
M ASTE WBROEK 
Eastern Limited 

Units 10112 Springwood Drive, Springwood Industrial Estate, Braintree, Essex CM7 7QX. Tel: (0376) 45663 



drainage equipment 
. 'I 

I MT TRANSTER gravel traller. A 10-tonne capacity, self-propelled, articulated gravel cart with 4 X 4 wheel drive. Driven by a Ford 7800 power unit 
producing 98 DIN hp at 2100 rpm. Sixteen forward and four reverse gears with lowlhigh gear change on-the-move. Differential lock and brakes on 
all four wheels. Hydrostatic steering with two double-acting rams. High or low conveyor discharge height and in-cab hydraulic control of all hopper 
discharae functions. I 

I 
For further information contact: 

M.T. AGRICULTURAL ENGINEERS 
Unit 5, industrial Estate, Chelmsford Road, Great Dunmow, Essex Telephone: Great Dunmow (0371) 4060 

Sales and service agents for Mastenbroek Eastern Drainage Machines I 
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BACKING THE SERVICE 
Brian P. Bayley's Christmas present to the farmers and businesses who use his 
draining contract service was a night out at Drayton Manor Park, near 
Tamworth, looking at the 'Structure of the 80's'. 

The structure under discussion had nothing to do with economics or 
business efficiency, but was a down-to-earth look at the soil. About 120 
farmers from Derbyshire, Leicestershire and Warwickshire accepted his 
invitation and not only had a good night out but actually learned something. 

Mr Bayley recognises the need for follow-up meetings of this nature to 
ensure that his customers get the best out of the drainage schemes he has 
installed. Judging from the responses of those who attended, it proved to be 
an excellent customer relations exercise. 

So often one hears of schemes that have failed following bad soil 
management by the tenant or landowner, surely such an approach should be 
encouraged. I t  doesn't take much to pick up the 'phone and ask local ADAS 
soil scientists, Land and Water Service staff or nearby college experts or  
drainage consultants to spare an evening to talk to farmers. It cannot have 
cost much either - the price of a pint, a plate of sandwiches and the hire of a 
room. One wonders why there aren't more meetings of this nature. The 
example set by Henry Oakland last year will take some beating. They 
organised some fifty local meetings which ranged from a handful of farmers 
chatting around the bar to a fully-fledged conference with numbers in the 
hundreds, one being chaired by Magnus Magnusson. 

More and more the responsibility for the tip top maintenance of a drainage 
scheme relies on the contractorifarmer relationship, and although ADAS 
does have local meetings and there are farmer-groups in the regions, the 
contractor should leap at an opportunity to help his clients. 

The SAWMA-organised Drainage Workshop arose in response to 
contractor and manufacturer comments. Every year, contractors have a 
chance to update their knowledge at this event. They would, I feel, do a lot of 
good by taking such an approach and applying it at the farmer level when they 
get home. Even if he can't secure more than one speaker for any meeting 
there are a range of films and videos which would add weight to an evening 
meeting. These include efforts from the Ministry, BCLDI and PLDMA, and 
from July, a SAWMA video entitled 'Understanding the Soil'. 

A11 credit then to Bryan Bayley who, with three teams operating full-steam 
and with a full order book, faced criticism from one farmer concerning 
draining in wet conditions. However his guests must have realised that his 
men are working to ensure good installation at all times, and with back-up 
meetings such as this, Mr Bayley certainly recognises that secondary 
treatments carried out by the farmer are often essential to maintain a scheme 

The next issue will be published in April. in good working order. 
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ACTION ON STRAW half the energy value of coal and about training, management and water con- 
one third of the energy value of oil. servation. 

RESEARCH scientists, users of straw, 
manufacturers and processors would be 
among a group of leaders in their own 
fields which he would be inviting to meet 
and discuss better coordination of efforts 
to find new uses for straw, said Lord Fer- 
rers, speaking at last November's ADAS- 
organised Straw Utilisation conference at 
Oxford. The subject, he thought, offered 
many opportunities for innovation, re- 
search and development, with large 
prizes for success. 

About 12m tonnes of straw were pro- 
duced annually in the UK, Lord Ferrers 
argued, of which roughly 5m tonnes were 
surplus to needs. It was remarkable that 
so much was burned in fields when the 
cost of heating homes was so high. 

"It strikes me as astonishing," he said, 
"that a farmer will pay hard cash for oil to 
heat his house while at the same ti~tie 
paying hard cash to his men to dispose of 
hundreds of thousands of BTUs into the 
atmosphere by burning straw within a few 
hundreds yards of his home." 

LAND RESTORATION 
CONFERENCE. 
8 FEBRUARY 
SPECIALISTS, advisers and farmers will 
gather at the NAC in February to discuss 
land restoration. Papers will be presented 
by speakers from a County Council, 
MAFF and Ready MIX Concrete as well 
as Mr D. Reynolds, a Northamptonshire 
farmer. 

WORLD WATER 
CONFERENCE 
LONDON'S Royal Festival Hall complex 
will be the venue for World Water '83 
International Water and Sanitation Con- 
ference and Exhibition from 12 to 15 
July. Enquiries have already been re- 
ceived, say the organisers, from intending 
visitors and delegates from more than 40 
countries. 

In addition to papers from inter- 
nationally recognised experts on subjects 
connected with ~rovision and main- 

For further information, contact The 
Conference Office, The Institute of Civil 
Engineers, 1-7 Great George Street. 
London SWlP 3AA. 

IRRIGATION AND 
DRAINAGE 
VOLUME I1 of Irrigation and Drainage 
in the World- A Global Review, has now 
been published by the International 
Commission on Irrigation and Drainage. 
Copies may be obtained by national com- 
mittees for the use of their members at 33 
US dollars per copy from the IClD Cen- 
tral Office, 48 Nyaya Marg, Chana- 
kayapuri, New Delhi 110 021, India. 

Based on reports from national com- 
mittees, this third edition contains up- 
dated and enlarged country reports. 
Headings under which the information is 
published include physiography, climate 
and rainfall, population and size of hold- 
ings, land resources, water resources, his- 
tory of irrigation and drainage, irrigation 
and drainage methods used, statistics, 
present developments, future plans and 

/ i n e w s  
HAPPY IOTH BIRTHDAY ENCORE FOR AUTUMN 
1983 MARKS SAWMA's 10th year since CuLmATIoNS DEMO 
its formation, and what better way to AFTER the successful Shropshire de- 
mark the occasion than by increasing the monstration in 1981, the RASE are 
number of issues of our Journal. The bringing their Autumn Cultivations event 
Association's Council took the decision to their John Eastwood farm at the NAC 
in September 1982 to hand over advertis- in 1983. The demonstration, jointly orga- 
ing, printing and production to a profes- nised with ADAS and in association with 
sional team. Alec Paris Magazines SAWMA, will feature tackle being put 
offered terms that made it clear that they through its paces on a variety of surfaces 
too were prepared to invest In the future - from chopped and spread straw to 
of the Journal and our Association. ready-prepared ploughed land. 

As always, your comments, sugges- SAWMA will be digging more holes 
tions and contributed articles are always and plans are laid for every deep loosener 
welcome. Please address items for edit* to make one pass through an area on the 
rial inclusion to Mike Saull at the SAW- headland so that visual comparisons can 
MA office, who continues as editor. be made. 

Following an upsurge in interest in 

SOILS WORKSHOP. straw incorporation equipment, a prac- 

2 AND 3 MARCH W83 
tical demonstration of how to deal with 
residues will also take place. 

FOR THE first time at the NAC, Stone- 
leigh, SAWMA and ADAS will combine WHEAT 783.15AND 
to organise a Soils Workshop for the far- 
mer. The two day event will include pap- 16 JUNE 1983 
em in the morning and field excursions to AT THIS RASE-organised event, SAW- 
the NAC's farm in the afternoon when MA will be co-ordinating soils informa- 
soils and structures will be examined. tion. Of interest to drainers will be a mol- 
More information is available from Mike ing demonstration showing channels pul- 
Saull on 0203 555100. led at different times of the year. 

As a fuel, he pointed out, straw with a tenance of safe driAking water and sanita- potentials, economics and financing. 
moisture content of 16 per cent had about tion in urban and rural environments, 
the same energy value as wood, about subjects covered will include finance, INTERNATIONAL CENTRE 

IT IS planned to set up an International 
Centre for Soil Conservation Information 
as an independent, non-profit-making, 
educational organisation based at the 
National College of Agricultural En- 
gineering, at Silsoe, Bedford. 

The activities of the Centre will be to: 
Collect and collate information on soil 

conservation, using bibliographic 
sources and a World network of 
correspondents. There will be a 
machine-readable data-base, as 
well as hard copy and micro 
storage. 

Disseminate information, through a regu- 
lar newsletter or bulletin, state-of- 
the-art reviews on particular soil 
conservation topics and subject 
bibliographies. 

The Centre will work closely with the 
NCAE in offering training facilities, re- 
search opportunities and consultancy ser- 
vices. Anyone intercsted is invited to 
write to: ICSCI, NCAE, Siloe, Bedford 
MK45 4DT. 

OCHRE IN DRAINS 
PROMISING results from field experi- 
ments to prevent or minimise deposition 
of ochre in field drains are reported by 
the Macaulay Institute. The material in- 
volved in ochre blockages has been iden- 
tified, a recent report from the Institute 
states, and further work is aimed at pin- 
pointing the reasons for blockages, pre- 
dicting areas at greatest risk and the de- 
velopment of prevention methods. 
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CONSULTANCY SERVICES 

DETAILS of development planning, 
feasibility studies, design and imple- 
mentation of new water schemes are 
among the contents of a new, illustrated 
brochure outlining the consultancy ser- 
vices in water engineering provided by 
the WS Atkins Group. The services pro- 
vided include planning, engineering, 
management and environmental consul- 
tancy. 

Water resources, supply, irrigation, 
waste water treatment and control of in- 
dustrial waste are among subjects on 
which the brochure outlines actions 
which may be taken. Copies are available 
from MS D.  Walford, WS Atkins Group, 
Woodcote Grove, Ashley Road, Epsom, 
Surrey KT18 5BW. 

BUSINESS BUILDS 
FOLLOWING a factory fire last June, 
Ryan Pipe Ltd have announced that they 
are fully operational in new premises at 
Bardsley Road, off Princewood Road, 
Earlstrees Industrial Estate, Corby, 
Northants NN17 2AR. 

In addition to their range of plastic 
land drainage pipes in 60mm to 400mm 
sizes, with fittings and connectors; con- 
crete and GRC headwalls, drain inlets 
and similar products, the company has re- 
cently taken on Bartol building pipes and 
fittings. 

Other recent additions to their product 
range include Quick-Fit Plasfit drainage 
junctions with swivel-action connecting 
pipes for variable inlet positioning, and 
PJS vermin grids, which are supplied in 
white plastic coated metal, designed for 
push-fit fixing. 

COMMANDO COST 
c m R s  
IMPROVED design wear shins for the 
shanks of Commando Shakaerator 
heavy-duty vibrating cultivators are intro- 
duced by F. W. McConnel Ltd for the 
1983 season. 

The strap-on, replaceable wear shin 
assembly first became available 12 
months ago when the three model Series 
2 Commando range was launched. 

Attached to the leading edge of each 
shank, the shins are designed to protect 
the Commando's vibrating legs in abra- 
sive or stony soils, reducing wear and 
damage and are claimed to produce signi- 
ficant cost savings during a season's 
work. Each wear shin can be bought for 
less than 25 per cent of the price of the 
shank it is designed to protect. 

McConnel have now made three im- 

provements to the design of the shin to 
give it even greater resistance to wear for 
extended working life and lower operat- 
ing costs. First, the 'V-shaped assembly 
of low alloy wear resistant steel is now 
heat-treated before final fabrication. This 
treatment increases the overall hardness 
of the shin by more than 50 per cent. 

Second, the weld material used to 
hard-face the leading edge of the shin has 
been uprated to a steel matrix weld con- 
taining hard carbide particles. 

Finally, the hard-facing weld deposit is 
now progressively increased in thickness 
down the leading edge of the wear shin. 
The result is a deposit three times thicker 
at the base, where most abrasion occurs, 
than at the top, which suffers the least 
wear. 

The price of each uprated wear shin 
assemblv for 450mm (18in) Commando 

structed of 3mm plate. All functions are 
hydraulically operated from the tractor 
seat, the power being supplied by an 
auxiliary hydraulic pump mounted on the 
front end of the engine crankshaft. 

A choice of Xft, loft or 12ft conveyors, 
driven by a 14hp hydraulic motor, is 
available for either high (4ft 6in) or low 
level (3ft 2in) discharge for trenchless or 
open trench drainers. Folding of the con- 
veyor bed is by means of two hydraulic 
rams, and gravel flow is also controlled 
by a hydraulically operated hopper gate. 

The turbo-charged Ford power unit de- 
velops IlOhp (SAE) with transmission to 
the front and rear axles through a syn- 
chronised gearbox. Sixteen forward and 
eight reverse speeds are standard, with 
instant increase or decrease within a 
range using Ford's Dual Power system. 

Power-onerated. wet disc brakes are 
~hakaeiator shanks is'£24.'00. Shins for used on ali four wheels. The driver's cab 
600mm (24in) shanks cost £28.00, has a flat floor and insulation riving noise 

F. W. '~cdonne l  Ltd is based at Terne- 
side Works, Ludlow, Shropshire, SY8 
1JI.. -~ - 

Uprated, strap-on shrn for the Commando 
Ieo 

A SELF-PROPELLED, four-wheel- 
drive, gravel trailer with a 10 tonne car- 
rying capacity is available from M.T. 
Agricultural Engineers, of Dunmow, 
Essex. 

The base vehicle, known as the Trans- 
ter, is made in France and consists of an 
articulated chassis fitted with a Ford 7710 
skid unit and rear axle at the front, and 
an identical axle fitted at the rear. Drive 
to the rear axle is taken from the ground 
speed pto of the power unit. 

Steering of the articulated chassis is by 
two double-acting hydraulic rams which 
give a turning circle of only 5.5m. The 
gravel hopper is the standard version 
used o n  M.T. towed trailers and is con- 

levels no greater than 80 dccibeis. Fil- 
tered ventilation, a comfort seat and 
radio are all standard. 

Price of the MT Transter gravel trailer 
is from £25,000 to f26,000 depending on 
specification. For more information, con- 
tact Mr N. F. Mascall, M.T. Agricultural 
Engineers, Unit 5, Industrial Estate, 
Chelmsford Rd, Dunmow, Essex, CM6 
1HD. 

ALL FOR DRAINAGE 
GRAVEL TRAILERS, fuel bowsers, 
drain cleaning and jetting equipment, 
inclinometers and laser levelling equip- 
ment are among the products now avail- 
able from Multiloader Ltd, a new com- 
pany managed by Mr Robin Disney, until 
recently sales director of Bruff Manufac- 
turing Co  Ltd and previously a director of 
Leran Trenching Equipment Ltd. The 
new company is based at 16 College 
Grove, Great Malvern, Worcs. 

One of the company's main aims is to 
manufacture and market equipment 
which has been designed by drainage con- 
tractors for their own use. In addition to 
its equipment, Multiloader also offers 
service back-up, and training and consul- 
tancy services. 

Starting with a basic 4 to 6 cu m model 
retailing at £2,200, the Multiloader gravel 
trailer range extends to 8 to 10 cu m units 
with driven axles and hieh flotation tvres ~, 
at £7,000. 

Intended to carrv fuel sunnlies for be- 
tween two and f&ur days" work with 
drainage equipment, the company's bow- 
ser has a capacity of 590 litres. Its two- 
wheeled trailer chassis is designed to be 
towed by a car or light van. 

Both single line and rotating laser 
levelling kits are available from Multi- 
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loader, which handles both new and 
secondhand equipment. Makes available 
are both Spectra-Physics and Scanlaser 
Ltd. Consultancy services for operating 
problems are offered, as well as equip- 
ment. 

