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After spending years opening doors, 
wek about to help you closesome. 

Opening doors to new ideas hasn't 
preventedus fromrecognising where we could 
be helping you by shutting a few old ones. 

And it's with this in mind that we'd like 
to draw your attention to Soil Care Systems. 

As the name implies, it's a flexible 
method of caring for your soil by reducing 
the number of passes you make across it. 

Because with Soil Care Systems, you 
only take your tractor out when necessary. 
There's no wasted cultivations made to kill off 
weeds. Instead by using 'Gramoxone' 100, you 
can do the job quickly, and effectively, despite 
the weather. 

And at the end of the day you still 
maintain,and frequently improve, the drainage 

and structure of your soil. So instead of 
making heavy weather of preparing your 
seed bed, remember Soil Care Systems. 

Otherwise you 
could be quite need- ~ ~ ~ ~ ! !  
lessly working yourself SYSTEMS 
into the ground. 
W--------  - 
i For our comprehensive handbookon Soil CareSystems, I 

fill in thecoupon and send it to ICI Plant Protection, 

I Department CB, FREEPOST, Cirencester, Glos. GL7 IBR. I 
1 ! Name I 

l Address I 
I I 
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Fmnt cover-Sandy clay over Boulder clay-the soil 
at Mr John Rymer's SSR Farms Ltd, Southburn, 
Driffirld-and one of the sites in the ADAS 
cultivation trials investigating the long term effects 
of deep soil loosening. Mr Rymer, a founder 
member of SaWMA is this year chairingthe NAC 
Conference "Soil Management for cereals and 
rape': 

A noteabout the ADAS trials is on page6. 

Our Continuing Role 

Since our April issue, the main developments in SaWMA have been the detailed 
preparation of our 1985 programme and the straightening out of our member- 
ship records. 

Details of the SaWMA events for 1985 are included in Diary on page 22. And 
don't forget the Conference "Pollution on the Farm" to be held on Tuesday, 12th 
~ o \ e m b e r .  Details o f  this aregi,.cn on the back ;o\.er and we are pleased to pro- 
claim the joint ,upport o f  SIAbF, : \MS and the Eact oiEngland Agricultut31 
Society in this important event. We are also very pleased with our 'line-up' of 
Chairman and speakers - men of quality, knowledgeable in their subjects and 
certain to generate and inspire valuable discussion and action. 

Now is a very exciting time for SaWMA. Our farming industry, the country 
and indeed most of the Western world are becoming daily more concerned that 
proper attention is given to good management and preservation of our basic 
assets. SaWMA has been carrying this message for the last ten years. We plan to 
develop this still more in the future and show ourselves to be one of the leading 
organisations concerned with resource conservation, preservation and good 
management. 

The Pollution Conference is a good example of these intentions. The Con- 
ference is planned to be of particular interest and value to farmers, conserva- 
tionists and consultants but many others will find it worth while Too often these 
days, farming is being accused of  misuse of thecountryside. A lot of the accusa- 
tions are unsubstantiated and unjustified. The report we carry on page 5 
(Pipeline) of theresolution passed at the York County Branch NFU shows that 
farmers do care and farmers are concerned - but first we do all need the facts to 
go on, and we do need to think and act on an international scale. Whatever the 
problems of pollution they are not just British problems and the least we can do 
is to tackle them as European (or EEC) problems if any sensible long term and 
economic solutions are to be found. 

Also on this subject I think it is relevant to quote (with due acknowledgement 
to whoever conceived it) the slogan in the back window of the Land Rover 
preceding us out of the car park at the Farmers Weekly Drainage event - "Don't 
criticise farmers with your mouth full". 

As I wrote in April - "Soil and Water, that is SaWMA, aims to provide the 
information to help the right decisions to be made?' 

But, and I must emphasise this, our programme demands full and adequate 
resources. We need the support of all current members and we want to attract 
many more new members. In return we hope that members will then find that 
they themselves attract a correspondingly greater benefit through their associa- 
tion with SaWMA principles and objectives. 

We thank you for your support in the past and we hope we may count on your 
continued support in the future. 
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STRIPDRAIN - a new .--"- .:-*&j,&+Yp::,$.i ICI Plant Protection Ltd. 
h.,,'?, :,.,& ..;;$:.,;b>,) solution to drainage problems p -- . .., ., ,-! ,:.,' wins Pollution Abatement 

Chelmsford Borough Council are ex- 
~ . ' 

i '- 

perimenting with a sample of BTR Land- j:'~$ -, ... . .. . . , , . . .. . award 
1 

Two divisions of ICI are among the four 
scaper's revolutionary prefabricated drainage 
system HITEK STRIPDRAIN at their winners of this year's Pollution Abatement 

Melbourn Park Sports Stadium. It has been Technology awards. 

installed by Shelton Trenching Systems. At ICI Plant Protection Ltd., theaward is 
gained for their new ELECTRODYN spray- 

Stripdrain \ins developed in Australia and ing system which incorporates a unique elec- has since been widely used in New Zealand 
and Canada. BTR Landscaper have in- trodynamic atomisation process producing 

troduced it to the United Kingdom and uniformly-sized and electrically charged 
spray droplets. In the opinion of the Europe. assessors, the ELECTRODYN system 

Rot-proof; Crush resistant dramatically reduces spray drift and con- 

Supplied in a roll - in various dimen- siderably improves operator safety; further- 
more, it dispenses with the need for large sions depending upon application - Strip- 

drain consists of a rot.proof, cuspated plastic 150mm HITEKSTRIPDRAIN~~;~~ laid volumes of water and it provides excellent 

core with high crush resistance, wrapped in a a1 Melbourn Sports Sladiunl. Chelmsfom' biological control at very low application 
volumes - 0.5 to 1.0 litres per hectare of the geotextile fabric - 'Terram', made by ICI. quires no expensive bedding or backfilling. 

Stripdrain provides a water collection special product formulations. Stripdrain is lightweight and joints and 
medium which is capable of filtering water seals can be made with only scissors and Initially marketed as a hand-held tool 

primarily for the World's semi-arid through the whole area of its surface, whilst adhesive tape. It does not need to belaid to a agricultural zones, the ELECTRODYN' preventing ingress of soil and other particles. gradient and can be laid in narrow trenches system is now being developed as a vehicle 

Flexible; joins by scissors and tape 
from 250mm to 1500mmt2 depending mounted sprayer and also as a hand held tool application. 

Stripdrain is flexible and will easily con- for gardeners and growers. It is to be available Further information: BTR Landscaper, in the UK this form to the shape of uneven trenches. It re- Freepost, Preston PRS 2BR. (0772) 421711. The Awards for Pollution Abatement 
Technology are financed by the Environment 

Remote sensing for land and mation. 1' i"e"'sned for graduates (or the Foundation and promoted by the Confedera- 
equivalent) working or intending to work in tion of British Industries, the Department of water management the UK or overseas in natural resource the Environment, and the Royal Society of 

The National Remote Sensing centre development, Or inother fields where theap- Arts. The idea of these Awards (first in- 
(NRSC) at Farnborough, and the ~ ~ ~ ~ ~ t -  plication of remote sensing can effect im- stituted in 1983) is to give publicity to the 
ment of  Trade and Industry have set up a Provement in management. problem of pollution and to encourage the 
travelling exhibition to promote the use of A leaflet on the course is available from promotion of ideas which will not only com- 
Remote Sensing in the UK. the Student Recruitment Office at Silsoe bat man-made pollution hut prevent new 

Remote sensing is the observation of the 
earth and the atmosohere from space. It is a 
valuable tool for surveying natural resources 
and monitoring the environment. It is a ma- 
jor contributor to weather forecasting, where 
rapid surveys and/or repetitive observations 
with wide overall views are required. 

Specific applications showing great pro- 
mise include regional crop monitoring and 
yield prediction; detection of soil moisture 
conditions and the rapid survey of at- 
mospheric conditions allowing, for example, 
considerably enhanced scope for monitoring 
of pollution. 

The Exhibition 'Roadshow' comprises of 
a 40ft trailer housing three examples of 
British remote sensing equipment and also 
equipped with facilities to provide lectures, 
slide shows and videos to small groups of 
people. Subject to prior arrangements it will 
beavailable to attend at relevant conferences 
or meetings through the period up to the end 
of 1986. 

Remote Sensing - MSc Course at 
Silsoe 

Further opportunity to get really involv- 
ed with remote sensing is also now offered by 
a new MSc course at Silsoe College in 
October. 

The course - Applied Remote Sensing 
- aims to produce specialists trained in the 
interpretation and analysis of sensor infor- 

College. 

Course in Land Restoration 
With our emphasis in this issue on land 

restoration it is also relevant to point out that 
courses are available specially to give training 
and instruction in this subject. 

Land Capability Consultants Ltd. offer a 
course in two parts - two days of lectures 
and discussion on the principles and techni- 
ques of land restoration, followed by two 
davs in the field at onerational sites. Subiects ~ - ~. 
co\cred in<ludc plant rcquirr'mo~~s, sot1 pn)- 
nerrtec. u~ i l  handlille, la~ldi,ll. dralrrmr, dnd 
iubsoiling, tree planting and after car; 

This year's course runs 23rd to 27th 
September and will be the fifth in the series. 
The cost of the full residential course is E345 
plus V,\r, but it I. pow,ble lo illtend \cpanru. 
1, c~ t l~cr  ilk! Iwrurc :ourstor thc ficld Lount.. 

Further details from: Miss S P Corker, 
Land Capability Consultants Ltd, Times 
House, Willingham, Cambridge CB4 SLH. 

We much regret that the names of two of 
SaWMA's Corporate Members were in- 
advertently missed off the list published in 
our April issue. The members involved were: 

Drinkwater Sabey Ltd. 
Inter-Drain Ltd. 

Corporate Members are valued supporters of 
SaWMA in its efforts to promote the highest 

forms of environmental damage arising in 
the future. 

Besides the financing of these Awards the 
Environment Foundation also seeks to en- 
courage appropriate research. Already, they 
have committed resources to a project at 
Reading University for a study of the treat- 
ment of silage effluent. 

-. -.-.-. -., 
Turner Internorional announces two new 
slmw choppers for linkage mounfing on lrac- 
tors over 60 hp. Respctively 6 ' 6  and 7'6" cut 
model TMSCZM) is priced a1 £1946 and 
TMSC230 (above) at  £2165 (VATexcl). 

4 Soil and Water Volume 13 No 1 ,  July 1985 



.~ . . . ,  --.- 

New from A F Tznchers is thisattachrfre~rf for Gehl SkidSteer Loadersenabling them to 
trench for electric cab l~ ,  water pipes and other small underground services. Called the A F T  
30 the trencher mounts on the lift arms ojthe loader and a depth wheel enables the correct 
height for trenching 10 be mainlained. 

Trench width isfmm 12.5cm to 30cm and muximum depth is 1.2Om. 

Further Fund Reductions 
After the announcing in our  last issue of the slashing o f  funds to the Sail Survey 

we must this time publicise an  equally distressing situation a t  the Scottish Institute 
of Agricultural Engineering. 

