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Fmnt cover—Sandyclay over Boulder clay—thesoil
a Mr John Rymer's JSR Farms Ltd, Southburn,
Driffirld—and one of the sites in the ADAS
cultivation trialsinvestigating the long term effects
of deep soil loosening. Mr Rymer, a founder
member of SAWMA isthisyear chairingthe NAC
Conference " Soil Management for cereals and
rgpe:
ape'A note about the ADAS trialsison page 6.
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COMMENT

Our ContinuingRole

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

Detailsof the SSWMA eventsfor 1985 areincluded in Diary on page 22. And
don't forget the Conference " Pollution onthe Farm™ to be held on Tuesday, 12th
November. Details of this are given on the back cover and we are pleased to pro-
claim the joint support of MAFFE, ADAS and the East of England Agricultural
Society in thisimportant event. We are also very pleased with our 'line-up' of
Chairman and speakers — men of quality, knowledgeable in their subjects and
certainto generate and inspire valuablediscussion and action.

Now isa very exciting timefor SSWMA.. Our farming industry, thecountry
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 messagefor thelast ten years. We plan to
develop thisstill morein the futureand show ourselvesto be oneof theleading
organisations concerned with resource conservation, preservation and good
management.

The Pollution Conference is a good exampleof these intentions. The Con-
ferenceis 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, farmingis being accused of misuseof 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
farmersdo careand farmersareconcerned — but first wedo all need the factsto
goon, and wedo need to think and act on an international scale. Whatever the
problems of pollution they arenot just British problems and theleast wecan do
isto tacklethem as European (or EEC) problems if any sensible long term and
economic solutionsareto be found.

Alsoonthissubject | think it is relevant to quote (with due acknowledgement
to whoever conceived it) the slogan in the back window of the Land Rover
precedingusout of the car park at the Farmers Weekly Drainage event — ""Don't
criticise farmers with your mouth full*.

Asl wrotein April — " Soil and Water, that isSaWMA, aimsto provide the
informationto help the right decisions to be made”

But, and | must emphasise this, our programme demandsfull 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 themselvesattract a correspondingly greater benefit through their associa-
tion with SaWMA principles and objectives.

Wethank 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 - anew
solution to drainage problems

Chelmsford Borough Council are ex-
perimenting with a sample of BTR Land-
scaper's revolutionary prefabricateddrainage
system HITEK STRIPDRAIN at their
Melbourn Park Sports Stadium. It has been
installed by Shelton TrenchingSystems.

Stripdrain was developed in Australiaand
has since been widdly used in New Zealand
and Canada. BTR Landscaper have in-
troduced it to the United Kingdom and
Europe.

Rot-proof; Crush resistant

Supplied in aroll - in various dimen-
sions depending upon application — Strip-
drain consists of a rot-proof, cuspated plastic

core with high crush resistance, wrapped ina
geotextilefabric — Terram’, made by ICL.

Stripdrain provides a water collection
medium which is capable of filtering water
through the wholearea of its surface, whilst
preventing ingressof soil and other particles.

Flexible; joins by scissorsand tape
Stripdrain is flexible and will easily con-
form to the shape of uneven trenches. It re-

pae
LR 4
Ie,

I50mm HITEK STRIPDRAIN being laid
at Melbourn Sports Stadium, Chelmsford

quires no expensivebedding or backfilling.
Stripdrain is lightweight and joints and
seals can be made with only scissors and
adhesivetape. It does not need to be laid toa
adi helaidi
Ao Sbor, 57 e . Adpengnoree
application.
Further information: BTR Landscaper,
Freepost, Preston PRS 2BR. (0772) 421711

Remote sensing for land and
water management

The National Remote Sensing Centre
(NRSC) at Farnborough, and the Depart-
ment of Trade and Industry have set up a
travelling exhibition to promote the use of
Remote Sensing in the UK.

Remotesensing isthe observation of the
earthand theatmosphere from space. It isa
valuabletool for surveying natural resources
and monitoring theenvironment. It isa ma-
jor contributor to weather forecasting, where
rapid surveysand/or repetitiveobservations
with wide overal views are required.

