 
is desirable. 

Minimising harvest com­
paction and the depth of 
any wheel ruts is par­
ticularly imponant with 
reduced tillage systems 
where the opporlUnity lO 
alleviate compaction by 
tillage is, by choice, 
reduced. Perennial, com-
plete zero traffic systems 

Problem 
Surface soil condition 
- presence of ashes, stubble 

and poor structure 
Topsoil compaction 

Perennial grass weeds 

Straw incorporation 

Lack of skill and motivation 

using gantries would prove lO be the ultimate solution lO 
lOpsoil over-compaction. 

For straw incorporation, ADAS recommend conventional 
ploughing without any previous cultivation as generally 
adequate with no adverse effects on grain yield . Unless in­
corporation is required every year. such incorporation tillage 
could be integrated with reduced tillage by using straw 
incorporation periodically in a rOlation. Alternatively shallow 
incorporation of straw may be used . SCAE research has 
shown that shallow ploughing can be used for continuous 
cereals for up lO 4 year. with no adverse effect on yield. 

Grass weeds often preclude the continuous use of reduced 
tillage. Perennial grass weeds may nourish under reduced 
depths of tillage, especially under direct drilling (Cannell, 
1985). Bromus slerilis is panicularly difficult to control as no 
herbicide is currently effective for winter cereals under direct 
drilling or reduced tillage. 

I n such circumstances conventional ploughing as part of a 
rotation (for example I year in 3) or substitution of a break 
crop such as oilseed rape may help control. 

Until recently, this was a greater problem in England than 
in Scotland where experience with field experiments for winter 
barley generally showed only minor effects of tillage treat­
ments on weed nora. However, the increasing use of winter 
cereals and the possible use of contaminated seed has led lO 
an increase in perennial grass weed occurrence. 

Choosing the tillage system 
The uptake of novel systems is often hampered by lack of 
knowledge of the advantages which can result from use of 
such systems and by the high standards of management 
required to ensure their success . Farmers should be made 
more aware of the advantages of reduced tillage which extend 
beyond energy, machinery and labour savings to improved 
soil conservation (Cannell , 1985; Ball el ai, 1988) and possible 
reduction in fertiliser nitrogen losses in comparison to con­
ventiona l systems (Smith el ai, 1988). 

A simple guide to the choice and specification of the most 
economical tillage system on a field-by-field basis is required. 

SCAE have recently developed such a guide for use with 
continuous winter barley in Scot land. This is a simple, 
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Possible solutions 
Reduced tillage < 10 cm 

Tramlines for sowing, 
cultivation and subsequent 
operations. 
Low vehicle weight. 
Low ground pressure tyres. 
Grain trailers on headlands . 
Gantry system (zero traffic). 

Normal ploughing as part of 
a rotation. 
Grow a break crop. 
Normal ploughing as part of 
a rotation. 
Shallow ploughing. 

Alen farmers to the benefits 
of reduced ti llage . 
Provide cash incentives. 

grouping for winter barley 
in Scotland (Table 2). 
The program asks simple 
questions about soil type, 
drainage, climate and 
details of straw disposal, 
compaction and weed 
problems and then gives a 
recommendation. 

Reee m menda ti ons 
presented by CULTSA VE 
range from direct drilling 
to subsoiling plus plough­
i ng. The emphasis is on 
specifying a system which 
maximises energy and 
labour savings while giving 
the same crop yield as a 
conventional ploughing 

system. The program runs on IBM-type microcomputers and 
is sufficiently 'user friendl y' for a farmer to use. Further 
details are avai lable from the author. 
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The effect of wind 
on the uniformity of sprinkler irrigation systems 

J M Watermeyer points out that the performance information listed by 
sprinkler manufacturers is based purely on hydraulic formulae; it does not 
take into account the influence of wind on the uniformity of distribution 
under field conditions. He reports here on a programme of field tests 
undertaken in Zimbabwe by the , then, Rhodesian Department of 
Conservation and Extension to determine the most practical combination 
of nozzle diameter, pressure and spacings. 

In the 19705. during an air flight over a large 
Government controlled irrigation scheme in 
the Sabi Valley, a regu lar pattern of yellow 
circles was observed throughout (he two 
thousand hectare scheme. The night LOok 
place in early September at a stage when the 
winter irrigated wheat crop was about LO 
mature. The yellow circles wcre indicative 
of areas Ihal had received less water than 
(he rest and consequen tl y had dried out that 
m lIch earlier. 

I nvesligalions showed that the scheme was 
well managed, and that irrigation scheduling 
had been determined by su itably qualified 
starr and had been st rictly fo llowed. 

The design was similar to that generall y 
recommended throughout the country; that 
is. s ingle 7132 inch o r ! / 4 inch nozzles 
operat ing at ± 350kPaonan l8x l8metre 
spacing. T his combination had been adopted 
as a reasonable compromise bet ween capital 
cost and efficiency, a nd was we ll with in the 
midd le of the range advocated by sprinkler 
manufacturers. 

Field trials to determine economic 
design criteria and ma nagement 
With the ass istance of equipment donated 
by leading loca l sprinkler irrigation firms, 
thc Dcpartment embarked on investigations 
on a field trial basis to establish design 
cri teria which wou ld take into account the 
effect of wind on uniformity of distribution 
as well as ease of management; that is, only 
twO lateral line movements per 24 hours. 

Details of (he test paramcters are given in 
Table I. The field measuremellls during the 
tests were made in collection cans, each 
with a funnel to reduce evaporation to a 
minimum. They were set out on a 2.0 m grid 
and the depth of water collected after one 
hour of spr inkler operation measured and 
recorded aga inst prevailing wind speed. 

It was found that tests exceeding one 
hour were in flue nced by changing wind 
conditio ns. 

J M Warermeyer is a Consultant Irrigation 
Engineer in Zimbabwe and was Chief 
Irrigation Officer ill their Ministry 0/ 
Agricultllre when this programme oj field 
testing was conducted. 

Table t The test parometers 

No:.zle diameters 

Single nozzles: All metric sizes from 2.5 mm risi ng by half millimetrcs to 7.0 mm. 
A ll Imperial sizes from 7/ 64 inch rising by sixtyfourths to 17164 . 

Double nozzles: The fo ll owing combinations: 

5.0 x 2.5 mm; 5.5x2.5 mm; 6.0x2.S mm; 6.5 x3.0 mm; 
13 / 64 x 3132 ins; 7/ 32 x 3/ 32 illS; 15/ 64 x 3132 ins; 1/ 4 x 7/ 64 ins. 

Operating pressures 
Operaling prcssures va ried from 270 kPa iO 380 kPa depending on nozzle size a nd 
using four or more pressure variations differing in each test by 10 kPa. 

Spacings 
Tests were limi ted to the following spacings: 

12 x 12m; 12 x 1Sm; 12 x 18 m; IS xISm; ISx2 1m; 18x 18m. 

IVil1ds 
Wind measurement was by anomometer and classified as follows: 

Light - below 7 km per hour 

Medium - between 7 and ! I km per hour 

High - over II km per hour 

Winds in Zimbabwe vary in direction between SouthEast and NorthEast. 

The depth of water trapped in containers 
was expressed as a pe rcentage of [he theo­
retical overa ll appl ication a nd classified as 
indicated below. 

(VG) Very Good - More than 85"10 in the 
range 80- i 20070 and 
nil below 60070 of the­

(G) Good 

(I') Fair 

(P) Poor 

ore tica l application. 
80 t085OJo in the range 
80- 120 % and nOt 
exceeding 5070 below 
60070 of theoretical 
applicat ion. 

- 70to8007o in the range 
80- 120070 and not 
exceeding 10070 below 
60% of theoretical 
applica tion. 

- Below 50070 in the 
range 80· 120"10 of the­
oretical application . 

No te: thi s method corre­
lates very closely with Christianse n 's 
Coefficient of Uni formity, and was adopted 
as being more easi ly understood by the 
farming community. 

These parameters were shown on isoper i-

metr ical d rawi ngs which are found to be a n 
ideal method of ex tension. Examples are 
shown on Figures I and 2. 

Details o f those combinations which 
produced acceptable uniformity patterns are 
li sted in Table 2. 

Correct spacings important 
It was found that spacings of 18 X 18 metres 
with single nozzles produced poor pauerns 
of uniformity. However, double nozzles 
were sat isfactory, especia ll y the 1/ 4 X 7/ 64 
inch and the 15 / 64x3 / 32 inch combina­
tions . Unfortunatc ly. all such combinat ions 
have high precipi tat ion rates which necessi­
tate three or four moves per 24 hour cycle. 
w h ic h is not conducive to ease of 
management. 

Spacings of 18 x 12 metres gave excellent 
results. especia lly the 11 / 64 inch, S/ 32 inch, 
4.5 mm and 4.0 111m di a meter nozzles at 
pressures of between 320 and 340 kPa . Their 
relatively low prec ipit ati on rates necessita te 
o nly two moves per day and can be adapted 
to both light and heavy textured soils. 

Spacings involv ing IS metre latera l line 
moves generally gave excellent results. It is 
a spacing favourcd by tobacco growers, 
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IRRIGATION 
12m 12m 

~ 18m 

, , 
18m \~ 

6.3 km/ h 

9.2 ),;m/h 

Fig I. The relatively slight effect of light 
and medium winds on the distribution 
pattern using a small diameter (5132 inch) 
single nozzle on 12m x 18m spaCing 
@ 320 k Pa. 

AClUal appl ication as 0J0 o r designed application 

_ 160· 180 r&4:#; 120· 140 1· .·. ': 1 60·80 

~ 140· 160 j---' 80· 120 IX" ';';"I 40·60 

Fig 2. The comparative distribution patterns 
01/ /8 x J8m spacings between the use 0/ 

double as against single nozzles. 
18m J8m 

WIND 
6.1 kro / h 

7/ 1l" 
IS .. 18m 

U ___ L""'~L _ _ ..l:J:O"-'I 160 kPa 

U· . ', ' 
.: ' . 

8 

U" .,' , " ',: . 

W IND 
6.3 km/h 

' ., ,, Umm 
I8xlSm 
16C) kPa 

A rotary sprinkler irrigation system giving a near-uniform disiriblllion pOllern 
(photo; Wright Rain Ltd) 

b lit not otherwise popular, main ly because 
aluminium piping is normally supplied in 
6 metre lengths. 

S pac ings of 12x 12 metres wit h 1/ 8 inch 
or 3.5 mm dia mete r single nozzles gave 
excellcnL results and also requi re only two 
moves per day. Capital COSt is, however, 

greatcr than for 18 x 12 m designs . 

I mmedi.te practical benent 
Prior to the conclusion of the tests, the 
almost universal design adopted in Zim­
babwe was an 18 x 18 m spacing with single 

cOlllin/led al j ool oj next page 

Table 2 Recommended sprink ler combinations and their reaction to wind under field 
conditions 

Spacing, 

111 

18 x 18 
18x 18 
18 " 18 
18 x 18 
18 x 18 
18x 18 
18x 18 
18 x 18 

18 x 12 
18 x 12 
18 x 12 
18 x 12 

2 1 x IS 
2 1 x IS 

IS x IS 
IS x IS 
IS x IS 
IS x IS 
IS x IS 
15 x IS 
15 x IS 

15 x 12 
IS x 12 
IS x 12 
IS x 12 

12 x 12 
12 x 12 
12 x 12 
12 x 12 
12 x 12 

Nozzle 
diameler 
ins or mill 

7/ 32 x 3/ 32il1 
5.5 x 2.5mlll 
1/ 4 X 7/ 64il1 
6.5 x 3.0ml11 

13/ 64 x 3/ 32i l1 
5.0 x 2.51llm 

15/ 64 x 3/ 32il1 
6.0 x 2.5mm 

11 / 64il1 
5/ 32il1 
4.5mm 
4.0mm 

5.5 mm 
7/ 32il1 

3/16i l1 
5.0rum 
13/ 64in 
5/ 32il1 
4.0mm 
II / 64in 
4.5mm 

9/ 64in 
3.5m m 
5/ 32il1 
4.011101 

1/ 8il1 
3.0mm 
7164in 
3.5mm 
9/ 64 il1 

Pressure, Precipitation 
rate, 

kPa 111111 / 1/ 

350 
350 
380 
380 
340 
340 
360 
360 

340 
320 
330 
320 

370 
370 

350 
350 
350 
320 
320 
340 
330 

300 
300 
320 
320 

280 
260 
260 
280 
300 

7.87 
7. 87 

10.80 
11.98 
6.94 
6.73 
9. 10 
9.38 

6.25 
5.00 
6.39 
5.00 

6.98 
7.24 

7. 11 
7.87 
8 .36 
4.80 
4.80 
6.00 
6. 13 

4.72 
4.44 
6.00 
6.00 

4.44 
3.82 
3.33 
5.42 
5.90 

Discharge 
per sprinkler, 

",l/il 

2.55 
2.55 
3.50 
3.80 
2.25 
2.18 
2.95 
3.04 

1.35 
1.08 
1.38 
1.08 

2.20 
2.28 

1.60 
1.77 
1.88 
1.08 
1.08 
1.35 
1.38 

0.85 
0.80 
1.08 
1.08 

0 .64 
0.55 
0.48 
0.78 
0.85 

Reaction to wind 
(see text) 

G - F/ G - F 
G - F/ G - F 
G/ VG - G - F 
Test incomplete 
G - F/ G - F/ P 
G - F/ G - F/ P 
G/ VG - G-F 
Test incomplete 

G/ VG - F/ G - F 
G/ VG - F/ G - F 
G - F/ G - F/ P 
G/VG - F/ G - F 

F/ G - F/ G - F 
F/ G - F- P 

G - F/ G-F 
G - G - F 
G - G - F 
F/ G - F/ G - F 
F/ G - F/ G - F 
G - F/ G - F 
G - F/ G - F 

G/ VG - F/ G - F 
G/VG - F/ G - F 
G/ VG - G - F 
G/ VG - G - F 

G/ VG - G - F/ G 
G - G - F 
G - G - F 
G/ VG - G - F/ G 
Test incomplete 
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Qualified engineers in Britain 
the Engineering Council 1989 survey 

by J B Finney 

The 1989 survey indicates that the status of engineers in Britain is rising 
in pay and position terms and that the profession is giving a high level of 
job satisfaction. The overall conclusion is that the British engineering 
profession is in good heart. 

A t a I>rcss Conference in London on 
17 Octobcr 1989 the results or the latest 
survey of qualified engineers in Britain were 
presented by (he DireclOr General of Ihe 
Engineering Council , Mr Denis Filer. the 
Director - Engineering Profession, Pro­
fessor Jack Levy. and Mr Peter Steven of 
Remuneratio n Economics who conducted 
the survey. There were representat ives 
present from some of the engineer ing 
inst itutions, a large number of specialist 
publications, and 5 national daily papers. 

Women engineers - too few to be yet 
included 
The biennial survey sampled 27,000 o f the 
189,000 registered engineers and technicians 
under the age of 65 with UK addresses. 
Those outside the United Kingdom were 
not included. The total number on the 
Council's register is 285,000. 

Women were nO( included in the sample 
because numbers were so small as to have 
li ttle meaning when divided between the 
categories of the survey. With 11 0J0 of those 
s tud ying engineering in higher education 
now being women, however, this position 
will clearly change as the present students 
become regi stered with the Engineering 
Council. 

Categories covered by the survey include: 
earnings. employment, occupation, employ· 
ment group. qualifications, location, levels 

Brian Finney is Head of Producr Services, 
A DAS. London 

COllliflued from previous page 
7/32 inch or 1/ 4 inch diameter n07..zles 
operating at .±. 350 kPa. Reference to Figure 
2 highlights the inadvisability of using this 
design. However, the problem has been 
overcome by subst illiling a combination of 
either 13/ 64 x 3/ 32 inch or 5.012.5 mm 
double nozzles. which resu lt in a good 
pattern of uniformity without the need for 
alterations to pump or motor. 

Generally. if one considers uniformity 
of distribution, capita l cost and ease of 
management, the tests have shown the 
wisdom of designs embodying an 18 x 12m 
s pacing with 4.0 mm or 5/ 32 inch diameter 
single nozzle operating at 320 kPa on light 
soils or a 4.5 mm or 11 / 64 inch diameter 
nozzle operating at 330 and 340 kPa respec· 
t ively on heavier so ils. 

of responsibili ty, knowledge of languages, 
[fade union membersh ip. fr inge benefits, 
overtime, further .trai ning and career 
a ttitudes. 

Survey of earnings 
A major part of the survey concerns 
engineers' earnings. 

The median earnings for Chartered 
Engineers increased 10"/0 faster during the 
last 2 years than the average earn ings index 
pub lished in the Employment Gaze((e. 
Median earnings for Incorporated Engineers 
fe ll back by I % in a similar comparison. 
The average total earn ings per year were 
£24,705 for Chartered Engineers and £ 17 ,825 
for incorporated Engineers, compared to 
£20,387 and £15, 124 respectively in the 1987 
s urvey. 

Some 64OJo of all Chartered Engineers are 
now earning more than £20,000, 37070 earn 
more than £25,000 and 21 0J0 are now earning 
more than £30,000. There was evidence that 
qualifications, including post-graduate quali­
fication s, were renected in the earning 
capacity of engineers. 

Unemployment, particularly among in· 
corporated Engineers, has fallen, with only 
0.6OJo of engineers in the two groups being 
unemployed on the survey date of I April 
1989. 

Widrr employer awareness or 
qualifications 
There was evidence that employers who have 
been traditionally aware of the C .Eng status 

Careful managemenl still all important 
Poor performance under strong winds 
appears to be unavoidable, but can to some 
extent be overcome by ca reful management 
in the field; that is, by moving the sprinkler 
positions by half their design positions half­
way through the normal "set" time. The 
move must be made as near as possible at 
right angles to the direction of wind. That is 
(a say Ihat, depending on wind direction, 
one should examine the effect of either 
moving sprinkler positions within the line or 
of moving the position of the line itself. 
The fo rmer is accomplished by removing, al 
the start of the lateral line, a section of piping 
equivalent to half the distance between 
sprinklers, the latter by adding or subtracting 
half the length of the header line and then 
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are now becoming equally aware of I.Eng 
and Eng.Tech. 

The awareness figure was about 40%, so 
that there is still clearly room for fun her 
raising the awa reness of Engineering Counci l 
standards among employers . 