A Consultation Paper just issued by the Department of Agriculture and 
Fisheries for Scotland (DAFS) proposes that the budget for agricultural engineer- 
ing work should be reduced by f l . lm-a  cut o f  70 per cent. 

The Scottish Institute is taking space in this journal (page 11) to publicise some 
of their activities. They invite support from all concerned with the welfare of 
agriculture in Scotland to convey their views to the Secretary of  State. 

Furthermore, the Institute draws attentions to the range of its current program- 
mes, with their special relevance to the problems and interests of Scottish agriculture, 
and declares that the manner in which engineering has been selected to bear the 
brunt o f  R & D support cuts betrays a lack of appreciation of the long term serious 
consequences for Scotland. 

See also page 6 for an  announcement on behalf of  the Soil Survey seeking con- 
tacts with users, and potential users of their services. 

Call for Nitrates research at 
EEC level 

Members of the York County branch of 
the National Farmers Union have passed a 
resolution calling for a serious scientific study 
of thc effects, if any, of nitrates on 
underground water supplies. Proposing the 
resolution, Mr John Cook, Scarborough, 
maintained that most farmers believe that 
nitrates have no effect on ~~nderground water 
supplies. "Farmers are amongst the most 
responsible people in the community. If it is 
shown that nitrates are not a problem, then it 
is proper to have that proved - and if there 
is a problem, then again it will be to our 
benefit to know it". 

Mr Cook further proposed the investiga- 
tion should be undertaken at EEC level so 
that its findings would affect all countries 
and so that British farmers would not be at 
any competitive disadvantage if problems 
werc encountered. 

Small Scale Drainage 
Anaplast Limited has introduced 

"TYPAR", Du Pont's permeable construc- 
tion membrane in a handy-pack containing 
just 10 running metres. Called 'EARTH- 
PACK: it is an ideal size for many of the 
small jobs - on building sites; farm roads 
and gateways and in the garden - under- 
taken by both the amateur and professional. 

"TYPAR" is a tough, non-woven 
polypropylene fabric which, although 
lightweight, has great strength and dimen- 
sional stability. Because this outstanding per- 
formance makes it suitable for reinforce- 
ment, drainage erosion control and many 
other large scale applications, it is used exten- 
sively in civil engineering projects rhoughout 
the UK, Europe and the USA. 

The handy, economic-sized 'EARTH- 
PACK: supplied with a technical leaflet, 
enables the small user to capitalise on the 
same characteristics of increased life and 
reduced maintenance. 

Without additional 'expert' help, access 
roads, drives and pathways, soakways, drains 
and many other jobs in the garden all become 
possible for the builder, farmer or handyman 
and he saves money. 

1 SAWMA M A F F  ADAS 1 "TYPAR" replaces expensive we// g~nded 

I 
., -. -. . .. 

See back cover forjurther derails 

East of England Agricultural Society 
Oneday Conference, 12th November 1985 

Pollution on the Farm 

Sales, service, hireofthe U.K.'s 
leading high speed narrow 
trenching machines. 

Nationwide for hire. Tel 0865 735420 TdPX 83141 

Picture shows model TF700digging 1 0  wide 
X @ d e e p t h r o u g h  h e a v y  ground at60 
l inear  yards per hour. The spoil comes out in 
afinefriable tilth making foreasy backfill 
w i t h  the integral hydraulicangle dozer. 

aggregatefilters in a smaN land drain. N 
allows free passage of water, whilsl 
restraining soilparticles from entering the 
rudern 
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The Wick Series 
Soil Assessment - I N L Kilgour, Soil Survey of England and Wales 

These soils are brown deep well drained light 
loams that occur mainly on flat or gently 
sloping river terraces or over glacioflurial 
sands. The soils are widely distributed in the 
Midlands, Northern and Eastern England 
and in Wales. They are the dominant soils 
over about 3,000 km' of land (1.95 per cent 
of England and Wales), and associated with 
other soils over a further 3,250km1. Their 
distribution is shown on sheets l, 2 ,3 ,4  and 
5 of the National Soil Map. 

Topsoils and suhsoils are sandy loam or 
sandy silt loam with variable amounts of 
stones but they become sandy at  depth and 
on terraces along river valleys they are often 
over gravel. A brief profile description is 
given below. 

cm 
0-30 Dark brown slightly stony sandy 
Ap loam or sandy silt loam. 
30-60 Brown slightly stony sandy loam or 
Bw sandy silt loam; moderate medium 

subangular blocky structure. 
60-80 Yellowish brown slightly or mod- 
Bw erately stony, loamy sand or sandy 

loam; weak medium blocky structure 
or structureless. 

80-120 Brownish yellow slightly or 
2BCu moderately stony sand or loamy 

sand; weak coarse blocky structure or 
structureless. 

Opportunities for land work 
Because the soils are permeable, rain per- 

colates quickly into the ground and surface 
run off is usually negligible. Artificial 
drainage measures are not required. The top- 
soils retain little water and the land is par- 
ticularly well suited for cultivation, including 
direct drilling. There is considerable flexibility 
in most areas for landwork in autumn and 
spring, and even in wet western districts some 
spring work is usually possible without caus- 
ing undue damage to soil structure. This is il- 
lustrated in Fiaure l which is taken from the 

In Eastern England and in the Midlands 
cultivations can be carried out with care in 
rainfree periods throughout the winter, but 
cultivation pans can develop if heavy 
machinery is used. Soils containing a large 
amount of sand and silt are particularly 
susceptible to structural breakdown and sur- 
face caps may form if bare soil is exposed to 
heavy rain leading to patchy emergence of 
seedlines. There is also a risk of water erosion 

may occur when the surfack is dry. Erosion 
risk is increased where the amounts of 
organic matter in the topsoil have been reduc- 
ed by continuous arable cropping. 

- cropping 
Land with Wick soils is very flexible and 

is valued for agriculture especially in the wet- 
ter west. 

A wide range of both autumn and spring 
sown crops is grown in Eastern and Midland 
England including cereals. surar beet. 
po&toes, oilseed r&, and field vegetables 
with soft fruit oroduction in districts with a 
mild climate. There are few limitations to 
crop production but the soils have only a 
moderate capacity for storing water for plant 
growth in summer. 

Irrigation for potatoes 
There is sufficient water for rooting cmps 

such as sugar beet but many other crops are 
slightly affected by drought, and potatoes 
and grass especially so. Potatoes, in par- 
ticular, benefit from irrigation. On the 
moister climate of North West England and 
Wales, dairying and livestock rearing are 
predominant based on intensive grassland 
with cereals, chiefly winter sown, and root 
crops. Good yields of grass are usually ob- 
tained, although in dry years growth is check- 
ed by shortage of water. The soils areas are 
also well suited to winter cereals but less 

suitable for forestry and oak, beech, 
sycamore, Japanese and hybrid larch, Sitka 
spruce, Scots pine and Douglas fir all grow 
well. 

Reference 
Jarvis, R A; Bendelow, V C; Bradley, R I; 
Carroll, D M; Furness, R R; Kilgour, I N L 
and King S J (1984) 
Soils and their use in Northern England 
Bull. Soil Survey of Great Britain 

This oublication and the National Soil Mar, 

~a rpenden ,  Herts AL5 ZJQ 

RESEARCH 

Norfolk Agricultural Station 

Cultivation techniques still the key 
factor in improving and maintaining soil 
structure 

Interim results from some of their long 
term experiments are given in the 1985 An- 
nual Report of the Norfolk Agricultural 
Station. 

One experiment, now in its eleventh year, 
explores the effects of rotational cultivations 
on the structure of the fine sandy soil found 
towards the Northern boundary ofthe farm. 
This soil is low in organic matter (around 
1.6-1.8%) and the poor structure is very liable 
to compaction when cultivations are carried 
out at moisture contents even as low as 13 per 
cent. 

In the past, it had been shown that this 
difficulty could be contained by the adoption 
of "minimum" cultivation techniques - eg. 
no more than two straight tine shallow 
cultivations for sugar beet seedbed 
preparation. 

The long term trial into the effect ofrota- 
lion and other treatments has shown that 
benefits to soil structure following leys have 
been very short lived. The emphasis remains, 
therfore, on cultivation techniques to improve 
and maintain soil structure. 

Soil Surte) p~;hlisarton Sorlsundlttcrr Uscet cuilcd SPrIIIL! (cIw1I ir(lPS bc~.lll\c [he Straw incorporation 
.\'or~/?t,r/r L ,/xlu/rd (Jar, is ?l U/ 19841. grunlng scnx,n i, h o r t .  Ihc land IS tcr) t.'l\cul~creot~ thc iarrrt urt rand? I h m c  - 
Fig.1. The effpcls oojsoil and climate on landwork 

(Ashley series overlying Chalky Boulder 
Clav) similar to much of the medium to 
heavier soils found in Norfolk and much of  
Suffolk - another experiment has been set 
up to investigate both short and long term ef- 

8 4 R N A R D  C A S ~ L E  fects of straw incorporation. 
72s mm .""",l nl"*l The straw is chopped at harvest and a 

comparison is then being made between im- 
mediate ploughing in and ploughing in after 
weathering some 21 days later. Also under ex- 

C A I I L I Z L T  amination is the need or otherwise to carry 
mmm .nnuri nmc.<~ out a pre-ploughing cultivation to mix soil 

and straw and the need for additional 
autumn or spring nitrogen. 

# W O . :  NmbldoWW3n*odd*.Uxr.~mndnac3 This experiment is part of a co-ordinated 

m ;y;;;nw;r 
series with other trials being sited on four m ~~~~~~~~ ( ~ ~ r ~ k a p ~ a ~ ~ ~ l a -  ADAS Experimental Husbandry Farms. 



Ransomed, Healed, Restored, Forgiven 
The Restoration of Opencast Sites 
by Ian Carolan, NCB Restoration and Research branch 

Few people outside the Opencast coal in- 
dustry are aware of the detailed fomard 
planning, consultation, co-operation 
and compromise that occurs between 
the interested parties to produce a suc- 
cessful land restoration. 

The high standards demanded in current 
restoration and rehabilitation practice are 
best understood by briefly tracing the history 
of the industry in Great Britain. 

The mining of coal in Great Britain by 
Opencast methods was started in 1941 as a 
wartime emergency measure. At this time 
sites were small in area and of short working 
life, with working depths rarely exceeding 15 
metres, being limited by the available mining 
machinery which was small and light when 
compared with present-day machines. Even 
in these early days Government policy re- 
quired that land taken for opencast mining 
purposes would be restored to agricultural 
use. 

Wartime expediency and shortage of 
suitable earthmoving machines meant that 
standards in soil stripping, storage and re- 
spreading were much lower than thoseaccep- 
table today. In 1948 a Technical Advisory 
Comittee was annoinled with re~resentatives 
from the   in is try of ~ ~ r i l u l t u r e  and 
Ministry of Power to review restoration prac- 
tices.  he report of the committee led to an 
improved code (1951) of restoration. 