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

The Exhibition 'Roadshow' comprisesof
a 40ft trailer housing three examples of
British remote sensing equipment and also
equipped with facilitiesto provide lectures,
dlide shows and videos to small groups of
people. Subject to prior arrangementsit will
beavailableto attend at relevant conferences
or meetingsthrough the period up to theend
of 1986.

RemateSensng — M ScCourseat
Silsoe

Further opportunity to get realy involv-
ed with remotesensingisalso now offered by
a new MSc course at Silsoe College in
October.

The course — Applied Remote Sensing
— aimsto produce specidiststrained in the
interpretation and analysis of sensor infor-

mation. It is designed for graduates (or the

equivalent) working or intending to work in
the UK or overseas in natural resource
development, O in other fieldswherethe ap-
plication of remote sensing can effect im-
provemem in Tesource managemem

A leaflet on the courseisavailable from
the Student Recruitment Office at Silsoe
College.

Coursein Land Regtoration

With our emphasisin this issue on land
restorationit isalso relevant to point out that
coursesareavailablespecialy togivetraining
and instruction in thissubject.

Land Capability ConsultantsLid, offer a
course in two parts — two days of lectures
and discussion on the principlesand techni-
ques of land restoration, followed by two
daysin thefidld at operational sites. Subjects
covered include plant requirements, soil pro-
perties, soil handling, landfill, drainage and
subsoiling, tree planting and after care.

This year's course runs 23rd to 27th
September and will be thefifth in the series.
Thecost of thefull residential courseis£345
plus VAT, but it is possible to attend separate-
ly either the lecture course or the field course.

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

Correction

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

Drinkwater Sabey Ltd.

Inter-Drain Ltd.
Corporate Membersare valued supportersof
SaWMA in itseffortsto promote the highest
standards of soil care and management.

ICI Plant Protection Ltd.
wins Pollution Abatement

award

Twodivisionsof 1Cl areamong the four
winners of this year's Pollution Abatement
Technology awards.

At ICI Plant ProtectionLtd., the award is
gained for their new ELECTRODY N spray-
ing system which incorporates a unique elec-
trodynamic atomisation process producing
uniformly-sized and electrically charged
spray droplets. In the opinion of the
assessors, the ELECTRODYN system
dramatically reduces spray drift and con-
siderably improvesoperator safety; further-
more, it dispenses with the need for large
volumes of water and it provides excellent
biological control at very low application
volumes ~ 0.5to 1.0litresper hectareof the
specia product formulations.

Initially marketed as a hand-held tool
primarily for the Worlds semi-arid
S AT B B elohET SR VRN N
mounted spraver and also asa hand held tool
for gardenersand growers. Itisto beavailable

in tbr%%‘%%é}ds for Pollution Abatement

Technology are financed by the Environment
Foundation and promoted by the Confedera-
tion of British Industries, the Department of
the Environment, and the Royd Society of
Arts. The idea of these Awards (first in-
stituted in 1983) is to give publicity to the
problem of pollution and to encourage the
promotion of ideaswhich will not only ¢om-
bat man-made pollution but prevent new
forms of environmental damage arising in
the future.

Besdes thefinancingof 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 silageeffluent.

Turner International announces two new
straw choppersfor linkagerounting on irac-
torsover @ kg Respecrively 6'6 and 7'6" cut
model TMSC200 is priced af £1946 and
TMSC230 (above) at £2165 (VAT excl).
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Newfrom A FFrerichers isthis attachimenifor Gehl Skid Steer Loaders enabling themto
trenchfor eectriccables, water pipesand other small urderground services, Called theAFT
30 therrencher mountson thefift armsaf the |oader and a depth whed enablesthecorrect
heightfor trenchinge be maintained.

Trench width is from 12.5¢m t0 30cm and maximum depth is £.20m.

Further Fund Reductions

After theannouncinginour last issue of theslashing of funds to the Sail Survey
we must thistime publicisean equally distressing situation at 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 £1.Im-a cut of 70 per cent.