Language ability - basic rather than 
fluent 
Other points made in the survey included 
comments on language ability where 40OJo 
of Chartered Engineers were said to have 
a basic knowledge o f a foreign language , 
although this fell to less than 2OJo of a ll 
engineers at the standard of nuency. There 
has been an increase in the number of 
company cars ava ilab le to enginee rs a nd a 
slight deeline in trade union membership 
by engineers. 

Highest median earnings fo r Chartered 
Engineers were in the armed forces, followed 
by the scJf·employed and then the national· 
ised industries. The range across these 3 
groups on a median basis was less than 
£3 ,000 per a nnum. 

The status of engineers is rising in pay 
and position terms. Some 9,500 registered 
e ngineers are now chief executives. Two­
thirds of engfneers would recommend 
engineering as a profession, quoting job 
satisfaction as the main reason. One in 8 
engi neers takes part in schools liaison work 
to encourage the next generation. 

The overall conclus ion was that the en· 
gineering profession is in good heart. 

17le report runs fa 66 pages of A4, (ll/d is 
priced lIf [100. A copy is available all loan 
fr0111 rhe l11sfirurion offices in Silsoe. 

repositioning the lateral line. 
It is also csscntialto ensure that those areas 

irrigated at night are relegated to daylight 
irrigation in the subsequent cycle. This takes 
place automatically where the designed cycle 
i neludes a half day such as 7.5 or 8.5 days, 
etc. 

Effic iency also demands that shortly a fter 
the start of each set , a check is made to 
e nsure that there are no leaks at joints, 
hydrants, etc, and that the correct pressu re 
is maintained throughout the set. 

Acknowledgemenl 
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this article. 
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Rural industries in Scotland 
- the Young Engineers Section 1989 tour 

reported by T P Hodges, A J Scarlett, SSM Davies, W R Whalley, N V Nguyen, I Liv ingstone 

W ith today's emphasis on diversificatio n the You ng Engineers 1989 tour 
was well planned to cover visits to a range of alternative enterprises and 
to research establishments serving agriculture and rural industry. 

T he Inst il utio n of Agricultural Engineers 
'Young Engineers Section' Scott ish tour 
took place 8th- 12th May 1989. Nine members 
part icipated. They were Andrew Scarlett, 
Simon Davies, Richard Whalley, Vien 
Nguyen and Tim Hodges from AFRC 
Engineering, Tim Denison from Si lsoc 
College. lai n livingslOne of the Centre for 
Rural Building, Aberdeen and Richard 
Landen and Jonathan Lace, both se lf­
employed agricultu ral engineers. 

T he aim or the tOur was to gain a n insight 
into the agricultu ral systems and enter­
prises. and other rural industries peculiar to 
Scot land. It a lso provided an opportunity 
10 look at resea rch projects designed to 
provide a nswers to local difficu lties a nd was 
timed to co incide with the Insti tu tion of 
Agricu lt ural Engineers Annual Convention. 

Oenmnding water requirement fo r fish 
farmin g 
Our fir st v is it was to Howietoun 
Fisheries at Sauchiburn near Stirling. 
The Fisheries operate two fi sh fa rms in 
conjunction with Sti rling University. 
producing high quality trout a nd 
sa lmon solely for restock ing ponds and 
reservoirs. Fry are de livered to the farm 
from a ha tchery o n the company' s 
second site a nd are grown in a series o f 
tanks a nd po nds unt il they a tt a in a 
weight of 250 g, by which time they are 
approximately 275 mm in length , a 
process which takes about twO years . 
Thc ann ual production of some 45 000 
trout are a ll graded by hand and visua lly 
inspected for damage prior to being 
sold, usually between January and May. 

The emphasis at all stages of pro­
duction is on the maintenance of qualit y 
and to this end lower stocking densities 
than those found o n com mercial food 
fish farms are used. Any damaged fis h 
a re removed during gradi ng and are sold 
to the smoki ng industry. 

The primary requirement of the farm 
is a constant supply of between 1.5 and 
2 mi llion ga llons of water a day, perhaps 
rising to 2 .5 mi ll ion du ring the sum mer 
if the oxygen content is low. To meet the 
qual it y requirements the water must be 
clear, of neut ral pH and have low 
nitrate and phosphate contents. a 

Details of allthors' employmellls are included 
in the text 

requ irement which connicts to a cenain 
extent wit h land drainage and improve­
ment schemes in the water catchment 
areas. 

Research , with co mmercia l o utle ts, at 
t he Scott ish Centre of Agricultu ral 
E ngineering 
The visit to the Scottish Centre a t Penicuik 
provided an overview of the research under ­
taken by each of the di visions to overcome 
typica ll y local d ifficulties. However, much 
of the work is directly applicable to Ihe whole 
of the Un ited Kingdom. 

The Soi l Engineering Division is COIl-

Bus h recordillg soil penetrometer and 
associ(Jfed data col/ector - designed by 
sciellfists in the Soil Engineering Dept oj 
SeliE alld produced commercially by Findlay. 
Irvine Ltd. Bog Road, Penicuik, Midlothian 

cerned with understanding the processes of 
soil compaction and of devising systems of 
work which minimise s truclll ral damage. To 
sat isfy the requirements of field experimelll­
at ion, instrument s to measure soi l strength 
and density have been developed a nd are 
now commerc ia ll y produced. 

SlUdies of vehicle stability, both in static 
a nd dynamic silliations are conducted by the 
Equipment Behaviour Division. Much o f the 
static testing is carr ied Out on a purpose­
built hydraulic tilting table, whil st dynamic 
tests take place in the field. or particular 
concern at present is the stabilit y of pivot 
steer ve hicles . 

The work of the Operational Research 
Division is concerned with using mathe­
matica l l110dcJs 10 identify management 
strategies likcJy to maximise the cost benefit 
ratio of an enterprise. Much of the group's 
work is devoted to the fo rmulatio n of 
management policics for the production and 
harvesting of grass. 

Minimisation of damage to potato tubers 
during harvest ing and handling is one of 
the major areas of research undertaken by 
the Crop Handling Division. Additionally 
work is carried out to improve methods of 
sizing and grading potatoes. 

Young Engineers Scctio n - pla ns fo r 
C onfercnce and furthe r lo ur 
The Scottish tour was organised speci fically 
to coincide with the Annua l Conven tion of 
the Institution which was held in Edinburgh 
and auended by all the tour participants . 
A full account of the convention has been 
pub lished in earlier issues of this journal. 

In addi tion to the main proceedings, the 
Young Enginee rs Sect ion also held a 
meeting. This commenced with a slide 
presentation by Mr A J Scarlett in which he 
described the activities of I he section during 
the 1988 European tour . The lecture was 
comprehensive and demonstrated the import­
ance of establishing a broader perspect ive, 
particularly in regard of the Single European 
Market. Considerable interest was expressed 
in organising a similar tour for 1990, possibly 
visiting France and southern Germany. 

A discussion concern ing future events 
to be organised by the Young Engineers' 
Scction followed Ivlr Scadetl's presentation. 
There was genera l agreement thai one of 
these should take the form of a conference 
in which yo ung engineers wou ld present 
papers on subjects ranging from marketing 
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LO research and development . This idea 
was prompted by the observation that the 
Institution Convention was dominated by 
t he more senior members, particularly 
during the discussion periods. 

Stress from human contact is problem 
at deer farm 
WedneSda y, 10th May began with an intro­
duction to yet another type of alternat ive 
rural enterprise when we visited the Scottish 
Deer Centre at Cupar, Fife. 

The Scottish Deer Centre was set up as an 
education cent re; the a im being to publicise 
t he rap idly growing Scottish deer farming 
industry. Some 200 head o f red deer are 
kept on 25 hectares of fenced grass land, the 
layou t of which has been designed specific­
a lly LO permit visiLOr/animal contact , whilst 
retaining the 2.2 m high fencing necessary LO 
enclose the animals. The Scolfish Deer Centre, Cllpar - perimeter fencing 2.2m high 

H iSLOrically dwell ing in the remote High­
land deer forests and o nly coming into 
contact with man during hunting and culling, 
wi ld deer a re na tura lly very timid. Since 
wild an imals form the main source of new 
breeding stock, a major challenge facing the 
industry is the reduction in st ress arising 
from human contact. Stress is resposib le for 
losses of up LO 10070 in animals obtained from 
the wild, and since each hind only rears one 
calf per year over a breeding life of 15-20 
years, such losses are LO be avoided. 

The Scott ish Deer Ceillre receives funds 
from visiLOrs, educat ional trips and from 
the sa le of ve nison and breeding sLOck, 
whereas a commercial production unit would 
rely entirely on meat sa les as a source of 
income. 

Welfare of an imals and humans top 
the list a t the Centre for 
Rural Building 
Moving north we visited the Centre for Rural 
Building at Aberdeen. This is a division of 
the North of Scotland College of Agriculture 
and is the Scottish Agricultural Colleges' 
lead cent re for bu ilding research. Under 
the direcLOrship of Dr James Bruce, the 
Centre undertakes a wide range of work in 
consultancy, education and research and 
development. 

Animal welfa re is one of the most im­
portalll aspects of the work with researchers 
looking at high welfare systems for pigs and 
poultry. Attention is a lso being devoted to 
the reduction of environmental dust levels 
by means of improved livestock housing 
venti lation. This has been shown not on ly to 
reduce the likelihood of respiratory diseases 
in livestock, but also 10 improve the stock­
man's working enviro nment. 

A lot of the work has moved on from the 
research stage into commercial production, 
t he most recent example being a pig feeder, 
wh ich has been designed with the aid of a 
survey of pig dimens ions. The feeder is 
cla imed to greatly reduce feed wastage and 
e liminate aggression a t the trough during 
feedi ng. Other examples o f work which have 
been taken up by the industry have been the 

use of automatically controlled natural 
ventilat ion and ruminant feedi ng equipment. 

New golf course has automatic 
sprinklers and moisture sensors 
Provis ion of leisure facilities is another 
important form of alternat ive enterprise and 
at the Newmacher golf course near Dyce we 
had an exce llent opportunity to learn some­
thing of the design and construction work 
involved. 

The visit to Newmacher was made a ll the 
more interes ting by the presence of the 
amenity grassland consultant, Mr Paul 
Campbell, from the Nort h of Scotland 
College of AgriculLure. Mr Campbell is 
respons ible for this site and he gave us an 
insight into the principles and practice of 
course construct io n and management. 

Designed fro m the oulset as a poten tial 
championship venue, constructio n of the 
6800 yard, 18-hole course began in 1984, 
the first nine holes of which were opened 
in the first week of May this yea r. The 
trans ition fro m a greenfie ld site to a fu ll y 
landscaped all-weather course required an 
inves tment of £ 1.5 million, this being raised 
by membership subscription and by partial 
sponsorship by BP. The course incorporates 
an automatic spr inkler system for watering 
each green, controlled by soil moisture deficit 
sensors a long with many other fea tures 
designed to aid management. 

As the course borders a site of special 
sc ientific interest (SSSI), construction and 
management techniques required consider­
able care. 

"~ orests give direct employment and 
support local industries 
Forestry is an imporlant industry in Scot­
land and to gai n an impress ion of all the 
factors involved Thursday 11th saw us visit­
ing both a Forestry Commission timber 
ex traction site and a timber products factory. 
The Forestry Commission is responsible 
for the management of much o f the forest 
around Inverness. The sit e at Glen Urquhart 
was o ne of the first to be planted when the 
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Com miss ion began its plant ing in the 1920s 
and these trees are currently being harvested , 
the newly harvested areas being replanted. 

The majority of tree felling is carried out 
by local contractors, the work being too 
seasonal and irregular for the Commission 
to just ify employing a sufficiently large 
workforce on a permanent basis. Once felled 
and trimmed, the tru nks are transported to 
a forest track where they are sawn to length 
and stacked ready fo r loading. 

Transportat ion within the forest is by one 
of three methods, depending largely upon 
the topography of the region. On the steepes t 
slopes, where access by wheeled vehicles is 
difficult, all of the timber must be moved 
by overhead cableway. This consists of a 
carriage, suspended from a track cable, to 
which logs may be attached. The carriage 
it self can be hauled back and forth a long 
the track by means of a pair of cables 
con nected to a winch drum. This method of 
extraction has several di sadvantages, the 
most signi ficant being the cost of operation, 
this arises frolll several factors including 
the speed of extraction, the high labour 
requirement and the time required lO set 
up the masts and establish suitable ancho r 
points. 

O n less severe slopes, the ' forwarder' is the 
preferred vehicle. This comprises a tractor 
uni t with a pivot steer trailer capable of 
carrying 20 tonnes of timber. Behind the cab 
is mounted a hydrau lic crane with which the 
operator can load the trai ler single handed . 
The majority of these machines are imported 
from Scandinavia and have a working life of 
8-9 years, although their capital cost must 
be written off in 6 years . The cost of main­
taining these vehicles during their working 
lives amounts to about 50070 of their pur­
chase price. 

The fi nal class of vehicle used in forest ry 
operations is the 'sk idder', a high powered 
tractor unit which simply drags felled trees 
out of the forest and onto the tracks where 
they can be sawn and stacked. Haulage of 
timber with the sk idder requires a workforce 
of at least two, so is less favoured than the 
forwarder on purely economic grounds. 

I I 



Forest transport - the /onvarder (left); the skidder (right) 

Highland Forest Products is situated in 
Morayhill , Inverness , and our visit there 
gave a furt her insight into the way the 
fores try areas create and support rura l 
indust ry. The company was formed in 
1983 by an American financier and was 
subsequent ly bought out by a Canadian 
company, Noranda Forest Inc. The plant 
produces Oriented Strand Board (OSB) 
under the brand name Sterling Board. The 
product is a high quality board which rivals 
softwood plywood imported from th e 
United States and is used in a wide variety 
of applicat ions includ ing house building. 

Some 85010 of the ti mber used in the 
production of OSB is locally grown Scots 
pine, much of which is bought on fixed price 
contract from the Forestry Commission . 
On deli very to the mill, the logs are de­
barked and sli ced into 'bolts' prior to being 
machined into wafers. These are then dried 
from an initial moisture content of 50-60 010 
down to around 5010. The dried wafers are 
then screened to remove fines which are used 
for fuel. The plant runs almost entirely free 
from fossil fuels, uti li sing timber residues 
to supply the necessary process heat. The 
driec! chips are coated with 1010 by weight of 
paraffin wax and 2.5% phenolic resin prior 
to being laid out in three ' plys' on a web 
and transferred to a heated hydrau lic press. 

The plant at Morayhill currently consumes 
620 tonnes of Scots pine thinnings per day 
and produces 300 Ill) of finished product. 
The company has plans to se t up another 
production line, thus doubling the plant' s 
capacity. 

Oban Whisky Distiller)' 
Whi s ky production is anot he r , very 
traditio nal, Sconish indus try based on a 
loca ll y grown crop . 

Allhe time of our visit, the Oban Whisky 
Disti llery was in it s 's ilent season', a period 
o f two to three mo nths in which no 
product ion takes place a nd necessary plant 
maimenance is carried out. The whisky 
produced by the distillery is sold either as 
a 14 yea r old single malt under the name 
'Oban' or as part of a blend. 

Malted ba rl ey is delivered to the plant, 
where it is first bo iled in o rder to reduce 
the malt sugars. The resulti ng liquor is then 
fermented for 2-3 days in large wooden vats, 
whi lst the washed barley, or draft, is so ld as 
catt le feed. Once the fermenta tion process is 
complete , the liquo r is dist illed first in one 
and then a second copper kelt le. The raw 
spirit result ing from this process is clear 
and lacking in navour and must be stored 
in wooden barrels, preferably old oak sherry 
casks, in order to matu re. Once sealed in the 
casks, the whisky leaves the distillery to be 
stored in vast warehouses for up to 14 years 
before being taken to a botlling plant. 

Scoltish Agricullural Colleges, 
Advisory Service 
I n addition to their teaching and research 
ro les , the Scotl ish Agricultura l Colleges 
a lso undertake adv isory work for the local 
fa rming communi ty. To conclude this 
Scott ish tou r Mr Joh n Watson, the Argyll 
area advisor gave a very informative present­
a tion fo llowed by a tour of the area around 
Oban. The fo llowing points were made: 

Dairy farming: This is or relatively minor 
importance in the Argyll area, there being 
only two areas where da iry farming is 
practised. Dairy farming is in danger of 
decline, since many of the farmers have 
reached retiring age and younger fa rmers 
are reluctant to take over. 

Livestock farming: This type of farming 
is of great importance in Argyll, there being 
1.25 millio n hill sheep and 25000 beefcatl le. 
One of the most popular and prolific sheep 
breeds is the Blackface, having lambing per­
centages as high as 160%. The most popular 
cattle breeds are Highland, Galloway and 
Aberdeen Angus, which are freq uently 
crossbred with Simmcntal and Charolais . 
Other types o f livestock rarming are also 
practised, albeit on a smaller scale, these 
include pOUltry, goats and deer. Fish fa rming 
is becoming increasingly important, with at 
least 40 fish farms currently operating in 
t he area. 

Cro/ting: The croft ing system is essentially 

a communal farming system which dates 
from the end o f the last century. The rules 
within which croft ing is prac ti sed are com­
plex, indeed it is doubtfu l if the crofters 
themselves full y understand them , however 
the or iginal pr inciple was that the crofter 
either rented less than 100 acres or paid less 
t han £ 100 in rent. 

The. la nd is owned by the land lord, but 
everything above the ground belongs to the 
crofter. In addit ion to his own land, the 
crofte r also has access to common land , to 
which he and several other crofters have 
access on a 'share' basis. If the common 
land is used for grazing, one 'share' is 
considered to represent one cow. Larger 
machinery is often used by several crofters 
o n a co-operative bas is, however this does 
cause problems at busy times. Potent ial 
newcomers to crofting may ·find it difficult 
to become estab li shed in the system. This 
is because an agreement must be reached 
between the newcomer and a retiring croft er . 
Also the appoint ment of a new crofter must 
be approved by the Croft ing Commission, 
which ensures that the aims and values of 
the craft ing system are not underm ined. 

Foresrry: Forestry forms an important 
pan or the agricultu re in the Argyll a rea. 
However, concern has been expressed over 
the expansion of forestry, si nce it tends to 
weaken the structu re of the community due 
to its low labour requirements. 