Coalfeld Farm 
Restored Site, near 
Ibstock, 
Leicestershire. 
Pmlected wafer 
course, new hedge, 
hedgerow frees, 
new fences. 

nlerll; noice, du,t, \1brat1011 ir0111 bIa,t~ng. ~ngot'thcdisturbed ~ndrr~plainloverburden. 
v~ru;ll inlru\ior~ and i n c r ~ w d  road irirlfi; 3~ Ikforc The sl~bsuil i ,  r c ~ l a ~ e d  the \uria<c of 
amongst the most obvious. However, within 
the space of a very few years all the mining 
activity will have ceased and the area will 
have an established grass sward and the more 
permanent features of the re-formed land- 
scape will be established. 

With large volume extractive sites such as 
sand, gravel and hard rock quarries, restora- 
tion is frequently at a lower level, unless, it 
has been filled with domestic or  industrial 
waste to raise the surface to fit the surround- 
ing landscape. The filling of a large void with 
waste material is often slow, unsightly and 

the overburden is ripped to a minimum of 
3Wmm using a winged ripper to break up 
surface compaction caused during spreading 
and grading to the required contours. Any 
large stones are removed before the first layer 
of sub-soil is laid. The previously stored sub- 
soil is now spread using motor scrapers, in 
two separate layers of about 3Wmm in 
thickness. Each layer is rooted to loosen com- 
pacted horizons, enabling stones above a 
specified limit to be removed mechanically or 
by hand. Following the satisfactory laying of 
the sub-soil, the top soil is then spread by . ~ 

The Opencinsl Evcculive frequc~ttly produ<er \e<ur~dary problem\, nlotor scnpr .  t h ~  too ic :ulri\lrtcd rorenio~e 
During the pcr~oJ up h, 1952 \ariou> \uch a, i\lnJ di,perscd liltcr. hcatlng, ttle<olnp;laed inlcrfa~r he[n.ecn thr lop and 

Government ministries supervised opencast 
mining activities, but in that year responsibili- 
ty was transferred to the National Coal Board 
(NCB) and the Opencast Executive (OE) 
came into being. 

In 1974 'Plan for Coal' was agreed bet- 
ween Government, the NCB and the Mining 
Unions, this agreement gave the OE an an- 
nual target of about 15 million tonnes out- 
put. To maintain such a programme requires 
50 to 60 operational sites, this represents a 
land requirement of approximately 2,000 ha 
per year being brought into coal production. 
At any one time there will be approximately 
8,000 ha being worked for coal and with a 
further 10,000 ha in the restoration phase of 
operations. Sites range greatly in size, from 
about 35 ha to 862 ha, with a life of 2 years to 
12 years excluding the period for restoration 
and rehabilition. On average most sites are 
around 150 ha and have a productive coaling 
life for 4 years. This relatively short working 
life contrasts sharply with many other surface 
extractive industries where operations can 
run into decades. 

. 
methane generation, and uneven settlement. 
In the case of opencast coal, even after the 
removalof the coal where ratios of 4:t to 40:l 
may be worked the land is returned to ap- 
proximately the original levels. 

The OE takes considerable care over 
restoration; standards have improved con- 
siderably during the last decade. These im- 
provements have come about at the instiga- 
tion and expense of the OE and will be 
discussed briefly under the headings: 
Organisation and Methods; Soil Survey; 
Underdrainage; Improved Techniques and 
Tackle: After Use (Aericulture. Forestrv. . . 
Recreation, Industry). These effoits are aid- 
ed by innovation and backed by a Research 
and ~evelopment Programme. 

Organisation and Methods 
After the last coal has been removed and 

the void filled, the final grading and levelling 
is carefully supervised to ensure that when 
the sub-soil and top soil are replaced, the new 
contours will blend into the surrounding 
landsca~e. 

sub-soil layers, and any stones above the 
specified limit are removed. 

To ensure that a high standard is main- 
tained the work is carried out in stages, each 
stage is inspected and approved by officers of 
the Ministry of Agriculture Fisheries and 
Food (MAFF), before work is allowed to con- 
tinue. When the final area of top soil has 
been spread and accepted the contractual 
work by the mining contractor is complete. 
The site is now ready to start the five year 
restoration programme. 

During the restoration period many of 
the features associated with an undisturbed 
landscape are replaced, these include, the 
reinstatement of rivers or streams with ap- 
propriate erosion control measdres along 
their original or re-aligned course, hedges 
particularly along ownership or major inter- 
nal boundaries, fences as divisions of  in- 
dividual ownerships, farm access roads, trees 
and woodland. On occasion a new farm may 
be designed and built to replace one removed 
during the mining process. 

Land rehabilitation includes the sowina - 
111 an) Iocal~t) the srorkittgoian areaof On I s i t  l I o t o u r  l d i e  ol'irppropriatc >ceJ ml~turc's iuld !he appl~ca- 

land for coal ha, 11, ciiea 011 the co\ ~ron-  \er) lillle iromllrcor~gi~ral ou,lng 10 the hulk. t10rl uf nlanurlal lrcatmcnlr, the in*lalldtion 
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of comprehensive underdrainage, water sup- 
ply to the fields and the control of grazing by 
a licencing system. Officers of MAFF or their 
Welsh or Scottish counterparts, acting as 
agents to the OE undertake the supervision 
with specialist contractors carrying out the 
work. 

Soil Surveys 
Full Soil Surveys of  proposed sites were 

initiated in 1979. The information gained 
from the survey includes physical, chemical 
and biological properties which may in- 
fluence methods of handling. Additional in- 
formation includes in-situ volumes of soil 
horizons, of the various mapped soil types. 
The indication of  any volume shortfall and 
the identification of material below the 
recognised soil profile which can be used to 
supplement the sub-soil at the time of  re- 
spreading. The chemical and biological infor- 
mation will indicate the levels of any 
ameliorative treatments that may need to be 
applied prior to stripping and storage, or at 
the time of re-laying. 

Accepting the constraints of ownership, 
with some occupiers occasionally wanting the 
top soil stripped from their land stored 
separately, and replaced after mining, the bet- 
ter soils particularly the subsoils may be 
amalgamated and re-spread on the more ad- 
vantageous aspects, leaving the poorer soils 
for permanent pasture or woodland areas. 

On most sites approximately 250mm of 
top soil is stripped and stored in mounds on 
the perimeter of  the site. Where available at 
least 600mm of subsoil is saved, this is fre- 
auentlv suoolemented bv material from lower 

in the soil profile, or from greater depth in the 
geological column. The objective being 
wherever possible that a minimum 900mm 
thick soil profile can be formed at the time of 
re-spreading. 

Drainage 
The exposed coalfields of  Great Britain 

receive between 600 and 900mm rainfall per 
annum, with parts of South Wales and Ayr- 
shire receiving between 1200 and 1800mm. 

The underdrainage of restored sites has 
been part of the restoration programme since 
the early days. The specification then, as now 
following regional preferences. In general, 
lateral drains are laid at W m m  depth at a 
spacing of 12 to 20 metres, today, all with 
permeable fill to within 200mm of the sur- 
face. In the past the underdrainage systems 
were installed in the 4th or 5th year of  the 
restoration period or occasionally even later. 
This clearly had an adverse effect on the pro- 
motion of soil development and root penetra- 
tion. In the early 1980's moves were made 
with the co-operation of MAFF to bring for- 
ward the installation of the underdrainage 
and water supply into the first or more usual- 
ly the second year of restoration. Also at this 
time the first contracts were let for com- 
prehensive underdrainage in the South Wales 
Coalfield. With drainage schemes aoinz in at - - - 
an earlier date i h r c  i\e\er) probpca llial ihc 
a r~~i laa l l \ .  re-tbrnicd >oil ~rotilcr ail1 benriit 
from improved water movement allowing 
deeper rooting of the grass leys established at 
the start of the restoration process. To 
facilitate the movement of water to the lateral 
drains. whatever the intensitv. a moline or 

&fomi~%n, new field boundari~,  hedger to 
be planred on banks. The steeper slopes arp 
10 beplanred with trees up to the forest 
boundary. 

sub-soiling treatment is carried out across the 
lateral drains. 

Improved Techniques and 
Implements 

With the expanding mining programme 
and the consequent increase in the area under 
restoration it was apparent by the late 1970's 
that some of the techniques and implements 
used in both contractual and agricultural 
restoration were inadequate. Much of the 
tackle employed at this time was designed for 
civil engineering, not for "agricultural" type 
tasks with a corresponding lack of effec- 
tiveness in meetine the soecification. b . , .. 

Look at these standard f and landscaping ... our Soil 
Over 80 sq. ft. of Preparators have all the answers. 
separation area Extra wide webs Fitted with a trailer loading 
Hydraulic steering Cab-mountfd controls elevator, they'll remove stones 
Rtar hydraulic cross conveyor Floadng intake rotor and clods ... economically 
Adjustable dod-cflulhlng web Choice of separathq web 

end now for detail 



In association with a number of 
manufacturers the OE has set 0.1 to develop Reclaiming mined land for 
and build a set of implements capable of per- 
forming the restoration tasks to meet current 
and then future specifications. 

The implements developed to date in- Forestry 
cludesets of: 
W tool carrier/heavy duty ripper fitted with 

winged tines; 
W tool carrier/multi tine cultivator/rib roller; 
W disc cultivator; 
a levelling sledge. 

More recent one-off imolements include: 
Secondary Tool Beam to fit to the Aveling 
Barford Motor Grader for lighter cultivation 
work; Stone windrower designed to move and 
windrow stone between 150mm and 750mm 
diameter from within the upper 300mm of 
overburden or subsoil; Mole Drainer, a larger 
version of the standard agricultural model, 
capable of working in difficult ground con- 
ditions; Seven tine ripper/subsoiler with an 
adaption for injecting sewage slurry below 
the soil surfacc 

by David Fourt, now operating as a consultant after 35 yean with the 
Research Division of the Forestry Commission 

The natural vegetation cover of Britain is advises on the suitability of mined land for 
forest, and most mine spoils become colonis- tree olantine and the soecification required 
ed by scrub. and devilop into woodland. for s~ccess,ki th the &ant Aid available. 
Reclamation accelerates the process, remov- Broadleaf trees. includine alders, attract - 
ing site and root-zone constraints, using more aid than commercial conifers. Forestry 
mechanical and sylvicultural techniques plantinrs are considered a "beneficial land 
based on the needs of growing plants. use" and, subject to some constraint as to 

species, planning authorities suoport ~. 

Land use technical improvements and innovation in 
reclamation. 