Plans for the immediate future include 
production of a front-mounted rotary 
back-filling unit designed by a contractor 
for 'through-crop' drainage and capable, 
says Mr Disney, of working quickly on 
any site, in the widest possible range of 
conditions. 

DRLLLJNG DrnCT 
DISC, SUFFOLK or hoe-type coulters 
may be fitted on two new combine drills 
from A. C. Bamlett Ltd, of Station Road, 
Thirsk, Yorks Y07 1QA. Both of the 
new models, which have drilling widths of 
3m and 4m, are designed for use with 
metric tramlining systems. 

Either close or conventional row spac- 
ing can be provided with the CD3.0m and 
CD4.0m, as the new models are known. 
With close spacing, the 3m unit has 24 
rows at 125mm (6.5in), the 4m version 32 
rows. Conventional spacing is 167mm 
(6.5in), which gives the 3m drill 18 rows 
and the bigger model 24. 

In addition to the normal choice of 
three types of coulter for both new drills, 
the Bamlett Direct Till coulter, which 
may be used for seeding directly into 
stubble as well as for conventional drill- 
ing, is offered on the 167mm spacing 
models. 

For moving on the road, a new end- 
towing transport system has been de- 
veloped for the CD drills. A folding 
drawbar at one end of the drill and a pair 
of 10 X 12 flotation wheels at the other 
end provide a built-in system. The wheels 
are lowered when needed by a double- 
acting hydraulic ram. Wheels and draw- 
bar can all be removed quickly to reduce 

weight in soft drilling conditions. Separate operations are perfectly satis- 
Double acting hydraulic rams raise and factory in ideal conditions, says the com- 

lower the coulters, providing positive pany. But in poor conditions or when 
depth control. Sowing depth is set by ad- possible compaction from two passes 
justing collars on the main coulter lift needs to be avoided, the job is best car- 
rams. ried out in a single pass. 

Enter the Jones SubsoileriMole- 
DOUBLE ACT drainer. The implement carries two suh- 

soiler legs which can be adjusted for 
LINCOLNSHIRE engineers, F. A. and width along the frame. These are posi- 
J .  Jones and Son, have developed an im- tioned in front of the mole plough leg and 
~ Iemen t  designed to carry out subsoiling all can be set to a variety of depths to give 
and moledraining at the same time. The the optimum clearance in all types of soil 
idea is to produce the ideal sub-surface between the subsoil cracks and the mole 
conditionsfor good drainage and reduce 
the possibility of compaction from exces- 
sive wheelings. 

The company explains that the opera- 
tions are nornially done as separate jobs 
and great care is needed to ensure that 
they are at the correct depths. Too great 
a gap between subsoiling and the mole 
channel can produce insufficient cracks 
for adequate drainage. Too little clear- 
ance can cause damage to the mole, also 
impeding drainage. 

- ~ ~ ~. .~~~ ~ 

channel. 
A short run across the field and a quick 

dig with a spade or digger is suggested by 
the makers to show if the clearances have 
been correctly set. 

Power requirement is from 120hp. If 
moling is not required, the mole leg can 
be replaced by a third subsoiler shank, 
giving a 'V' formation and a claimed re- 
duction in draught for normal subsoiling 
work. Further details from the company 
at North Scarle, Lincoln, LN6 9HB. 

The Jones SubsoilerIMoledrainer is fitted wirh two subsoiling legs and one moling leg. 
AN are adjustable for working depth. 
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Contact our representatives for your requirements. 

TONY DUNNINGTON STEVE MAPPLETHORPE BAS VAN 
SPARE PARTS MANAGER TECHNICIAN NlEUWENHUYZEN 

Sherwood, Meadow View, SALES REPRESENTATIVE 
Aldford Road, Markham Moor. Meadow View. 
Mablethorpe. Retford. Notts. Markham Moor. 
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Move water down the pipe with 
effective trenchless schemes 
In this article, Bob Fry, a research worker at the National College of Agricultu- 
ral Engineering, examines the interrelating soil, machine and operating factors 
which contribute to the optimum installation and future effectiveness of drainage 
schemes laid by trenchless techniques. 
UNRESTRICTED WATER flow into suh- ance. In such cases, where a permeable effect on drainage efficiency when limited 
surface drains is an essential ingredient oP backfill is used to form s vertical connec- in width to twice the drain diameter. 
efficient land drainage. Any significant re- tion to the pipe, few difficulties occur. The upward loosening of soil will im- 
sistance to water flow in the pipe, in the The likelihood of reductions in drain- prove downward water flow to the drain 
hackfill, at the trench wall or in the soil age efficiency due to soil damage near the but has been found to reduce mole chan- 
profile may produce high water tables and pipe in groundwater situations and in sur- nel stability in the vicinity of the lateral 
reduce drainage efficiency. Care must he face or perched water cases where perme- drains. 
taken when installing suh-surface drains able fill is not used, depends on the soil Below-critical-depth disturbance, (see 
to minimise soil damage around the pipe disturhance generated by the trenchless Fig 2) ,  can be readily identified by the 
which may increase resistance to water drainage tine. tendency for a "slot" to form above the 
entry. pipe. This is caused by reduced upward 

With trenchless drainage methods, the Soil disturbance . X -  7 
6. > extent to which flow restrictions may The soil disturbance caused hv a -& i '.a 4'%, 

occur depends upon the type of drainage trenchless drainage tine depends upin its 
!, ,h# problem and the nature of the soil disturb- eeometrv, its oneratine denth and the soil 

ance caused by the drainage tine. 

Drainage problems 
Drainage problems in the UK can he 

broadly grouped into two categories. 
These are groundwater problems similar 
to those found in the lighter fen or marsh- 
land soils; and surface or perched water 
problems commonly encountered in 
heavy clay soils. 

In the control of groundwater prob- 
lems, water enters the drain mainly from 
beneath and alongside the pipe, hence 
soil conditions in these areas are very im- 
portant. In the control of perched or sur- 
face water, water enters the drain largely 
from ahove and soil conditions above the 
drain are therefore of greater import- 

Fie I Above-critirol-d~nth dbturhnnce 

- . . 
conditions at installation. For practical 
purposes it is convenient to describe the 
soil disturbance caused by the tines in 
terms of the critical depth. This depth is 
defined as that below which the sideways 
extent of soil loosening is severely res- 
tricted. 

Above-critical-depth disturbance, (see 
Fig l), produces extensive soil loosening 
and heave, with the lateral limits of 
loosening (failure planes) diverging 
rapidly from the tine tip. Soil within the 
failure planes is increased in permeability 
and there is no evidence of soil damage 
due to smear or compaction alongside the 
pipe. A narrow compaction hand occurs 
beneath the drain but electrical analogue 
studies have shown this to have minimal 

Fig 2 Below-crirical-depth disturbance 

movement and increased sideways move- 
ment of soil at depth. Where such "slot- 
ting" occurs, cavities may he formed 
above the pipe and in unstable soils proh- 
iems of piping and siltation could arise. 

In some soil conditions this type of soil 
disturbance can lead to considerable soil 
damage in the vicinity of the pipe. Local 
reductions in soil permeability may result 
from smearing, compaction or soil shear. 
These reductions in permeability have 
been shown in electrical analogue studies 
to he capable of causing unacceptably 
high water tables in some groundwater 
drainage situations. 

The effectiveness of trenchless drain- 
age installation is, in some cases, largely 
dependent upon the type of soil disturb- 

l l t  
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AQUA POPES LUD 
Darlingscott Rood 
Shipston-on-Stour 
Worwickshire Tel: 0608 61347 or 62649 

THE ONLY MANUFACTURER-SUPPLIER OF ALL NECESSARY SIZES IN ANY LENGTHS 
35-60-80- 110- 160-225-300 mm internaldiameters 

DRAINAGE 
DEMONSTRATION 

Mr S. D. Wyatt's Hampton on the Hill Farm, 
Claverdon, near Warwick 

(on B4095 between Henley in Arden and Warwick) 
on Friday, 28 January ALL DAY 

SEEING IS BELIEVING ALL WELCOME 

I FOLLOW DEMONSTRATION SIGNS TO SITE 

7 
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ance generated by the tine. The factors 
which influence the type of soil disturb- 
ance, and hence the nature and extent of 
possible problems, can be separated into 
those connected with the implement and 
those related to the soil conditions. 

I Implement factors 
The width of trenchless drainage tines 

has a sienificant influence on the tvne of " , . 
soil disturbance produced - the narrow- 
er the tine the nearer to the surface is the 
critical depth. Field observations of com- 
merciallv available trenchless machines 
have shown that the variations in tine tip 
rake angles used have much less influence 
than tine width in determining the type of 
soil disturbance. There is, however, a 
tendency for long curved tines, (eg type 
[c] Fig 3), to have slightly deeper critical 
depths than more steeply raking tines 
such as types (a) or (h), Fig 3. 

When operating above the critical 
depth, soil disturbance is unaffected by 
tine shape. When working below critical 
depth no differences in soil damage occur 
near the pipe depth. There are, however, 
some differences in surface disruption 

1 due to geometry variations of the upper 
sections of the tines. In general there is 

I little difference in the soil disturbance 
caused by commercially available drain- 
age tines of similar width. 

Interaction between the tracks of the 
drainage machine and the action of the 
tine has been found to influence the type 
of soil disturbance produced. Where the 
tracks interfere with the vreferred failure 
path of the soil and limit the lateral extent 
of surface loosenine. the width of loosen- 

Fig 3 Types of trenchless tine 

if the soil was allowed to fail to its full 
lateral extent, (see Fig 4). 

Machines with close hitched, long rak- 
ing, curved tines are more likely to ex- 
perience interaction between the tracks 
and the tine. When operating depths are 
less than approximately the distance he- 
tween the insides of the tracks inter- 
ference is less likely to occur. 

TiIe box widths are, in general, less 
than leading tine widths but in cases 
where the tile box is wider than the tine 
severe compaction and smearing could 
occur to a considerable vertical extent be- 
side the pipe. Tile box action can cause 
considerable smear and reworking of soil 
above the drain, sometimes reducing or 
completely smearing over soil cracks pro- 
duced by the drainage tine. 

Soil factors 
The influence of soil conditions on the 

soil disturbance caused by trenchless 
drainage tines is much greater than that 
due to differences in tine geometry. 

Soil moisture content and density, soil 
compressibility and the resistance at 
devth to upward soil movement have 

ing at depth is als~;educed and the crit- cohsiderable influence on the type of dis- 
ical depth occurs nearer the surface than turbance produced. In uniform soils the 

l Fig 4 Effect of tineitrack inferaclion 
I-------- 1.3. -1 

resistance to upward movement increases 
with depth causing a gradual change in 
disturbance from the ahove to the below 
critical-depth type. 

In soils with denser or stronger com- 
pacted surface layers, critical depths may 
be much shallower due to the increase in 
resistance to upward movement and a 
greater likelihood of sideways move- 
ment. 

Where soils are virtually incompress- 
ible at depth due to high density and the 
absence of air-filled pores, soil failure 
tends to be upwards to the surface caus- 
ing above-critical-depth disturbance. In 
dense, saturated, sandy loam soils, for 
example, critical depths may be deeper 
than 2m. Compressible soils of lower- 
densitv containine air-filled vores and 
cracks, however, are much more likely to 
have shallow critical deoths. 

In general, fewer problems occur in 
coarse dense soils and strong well-stmc- 
tured clayey soils than in weakly struc- 
tured, fine textured, low density soils. 
The shallowest critlcal depths are found 
in weakly structured clayey and silly clay 
soils of low bulk density and very high de- 
gree of saturation. 

Extensive field observations on more 
than fotty sites combined with detailed 
laboratory studies have highlighted three 
sod conditions which are most likely to 
give rise to problems when using trench- 
less machines to affect drainage for 
eroundwater control. 

These are: 
Unsa tu ra ted .  readilv comoressible 

soils susceptible to kxtenslve corn- 
paction. 

@High moisture content, high den- 
sity clayey soils resistant to com- 
pactation but prone to smearing. 

@High moisture content, low shear 
strength soils containing discrete 
macro-pores, resistant to compac- 
tion but susceptible to micro-pore 
collapse due to shearing. 

Practical significance 
In perched or surface water cases, soil 

conditions beneath and beside the drain 
are of little consquence since water enters 
the drain from above. When permeable 
fill is used above the drain, problems of 
water flow to the drain are unlikely. 

Where fill is not used, situations can 
arise where the soil closes up, or "seals 

12C - - -- - - 
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up" after thc passage of the tine, prevent- 
ing water flow from the upper layers to 
the drain. In such cases it is important to 
generate and maintain a high degree of 
loosening and cracking above the drain to 
improve the flow of water. In mole-cum- 
tile schemes where above critical-depth 
type of disturbance occurs the extensive 
loosening can significantly reduce mole 
channel stability in the loosened zone. 

In groundwater control drainage, very 
few problems occur when working above 
the critical depth. With deeper working 
tines, however, considerable soil damage 
can occur in the vicinity of the pipe result- 
ing in greatly reduced permeability, high 
water tables and low drainage efficiency 
in some soil conditions. With the excep- 
tion of high moisture content, high den- 
sity smearing clayey soils, the most 
vulnerable soil conditions outlined a b v e  
are not widely encountered in the UK 
but where they are great care is neces- 
sary. 

Minimising problems 
When controlling surface or perched 

water, few problems are likely unless 
permeable fill is absent. In such cases, 
where the soil may "seal up" after the 
passage of the tine, more permeable soil 
from the surface or other layer(s) in the 
profile should he placed above the pipe to 
improve the connection. 

Maximum soil loosening to improve 

water tlow to the drain can best be 
achieved by working above the critical 
depth with a wide tine. 

Where mole drains are to be installed 
above lateral drains installed hy trench- 
less methods, the loosened soil associated 
with above critical-depth disturbance 
should be firmed immediately after the 
installation of the lateral drain, to im- 
prove the stability of the mole channels. 

In groundwater situations it is desirable 
to work above the critical depth when- 
ever possible to minimise any soil damage 
in the region of the drain. In soil condi- 
tions where problems are likely, inspec- 
tion holes should be dug to establish 
whether or not the drain depth is below 
the critical depth of the tine. This is 
usually indicated by the presence or 
otherwise of a "slot" similar to that 
shown in Figure 2. 

It may be possible in many cases to 
shift the critical depth to below drain 
depth by the use of wider tips to the tines 
or by pre-loosening the upper soil layers 
to reduce the resistance to upward move- 
ment. When using wider tines care must 
be taken to ensure that drain depth is 
above the critical depth otherwise even 
greater compaction is likely from the 
wider tine. 

Pre-Loosening can be achieved either 
by pre-ripping using the drainage tine at 
two thirds the final depth in a separate 
operation or  using shallower leading tines 
in the same pass. The use of shallower 
tines has operational and cost advantages 

uwr the technique of pre-ripping with :he 
drainage tine itself. 

In some cases it may be possible to 
time the drainage operation to coincide 
with drier subsoil conditions when critical 
depths are greater. 

When it is neither practical nor poss- 
ible to work above the critical depth it 
may be possible to remove thin layers of 
compaction or smear beside the pipe in 
the same pass as pipe laying. Simple cut- 
ters attached to the rear of the tile box 
have been successfully used to restore 
permeability in cases where the soil dam- 
age did not extend more than 50-75mm 
from the pipe. 

A fundamental understanding of soil 
failure processes and soil disturbance 
caused by trenchless drainage machines 
combined with a sound knowledge of the 
drainage requirements should make it 
possible to "tailor" the implement or the 
technique to give the best results in most 
soil conditions. A single power unit on 
which could he mounted any one of 
several purpose-designed tines may be a 
future solution. 