TheScottish Instituteistaking spacein this journal (page 11) to publicisesome
of their activities. They invite support from all concerned with the welfare of
agriculture in Scotland to convey their viewsto the Secretary of State.

Furthermore, the Institute draws attentions to the range of itscurrent program-
mes, with their special relevancetothe problemsand interests of Scottish agriculture,
and declares that the manner in which engineering has been selected to bear the
brunt of R& D support cuts betraysa lack of appreciation of thelong term serious
conseguences for Scotland.

Seealso page6 for an announcement on behalf of the Soil Survey seeking con-
tacts with users, and potential usersof their services.

SAWMA MAFF ADAS

East of England Agricultural Society

Call for Nitratesresearch at

EEC levd

Membersof the Yok County branch of
the National Farmers Union have passed a
resolutioncalling for a seriousscientific study
of the effects, if any, of nitrates on
underground water supplies. Proposing the '

One day Con_ference, 12th November 1985
Pollution on theFarm

S hack cover for further derails

Small Scale Drainage

Anaplast Limited has introduced
"TYPAR", Du Pont's permeable construc-
tion membranein a handy-pack containing
just 10 running metres. Called 'EARTH-
PACK: it is an ided dze for many of the
small jobs — on building sites; farm roads
and gateways and in the garden - under-
taken by both theamateur and professional.

"TYPAR" is a tough, non-woven
polypropylene fabric which, although
lightweight, has great strength and dimen-
siona stahility. Becausethis outstanding per-
formance makes it suitable for reinforce-
ment, drainage erosion control and many
other largescae applications, it is used exten-
svely in divil engineering projects rhoughout
the UK, Europe and the USA.

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

Without additional ‘expert’ help, access
roads, drivesand pathways, soakways, drains
and many other jobs in thegarden dl become
possiblefor the builder, farmer or handyman
and he saves money.

e —

"TYPAR" replacesexpensive weilf graded
aggregatefiltersin asmall land drain. 1t
alowsfree passaged water, whilst
restrainingsoif particlesfrom entering the
system.

I I 2

resolution, Mr John Cook, Scarborough, " T o |
maintained that most farmers believe that o . B

nitrateshave no effect on underground water
supplies. "'Farmers are amongst the most
responsiblepeoplein thecommunity. If it is
shown that nitratesare not a problem, then it
is proper to havethat proved - and if there

Sales, service, hireofthel K:s
leading high speed narrow
trenching machines.

Case trenchers are available
Nationwidefor hire.

BOURGEIN

1.D. BOURGEIN OXFORD LTD.,
FAEEPOST: South Hinksey, Dxfard 0X1 S8R
Tel 0BBS 735420 Telex 83141

is a problem, then again it will be to our
benefit to know it".

Mr Cook further proposed theinvestiga-
tion should be undertaken at EEC levd so
that its findings would affect al countries
and so that British farmers would not be at
any competitive disadvantage if problems
were encountered.
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Pictureshows model TF700 digging 1 Owide
X 48" deep through heavyground at60
linear yards per hour. Thespoil comesout in
afinefriabletilth making for easy backfill
withtheintegral hydraulicangledozer.



SOIL MANAGEN

The Soil Management Course at

Silsoe Colleg

Although primarily directed to farmers and
farm managers the Silsoe Soil Management
course is also attracting many others concern-
ed with soils — representatives from the Ser-
vice industries, from local authorites and
from fertilizer equipment and other supply
industries.

Led by Dick Godwin, the emphasis in the
course is to make people think — to think
about the soil — and to think of the soil as a
feature of the farm which requires its in-
dividual management. With a medium as
varied as British soil, and in the British
climate, it is obviously not possible to lay
down a specific treatment to achieve a
specific effect under all conditions.

What the course aims to do is to provide
an understanding of how soils behave when
loaded, identifying the major factors influen-
cing this behaviour, consider approaches to
avoid or at least minimise soil damage during
field operations and identify reclamation
measures to alleviate problems. Delegates are
shown how 1o exarnine soils; how to interpret
what they see and then how to evaluate the
best soil treatment to achieve the effect and
condition required.