Tourism: This is becoming increasingly 
important as an add itional enterprise in the 
agri cu ltural commun ity. An indication of 
the importance or tourism is that the popu­
lation of Oban rises from around 7000 in 
wimer to 25000 in [he summer. 
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The mechanics of animal-draught 
cultivation implements 

In this paper F M Inns sets out to explain through a series of 
propositions some essential concepts in the design of animal­
draught cultivation (Le. soil engaging) implements. A low angle 
of pull is shown to be undesirable (it increases the implement 
draught). 

The principles are considered equally applicable to tractor­
drawn implements and the propositions may be useful in 
suggesting new ways of looking at the design and operation of 
such equipment. 

IlI lhis issue the author deals Wilh Ihe design 
itnplic{Jlions for a chain-pulled implemel1l. 
Consideration of a beam-pulled impfemellt 
alld of the implicatiolls for harnessillg will 
be covered ill future issues. 

A nimal draught cultivation imlllcmcnis have 
been lIsed for some five thousand years . 
Des igns have developed empirically to reach 
a vcry high level o f technical excellence and 
of economic and social viability_ 

The a rd, for example, can trace its descent 
from the ea rliest recorded implements and 
in various forms is still in widespread use 
today (Fig 1). In essence it is a linc sct at 
an acute angle for good penclfalion and low 
draught with a simple a nd errective depth 
comrol system. 

The plough is a derivat ive of the a rd us ing 
a mouldboard 10 turn the soi l in additio n 
to loosen ing it. Because soi l loads on the 
plough are Ilon·symmetrical, problems of 
adj ustmcm and control arc more comple.'\ 
than those of the ard. 

Early design fealUres empirical and 
n 01 recorded 
I n temperate regions the design of animal· 
draught mouldboard ploughs probably 
reached its peak in the firs t ha lf of th is 
centu ry. Many o f the design feat lIres, wh ich 
had been achieved empirica ll y, can be 
explained and justified in the light of recent 
engineering based research (soil mechanics, 
implement control, etc) but no systematic 
design criteria and procedures have been 
recorded whil st the empirica l knowledge 
passed on mainly by word a nd deed was 
largely lost when manufac ture of the 
implemems was discontinued. 

There are two basic types of cultivat ion 
implement fo r a nimal·draught - beam 

Frank Inlls is Professor of Agriculfllral 
Machinery Engineering al Silsoe College, 
Cranfield Illslilllte of Technology, alld was 
on secondment 10 Ihe AgriC/ilwral Lighl 
Engineerillg Programme. Norfh West 
Fromier Provillce, Pakistall. 

Fig I. Desi plough (Pakistall and India) -
a preseflf day descendafll of Ihe ard. 

implements and chain·pulled implements. 
I n the case of ploughs the cha in·pulled Iypes 
of plough arc further sub-divided into swing 
ploughs and wheeled ploughs (Fig 2). 

Beam implement s are the most common 
type in the Ncar, Middle and Far East 
whilst chai n-pulled implements are almost 
universall y lI sed in Africa south of the 
Sahara. 

Beam implel11ellls are inherent ly more 
stable t han cha in-pulled ones and are us ua lly 
controlled by Olle hand, wh il e two handles 

Fig 2. Types ()f 011;11101 pulled plol/gh. 

l~/ 
~ 
beam plough 
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a re usually fitted for the control o f a chain­
pulled implement. 

A swi ng plough has no depth con tro l 
wheel(s) ahhough it may have a small 
" nosewhee!" fitted towards the front of the 
plough beam. The main purpose of the 
nosewheel is to assis t in turning the plo ugh 
at the head la nd and not to provide depth 
cont rol. The whee led plough normally has 
two or more whee ls of relative ly large 
diameter whose mai n purpose is to assist in 
depth contro l by supporting a significan t 
proportion of the p lough' s weight. 

Basic mechanics of equilibrium 
The proposi tions now sel oul apply to all 
these types of soil engaging implemel1l. 
Discussion wil l cen tre firstly on chain·pu ll ed 
implements (this paper), then beam im ple· 
Ill ents (to follOW). 

Many aspects of implement design and 
operation may be explained by re ference to 
well known requ irements for the equilibrium 
o f an object in twO d imensional space acted 
upon by three forces. These req uirements 
are set out br ieny in the adjo ining panel. 

A pplication of the principles of 
mechanics 10 design and operation 
A n animal·draught culti va tion im plement 
in stead y work may be considered as an 

swing plough 

w heclcd plough 

chain-pulled ploughs 
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Requirements for equilibrium of an object in two dimensional space acted upon by three fo rces 

(a) The three forces must balance, i.c. when combined vectorially 
they must have no resultant. This cond ition may be considered 
either graphica ll y or a na lyti ca ll y: 

(b) The line o f action of the three forces must be concurrent in 
space : 

',,-
(i) graphicall y: the force vecto r polygon (tria ngle in thi s case) must 

close. 
"-. 

"r---- " 

v~ 
H 

i , 
the lines of action of the three 
forces are concurrent in space -
equilibrium is poss ible 

the lines of action of the three 
forces are not concurrent in space -
equilibrium not possible 

No(e: a space diagram represel1fS (he directiun and position oj each force bill 
110/ necessarily Iheir magI/iII/de 

force vector polygon closes 
forces in balance 
equilibrium is possible 

force vector polygon docs not close -
an unbalanced resultant force -
eq uili bri um not possible. 

By comparing the conditions set out in (a) (i) and (a) (ii) it may 
further be seen that equat ion 2 gives, for the horizontal direction 
to the right: 

NOle: a force I'ector diagram represents each force by a line whose length is 
in proportion 10 fhe magllitllde of theJorce lIlId whose direction corresponds 
(0 fhe direction of rhe force. I f does 1101 represefll the pos;t;OI/ of (he force which may be wrillen: 

H P.cos 0 = 0 

(i i) a nalytica ll y: the sum of the fo rce compo nents, taken in a ny 
H = P.cos 0' or P = H/ cos Q 

s imilarly for the vert icall y downward d irection: 

equation 3 

two arbitrary directions (usuall y " ho ri zonta l" and "vert ica l") , 
o f the three forces must be zero, i.e.: V = P. sin 0' or P = Vlsin a equation 4 

:E Fh 0 (sum of ho rizomal force components = zero) equation I 
and, by combin ing these two equat ions : 

tan a = V/ H or H = Vltan a equation 5 :E F, 0 (sum of verti cal force component s = zero) equation 2 

object in equ ili brium under the action of 
th ree forces, which must interact in accord­
a nce with the principles out li ned in the 
panel. For a so il cult ivat ion implement the 
three forces as viewed from the side are: 

H : Implement d raught. This is the sum of 
all the horizontal force components 
acting on the implement fro m the so il 
and the operator. 

V: Effective vertical fo rce. T his is the sum 
of a l1 the vertical fo rce compo ne nt s 
a cting on the implement d ue to its 
weight (gravitational force) and fro m 
the soil and the operator. 

P: Pu ll. This is the hitch fo rce acting on 
the implement from the animal thro ug h 
it s harness. 

I f these concepts are fed into equation 5 
ie H = V/ ta n a (see pa ne l) then the 
equation may be pu t in words as fo llows: 

draught = 
effective vert ical force 

tangent of a ngle of pull 

T his erfect may be q uant i [jed for various 
angles of pu ll as shown in Table I whieh 
I hen leads to: 

Proposilion I. Implemefll draughl increases 
as fhe angle of pull is reduced. for a given 
effective vertical force. 

This proposition contradicts the widely 
held and often statec! view that a low angle 
of pull is a desirab le feature of an ima l 
harness ing systems . Poss ibly this miscon­
cep tion a ri ses from a considerat ion o nl y o f 
the pu ll in the chain. For example, applyi ng 
equation 3 to the forces acting o n a n imple­
me nt (as shown at point 1 in Fig 3): 

P I = H I/ COS 0 

so that for 0' = 15 0 (a possible bu t rather 
high value of a for a trad it ional neck or 
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Table 1. Va ri ation of implement draught 
with angle of pull 

A ngle of pull Implement draught 

0° '" 
5° 11.4 x effective vertica l force 

10° 5.7 x effective vertical fo rce 

15 0 3.7 x effective vertical fo rce 

20° 2.7 x effective vertical fo rce 

25 ° 2.1 x effect ive vertica l force 

30° 1.7 x effective vertica l force 

withers yo ke) PI = 1.04 HI, i. e. the pull in 
the chai n is 4% greater than the implement 
draught. This seems undesirable but when 
the force system acting at the yoke is 
considered (as shown at poi nt 2 in Fig 3) 
equation 3 shows that: 

J-I .! = P.! .cos a 
and since p, = tension in the chain PI 
then: 

giv ing rise to: 

HI .cos a = HI 

cos 0: 

Proposilion 2. The forward fhmsr required 
from the drallghr animal(s) is equal 10 fhe 
implemeflt dmughr and is wwffecred by rhe 
allgle of Plll/. 

Similarly by apply ing equation 4 to the 
vertica l fo rces at points 1 and 2 in Fig 3: 

Propositioll 3. The vertical load supported 
by the drallght all;mal(s) is equal to fhe 
effective vertical force actiflg Ofl rhe imple­
melll and is uflaffecred by the allgle of pul/. 

Equation 5, H = V / tan ex , gives rise to 
an additional proposition of cons iderable 
importance to the implemem designer: 

Propositiofl 4. Ifl sfeady lVork the draught of 
all implemelll is determifled by tile effective 
vertical force actiflg Ofl if and tlte aflgle of 
pull applied to it. The draught is U!wfJecred 
by fhe soil resistaflce. 

It may seem that th is proposit ion is 
entering into the realm of the barely credible 
because it is we ll known that implement 
draught is dependent on soi! resistance -
calculat io ns of implement draught have 
always been made on this basis. The ap-

a chain-pulled implement is illustrated 
- a corresponding force system 
occurs with a beam implement 

Fig 3. Fundamentals of harnessing showing 
the force systems (Icting all fhe draugllt animal 
and rhe implemellf. 
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parent cOnlradiclion may be reso lved once 
it is realised that: 

Proposition 5. An implemem will achieve its 
equilibrium draught (ill accordance Wilh 
proposition 4) by penetratillg to an equili­
brilllll depth determined by the soil resistance. 

That is to say that the worki ng depth is 
determined by three fac tors - the effective 
vertical force, the angle of pull and the soil 
resistance. 

Wit h an imals - draugh t is t he 
lim it ing fac to r 
Propositions 4 and 5 merely reverse a COIl­

ditioned thought process. Conventionally 
onc considers the draught as dependent on 
soi l resistance fo r a given deplh of work. 
Propositions 4 and 5 show that the depth 
of work is dependent on soil resistance for 
a given draught. 

There is no contradiction in these view­
point but the second is cons iderab ly more 
useful when dealing with animal draught 
equipment for which the maximum allow­
able draught is a limiting factor of critical 
importance and the depth o f work should 
be adjusted to suil. 

Conventional (traditional) neck yokes do 
not provide for much variation in the angle 
of pull. II may be va ri ed , by changing the 
length of the hitch cha in and the po int o f 
attachment to the implement, through a 
range from abou t 10° to 15°. 
T able 1 indicates that the implement draught 
will thus be about four to five times the 
effect ive vertical force . 

It may be expected that a la rge part of 
the effective vertical force will be the weight 
of the implement. If this is taken as about 
300 N (30 kg!) the res ulting draught force 
wo uld be in the order of 1.2 kN to 1.5 kN 
(120 kgf 10 150 kg!). 

The continuous pull avai lable from work 
oxen is usuall y taken to be about 10070 of 
body weight so that a pa ir of oxen with 
a combined body mass o f SOO kg would 
produce a pull o f about SOO N (SO kg!), 
consequently continuous operation of the 
a bove implement would be beyond the 
capac it y of the draught animal pair. 

To reduce the implement draught to 800 N 
when the pu ll ang le is 10° (0 IS ° the 
effective vertica l force must be reduced to 
abou t 160 N 10 200 N (16 kgf to 20 kg!) , 
which is less than the weight of most animal 
draught chain ploughs. To establi sh how the 
effecti ve vertical force might be reduced (0 

this level it is necessa ry to examine the (Otal 
force system act ing upon the plough. 

The fo rce system act ing on a chai n~ 
p ulled swing plough 
The major forces which might, depending 
on circumstances , act on a chain-pulled 
swing plough are de fined in Fig 4 and the 
Notat ion. For convenience, the forces have 
been reso lved into their horizontal and 
vertical componen ts, with the exception o f 
the hitch force (pull in the chain). 

Three of the forces (G, Sand P) are 

fundamental to the operat ion of the plough 
and must a lways be present. The others 
each have a potentia l role to play in oper· 
ation of the implement but are not a lways 
in evidence. 

Ideally the implement should work in the 
equi libr ium state of steady mot ion under 
the act ion of the th ree fu ndamental forces, 
G, Sand P. The soil force S usually has a 
vertical component so that it is inclined 
downwards at a small angle to the horizonta l 
(S, is small compared with SIll. The equ ili. 

p 

brium state may then be achieved by careful 
hitching so that the line of action of the pull 
force P is concurrent with (passes through 
t he poi III of intersection of) the Dl her two 
forces, G and S - see Fig 5. 

In pract ice this idea l condition is very 
delicately balanced and is easily disturbed 
b y, for instance, variation in so il force S 
due to changes of so il condition or by vari· 
alion in the direction o f the pu ll P due to the 
motion of the draught animals. In addit ion 
(see foot of column one of th is page) the 

Ov 

Ft Fh 

Fig 4. Force compollellts acting 011 all allimal draught swillg plough. 

Notation 

Fundamental forces 

G: implement weight (gravitational force). 

P: pull (hitch force). For a cha in pulled implemenl th is force is the tension in the 
chain . It s line of action and position coincide with the direct ion and position of 
the chain. 

S: fundamental force from the soil onto the work ing sur faces of the implement due 
to the implement' s action in cutting and turning the soil. For convenience this 
force is resolved into two components: 

$ ,, ; the horizontal component of the fundamenta l so il force. 

S, : the vertical component of the fundamental soi l force. 

Paras itic and cont rol forces 

Fh: fr ictional force a t the heel of the plough resu lting fro l11 Rh. 

FI: frictional force at the lands ide result ing from the force between the landside 
and the furrow wall. 

F,: frict ional force at the unde rside of the share resulting fro m R. . 
FlO : rolling resistance of the wheel resulting from the contact force R, between the 

wheel and Ihe ground . Some ploughs are fitted wit h a sk id rather than a wheel. 
F" is then a fric tiona l force rather than a rolling resistance force. 

Oh: Horizon ta l componenl of the force exerted by the operator o nlhe cont rol handles 
of the plough. 

0 ,: ve rti ca l component of the force exerted by the operator on the control handles 
of the plough. 

Rh: suppOrt force at the heel of the plough, necessary if the depth of work required 
is less than tha t corresponding to the equil ibrium working draught. The force may 
be increased by adjust ing the heel or by the operator increasing the downward or 
rea rward force applied to the handle. 

R. : 

support force acti ng at the underside of the plough share. This force rcduces the 
equ ilibrium working draught , thereby restricting penetration. This force should be 
very low when the share is correct ly designed and fi lled and when it is new. It can 
become large with wear. Simi lar unwanted support forces may occur on other 
implements due to bad design or adjustment, for example a long the bOil om edge 
of the wi ngs of a mouldboard ridger. 

support fo rce at the plough nosewheel arising fro m its cont act with the ground. 
This CO lll aCI force should not no rma ll y be needed fo r a well adj usted plough in 
steady work , hence the rolling resistance associated with Ihe wheel may beeliminated. 
The main purpose of the nosewheel or skid should be to assist in turning the 
plough at the headland. 
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· DESIGN AND MANUFAC~URE 
equili brium draught would probably be 
unacceptab ly high for a pair of animals . It 
is therefore necessary to introduce additional 
forces (0 ensure stable and cont rolled oper­
ation of the implement. 

Vertical forces to be as small as possible 
- by good design, maintenance and 
OIJCrational adjustment 
The additiona l forces required to maintain 
stability and control give rise 1O parasitic 
forces . Referri ng to Fig 4 the vertical R 
components of force and Ihe 0 components 
are those which may be needed to maintain 
stability and contro l. 

The horizontal F components of the 
fo rces are parasitic inasmuch as they in­
crease the dra ught of the implement with 
no use fu l effecI in themselves. 

The F components all increase as the 
vertical R component increases , due to 
frictional or ro lling resis tance effects. 
Therefore the R forces should be kept as 
small as possible - th is may be achieved by 
good design, maintenance and operationa l 
adjustment o f the plough. 

The quest ion then is " how to reduce the 
effecti ve vertical force to a level which will 
resul t in acceptable dra ught?" 

Referring to Fig 4 and the Notation it 
wi ll be seen that the e ffective vertical force 
is the a lgebraic sum of the fo llowing com· 
pOllents (taking the dow nward direction as 
posi ti ve): 

+ G: implement weigh t is a lways positive 
± 5,·: ve rtical component o f the funda-

mental soil fo rce is usua ll y positive 
± 0 , : ve rtical force applied to the handles 

by the operator is des irab ly positive 
but sometimes negat ive 

- Rb: fo rce at the heel of the plough is 
always negative 

- R.: support force from the soil at 
underside of the share or o ther soil 
contacting non-working surface is 
always negat ive 

- R,, : fo rce at the nosewheel is always 
negat ive. 

I n order to reduce the effective verti cal 
force the negative force componems must 
be increased in magnitude. Consider the 
possibi li ties in turn : 

- 0 , : increased upward force is achieved 
by lifting the handles. It is tiring to 
do this fo r other than short peri ods. 
Also the force is app lied rathe r far 
back and upsets the working balance 
o r the plough 

- Rh: an adjustab le heel may be desig ned 
to provide the req uired effect. The 
upward force it provides has a line 
o f action quite close to that o f the 
implement weigh! ancl so should 
ha ve little ef fect on the working 
balance of the plough 

- R.: support force at the share etc. -
these fo rces are undesira ble as Lhey 
a re not readily con trollable and may 
reduce the ability of the plough to 
penetrate to the required draught 

16 
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I he force vector polygon must 
close 

p 

--
46-5 

G 
the lines of act ion of the three forces 
must be concurrent 

Fig 5. The reqlliremems for eqUilibrium of a s wing plough IInder the actioll of the three 
fimdamelltol forces. 

(and hence required working depth) 
- R. .. : an upward force at the nosewheel 

can result in considerable paras it ic 
rolling resistance which wi ll increase 
the implement draught (part icu larly 
in sofl so il) and , because of the 
forward position of the nosewheel, 
t he worki ng balance of the plough 
may be upset. 