The deeper soil structures under A five-year after-care period is specified, 
or agriculture are lost when during which the mineral operator is respon- disturbed by mining, and although loosening 

sible for site 
by heavv machinery is a basic reclamation 
operation their replacement requires the dry- 

After Use ing effect of vegetation - especially of trees. 
Since the mining technique only involves Low-grade farm land may fail to respond 

a temporary occupation of theland thereis to reclamation, or other inputs and then 
not a sustained loss of aericultural land to the revert to forestry. Woodland often survives 
nation. The techniques and safeguards cover- because of constraints like poor drainage, 
ing restoration to arricultural use have been stone or texture, but mining can modify or  
briefly described. Other after uses include 
forestry and woodlands. In Wales and 
Scotland much of the land taken for mining 
is in poor quality agricultural occupation. 
Following restoration many of the steeper 
slopes and poorer quality soils are returned to 
forestry use. Here the Forestry Commission 
acting as agents to the OE undertake the 
ground preparation. olantine and initial 

remove these, improving conditions for 
subsequent tree growth. Minerals are also 
worked from beneath heathland, or  
moorland, and new soils can be formed from 
richer mineral substrates in the overburden 
while discarding gleyed subsoils, and retain- 
ing organic layers for their nitrogen store. 
Other land uses after mining include water- 
parks, and golf courses, each with tree plant- 

maintenance. The lower slopes with gentler i n g ~  as part of a leisure complex. Many mine 
rradients are returned to erazine use. voids, instead of low level reinstatement, ac- 
- where sites are to b; close to commodate vast amounts of domestic and 
highly populated areas ~articularly in the industrial waste. Some then return to 
, n , a l l ,  r , r e l e  , :lgr.:~lIture or amenity trec.plsntil~y but In- 
La:;~IAuth~~r~~icj I~ascraLen t l ~ e ~ , p p o r t u ~ ~ ~ l ~ ,  adequate :u!cr, t'3\ 01 l~q~ l id  ciilucnt and 
i l l  4,,,l;i3110,1 ,vith ()t al,d M , ~ ~ ~ ~  hc,~t~ng prohlnns 111terfcre. and 3 11111re ha,;; 
u l o ~ , ,  , r ~ r ~ t l o , l l  l r , , .  :ippr\~ilih i* ncc'led hcldre j u ~ h  \i t<,  ;an be 
K ~ I ; , ~ , , ~ ~ ,  ,llldll arc ,:llc~,,led f,,r :<~n\iJercJ hu~tshle ior ~~uoJ Ia~ id . .  
dustrial purposes. 

Current research work funded bv the OE Political 
c~~nf i rm,  thul re\toralion slandtrd, hare ud- l 11s Turin and ('01.1111) Planning 
tanced 2nd that the fnrmingron~munil~ can ( > l i r ~ e r ~ ~ I ~ l  AL.[ 1981 dcflr~eh t l~c  r:>torat!ou 
enter into rotation cereal production within a conditions for mining permissions, including 
few years followine the cessation of minine. those to forestry. The Forestry Commission 

'NAYLER' 'NAYLER' 
SINGLE SUBSOILER LARGE STOCK ! TWtN SUBSOILER 

Mechanical operations 
It has been observed that trees often grow 

well on ungraded spoils, such as dragline "hill 
and dale': because they are loose and not 
compacted by machine passes. 

But the aesthetic attraction of dozer- 
grading of unsightly spoil heaps for visual 
amenity has resulted in serious root zone pro- 
blems. Repeated vehicle passes during 
grading or subsoil replacement result in 
laminated and compacted material low in the 
coarse pores needed for roots, drainage, and 
gas exchange. Such surfaces are difficult to 
plant successfully, especially where heavy tex- 
tured and with inadequate slopes. 

To improve water movement we recom- 
mend the formation of 30m X 1.5m high 
ridges, to give 5' slopes, and these are then 
loosened using winged ripper tines mounted 
on a heavy tractor. These are drawn across 
the ridge, to 75cm depth, mechanically form- 
ing coarse pores. 

Over porous strata, vertical percolation 
can be improved by furrow ripping, but 
where impervious, ditches are formed with a 
side-acting bucket on a tracked excavator. 
Elevation of the planting position is achiev- 
ed with RCM discs, an operation which 
assists early growth on heavy spoils. 

To avoid compaction due to grading 
machinery, subsoil-topsoil mixtures can be 
loose-tipped over draining or sloping surfaces 
using dump trucks. The overlapping heaps, 
in 30-40m units, spaced 2m apart, are align- 
ed downslope. Trials on coal spoils, brick- 
clay, wastes and stoney overburden give cause 
for optimism, weathering soon reducing 
hummock size. 

Run-off from unvegetated surfaces can 
be damaging unless drains and culverts are 
adequate. Contour ditches, or berms in the 
uplands, spaced at 30-40m, can restrict the 
velocity and erosive power of water, convey- 
ing it to suitably armoured watercourses. 
Large flows have been contained in coarse- 
rock filled gulleys up to 20m across in the 
Canadian Rockies. This method could be 
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used in our wet uplands to convey run-off 
downslope with a reduced risk of erosion. 

Tree species 
Effective colonisation of mine spoils re- 

quires pioneer species, and the most suc- 
cessful are the Alders, which can fix at- 
mospheric nitrogen, a valuable asset. There 
are four tree species, and two shrubs hardy in 
our climate and suitable for a range of 
habitats. All have nodules containing the 
Ascomycete Frunkiu. One tree legume, 
Robinia, uses Rhimbium for fixation and can 
be useful, but is not without problems. Other 
pioneers include ash, sycamore, maples, 
birch, cherry, white and grey poplars, with the 
coniferous pines, especially Corsican, and 
larches. Snecies such as beech. oak. horn- 
beam or ciestnut are less suitable for bioneer 
plantings, and should await the development 
of woodland conditions. All except Corsican 
oine are vulnerable to wildlife and need oro- 
tection by fencing. For sandy sites, Corsican 
pine with common or red alder are suggested, 
with larch and other broadleaves on more 
retentive loams. 

A high plant stocking (25DO+/ha=2m2) 
ensures early canopy closure, reducing 
nutrient losses, and increasing root action 
leading to improved structure. 

Nutrition 
Over a relatively wide range, nutrient 

supply has littleeffect on the newly planted 
tree, as first year survival depends more on 
moisture supply. Soluble fertilisers can accen- 

tuate drought effects by raising osmotic 
potentials. 

Compared to grasses, spaced tree- 
plantings have modest nutrient requirements 
provided the mineral spoil stores adequate 
moisture within root range, with the mineral 
nutrients P, K, Ca and Mg. 

Only heath or moorland topsoils need 
mineral amendment, usually of phosphorus. 
Until the second year, nitrogen in conserved 
topsoil will he sufficient, provided a lm 
diameter weed-free zone is maintained round 
each tree. 

Mineral nutrient assessment by soil 
analysis can be helpful, but analysis of 
foliage taken from the 3rd season is 
preferable for identification of nutrient 
elements in deficiency. 

Incorporation of N-fixing Alders in the 
planting mixture may show benefits from the 
5th year, nitrogen being transferred through 
decay and release from leaf litter. Alder 
systems are easier to manage than legume 
covers, though some competition control 
may be needed. 

Forest trials have shown that inter-row 
line sowings of unpalatable legumes, such as 
Lupinus Lath.vw AS~IU~UIUT and Galego are 
useful and effective, and less subject to 
wildlife defoliation than forage species. They 
can pose problems of spread by seeding, or 
conversely a good cover may be elusive. 
Trifolium species should be avoided, being 
competitive, and palatable. On replaced 
upland peats, deficiencies of potassium and 
phosphorus are to be expected, though 

Loose-ti~~ed ~ l a c ~ u l  drill and overburden .. " 

mixtures wvre left ungrudedat this South 
Wales coal opencust. The low hummocks 
ore less obtrusive than hill-mid-dole, and can 
rrap and rerain leuf lilcer, &-duce erosion, 
and nor constrain forest operafions. The 20 
year old Larch crop is well-grown andreudy 
forfirst thinning. 

release of nitrogen often follows disturbance 
and mixing of peat with spoil. 

Because many mine spoils are calcereous, 
lime-induced chlorosis may develop after 
canopy closure with some tree species. Ash, 
sycamore, maples, birch and cypresses are lit- 
tle affected, Corsican pine, larch and beech 
are intermediate, with oak, chestnut, Scots 
and Lodgepole pines often severely damaged. 

Organic wastes can beeffectiveand cheap 
sources of nitrogen and phosphorus on poor 
sites, but their application should await the 

Keep abreast of SIAE developments 

Technical Reports from the Scottish lnstitute o f  Agricultural 
Engineer ing  are state-of-the-art summaries o n  the practical 
application of research findings: 

Br~b'#ec.,st:,,<j,, t. :*,, c, 
s I ,VL.n  ,'i I.* 'I,, t."," l,,l lil" fit 

' , s , , , e , : ,  *a,, ,,,., v 

1. Tractor stability and control (21pp) 
2. The clod problem in potato production (35pp) 
3. Tractor overturnine accidents on slooes ( 2 5 ~ ~ )  

A ~ A., 

4. Tractor accidents on slopes: a classroom model 
( 3 0 ~ ~ )  

5. Compaction by agricultural vehicles: a review 
( 9 2 ~ ~ )  

6.  Broadcasting cereal seed: a review of recent ex- 
perimental and farming experience (46pp) 

7. Mechanical raspberry harvesting (coming soon) 

Price £1.50 each (Nor 1-4). £2.50 each (Nos 5 & 6). Add $1.00 for orders from 
outsidc Great Britain. Send vour remittance in sterlinn or international money 
order to The Library, SIAE, 6ush Estatq Penicuik,  idl lot hi an, UK ~ ~ 2 6  OPH. 
A large SAE will produce a list of current SIAE papers and interim reports. 

- - - 
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Lefi: Durinp the summer reclamarion "window': the sire has been ridze-landformed to 
itnpmve drainage, and allow deep culrivalion by multi-shank winged tine cross-ripping to 
75on, and then disced to elevate the pla,rting position. Following excavation of a shallow 
@row drain, a low-maintenance g m s  mixlure will besown lo contml emsion. The tree crop 
of k r c h  will be planled in the following Spring. 

Right: Well-gmwn I1 year-old Italian aide6 with Corsican pine surmunds, planted on spaced 
deep-tineploughed restored gravel vvorkings in NE Hampshire This method of ground 
prepararion, though effective, has now been superceded by ridge landforming and 
Ioose-ripping. 

development of root-spread by the young productive land use under woodland, but 
trees, to allow uptake, usually in the 4th or more than 5 years may he needed to resolve 
later years. Their use on younger trees is growthproblems. 
wasteful, and may sharpen weed competition Good tree establishment requires that 
For moisture at a vulnerable ~ rowth  stane. ~hvsical conditions. such as the orovision of - - 
Problems remaining 

Improved topsoil storage should conserve 
nutrients, hut not weed-seeds. A biological 
method is required for replacement of 
organic N after the replacement "flush': 
Orgarlic matter incorporation by fauna1 ac- 
tion, with wetting and drying by special N 
fixing plant covers, needs package develop- . ~ 

ment. At present, structural re-development 
is slow, and repacking with deterioration in 
porosity is common on silt-rich media. 