Contractors working solely on mole- 
cum-tile schemes may develop tines 
which cause minimum loosening even at 
shallow operating depths. By contrast, in 
layered soils in the absence of permeable 
fill and with surface water drainage 
requirements a wide tine creating max- 
imum soil loosening and upward re- 
arrangement may be preferred. 

manufacturer. 
Lamflex is strong, easy to handle and very efficient. 

Memaro(fhe Piartrbnd Drasna~e ManulacturerrArUr8sfmn 

12 Sod and Water Volume 11, No 1 January 1983 



Trenchless drainage - past, 
present and future 
Mike Saull reports on the inaugural meeting of the 
Agricultural Engineers' Field Engineering group which 
Silsoe in the autumn. 
A LARGE AND varied audience the adviser with subjects ranging from 
attended the first of what must eventually past and future trends in trenchless drain- 
become a thriving group within the In- age to costings and from problem soils to 
stitution of Agricultural Engineers. Not the importance of blade design. 
only were the academics present, but 
more important, contractors and farmers, Statistics 
some who had travelled over 200 miles to chris stansfield considered trenchless 
be Present. Let us hope lhat drainage as "just another method of put- 
have taken the concept hack home and 

ting drainage pipes into the 
will be able to apply i t  as as the Ministry figures showed that in 1971-72 
South-East Midlands branch. only 4 per cent of all drainage carried out 

Opening the meeting, Chairman Brian used trenchless machines, while the 
Trafford, assistant director of the LAWS corresponding figures in 1979.80 were 11 
arm of ADAS, thought that agricultural per cent. This year it is expected that 
engineers should diversify to perform a some 13 to 14,000 hectares will be 
similar function to their counterparts drained by this method. stansfield 
overseas, where soil conservation is of thought that one of the main advantages 
primary importance. Doug Castle, group of trenchless machines was that no un- 
co-ordinator, had long been campaigning weathered subsoil was brought to the sur- 
for the establishment of the group. Its face, while from the contractors' point of 
role, he said, would include field drain- view, trenchless machines were less liable 
age, soil conservation, irrigation and the to wear tear than trenchers working 
supply of water to the field, machinery1 on stony soils (or opencast mined land). 
soil interactions and the supply of potable 
water. Surveys also reveal that through-the- 

 he group, he went on, would comple- "'JP Work by a trencher will give a 10 Per 
existing organisations such as cent loss of yield whereas trenchless 

SAWMA, who thrive on practical contact Only give percent. Overall, 
with the farmer and organise confer. trenchless drainage should be 20 per cent 
ences, courses and workshops with a cheaper than trenchers, and the biggest 

practical theme, The ~ ~ ~ i ~ ~ ~ ~ i ~ ~  single factor in convincing the farmer that 
group, on the other hand, will the system is best to use is the way a con- 
together all those with a technical hack- 

tractor approaches the sub~ect. 

ground. There were, however, limitations and 
The meeting consisted of papers from Mr Stansfield pointed out that blow-outs 

the contractor, the research worker and were a considerable problem when using 

The statistics showing how drainage has been installed in Britain. 

I I 

Continuous ( 
Trenchless 

Hand 

l 3 200 ha. drained by 10 000 ha. drained by 
T r e n e h l e s ~  Method Trenchless Method I 

l MAFF, ADAS Crown Copydght. 

Institution of 
took place at 

trenchless machines where fields had an- 
old, existing scheme. 

Plastic reliability 
The contractor's view was expressed 

by Bernard Rose from Suffolk who 
appeared able to express every positive 
and negative aspect of trenchless work in 
terms of profit. Mr Rose pointed out that 
three years ago he was committed totally 
to installing clay tiles; now he puts in 90 
per cent plastic. Plastic pipes, he consid- 
ers, are now sufficiently reliable that he 
does not need to constantly examine 
them for breakages, and this has greatly 
enhanced his trenchless operation. 

Teamwork 
Mr Rose concludes that each of his five 

man teams works only 150 effective days 
each year. Their equipment includes: one 
160 hp Interdrain trenchless machine, 
two excavators, two stone carts, and they 
are handling 3000 metre of pipe (two 
Aqua-Pipe Superkoils) and 400 tons 
gravel every day. 

His annual operating costs are £50,000 
for labour, £180,000 for machinery and 
£150,000 for running the business and 
overheads. This gives a total £380,000 
annual expenditure per team. 

Mr Rose estimates, on these figures, 
that each team costs £2533 a day, based 
on 150 working days in a year. Materials 

15) 

The percentage, region by region, of nor- 
mal underdrainage schemes laid by the 
trenchless method. l 

l 
MAFF Regions 

York* li 5 

MAFF, ADAS Crown Copyright. 
2 
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Scottish Work 
Drainage in Scotland, Ran Spiers from 

the East of Scotland College of Agricul- 
ture pointed out, is very different. The 
majority of drainage carried out is upland 
work and in total only 7 to 8,000 hectares 
are drained each year or about 10 per 
cent of the area drained in England and 
Wales. Drainage uptake, he pointed out, 
is very dependent on the state of the live- 
stock industry, and even though a 70 per 
cent grant is available to farmers in years 
when livestock enterprises do not pay, 
little work is carried out. 

Mr Spiers considers that, no matter 
what scientific factors indicate, tradition 
and the contractor dominate scheme de- 
sign. The majority of schemes are less 
than 5 hectares in size, and usually very 
closely spaced, 8 to 11 metres spacing 
being most common in the south of Scot- 
land. Permeable fill was hardly used be- 
fore 1970, except in the Northern Isles, 
but now 43 of all schemes incorporate 
such material. 

Contractors have only ten days out of 
365 when certain soils are fit to work, un- 
like the 150 days south of the border. 

So is trenchless popular in Scotland? 
Apparently not, and the reasons are ob- 
vious. Firstly, most hill land drainage 
poses topographical constraints to this 
type of machinery. Secondly, the struc- 
ture of contractor businesses, with the 

come to £80,000 a year for plastic pipe, 
£180,000 a year for gravel and £10,000 a 
year for fuel. The total spent, therefore, 
on materials is £270,000, or £1800 for 
each working day. 

Mr Rose concludes that his earning 
capacity per team is equivalent to 3,000 
metres of pipe laid every day - which 
charged at f1.50 per metre will bring him 
£675,000 total income each year with 
each team earning f4,500 every day. Us- 
ing these figures, Mr Rose considers if he 
were able to work an extra ten days every 
year then he could earn £25,000 more 
each year - and this is a temptation he 
finds difficult to refuse, no matter if soil 
conditions may be far from perfect. 

I Scheme size 

60 60 

50 C ~ n t l n u o ~ ~  Trencher 50 

Trenchless (Winched) 
3 
O. 40 m Trenchless (Crawler) 40 
- 
c 

2 30 30 
0 
0 - 

20 20 
Y 

10 10 

0 o 
< 2ha 2-4ha 4-8ha B-16ha 

I I 
The machines used and the size of the scheme. MAFF, ADAS Crown copyright. 

area where it is quite feasible. important contractor technique. It is a 
Another possible reason is that, in the shame that as always the action of a few 

West of Scotland. eravel backfill is rarely can set back a technique or product such 
used. In those soils, trenchless drains can 
close up quickly without gravel. In such 
instances, it was the scheme that was at 
fault and not the machine. 

There does appear a long way to go be- 
fore we get away from the 96 per cent of 
all Scottish drainage being carried out 
using the backacter. 

In conclusion, it appears that trench- 
less drainaxe will become an increasingly 

a long way. 
One cannot blame the farmer for his 

preferences, and meetings such as the 
one at Silsoe must surely help break the 
myth of the 'cloistered' researcher. This 
new group deserves every success. If they 
get it, then the agricultural engineer will 
not only be known as the one who bends 
iron but also one who does so to the hest 
advantage of soils and drainage. 

majority being farmer, son and back- 
acter, prohibits the use of such machin- 
ery. Thirdly, many Scottish soils have 
been drained before and blowouts are a 
major problem with trenchless-installed 
schemes. 

However, Scottish soils are usually 
very stony and boulder clay-derived and 
surely the larger contractors would use 
the technique? The answer to this is thal 
in 1977-78, particularly in the south 
where trenchless drainage is possible, 
very bad results have been reported. 
Thnc Mr Soiers considers that if trench- 
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MEC-MAC (mechanical machinery) LTD., 
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less had been properly explained and 
monitored initially their teething prob- 
lems would not have been so dramatic, 

Prices - check now with MEC-MAC LTD. (0733) 
virtually excluding trenchleas from an 
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MULTI-LOADER LTD. 
FULL RANGE OF ANCILLARY EQUIPMENT 

GRAVEL TRAILERS 
A wide range of trailers is available, 
from a 
-Basic Model 4-6 cu metres with a 

dead axle. 
-Basic Model 5-7 cu metres with a 

dead axle. 
"Land Drive" available 

-De Luxe (Jones Bros) Model, 6 
cu metres with hydraulic controls 
to all services, wide range of tyre 
sizes, and optional Ground-Drive 
to Rear Axle. 

-De Luxe (Jones Bros) 9-10 cu 
metres model, with all hydraulic 
services, Ground-Drive Rear 
Axle option, and wide variety of 
tyre sizes. 

ROTARY BACKFILLER For mounting on the front of a tractor, hydraulically driven, from 
PTO mounted pump and tank, Hydraulic lift and lower, depth con- 
trol by depth wheel. Backfill "through the Crop" with no damage. 
Speeds up backfilling on any site in any conditions. ONE PASS 
ONLY. 

FUEL BOWSER 130 Gallon Fibreglass Tank mounted on 
a Car Trailer. Suitable for carrying Diesel, with room for tools and 
oil. Anti-splash baffles for stability. Electric or hand pump, full 
lighting set, road springs etc, ready for use. 

LASERS We offer a wide range of new and used Single- 
Line Lasers from £ 1800 (used) to E2600 new. This is all most 
Drainage Contractors need for use with Digger-Trencher or 
Trenchless machine. 
ROTATING LASERS - new and used (when available) can 
range in price from E6500 to E 12000. Make sure you buy the one 
that is right for you. 

DRAIN CLEANING AND JETTING Tractor or en- 
gine-powered units giving BgaNmin at 1500psi, capable of clear- 
ing up to 600ft at a time and with a wide variety of heads. 

FOR "BEST IN THE FIELD" EQUIPMENT 
TO ARRANGE A DEMONSTRATION OR "ON SITE" VISIT CONTACT:- 

ROBIN DISNEY TEL - 06845-2651 DAY OR EVE 
16 COLLEGE GROVE - 

MALVERN, WORCS 
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Baby aims to set 
new standards 

Mastenbroek Eastern. high standards, reliability and value-for- 
One of the first drainers to he sold by money associated with the name of the 

the company will be the all-new 10115 maker. 
trencher, which is aiming to set new stan- The 10115 is the smallest machine in the 
dards in the 120hp drainage machine Mastenbroek range and is said to fulfil1 
class, hacked up by the acknowledged all the needs of contractors looking for a 

A gravel-filled mole 
APART FROM THE mole plough, sub- 
soiler and ditch equipment manufactur- 
ers, the only real 'drainer' at December's 
Royal Smithfield Show was to be found 
on P. F. Doggett Engineering's stand. 

Managing Director, Peter Doggett, ex- 
pressed optimism over sales of the com- 
pany's gravel-filled mole drainage 
plough. This was shown for the first time 
at last year's Fanners Weekly Drainage 
Event and the implement's progress is 
currently being monitored by ADAS 
Land and Water Service scientists at the 
Woodhall Spa site. 

Although Mr Doggett was unable to 
comment on the first of four year's trials, 
he predicted that it would gain accept- 
ance in Britain, particularly north of the 
border where a number of contractors 
had shown great interest. 

The Doggett gravel mole drain was de- 
veloped for slow draining soils where the 
mole channel closes in a very short time. 
This closure can be caused by collapse or 
creep flow, especially in soils with high 
fine sand or silt content. 

Mr John Mulqueen of the Irish Agri- 
cultural Institute has carried out tests on 
the gravel mole in very sandy soils where 
collapse is common. It was as a result of 

his work that the gravel mole plough was 
designed and built by Doggett. He 
emphasised that, when gravel moling, the 
soil should he dry and the soil slab over- 
lying the crest of the drain be permeable. 
If the slab is tight, it must be loosened 
before drainage starts. 

Gravel tunnels are normally laid at 
1.22111 (4ft) centres. With control over the 
flow of gravel from the hopper, Doggett 
estimate that about one tonne of material 
will be consumed over a distance of 122m 
(136yds). On this basis, one hectare of 
moling will need 27 tonnes of gravel. 

In certain schemes it may be necessary 
to let the gravel or fine stone fill up the 
slit above the base material in the mole 
tunnel itself. Here, more gravel will 
obviously be used. 

Doggett admit that their main obstacle 
is the acceptance of the technique by far- 
mers. However, a recent ADAS directive 
may help here, stating that gravel-filled 
mole channels are eligible for grant aid, 
being work of a capital nature. The only 
provision, apart from a satisfactory in- 
stallation, is that the mole channels be 
connected to an underlying pipe system. 
The pipe lines should not be more than 
40m apart and the mole channels spaced 
at 2m to 3m intervals. 

compact unit with high output. With an 
overall length of just more than 26ft 
(Sm), the trencher's ability to get in and 
out of tight corners is self evident. And 
transport from site to site creates no diffi- 
culties either. 

Mastenbroek say the 10115 will also 
prove ideal for the contractor who has 
larger drainage machines, slotting into 
the 2nd machine position to give him the 
equipment to tackle any job offered. 

The 10115 follows Mastenhroek's 
established policy of building and selling 
drainage units without "hidden extras". 
Customers will find that the newcomer 
has virtually all their requirements fitted 
as standard, and included in the basic 
price. The only options available are a 
laser, the AID system and a cab heater. 

To quote Mastenbroek director, Lindy 
McCracken: "The 10115 offers everything 
that a larger machine has - except the 
price." 

Standard specification of the 10115 tren- 
cher 

Overall wei~ht-  9 tonnes 
Engine:Ford 117hp high lorque 
Gearbox: Turner5 speed 
Independent hydrosfatic drive with 
oscillating lracks 
Pivot back-end 
Independent cab 
Adjustable pipebox 10 lay up to 6in 
tiles; extra narrow pipebox 10 lay 601 
80mm plastic pipe 
Hydraulically-operaled gravel hopper 
Ground clearance - 23in; minimum 
grading deplh - 9in; maximum 
digging depth - 6fl Sin; mar trench 
width - 18in; overall machine length 
- 26fl3in. 
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FOR - W E I  RRJABKITY & SERVICEI 
CONTRACTOR JOHN SELFE OF QUIDNRM RECOMMENDS 
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Do-it-yourself drainage 
- 

Over the past couple of years there has heen a marked increase in the 
production of tractor mounted drainers, ranging from trenchless and 
trencher to slit construction types, that farmers can use themselves. 
There is no doubt that they are causing a lot of interest among contrac- 
tors and farmers. This article by Mike Saull combines comments from 
manufacturers of these machines and assesses the DIY approach. 

FARMERS wishing to drain land and sive and he wanted drainage done when it 
claim grant have until recently had to best suited him and the weather. 
seek prior approval. Now, however, The Daisy D Drainer fits on to the trac- 
there is no longer a need for prior tor's three-point linkage and lays plastic 
approval for a scheme to be eligible for pipe with or without gravel backfill. It 
payment. The farmer can take the initia- opens up a slot, feeds in the pipe and lays 
tive, go ahead and drain, applying for up to 2ft depth of gravel. Surface soil dis- 
grant after completion. The question turbance is minimal as the slot folds 
many are considering is should I do it my- together behind. 
self, or get in the contractor? 