Adjustable heel or depth sk id fo r 
draught control 
A concluding proposition may now be Slated 
in answer to the quest ion " how [Q reduce 
the vertica l force". 
Propositioll6. An adjustable heel is the most 
effecfive method of controlling the drought, 
al/d hence the depfh of work, of a swing 
plough being pulled al a sef angle. A II 
adjusrable depth skid could serve fhe same 
fi mctioll 011 ofller cultivatioll implements. 

To maintain working balance the heel o r 
skid should be situated close to the imple­
ment' s centre of gravity consistent with the 
proper functioning of the implement and of 
its soil engaging components. 

In Fig 5 it is shown how the line of action 
o f the th ree fundamenta l forces acti ng on 
a plough are concurrent to give a ba lanced 
force system in work . The direction (angle 
0:' ) o f the pull force is determined by the 

veCLOr addition of G and S. It s location is 
determi ned by the point of intersection of 
t he lines of act ion of forces G and S. 

The line of ac tion of G can be determined 
easily by li ft ing the plough by the beam to 
find the point of balance (centre of gravity). 

It is difficult to find the line of act ion 
of the soil force 5 without sophisticated 
instrumentation but fo r a single fu rrow 
animal-draught plough, provided that the 

Ground surlcce 

t = Working 
dep t h 

G 

Fig 6. Showillg the approximate position oj 
the poifll oj illfersectiol/ oj the lines oj 
action oj the forces G alld S when G posses 
abolll 200 mm behind the share point 
(single furrow swillg plough). 

centre of gravity of the plough is about 
200 mm behind the point of the share, it is 
probably sufficient to assume tha t 5 inte r­
sects the line of action of the weight G at 
a poi nt given by about half the working 
depth (point 0 in Fig 6). 

From thi s point various lines of act ion of 
P may be drawn according to the pull angles 
for which provision is to be made. At some 
point along each of these lines of action it 
wi ll be necessary to make provision for 
attaching the pull cha in to the implement -
thus the position and range of adjustment 
for the hake plate may be dec ided. 

P lough selling in practice 
I n theory it is possible for the plough to be 
in perfect equilib rium according to these 
arrangements. In practice such an equ il i­
brium would be lOO deli cate and easily upset 
by slight variations in the force system, such 
as those mentioned on the previous page. 

In practice, therefore, the best line of pu ll 
will be when it passes, not through the point 
of intersection of G and S, but slightly above 
it by a few centimet res. This will create a 
nose-down couple on the plough which can 
be corrected (including random variations 
in it s magnitude) by the opera tor applying 
a force with a downward and /or rearward 
incl ination on the handles. 

The force system just described will 
usually give a resultant downward force 
(G + 5.) which. with conventional pull 
angles, will cause an excess ive draught force. 

As di scussed previously the effecti ve 
vertical force (and hence implement draugh t) 
may be reduced by arranging for an upward 
(support) force to be applied at the nose­
wheel , heel o r handles . The new effective 
vert ica l force will be the a lgebraic sum of 
t he original one and the (negative) one(s) 
just introduced. 

The positi on of the new effective vertical 
force will al so usuall y change. depending on 
the magnilude and direc tion of Ihe couple 
resulting from introduction of the suppon 
force. 

A support force a t the nosewhee1 wi ll 
generate a couple whose effec t wi ll be 10 
move the effect ive vertical force rearward, 
whi lst a suppOrt (upward) fo rce on the 
handles al the rear of the plough will move 
Ihe effcclive vertical force forward. It would 
then be necessary to adjust the posilion (and 
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also the angle if possible) of the pull force 
to give a new intersection at the new point 
of concurrence of effective vertical force 
and horizontal draught force. 

On the other hand a support force, such 
as that at the heel, which acts close to the 
line of act ion o f the origina l effecti ve ven ica l 
force gives a reduced effective vert ica l force 
wit h relat ively lillie change in its position. 
I n th is case the "ba lance" of the plough may 
be closely maintained and relatively little 
adjust ment of the line of pull is necessary 
to restore it. Therefore the support force on 
I he plough. or other culti vat ion implement, 
should be applied as nearly as possib le 
through its centre of gravit y. 

Gu idelines for Ihe design of an 
an imal-draughl swing plough 
Based on the foregoing analysis it is sug­
gested that the design of a swing plough 
s houl d be guided by the following 
conside rations: 

• The plough should be as light as possible 
cons istent with the required: 

equilibriu m draught force. T his should 
be limited to the maximum continuous 
pull avai lab le from the draug ht 
animal(s). It is depende nt on the 
geometry o f the harness and the 
effective vertical force (Table I ), 

- strength and 
- function. 

Any weight above that needed for the 
equilibrium draught must be counteracted b y 
additional support forces (increa,ed angle of 
pull, more support at the plough heel, depth 
skids , etc). The greater the support forces 
needed, the more diffic ult it will be to 
adjust the plough and the greater the para­
sitic forces generated. 

• The pull force from the implement hitch 
chain, in combination with the effective 
vert ical force a nd the soil draught force, 
should be arranged 10 provide a small nose­
down couple on the implement. This will 
make it easier for the opcralOr to control the 
implement in steady work. The position of 
the plough's centre of gravity is important 
in meeting this requirement. 

• Provision should be made for a variab le 
suppOrt force to be applied to the implement 
in order 10 regulate the effective venical 
force, and hence draught and depth of work, 
to a level to suit the work animals. The 
support force should be applied at a position 
where it has a minimal effect on the balance 
of forces (i.e., usuall y, dose to the centre of 
gravity of thc implement). 

• Hake plate adjustmcnts should be ar­
ranged to take account of expected variations 
in the angle o f pull, in each case allowing the 
line of pu ll to pass a litt le above the point of 
concurrence of the implement draught force 
and the effective ve rtica l force (see above). 
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Micro electronics on the farm 
reliability in service 

L H Agro have produced electronics for agriculture for the past 14 years_ 
Product reliability is a company watchword and the in-service failure rate 
is now running at less than 0_1"70 of units supplied_ 

G A Thompson explains how this quality performance has been 
achieved and how it is being maintained_ 

In 1983 the L H Agro in-serv ice failure rate 
was al about the average for electronic 
products generally available at the lime. 
However, rejections in production were 
running as high as 18% and rework ing the 
product was an expensive and time con­
suming item. First attention was therefore 
turned to improving reliability in production. 
A target was set to reduce reject io ns to 5070 
wit hin two years. This was more than met 
and, in the event, rejections were reduced 
{Q 1.6%. 

AI that time. the ma in problem in manu­
facture was the introduction of many new 
products. The growing European demand 
for electro nics on the farm meant that new 
products had to be designed and pm on the 
market in the shortest possible time. 

Design changes for improved 
manufacture and performance 
The first move was to a radical alteration 
in product design. The company moved 
from casings of sheet steel or plastic and 
introduced a lum inium casings o n all new 
production. 

The new casing design nOt only provided 
a very strong structure, but also acted as a 
sh ield against external radio interference -
the major contribu{Qr to in-service failures. 
In addition, the smart a luminium casing had 
'eye appeal' and so the improved design 
helped to increase sa les. 

A further change in production policy was 
to have all circuit boards manufactured by 
a specialist producer. This component is 
manufactured to L H Agro specification and 
we therefore retain the ultimate comrol 
over quality. Assembly and final testing 
continues to be car ried out in the production 
plant at Aabybro, Denmark. 

L H Agro also now use Computer Aided 
Design methods for their new products and 
so ac hieve favourab le results in a much 
shorter time. This in turn allows them to 
channel 1110re funds 10 the R&D depart­
ment, where they spend the equ iva lent of 
10% of their sa les turnover. 

Rigorous lesting programme 
It is, however. testing that we believe to 

assistance of Mark Sanders in preparing 
the paper and of Gul Mohammad, Senior 
Draughtsman for the Agricultural Light 
Engineering Programme. who drew the 
diagrams. 

be the single most important contributory 
faclOr 10 the present day re li ability of their 
ptoducts. 

No product is marketed until it has been 
fully tested. Our statement of policy is: ­

I. We build a prolOtype - initially we test 
that prototype in the factory and make any 
obvious fi rst stage improvements. 
2. We inst.all the product with the help of 
a farmer - one of many in Denmark who 
tcst o ur products for us - agai n we make 
improvemcnts based on our findings. 

3. Next we build 10 pre-production units 
and have these tested again under 'on-farm' 
condit ions. Ifa ll is well we go into the firs t 
production run, if not, improvemems are 
made and the process is repealed. 

4. We bui ld a production run of between 
30 and 50 unit s depending on the type of 
product; these units are so ld to selected 
customers and their performance continually 
monitored. The products may be sold any­
where in Europe . .of these , 3-5 units would 
normally be brought inlO the UK. Only after 
analysing the results and approv ing the 
operation of the product will it be placed 
o n general release for manufacture. 

Subsequentl y, there is stage by stage 
test ing during assembly a nd all completed 
unit s are fina lly subjected to a rigorous 
48-hour working test before they are pro­
nounced fit for service a nd packaged ready 
for shipment. 

The 48-ho ur test consists of feeding 
simulated information to the computer and 
at the same time varying the temperature of 
the product by placing it in a speciall y 
constructed oven, between 7°C and n oc. 
Any unit fai ling to perform 10 Ihe standards 
laid down is rejected. 

Reliability in operation has given the 
company a reputation for quality which 
has resulted in good sales a nd customer 
sat isfaction. 

As a postsc ript : T he atlit ude to R&D 
helped L H Agro win the coveted Inst itu te 
of Design Prize in Denmark for their LH 865 
Grain Capacity Indicator. There are only six 
prizes awarded each year and competition 
is very tough with compa nies like the 
mammoth Phillips company amongst the 
competitors. 

Graham Thompson ;s UK Technical Sales 
£"'(111;1" Jor L H Agro (UK) Ltd oj 
Sudbury, Suffolk. 
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STANDARDS " " 

Review of recent British Standards 
M D P Matthews 

BS 3555: /988, Ring wrenches (10 pages) 
This Bri tish Standard specifies requi rements fo r ring wrenches for 
metric, uni fied and British Standard hexagon bolts, nuts and machine 
screws, including hexagonal headed bolts o f va rious ma terials in the 
aerospace series. It covers hexagon and bihexagon double-end ring 
wrenches for 3.2 mm to 60 mm (across Oats) for the metric range, 
and approximate equi valents in imperial ranges. 

A form ula is provided from which the wrench length can be 
calculated (± 10070 ) from the nominal width across the nats of the 

larger end of the wrench. Other dimensions a re tabulated. The 
material hardness and fini sh arc specified with reference to ex isting 
Bri tish Standards. A format for marking the wrench size accordi ng 
to range is specified. 

An appendix detai ls a to rque test from which wrenches are 
required [Q suffer no permanent deformation or damage. Two ot her 
appendices cover guidance on the safe use of ring wrenches and the 
specifications required when placing an order. The Standard includes 
reference to 19 BS or ISO Standards and these are li sted . 

BS 69/6: ParI 6: /988 (ISO 7/82-/984), Chain saws, Pari 6, Melhod of measure men I of airborne noise al 
I he opera lor's posilion (4 pages) 
A specification is provided fo r measuring the A-weighted and octave 
band sound pressure levels at the operator's position of noise emi tted 
by portable hand-held imernal combust ion engine chain saws. Five 
references are provided regarding sound measurement and forestry 
machinery. 

Measured values are requi red of A-weighted sound pressure in 
decibels determined with the frequency weighting and time weighting. 
Although spectral ana lysis is opt io nal the octave bands are speci fied 
when requi red. The test conditions should simulate normal operating 
conditions in the forest but requirements are li sted with rega rd to 
opell or enclosed spaces, reflective surfaces, ground conditions, 
operator clothing, background noise and ambient conditions. 
The saw condi tion is specified and the req uired widt h of non-dried 

timber can be calculated from the length of the gu idebar. 
Recommendations are made on the measuring equipment used 

with regard to microphone diameters, the positio ning and wind 
screening attachments, and the maxi mum allowable tolerances On 

the measured sound pressu re level. Engine speed measurement, sound 
frequency ana lysis and instrument calibration are also covered. 
A test procedure with an example of a record sheet for reporting the 
measurement result s with the saw idl ing, under full load and racing 
is detailed. A list is provided of recordings other than the sound 
level which are required. 

Throughout the Standard reference is made to ISO and Inter­
national Electrotechnical Commission (lEe) Standards. 

BS 6949: /988, Bilumen-based coalings for cold applicalion, excluding use in conlacl wil h polable waler (6 pages) 
Specificat ions are provided of the performance and marking require­
ments for bitumen-based solvent-borne coatings applied co ld by 
brushing, sp raying, rolling or dipping for corrosion protection of 
materia ls including iron and steel. 

Taking account of recent developments in this type of paint, the 
coatings are defi ned and classified as to whether fi llers are used and 
the solvents added in respect to their flas hpoint. The Standa rd covers 
dry ing and overcoating times, the expected fini sh, protec tion from 
corrosion, bend resis tance, shelf life and marking of containers. 

Appendices provide instructions on the use of the coatings for cold 
application, listing their general properties, the precautions required, 
expec ted durability, methods of thinning, primer requirements, 
preparat ion of surfaces , and application. A method of preparing test 
pieces is specified and the subsequent tests for nashpoin t , dry ing 
and overcoating times, fini sh, cor rosion protection and bend 
resistance. 

Reference is made to nine other British Standards and one HSE 
Note in thi s Standard . 

BS 7025: /988, Preparal ion of lesl codes of engineering grade for measuremenl al Ihe operalor's or byslander's 
posilion of noise emilled by machinery (10 pages) 
The lest codes covered by th is Standard are intended for comparison 
of noise emissions of different machines under similar environmental 
conditions. It relates to the emissions of noise sources rather than 
the measureme nt of occupational noise exposures of workers. 

Definit ions are provided for 13 aspects includi ng sound pressure 
level, A-weighted and A I-weighted sound pressure level, and equiva­
lent cont inuo us sound pressure level. The test environment for 
measurement purposes, the criterion for background noise and the 
ambient conditions a re all speci fied. Suitable instrumentation systems, 

microphone positions and the installat ion and operating condi tions 
of the equipment are recommended. Procedures to be adopted in 
the ca li brat ion of instruments and the actual measurement of sound 
pressure levels are li sted, togct!.1Cr with a method of correction fo r 
background noise. Recommendat ions a re made for the compilat ion 
of a test report. 

An appendix provides examples of suitable instrumentat ion systems 
and an equation is provided 10 compute equivalent continuous sound 
pressure levels from data taken with unequal sampling interva ls. 

BS 5983: Pari /: /989 (ISO 6/24-/ : /987) Melric spherical plane bearings, Pari I Specificalion for dimensions of 
s pherical plane radial bearings, joinllype, dimensio n series E and G (3 pages) 
This Standard supercedes that of the same number issued in 1980 manufacturing method. 
and provides in table form the dimensions for spherical plane radia l Reference is made 10 ISO 582, Rolling bearings chamfer dimension 
bearings Series E with bore diameters of 4-300 mm and Series G with limits, and ISO 6125, Spherical plane radial bearings, joint type, 
bore diameters of 4-280 mm. Eight dimensions define the bearings tolerances. 
geometricall y but no restrictions are imposed as 10 the material or 
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BS 7010: 1988, A system of tolerances for the dimensions of plastics mouldings (10 pages) 
This is a code of practice which recommends a system of tolerances non·mould related dimensions and tolerance groups and levels. 
for items produced by compression, transfer o r injection moulding A procedure for tolerance selection, using a table which correlates 
with thermoplastic or thermosetting materia ls condit ioned fo r to lerance groups with moulding mater ials, and the tolerance values 
16 hours at 23 °C and 50070 relative humidity. The code does not on dimensions for each group. is speci fied. A tab le also shows 
apply to extrusions, blown o r foamed mouldi ngs or deep drawn or the shrinkage factors as related to the three dimensional tolerance 
sintered parts. groups. 

Definit ions are included of the commonly used terms, including Twelve other British Standards relating to plastics moulding 
moulding shrinkage and the shrinkage facto r, mould re lated and materi als are referred to in this Standard. 

BS 4196: ParI 7: 198 (ISO 3747: 1987) Sound power levels of noise sources. Part 7 Survey method for determination of 
sound power levels of noise sources using a reference sound source (17 pages) 
This International Standard is one of eight specifying various methods When under test acoustic measurements are made when the 
for determining the sound power levels of machines and equipment equipment is in no rmal use. The test code of the equipment should 
in different test environments. This Standard involves the determin- be fo llowed if ava ilable Olherwise measurements should be taken 
ation of sound power levels from equipment which' is not movable when the device is: 
from its installed position. • under specified load and operating conditions, 

The use of a reference sound source with known acoustical char- • under full load, 
acterist ics will establ ish the environmental corrections to determine • under no load, 
the true sound power level of the equipmenr. The Standard applies • under the operating condition corresponding to the maximum 
to sources which radiate broad band noise, narrow band noise, sound generation, 
discrete tones and combinat ions of the three, but docs not apply to • under simulated load wi th carefu lly defi ned conditions. 
isolated bursts or burst trains with repetition rates of less than 5 pe r Formulae are provided for the calculation of the sound pressure 
second. level averaged over the measurement surface, the sound power level 

Eleven aspects o f the procedure are defined and guidance is given when A-weighted sound pressure levels are measured and sound 
on the acous ti c environmenr. The Standard relates to any test site power levels when octave band sound pressure levels are measured. 
without restriction but requires a steady background noise of at The Standard concludes with information about the test site, in-
least 3 dB below the A-weighted sound pressure level of the source strumentation and data which has to be recorded and reported and 
under test or the reference sound source. Outdoor measurements fifteen illustrations are prov ided with regard to the posit ioning of 
are li mited to times when the wind speed is below 5 m/s . Th e microphones and the reference sound source. 
specifications of the sound level meters and the reference sound Reference is made to 12 In ternational Standards on acoustics and 
source are as stated in other Standards but the position of the fo ur publications of the International Elect rotechnical Commissio n 
microphones and the reference sound source are specified. (lEe). 

The BS! Registered Stockists System 

Quality assurance in manufacture is covered by BS 5750 (I SO 9000): 
the International Standard fo r Quality Systems, but th is does not 
re late to stockholding or dist ribution activities. 