Refinement and practice are needed in 
biological nitrogen fixation systems. Alders 
are much more manageable than legume- 
based covers, which need care with seeding 
and competition control. 

Removal of organic matter and fine par- 
ticles by sheet erosion can he severe. Gully 
erosion is common where stream-bed gra- 
dients increase. Losses are continuous, in- 
sidious and usually preventable and need s 
range of techniques including seeding, 
m~tleral berms and rock-drains. 

Raw spoils such as coarse sands, chalk and 
limestone waste, and raw clays, need studies 
in vegetational establishment. 

Landfill re-vegetation problems include 
root-zone limitations in the cover as well as 
gases, subsidence, heating and leachates from 
biological decom~osition. The effects of  
cover types, slopes, venting and waste pre- 
treatments all need evaluation and 
experiment. 

Summary 
.Disturbed soils can regain structure and 

a deep well-drained, weed-free rioting zone, 
is given a higher priority than nutrient 
amendment. 

For satisfactory growth on poor spoils, 
biological fixation of nitrogen by Alders or 
Legumes can give improvements. From year 
2 fertiliser nitrogen can be placed close to the 
tree, and front year 4 organic &,astes can be 
spread widely, but weed control is essential. 
Mineral elements are in adequate supply on 
most s ~ o i l s  except former heath or  moor. 
~oliage-assay from year 3 is to be preferred to 
soil analysis to identify nutrient limitations. 
.Pioneer species can be succeeded by oak 
and others when woodland conditions are re- 
established. Alders arevaluable components 
in mixtures for poor soils. 
.Differences in spoil, climate, hydrology, 
land use, erosion, and drainage imply site- 
specific requirements, though machine op- 
tions, phasing, with check lists, and "decision 
trees" can be helpful in deciding priorities. 

Further reading 
A Guide m Reclatnation o f  Mineral 

Workingsjor Forestry by K ~ i l s o n ,  Forest~y 
Commission 1985, R & D Paper 141. 

Land Capability Consultants  Ltd 
Soil, surveys and land classification 
Land drainage Crap trials 

1 Ecologi~al surveys I 

I Land riciarnarion 
Training courses in land restoration 

Land Caoabiiitv Consultants Ltd I 
I Times &use hllinoham I . . . . . . . 

Cambridge C B ~ ~ L K  
Tei: 09% 6@%% Telex: 817057 I 

Corporate Members 
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the support of the following 
towards i ts  objective: 

Prornolion of the highest standards in 
the care of the soil 

\1).4S land and \lilter 3ur$ire 
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Aqua Pipes Ltd 
Big '0' Filters UK Ltd 
Bruff Manufacturing CO Ltd 
Drinkwalw Sabey Ltd 
Farmhand UK Lld 
IC1 Plant Proteelion 
Inter-Drain Lld 

~ .. 
MAFF ADAS Soil Scientists 
Nalional Farmen' Union 
Petlifer Drainage and Water Services 
J Sale and Partners 
Silsoe College 
Soil Survey of England and Wales 
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Trumpington Farm Company 
H Was~e and CV 

I Watkina Nayler and Co Ud 
West of Scotland Anricullural Colleee 
While Horse Contraclon Ltd 
Willism Scolt Abbol Trusl 
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Farmland Restoration 
The Greenham Solution 

After the well attended field meeting in May last year, we have been promising readers a fuller report on 
the techniques developed at Greenham Sand and Ballast Co. Barry Bransden, Manager of Greenham's 
Restoration Department, who hosted the SaWMA meeting, has since also given a talk on the subject at 
the Stratford Drainage Workshop. So now we have two events to write up. 

Geoff Baldwin has made a special visit to Greenham's pit at Shepperton and heard and seen for himself 
the details of what is being done there and elsewhere in the Company's land. 

Putting it very simply, Barry explained 
that the aim of the Greenham company is to 
recreate prime farmland within a minimum 
period of as little as three months. Speed of 
restoration is important to mineral extraction 
companies such as Greenham, not least so 
that they give minimum disturbance and of- 
fence in what are often residential or recrea- 
tional areas. 

Special Restoration Department 
To achieve this objective of minimum 

disturbance, the Comuany decided firstly to . . 
rsr up 3 sp~i131 Kc\ror31101i Dcparrn~cl~t and 
rlicn to inakc rhc hlxnadcr df that d e ~ a r r -  
ment resoonsible for nlannine and control- - ~~ ~~ 

ling the whole cycle of events from opening 
up the site to its satisfactory restoration. 

Barry Bransden was appointed Restora- 
tion Manager, and using his own experience 
as farmer and contractor, and working with 
the experience and records built up in the 
Company, he realised that the earlier tradi- 
tional techniques of restoration had not on- 
ly been very time consuming but had also left 
problems of soil compaction and poor 
drainage - with the result that restored land 
finished far short of the capabilities for pro- 
duction that it had before the gravel was 
extracted. 

After close study by the Company a 
detailed new technique was planned and a 
trial site was established. The principles 
worked and there is no doubt that their abili- 
ty to demonstrate the speed and effectiveness 
of their techniques helped the Company to 
gain planning consent in 1978 on a further 90 
acres at the Littleton Lane pit at Shepperton. 

Planning for restoration 
The process of  planning for restoration in 

the "Greenham solution" as they call it, 
begins before any material, even top soil, is 
moved. The acreage chosen for clearance 
each year must be sufficient to yield an 
underlay of gravel equal to the planned work- 
ing capacity of the plant. 

In the first year of working, top soil and 
subsoil had to be moved to a storage area hut 
in each subsequent year the system is that top 
soil and subsoil are only moved once - 
removed from the newly worked area and 
transferred to the previous year's working 
over the fill. 

The planning for restoration starts with layers a hydraulic excavator lifts the top soil 
the concept that there will be a need to drain on to the subsoil layer that it has previously 
the restored land. All design has to start from levelled. 
the outfall level available to the site - Great care was exercised to monitor the 
whether this be ditch, soakaway or river. soil condition and checks have been made 
Recognising that the replacement material daily on soil moisture content and plastic 
(the fill) will undoubtedly be less permeable limit to establish that wen moving soils with 
than the gravel it replaces, means that high moisture content will not cause harm by 
drainage must certainly be necessary. this method. Again, Barry stressed the prin- 

Another important point is that the fill ciple that no machine goes on to the newly 
must be graded.as carefully as the eventual restored land. Soils are left in a loose condi- 
top soil. Failure to prepare properly in this tion with the top soil accurately placed to the 

-. , 

way would result in an uneven depth of 
workable soil and quite probably a loss of  
potential fertility. 

No machines on the restored land 
But obviouslv of critical imoortance in 

the restoration scheme is the decision on how, 
and with what techniques, the actual soil 
itself will be moved. Barry takes reasonable 
pride in explaining the Greenham solution. 

On the premise that soil, once damaged, 
is difficult, if not impossible to remedy, the 
technique to be adopted had to be one that 
would at no stage cause irreversible damage 
to the soil. This is achieved by using a com- 
bination of hydraulic excavators and dum? 
trucks to handle the soil. Soil movements are 
managed so that all vehicles keep to the ex- 
posed gravel surface, or to the infilled surface 
awaiting restoration. 

To recreate thecorrect subsoil and top soil 

correct depth over the subsoil. 
As a help in explaining the Greenham 

technique, Mr Keith Johnson, Director in 
charge of restoration, has prepared a series of 
sketches outlining the broad sequence of 
events. We have only spacee to show a selec- 
tion of these - concentrating on the earth 
moving work after the important planning of 
levels and marking out of the site has already 
been carried out. (See next page) 

Drainage installed before soil 
replaced 

A further feature of the Greenham solu- 
tion is that the drainage system is installed on 
top of the fill - before any subsoil or top soil 
is replaced. Experience has shown that if 
drainage is not provided at this stage, then 
during the next Winter the soils will com- 
pletely fill with water and prove very unstable 
for any cropping. As the soils are placed on a 
re-designed slope and because they are plac- 
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The Greenham Solution - skefches by Kei(h 

ed strin hv strin it is verv easv to nut in . . . . .  
drdinage as the soil mo\cment prt)gre\\c\. Io 
dllou ior jl~pht ~mpcrfr;tion oirrade. a bir- 
ger diameteFof pipe is used thanis technical- 
ly needed and a relatively close spacing (12 
metres) is also chosen. 

The finished result is a soil on the correct 
slope of  grade, with the designed depth of 
subsoil precisely covered by the available top- 
soil and the drainage system installed right 
from the day of  placing. 

There are no further major works to be 
carried out once any complete strip is 
finished. 

Quality checks and surveys 
However, the responsibilities of the 

Restoration Department do not stop there. 
Checks continue to be madeon the quality of 
the restored land and the validity of the 
techniques used. 

For example, there is regular recording of 
perched water tables in the soils by the use of 
dip wells and the monitoring of hydraulic 
conductivity. Such measurements have 
helned to show that the 12 metre drain soac- 
ing is correct for this site. Results from a con- 
tinuing control plot show that the nerched 
water ;able was maintained at more than 
0.8m below soil surface during any experienc- 
ed amounts of rain or snowfall. 

Soil density measurements show that the 
restored land has no greater density than had 
the undisturbed soil - and, indeed, initially 
the density was much lower that with the un- 
disturbed ground. 

As to the quality of the restored land and 
its suitability for agriculture, Barry Bransden 
has reservations as to how far the yield of a 
particular crop can he an indication. He cites 
the ability to grow pot plants in an inert 
material - that does not represent land 
restoration. In his view crop yields are very 
much a function of  manaeement combined 
with weather conditions - and they can only 
be used as an indication. He is orohablv be- 
ing over cautious because by all accounts 
crops grown on this Greenham restored land 

have heen the equal or better of those on 
neighbouring undisturbed land. 

For a more convincing assessment of  
quality, Barry quotes the results of a survey 
carried out jointly in 1983 between the 
Ministry of Agriculture (MAFF) and 
Greenham's own consultants (Land Capahili- 
ty Consultants). This survey showed that the 
land replaced between 1979 and 1982 had 
achieved an interim erade '2'. The eeneral 
grading on the land prior to digging is grade 
'2' with some areas grade '3A' due to either 
wetness or shallow soils. This general assess- 
ment has been confirmed bv a further survw 
carried out this year by ~ e a d i n ~  ~ ~ r i c u l t u r a l  
Consultants. 

SaWMA Council Member 
elected President of AEA 

I 
. . -. . . . . . . -. - 

Minimising pollution and nuisance President of  the Agricultural Engineers 
One other aspect of  the Greenham work Association for 1985/86 is Mr F P D Moore. 

also deserves a mention in these days of try- 
ing to control and eliminate pollution. Great 
care has heen taken to minimise the effects of 
the gravel working on nearby residential 
areas. The site has been screened by earth 
banks and by tree planting and noise levels 
have been reduced by the use of acoustic 
screening and rubber lining of chutes. 
Mechanical wheel cleaners have heen install- 
ed to prevent mud being carried on to the 
public highway and, in dry weather, a 
sprinkler vehicle operates over the internal 
roads to prevent dust. 