There has always been the ~ rob lem Deeper 
that farmers would prefer drainage work Power needed for the machine is de- 
to be carried out by the contractor at a pendent on soil type and condition, but 
time which best suits himself and his Mr Gilchrist recommends that in the 
crops, but this is obviously not always heaviest soils, a couple of runs are carried 
possible. By purchasing his own equip- out working progressively deeper before 
ment, he can get on and do the drainage pipe and gravel are incorporated. Two 
himself. Savings can undoubtedly be models are available; the Daisy D Stan- 
made in this way, but the farmer should dard, which can take a hole at 2ft 6in (2ft 
be warned that schemes have to be of a cover) and the Daisy D Super, which can 
certain standard if they are to get grant take the hole at 3ft 6in (3ft cover). The 
aid. hopper capacity is about 10 cwt, and it 

Although the manufacturer or dealer can be filled by a continuous feeder. 
may claim that grant aid is available for An additional feature of the Daisy D is 
work carried out by using his machine, that it can be used as a slurry injector, 
this is technically incorrect. Grant aid is working across gradients. The pipe from 
given for a scheme, not for the work of a the tanker is discharged direct into the 
certain machine. Schemes have either to gravel hopper; application rate is ad- 
be of a capital nature, or an investment justed by a shutter on the machine. 
which is going to be durable or have a life Mr Gilchrist quotes that material costs 
expectancy of 10 years. Thus unless great for laying 60mm pipe with gravel are 
care is taken, the purchase of a tractor about 42p per metre in the Perthshire 
mounted drainer may be a false eco- area, where the machine is built. 
nomy. The AFT tractor-mounted trencher 

One machine not previously reported (see Vol 1011 Soil and Water) fits on to 
in Soil and Water is the Daisy D Drainer, the three point linkage of any standard 
named after the wife of its designer, Jim tractor in the 45 to 70hp range and uses 
Gilchrist. Mr Gilchrist started developing the pto to power the digging chain. Mr 
his machine in 1977 because he felt that Baker, sales manager of AFT Ltd, calcu- 
big machines were prohibitively expen- lates that this system cuts scheme costs by 

Bruff BTID - a contractors' machine. The Daisy 'D' - a fa) 

half, even when allowing full rates for 
tractor and labour. A total of 40 units 
have heen sold to contractors, arable and 
dairy farmers as well as export com- 
panies, and Mr Baker considers that con- 
tractors could find a use for the machine 
on their smaller drainage jobs, greatly re- 
ducing transport costs. He emphasises 
that proper surveying is important to 
maintain grades - thoueh this can be 
achieved b; using boning-rods. 

Bmff have had a small tractor-mounted 
BT1 and BTlD on the market since 1979. 
The machines were specially desimed for 
tractors developing from 4iI to i00hp at 
the pto. Mr Bob Wall, managing director 
of Bruff Manufacturing Co Ltd, has 
found that of the 50 or so BT1 and BTlD 
models sold, 95 per cent have gone to 
contractors. He considers that they are 
mainly of use in small drainage jobs and 
for the laying of pipelines; the handful 
sold to farmers were largely to replace 
hack acters or old, secondhand trenchers. 
In these cases, the company has been at 
pains to ensure the buyer has done the 
job correctly and with expert advice. 

Of a more revolutionary design and 
concept, from Shelton Trenching Systems 
(reported in Vol 10 No 2 Soil and Water) 
is the STS Trencher. The technique it 
uses, which was developed simnltaneous- 
ly in the UK and France over the past five 
years, aims to remove excess soil water 
from the top 12 to 15in of the soil speedily 
to nearby ditches and water courses. Nar- 
row channels are cut in the soil by a 
gigantic circular-saw-type disc fitted with 
16 replaceable cutters. It is mounted on 
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mer-designed drainer. 
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category I1 linkage, 70hp-plus tractors. 
Unlike the other three models, the op- 

tion to use clay tile or plastic pipe does 
not exist, and the concept is mainly to 
speed the flow of topsoil water to connec- 
tors, drains, ditches or more permeable 
soil types. 

Mr David Shelton states that the sys- 
tem relies on the fact that water flows to 
the lowest level, and by cutting trenches 
2'hn wide and up to 20in deep, and using 
contours, one can interrupt the natural 
flow of water through the soil. 

The system does not require compli- 
cated setting-out in the field. It is a case 
of determining the direction of natural 
flow of water across the field and cutting 
slit trenches to intercept this. 

Grant may he payable on slit trench 
drainage work where porous fill is used, 
either as a secondary treatment across 
permanent piped systems or on its own. 
The length of slit trenches and their spac- 
ine will determine whether erant can be 

' .. .%l.: ' , . , .  . . .. .. .. .+. F.;; .= ..-..: 4 
L- .. . ; . . . . . - . ,  L LL<&.L<&~ i- A., 

Slit drainage being carried out by the Shelton trencher at /Cl's Saltholme Farm, Cleve- 
land. Photo courtesy of ICI 

paid on the whole scheme, o;only part of volved in finding out how to design the has this ability. Many of the machines dis- 
it, some discussion with the local drain- job, and on planning and organising, cussed in this article are in the hands of 
age advisory office is likely to be neces- couldnot have been used more profitably contractors, so surely it is better to use 
sary before proceeding. on something else. their experience and get them in to do 

There are obviously potential benefits It must be emphasised, however, that small schemes with their less costly 
to the farmer in DIY drainage. The work the design of a scheme, from layout to machines. 
-in theory, at any rate - is done at the choice of pipe size, is a specialised job for Finally, your local ADAS Land and 
most suitable time, and it could be cheap- the reputable contractorlconsultant. The Water Service officer is available to give 
er  than getting a contractor in. This de- maintenance of grade is essential to avoid general advice. Logically, he should be 
pends, though, on whether it is done well pockets of waterlogging, and it is ques- the farmer's first port of call before 

farmer in all cases reaching for his cheque book. 

@Q@Q@8LB 
Q 8ONQ LW@ 

manufacturers of 
drain jetting, floor and wall 

cleaning, pressure washing and 
sandblasting equipment for all 

cleaning jobs 

G.C. OGLE & SONS LTD. 
Victoria Road, Ripley, 

Derby, DES 3FX. 
(Tel. Ripley (0223) 4238112) 

enough, and on whether the time in- tionable whether 

SUPPLIERS OF PLASTIC PlPE (60 to 350) 
AND LAND DRAINAGE PRODUCTS 

F , L ~ ~ R S  COCO-WRAP OUT FA^^^ 
AND BUILDING PIPES 

CALL DOUGLAS RYAN 
(The experience comes FREE!)  

RYAN PlPE L T D .  BARDSLEY R O A D . C O R B Y .  NORTHANTS 

(05363) 63146 and 60971 

20 Sail and Water Volume 11, No. 1. January 1983 

the 



Top class profiles at Wageningen 
- - 

IN THIS COUNTRY there always 
appear to be too many jobs and not 
enough time to complete them. Advisors 
and research workers are all too often 
tied to their posts by a short rein and do 
not have the time or money to spend on 
promotions or exhibition work. This 
mould is gradually being broken and a 
visit to Wageningen in the Netherlands 
shows good reason why it should. 

Holland is famous for its polders and 
was recently the venue for a 'polders of 
the world' meeting. Nowhere have I seen 
a more excellent variation of 80 soils in an 
area of less than half an acre and all are 
under cover. The place I refer to is the 
International Soil Museum. 

Soils of the World 
Almost 300 of the world's major soil 
types have been collected by experts from 
Indonesia to Ireland and from India to 
Iowa. The museum, funded by UNESCO 
and the Dutch Government, was founded 
in 19% following an idea put forward by 
Prof F. A. van Baren as long ago as 1952. 
The collection comprises some 80 excel- 
lent soil monoliths grouped according to 
FAO world map classifications. 

The collection, although of limited in- 
terest to agriculturalists in Great Britain, 
is well used by soil scientists from de- 
veloping countries. The most interesting 
feature is the excellent presentation of 
monoliths. The key to the success is the 
impregnation of the soil by a lacquer 
technique and the painstaking removal of 
material to reveal soil structures. 

The 'guru' of the technique is the 
museum's technician, Mr W. Bomer, 
spending 1 to 2 weeks on each profile. He 
has developed the technique using a con- 
verted vibrating dentist's drill which, 
when gently applied to the natural pores, 
prises apart structures. 

Extracting samples 
The complete method is to push a large 
wooden box into a vertical soil profile 
face, cut away from behind the face and 
remove the column and in-situ soil. The 
monolith is then transported back and 
sprayed with lacquer. Clay soils may re- 
quire small holes bored into the reverse 
side and lacquer poured in. 

Chipboard is glued to the back and, 
when hard, the box can be removed and 
the soil will remain intact. Loose material 
is removed and a final spraying with lac- 
quer preserves the soil from all but the 
heaviest knocks. 

A preserved monolith will retain its 
natural colour and become surprisingly 
resilient. The process does take a long 
time, but anyone who has been fortunate 
to visit the ISM cannot fail to be impress- 
ed. The monoliths are excellent and it is 
hoped before too long that the technique 
will be used in this country. It is a most 
valuable teaching technique. 

More details of the method can be 
obtained from the SAWMA office. I 
would be interested to hear of anyone in 
Great Britain who has tried it. 

A beazltifully-presented monolith pre- 
Michael Saull served for oosrerirv. 

Laser on the level 
Most land drainage contractors now 
appreciate the advantages of laser control 
systems both on the small drainers and on 
the larger machines. Not only is the set- 
ting-up time faster hut the increased 
accuracy available ensures that all tren- 
ches have a constant fall to the depth re- 
quired, thus giving a steadier flow of 
water in the pipes and enabling savings to 
be made in the amount of backfill aggre- 
gate used. 

The Scanlaser system, recently intro- 
duced from Denmark, has been designed 
after consultation with a number of con- 
tractors to try and overcome some of the 
deficiencies of some existing systems. 

The self levelling transmitter has a dual 
grade facility so that compound grades 
may he set easily without complicated 
calculations. The advantages of this are: 
O n e  grade is set for the main drain. 

The 'cross' grade may be set for the 
laterals. This is especially useful if a 

static mast is used since there is little or 
no need to change the height of the re- 
ceiver on the mast for each run. 
When draining across a natural fall the 
'cross' grade may be set to ensure that 
the mast, electric or static, does not 
reach its limit further down the field 
and thus lose the beam. This helps to 
minimise the nced to move the trans- 
mitter around the field. 
The rotating head is not enclosed and 

cetrifugal action keeps water droplets 
from the surface and prevents them dis- 
torting the beam. 

Although the transmitter is compatible 
with all other laser receivers, Scanlaser 
feel that their receiver will give better re- 
sults because firstly, the electronics have 
been developed so that the receiver will 
select the centre of the beam regardless 
of width variations. This removes the 
need for controls for wide and narrow 
hands and also means that the effective 

range is increased to more than 500 
metres. 

Secondly, the receiver takes an average 
over every five strikes of the beam, which 
helps overcome problems of machine 
vibration and fluctuation of the beam it- 
self caused by differences in ground and 
air temperature. 

All Scanlaser equipment is inter- 
changeable, so that a simple manual sys- 
tem can be added to. rather than having 
to change the complete system at a later 
date if a grade breaker or electric mast is 
required. Even though advanced electro- 
nics are used, the basic design is simple, 
robust, and easy to use, say Scanlaser. 

Savings on maintenance costs also have 
top priority, and most components can be 
replaced without major dismantling. 

The Danish Scanlaser system is 
claimed to have all the price advantages 
of "local" common market product with 
marketing in UK and Eire carried out by 
Scanlaser UK, 42 Queensway Trading 
Estate, Leamington Spa, Warks. Tel 
(0926) 312071, contact Mr Richard 
Watson. 
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Ringing the till at the 
Smithfield Show 
THE SMITHFIELD organisers appeared 
well pleased with the large number of 
new items of equipment at this year's 
show. Mr Chris Evans, of the Agricul- 
tural Engineers' Association, quoted a 10 
to 15 per cent increase in tackle sales 
compared with last year, but not all the 
machinery manufacturers were so con- 
vinced. 

Despite this, there was still much 
optimism and plenty of new equipment 
for those involved with soil and water 
management. In addition, there were 
many new labels, most of which seemed 
to add to the usual show confusion by us- 
ing prefixes or combinations of the words 
till, tilth and tiller to describe the gleam- 
ing machinery introductions in the soil- 
working sections. 
Grumblers. tillers and harrows 
AC c am let;, Thirsk, North Yorkshire, 
are now market~ne a rotarv Dower cultl- 
vator manufactureb by ~ a ;  h Germany. 
The implement, known as the Rototiller, 
is designed so that three different rotor 
types can be quickly interchanged by re- 
moving six studs at each end of the main- 
shaft. A mulching blade rotor is used for 
incorporating harvest residues and an 'L' 
blade rotor is for primary and secondary 
soil cultivation in one pass. The third 
type, a 'wedge-tine', is intended for more 
effective clodcrushing and cultivation in a 
wide range of soil types. 

The machine also incorporates front 
levelling plates which can be set at diffe- 
rent widths on the front bar to suit tractor 
The crumblerfrom SKH,  now available in 
2.5m, 3m and 4m versmns, has front 
winged lines for complete autumn 
cultivations. v E:. -. ....,, , 

b . I . ,  

. . U 

- 
Curuwoy of Bamlen's Rau Roloriller. The soil-levelling plates are clearly visible 

width and tyre size. These devices push 
back soil displaced by the tractor tyre 
and, the manufacturers claim, helpcreate 
a more even seedbed. 

P1 Parmiter, Tisbury, Wiltshire, laun- 
ched a new single-pass combination tool 
for seedbed preparation on ploughed 
land. Known as the Denver cultivator, 
the machine comprises two rows of 
sprung tines, zigzag sections with adjust- 
able pressure bars and a heavy-duty 
packerlcrumbler. 

Of different design, the Easitilth from 
ABT Products, Ross-on-Wye, Hereford- 
shire, uses a front crumbler roller, a bank 
of curved tines, harrow and a final 
crumbler. Cultivation depth is adjusted 
by setting the height of front and rear rol- 
lers. 

SKH from Market Drayton, Shrop- 
shire, introduced 4m and 2.5m versions 
of their 3m crumbler which was launched 
last May. For autumn cultivations, the 
crumbler has a front bar fitted with wing- 
ed tines and can be used direct on stubble 
to produce a suitable tilth for reseeding 
winter cereals. 

The machine consists of a spiked heli- 
cal front roller which drives the rear rol- 
ler some 2% times faster. Both rollers are 
suspended from the mainframe of the 
machine and are adjusted by two screw 
jacks. This adjustment varies the depth of 
work of the two sets of tines which are 
positioned in front of the machine and 
between the two rollers respectively. A 
rear stone guard prevents the soil and 

stones being thrown back by the rear 
roller. 

Andover-based company, Taskers, fol- 
lowing assistance from the NIAE, had 
their latest range of primary cultivation 
discs on show. Available in working 
widths from 3m to Xm, the Chisel Disc 
has two adjustable-angle banks of the un- 
ique 22in 'cut-out' discs which are 
claimed to penetrate the soil better than 
plain or scalloped discs to more fully in- 
corporate trash. 

Howard Rotavator, Harleston, Nor- 
folk, introduced the Harrovator range of 
rotary power harrows which attracted 
nearly as much interest as their Para- 
plows. 

Designed by the company in Germany 
the Harrovator is available in 2.5m and 
3m widths. Working depth is up to 300m 
and can be controlled by crumbler roller. 
packer roller or front mounted wheels. 
Specially shaped blades are fitted in pre- 
ference to tines, each having a swept- 
back design which enables them to cut 
through the soil and ride easily over 
stones. 

Another powered implement making 
its Smithfield debut was McConnel's 
Tillaerator, a three-in-one cultivaror for 
complete seedbed preparation in one 
pass. Loosening tines at the front prevent 
smear, a powered centre rotor breaks up 
the soil and a rear powered crumbler aids 
firming and final clod breakdown. 

R r c e n ~  working demonstrations have 
shown the Tillaerator to be excellent on 
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stubble working, straw chopping and in- 
corporation. 