Companies involved in the supply of goods manufactured by 
separate companies can be assessed and registered against the BSI 
System and are entitled to use the BS I Registered Stockists symbol 
a long with its registration number (RSNo). To ensure that the system 
is complied with BSI make biennial assessment visits 10 the stockist. 

The scheme is in two parts: Part I requires stockists to maintain 
lot traceability of any material sold whereas Part 2 retains the 
supplier identity but under both Parts the material wi ll have been 

acquired from a qua lity assured source. 
It is not necessary for a ll goods purchased by the Registered 

Stockists 10 be from quality assured sources in order to serve the 
needs of a wide range of customers. It is therefore important fo r 
purchasers wishing to ensure that the materials comply wi th quali ty 
standards to specify that the Registered Stockist supplies the goods 
in accordance with the Registered Stockists' System. Purchasers 
should specify Part I or Part 2 at their own discretion. 

Further information on the system can be obtained from BSI 
Quality Assurance, PO Box 375, Milton Keynes, MK I4 6LL 
(Telephone (0908) 220908). 

Copies of British Standards 

are obtainable th rough librar ies or can be purchased direct from: 
Brit ish Standards Insti tution (Sales), 

Linford Wood, 
Milton Keynes, Bedford MK I4 6LE. 

Telephone: (0908) 220022 . Fax: (0908) 320856 

Standards for measurement and testing 
The National Measurement Accreditation Service (NAMAS) first 
yearbook provides specialised information of interest to those in­
volved in measurement and quality control. 

NAMAS \vas formed following the amalgamation of the British 
Calibration Service (BCS) with the National Testing Laboratory 
Accreditation Scheme (NA TLAS) and the twO laboratory accredit­
at ion se rvices of the National Physical Laboratory (NPL). The 
combined service is responsible for disseminating national standards 
to industry thereby ensuring that measurement is to the requ ired 
standards of IOday's markets for goods and services. 
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The yearbook is in six sections. The first dea ls with NAMAS as 
an organisation, the second is a review of certificat ion systems 
overseas and the third is a similar review of acc reditat io n in the UK. 
In Section 4 there is a description of some particular accreditation 
schemes including humidity measurement , site testing and perform­
ance testing o f products relating to fi re. The final two sect io ns 
give more info rmation o n acc redited ca libration and testing 
laboratories. 

The NAMAS Yearbook Edition I, December 1988, is avai lable 
from Sue Bridge Publishing Ltd, Surrey. 
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Nitrate and soil compaction 
J Shotliff argues that soil compaction not only restricts water 
movement through the soil but it also encourages water run-off from 
the surface. The essential nitrogen thus not only fails to reach the 
plant but is instead leached off to cause pollution. 

The effects of compaction can persist, he says, for long after the 
compaction itself is relieved. Additional treatment is necessary and 
an application of nitrogen stabiliser is recommended. 

With existing and impending EEC legislation 
(Direct ive 801778/EEC Council Resolution 
88/C209/02 28 June 1988 , Draft Directive 
Com (88) 708 rinal) and the consultat ion 
document "Nitrate Sensitive Areas Scheme" 
M AFF and WOAD, May 1989, atten tion is 
aga in being drawn to those measures (hal 
call reduce nitrogen losses. 

Nitrate is highly soluble and readily 
m oves through the soi l. Its movement is 
a ffec ted by it s concentration which among 
o ther things . will be a factor o f the total 
amount of N applied and effective moisture 
and soil permeabilit y. The presence of pia nt 
roots and soi l organisms, soi l oxygen and 
o rganic carbon arc factors which need to 
be taken into acco unt. 

The main problem areas in terms of 
highest nitrate in ground water a re those 
w ith a preponderantly arable cropping 
system. 

Plants 

Animals/Men r M,,"oo~ia;;,;m-
N - FIXation 

org.N 

019. Fertiliser 

(Manure) 

NH, 

to be available to the plant at the right ti me 
and one of the major problems affecting 
that is soil compaction. Where compactio n 
exists wa ter is o nly avai lab le in the top few 
cemimetres and the excess runs off. Under 
wet conditions den itrifica tion occurs and 
such losses can amount to 1511/0 of total N 
applied in 2 days, 500/0 in 5 days and 95010 

in 10 days , according to work undertaken at 
Iowa State Univers it y. 

Erreds can persisl for years 
Compaction is nOt a problem of heavy so ils 
alone and sand y so ils a re a lso vul nerab le if 
worked in the wrong conditions. It has been 
est imated that the e ffec t o f work ing soi ls in 
conditions that are unsuitable in the a utum n 
can las t up to five years. 

Soil compaction is a prob lem that can be 
easily identified; a spade hole deep enough 
to chase root activity down a nd a kn ife is 

Mlr'lOral­

Fenlbser 

Leaching 

Denitrification 

in the same way a nd the avai lab il ity of 
nutrients can be dramat ica ll y red uced . 

For example, the work at Iowa State 
University showed that under soi l com­
paction conditio ns that 70% less potassium 
was avai lab le for the plant to take up, 30% 
less nitrogen, 20% less magnesium and 10% 
less calcium. 

Wit h the pressure o f timeliness the temp­
tat ion to work so il s when they are too we I 
a nd then work Ihcm too often in an attempt 
to recover from problems produces result s 
that can dramatica ll y red uce yields. C rop 
yield reductio ns can range from 30070 on 
win ter wheat grown on heavy soils 10 69% 
on peas grown on medium / light so il s. 

Farmers should check the mo isture at the 
depth of culti va tion a nd make sure that 
t hey a re not add ing to compaction. More 
powerful and heavicr traClQrs thaI enable 
wet so ils to be worked, add 10 the com­
paction problem simply because they a re 
heavier and can easil y work wet unsuitable 
soils . 

Freezing during the winter months will 
not remedy problems thai are caused in the 
autumn. 

Tramlincs can reduce the compaction 
area . . . 
With the introd uct io n of Ira ml ining com­
pact ion problems can be reduced especially 
if tram lines remain in the same place year 
after yea r as these provide a sacrificial a rea. 

Fig J. N cirCIIlal;ol/ alld nitrate leaching (Stade/mallfl, / 98/). 

However, if Iramlines a re moved each 
year then com paction will spread over the 
whole area a nd will need remedial treatment 
to restore normal conditio ns. Failure to do 
so results in the "long corn sho rt corn 
syndrome" that fo llows wheeled compact ion 
routes. 

Nitrate sensitive areas a re already mapped 
and measures involving agricu ltural pract ice 
will event ua ll y have to be take n to ensure 
that existing and proposed EEC legislat ion 
objec tives arc achieved. 

Soil compaction influences nutrient 
availability, causes nitrogen loss 
It is therefore essential to unde rstand the 
interact ion of so il , nitrogen, soil water a nd 
so il micro-o rganisms (Fig I) . Nut ri ents have 

} 0"1/ Shotliff is a cOl/sultant with 
Fertiliquids. Ca/fle. Wiltshire. a branch of 
DaJgefY Agricllfrure Ltd 
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all that is rea ll y required. If the knife is 
pushed into the sides of the trench and the 
area of resistance measured by pressure it 
can be a reli ab le guide to I he degree of 
compaction. 

Where compaction exists water pene­
trat ion will be slow to occur, the soil wi ll 
not be recharged a nd Ihere wi ll be problems 
in both dry and wei years. 

Wheel traffic can reduce soil permeabi lity 
by thousand fo ld every lime the field is 
trafficked. Root growth is reduced and there 
is the n very poor a bsorptio n of waler and 
nutrients; the oxygen level in the soi l is 
red uced , legumes do nOt produce nodules 

Wit h farmers paying I he same fixed costs 
for the whole area it is essent ial that each 
a rea makes the same contribution to profits. 
Compaction wi ll increase problems a nd 
occasional complaints about ineffective 
ni troge n fe rtil isation or agrochemica l use 
can often be a uri bmed to compaction. 

... and a nitrogen stabiliser can mean 
fewer passes, longer availability - a 
red uced requirement 
The compaction problem can be reduced 
by tra mlines and by the " one pass option" 
involving nitrogen stabilised with Didin nuid 
(Alzon) since compaction is a function of 
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Ihe number of times the soi l is subject to 
Iraffic. Didin is a compound contain ing 
a mong olller Ihings Dicyandiamide which 
delays nitrification in soils by inh ibiling 
Ihe activit y a nd mu llip lication of the soi l 
bacteria responsible for converti ng ammo­
n ium N 10 ni trate N (Fig 2) . 

[5ifin I 
inhibits 

j I NITRITE AMMONIUM 
NITROSOMONAS 

I NITRITE I 
NlTROBACTEA 

I NITRATE I 

Fig 2. Effecl of Diclin on Ihe nitrification oj 
N H,-N. 

The effectiveness of Didin depends on it s 
concentration in the so il since it is affected 
by soil temperature over a defined time 
period. Application rates can be adjusted 
to meel time a nd expected soil temperature 
condi tions. 

For wintcr wheats the ability to put on 
a ll the nit rogen in the pe riod beginning 
February or end of March in one application 
m ust have much to com mend it. Not o nl y is 
the nitrogen held where it is ava ilab le but 
ammonia held in that form is much less 
liable to leaching (Fig 3). T he compaction 
Ihat reduced nitrate avai labi lity is minimised 
so the re wi ll be a combination of benefit s 
Ihal will result in mo re nitrogen being 
available for the pl ant at the lime when it 
needs i!. 

Manure withoul 
Oidin 

ManureWlth 
Didin 

Fig 3. Nitrogen conservation with Didin. 
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There a re benefit s to be oblained from 
deali ng wilh compaction and nitrate leachin g 
problems separately . the work from (he in­
stitute of Grassland and Animal Production . 
H udey demonstrat es the laHer (Fig 4) as 
does the ADAS Gleadthorpe trial with Didin 
on potatoes where the yield benefit with 
Didin on [he highest N treatment was 
approximat ely 4 to nnes/ha . 

Fig 4. Effeci of wimer application Didin-F with callIe slurry 0 11 yield of grassland (lSI cut); 
wilh comparison with springferliliser applications. (mean of I year, S locations) 

The future - use less nitrogen , but 
more efficiently 
The way ahead must be far lower tota l 

nitrogen usc but' higher erficiency of N use 
in cerea ls in pa rti cular and many other 
crops. We now have the too ls to do the job 
- it must be right 10 use them properly 
before the legislative effects of not doing so 
are felt. 

VOTEX HEREFORD L TO. 
. Fn. Street, ...,.,otd. Tel hone 274361 

·NAYLER 
SINGLE SUBSOILER LARGE STOCK 

IRRIGATION HOSE 
AND EQUIPMENT 

·NAYLER · 
TWIN SUBSOILER 
CHI SEl OR MOLE 
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Make a note of the date! 

I nstitution of Agricultural 
Engineers 

Second International 
Conference 

2 -5 Sept 1991 - Robinson 
College, Cambridge 

Engineering the 
Rural Environment 

The wide spectrum of the subject 
theme w ill be covered by a series of 
parallel sessions each preceded by 

a keynote speaker. 
There will be back-up poster sessions 

and a choice of technical visits. 
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Agrojorestry in agricultural education 
with ajocus on practical implementation 
by Joachim Boehnerl. 

Publisher: Verlag Josef Margraf, W Germany 
Distrib in UK: Gazelle Boo k Services 
ISBN 3-8236 111 7-8. Price: £18.95 

T his dissertat ion is the product of experience 
ga ined by the author working as a teacher 
in an agricult ural college in Zambia and in 
an Agroforestry Project in Kenya, as well 
as other exper iences in South America and 
other African countries. 

The ma in objective has been lO study a nd 
to idemify ways in which agroforestry ca n 
become part of Agricu ltural Education a nd 
offer a sustainable way of farm ing fo r 
schools a nd co ll ege farms. Although the 
point is not made clear the aim would be 

Volatile emissions from livestock farming 
and se\vage operations (Commission oj 
the European Communities) 

Edited by: V C Nielsen, MAFF Reading, 
J H Voorburg, Inst. of Agricultu ra l 
Engineering, Wageningen, P L'Hermite, 
Commission of the European Communities, 
Brussels 
Publisher: Elsevier Applied Science, London 
IS BN 1-85 166-227-8 245pp Price £29 
The importance of measuring odours and 
ot her vo latile emissions from livestock 
farming and organic sludges is an issue much 

that this basis in education would then allow 
the techn iques developed to be spread into 
t he wider farming community. 

The firs t chapter in the book deals wit h 
many of the problems of forestry, the 
reduction in forest area and the likely effects 
o f soil loss and atmospheric cond itions. 
The subject has been well researched and 
p resented in an easy-to-read clear and 
concise manner. 

The second chapter is very refreshing in 
that the author has "stuck his neck out" 
a nd suggested how agroforestry may form 
possible solutions. The chapter is a detail of 
possibilities and potential fo r agroforestry. 

In Chapter 3 the various fields of ex­
pansion in a range of climati c regions are 
explored. This chapter is perhaps a little 
disappo int ing in that it is not expansive 
enough but one does appreciate the breadth 

considered at present. It will enable evalu­
at io n and comparisons of treatment and 
control systems to be made as well as 
measuring untreated emissions. 

T his book is the report of a workshop 
held at Uppsala, Sweden, 10- 12 June 1987. 

T he workshop sess ions covered are: 

(i) odour measurement, 
(ii) vo latile odour and a mmonia emissions 

from va rious sources, 
( iii) vo lat ile emiss io ns from bui ldi ngs and 

storage facil ities, 
( iv) control of volati le emissions. 

For each of these sessions there a re 

Soil and water management Specialist Group 
Meeting at Institute of Hydrology 

The Soil & Water Management Special ist 
Group held a well attended meeting at the 
Inst itute of Hydrology (I H), Wallingfo rd , 
on 22 November 1989. 

After an opening welcome by Professor 
Brian Wilkinson. Di rector o f 11-1. two ot her 
members of the I nstiwtc spoke in more detail 
abolll panicular areas of thc Inst itute' s 
work. 

Soil moisture meter 
Henry GUI1Sl0n reviewed the many areas of 
rc~carch li nking soil, water and fa rming with 
which I H had been involved in Britai n and 
many Coulltries overseas. He deal t particularly 
with the development of the Wall ing ford 
ncutrOll probe soil moisture meter. 

Jimmy Black ie. also of IH, spoke on 
Hydrology and Upland Land Management. 
He expla ined how 11-1 experimental studies 
in the British uplands had contribut ed 
numerical answers to the land use questions 
posed (often heatedly!) by upland farmers . 
forestcrs, planners a nd reservoir managers . 

Irrigation tol)ics 
Two other speakers covered different aspects 

of irrigation. Fred Birkett, recent ly retired 
as tvlanager of A 1-1 Worth fa rms. Holbeach , 
Lincs. focussed on the prac ti cal ities of irri­
gating fenland soils, and of abst racting water 
from the ground through well poi nts rather 
t han drawing from open water storage. He 
was fol lowed by Keith Wether head o r Si lsoe 
College who showed how experimenral 
measurements of the actual distribution of 
water from a rain gun under different wind 
conditions had been incorporated into 
modelling work which a llowed likely changes 
in crop yield to be forecast. 

Set-Asi de Managcllll'n( 
Another member fro m Silsoe College, 
Ian Shield , di scussed his research on the 
currently topica l issue of Set-Aside Manage­
ment, noting that ca refu l monitoring of 
changes in plant populat ion after fields had 
been set aside was essential to help farm 
management, in case the land had to be 
brought back in production in the future. 

111e Group Chairman . John Ra y. chaired 
the meet ing and Professor Dick Godwi n 
proposed a well received Vote of Thanks 
both to the speakers and to Proressor 

of the subject content. 
The final component of the book is 

devoted lO a study of education and hannony 
in agroforestry. It is panicularly interesting 
in that it goes as fa r as providing a tra ining 
syllabus lOgether wi th its concepts and 
objectives. There are suggestions on the 
implementation, management and uti lisation 
of Agroforestry systems for school and 
college farms. 

To suggest that the book has all the 
answers would be foo lish. However, I find 
it most interest ing to have at hand some­
one's effons to provide an educational and 
training solution to an immensely difficult 
problem. 

I recommend this work to anyone with 
an interest in agroforestry, educat io n or the 
general conservat ion of our planet. 

MJH 

between 3 a nd 12 papers in the text. They 
are each in the form of a scientific paper 
reponing the findings of the various investi­
gative procedures. The result is a book 
dea ling with a wide range of topics with the 
o riginal objectives well covered by a very 
impressive list of experts . 

As a refcrcnce work on this specialist, 
sensitive and now very popularised issue, it 
is ext remely va luable. I am sure it will find 
its way into most college, university and 
research institution libra ries and be a useful 
resource on the subject. 

MJH 

Wilkinson and IH staff fo r organising and 
hosting the meeting. 

( 

The Wallillgford lIelltrOIi probe soil moisture 
meter, developed at the Ilistitllfe of 
Hydrology, being lIsed 011 drip irrigation 
trials ill lWallritills (photo: Institllfe oj 
Hydrology) 
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Soil husbandry 
A practical guide to the use and 
management of soils 
by Tom Batey 

Publisher: Soil and Land Use Consultancy, 
PO Box 294, Aberdeen, 1988 
ISBN 0-9513605-0-7 £16.50 (hardback); 

£10.50 (paperback) 

I t should be made clear from the outset that 
this book has been written very much with 
t he practitioner in mind. The text m ust 
therero re be judged as a guide to those 
us ing and caring for the soi l. 

It is a great p leasure to be able to 
report that thi s book as well as meeting it s 
designated aim has gone much further and 
produced a text of great value on the (opic 
of soil husbandry. 

Of course it is not a definiti ve work o n all 

Farm building cost guide 1990 

Edited by J A D MacCormack 
Publ isher: Centre for Rural Building, 
Aberdeen 
ISBN 0-905084-91-8 Price £13.75 

The sixteenth edition of this valuable public­
ation is now available. The a im of the guide 
has alwa ys been to provide an accurate 
comprehensive and up to date source o f 
b uilding costs information. From the firs t 
edition in 1975 this aim has been achieved 
but, as would be expected over such a long 
pe riod, with much improved formal. 

The costs are given in var ious for ms to 
suit the requirements o f different users. The 

Tractors and their power units -
4th edition 
by J B Liljedahl, P K Turnquist, 
D W Smith, M Haki 
Publisher: van Nostrand Reinho ld, 
New York 
ISBN 0·442-25897-6 Price £34.95 

The prime purpose of this excellent text 
book has always been 10 provide information 
to engineers and graduate students on the 
design of tractors. This new ed ition has that 
same purpose and a s it stili predominantly 
retains the same format it will continue to be 
a top quality text and reference work. 