Agricultural Advisor to Howard Rotavator 
CO Ltd. 

This will mean another busy year for 
Frank who, besides his husiness career, also 
manages to make time for active participa- 
tion in SaWMA and indeed also in several 
other prominent associations. 

Frank joined SaWMA in 1979 and his 
wide experience, particularly of the manufac- 
turing and commercial side of  our members' 
interests, soon brought him election to the 
SaWMA Council, the Technical Committee 
and the Management Committee. He can 

memher of our Association. 
In his business career, as a Director of  

Howard Rotavator CO, Frank has been 

-*..- -.- ' -  .%-..' 
b,. :;-.-R.--. ,,iZ%-r-%XFm 

,pe~ially ili\ol\cd in rlevrloplrlg export 
hu>ine,,. In 1977 he a a j  awarded the Queen's 
Juhilw hlcdal for Scnicc to rhe lnd~~rrrv and 

I justly be described as an all-round working 

, 
in that year led the first AEA Mission to 
China. 

Additionally, Frank is a memher of the 
FAO Panel of  Experts on Agricultural 
Mechanisation, a Governor of  Writtle 

Summer cabbage in August 1984 on land 1 Agricultural Colle~e and a memher of Court 
rwtor~d 1983 (foregmund); I982 (middle I for Cranfield ~nstitute of Technology. 
dislance) and 1981 (far gmund). Variety: Frank lives at Thornton Magna, near 
Princess (TOZERJ yrelded 2750 X 12 ha Eye, Suffolk. 
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International Drainage Dynapac Hoes demonstrated a range of 
machines at their allocated sites. As usual 
they drew a reasonable crowd of spectators 

in the South East throughout the day. All the main units were 
suonorted bv a wide ranee of self-orooelled . . . . 

Mike Darbishire reviews the Farmers Weekly International and tractor pulled gravel tra~lers, pipe- 
handling equipment, back-fillers, and most 

Drainage Event - 1985 were Laserplane controlled for depth. 

FOR the first time in recent yean, the event 
was staged in the heartlands of East Sussex. 
The location at Veals Farm, Laughton com- 
prised of 40 ha of grassland - long term leys 
and permanent pasture - on mainly day  
soils. Peter Herbert, the owner, recently pur- 
chased the properly, and is seeking to im- 
prove output and the versatility of the enter- 
prise by implementing a comprehensive 
drainage scheme 

Machinery 
The manufacturers put oo a creditable 

display of static and working machinery, 
materials and ancillary equipment. Both 
Mastenbroek and Inter-drain were working 
with their large 'V' plough equipment for 
which we understand there is an increasing 
demand both at home and overseas. They are 
particularly suited to grassland drainage, 
leaving little surface disturbance. Clay and 
plastic tiles were being laid using both trench- 
les< and trenchine machines. Bruff and 

Multi-purpose Minis 
In response to criticism last year, there 

was an increased range of  small trenchers 
designed for small drainage works, sports 
fields, and with the versatility of laying 3Smm 
pipe, cables, water supply, and irrigation 
mains. The comprehensive range included the 
AF Trenchers, Bourgein Oxford 'Task Force 
700', Shelton rotating wheel trencher (now 
with acapacity for 2"-6" width trenches), a 
Bruff mini drainer and the new Mastenbroek 
7/12 for orchards. vinevards and soorts fields. 

The Site 
The site provided for ingenuity to resolve 

the problems in design for men and machines 
due to the undulating nature of the terrain., 
The low permeability through the five series 
of weald clay soils, identified by members of 
the Soil Survey, demanded different 
treatments. Monoliths of the soil types were 
displayed by ADAS/LAWS. They included: 

Denchworth - stoneless clay 
Dale - similar with more silt 

8 Lawford - slightly stony 
a Wickham - silty clay loam over clay 

Curtisden - silt through-out 
The saecification for the scheme called 

for 20m rpx,ng oidraln, s t i t l r  pcrlns~blc~iil! 
ro ivirhil~ 3ROr11ni of the \urhi<~.  3l0linp \%in 

conducted at 2.0m spacing to a deprh of 
500mm. Care was necessary in the moling 
and sub-soiling area, which was for the first 
time over existing drains. Today there is 
greater emphasis on secondary treatments, 
and the use of stone back-fill in this area has 
meant a change from the traditional. Until 
five years ago, straw was the only material 
used over drains in the South East. 

Conservation 
Conservation was not overlooked in the 

scheme design. Plans for an additional pond 
to augment the two existine ~ o n d s  will form 
a conservation area. steps- were taken to 
reduce the risk of pollution from leached fer- 
tiliser and the preservation of a 500 year old 
hedge is assured by routing a 'main' to a 
single outfall. 

By Hand 
In sharp contrast to the extensive range of  

machinery - provided by some 80 exhibitors 
- was the valiant and crowd drawing "lone 
Yorkshire Ministry officer" who was digging 
his own trench and laying a perfect drain by 
hand. He used the traditional tools of  the 
past with great expertise. Several onlookers 
benefited by even learning the art of  using a 
spade!! The lesson was the economy of drain- 
inga 'wet-spot'. "It is the most cost effective 
over, say, a distance of a couple of chain or  
so" was our intrepid officer's comtncnt. 

For more information, contact: 
ARC Concrete, Divisional Sales Office, 
Mells Road, Mells, Frome, Somerset 
BA11 3PD Tel: Mells (0373) 812791. 

,' . . . . .  . . . . A ARC Concrete, Scottish Sales Office, 
Main St, Newmains, Wishaw, Strathclyde 
M U  9PT Tel: Cambusnethan (0698) 

. . .,.. 38371 1. 
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Ditchers 
Pride of the event was the new JCB 13.7 

tonne 360 degree excavator and their new 
3CX site master which each save very effec- 
t ~ \ c  pcrfornian<e\ to shou their out,tand~np 
csnabi l i~~c~.  I n  add~tun. tltcre \rere a \arid\. 
ofhitchers, from the west Mac rotary to thk 
eye-catching new McConnell Ditch Boss 
back-hoe powered by a new small Kubota 
tractor (L 4150) of 45 hp and hydraulic shut- 
tle transmission. The self contained unit is 
trailer mounted and can be moved to site by 
the same tractor. 

Static Displays - Services 
On the static site were to be found the 

various ancilliary manufacturers and repres- 
entatives of associated oreanisations. ~ i n t e d  .. 
d~rplay, included rla~ce oiSa\VMA, U,24C. 
I VCA. C1.A. NIU and \1,4FF/Al>.AS. 'The 
latter, complete with computer link and 
background information on Veals Farm, con- 
centrated on Drainage After Care and Con- 
servation on their well presented display. 

Ancilliary Equipment and Materials 
Computers were much in evidence and 

for rapid drainage design the Pipe Plan 
System presented keen interest. Using a 
Sharp PC 1251 pocket computer planning 
time is reduced (cost £295.00). Various 
underground detecting devices merit men- 
tion, with emphasis on the British 'Tracka 
Systems' from Woodbridge, who have now 

'Practising what he 
preaches' - 
Cordon Spoor in 
thepit ar the /?W 
Dminage Evenr 

initiated a new marketing arm. 
Amongst their range of GRC (glass rein- 

forced cement) drainage units, BCM were 
featuring the new lm diameter inspection 
chamber designed to suit MAFF safety stan- 
dards requiring adequate space in emergency 
for another man alongside. 

Filters included the coco-wrap and in- 
creasing evidence that Big 'U filter wrap for 
both clay and plastic tile is gaining accep- 
tance. New to the scene was BTR Hitek, who 
use a dimpled, rot-proof synthetic polymer 
with a high crush strength and light weight 
factor. This application was demonstrated 
with the Shelton slit trencher. 

Stressing the importance of 'After-Care' 
was the range of jetting equipment now 

available These were to be seen mainly on the 
static site. 

One of the most innovative of techniques 
shown was the development by Aqua Pipes to 
use the close-space drainage system for 
reverse flow irrigation, which attracted much 
interest. 

Attendance 
The weather, fine and dry, enabled the 

3,000 visitors to discuss and assess equipment 
and techniques. Though the gate was down 
on previous years, it was reported that some 
25 countries were represented, the largest con- 
tingents coming from France, Germany, 
Holland and Canada. Some 40-60 arrived 
from each of these countries. 

APPLICATIONS 2 IN. TO 32 IN. DIAMETER 

The  Impact Mole is designed to punch horizontal, inclined or vertical bores (dead-end or through) in 
compactable, non-rocky soils. Because of its trenchless operation, it allows telephone and power cables, 
pipelines, etc.. t o  be  laid under existing surface  structures and installations (such as roads, railways, airport 

P. WRIGHT (Plant Hire) LTD. 
MAIN STREET, HULL HU2 OLA. TELEPHONE: 0482 26846 
AFTER HOURS: 0482 643155 - ROY ROBERTS 
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Latest trends in tillage 
equipment 
The Agricultural Engineer's view - by David Patterson, 
Field Machinery Divison, N.I.A.E. 

ACCORDING to a recent survey com- 
paring last year with 1983, the propor- 
tion of the total cereal area burned 
declined only marginally from 37.7% to 
37%. There was however an increase in 
the amount of straw incorporated from 
58,600 ha to 243,000 ha (represents 7.1% 
of the total cereal area) and this was 
largely as a result of a decrease of 4.6% 
in the proportion of straw baled and 
removed. 

These statistics indicate the importance 
that farmers attach to the option of straw 
burning in order to adopt high speed shallow 
cultimtions for maintaining the present large 
areas of land in the high yielding winter cereal 
crop. However, because of possible increasing 
restrictions on straw burning, farmers are ex- 
perimenting with straw incorporation techni- 
ques, which brings a requirement for deeper 
cultivation. Hence, there is a wide array of 
different types of tillage equipment being 
used on farms today and the types used 
depend not only on whether burning or in- 
corporating straw, but also on cropping, soil 
type and climate. 

Straw spreading and chopping 
The combine-mounted straw spreader is 

the common method of providinga suitable 
and efficient way of obtaining an effective 
burn. But use of thecombine-mounted straw 
chopper is increasing because it is essential 
for straw incorooration and when burnine. -. 
the shorter length of straw tends to reduce the 
intensity of the burn and hence the degree of 
pollution. The length of straw and stubble re- 
auired for successful incor~oration depends 
dn the following culkvation. when 
ploughing, experience is indicating that a 
coarse chop length and high cutter bar height 
on the combine are adequate, but when 
adopting non-inversion techniques the con- 
verse is true. Some manufacturers havegiven 
consideration to fitting a second cutterbar 
behind the header to cut the stubble and so 
ease mixing of straw into the soil when usine - - 
non-plough techniques; i t  seems that thesuc- 
cess of this technisue will depend on the 
reliability of theeq;ipment. 