An interesting piece of machinery 
tucked away on the David Goodge stand 
on the 2nd floor attracted much attention 
from those visitors who managed to find 
the firm. The Girter, built by lsomec 
Divisione Macchine Agricole, was so new 
that the promotional leaflet was still in 
Italian. 

The tool is principally designed to re- 
lieve capping on autumn ploughed seed- 
beds or between rows of growing seed- 
lings. It comprises two adjustable banks 
of spiked plates, which are free to revolve 
as the machine moves forward, kept in 
position by a spring-loaded mechanism. 
The importers say it should prove capable 
of dealing with any capped soil surface. 

Ploughs 
A completely new concept in plough de- 
sign, a semi-mounted plough with vari- 
able furrow width adjustment, was shown 
at Smithfield for the first time by Kverne- 
land (UK) of Rotherham. Mr Cyril 
Dyke, company managing director, said 
the vari-width plough is: "the only plough 
that moves on the move". Available in 4 
to 8 furrow models, it is possible, by 
means of a turnbuckle or a hydraulic ram, 
for the driver to alter furrow width from 
12in to 20in while ploughing. 

Main operational advantages claimed 
for this idea are the setting of correct 
proportions between depth and width for 
improved burving aualities. easier . -  . 

close to awkward fences or 
hedges and optimum utilisation of tractor 
h ~ r & ~ o w e r  for soil type. 

Also from Kverneland came a new 
plough body, the Number 8 which, com- 
pared with the Number 3 body has a re- 
designed saddle, share and mouldboard. 
It includes a replacement shin piece 

which runs the full depth of the mould- 
board and a longer landside. The new 
body follows the move by farmers to vary 
their depth of ploughing each year in an 
effort to avoid ploughpan formation. 
Kverneland say it can also work in a 
wider range of soil types at varying 
depths and widths. 

On Ransomes' stand was a mounted 
reversible front plough, together with a 
new mounted reversible plough range, on 
which hitching up has been made easier 
and quicker using a semi-automatic bar 
coupler. This range also removes the 
need to alter tractor wheel settings be- 
cause a spannerless parallel sideshift 
adjustment is incorporated on the 
plough. 

Straw treatment 
Twelve months' research by Andrew 
Watts at Reading University with Calor 

Kverneland vari-width p l o u ~ h  with on-the-move fcrrrow adiustmeAt. 

Gas Ltd, has led to the introduction of a 
controlled burner for stubble. The trac- 
tor-mounted equipment incorporates 
propane-fuelled burners, and has proved 
effective in trials held near Newbury. 
Such a burner, claimed Mr Watts, re- 
duces disease and weed build-up, and 
leaves the field ready for reduced cultiva- 
tion or direct drilling. The equipment 
allows stubble burning even in windy 
weather or shortlv after rain. smoke 
pollution is also reduced, fire' hazards 
minimised. and the prouane has no harm- 
ful effects on the soil. ' 

Mr Watts estimates that the machine 
costs £5 to £6 an acre to run (including 
labour and depreciation) at an average 
working speed of 5 mph. Under the worst 
conditions (oil seed rape), costs increase 
to f7  an acre. Further trials are planned 
for this year. 

Irrigation 
Javelin Irrigation revealed increased 
optimism this year and claim to have had 
record sales, particularly with their reel 
irrigator range. They have also had suc- 
cess with centre-pivot sales - now 
marketing a portable 40 acre system. 
New for the 1983 season is the Delta 
range of constant speed hose-reel irriga- 
tors. These machines can be fitted with 
the new hydraulic drive or the better 
known bellows-drive and operate at ex- 
tremely low connection pressures. They 
are available with automatic speed con- 
trol, electronic delayed start, turntables, 
3 year hose guarantee and automatic slow 
shut-off valves. 

Wrieht Rain are similarlv o~timistic 
and continued the trend of 'Gg isbest' by 
launchine a Mark 2 version of the Wrieht - U 

Rain Super Torraine hose-driven irriga- 
tion machine. 

Fl\c new modrls arc availahlr.. ;ill turn- 
r;~blc unlrs. ranxllie in ~ z c .  iron1 lllr Sl~JIl 
300TT, capable Gf irrigating up to 4.9 
hectares (12.10 acres) with 25mm of wa- 
ter daily, to the ST110/370TT which ap- 

25 t 
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Telling you about soil compaction isn't 
news You're probably all too familiar 
with the dense soil barrier created by 
the weight of grazing livestock and 
farm vehicles that prevents surface 
water drainage and restricts grass 
growth. 

What you may not realise is that you Ask for the " 1  Don't Believe If' 
can now do something about it, with Demonstration 
the Howard Paraplow Soil Loosener. 

Before seeing the Paraplow in action, 
Jointly developed by Howard Rotavator many grassland farmers have 
and the Plant Protection Division of expressed doubt about the ability of 
I.C.I., the ParaPlow has 45" angled legs the Paraplow to fulfil its promises So 
which cause a lifting and bending we have organised a special "I Don't 
effect on the soil Passing over them, Believe It" Demonstration to prove just 
allowing the compacted areas to crack how effective the Paraplow is why not 
and break following the natural lines of ask to do a demonstration for you? 
weakness. The Paraplow breaks up the 
compaction and restores the soil's Write to us at the address below for 
natural system of cracks and pores to your free COPY of the new Howard 
allow proper water movement and Paraplow Technical leaflet which 
encourage healthy root development. provides in-depth information o n  the 

After Paraplowing, you can expect Paraplow's performance on  arable 

earlier grass growth and there should and grass land' 

be less risk of poaching the surface 
through early grazing. 

Winnero f  11 National and International Awards. 

**HOWARD PARAPLOW 
A NEW CONCEPT IN SOILCARE 
Howard Rotavator Co. Ltd., Mendham Lane, Harleston, Nollolk. 
IP209DP. Telephone: Harleston10379)853221. Telex: 975487. 
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plies the same amount to 7.8 hectares 
(19.3 acres) in a day. 

Driven by a smooth running, partial 
flow, low pressure, axial turbine having 
electronically operated constant speed 
control, the Mark 2 incorporates a two 
wheeled rdingun carriage which self loads 
at the end of the irrigation run. 
For deeper working 
Ransomes, responding to farmer interest 
in soil-loosening, unveiled the Subtiller. 
Using the flat or level lift concept, dis- 
turbance of the surface is kept to a mini- Controlled stubble burner from Culor Gas. Trials continue this season. 

-,-S . . 
mum by the use of a reduction in leg 
thickness above the tinel a slim point and 4 

S-. 
'i 

1 -3 :g: 
the abilitv to set a low wine lift. Ran- g* 
somu>' cuperieoce \hc,ur thxl'thc thinncr -- 
leg dnd .limrncr todt xrr. not ~lctrlrncittal ' -  - ' " 
15 \oil shnrtcr out help to reduce Jr:fiught. 

The Suht~llcr tine,. \hh,ch *re pi\.or- 
ntounteJ ;ancl h,ttc :I re\cr\ihlc ,111n. nor- 
n1,tIl) lia\e ;I qncing :qui\alenl 10 nc;lrIy 
I W I ~ L .  rhe uorkt~tg depth. 'l'lrcy have inrli- 
1 d u 1  wing angle .~djustmenr which. 
a,hcn conrlit~ons allc,a. \hould be in -  
crearcd fdr grc.itcr K)I I  hh.ittcr I-ront d15i 
coulter> :Ire IitteJ :I, stat~di(rJ to c9ch 
Suhttllcr u n i t  . I ~ J  drc ch.cnti;fil fJr trashy 
c.>nJitu~n,. to gr.i\,l:tnd and 3 1 ~  $8 hen an 
even surtace 15 important - tdr cx2mp.c TII,, Y;c,I~/ l\l/tt~el ~ ~ U / I ; ~ ~ , , I ~ ~ ~ ,  rof/~er 111u,1 rotnnurlx, 111t, ero,uld ;f uosss, IN er. 
prior to direct drilling. 

Leading shallow tines are available to 
reduce the number of subsequent tillage 
operations and to increase the effective- 
ness of the Subtiller tines without sub- 
stantially increasing draught. 

Depending on conditions, each Sub- 
tiller unit requires from 35hp to 40hp, 
and for smaller tractors aie being offered 
fitted on the company's 'C83B' and '90' 
toolbars 
Low ground pressure 
Designed to fit UK manufactured trac- 
tors of 45hp and above, Yield Wheel by 
Cab-Craft was on show at the Trantor 
International stand. This cage-like wheel 
was designed with the help of the NIAE 
from an idea spotted working on the 
oaddv fields of Indonesia. 

cess of the wheel lies in the approach 
angles of the lugs through which the 
wheel not only transmits fonvard and re- 
verse motion to the tractor, but at the 
same time cultivates the ground through 
which it passes. 

Results obtained at the SIAE in con- 
junction with the NIAE enable Cab-Craft 
to maintain that the Yield Wheel not onlv 
produces the lowest soil density reading, 
but also the highest air to soil volume 
relationship of the proprietary wheel pro- 
ducts tested. 

Available a t  a cost comparable to dual 
wheels, (£750 per pair plus VAT), Yield 
Wheel will be a welcome addition to the 
range of tractor modifications available 
to help reduce compaction from tyres. 

' ~ h k  low ground pressure wheel, unlike Ditching 
other cage wheels, cultivates rather than Introduced earlier in the year and maktng 
compacts the soil. The concept and suc- a first appearance at Smithfield was the 
The Rnncnmes Sr,htil l~r 

. . - 
WestMac D2000 rotary ditcher, specially 
designed to clean ditches at speed. 

The ditcher can disperse spoil to the 
left, to the rieht. or when workine on the 
highway, it alongside the ;itch by 
means of an additional deflector plate. 

In tests carried out in various parts of 
the UK, in conditions where the soil was 
suitable, WestMac found it possible to 
clean, or make, up to 1 mile of ditch in an 
hour, using a tractor speed of 1 mph and 
540pto rpm. This result was achieved on 
runs without obstructions such as tree 
stumps and telegraph poles. When 
obstacles are encountered the machine 
can be easily manoeuvred around the 
obstruction and little time is lost. 
Spoil can be deflected to the left, the right 
or placed adjacent to the trench by 
WestMac's D2000 rotary ditcher. 

:, . 
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Heavy land techniques 
at home and abroad 
Chris Older recently visited the continent to study cultivations as part 
of a Nuffield Farming Scholarship, sponsored by the South of England 
Agricultural Society. Here he passes on information to farmers and 
reveals some interesting overseas moves in heavy land management. 

BACKGROUND 
I farm, with my father, about 1850 acres 
in the Ashford area of Kent and on Rom- 
ney Marsh; the Romney Marsh soils 
(Newchurch, Ivychurch and Dymchurch 
Series) have clay fractions of up to 45 per 
cent. 

Having used direct drilling with great 
success on lighter upland soils and 
obtained good crops on the better gault- 
derived soils, we have only had mediocre 
results on the marshland soils. 

Faced with this situation, we tried 
minimum cultivation on the heavier land 
and this has given better results, but com- 
paction at deeper layers and the soil's im- 
pervious nature increases the risk of 
'slumping' and ponding resulting in im- 
peded root growth. 

So in 1981 we reached a 'turning' point 
with our farm planning and had to con- 
sider whether further investment was 
required in larger tractors and deeper 
working progressive cultivations. 

I believe that many heavy land farmers 
are in this situation and it was with this in 
mind I started my Nuffield Scholarship 
Tour. 

CROPPING CONSIDERATIONS 
Winter cropping 

The swing to greater areas of winter 
cropping that has taken place in the UK is 
quite evident throughout northern 
Europe and the importance of winter 
wheat, winter barley and winter oil seed 
rape is emphasised by current EEC poli- 
cies. With the fall from favour of live- 
stock producing enterprises it is quite evi- 
dent that winter cereals or  rape are now 
the saviours of the heavy land arable 
farmer. 
Continuous wheat growing 

I found many instances of continuous 
or near continuous wheat growing and it 
is quite evident that a good economic 
yield can be expected from an intensive 
wheat cropping system. 

At Boxworth EHF, Cambridge, where 
continuous wheat has been grown for 
thirty years, yields followed and were 
slightly above the national average year 
after year. 

It was advised in Holland, and it was 

mentioned in the UK, that on embar- 
kation of a continuous wheat growing sys- 
tem it may he advisable to have two 
years' wheat followed by two years' bar- 
ley, and then continuous wheat growing 
after that. 

The two years of barley continue the 
takeall infection, but do give a more eco- 
nomic return than two poor yielding 
years of wheat. 

SOIL CONDITIONS 
Top soil 

The last 10 to 15 years work in the UK 
with direct drilling and minimum cultiva- 
tion have taught us that it is particularly 
important to have a well-structured fri- 
able top-soil suitable for the next crop. 

Traditionally, ploughing has been of 
prime importance as the main operation 
for weed control and soil structure im- 
provement but today we have a greater 
understanding of the careful application 
of less energy-absorbing systems of cul- 
tivation and selective use of herbicides. 

Ploughing can be considered as an un- 
natural operation in that it mixes well- 
weathered and friable top soil with large 
quantities of more difficult deeper soil, 
leaving a lumpy surface and a greater 
dilution of the organic matter through the 
ploughed Layer. The ploughing operation 
requires more energy than minimal cul- 
tivation to obtain a good root seedbed, 
though obviously it still has its place. 
Soil drainage 

Work at the Letcombe Laboratory is 
beginning to show that the water-holding 
capacities of soils varies according to the 
system of cultivation used. This is associ- 
ated with the fissuring of the soil and the 
cracking of the subsoils. 

After direct drilling for a number of 
years, vertical fissuring takes place natur- 
ally right to the surface of the soil and 
facilitates the drainage of that soil, 
whereas on ploughed or cultivated land 
there is an interruption to the vertical fis- 
suring at plough depth and this therefore 
interrupts the free drainage of the soil. 
Organic matter 

Care should be taken to watch the 
biological balance between the organic 
matter breakdown in the soil and the 

amount of nitrogen used. Related to this 
there is the amount of cultivation activity 
going on in the field which could speed 
the organic matter breakdown to an ex- 
tent that organic matter is depleted too 
quickly especially in warm moist condi- 
tions. 

In Germany, work is proving that the 
higher organic matter soils are less liable 
to fluctuations in yield, this being mainly 
due to the retention of mineral nitrogen 
in the soil. The nitrogen is being locked 
up in the organic matter breakdown com- 
plex. 

Levels of organic matter in the diffe- 
rent soils vary widely, but I gained a dis- 
tinct impression that where they were 
low, farmers were complaining that they 
required more and more horsepower for 
their cultivations each year, whereas 
those farmers who were working in straw 
and other crop residues found they could 
cope quite adequately with their existing 
power units. 
Soil texture improvement 

Several people stressed to me the im- 
portance of considering the soil and the 
plant together, and thinking carefully of 
the optimum conditions for plant growth. 
It was interesting to hear how the use of 
reduced cultivations may give a more 
stable top two inches of soil structure 
with the reduced cultivations. There is a 
better root density after minimum cul- 
tivations. 

In the south of Holland where there 
are ample quantities of both sugar beet, 
factory waste lime and poultry manure, I 
saw these by-products had been very 
successfully used to improved the texture 
and workability of the heavier clay soil. 
Land that had been considered unsuit- 
able for potato growing was now being 
successfully used for potato production. 
Subsoil cultivation 

Identification of the need to subsoil is a 
very important prerequisite before car- 
rying out the job. There is only one way 
of doing this - with a spade. 
Subsoil cultivations for direct drilling 

The latest subsoil cultivator develop- 
ments will increase areas of land that can 
be direct drilled, and the original land 
classification scheme for direct drilling 
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may soon be modified in the light of 
experience and experiment. The land in 
class 1, the land most suitable for direct 
drilling, may not require subsoil cultiva- 
tion but that in classes 2 and 3 may find 
increasing benefit from subsoil cultiva- 
tion. 
Progressive cultivatiuu 

The use of the progressive type of culti- 
vator is becoming fairly widespread on 
heavy land farms in the WK. The advan- 
tage is that a three level cultivation op- 
eration takes place at the same time: The 
machines require considerable horse- 
power hut leave a tilth that is worked to 
depth, free draining and in a ready condi- 
tion for the quick preparation and drilling 
of the subsequent autumn sown crop. 
Controlled t raEc 

Work in Holland and by Herr Weichel 
in Stuttgart is centred on controlling 1 ;here wheel traffic moves on the field. In 
Holland, systems have been perfected for 
sugar beet and potato growing where 

, tractors and machines are standardised to 
a 10.9ft (3.3 metre) width so that the trac- 
tor wheels always follow the same path in 
the field. The system is particularly of 
merit for potatoes and sugar beet as these 
crops are very susceptible to compaction. 