Farm dust alld health 

Written and compiled by : Jamie Robert son 
Publi sher: Centre for Rural Bui lding 
ISBN 090 1766-68-2 Price £4.25 

This new publication from the Centre for 
Rural Buildings is based on work carried out 
at the Centre'over the last 6 years on the 
pro blem of dust and its effect s on health in 
humans and animals. 

Most of us brought up in the farmin g 
communit y are aware of the hazards relating 

aspects, but is most certa inly a very useful 
reference to mos t p ractica l as well as some 
theoretical aspects of the topic. 

The book is presented in two sect ions, the 
first aims to provide the background science 
necessary [0 understand husbandry aspects. 
This section is well written, covering plant 
and root growth, soi l texture a nd structure 
as well as o rganic ma ller, soi l, water and 
aeration. These topics are dea lt with in a 
practical " non jargon" way but this does 
not detract from the sol id bas ic science 
which is imparted in a most refreshing style. 
A small criticism is that litt le menl iof, is 
made o f the effects of soil moisture content 
in consistency and strengt h propert ies, 
important features in soi l husbandry . 

The second sect io n provides examples of 
soil husbandry in practice using a range of 
actua l problems fro l11 the author' s experi­
ence with a discussion of possib le so lutions. 

quick guide section enables a rapid estima!e 
of likely build ing costs to be made; a most 
u sefu l tool at the planning and appra isal 
stage. 

T he sections on materials, plant, equip­
me nt and labo ur give information on the 
more basic cost components a nd is cata­
logued in a n easy 10 usc fashio n. T he 
measurement rate section present s the system 
used by builders and con tractors in preparing 
e stimates. This is presented in a standard 
ratio form a nd includes an allowa nce for 
profit and oncosts. Again I found these 
ext remely well organised a nd easy to use. 

The fi nal section of th is book is d irected 
to bui ld ing cost a na lyses. This gives the fu ll 
cost of a range o f selected buildings broken 

On comparing wit h the third ed itio n one 
is struck by the simi larities. The list of 
contents is al most ident ical which, in this 
c ase, is nO[ a criticism as there seems lil1le 
point in changing what has proven to be a 
good format. The main d iffe rence is the 
rationalisation and more logical approach to 
some subjects. T his has certai nly added to 
the qua lity . 

There are a few cha nges, the chapter o n 
costs has been re moved leav ing more space 
to expound other areas such as the traction 
component which has been extended to 
consider tyre design in more detail. There is 
also considerable updating particularly on 

10 farmers' lung and it s association wit h 
mould in grain and hay. However, the 
research by bot h the Cent re and the Health 
and Safety Executive shows that a consider­
able number of stock men and an imals have 
other dust related problems. 

Thi s publication, wrillcn by Jamie 
Robert son, gives 28 pages o f practical advice 
on the problems of dust a nd it s effects on the 
health of animal and human. It al so aims 10 
heighten the awa reness of all those involved 
in agriculture to the problem. 

The work is very well presented wit h 

AGIUCULTUI~AL ENG INEEI{ Ilncorpora!lnq) Soil :!.na~ e , SP RI NG 1990 

A crit icism is that this is not a comprehensive 
sur vey but nevert heless the examples given 
a re pa rti cula rly va luab le in the way they a re 
presented . The a im is to provide the reader 
with the "tools" to be able to examine 
so ils knowing what to look fo r. From thi s, 
solut ions a re muc h mo re likely to be fort h­
coming. 

The author backs the text with very good 
photographic examples but I was part icularl y 
impressed with the sketches develo ped fro m 
orig ina l photographs a nd pro files. T hei r 
g reat va lue is that they he lp the reade r to 
visual ise the prob lem in reali stic graphi c 
de ta il. In short the second sect ion is a n 
excellent attempt to provide a guide to the 
prac tice o f soil ma nagemenc 

As a who le the book can be thorough ly 
recommended to anyone interested in the 
care and use of the soi l. 

MJH 

dow n by the trade and bu ilding element 
involved. The layo ut of this sect ion is 
excell ent ; each bui ldi ng conside red is 
accompanied by cross secti on , p la n a nd 
elevat ion drawi ngs as well a s the cost 
breakdown, specificat ion and some nOles on 
the bui ld ing usc. 

Information is a lso provided on the avail­
ab il ity of grants and building investment 
appraisal. 

The guide continues to be the refere nce 
wo rk on farm building costs. With its 
improved format I can recommend it to 
anyone invo lved in the process of Farmstead 
E ngineering. 

MJH 

t he wo rk on electrica l systems and oi l 
technology. 

It is cla imed Ihat an effort has been made 
to make the tex t more iI1lcrnational in scope. 
This is al so given as the reason for add ing 
Makoto 1·loki as a new co-author, mak ing 
use in part ic ul ar of his experience in 
developing countries. However, it is ve ry 
d ifficult to detect much influence and the 
text remains very much related to the USA . 
Apart from thi s minor issue th is remains a 
text book of high quality, well presented and 
very much the state of the art in tractor 
design. 

MJH 

e .xcellent figures and illust rations 10 augment 
the easily read format. T he contents are 
d ivided into well defi ned sho rt chapters 
deal ing in tu rn wit h a quantitive description 
of d ust, its effects on human a nd livestock 
hea lth , methods of control, personal pro­
tection a nd fina ll y a section rev iewing the 
present legal position with regard 10 dust. 

I am sllre this excell ent publica tion will 
become a standard in its fie ld and wi ll indeed 
heighten awareness a nd so importantly 
improve conditions for all . 

MJH 
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Farm machinery - 3rd edition 
by Brian Bell 

Publisher: Farming Press Price £ 11 .95 

Many will be acquainted with Brian Bell' s 
book on farm machinery . The latest edit ion 
has much up-dating and I must compliment 
the quality of presentat ion. The new photO 
p lates of machinery are of very good quality 
and "bang" up to dale . The other figures 
which make up the 270 illustrations are well 
produced , clear and complement the text 
ext remely well. 

The book is aimed at providing a basic 

Pearls in the landscape 
The conservation and management oj 
ponds 
by Chris Probert 

Publisher: Farming Press Price £10.95 

As engineers we are cominuously being 
reminded of our responsibi lity to the en ­
vironment when designing structures on 
agricultural land. 

One aspect of this engineering has been 
the design and construction of ponds. This 
book by Chris Probert, who is Information 

Natural crop protection in the tropics 
by Gaby Stoll 

Publisher: Verlag Josef Margraf, 
W. Germany 
3rd Edition in Eng lish, 1989 
DistribuLOr in UK: Gazelle Book Services, 
Lancaster 
ISBN 3-8236 1117-8 Price £18.95 

I t is a real pleasure to be able to review th is 
edition of this most valuable text on the 
natu ra l protection of crops in the tropics. 

The use of chemicals is at present a majo r 
topic in developed agriculture. It is most 
appropriate, therefore, that this new edition 
is published a t thi s time. Similarly, the use 
of natura l mate rials for protect ing crops is 
an exceedingly important topic in developing 
agriculture. As well as protection of the 
environment, it is pertinent to consider the 

Ecojarming in agricultural development 
by J Kotschi, A Waters-Bayer, 
R Adelhelm, U Hoesle 

Publisher: Ve rlag Josef Margraf, 
W. Germany, 1989 
Distributor in UK: Gazelle Book Services 
IS BN 3-8236- 1163-1 Price £11.50 

Ecofarming in the context of agricultural 
developmem is t he effort to provide and 
p ractice forms of land use which make effi­
cient use of locally 'available resources. 

There are many forms of this concept 
practised around the world, e.g. ecologically 
sound agriculture, biological husbandry, 
organic farming, etc . All refer to forms of 
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knowledge of the wide range of tractOrs 
a nd farm machinery in current use. It is 
particularly relevant to slUdents studying for 
Nat ional Vocational Qua li ficatio ns (NVQ) 
in Agriculture and Farm Machinery. It wi ll 
a lso be of use to machinery users and any­
one else seeking a better understanding of 
agricultural equipment. The fo rmat of the 
book remains mostly unchanged starting 
with Farm Tractors and their components 
which is covered very fu ll y. Ploughs and 
c ultivation machinery fo llow with chapters 
on drills, dist ribution, machinery and crop 
protection, all of these give a good back­
ground to the types available and their bas ic 

Officer for the Northumberland National 
Park and has considerable experience as a 
Countryside Management Adviser, dea ls 
extremely well with the techniques necessary 
to develop ponds in a sensitive and practica l 
way. 

It deals with all sizes o f ponds from 
garden to landscape fea ture. He detai ls 
possible uses, the ecology of the ponds 
and the surrounding areas giving advice 
on methods of attracting the required 
inhabitants. 

The book is extremely well illustrated 
with drawings and photographic plates 

economic advantages of reduced reliance on 
expensive chemical solutions which, in some 
contexts are wholly inappropriate. 

The book ha s been extremely well 
researched, as is evident by the quality o f the 
text and the exhaustive list of references. 
It is refreshing to note, however, that the 
author still accepts that it is an incomplete 
work and invites criticism and suggestions of 
updating and improvement . 

The book is aimed at the practitioner and 
seeks to follow the sleps expected to be 
traced by anyone looking for a so lu tion to 
a pest problem. A chapter presents the likely 
pests of a range of crops including rice, 
maize and a range of leguminolls vcgelab les 
and fruits. In each case it provides diagrams 
of the pest in va rious stages of the life cycle 
and the likely damage it wi ll cause. It should 
be possib le from this to recognise the form 
of infestation that may be present in a crop. 

agriculture which depend primarily on local 
resources to achieve productivity - that is, 
sllstainable agriculfure with low levels of 
external inputs. 

This text is a further cont ribution to 
developi ng the principles and methods of 
ecofarming. It is an extension of the work 
which appeared in the Kotschi and Adelhelm 
(1984) report on Ecofarming. In fact , an 
abbreviated version of this report is the 
subject of the first two chapters of this 
book. 

The third chapter takes a closer look at 
the present state of indigenous agricultural 
knowledge and ecofarming practices. It goes 
on to discuss the possibility for collaboration 
in deve loping techniques for sustainable 

operating principles . 
The same treatment is given to grass 

conservation and grain and roOl harvesting 
equipmenl. There are a lso chapters on farm 
power (a very bas ic approach) and the 
farm workshop. This is perhaps a little 
disappointing in the restrictive way the 
s ubject is approached, giving little guidance 
to the requirements of a workshop set-up. 

The book can be recommended as a good 
first text on the subject of machinery types 
and operation. A good buy for users and 
students. 

MJH 

which complement the text ex tremely well. 
It is also accompanied by an exhausti ve lis t 
of references includ ing sources of grant aid 
as well as species for planting in and around 
t he pond margins. 

As already suggested, the book contains 
chapters on pond life, design and cons­
truction as well as a very interesting section 
on habitat creation. However, the chapters 
which really interested me were those on 
pond utilisation and management. Not only 
is it very practical in content but a lso far 
reaching in its concepts. 

MJH 

There is a chapter dealing wit h a range 
of preventative measures related to a range 
of pests . It should be pointed out that 
this is rather limited and is an area for 
improvement. 

The chapter on curati ve measures in 
contrast is excellent. . It presents a whole 
range of plants and mixtures, animal sub­
stances and ashes which can be prepared to 
produce substances toxic to pests. There are 
details on preparation, application and likely 
effects. This is a most fasci nating topic and 
shows a large range of possible a lternat ives 
1O often unavailable chemicals. 

The whole work is presented in a work­
manlike and easy-to-follow manner. I can 
thoroughly recommend thi s work to anyone 
interested in crop protection. 

MJH 

agriculture with various sc ientific research, 
training and technical bodies. In the follow­
ing chapter it goes on to develop ideas as to 
how the co-operation suggested in Chapter 3 
could be put into practice. 

This book wi ll appeal to a ll those with an 
interest in developing sustainable agriculture. 
It is well written in a very structural way 
with sufficient references and suggested 
background reading to give the enthus iast 
every chance to improve their knowledge. 

In world agr icultura l terms ecofarming is 
an extremely importam topic. A book 
which attempts to outline the problems of 
extending its use is to be welcomed as a 
must on library shelves. 

MJH 
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· . . SOIL 'MANAGEMENT 

Earthworms 
their influence on the soil 

"It may be doubted whether there are many other animals 
which have played so important a part in the history of the 
world as have these lowly organised creatures." 

So said Darwin, in his book "The Formation of Vegetable 
Mould by the Earthworm ... ", the result of 40 years of devoted 
study of this humble soil invertebrate. 

Worldwide scientific work has since confirmed Darwin's 
observations and has gone further in outlining how earthworms 
are undeniably linked to promoting soil health. 

On these following pages, three contributors now present 
different aspects of how earthworms influence the soil - and, 
also, how the soil condition influences the earthworms. 

A worm in time saves ••• 
T R E Thompson reviews the several 
roles performed by the earthworm in 
the maintenance and improvement of soil conditions. 

To the casunl observer soi ls are mixlUres of 
organic and mineral matter. It is easy {Q 

trcal them as chemical or physical media, 
allbeit complex in nature. This is, however, 
IOO simple a view fur no so il is complete 
without it s living components - its fauna 
and flora. Withollt them it wi ll not funct ion. 
Using an architcclUral analogy, a building 
can be described and defined in terms of 
br icks a nd mortar, its d itnensions and it s 
services, but, until people li ve or work in it, 
it does nOt fUll ction. No r is it ma intai ned in 
good working order. 

So it is with soil, for without it s myriad 
of organisms, up to 20 million in a single 
cubic metre, it s fert ility and structure would 
decline. 

Soi l fauna arc commonl y classified by size 
into micro·, meso·, and macrofauna. The 
earthworms are perhaps the most widely 
recognised of the macrofauna. 

Earthworms for soil permeability and 
fertilit y 
Most British earthworms belong to the 
family Lumbricidac. Some twenty species 
are commonly found in our soi ls where they 
li ve by burrowing within the soil and in­
gesting organic and organo-mineral material. 
This they partly digest and pass as wormcasts 
either within the sailor o n the surface 
depend ing on the species. The channels they 
c reate a re oftcn vert ical a nd contribute 
directly to soil drainage and aeration. 

Dick Thompson is Head oj Environmental 
Quality Division, Soil Survey and Land 
Research Cenlre, Silsoe. 

The valuc of earthworms in maintaining 
soil permeability and fertility was appreci­
ated by early fa rmers and naturali sts but 
it was Darwin who first described their 
activities in detai l in 188 1 in hi s classic work 
on vegetable mould and earthworms . His 
calculations of the volume of so il deposited 
a nnua ll y by surface cas ting wor ms on 
pasture, 18-40 IOnnes per hectare, equivalent 
to a layer 5 mm in depth, brought home the 
extent of their acti vities. If subterranean 
casting species arc included, the lOtal activity 
is far greater. 

Organic-rich soils - over 2 million 
worms per hectare 
Earthworms can constit ut e 50-75070 of the 
total weight o f animals in arable soils a nd o n 
this basis a lone assume a dominant influence 
on the life of such soi ls. 

The number o f worms varies with the soil 
and it s management. Over 7 million have 
bcen found in a single hectare of Welsh 
grassland so il. Arab le la nd with a long 
h iSlOry of o rganic manuring at Rothamsted 
carries so me 2.5 mi ll ion while similar land 
without organic manure has less than half 
that number. Numbers are also inOuenced 
by acidity and decrease rapidl y as the pH 
falls below 4.5. 

Worms pcrform several ro les in the main­
tenance and improvement of soil condit ions . 
They fragment a nd partly digest dead and 
living organic matter a nd introduce itlO the 
rcprocessing cycle o f the soil. They mix 
organic surface material deep into the soil 
prevcnting the bu ild up of an acid surface 
layer. Surface casting species in particular 
increase the pH of topsoil by secreting 
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calc ium carbona te into the casts which arc 
usually 0.5 unit s o f pH higher than the 
surrounding soil. 

Worms aerate soil by increasing the net­
work of coa rse pores throughout the surface 
layers a nd in the case of the deeper bur row­
ing species, t he subsoi l. Where surface 
cast ing species a re present in uncultivated 
fields, the top layers of the soil have great ly 
enhanced porosity and water-holding capa­
city because the proportions of both coarse 
and fine po rc space are increased. Worm 
casts arc more water sta ble than o rdi nary 
soil a nd they have a beneficial effect on 
s tructural stab ilit y. 

Influence of man - for and against 
During recent decades, several trends have 
developed in the use a nd management of 
land , some are beneficial to earthworms 
some not. Dra inage of water logged so ils, 
t he development of m inimu m o r zero tillage 
techniques, and the improvement o f acid 
hill la nds by lime and fert ili se r increase 
earthworm popula tions. 

On the other hand the separation of arable 
a nd stock-farming in some regions has 
i ncreased the proportions of farmland that 
recei ves no organic manure. This and the use 
of heavy mac hinery in cont inuous a rable 
rotations has decreased populations. 

.• , saves the game'! 
The inOuence of the earthworm extends 
beyond agric ultu re for they also affect the 
ba la nce of honour in that most British of 
past imes, cr icket. T he nuisance of surface 
casts o n fi rst class wickets led to the use 
of lumbricides at a number of grounds. 
Without the correcti ve inOuences of the 
wo rms, the heavy roller quickly led 10 a 
compact soi l a nd a dead wicket wit hout 
bounce. While tha t may have pleased the 
batt ing fraternity at home it hard ly helps the 
nation' s best as they leave fo r a drubbing in 
the West Indies. 
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Influence of cultivation system 
on earthworm populations 

H PAllen 

In the foregoing article, T R E Thompson 
descri bes the part played by ea rth worms in 
increasing soil permeabi lit y. 

Earl ier work carried out jointly by Let­
combe Laboratories and the Weed Research 
Organisation (WRO) at Begbroke from 
1969- 1978 has investigated the influence of 
ti llage systems on soil/plant relationships. 

The soils chosen for the WRO tria ls 
were: -

(a) free d raining sandy soil at Begbroke 
(spring bar ley), 

(b) ca lcareous clay at Buckland (Oxo n) 
(spring barley and winter wheal) , 

(e) silty loam over chalk at Compton 
(Berks) (spring barley and winte r 
wheat), 

a nd the three till age systems under com­
parison were: -

mouldboard plo ughing 
tine cult ivation 
direct drilling. 