Re think priorities
- The course seems to be eminently suc-
cessful in achieving these aims. Speaking

recently with Mr John Errington, who
manages 1500 acres for Sir Neville Bowman-
Shaw at Toddington, Beds, he tells me that
attending the course has made him re-think
his priorities. At this year’s harvest he plans to
make his main control point not by the drier
but out in the fields examining the soil and
determining when and with what to prepare
for sowing next year’s crops.

BOOK NOW

the next
Soil Management Course

6th-9th January 1986
Silsoe College, Beds MK45 4DT

ADAS Trials
at JSR Farms Ltd

The ADAS trials on Mr John Rymer’s
farms at Southburn, Driffield, Humberside
are part of a series being conducted
throughout England to investigate the long
term effects of various deep soil loosening
treatments.

The trials were set up in 1982 when, with
the co-operation of the farmers concerned,
sites were chosen on different soil types and
four different loosening treatments (in-
cluding control} were applied.

. The treatments involved are:

@ deep loosening, with Wye doubledigger,
NCAE winged subsciler, Howard
Paraplow

@ normal depth ploughing (control)
Subsequently, the trial plots have been

subject to the normal farm programmes of

cuitivation and cropping; with ADAS having
access for regular inspection and
measurement.

The triais are ‘sponsored’ by ADAS Soil
Scientist Mr Mike Marks and he will be
presenting details of results to date at the
NAC conference this November on “Soil
Management for Cereals and Rape”.

Mr John Rymer, Managing Director of
JSR Farms, Southburn, near Driffield helped
instigate the first course in 1982 and has since
arranged for his senior staff also to attend.
He is in no doubt that this has benefited both
them and the Farms, Managers and foremen
at JSR Farms now have a much greater
awareness of the soil and its needs. Mr Rymer
believes that one cannot be static in farming
— one must always be looking for better
ways — and this means one must arm onesel{
with as much knowledge as is available. Ex-
perimenting with new techniques is to be en-
couraged — provided one understands what
one is doing. A case in point — the power
harrow — Mr Rymer views this machine with
some concern — that, through lack of a pro-
per understanding of the sotl, there is here a
new danger that a seed bed may be forced on
the surface when below ground conditions
really warn against it.

Generally, Mr Rymer’s view is that soil
working equipment and techniques are still
changing so he feels he would like 1o attend
an updating on the Soil Management course.
Even though he is in regular contact with
Gordon Spoor and Dick Godwin he would
still like to hear their [atest views in the con-
text of the Soil Management course.

Reduce compaction

One element of the course which does
find immediate practical application is the at-
tention given to analysing the compaction ef-
fects of farm traffic. Great emphasis is laid
on choosing the right tyres and wheel equip-
ment and then on keeping wheelings to a
minimum and controlled to defined traffic
lanes.

But application of new ideas is not always
easy! According to Mr Bill Pickup, Manager
of Mr Ashley Cooper’s 1400 acres at Hexton,
Herts; after attending the Soil Management
Course in 1982 it turned out to be the most
expensive course he had ever been on — since
it caused him to change much of his old

Co-sponsored by SaWMA, the course is now in its fifth year and is
still much in demand from a wide range of interests.

machinery. But he has never regretted the
change. The two 70hp crawlers that he used
to use are now replaced by wheeled tractors
and low pressure tyres and all operations are
carried out using the controlled tramlines.
Compaction is kept to a minimum.

Mr Errington too recalled the emphasis
on limiting compaction — the principle ex-
pounded by Gordon Spoor that “there would
be no need to cultivate at all if it wasn’t for
soil compaction”, He too, since attending the
course, is opting for wider tyres and low
pressures.