THE STRAW DISPOSAL 
PROBLEM 
General 

I am not generally accustomed to driv- 
ing through much of southern England 
during September, but I was horrified to 
find in September 1981, the very con- 
siderable amount of damage being done 
to the countryside through careless straw 
burning after harvest. This prompted me 
to give considerable attention during my 
tour to the treatment and disposal of 
straw in a way that is less harmful to the 
environment. 

European scene 
I was surprised to find that straw was 

little problem in Europe, it was either 
sold to adjacent livestock farms or was 
chopped, worked into the soil and mul- 
ched. Often, in Denmark particularly, it 
was baled and used for communal heating 
systems, briquettes, cellulose and build- 
ing boards. Straw was also used for feed 
by enhancing its value with treatment in 
the form of ammonium nitrate. 
Quick mulching 

Europcan experience stresses the need 
for short chopping the straw to 2 inches, 
careful mulching and then careful 
~loughing should take place, to 10 inches 
seemed common. 

It was stressed to me on two occasions 
that the straw should be chopped by the 
combine and cultivated in on the same 
day as harvest, thus giving the quickest 
breakdown, utilising what limited soil 
moisture there is after harvest and before 
the straw becomes too dry and complete- 
ly lignified by the sun. 
Economics of handling 

I believe that methods must bc found 
to utilise the straw in the field, otherwise 

the cost of baling and storage as well as 
the energy required to handle from field 
to plant destroys the economics of any 
utilisation system when the whole energy 
balance is studied. 

CONCLUSIONS 
Cropping 

At the present time I cannot see any 
alternatives to the increased importance 
of winter cereal and oil seed rape crops 
on the more difficult land. As margins are 
eroded by increasing costs and only slow- 
ly increasing returns per tonne, consider- 
able weight will be added to the argument 
for gaining the most economic return per 
acre rather than the 'maximum yield at 
any cost' attitude. 

I should like to see more use of green 
manuring as a tool for the improvement 
of soil structure especially on the more 
difficult soils. The careful use of, say, 
winter barley, catch crops of mustard, 
fodder rape or even Phacilia, can be used 
when difficult soil conditions exist, to in- 
crease the root organic matter in the soil 
and therefore the structure of the soil. 
Cultivations 

Where conditions permit, direct drill- 
ing will remain a useful method of crop 
establishment especially when it is cou- 
pled with the use of some form of subsoil 
cultivation ie the para-plow or  flat lift. 
Direct drilling may become the most 
popular method of oil seed rape estab- 
lishment in the future when linked with 
these machines. 
Straw handling 

If straw disposal becomes a bigger 
problem in the UK, concentrated mul- 
ching techniques will have to be adopted 
and improved to suit our climatic condi- 
tions. Quantities of straw used for indust- 
rial purposes will always be a small prop- 
ortion of the whole in the foreseeable 
future, so the onus will still be on the far- 

mer for considerate methods of crop re- 
sidue disposal. 

Mulching will require a considerable 
new investment in machinery including 
combine choppers, cultivators and more 
plough capacity on the farm. To offset 
this, special systems of grant aid may be 
required to help farmers offset increased 
cost for environmental reasons. Although 
more man hours per acre will be required 
to cope with the problem compared with 
existing systems, some benefits will 
accrue:- 

The increase in organic matter in the 
soil will give a more 'bioactive' soil 
that may lead to the storing up of 
more mineral nitrogen. 
Allied to this the workability of the 
heavier soils could improve, thus 
stemming the call for more and more 
horsepower. 
The more bioactive soil should also 
give more stable yield potential, cut- 
ting out some of the lows experienced 
especially in dry years. 

Controlled traffic 
In the longer term it will be interesting 

to watch developments from the control- 
led traffic angle so that wheelings on the 
land are reduced. I believe that systems 
will develop that, with specialised 
machines, will mean that wheelings are 
reduced to certain tracks through the 
field and all operations will be carried out 
using these tracks. Lower power special- 
ised tractors will be used and these will be 
controlled by radin guidance systems to 
keep them on the right path. 

Ttze above n ~ i c l e  b a summary of 'Cropping 
and cultivation on the more difticult arable 
soils - UK and northern Europe' by Chris 
Older. Copies of his repoN ore available RI 
f1.50 (incl p & p) each from rhe Director, Nuf- 
f ield Farming Scholorshlps Trwl, Mill House, 
Olney, Bucks, MK46 4AD. 

K.G. HOES LIMITED. 

Of Gt. Ryburgh, Norfolk. 
One of the leading 
manufacturers of 

land drainage machines 
and allied equipment 

require an experienced 

SALES REPRESENTATIVE 
PLEASE TELEPHONE 032 878 312 
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ypr"b-Grade counter Dual grade control Rotor Control Switch 

\ *Water deflecting rotating heac 
onnection 

\ *-i i *Transmitter compatible with 

sensor 
Recharge Connector 

most other systems 
Rapid Release 
Mounting Bracket Hand built robust constructio 

V e r y  competitive prices 

TRENCHERS DIG FASTER 1 
NEATER AND CHEAPER I 

AFT 8/45 AFT 37 Tracked M/C A F T  65 Tractor Mounted 

Choose from self winching, tracked or tractor mounted trenchers for all your work from 2%" to 18" 
wide up to 51" deep to suit your pocket and desired work rate. 

The new AFT 65 tractor mounted trencher does not require any gear box modifications to be made 
to your tractor and costs about one fifth of the cost of a purpose built trencher. 

Deal direct with the manufactures and save time and money. 
Write or telephone now for full details, demonstration etc. to:- 

A. F. TRENCHERS LTD. 
GOSBECKS ROAD, TEL: 0206 44411 
COLCHESTER C 0 2  9JS TELEX 987465 
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A profile of drainage machine makers, K. G. Hoes. 
The acquisition of a factory at Great 
Ryburgh. Norfolk, in 1980 was in many 
ways an extraordinary event within 
manufacturing circles. 

Firstly, and contrary to the general 
trend in these negative days of recession, 
we had a German company, sufficiently 
confident in British engineering expertise 
and manufacturing capabiljty, taking the 
positive step of establishing a manufac- 
turing base in this country. 

Secondly, it was the final move in a 
sequence of events which completed a 
full circle regarding the marketing of land 
drainage equipment by the company 
K.G. Hoes. 

The founder of the company, the late 
Klaus Gerd Hoes, first became involved 
in trenching equipment when, in 1955, he 
imported into Germany the Howard tren- 
cher. Importation of Howard equipment 
continued until 1961 when the first Hoes 
machine was designed and the Howard 
franchise given up. Hoes machines were 
developed using the latest technology and 
soon created an expert demand in such 
diverse markets as the USA, Egypt, Syria 
and many European countries including 
Britain. 

Developments 
Substantial numbers of Hoes trenching 
machines were sold in this country when 
the Superdrainers Mk V1 and Mk V were 
introduced in the 1970's. When the Great 
Ryburgh factory was set up, the first 
machines were assembled with parts im- 
ported from Germany. To meet the cri- 
tical demands of contractors and the in- 
dustry in the UK it soon became neces- 

sary to establish a design team. 
Under the leadership of Norman John- 

son the team have produced two new de- 
signs, the Superdrainers Mk IV and 5671 
130 in the two years since the factory was 
started. 

The 5671130 has been particularly well 
received and are now being exported to 
Germany. Several of these machines 
have been sold into the USA and orders 
are still in the pipeline from France and 
Sweden - the circle is now complete. 

The success at Great Ryburgh is testa- 
ment to the vision and entrepreneurial 
flair of the late Klaus Gerd Hoes. This 
gentleman established, from a modest 
start in 1949, a significant manufacturing 
company employing over 600 people in 
three main factories at Westerholt, 
Lathen and Carrell. The latter factory 
specialises in the manufacture of blades 
and chains for trenchers. Last year, the 
corporate turn-over increased by 23 per 
cent and is now approaching f29 million. 

Norman Jobnson, Hoes' consultant en- 
gineer, is well known in the industry with 
many years experience in the develop- 
ment of the Howard trencher product 
Ime. In addition to Superdrainers Mk IV 
and 5671130 his current ~ roduc t  develou- 
ment plans should put K G Hoes into the 
forefront of UK manufacture within the 
next two years. 

Manufacturing 
The agricultural engineering connections 
at Great Ryburgh go back to the mid- 
nineteenth century when some of the first 
steam-driven farm machinery was manu- 
factured there by the Norfolk Foundry. 
This tradition was continued by various 

companies including Leefords, who 
purchased the original premises in 1969. 

Mr Heinz Liebrecht, currently Manag- 
ing Director of K G Hoes (England), is 
considered by many as 'The Patron' be- 
cause of his forty years in the agricultural 
machinery manufacturing business. Mr 
Liebrecht was co-founder of Leefords 
and formerly a Director of Howard Rota- 
vator. 

While the main activity at the factory is 
the manufacture of trenching machines, 
the manufacturing base has been 
broadened recently by the introduction of 
hydraulic cranes, asphalt paving equip- 
ment in addihon to production of grad- 
ers, dozers and snow ploughs. 

Production capacity has been trebled 
by recent purchases of machine tools and 
factory reorganisation. Ken Kynoch, the 
plant manager, is responsible for install- 
ing the new equipment and supe~ i s ing  
the modernisation of the factory. Mr 
Kynoch has had extensive experience in 
the industry with Hestair where he was 
Production Manager. 

Selling the increased volume is the re- 
sponsibility of Tony Lowndes, Marketing 
Executive, who joined the company last 
year from Barber-Greene England 
Limited where he was Director of 
Marketing at their Bury St Edmunds fac- 
tory. 

The policy of K G Hoes in the UK is to 
substantially increase its market share 
over the next two years. This objective is 
backed up by a wealth of experience in 
management, an efficient factory equip- 
ped with modern machine tools, a com- 
mitted workforce and a positive product 
development plan. 
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Crop reaction to 
compaction 
A NUMBER OF workers have reported substantial yield losses attributable to 
soil compaction but have often failed to indicate how the yield depressions 
occur. The effect of soil compaction on the growth and yield of a numher of 
crops has been investigated at Sutton Bonington. In these trials, attempts have 
been made to separate yield losses attributable to reductions in plant 
populations and losses attributable to reduced performance of individual 
plants. This article, by Mr T. C. K. Dawkins, Lecturer in Agronomy, Sutton 
Bonington, summarises the various experiments and indicates the relative 
sensitivity of crops to soil compactiou. 

The initial experiments investigated the 
effects of soil compaction on the yield of 
dried and vining peas. These 
experiments, together with a later series, 
revealed that soil compaction reduced the 
yield of peas by up to 70 per cent. 

The use of a control thinned treatment, 
a treatment which was not compact but 
thinned to exactly the same population 
and distribution as the comoact treatment 

a result of compaction. A similar soil type 
was used as in previous years hut the soil 
was wet at the time of emergence. In 1979 
and 1981 the soil was dry at emergence 
resulting in increased soil strength. This 
may have caused a reduction in plant 
numbers emerging and these that did may 
have been more damaged by ethylene 
production. 