Additionally Lelcombe started their own 
experiments in 1974 (scheduled for 10 years) 
in which they studied the longer term effects 
o f these th ree cultivation systems on soil 
condit ions and plant growth. 

Direct drilling s hows .highest soil 
density; lowest pore volume 
Broadly speaking, and not unexpectedly, 
soi l bu lk density (of all the soils unde r 
s tudy) was highest and total pore vo lume 
was lowest on the direct dri lled plots. H ow. 
ever, it was noted a lso that the continuit y o f 
the large r pores was clearl y grater on the 
direct d rilled plots than after ploughing 
because these pores were not destroyed by 
c ulti vat ion (Ellis ef 01. 1977; Do uglas, 
Goss, Hill , 1980/8 1). 

sufficient diameter to accommodate roots is 
a more import ant facto r" . 

Better ae ration possible in undisturbed 
soils 
Another assumption, often made, is that 
more restricted aerat ion would be expected 
in uncultivated so il than in ploughed soil 
because of the higher bulk density and fewer 
large pores. In fact it has been demonstrated 
by Barnes and Elli s ( 1979) that aeration may 
acwal/y be promoted ill undislUrbed soil 
because the continuous channels formed by 
cracking, old roots and earth worms have not 
been destroyed by deep culti vat ion. 

R T Dowde ll and hi s co lleagues at 
Letcombe carried out a stud y of oxygen 
concentrations fo llowing di rect drilling and 
ploughing systems o n th~ calcareous clay 
soil at Buckland (mentioned earlier), a soil 
of low hydraulic conductivity, during the 
three years 1973·5 . T he land was sown with 
winter wheat in each of the three years. 

Table I. Effects of cullivation on mean 
concentrations of oxygen - averaged results 
for the three months January·March in two 
winters, 1973-4. 1974-5 

Depth Oxygen concelllrOlion Leasl 
(cm) per cellf (vlv) sig diJJ 

Direct drilled Ploughed 

15 10.3 7.2 2.4 
30 8.4 5.7 !l.S. 

60 3.9 5.3 n.s . 

Source - Dowdell ef al., Lctcombe 1979. 
n.s . = not sign ificant 

Table I shows mean concenlration of 
oxygen levels at 15, 30 and 60 cm. It will 
be seen that at IS cm oxygen concentration 
was sign ificantly higher in the d irect drilled 
plots and tended to be highe r at 30 cm 
depth. These writers warn , however, that 
more work o n so ils of higher water and clay 

content is necessary before conclusions can 
be drawn. 

The work of Ellis and Barnes (1977) at 
Letcombe - Table 2 - illustrates the in· 
c rease in earthworm popUlation under direct 
dri lled on the Buckland soil. This is sup· 
porti ng evidence for the ex istence of a 
bette r system of continuous channe ls in 
uncult ivated so il. This improved channel 
system would explain the higher concent· 
ration of oxygen on the d irect drilled plots 
to IS cm depth. 

The histograms shown in Figs I and 2 also 
demonstrate the increase in the popula tion 
of Lumbricus terrestris under direct drilling 
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Fig I. Popu/Oliolls oj L. terrestris ill sevell 
direcl·drilled and seven ploughed fields in 
Sussex (Edwards CA 1983). 

Those writ ers and others po in ted out . 
howeve r, that restraints imposed on root 
growth by mechanical stress must not be 
assessed purely from measurement of these 
bulk properties of a soil. Table 2 Ea rthworm population in a clay so il (Evesham seri es) at Buckland , direct drilled 

Ellis and Barnes (1 981) made the point 
t hat , in the field , roots grow down the faces 
of soil blocks (peds) and through pores, 
ineluding the C011linuous cylindrical channels 
prodllced by the movement oj earlhworms. 
They argue that the st ructu ra l properti es of 
a so il "may nOI be a completely reliable 
indication of the abi li ty of plant roots to 
ramify through the soi l; the ex istence of a 
cont inuous system of pores or channels of 

Dr Harry Allen wasJormer/y UK Technical 
Manager wilh l e I Agrochemicais. He retired 
in 1978 and is now a COflSu/tafll. 
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or ploughed in successive yea rs 1973-6 

Crop alld year Date oj sampling 
oj experimellf 

Spring barley 

Year 1 1/ 10173 
2 t / 10/ 74 
3 201 10175 
4 20/ 11 176 

W inter wheal 

Year 4 26/ 11 176 

Sourcc - Ellis & Barncs. LClcombe, 1977 

Number oj earthwon1lSl mz 

Direct drilled Ploughed 
(DID) (P) 

145 11 0 
345 218 
23 1 98 
197 50 

t52 95 

Ratio 
DID 

p 

1.3 
1.6 
2.4 
3.9 

1.6 
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- SOIL MANAGEMENT 
regimes (C A Edwards, 1983). NOle that the 
di ffe rences in favour of direct d rilling were 
more clearly marked in the case of deep 
burrowing species. 

50 Deep-burrowing spp . • O.,ec! dt~led 

E 
" 30 
Z 
E , 
z 

10 

m Chisel ploughed o Deep ploughed 

Fig 2. Populations of earthworms in plots 
that had been direcf·drilled, chisel-ploughed 
or deep ploughed Jar eighl years (Edwards 
CA 1983). 

Direct drilling favours earthworms, 
favours root growlh 
To sum up:-

• I t has been demonstrated that even 
though undistu rbed soi ls have higher bul k 
densi ty and lower total pore volume than 
cult ivalcd soils, the channels left by decaying 
roots and by canhworms enable roots of 
crop plants to penetrate and ra mify . 

• Earthworm populations, especia ll y of 
deeper burrowing species like L lerrestris 
a re increased markedl y under direct drilli ng 
sys tems, and th us in turn produces a more 
contin uo us syslcm of large pores . 
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reclamation ecology - The Shielings, 
Bridge End, Great Bard/ield, Braintree, 
Bsex CM 74 TB 

Land reclamation 
earthworms and soil amelioration 

D G Hallows points out that earthworms till the 
soil naturally. Given a friendly environment they 
can help significantly in land reclamation and 
improvement. 

Before discussing the iml)Ortance of earthworms in land reclama tion it is worth recappi ng 
on what these creatures can ac hieve: 

• Earthworms burrow in the soil, at the surface and at depth, creat ing channe ls which 
improve aerat ion , drainage a nd root penetration. Soils wi th worms may dra in up to 
10 limes faster than soils without. 

• The activity of burrowing, and cast ing within the soi l profile, mai ntai ns a loose porous 
structure, increasing mo isture retention capacity and reducing compact ion. 

• Earthworms consume organic matter deposited on the surface a nd accumulating in 
the root layers. They distribute it in the surface and sub·soil horizons prevent ing 
'thatch like' or 'mall like ' bui ld ups. 

• Earthworms eat the soil and associated organic matter, mixing it together a nd 
depositing it as castings, which are more aggregated as soil panicles. Humus formation 
is accelerated, a nd overall texture, water stabil ity, and retent ion are improved. 

• At the same time, the physical and biological acti vity or the worm gut breaks down 
the so il organic matter and minera l fraclion, releasing plant nutrients (i ncreasi ng 
c hemica l excha nge capaci ty), in their castings and through thei r exc reta ry sys tems , 
thereby recycl ing nutr ient s locked up in decaying vegetat ion a nd soil minera l complexes . 

In ot her words, the worm has a n ability to till the soililatura ll y. 

\ 
, 
~ .>: i 

; 

Earthwormsjor waste site rehabilitation - at left, compost worm Eisen ia foetida; celltre, 
deep burrower Alloloborphora longa; at right, surjace·active Lum bricus rubellus 

We can therefore ask whether the worm 
has been used successfully in the past in 
panicular reclamation I soi l improvement 
situat ions. 

• Work has been pio nee red in New Zea· 
land by Stockdi ll ( 1982), who recognised 
that Europea n spec ies be longed to a more 
efficient advanced fam ily, the Lumbricids 
which were able to O UI compete the native 
Megascolecids. When intrOduced, past ure 
yields were increased by up to 72fl/o and 
generall y a n increase in the proportion of 
higher fenility plants, stich as ryegrass and 
clover, res ull ed in increased stock carrying 
capacity. 
• In Holland, r ipping up of the su rface 
g rass by g razing a nimals became a problem 

011 reclaimed soils conta ining no earth· 
worms. Subsequent earthworm introduction 
reduced this by encouraging rool penetration 
be low the soil profile surface , (Ejsackers 
1983). 
• Worms were stOcked into coal s trip 
m ine spoi l ba nks in Ohio by Vimmerstedt 
a nd Finney. Speci fically, LUlnbriClls lerrestris 
buried the eq ui valent of 5 tOns/ ha of leaf 
I iner in a 2 year period incorporating organic 
mailer into the mi neral soil and inc reasing 
the exchangea ble cations. 
• Studies were conducted by RushtOn 
(1986), on pasture land reclaimed from 
opencast coal mining in Nort humberla nd , 
where it was fou nd that management 
methods, ploughing and manure app lica· 
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t ions encouraged the re-establ ishment of 
surface dwelling species of worms, known [0 

be early colonisers. They had seemingly 
survived the process of overburden and 
topsoil removal before the commencement 
of mining, and its subsequent storage and 
respreading. However, the deep burrowing 
species Lumbriclis lerreslris, was generally 
absent, and it was concluded that man­
agement methods may have impeded its 
development . 
• Curry and Cotlon (1983), reported no 
earthworms in 100 year old acidic barren 
copper mine spoi l in Co. Wick low. but 
found small a reas which had been limed 
and sown with grass and clover four years 
previo usly lO contain low numbers. 
• Marneet (1985) deta iled an exper iment 
a t Park Lodge Farm, Harefield in the 
London Borough of Hi ll ingdon, LO intro­
duce earthworms to a Landfill site capped 
with clay, which presentcd severe limitations 
to agricultural usc. Results were encouraging 
on the 7 ha site. 
• At Stockley Park, Middlesex where an 
84 year old refuse tip is in the process of 
restoration to a gol f course and office park, 
despite thorough searching, a study found 
no worms on the sitc. 

Even if some species had survived topsoil 
and capping materi a l sLOrage, the intense 
physical soil working carri ed OUI in removal 
of unwanted rubble debris, from the capping 
material and the subsequent incorporation 
of sewage sludge, would have decimated any 
worm populations. 
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Fig I. Mea" population size of rhe earthworm 
Lum bricus rubellus in grassland which had 
been amended with metal-comaminated 
sewage sludge at fo ur rates (from Ma, 1988) 
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waste compost. Thesoil had 
been adjusted to variolls .1/" / . 
pH levels by the application . ....--.-----. 
of sulphur or lime D 
(Jrol1l Ma, 1988) '-' 

Five species of worms were tested on a trial 
basis to assess the ir suitability for larger 
scale stocking of the finished site. After 18 
months , four species had survived despite 
the in itial shortage of decaying vegetable 
maller, drought conditions in spring and 
t he presence o f sa lty sewage sludge con­
taining heavy metals. 

At the conclusion of the study the 
population was seen to be reproducing 
s uccessfu ll y under a rich vegela tion cover. 

Favourable soil environment necessary 
The absence of worms in recla imed derelict 
lands may not be entirely due to physical 
distu rbance a lone. Colonisat ion by soil 
fauna is often seriously hampered by the 
toxicity of the substrate. 

Ma (1988), fou nd in a rield study, Fig I , 
t hat populations of lumbriclls rubel/us, a 
surface dwelling species were affected by 
t he level of heavy metal concent rations 
present in the soil surface horizon of plots 
treated wi th contaminated sewage sludge. 
He a lso fou nd thal increasing the pH by 
liming, Fig 2, reduced the toxicity of the 
metals resulting in higher worm populat ions. 

Generally, reproduct ive success is corre­
lated to the levels of metal contaminants; 
the lower the reproductive rale, the lower 
the population density, until the levels of 
metals bring reproduction to a halt (Ma 
1988). 

Earthworms arc especially vulnerable to 
o smo tic stress caused by high sal inity . 

Temporary seawater nooding has been 
found to be direct ly toxic to earthworms 
( Piearce and Piearce 1979). Also sewage 
sludge amended soils were suspected of 
causing mortality LO ea rthworms at experi­
mental sites at Stockley Park, due to their 
rai sed salt levels. Pulverised fuel ash, when 
fresh , possesses raised salt levels and elect ro­
lytic conducti vity a nd may pose a temporary 
problem on some sites, though weathering, 
for 2-3 years was found by Hutnik and 
Davis (1973) to reduce sa linity to harmless 
levels. 

5.5 6.5 

Soil pH 

Most earthworms avoid salinities of 1.40/0 
total di ssolved salts, with 2.9% being lethal. 
I n areas of sufficient rainfall leaching 
gencra ll y rapidly reduces soil salinities to 
safe levels. 

Fly ash, Fig 3, weathcred wastes of as­
bestos rich serpentinitic rocks, chromate and 
bauxite refining wastes , when mixed with 
soi ls or dumped, can cause high pH levels 
which may be enough to be toxic to earth­
worms. 

Low acid pH can result from the weat her­
ing o f coal shales, the treatment of metal 
orcs by acids, sulphide oxidat ion in tailing 
ponds and iron pyri tes, rich wastes, etc. 
Earthworms generally do not occur in soils 
below pH 3.5 and can be classified func­
-l ionally with regard to substrate pH, 
Fig 4, (Satchell (955). 

Not o nly does ac id pH act alone as a 
fact or affecting worm populations but so 

,. ~-'--

~ It 

J 

" " 

, ... 10 •• 

"._," 

" " • 

Fig J. The efJect oj pulverised fly ash 
additions to soil substrate on survival and 
fecundity of the earthworm Lumbricus 
rubellus (/rom Ma and Eijsackers, 
"npublished data) 
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reproductive species e.g. Lumbricus mbelfus, 
Dendrobaena veneta and All%borpJiora 
c:a/igil1esa, can be introduced. 

After those species have become established, 
t he slowly reproducing deep burrowers, e.g. 
Lumbriclis lerrestris and All%bophrr./onga 
s hould follow , since during their evolut ion 
they have become ecologically adapted to 
condi tions of soil stabi lit y. 

Of course such an earthworm stocking 
policy represents an ideal situation where 
freshly recla imed sites arc being dealt with. 
A l older sites it would be most practicalLO 
stock both groups of earthworms at once . 

I ntroducing the worms 
Getting the worms into the soi l is not diffi­
cult : they can be distributed into fissures or 
.borings created in the surface and then 
readil y find their own level. 

Fig 4. ClassificlIliofl oj earthworms as a jllllclion oj tile pH oj liller, 
(After Satc"ell, 1955) 

Advice on quantities, times of application, 
etc is availab le and the worms themselves 
can also be obtained from specialist sources. 

Perhaps even Darwin would have been 
amazed! 

also does the increased release of active 
heavy metals in contaminated acidic soi ls, 
Fig 2. Apparently in this experiment acid 
pH and heavy metal levels were acting 
independently. 

Site treatment prior to earthworm 
introduction 
We can see that CJch sile will have its own 
restoration characteristics and problem s 
with rega rd 10 eanhworm rehabilitation. 
Whal is certain is that derelict so ils can nOi 
be restored back to health by the introduc­
tion of worms as the only method employed. 
Plants can recolonise such sites under SUil­

able soi l moisture and nutrient conditions 
but generally only very slowly. 

Management techniques. as li sted in the 
panel (Ma and Eijsackers 1989) - can be 
proposed to design an environment suitable 
for the build lip of normal soil densities of 
earthworms. 

The provision of organic matter as a food 
source , in the form of roots, so il sur face 
vegetation and associated decaying litter, 
as well as a suitable soil struct ure. free 
from excessive compaction, water logging 
etc is essential for successful earthworm 
colonisation. 

Ideally, after remova l of toxic factors 
from the site by drainage/ leaching, appli­
cations o f lime to soils contami nated with 
heavy metals. and the addition of acid or 
acid based peats (moss peat may have a pH 
as low as 3.5) to excessively alkaline areas, 
the addition of some form of organic matter 
should follow. 

Such materials - which must be frcc from 
non-degradable pollutants beyond toxic 
levels - arc certa inl y availab le nationally 
if not loca lly in the form of bark, leaves . 
sewage and dredging sludges, agricultural 
waste manures, etc. 

Agricultura l wastes sometimes are so 
abundant as to pose pollution and disposal 
problems, no t to mention the vast IOnnages 

of straw that have in the past been burnt 
away after harvest, which chopped up, could 
form a base of mulch type material. 

Where large amounts of raw organic 
matter arc needed, on bare mineral type 
sites, in order 10 build up some soil structure, 
the compost/ manure worm Eiselliajoetida 
can be introduced. These will faci li tate 
breakdown into a stable 'vermicompost' 
humus, ideal when soil incorporated to 
promote plant growth. However, this species 
is usefu l at this stage only, since it is fa r 
from being a [rue soil dweller. 

Bradshaw (1983) showed that subsequent 
seeding with legumes can provide beneficial 
inputs of nitrogen 10 the system , in addition 
10 that contained in sources of N rich organic 
matter e.g. sewage sludge/ poultry man ure. 

Once at least one season's vegetational 
cover has been established, the soil dwelling 
varieties of worms, availab le for rehabili · 
tation can be introduced. 

At first the surface active moderately 
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Proposed management scheme 
for rapid rehubilitation of waste sites with the aid of earthworms 

Site treatmelll step 

None 

2 

3 

Drainage, leaching, liming, etc. 

(a) Organic amendments (sludge, etc.) } 

(b) Introduction or com postworms 
- (e.g. Eisel/ia jetit/a) 

Site deve/opmellla/ stage 

Non-reclaimed tOxic site 

Site with reduced substrate tox ici ty 

Si te amended wit h stab ili sed 
organic matter 

4 (a) Seeding (incl. legumes) 

(b) Fertilisation } Revegetated site 

5 (a) Introduction of sur face-active 
spec ies of so il-dwelling eart h­
worms (e.g. Lumbricus rubel/us, 
Dendrobaena sp., etc.) 

(b) Introduction of endogenic and 
deep-burrowing species of soil­
d welling earthworms (e.g. 
L IIl11briCIlS terrestrisj 

Reclaimed site with 
stabilised ecosystem 
functioning 
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Tropical soils studied by Reading University 

Reading University soil scientists have issued preliminary reports on two aspects 
of their overseas work on tropical soils and the effects of forest clearance and 
cultivation. 