A final point stressed by all | spoke to is
thar attending the Soil Management course
had not been just a matter of listening to lec-
tures or doing practical work. There had also
been opportunity to meet the experts from
Silsoe College, ADAS and various Research
Institutes and to talk with them about in-
dividual problems. And, with this particular-
ly, there had been the establishing of contacts
and of helpful sources for further informa-
tion in the future, With these benefits and the
vital need amongst farmers and so many
others to be well informed and “aware” about
soils, it is hardly surprising that this course
continues to be in such keen demand.

INVITATION TO READERS

Consultants MINSTER
AGRICULTURE LIMITED have
been commissioned by the
Agricultural and Food Research
Council to undertake a Management
Study of the Soil Survey of
England and Wales {SSEW}. Study
objectives will include definition of
alternative markets for the present
and future services of the SSEW.
Minster’s associate company,
AGRO-ECONOMIC SERVICES
LIMITED are now identifying SSEW
client groups and interviewing
selected individuals within each
group.

Potential services include:

Farm and field surveys

Computer-based soil information
systems

Physical and chemical analyses

Soil water data

interpretive and special use
analysis

Cartographic services

Contact Wayne Borden or Dr Terry
Burley at the address below if you
are a user or potential user or
interested in their services:
Belmont
13 Upper High Street
Thame

-Oxon OX93HL
Telephone: Thame (084421) 4163-7
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TheWick Series

Soil Assessment — | N L Kilgour, Soil Survey of England and Wales

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

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

cm
0-30 Dark brown dlightly stony sandy
Ap loamor sandy silt loam.

30-60 Brown dlightly stony sandy loam or
Bw  sandy st loam; moderate medium
subangular blocky structure.

60-80 Ydlowish brown dightly or mod-
Bw  erately stony, loamy sand or sandy

loam; wesk medium blocky structure
or structureless.
80-120 Brownish yelow dlightly or
2BCu moderately stony sand or loamy
sand; wesk coarseblocky structureor
structureless.

Opportunitiesfor land work
Because the soilsare permeabl e, rain per-
colates quickly into the ground and surface
run off is usualy negligible. Artificia
drainage measuresare not required. Thetop-
soils retain little water and the land is par-
ticularly wel suited for cultivation, including
direct drilling. Thereisconsiderableflexibility
in most areas for landwork in autumn and
spring, and even in wet western districtssome
spring work is usually possiblewithout caus-
ing undue damageto soil structure. Thisisil-
lustrated in Fiaure | which istaken from the
Soil Survey publication Sodils and their Use in
Northern England (Jarvis et al 1984).

Fig.I, Theeffects af soif and climate on lendwork

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
susceptibleto structural breakdown and sur-
facecaps may form if baresoil isexposed to
heavy rain leading to patchy emergence of
seedlings. Thereisalsoa risk of water erosion
on sloping ground and gullies may form with
loss of soil material downslope. Wind erosion
may occur when the surface isdry. 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 soilsisvery flexibleand
is valued for agriculture especialy in the wet-
ter west.

A wide rangeof both autumn and spring
sown crops isgrown in Eastern and Midland
England including cereals. surar best,
potatoes, oilseed rape, and field vegetables
with soft fruitoroduction in districtswith 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
Thereissufficient water for rooting cmps
such assugar beet but many other crops are
dightly affected by drought, and potatoes
and grass especialy 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 yieldsof grass are usually ob-
tained, although in dry yearsgrowth ischeck-
ed by shortage of water. The soilsareas are
also wdl suited to winter cereals but less
suited for spring sown crops because the
growing season is short. The land is very

d 4 Sod | Type ot AUTUMN WINTER SPRING
Soil suriey e | Y P MWD
ant| e [MWON)  gep |, ocT MOV BEC | e wa | A +
) e B K
serow ' » % BARNARD CASTLE 0]
wat 725 e annusl reintar)
]
Normst | 75 b—% @3-\- ]
&
Newpont -~ |__
Wet ] EUB . .
Wiek Normel | 48 -& s
a
Artow wet 7 ﬂ CARLISLE o
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[
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Frequent pppariunities