A wet soil in 1981 reduced soil strenmh 
~~~ 

enabled distinctions~to be kade between and allowed better emergence with lkss Plate 1 .  
losses in vield due to olant numbers alone mechanical impedence and hence better arowrh , 
and losses attridutable to poor 
performance of individual plants. Use of 
this treatment showed that compaction 
not only reduced yield through a 
reduction in plant number but, by 
comparison with the thinned treatment, it 
was shown that compaction reduced the 
plants ability to compensate for the low 
population. 

In many cases, the thinned treatment 
yielded nearly as well as the control. In 
most cases compaction reduced dry 
matter accumulation per plant and per sq 
metre, leaf area per plant and per sq 
metre and rooting was restricted. In 1979 
and 1980 root studies revealed that pea 
roots rarely extended beyond 40 cm on 
compact plots as opposed to 60 to 70 cm 
on the thinned and control plots. 

Additional studies (Dawkins, 1982) on 
vining peas have isolated other factors 
which may explain some of the observed 
growth modifications produced by 
compaction. If peas are impeded at the 
shoot they produce a plant hormone, 
ethylene (Goeshel et al,  1966). This plant 
hormone causes certain structural 
changes within the plant cell resulting in 
altered growth habit. It is suggested that 
the changes in plant growth shown in 
Plate l as a result of comnaction mav be 

yields in that year. 

Several points are of practical 
significance. Dry seed bed conditions at 
emergence are likely to exacerbate the 
effects of soil compactioll. This raises the 
question as to whether irrigation could be 
applied to poor seedbeds to improve 
establishment. Secondly if ethylene is 
implicated as a contributor to reduced 
yields, could an ethylene inhibitor be 
applied to reduce the severity of 
compaction? Compounds such as 
D I H B have shown some promise in 
this respect (Wilkins and Wain, 1976). 

U , . " 

sugar yield in sugar beet. Plant 
population was only affected in 1977 (see 
table). Unlike peas, single beet plants 
were unable to make compensatory 
growth when thinned. As a result, the 
yield reduction in 1977 due to compaction 
could be largely accounted for by a 
reduced population. 

In 1978 when populations on compact 
plots were similar to the control, yield 
reductions attributable to compaction 
were due to restricted yield of individual 
plants. The depth of rooting was 
restricted to about 60 cm by compaction 

experiments conducted in 1977 and compared to about 110 cm in thecontrol 
1978 by Hebblethwaite and McGowan and control thinned treatments. 
(1980) revealed that compaction In 1980, an experiment was conducted 
significantly decreased root, top and 32w 
r 

The effects of soil compactiou on sugar beet 1977-78. 
1917 1978 

Compacted Control Control LSD Compacted Control Control LSD 
thinned thinned 

Plant population 57 62 80 21.0 71 78 74 4.2 
X 1000 ha-' 

Fresh yield per 249 303 326 8.0 573 588 641 26.3 
plant (g) 

Tap fresh yield 16.4 21.9 34.2 11.3 39.2 41.0 43.6 4.8 
(1 ha-') 

Raot fresh yield ,. L"-$, 
14.2 18.8 26.1 9.0 41.0 46.1 48.9 4.2 

Soil and Water Volume 11, No. I .  January 1983 31 

caused, in part, by ethylene ~roduceb in 
response to the impedence produced by 
compaction. 

In 1981 no yield reduction occurred as 

(L .I. , 
Sugar 17.8 17.6 17.8 0.5 19.4 19.8 18.8 0.4 

Sugar yield 2.5 3.3 4.7 2.1 7.9 9.1 9.2 0.8 
(t ha-') 
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on the susceptibility of winter oilseed 
rape to soil compaction. The crop was 
established by ploughing or direct drilling 
but poor establishment occurred on the 
direct drilled areas. Soil strength 
measurements indicated compaction in 
the direct drilled plots in the surface 
layers. The top soil compaction on the 
direct drilled site reduced plant number 
by 50 percent and caused severe stunting 
of the crop. Compaction reduced root 
length, root dry matter, leaf area index 
and total dry matter accumulated. 

Despite the reductions in these 
components, there was no difference in 
yield at the end of the season, 
demonstrating the remarkable ability of 
rape to compensate for poor conditions. 
However, other factors interacted to 
reduce the severity of compaction in that 
year. The season was generally wet and 
despite the poor root development, 
adequate moisture and nutrients were 
available to the crop. Had the year been 
drier then severe losses may have 
occurred. 

Secondly, a heavy fall of snow in April 
lodged the crop on the uncompacted 
areas but the stunted crop on the 
compacted direct drilled area resisted 
lodging. 

Current experiments at Sutton 
Bonington are investigating the 

differential sensitivity of crops to soil 
compaction using two sowing dates in the 
same year. Crops under test include 
spring barley, spring rape and spring 
beans. 

Last year's experiments showed that 
compaction reduced plant population in 
most crops: beans were least affected in 
this respect. Both spring barley and 
spring rape were very sensitive t o  soil 
compaction, especially in the second 
sowing date trial where dry conditions 
prevailed at emergence. In one case, only 
four plants emerged on the spring rape 
plots. Plant height, dry matter 
accumulation and root growth were 
reduced by compaction in all crops. 

Plates 2, 3 and 4 illustrate the damage 
to seedlings of different crops caused by 
soil compaction. Plate 5 shows the effect 
ot so11 compaction on the height of spring 
beans. Population was relatively 
unaffected by soil compaction in this 
crop. 

Results so far suggest yield reductions 
for spring beans of between 28 per cent 
and 48 percent, depending upon sowing 
date, as a result of compaction. A 
reduction of S0 percent occurred in spring 
barley but the majority of yield loss was 
through reduction of plant population. 
About 60 percent of the yield was lost 
through soil compaction in spring rape, 
the principal losses being attributed to 
reduction in plant population. Once 
again there was evidence to suggest that 

Plate 2. Effect of soil compaction on 
spring barley. 

dry conditions at emergence exacerbated 
the problems of compaction. 

Clearly numerous crops can be affected 
by soil compaction, the seventy 
depending, to some extent, on the type of 
crop grown, soil type and weather 
condit~ons at emergence. Measurement 
of soil conditions have shown that 
compaction by tractor wheelings exerts 
greatest influence at about seed depth. 

Experiments are continuing to assess 
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the sensitivity of other crops to soil 
compaction when sown in the same year. 
Further studies will continue to establish 
the mechanism by which compaction 
modifies growth which may result in the 
use of chemicals to reduce the severity of 
compaction. 

In the meantime it cannot be 
emphasised too strongly that soil is a vital 
component in any successful crop and 
should be treated as a valuable asset. 

.. . 

Plate 5. Soil  compacrion affecting plant height o n  a sandy gravelly l oam (beans). 
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Reduce wheelings, 
increase yields 
Bed systems for horticultural crops have been used for many years, particularly in the 
intensive growing areas of Kent and the Thames Valley. However, many of these systems 
were not what is now known as the 'pure' type in that beds were wheeled out after second or 
third stage cultivations had been carried out. Luddington EHS, Stratford-on-Avon, War- 
wickshire had been using bed systems for some years but from 1977 moved totally to the 
'pure' system. Here, A. C. W. Davies from Luddington describes the method and the results 
of reduced compaction. 
THE FIRST OPERATION in a 'pure' when crops were grown on compacted control plots where no wheeling were im- 
bed system is autumn subsoiling if soil soils. posed in the growing area and crops 
conditions are suitable, followed by lim- Wet soils were said to be more dam- could experience non-compacted condi- 
ing and application of manure if either aged, but there was little hard data on tions. Soil bulk density measurements 
are necessary for the crop to he sown in what percentage soil moisture content se- were made soon after crops had become 
the spring. Autumn ploughing comes rious compaction occurred. Soils at Lud- established to see if some measure of 
next, with soil left well ridged up so that dington are very variable - there are compaction could be made. 
maximum weathering can occur during light loams, heavy clays, sandy clay These experiments commenced in 1978 
the winter. loams, light loams with stones and most with a crop of spring sown bulb onions; in 

In late winter or early spring the beds grades in between. The most difficult of 1979 and 1980 butterhead lettuce was 
are wheeled out from the plough (picture these types to manage are probably the studied, followed by parsnips in 1981 and 
1) and from then on, all subsequent op- sandy clay loams which, at Luddington, carrots, crips lettuce, parsnips and leeks 
erations on the field use the same wheel- can contain up to 35 per cent clay. These in 1982. 
ings. Prior to crop drilling or planting the can compact very easily, yet if managed The results of these trials are presented 
secondary cultivations are carried out well, can produce very high yielding hor- briefly below starting with the bulb onion 
(picture 2); in our case using a 1.5m Lely ticultural crops. crop in 1978, Table 1. All figures quoted 
Roterra powered machine or a small In the investigations to attempt a quan- are the mean of four replicated plots for 
Dutch tine harrow, whichever is con- titative measure of crop loss due to com- each treatment and all experiments were 
sidered suitable to obtain the planting or paction, the experimental treatments designed and analysed by statisticians and 
seed bed required. were as follows: The ground was only significant results are highlighted. 

Base fertiliser and incorporated herbi- ploughed and wheeled out as described In Table no difference occurred he- 
cides can be applied to the soil prior to but prior to the secondary cultivations the tween controls and treatment 2WSS but 
the secondary cultivation by using a planting area of the bed was run over the 4WSS (90 per cent wheeled over) 
spreader (picture 3) or the harrows. with a small to medium sized tractor, the yield was 12 per cent lower than 

Drilling or planting can then take place either twice side by side, designated 2 either of the other two A 
on the worked bed as in picture 4. In this WSS and covering 50 per cent of the high proportion of onions 
way we ensure that no crop is planted on planting area, or four times side by side, in the 4WSS treatment was due to 
areas that have suffered from soil com- designated 4WSS, and covering up to 90 onions which is an indication of 
paction when running over the field car- per cent of the growing area. premature flower development, often a 
rying out secondary cultivations. Should Soil moisture contents were taken at sign of distress in 
one pass of the secondary cultivation be the time of these deliberate wheelings 
insufficient to get the required seed bed, over the bed. Subsquent operations were Tab'e - Onions 

then no harm is done to the growing areas as previously described, with secondary 
by a second or even third pass. cultivations followed by drilling or plant- 

When adopting this 'complete' or ing, fertiliser application and spraying all 
'pure' bed system, Luddington decided to done from the original wheelings. 
investigate what the yield losses could be Alongside these compacted plots were 

Treatment Yield fiha 
(marketable bulbs) 

Control 

Picture I. The beds are wheeled our on the weathered ploughing. 

34 Soil and Water Volume 11, No. I .  January 1983 



Lettuce Experiments 1979180 
Table 2 shows the yield figures 

obtained from the two years experiments 
on lettuce. In these two trials, four har- 
vests were made from the plots but for 
the sake of simplification, only two of 
these are quoted. 
Table %-Lettuce crop 

Yield t h a  (marketable crop) 
Treatment 1979 harvest 1980 harvest 

I A I A 

I 

As can be seen from the figures, the 
control plots gave the highest yields with 
the 4 WSS treatments heing up to only 66 
per cent of the controls. It is noticeable 
that as the lettuce matured, the differ- 
ence got greater, indicating again plants 
on compacted areas were showing stress. 

In addition to lower yields, a quality 
difference was noted on the compacted 
plots. Lettuce can often suffer from a dis- 
order called 'tipburn' which is a necrosis 
of leaf margins or a browning in the 
heart. The cause of this is not fully under- 
stood hut indications are that it is a cal- 
cium deficiency occurring within the 
leaves which again could be postulated as 
a stress factor. Table 3 shows the percen- 
tage tipburn occurring from the lettuce 
trials in the two seasons. 

The results for 1979 were very clear in 
that both compaction treatments gave 
higher tipburn figures. In 1980 however, 
the 4 WSS was similar to the control but 
both these were lower than the 2 WSS 
which gave a very high tipburn percen- 
tage. The three trials were carried out on 
sandy clay loams and in 1980 on a sandy 
clay loam with pebbles. 
Table %Percentage 'tipburn' lettuce 

Treatment 
Control 
2 WSS 11.9 27 .O 
4 WSS 14.0 

Table Mail bulk densities at lOcm 
deoth (dcc) 

1 crop control 2 wss 4 WSSI 
Onions 1978 1.34 1.49 1.54 
Lettuce 1979 1.32 1.44 I Lettuce l980* 1 3 8  1.39 1 7 7  1 
'Sand" clav loam with oehhles. 

In the ahove three trials and the 1981 
parsnip trial the treated plots were at 121 
13 per cent moisture content - below 
soil capacity, 17 per cent. 

These deliberate compacting wheelings 
were done when weather and soil condi- 
tions were such that growers could well 
he tempted to go out and work land, with 
dry top soil hut wet underneath. Condi- 
tions when a 'pure' bed system is per- 
fectly feasible but where a secondary cul- 
tivation could well he damaging if crops 
are to he grown above wheelings. 

1981 Parsnip Crop  
This trial was conducted on a lighter 

soil, a sandy loam with pebbles hut re- 
latively little clay content. Again the 
moisture content was 12.5 per cent when 
the wheelings in the growing areas were 
made. Within eight weeks of drilling 
there were visible differences in foliage 
growth. The figures at harvest (table 5) 
are quite spectacular and highlight the 
problems that can be caused by com- 
pacted soils on a deep rooted crop like 
parsnips, hut also showing that good 
crops can be obtained if such compaction 
is avoided. 

Table %Yields marketable parnsips 
1981 

Treatment Harvestsyields tha 

Control 
2 WSS 28.6 31.6 24.9 
4 WSS 14.9 

In 1982 we have repeated the trials on 
parsnips hut also used crisp lettuce, car- 

The soil bulk density measurements, rots and leeks as test subjects. Weather 
again the mean of replicated plots, are conditions in the spring of 1982 were a lot 
given in Table 4. A higher figure indi- drier and warmer than those of the three 
cates a denser soil. Although the figures previous years, so Luddington chose to 
are low, a different of 0.20 indicates a carry out the wheeling treatments at 
much denser soil. lower soil moisture contents, namely 7 to 

Picture 3. Apply fertiliser following the wheel marks. Picture 4. Thefinal op< 

8 per cent. 
The results are not yet complete, nor 

have statistical analyses been carried out 
but so far the figures are less dramatic 
than in the previous years, though the 
trends are still apparent. This indicates 
that damage to soil structure was less at 7 
to 8 per cent moisture content than it was 
at 12 to 13 per cent which was expected. 
Thus at such moisture contents, growers 
and farmers can be less constricted in 
their use of machinery in preparing seeds 
beds for crops than at the higher levels. 

In 1983 Luddington hopes to continue 
this work to try and locate the threshold 
moisture content figure at which damage 
to soil structure occurs and significantly 
reduces crop yield. 

A further series of trials started in 1982 
used a low ground pressure tractor, com- 
paring this to a standard MF 550 for 
secondary cultivations and possible soil 
structure damage. If such low ground 
pressure vehicles are used and do not 
cause the type of crop loss mentioned 
ahove, then perhaps bed systems can he 
abandoned and with it one of the dis- 
advantages of losing field area to the 
permanent (for the individual crop) 
wheelings. 

This is a point of importance when 
growing crops at row spacings of less than 
51 cm (20 inches), as in a bed 6ft wide, 
one sixth of the field area is lost to wheel- 
i n g ~  (assuming a 12in tyre). However, 
crops grown 61cm apart or more do not 
suffer in this way as the outer rows beside 
each wheeling can be at this distance 
without suffering ill effects. 

In company with other countries, 
some work is also being done on wide 
beds to reduce the wheeled area and Lud- 
dington has a 2.3m wheel centre to centre 
tractor behind which a 2 metre Dower . ~- 

harrow can he used without obscuring the 
wheel markings. 

Elsewhere, feasibility studies are heing 
made into the use of gantries from 3 to 12 
metres wide which could also revolutio- 
nise crop growing. However, in the 
meantime, growers can avoid some of the 
compaction problems and improve both 
crop yields and quality by adopting the 
type of bed system described ahove. 

?ration. Drilling fhe crop. 
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Drainage advice on film 
THE MORAL OF the photograph 
shown right is that wet patches in a field 
breed weeds, not barley. North-west far- 
mer, Mr John Kay, has now drained the 
area and is confidently predicting a 20 
percent yield increase. 

The picture is taken from "Here to 
stay", a new film programme about land 
drainage available on free loan to Young 
Farmers Clubs, Agricultural Colleges and 
other interested groups. Produced by the 
British Clayware Land Drain Industry, it 
should prove of great interest to all in- 
terested in or  involved with land 
drainage. 

The package is available in video cas- 
settes, slideitapes or as a 16mm film strip, 
and has been impressively put together, 
giving many examples of the benefits of 
drainage. A 36 page booklet backs up the 
presentation and includes comments 
from farmers and contractors on the sub- 
ject and their experiences. 

Mr Roger Joice, Chairman of the 1982 
SAWMA Drainage Workshop, expresses 
his findings in the booklet. He states that 
through-the-crop drainage using open 
trench machines has increased overall 
production by up to 30 percent on his ar- 
able acreage. H e  has also been able to ex- 