Needless loss of topsoil 
Accordi ng to Dr Steven Nortcl iffe, thousands of tonnes of topsoil are being 
needlessly eroded every year following rain forest cleara nce in Brazi l. The losses 
could easily be avoided, he says, if as little as 30"70 of the natural undergrowth 
was retained. 

After a IO-month study, the first that has attempted to measure such soil loss, 
Dr Nortcliffe's team has found that erosion can usually be stopped completely 
by re-planting or properly managing existing ground cover. Leaving the soils bare 
can increase erosion one hundred-fold. 

Alongside the erosion effects, the researchers have found that natural vegetat ion 
also acts as a valuable sponge to mop up tropical downpours - removal of the 
ground cover makes the lowland areas more prone to nooding. 

S hifting cultiva tion adds to greenhouse effect 
Besides this loss of soil and the other devastating effects of slash and burn 
farming and forest cleara nce the Reading soil scientists are also concerned that 
T hird World farmers are unwittingly releasing vast quantities of greenhouse gasses 
simply by putting tropical soils to the plough. 

Soils have more carbon than either the a tmosphere, plants, or animals and land 
under natural or grassland vegetation genera lly contains morc than soils which 
have been cultivated for some time. 

Up to 20% of the carbon dioxide responsible for the greenhouse effecl is 
released from soils when the vas t reserves of organic matter built up under natural 
tropical vegetat ion arc disturbed under cultivation. 

Most UK soils are in a state of equilibrium, with the cycling of carbon between 
t he atmosphere and the soil hardly contr ibuting to increased carbon d ioxide levels . 

"There is little that can be done to retain carbon in tropical soi ls once they are 
cultivated," says Dr David Jenkinson . "The only solution would be to stop 
bringing new land into production . This would create enormous social problems ." 

Dr Jenkinson and the Reading University researchers are continuing to refine 
a model tha t they hope will provide further evidence on the extent of greenhouse 
gas release from soils throughout the world. 

The Boomstar, a new type oj mobile clear 
wafer irrigafOr, iflfroduced by Baller UK Ltd 
(0 slipplemelIl their existing irrigator range. 

Wilh a 50 metre bOOlll , the Boomsrar, 
with Baller SRJ5 sprinklers, call irrigare a 
70-80 metre wide strip and call cover up to 

3.1 IIlI irrigation from aile position. 
Prices start at £/6.160. 

Further ill formation from Baller UK Ltd. 
Prudefllial Buildings. Nigh Street. Slough. 
Tel: 0753 691757. 

New gas diluter 
Providing fourteen dilulion ratios of carbon 
dioxide in 01/ air or nitrogen dilwelll. the 
CD 600 from ADC Limited has been specific­
ally designed for both field alld laboratory 
experimeflls in agronomy. biotechnology, 
elllomology or horticulture. 

The Analytical Developmenr CompallY 
Limited (A DC), Pindar /?oad. /-Iaddesdoll, 
I-Ier/s ENII OAQ. Tel: 0992469638. 

Perestroika has its drawbacks 
The breathtaking political changes occurring 
in Eastern Europe may not be all good news 
for EEC farmers, predicts an article in 
the mOSt recent 'Quarterly Review of 
Agriculture' published by Laurence Gould 
Consultants. 

Highlighting the facts that: 
• revitalised Eastern economics will have 

a strong demand for Western currencies; 
• fa rm produce is one of the more obvious 

currency earners; and 
& EC farm prosperity is dependent upon 

tariff barr iers which are increasingly 
unpopular, both in Brussels and around 
the world. 

Laurence Gou ld suggcst that the political 
momentum now lies with aid, trade and co­
operation with the Eastern Bloc and that the 
farming lobby is no longer the force it once 
was. The conclusion is that within three to 
five yea rs the Eastcrn Bloc will boost its 
food exports and reverse the now of imports 
at the expense of EC farmers. 

Laurence Gould Consultants Ltd are at 
Birmingham Road, Saltisford. Warwick s 
CV34 41T. Tel: 0926496121. 

Passive Solar Energy in buildings 
E lsevier Science Publishers Report No. 17 
on behalf of the Watt COlllmittee on Energy 
explores the use of solar energy in a range 
of com mercial , insti tutional and domestic 
buildings. 

O f the six sect ions in the report those 
relating 10 offices . educational and service 
bui ldings are most likely to be of interest to 
our members. although there is no direct 
reference 10 ag ri cultural engineering appli­
cations as such. 
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N itraseal 
- the solution to pollution 
Nitraseal from Flowcrcte Systems Ltd is a 
new product designed to assist farmers in 
t heir efforts to prevent pollution by nitrates. 

Aimed mainly for use in silage pits. 
Nit rasca l is a pitch epoxy resin based 
product which provides a high performance 
c hemical and water resistant coat ing , for lISC 

on concrete, renders, stollC, bricks and a lso 
b lock work. Ni lraseai can be easi ly app li ed 
by brush or roller. 

More information from Rowcrete Systel1ls 
Ltd, Radnor Park Industrial Estate, Back 
Lane, Congleton, Cheshire CW I2 4XS. 
Tel: 0260 270631. 

Research lagging 
on pest control 
alternatives 
Britain is lagging behind several ot her Euro­
pean countries ill research into alternative 
systems of pest control which could reduce 
the requirement for pesticides in arable 
crops, Dr Alastair Burn, the NFU 's pesti­
cides and plant health adviser , told a recen t 
Friends or the Earth conference at Liphook, 
Hampshire. 

He called for more resea rch to improvc 
the techniques avai lable and to demonstrate 

Write in wet, dirt or damp 

l 

A II 18 lIIodel range of very high quality, funv gal\'(lIIised Slurry Tallkers has beell lalillched 
by ChilllOli Agriculmral Equipment Ltd of Cal/llock, Swffs. 

Besides the comprehensive sWlldard specification, sOllie of the sophisticated opliolls are: 
hydraulically cOfllrolled (lillo-fill systems operated frolll Ihe tractor seal, palemed f lllly 
sleerable rear axle syslem, illlemal mixing of Slll l'lY, plus 111(111Y more. 

Prices range from £3,593 10 [9,985. 

\0 farmers and their advisers thai they orfer 
a viable long-term solution to the problem s 
of pest. wced a nd disease cont rol. 

" There is sti ll a lack of basic knowledge," 
said Dr Burn. "01' the interactions between 
crop, pes t, climate and natural encmics. 

There has been a failure to achieve an 
interdisciplinary approach; and the lack 
of data on the long-term economic and 
environmental benefit s or integrated pes t 
management has hindered the growth of 
resean:h and its application in this area." 

Pesticide Residues 
with AquaScribe weatherproof stationery The ENZYTEC Test kit 

A quaScribe h(ll'l? 
illirodliced all 
e.wellsive new product 
range, more fhall 
doubling (10 Ol'er 50) 
Ihe /lilmber of 
differellf i(ellls 
oJJered. 

Dewils from 
IIqu(lScribe, 
'Vestborough, 
Newark NG23 5NJ . 
Tel: 040081492. 

New look for Landscape Industries '90 
Landscape Industries '90. the international 
exhibition for everyone involved in the fa.~t 
growing professional landscaping and leisure 
industries, \Viii have a new look ror 1990. 

The evelll is organised by the Royal 
Agricultural Society of England and the 
Briti sh Association for Land sca ping 
Industries (BA LI ), in associat ion with Pi'. I S 
Landscaping Publications. It will be held at 
the National Agricultural Cent re, SlOnc­
leigh, Warwickshire 011 Wednesday 6th and 
Thursday 7th June 1990. 

Among the major new features at the 

event will be the Machinery Demonstration 
Ring, organi"ed by thc RASE and the 
National Turfgrass Council. 

Other exhibits bei ng planned includc an 
enlarged Land Use Resource Cent re bringing 
landowners and farmers wit h land available 
for dc\,dopmcllttogether with tho<;e who can 
help them Illake best use of it: Landscape 
T rain ing in Action. a feature organised by 
the Agricultural Training Board and BALI: 
thc BALI Pentathlon, a nd a range of olher 
technical and educational exhibi ts illmtrating 
principles, design, research and training. 
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For less than £9.00 per test. say Pa rk Tonks 
Ltd, insc..'Ct icides such as carbamates. organo­
phosphates and thiophosphales can be 
detected within 5 minutes. 

Th e ENZYTEC Sys tem, or iginally 
dcsigned by the Mid West Research Institut e 
USA for the US Army, uses an immobiliscd 
enzyme 10 collcct, concentrate and detcct 
insectil:ides in waler. air, soi l, produce. 
sur faces, solvents, spills, food and feed 
samples. The colour result shows whether 
insect icides are present down to pans per 
million or, when using a bioconcentrator, 
to parts per bi llion . 

The ENZYTEC Test is self-contained and 
can be used in the fie ld or laboratory by 
non-Ieehnical people. The detector is shaped 
in a polyethylene ticket bearing twO white 
fibre discs, and uses the enzyme cholines­
terase, and a colour-producing substra te. to 
produce a blue colour. If insecticides are 
present in the sample in sufficient amounts, 
I he enzyme is killed and no colour develops. 

The basic ENZYTEC kit contains a 
beaker. glass rod, rull instructions, IOlickets 
and 10 act ivator ampoules (for intensifi­
calion or the sample needed). The tickets 
arc suppl ied in 10, 25, 50 and 100 packs. 
The system is now available in the UK from: 
Park Tonks Limited. AbinglOn House. 
48 North Road. Great Abington, Cambridge 
C BI 6A5.. Tel: 0223 89 172 1. 
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New roof top fan unit 
brochure 
The London Fan Company LId, 75 / 81 
Stirling Road, London W3 80J, have issued 
a revised brochure dealing with the Breeza 
range of roof units. 

These provide for air volume movement 
between 0.23 and 4.61 mJ/sec. In addition 
to the standard S range of modcJs, a specia l 
version - V J I - is available for fume 
exhaust and dispersion. 

All unit s are constructed in glass fibre for 
durabilit y, and are ava ilab le with shutte rs. 

Centenary celebrations 
H Cooper & Sons (Bristol) Ltd 
Belated congratulations 10 H Cooper & Sons 
(Bristol) Ltd who have celebrated thei r 
company centenary last year. 

It was in 1889 that, following an appen· 
ticeship as a tin plale worker, the young 
Har ry Cooper purchased the tools of the 
trade and se t up in business in Bristol. 

Things went well, hi s family grew up and 
the company became H Cooper & Sons. 
Their main li ne was the production of 
milking pails, churns and other sheet metal 
dairy equipment. 

In 1933 a partnership was formed when 
R M Cooper, grandson of the founder, 
joined his father in the business. The com· 
pany gained a reputation for quality and 
workmanship in building and installing 
cheese va ts and moulds. Further success 
followed wit h new stainless steel pasteuris· 
at ion vats and this, in turn, led to the 
designing of complete dairy installations. 

Grain drying and storage equipment 
A new product range was introduced in 
1953 when the company started to manu· 
facture grass and grain drying machines in 
association with a patentee company. It 
was in that year, too, that the decision was 
taken for incorporation as a limited com· 
pany and before long the move was made to 
the purpose designed factory at Yate ncar 
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New longer reach flail cutter 
from Bomford 
Bamford. who export over 55% oj tlleir 
production oj flail cutters, has introduced a 
flew model aimed at all those users who need 
'~'lISl a bit more reac"", 

The new 8577 has a maximum sideways 
reach 0/5.7 m (18' 8") and a massive lOpping 
height of 6.3 III (20' 8'~. The llelV model is 
three paim linkage mounted and has the 
same overturning moment as the earlier 
4.6 m (/5' 3 ") reach machine it replaces. 

A speciallwQ axis safety breakaway system 
protects not only (lie cu((ing head but the 
whole arm by liffing the clilling head as if 
falls back. 

In sfandard trim the lIew 8577 has a retail 
price of ollly £5454.00. 

Bamford & Evershed LId, Evesham, 
Wares WRII 5SW. Tel: 0789 773383. 

Pipeline plan to rid the Australian Murray 
basin of salt 
A reporl in the Australian Adverliser, 21st June 1989 by Rex Jory highlights the 
co ntinuing problem of increasing salini ty in the valuable rural land area alon g 
the River Murray basin. 

A project is now being investigated 10 build a 2000 km pipeline 2 metres in 
diameter along the Murray basin. Linked to this pipeline every hectare of rura l 
land along the Murray would then have sub-surface drainage 10 collect the rising 
saline groundwater and feed it inlO the pipe for eventual discharge to the sea. 

Commenting on the salinit y problem, Mr Ron Blackmore, Deputy Chief 
Executive of the Murray Darling Basin Commission says that the groundwater 
system of the Murray basin holds up 10 6000 billion IOns of salt. Farmland 
irrigation causes the water table to rise bringing up the salt, creating salinisation 
of the land and a loss of productivity. 

Current measures to protect the land include drainage of saline water to 
evaporative ponds, improved farming management and the pumping of some 
saline water from the land into the Murray river. These measures are effective 
at this lime but they are not seen to present a long-term sustainable solution. 
"The long-lerm solution," said Mr Blackmore, "must incorporate a disposal 
mechanism other than the Murray river." 

The feasibility study now planned by the Murray Darling Basin Commission 
has been put out 10 tender and 28 firms have applied. I f the study is favourable 
and the project is given the go-ahead the eventual pipeline will be constructed 
by the Commission which is itself jointly funded by the Federal and State 
Governments involved . A construction cost of more than £500m has been 
estimated. 

Bristol - from which the company still 
manufacture and trade today. 

In 1970 the production of grain storage 
and handling equipment began in conjunc· 
t ion wi th Brice·Baker & Co Ltd, with their 
design of round corrugated agricultura l 
grain silos, The two companies have co· 
opera ted over the years and now offer the 
most comprehensive range of grain storage 
and grain drying equipment designed and 
made in the UK - for both the agricultural 
and industrial markets at home and abroad. 

Another important joint product line is 
the design and manufacture of water tanks. 
Present day, the tanks are used extensively 
in horticulture and in fish farming - borh 

at home and overseas. 
"The success of the company," says 

M r Colin Cooper, great grandson of the 
founder, "must be attributed in no small 
measure to the principal of 'Quality First'. 
Rigoro us inspection and quality control 
ensure that all products (eave Yate to the 
utmost standards of workmanship, design 
and perfection." 

This attention to quality, combined with 
the ab ility to recognise new opportunities 
and the boldness to develop new products 
and markets have brought Coopers to their 
centenary anniversary. We wish them con· 
tinued success and prosperity in the future. 
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SOIL ASSESSMENT 
BOOKLET 

A simple Bible for the assessment 
of different types of soi ls and their 

varying interactions with water. 
Second edition : revised by John 

Archer, AD AS Soil Scientist 
Sponsored by British Petroleum 

16pps A5 with durable gloss cover 

Make a note of the date! 

I nstitution of Agricultural 
Engineers 

Second International 
Conference 

2-5 Sept 1991 Robinson 
College, Cambridge 

Engineering the 
Rural Environment 

The wide spectrum of the subject 
theme will be covered by a series of 
parallel sessions each preceded by 

a keynote speaker. 
There will be back-up poster sessions 

and a choice of technical visits. 

TILLAGE-WHAT NOW AGRICULTURAL ENGINEERING 
AND WHAT NEXT? PERSPECTIVE 

Report of proceedings An Account of the first Fifty Years 01 the 

of one day Conference INSTITUTtON OF AGRtCULTURAL ENGtNEERS 

held February 1987 in celebration 01 its Golden Jubilee 
by J.A.C. Gibb, OBE, CEng, HonFIAgrE, 

Edited transcript Fellow ASAE 

of wri"en and verbal 
The story 01 the I AgrE is recounted lrom its lounda-
tion in 1938 to 1988. high lighting the contributions of 

presentations and discussion many members past and present, and relating the In-and to colour illustrations. 
Price £1.50 each (inc!. postage) 55 pages A4 with list of delegates stilution's growth to contemporary events in both agri-

Price: £6.00 each plus 70p postage 
culture and engineering. 

(reductions for bulk orders) 120 pages with 20 photographs and a-page index. 
Price £5.50 (incl. postage) 

Write: I AgrE Publications, West End Road, Silsoe, Bedford, MK45 4DU. 
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I nstitution of Agricultural Engineers 

1990 Annual Convention 
Wednesday 9th - Thursday 10th May 1990 - National Agricultural'Centre, Kenilworth 

Opportunities and developments in manufacturing 
Day 1 Wednesday 9th May 

10.30 Introduction 
J B Finney - President elect 
Chairman: G W Burgess, Managing Director, Kidd Farm Machinery Ltd. 

10.45 Economics of manufacturing - Presidential address 
OM Walker, Managing Director, John Deere Ltd. 

11.35 New products, new markets 
J Bradley, Corporate Marketing Director, J C B Ltd. 

12.10 Computer aided design 
Dr J F Brindley, Senior Lecturer, Dept of Mech Engineering and Production - Coventry Polytechnic. 

12.45 Closing remarks by the Chairman 

................................ 

14.10 Parallel sessions - Specialist Groups 
Soil and Water Management· Crop Drying and Storage' Vehicles' Electronics 

................................ 

Annual dinner and presentation of awards 
Principal guest: L J Weaver, C.Eng FlEE FIProdE FIMC CBIM FRSA 

President elect - The Institution of Production Engineers 

................................ 

Day 2 Thursday 10th May 

10.00 Parallel sessions - Specialist Groups and Young Engineers 
Forestry . Machinery Management . Young Engineers 

................................ 

14.05 Introduction 
Chairman: G W Burgess 

14.15 Computer aided engineering 
C Reed, Technical Director, Standen Engineering Ltd. 

14.50 Manufacturing in the Third World 
D H Sutton, Head, Overseas Division, AFRC Engineering 

15.25 Continuing education and training - short paper by Young Engineer 
M J Watchorn, Soil Machine Dynamics Ltd. 

15.40 The skills shortage 
B A Pamment, Managing Director, F W McConnel Ltd. 

16.15 Closing remarks by the Chairman 

Fees (inclusive of V AT) 
Standard rate: Whole conference: £97.00; Day 1 only: £60.00; Day 2 only: £41.00 
(Reductions for Members; retired Members; student parties) 
Apply: Convention 1990; I Agr E; West End Road, Silsoe, Bedford MK45 4DU. 