L
| 08 | tor Spring ndwonk

C] Little apgoctunity for lndwark

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

Reference

Jarvis, R A; Bendelow, V C; Bradley, R I;
Carroll, D M; Furness, R R; Kilgour, | N L
and King S J (1984)

Soilsand their usein Northern England
Bull. Soil Survey of Great Britain

This oublication and the National Soil Mar,
are available from the Soil Survey of England
& Wales, Rothamsted Experimental Station,
Harpenden, Herts AL5 2J(

RESEARCH

Norfolk Agricultural Station

Cultivation techniques dill the key
factor in improvingand maintaining SOil
dructure

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 itseleventh yesr,
explorestheeffectsof rotational cultivations
on thestructure of the fine sandy soil found
towardsthe Northern boundary of the farm.
This soil is low in organic matter (around
16-1.8%) and the poor structureisvery liable
to compaction when cultivations are carried
out at moisturecontents even aslow as 13 per
cent.

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

Thelongterm tria into the effect of rota-
tion and other treatments has shown that
benefits to soil structure following leys have
been very short lived. The emphasis remains,
therfore, on cultivation techniquesto improve
and maintain soil structure.

Straw incorporation

Elsewhere on the farm — on sandv loams
(Ashley series overlying Chalky Boulder
Clay) 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-
fectsof straw incorporation.

The straw is chopped at harvest and a
comparison isthen being made between im-
mediate ploughing in and ploughingin after
wesatheringsome 21 dayslater. Also under ex-
amination is the need or otherwiseto carry
out a pre-ploughing cultivation to mix soil
and straw and the need for additional
autumn or spring nitrogen.

Thisexperiment is part of a co-ordinated

series with other trials being sited on four
ADAS Experimental Husbandry Farms.



RESTORATION

Ransomed, Healed, Restored, Forgiven
TheRegoration of Opencast Sites

by Ian Carolan, NCB Restor ation and Research branch

Few peopleoutsidethe Opencad coal in-
dugtry areawareof thedetailed forward
planning, consultation, co-operation
and compromise that occurs between
theinterested partiesto 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 theindustry in Great Britain.

The mining of coal in Great Britain by
Opencast methods was started in 1941 asa
wartime emergency measure. At this time
sitesweresmall in areaand of short working
life, with working depths rarely exceeding 15
metres, being limited by the available mining
machinery which wassmall 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 those accep-
table today. In 1948 a Technical Advisory
Comittee was appointed with representatives
from the Ministry of Agriculture and
Ministry of Power to review restoration prac-
tices. The report of the committeeled to an
improved code (1951) of restoration.

The Opencast Executive

During the period up to 1952 various
Government ministries supervised opencast
mining activities, but in that year responsibili-
ty was transferredto the National Coal Board
(NCB) and the Opencast Executive (OE)
cameinto 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 onetime therewill be approximately
8,000 ha being worked for coal and with a
further 10,000 hain therestoration phase of
operations. Sites range greatly in size, from
about 35 hato862 ha, with alifeof 2 yearsto
12 yearsexcluding the period for restoration
and rehabilition. On average most sites are
around 150 haand havea productivecoaling
lifefor 4 years. Thisrelatively short working
lifecontrasts sharply with many other surface
extractive industries where operations can
run into decades.

In any locality the working of an area of

i for coal has its effect on the environ-

Coalfield Farm
Restored Site, near
Tbstock,
Leicestershire.
Protected wafer
course, new hedge,
hedgerow frees,
new fences.

ment; noise, dust, vibration from blasting,
visual imtrusion and increased road traffic are
amongst the most obvious. However, within
the space of a very few yearsall the mining
activity will have ceased and the area will
havean established grasssward and the more
permanent features of the re-formed land-
scape will be established.

With large volumeextractivesitessuch as
sand, gravel and hard rock quarries, restora-
tion isfrequently at a lower level, unless, it
has been filled with domestic or industrial
wasteto raisethesurfaceto fit the surround-
ing landscape. Thefilling of alargevoid with
waste material is often dow, unsightly and
frequently produces secondary problems,
such as wind dispersed litter, heating,
methanegeneration, and uneven settlement.
In the case of opencast coal, even after the
removal of the coal whereratiosof 4:1 to4Q:1
may be worked the land is returned to ap-
proximately theoriginal levels.