tend his cropping to include peas, pota- 
toes and oil-seed rape. 

Savings 
Also quoted is Mr David Edmunds 

from Hull. He put all his savings into the 
purchase of a 36 acre holding and the 
drainage of the land. He regards the 
drainage as the saviour of the land and is 
confident of getting his investment back 
in three years. 

Contractors included in the pro- 
gramme are Bob Hutchinson from Little- 
dale, Lancs and Bob Stuart from Fife, 
both of whom are extending the ways to 
get more work and top class results from 
their machines. 

Although the pictures show no plastic 
pipe, (hardly surprising as it is a BCLDI 
production), the programme does cover 
many basic points concerning basic drain- 
age principles. The message: 'If you want 
greater profits, then drain your land', 
comes over loud and clear at all times. 

Due credit must go to the British Clay- 
ware Land Drain Industry for producing 
a well-nresemed and informative oack- 

Jokrt Ku? a,irh the wre~1.i rltut he rrdicrs ~ v i l l  bc rrplurzd by burluy .saibb/e nerr /tun e.ii. 
n.etic fro,,r rhe nea fion plotLcend r ~ i r  LICI.I)I.  

age. ~ i r t h e r  details on both the film and 
the booklet can he obtained from the 
BCLDI, Weston House, West Bar 
Green, Sheffield, S1 2DA. 

r Uniquechallenge 1 
I overseas 

A number o f  new projects, specially set  up t o  help I 
communities in developing countries become more self- 
reliant, urgently need volunteers. 

Zambia . . . married couple lor two  separate volunteers) to 
work with three villages in North-Western Province . . . 
health and agriculture main focus. 

Philippines . , . agricultural economist to work with local 
businesses and farmers in Marikina Valley area. 

Kenya . . . female agriculturalist t o  work with women's 
groups in rural area. 

T h ~ s  work, a s  part of the struggle against poverty, disease 
and malnutrition, will make considerable physical and 
psychological demands.  Are you equipped t o  meet them? It's 
a questlon VS0  volunteers have to ask before they commit 
themselves to two  years overseas on a local wage.  

You must be aged between 2 0  and 65 and have no 
dependants. For application form and further information. 
send coupon below t o  Enquiries U'nit, Voluntary Service 
Overseas. 9 Belgrave Square. London SW1 X 8PW. 

Name 

Address 
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Aim for the name that gives you the best in Land Drain 
Wavin gives you the widest choice in pipes and Ministry of Agriculture for use on grant-aided drainage 

fittings with WavinCoil - the fast, economic way of schemes and also cany the British Standard Kiternark, 
solving land drainage problems.WavinCoilcomes in where applicable. Whatever the method of laying, 
six sizes and in coils up to 150 metres WavinCoil gives you the best in land 
long which makes for easy h a n h g .  Wav jnC0 il drainage. Available through Wavin's 
AUWavinCoil sizes areapprovedby the The natural choice nationwide network of distributors. 

(wavin) 
%vin Plastics Limited, RO. Box 12, Hayes, Middlesex U N  1EY Telephone: 01-573 7799. Telex: 23898. 
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The non-burning issue 
The ideal equipment for 
incorporating chopped straw 
into cereal seedbeds is not yet 
attainable, says Mr David 
Patterson, of the National 
Institute of Agricultural 
Engineering, but it is clear what 
implement actions are 
necessary. Future systems, he 
believes, will achieve 
cultivation, straw incorporation 
and drilling with only about 
half the total energy needed for 
some conventional techniques. 
The following article is 
reproduced from Mr 
Patterson's paper at the Oxford 
Straw Conference last y ear. 

IF  BURNING of straw was restricted in 
the UK, many farms in the predominant- 
ly cereal-growing areas would have to in- 
corporate whole straw crops in the soil. 
This would probably lead to wider use of 
straw choppers, deeper cultivations and a 
need for more nower to avoid timeliness 
penalties. 

There would he farms where the straw 
was baled and carted off, in which case it 
would be necessary to incorporate only 
the stubble into the soil. It is therefore 
imnortant to distinguish between the two - 
Jirt~ncr br.t\ df requlrsmcnr,: in one U% 

i u l ~ ~ \ : ~ t ~ n ~ :  and i~lcorporat~ng : I I I  thc straw - - 
crop, in the other, cultivating and incor- 
porating only the stubble. This paper 

Fig l. Mean yield of winter wheat follow- 
ing different straw disposal methods at 
five EHF stations. 1974-76 

Yield =%of yield aner burniw 1-1 

Direct drilled 
I 1 : .  I 

concentrates on the incorporation of all 
the straw from a cereal crop. 
Straw pre-treatment 

The simplest aid to disposing of the 
whole crop of straw is the straw spreader, 
but there are few cultivation implements 
that would be able to operate into uncut 
straw. 

When incorporating the total crop of 
straw, chopping will be vital for satisfac- 
tory incorporation of all the straw residue 
with the soil. Choppers may be mounted 
on the combine harvester or trailed be- 
hind a tractor- when chopping becomes 
a separate operation. As modern wm- 
hines generally have sufficient reserves of 
engine power, a combine-mounted chop- 
per has obvious advantages of timeliness. 
Also, the chop is finer and requires less 
power than with trailed units, as the straw 
is in a more suitable condition at the time 
of harvesting. 

In experiments carried out at 
Hohenheim, Germany, straw chopped to 
lengths up to 2in (50mm) was mixed into 
a greater depth than material lengths in 
the range 6 to Sin (150 to 200mm). These 
results >onfirm that straw needs to he 
finely chopped. 

A further aid to successful incorpora- 
tion is a short stubble, and implements 
with a swinging flail or knives rotating 
about a vertical axis are effective without 
requiring a high power input. 

Specification for cultivation 
equipment 

Most of the experiments carried out in 
the UK by ADAS, Letcombe Laboratory 
and other centres have shown that poorer 
cereal yields occur when incorporating 
straw residue compared with burning. 
The yields obtained in ADAS experi- 
ments are summarised in Fig 1. 

The largest yield reduction occurred on 
heavy land in wet years, and it was de- 
duced that the most likely cause was 
straw toxicity. Work at Letcombe 
Laboratory has shown that decomposi- 
tion of straw by bacteria under wet, 
anaerobic conditions causes the produc- 
tion of acids which inhibit root growth 
and early seeding development. Further 
studies at Letcomhe have shown that this 
difficulty can he reduced by early shallow 
cultivation. If this operation had been 
carried out in these early experiments a t  
different centres, higher yields may have 
been obtained. 

In Sweden, Germany and other areas 
where straw residue is incorporated, it is 
normal practice to cany out lining opera- 

0 4  0-12 0~20 
Deplh. c r  

Fig 2. EfIecl of depth of straw incorpora- 
tion on straw decay (after seven months) 
- Hohenheim 5.0tIha chopped straw 

tions to mix in the material immediately 
after harvest. This is followed by 
ploughing at depths of 20 to 30cm, the 
greater depths being used on the lighter, 
fertile soils to provide reservoirs of mois- 
ture for deep rooting. Studies at 
Hohenheim have shown that minimum 
depths of about 15cm are necessary to 
obtain maximum straw decay (Fig 2). 

Experiments examining the required 
dilution of soil to straw are currently 
being undertaken by Letcome Labora- 
tory and Ministry Experimental Husban- 
dry Farms. 

What should the aim be in designing 
cultivations for successful incorporation? 
Taking account of the aspects so far 
known (more information is required for 
UK conditions) the ideal number and 
type of cultivation operations is shown in 
Fig 3. 

This sequence of operations also allows 
a degree of weed control by an early stub- 
ble cultivation, although additional 

41- 

Fig 3. Ideal system 
(not d ~ b l e  yet) 

1. First pass to mix in straw 
. -  - - - - Ocm - _  
I-* e r - -  _ > _ -.- _ - - _  -- - 5-10cm 

2. Second pass to mix and invert 
0 cm 
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I SUCCESSFUL 
LAND DRAINAGE 

WITH I THE DAISY D The drainer 
for farmers 

Also ideal for Playing Fields & Golf Courses 

BARCLAYS BANK AWARD FOR NEW EQUIPMENT - 
INVENTIONS DAIRY EVENT '82 * Minimal surface disturbance * New Levelling Device, Pipe Carrier & Disc 

extras * Drain when you want at low cost * Now - Daisy D Standard - Depth 2fi 6in. 
Daisy D Super - Depth 3ft 6in * Three sizes - 60mm, 80mm & 1OOmrn * Now have bigger Hoppers * Can inject Slurry underground * New heavy Grubber - tears through work 

CONTACT: DAISY D LTD. 
West Mains, Gleneagles pH3 1 PJ. 

Tel076 482 202 

I SUB-SURFACE CULTIVATORS I 
FOR A COMPLETE 
SOIL SHATTERING 

I 
Well-drained fields produce higher yields and greater profits. We 
supply land drains, pipes and junctions, Hayes and Autoplas 
plastic coll, lcopal, mncrete pipes, hesdwalls. cattle drinking 
troughs, PVC water pipes, hollow building blocks, Victor manure 
mnks and many other items. 

Please write 01 telephone for full details, free brochure 
and prices etc. 

AGENTS FOR J.K.H. DRAINAGE UNITS. 

mrton a m n t  kick B Pipe CO UJ. I 
I BARTON-UNDER.NEEDWOOD. BURTON-ON-TRENT. 

STAFFS. DE13 8EH 
TELEPHONE: 0283 71 2688. I 
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spraying may be required. In practice, 
two initial passes may be, necessary and 
we may not be able to achieve the inver- 
sion set out under the second pass. But it 
will be vital to minimise the quantity of 
straw in the top layer to allow the passage 
of drill coulters without blockages. 

The performance of existing 
cultivation equipment 
Mixing in of chopped sbaw 

There is a wide range of implements 
that will mix in chopped straw. Tandem 
disn provide good incorporation of crop 
residue, and are widely used for soil cul- 
tivation. Poor penetration and soil com- 
paction can occur under adverse condi- 
tions. 

Heavy duty spring tines or fixed tines 
provide a degree of mixing, but little bu- 
rial of material is achieved. Combinations 
of tines and discs, as in the Tillage Train, 
provide good incorporation and mixing, 
and overcome many of the disadvantages 
of discs and tines when used separately. 

Rotary cultivators fitted with L-blades 
provide good incorporation and mixing, 
but work rates are slow; the spiked rotary 
cultivator does not incorporate satisfac- 
torily 

Inversion of chopped straw 
Ploughs produce complete burial of 

straw residue but there is little mixing of 
straw with the soil, and work rates are 
slow. Shallow ploughs provide higher 
outputs, but poor penetration and ground 
contour following somewhat restrict their 
use. Following a previous shallow cultiva- 
tion to mix in straw, however, penetra- 
tion problems would be reduced. 

The Rotadigger provides good incor- 
poration and mixing, particularly when 
soil conditions are moist. As this imple- 
ment has good work rates and an ability 
to work in a wide range of conditions, it 
has obvious potential in straw residue. 

Energy requirements 
Figs 4 and 5 show power requirements 

and output potentials for selected cultiva- 
tion systems on clay soil, and indicate the 
difficulties of using a plough system on 
heavy land, particularly the slow output 
of the plough and the need for high 
energy input of secondary cultivation to 
obtain a suitable tilth for winter cereals. 
System 3, operating at depths of 5 to 
lOcm is unlikely to be suitable for straw 
incorporation, but system 4 is likely to be 
the minimum number and depth of o p  
erations and provides satisfactory work 
rates. System 2 provides intermediate re- 
sults. 

Future opportunities 
Straw chopping 

The available evidence and experience 
of farmers practising straw incorporation 
is that short chop length is vital for suc- 
cessful incorporation. In the UK there 

Fig 4. Energy required to incorporate 
chopped straw (Clay soil) 

Fig 5. Output potential of cultivations 
systems (Clay soil) 

are about 50 Claas combines fitted with 
straw choppers, whereas in Germany and 
France 80 percent of all combines are fit- 
ted with them. So, if burning was res- 
tricted in the UK, there should be an ob- 
vious move in this direction. 

Cultivation equipment 
The vital need is for equipment that is 

capable of mixing in and incorporating 

straw residue thoroughly so that very 
little material remains in the top layer of 
soil. 

Variants of the Tasker Tillage Train 
have obvious potential and the Mulch 
Train consisting of chisel discs, shallow 
tines, deeper tines and a second set of 
chisel discs is capable of deeper opera- 
tions with a good mixing of crop residue. 

The Glencoe Soil Saver, using a com- 
bination of vertical cutting disn and an 
angled share, aims to provide more inver- 
sion and burial of straw material. 

At the NIAE there are a number of 
projects aimed at developing iniproved 
equipment for straw incorporation. One 
machine is a rotary cultivator fitted with 
alternate rotor blades and stationary 
tines, and this is providing good potential 
for straw incorporation. Also field ex- 
periments at the NIAE and other Gov- 
ernment establishments are examining 
the suitability of different cultivation sys- 
tems for straw incorporation. 

It is hoped that this work will lead to 
further suitable developments, so that if 
burning of straw residue is restricted, far- 
mers will have an armoury of cultivation 
equipment that can function satisfactorily 
in straw residue. However there is likely 
to be a requirement for a little more 
horsepower in tractors to ensure that 
timeliness of work for winter cereals is 
not reduced, particularly on heavier soils. 

This paper is reproduced by kind per- 
mission of ADAS, organisers of the 
Oxford Straw Conference. AN the papers 
presented at that event wiN be available in 
March from the Divisional Office, 
Government Buildings, Marston Road, 
Oxford OX3 OTP. 

The Chisel Discs which, with the addition of tines form the Mulch Pain, capable 
of deeper work in^ and better straw-mixing and incorporation than the Tillage Train. 
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EVERYTHING 
FOR LAND DRAINAGE 

THEPERFECT TEAM 

i "Gelth" Gravel Tunnell Plough fill~ng mole 
d r a m  wlth gravel and "Geith" Gravel 
Trailer with power driven axle. 

Dltching 
Bucket. i 

"Gelth StoneiRock 
P~cklng Machine I 
GEITH 

P.F. DOGGETT(ENGINEER1NG) LTD. 
"Geith" Works, Tredegar, Gwent. Wales. 
Phone Tredegar 357113572. Telex 497380 

24" standard Trench 

I 1 
"GEITH" EXCAVATOR BUCKETS. 
Every type, and every shape, lor every 
makeof Excavator. 1,000 Buckets in stock, 
Llpplates1cutting Edges Teeth and 
sidecuttersex stock RepairlRebuild 

"Gelth" Works, Tillicoullry. service available. 
Ciackmannanshlre. Scotland Land Drainage Plpes all types supplled 
Phone Till~coultry 501 79 Telex 777695 Nationwlde delivery. l 
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FEBRUARY 1983 

2 Chalk Soils Management - High  Post Hotel, Salisbury, organised by 
A D A S  and Chalkland Cereals Group, with S A W M A  

2-4 Yield o f  Potatoes - Organised by Cereals Uni t ,  RASE, t o  be  held at 
Peterboroueh 

S Restoration o f  Land to Agricnltnre- RASEIADASISAWMA,  at the NAC 
10 Soil Structure - S.W. Regional, I A  E, Barnstaple 

15 inefficiency in Nitrogen Use - SCI Agricultural Group with the Fertil izer 
Society, London 

16 Making Irr igat ion Pay - Organised by the UK Irrigation Association at the 
N C A E  

21 Straw as a fuel and a valuable resource in agriculture - S.E. Midlands 
I A g E  Branch Meeting at N C A E  

28 The Advantages o f  the Paraplow and Ploughing - W. Midlands I A g E  
Branch Meeting 

M A R C H  

2-3 Soils Workshop - RASEIADASISAWMA at the NAC 

16 Weed Research Organisation Visit - S A W M A  AGM 

25-27 ICID Weekend meeting visit to Hydraulics Research Station and Institute of 
Hydrology, Wallingford and FDEU Research Unit, Faringdon - ICID,  
Institution o f  Civ i l  Engineers, G t  George St, London S W l P  3 A A  
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6-8 Soil Water Meeting - BSSSISAWMA, at Sutton Bonnington 

19 Plant Growth in Stress Conditions - SCI Group, London 
For further details, contact SAWMA, tei 0203 555100. 
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SAWMA is recognised as an organisation that provides 
a forum for debate and discussion on all aspects of Soil 
Management. Essentially, the role of the Association is 
to co-ordinate, direct and exchange information that 
promotes good soil and water husbandry. 

Founded in 1973 by a group of progressive 
agriculturalists, the Association carfles out this role by 
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BIG 
PEWOR-R 

You can fool some of the people all of the time - but don't 
try it on farmers. L - 

They know that 3 inch clay tiles carry twice as much water as 60mm plastic tubing - so a clayware 
drainage scheme can last twice as long. 

But some salesmen will tly to tell you that because 80mm plastic is a fraction bigger than 
3 inch tiles, it will carry more water. 

Like so much sales patter, that is quite simply untrue - and there are Ministry 
figures to prove it. 

On a 1 in 200 slope, for example, 3 inch tiles carry 18,500 gallons of water more than 
80mm plastic - each and every day of the year. 

CORRUGATED 

3 0  

FLOW CAPACITY 
rooo GALIOAYI This is because the 
60 corrugations in the 

,.U,. V", "U,, , 
( 0 0 0  GALIOAYI 

150 - ---------------- 
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125 --DRAINAGE PIPES ON GRADIENT - 
OF 1 in 2 0  

5 0  - 
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5 0  

40 

3 0  

2 0  

1 0  

So when you choose clay tiles, you won't just get a 
strong, proven, long-lasting, vermin proof, 
chemically inert, British product: you'll also get one 
which shifts more water from your land. 

OAKLAND. 

- NOMINAL DIAMETER ~ ~ n m  7 ~ m n  show: at l in 100 the difference is nearly 

FLOW CAPACITY 25.000 gallons a day, and at 1 in 20 the advantage to clay 
(000 GALIOAYI is a staggering 60,000 gallons a day. 

FLOW CAPACITIES OF LATERAL plastic tubing cause - - DRAINAGE PIPES ON GRADIENT- what the boffins call 
OF 1 in 200  "hydraulic roughness": 

in farming terms, this 

CLAY TILES FROM 

BE ONES FROM 
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~xnck,'~ork Y ~ M D  
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- 

!I Henrv Oakland &Sons Ltd.. 

CORRUGATED means the water can't 
PLASTIC flow as easily. 

On steeper gradients 
comparison is even more W n g ,  as the charts 

The natural excellence of clayware 

Source: 
The Design of Reld Drainage Pipe Systems HMSO. 