The tractor-mounted straw chopper has 
become popular as designs are being 
modified to chop the stubble as well as the 
straw and so assist in successful straw incor- 
poration. New types of mechanism, such as 
the use of turbines and blades, to achieve very 
fine chop lengths, are becoming available. 
Some farmers are adapting existing forage 
harvesters for operation i l l  aiiaw and rcsults 

Econ/Tusker Mulch Train incorpomfingsfubble 

are indicating that the very fine chop length 
obtained is easing their straw incorporation 
problems. 

Tillage after burning 
Following burning, the use of high speed 

equipment at shallow depths is popular, the 
main types being heavy duty flexible tine 
cultivators, disc harrows, soil-driven rotors of 
various types and combination equipment 

~ ~ 

consi,ling of \ a r ldu~  types o i  tinc and disc. 
Thc heavy dui? Ilc\iblc tine uith its ability tin 
~ruvidc ldirlv cifeclivc ,oil \hartcr. i \  slua.lv 
replacing the-fmed tine chisel plough, and the 
heavy disc harrow is widelv used on burnt 
rrubhlcc. 'llle technique\ of ,l~aIlo,v ,uriar.r 
~ u l l i ~ d l i o ~ l  f,rlloaed h\ Jr~lline hate pruicd 
moreeffective than using a s p 2 a l  dire& drill, 
which has decreased in importance. 

However, over the years, consistent use of 
shallow cultivations and direct drilling have 
led to an inability to control grass weeds and 
toa  build-up of shallow levels of compaction 
at depths between 100 and 250mm. This 
situation has largely contributed to the recent 
revival of the ulouah to control weeds and to 
prevent build-up of surface ash and trash 
which absorbs soil acting herbicides, and also 
to thedevelopment o f  a whole rangeof top- 
soiling (shallow sub-soiling) equioment that 
will loosen the soil withou;bringkg clods to 
the soil surface. Coupled with the wider use 
of the plough has been the reintroduction of 
furrow presses of various forms to improve 
the tilth and consolidate the furrow slice. 
Another innovation on ploughs is the provi- 

and chopped stmw 

sion of means of varvine furrow width. . 
which enables optimum operation under a 
range of different soil conditions. A number 
of manufacturers have followed thecoutinen- 
tal trend of introducing the slatted- 
mouldboard which is most effective on the 
poorly scouring soils. 

Straw incorporation 
With the need for incorporating straw in- 

to the soil, a number of novel designs of 
equipment are now being sold. It is most con- 
venient to review these by considering the 
main methods for incorporating straw, by in- 
version, mixing, placement of straw and one 
pass systems. 

Various modifications have been made to 
the plough to improve its performance in 
straw residue, the main ones being the use of 
a concave disc (in place of the straight vertical 
disc) or adjustable trash boards to distribute 
straw more evenly down the furrow slice 
However, experience is indicating that one of 
the most effective ways of burying the straw 
completely is to use the traditional skim. 
Many of these attachments, including the 
furrow press, do  reduce total output. 

The high energy requirements o f  the 
traditional plough causes farmers to con- 
stantly seek for ways of overcoming this and 
there is a trend towards shallower depth 
ploughing. Another alternative is the con- 
tinental shallow plough which is suitable in 
many conditions, particularly as they can 
now be fitted with trash boards as a standard 
option. For operation under hard conditions. 
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Improvements in powered rotary 
cultivators both vertical and horizontal axis 
machmnes, have been in stronger construc- 
tion, new tine designs and additional means 

Combined cultivation and drilling using a Bridge Link 
which is frequently a limitation of  these imr  recent development consists of  a straw chop- 
plements, some designs can be fitted with an per and sub-soiling tines to collect, chop and 
underbnster tine. which not only assists bury stubble and straw to a depth up to 
penclrstlorl hut a150 brcak* up the il~rrou 30omm. .4lrhough the \rrrn% letlrls to beplac- 
hdttonl. cd in one region at dcpth, pn'l~n~inary re\~~lts  

A vast range of  equipment is now 
available to provide varying degrees of mix of 
straw with soil. A number of imported 
cultivators, having tines fitted with curved 
and twisted wide sham have become oo~ular  . . 
as they move large quantities of soil sideways 
to increase the amount of  straw burial. Dur- 
ing subsequent passes, further mixing occurs 
from a re-ridging action, but under heavy 

from experiments show that straw degrada- 
tion is satisfactory. The poor leg design, 
which results in an uneven soil surface, has 
been replaced by narrower legs which cause 
minimal surface disturbance. 

In certain situations the true one pass 
system may have relevance on the lighter and 
medium soil types and following a late- 
harvested crop. A continental machine con- 

of providing a finer tilth by using combs or 
clod crushing boards behind the rotor. Com- 
pared with draurht imolements, outputs are - 
lou dnd energy requirct~lents high, bum under 
diff~suli h d d y  :olldilions [he) prudu2c a . . 
fine, level tilth in one operation. 

Combining powered cultivation equip- 
ment with drills has become popular whilst 
bridgelinks, which allow different secondary 
cultivation implements to be attached to a 
drill, provide steady sales. 

Implement rotation 
With the more extensive use of wider 

ploughs and larger horse power tractors there 
bill begreater compaction and damage to the 
soil profile. Thus the recent benefits of im- 
prated soil >[ru:tt1rc tl~ra~ugli jhallo\~ .ulti\a- 
[ions dnd direit dr~llinc % i l l  h lo>t ilisrcfa~rc 
it would seem expedient, with the greater 
knowledge of the action of different im- 
plements, to aim to use the plough as part of 
the overall cultivation strategy, with the other 
lower enerev and hieher autout cultivation -. v 

techniques being used as often as possible. 
The incentive to minimise soil disturbance 
and numbers of operations will accelerate 
with continued rising costs and prospects of . . 
redu~ed profit inargmr. Thr opmimtlln ,!stem 
for 3 v ~ r t ~ ; ~ l s r  set c~t;onJimi~,n\ ivl l l  gcncrdl- 
Iy be the one that gives maximum crop yield 
with the least input. 

. . 
land conditions clod, call he a prohlvni. i n  i a r o t  1 1 i r  I air r I I;Ut~rc dwelupments 

lllc rc:enl dcvclopmer~t of  the wrra~cd a tlniquc pla.'cme~~l of clrd bcoc3th the *trae. \$'here $lrd* I >  nii\ed in with <oil, there 
disc (chisel disc) is effective for achieving 
penetration and has less smear than plain 
d i u ,  hut 11 doe, nor in:orporate strde a; ucll 
3, pla~n one\ 1 h c  harrour for operation on 
cereal stnbbles are becoming larger and 
heavier with weight per disc being in the 
region of  150 kgldisc for effective 
penetration. 

A number of  manufacturers have in- 
troduced combination implements where a 
whole series of different types of soil working 
mechanism are used. These trains of imple- 
ment include the use of  discs and heavy duty 
tines, twisted shares, mixing blades and a 
crumbler bar, or heavy duty tines in conjunc- 
tion with a powered rotor. Where high power 
tractors are not available, there is a new 
develo~ment. described as a "Power Frame': 
uI~i.'li enable\ tlrlcs and a nltar). .U . I tl\imtorto 
he opcratcd n landem bchitld a medium $ire 
tractor; an engine above the tines powers the 
rotary cultivator. 

Recently there has been renewed interest 
in the slow running spading machine as an ef- 
fective way of incorporating straw. A number 
of imported machines are being sold in the 
UK but the major disadvantage is their very 
slow forward speed. 

Another method of disposing of straw is 
placing it in a strip beneath the soil surface. A 

residue layer has undergone trials in the UK. 
This system may not be suitable for con- 
tinuous cereal growing on heavy land, where 
it is not possible to take advantage of natural 
weathering. 

Secondary cultivation 
There has been a trend by British 

manufacturers to adoot the Continental orac- 
tice of  designing seed bed cnltivators'that 
combine more than one tvoe of cultivator ele- . . 
ment. The combination of  tines (either 
sprung, spring-type or rigid) with discs, a 
crumbler roller and perhaps a scrubber or 
levelling bar is aimed at producing a better 

Oneday Conference, 12th November 1985 

Pollution on the Farm 
See back coverfor/urlher derarls 

seed bed with fewer passes than if several dif- 
ferent implements were used. Another ver- 
sion is the use of ground-driven crumbler 
rollers interspersed between two rows of 
chisel type tines, which are very effective on 
the lighter and medium soil types. 

will be a need for improvements in design of 
both combine-mounted and tractor-mounted 
straw choppers, particularly in respect to pro- 
ducing a finer chop length at reduced power 
levels. At some minimum chop length 
(50mm) it will be more efficient in power to 
split straw lengthways to increase degradation 
and this will be an area for new machine 
development. New designs of mechanism will 
be important to provide more even distribu- 
tion of  both chopped straw and chaff from 

~ ~ 

combines. 
There will be further developments of 

:ulIir:inun cqmtip~nem that <.in pro\~de belter 
mi \~ng i ~ f  srrmt and soil and ior ma<h~~lcry 
that can invert with an improved mix of straw 
and soil. The latter may be achieved by im- 
provements to the plough or new machine 
designs. With the requirement for deeper 
primary cultivation and the mesent trend 
iowards ploughing, new designiof secondary 
cultivation machinery, that can achieve a 
higher output and provide more effective soil 
disintegration, will be in demand. 

With the continued trend to heavier ~ ~ 

machinery it may be possible, in the future, to 
devise wavs of minimisinn the ~roblems of  - .  
soil compaction by new designs of wheel 
systems or through controlling traffic f o  
specific areas. 
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Drainage of Sloping Clay Soils 
In this article, Dr Robert Parkinson (Seale-Hayne College) and Dr Ian Reid (Birkbeck College) 
describe some results of a long-term investigation carried out by the Department of Geography, 
Birkbeck College, University of London into the mechanisms of water disposal by underdrained clay 
soils. 

In December 1984, grants for 
agricultural drainage schemes were 
slashed from 30% to 15%. This was 
only the last in a series of reductions that 
have occurred over the last 5 years. With 
thecost of field drainage being borne in- 
creasingly by the farmer, it is essential 
that he fully understands the design 
principles which underlie the installation 
of a scheme. He needs this information 
not only to spend money wisely at the 
time the job is carried out, but also to see 
that the system has an economically 
useful life-expectancy and that it is going 
to he as convenient as possible to main- 
tain. This applies to clay soils particular- 
ly. They can be successfully treated using 
widely spaced tile-laterals so long as 
mole channels are drawn at 2 to 3m 
spacing and intersect the gravel fill that 
covers the tiles (Leeds-Harrison, 1982). 
But such systems are not efficient if mol- 
ing is carried out when conditions are 
likely to lead to channel instability, or 
where soil variability (eg patches of silt 
or gravel) causes premature collapse of 
the mole channels. 

Recent developments in drainage 
design even include a return to closely- 
spaced permanent laterals. For example, 
there is some indication that 35mm 
plastic drains laid at 3m spacing will 
solve thedrainage problems of soils with 
low hydraulic conductivity, and that the 
cost of such schemes is only marginally 
greater than conventional tile-cum-mole 
systems. 