The OE takes considerable care over
restoration; standards have improved con-
siderably during the last decade. These im-
provements havecome about at theinstiga-
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 (Agriculture, Forestry,
Recreation, Industry). These efforts areaid-
ed by innovation and backed by a Research
and Development Programme.

Organisation and M ethods

After thelast 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
landscape.

On most sites the new contours will differ
very littie from the original owing to the bulk-

ing of the disturbed and replaced overburden.
Before the subseil is replaced the surface of
the overburden is ripped to a minimum of
300mm using a winged ripper to break up
surfacecompaction caused during spreading
and grading to the required contours. Any
large stones are removed beforethefirst layer
of sub-soil islaid. Thepreviouslystored sub-
soil is now spread using motor scrapers, in
two separate layers of about 300mm in
thickness. Each layer isrooted 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
motor scraper, this too is cultivated to remove
the compacted interface between the top and
sub-soil layers, and any stones above the
specified limit are removed.

To ensure that a high standard is main-
tained thework iscarried out in stages, each
stageisinspected and approved by officers of
the Ministry of Agriculture Fisheries and
Food (MAFF), beforework isallowed tocon-
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 riversor streams with ap-
propriate erosion control measures along
their original or re-aligned course, hedges
particularly along ownership or major inter-
nal boundaries, fences as divisions of in-
dividual ownerships, farm accessroads, trees
and woodland. On occasion a new farm may
bedesigned and built to replace one removed
during the mining process.

Land rehabilitation includes the sowing
of appropriate seed mixtures and the applica-
tion of manurial treatments, the instailation
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of comprehensive underdrainage, water sup-
ply to thefieldsand the control of grazing by
alicencingsystem. Officersof MAFFor 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 Surveysof proposed sites were
initiated in 1979. The information gained
from the survey includes physical, chemical
and biological properties which may in-
fluence methodsof handling. Additional in-
formation includes in-situ volumes of soil
horizons, of the various mapped soil types.
Theindication 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 tostripping and storage, or at
thetimedf re-laying.

Accepting the constraints of ownership,
with some occupi ersoccasionally wantingthe
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 moread-
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
|east 60Cmm of subsoil is saved, thisis fre-
auently supplemented 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 profilecan be formed at the time of
re-spreading.

Drainage

The exposed coalfields of Great Britain
receive between 600 and 900mm rainfall per
annum, with partsof South Walesand Ayr-
shire receiving between 1200and !800mm.

The underdrainage of restored sites has
been part of the restoration programme since
theearly days. The specificationthen, as now
following regional preferences. In genera,
lateral drains are laid at 600mm depth at a
spacing of 12 to 20 metres, today, al 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.
Thisclearly had an adverseeffect 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 bringfor-
ward the installation of the underdrainage
and water supply into thefirst or more usual-
ly thesecond year of restoration. Alsoat this
time the first contracts were let for com-
prehensiveunderdrainage in the South Wales
Codfield. With drainage schemesgoeing in at
an carlier date there is every prospect that the
artifictally re-formed soil profiles will benefit
from improved water movement allowing
deeper rooting of the grassleys established at
the start of the restoration process. To
facilitatethe movement of water to the lateral
drains. whatever the intensitv. a moling or

Ffvndaff Site, South Wales. Progressive
restoration, newfield boundaries, hedger to
be planted on banks. Thesteeper slopesare
ta be planted with trees up to theforest
boundary.

sub-soiling treatment is carried out acrossthe
lateral drains.