With such a range of drainage op- 
tions available, it is important that the 
hydrological efficiencies of systems of all 
types are assessed. It is only by doing this 
that the individual farmer can get the 
hest value for money. 

A lung-term Ijrdinage Experiment 
The h l A b t  k'1cld VmtriareE\wr~mental 

Unit have been assessing the me& of dif- 
ferent drainage systems in various parts of the 
country for many years (for a recent example, 
see Harris et 01, 1984). However, their ex- 
periments have generally favoured sites where 
the ground is flat or where there is auniform 
gradient. There are very good reasons for 
this, but it does. mean that little attention has 
been paid to uneven ground, and let's face it, 

Fig,] General view 
of the Enjeld 
Chase topography. 
Gmund slope 
incmses away 
fmln the caltrem. 

11% 111 the hollo\r\ or at those plxes here the When 110 rhc Drains Run? 
iornl (11' tltc k.11id change\ tha~  pcr$~~tc~lt  pro. O n ~ e  4 \\,tett~ ha, heen installed. so 
hlems occur. much is take" on trust. A walk round the 

We at Birkbeck set out to investigate the farm, es~eciallv aftera heavy storm in winter, 
r i i c ~ t  lhu t  10p~grapllv ha) on Jri l i~rJ~e etfi- cuni~rnl~  that ihedril~n~~reduiltg u~nlctlling. 
cicn.) i n  rhrgintlp i~ndulating .'la?lnnd~ that and !here I, 211 inr\~mhlc uill~ngnesr 1,) 

surround London and extend into a good 
deal of Essex and parts of East Anglia. Our 
experimental site is on the heavy soils deriv- 
ed from the London Clay that underlies En- 
field Chase, Middlesex. A general view of the 
area is given in Fig.]. Thesoil is naturally fer- 
tile, but represents a management nightmare. 
This is because its structulr is so easily 
damaged by untimely or continuous cultiva- 
tion. (See Reid & Parkinson, 1981, for an ap- 
praisal of its water-handling properties). It is 
a surface water gley of the Windsor Series 
(see Fig.2). Subsoil clay content is around 
60% and the soil cracks to about 70-80cm in 
summer months (Reid & Parkinson. 1984). 

We have assessed the efficiency of tile- 
cum-mole systems in which the gravel covered 
tiles had been installed at 40m spacing and 
moles drawn at 2m spacing approximately 
orthononal to the tile lines. Several 

been investigated. 
Drainflows from six individual tile 

laterals and several more complex tile net- 
works have been recorded continuously over 
a period of more than 4 years. Small weir 
boxes (Fig.3a) and tipping bucket devices 
IFic.3b) have been successfulv used in aaun- 

believe that the soil feels firmer i f  only to 
justify the expense. But questions naturally 
arise: when and for how long do the drains 

ing the outfall of tile-lateral;; the networks Fig2 Wi~rdror Seriessoilprofile developed 
have been monitored with standard thin-plate on London Clay and underpermanent 
weirs sited in ditches just downstream from pasture, Note the ~vellstruciured A horizon 
the system outfall. hut more massive subsoiL 
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Fig3a Small weir-box used for measuring tile. 

run? And just how efficient are they at 
removing storm- water? 

In the 4 years of our experiment, during 
which time we were also monitoring soil 
water contents. drain discharae would beein - - 
on average 2 months before the soil reached 
field canacity. This is imnortant. The soil - 
and esiecialiy cracking clay soils - cannot 
be conce~tualized as a simule reservoir that 

. . 
vieldine excess water fie drainage) in winter. - ,  
Some rainwater escapes down the cracks 
caused bv summer desiccation. This orocess' 
is referred to as 'by-passing' because the water 
is routed oast the tousoil and eoes directlvin- 
to the subsoil. (For a detaileddescription; see 
Bouma. 1981. and Reid & Parkinson. 1984). 
This is also where the tine cracks of the moie 
plough have an important role to play. They 
are arfificial fissures that are maintained by 
natural forces of desiccation. As such, they 
are just as significant in directing water into 
the subsoil, this time directly into a mole 
channel (Leeds-Harrison et U/, 1982). 

Because of by-pass flow, a significant 
amount of drain flow occurs in autumn and 
earl!. uin~er beibre iicld capxit) ir rcacl~cd. 
and in the* r ~ ~ I \ ~ l i i i  I \  not u1111l January. In 
fact, on average, 30% of the year's drain flow 
events take place d u r i n ~  this neriod. The 
evacuation of water that gets in& the cracks 
and away in the drainage system has obvious 
benefits for all thosewinter sown cereals. 
They enjoy favourable soil conditions for 
lonrer, and at an imoortant time for root 
dev~lopment. But while the drainage system 
carries water befom the soil has reached field 
capacity in autumn, there is an abruptfinish 
to the drainage season at the onset of the first 
soil moisture deficits of late spring. Only 
rearely do the drains run once soil water con- 
tent drops below the mean level it holds in 
winter. This has great benefits. It means that 
water is retained to sustain summer growth. 
This is especially important in clay soils 
because much of the moisture is held at 
forces that make it difficult, if not impossiblr 
for most crop plants to extract. The disadvan- 
tage of such an abrupt finish to the drainage 

-drain outfalL Fig.3b Tilting bucket device registering filedrain outfal. 

process is that the soil may remain plastic for Topographical Control of Drain 
longer, so that secondary cultivations, top- Discharge 
dressings, etc run the real risk of damaging The catchment of an individual tile drain 
soil structure. on sloping land differs from that on level 

The sealing of cracks by winter swelling ground. In the same way, the flow processes 
means that summer storms do not result in that cause drainage from a network of drains 
drainage. This is interesting, because the laid in a topographical hollow will differ 
drains do rurl in autumn even though soil from those that cause a single lateral on 
moisture contents are not measurably dif- uniformly ground to discharge. 
ferent. The reason for the lack of summer Standard design-equations for drain 
response is because progressive drying has Yet spacing (eg MAFF, 1982) include ground- 
to open the cracks to mole channel depth. slope as one factor determining pipe size, etc 
Clearly, the d l ~ i n g  and wetting history of clay but they take no account of the form of the 
soils is just as important as actual soil water - its geomorphology. 
content in dictating when the drainage system Our experimental results at Enfield Chase 
will function. The problem thiscreates for the indicate clearly that both slopegradient and 
drainage engineer is that it complicates any slope form are important factors. In other 
attempt fo derive a general model that would words, there must be some consideration of 
predict drainage, and makes it even more im- whether the land has a concave bowl-shape 
portant that empirical studies are made. or whether it is convex. FigAa illustrates a 

a) tile latsrals 

, 

to~io,, and rearhlna ;,le dr;" y 
dzieilly or by way of mole channrh 

b) tlls 

dlrrh 1 
higher water con,ent malnrainrd in 

'iranrlalor"' i1vw a ,  hollow by r1ou dovnrlope reepnCL 
rimes a l  rloimi dericcallon cracks mlnlmiied 

Fig.4 Cut-away block diogranls showing wafer frammission mules fora-  file lalerals 
draining a convex slopeform, and b - a tile-drain network draining a concave, bowl-shaped 
hollow. 

20 Soil and Water Volume 13 No I ,  July 1985 





JULY 1985 
1-4 . Royal Show-NAC Stoneleigh, Warwicks-Arable Marquee includes -soil acidity demonstration 

-straw incorporation machinery 
-land drainage feature 

9-11 Great Yorkshire Show-Showground, Hookstone Oval, Harrogate 
10-11. A,suciation of Drainage .Authorities Opcn l>a).,- ('rust Gunc\lcadow\. I hurnc?. h r  I3r.tcrbdrough 
31' SaWMA Field Meeting-2.lOpm Irrigation Scheduling and Mar~s~cmcnt  - B I ~ I I ~ O I I  I icld i.,tarer, Brandon, Suiiolk 

(by kind permission oi~rederick ~ i &  Ltd) 
Contact Geoff Baldwin (0484) 29417 for further details. 

SEPTEMBER 1985 
4* Tractors at Work-Proctor Bros (Wineland) Ltd. Suttou Bridee. Lincs . . .  
S* SnWMA Field Meeting- 2.lllpm -Slmu. in;orporation uilh primar!. c~~ltlvauon n~achlncas a11 clcmcnt oisoil n13nagemr.11t 

Sta\erton Court Farn~. Sw\,crron. Nr Cheltenham, (310,. (by kind pcrmi->ion olMe%r\ Neutun\ Ltdj 
Contact <;cuff Ba ldu~ t~  (0481) 29417 for iurrhcr dr.ra~I\ 

9-12 Soils and Environmental orohlemr- I3r111sh Society of b r ~ l  Sc~encc-Cslnbr~dac 
11-12* Cultirstions, Stmw  isp pi sal '85-on heavy land b;longing to H Raby & ~ons,%reat Stukely, Nr Huntingdon, Cambs 

Demonstrations include: ploughing & alternative systems on burnt & unburnt stubble; straw incorporation and disposal systems 
~ - 

date to he SaWMA Field ~ e e t i n ~ - s t r a w  incorporation on difficult soils-Humberside area-to be confirmed. 
advised* Contact Geoff Baldwin (0484) 29417 for further details 

NOVEMBER 1985 
12* "Pollution on the Farm3'-SaWMA. MAFE ADAS-East of Eneland Aericultural Societv " 

One-day Conference-Silsoe College, Silsoe, Beds. 10.30-4.30. See back cover for details. 
20 Betler Soil Management for Cereals and Rape- One Day Conference- MAFF, ADAS 

National Agricultural Centre- Kenilworth, Warwick 

DECEMBER 1985 
2-5 Royal Smithfield Show-Earls Court, London 
17-19 Irrigation; Principles and Practices-Short Course, Silsoe College 

JANUARY 1986 
6-9 Soil Management-Short Course, Silsoe College 
6-9 Field Management for Effective Drainage-Short Course, Silsoe College 

* denotes events at which SaWMA is participating 
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Tuesday 12th ~ovember  1985 - Silsoe College 

POLLUTION ON THE FARM 
Whose problem? Who pays? 

Chairman: Mr J o h n  North, Chief Agricultural Officer, MAFF ADAS 

Programme: 

10.30 Registration and coffee 

11.00 lntroduction by the Chairman 

!I 11.05 Session 1 - Identification of the real problem areas 

specker: Dr Tim Evans, Support Services Manager, Thames Water Authority 

- atmospheric pollution . . 
1 1 Speaker: Mr Arthur Staniforth, Reading Agricultural Consultants 

12.45 Lunch 

2.00 Session 3 - What  farmine can d o  about  it 

II Speaker: Mr Ralph Baker, Somenet farmer and member of Wessex Water Authority 

3.30 Session 4 - Discussion 

4.00 Summing up by the Chairman 

4.15 Tea and disperse 

For further details and registration forms write to: 

l I Geoff Baldwin, 22 Edgerton Grove Road, Huddersfield, West Yorkshire HDI 5QX 