Improved Techniquesand
Implements

With the expanding mining programme
and the consequent increasein the area under
restoration it wasapparent by the late 1970's
that someof thetechniques and implements
used in both contractual and agricultural
restoration were inadequate. Much of the
tackleemployedat thistimewasdesignedfor
civil engineering, not for "agricultura" type
tasks with a corresponding lack of effec-
tivenessin meeting the soecification. »

e Ovea 80gy. ft. d
Spar ation area
e Hydraulicsteering

Look at thesestandar d f eatures!

o Extrawide webs
® Cab-mounted controls

For creating ideal soil
conditions in restoration work
and landscaping...our Soil
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Fitted with atrailer loading

elevator, they'll removestones
and clods..economically

@ Rear hydrauliccross conveyor e Floating intakerotor
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and efficiently.
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ESTORATION

In association with a number of
manufacturersthe OE has set out to develop
and build a set of implements capable of per-
forming the restoration tasksto meet current
and then future specifications.

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

winged tines;
# tool carrier/multi tine cultivator/rib roller;
@ disc cultivator;
¢ levelling dedge.

More recent one-off implements include;
Secondary Tool Beam to fit to the Aveling
Barford Motor Grader for lighter cultivation
work; Stone windrower designed to moveand
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

After Use

Sincethe mining techniqueonly involves
atemporary occupation of the land there is
not asustained lossof agricultural land to the
nation. The techniquesand safeguards cover-
ing restoration to agricultural use have been
briefly described. Other after uses include
forestry and woodlands. In Waes and
Scotland much of theland taken for mining
is in poor quality agricultural occupation.
Following restoration many of the steeper
slopesand poorer quality soilsare returned to
forestry use. Here the Forestry Commission
acting as agents to the OE undertake the
ground preparation, olanting and initial
maintenance. The lower slopes with gentler
rradients are returned to grazing use.

Where sites are to be worked close to
highly populated areas particularly in the
East Midlands and Yorkshire the County and
Local Authorities have taken the opportunity,
in association with the OE and Water
Authorities, 10 creaste recreational areas.
Relatively small areas are scheduled for in-
dustrial purposes.

Current research work funded by the OE
confirms that restoration standards have ad-
vaniced and that the farming community can
enter into rotation cereal productionwithina
few yearsfollowing the cessation of minine.

Reclaiming mined land for

Forestry

by David Fourt, now operatingasa consultant after 35 years with the
Research Division of the Forestry Commission

The natural vegetation cover of Britain is
forest, and most minespoils become colonis-
ed by scrub. and develop into woodland.
Reclamation accel erates the process, remoy-
ing site and root-zone constraints, using
mechanical and sylvicultural techniques
based on the needs of growing plants.

Land use

The deeper soil structures under
woodlands ©of agriculture are lost when
disturbed by mining, and although loosening
by heavv machinery is a basic reclamation
operation their replacement requiresthe dry-
ing effect of vegetation — especially of trees.

Low-gradefarm land may fail to respond
10 reclamation, or other inputs and then
revert to forestry. Woodland often survives
because of constraints like poor drainage,
stone or texture, but mining can modify or
remove these, improving conditions for
subsequent tree growth. Minerals are also
worked from beneath heathland, or
moorland, and new soilscan be formed from
richer mineral substrates in the overburden
whilediscarding gleyed subsoils, and retain-
ing organic layers for their nitrogen store.
Other land usesafter mining include water-
parks, and golf courses, each with tree plant-
i ngas part of g leisure complex. Many mine
voids, instead of low leve reinstatement, ac-
commodate vast amounts of domestic and
industrial waste, Some then return to
agriculture or amenity tree-planting but in-
adequate cover, gas or liquid effluent 5 d
heating problems interfere, and a more basic
approach is needed before such sites can be
considered suitable for woodlands.

Political

The Town and Country Planning
(Minerals) Act 1981 defines the restoration
conditionsfor mining permissions, including
those to forestry. The Forestry Commission

WATKINS NAYLER & CO. LTD.
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advises on the suitability of mined land for
tree planting and the specification required
for success, with the Grant Aid available.

Broadleaf trees. includingalders, attract
moreaid than commercial conifers. Forestry
plantings are considered a ""beneficial land
use” and, subject to some constraint as to
species, planning authorities support
technical improvements and innovation in
reclamation.

A five-year after-care period isspecified,
during which the mineral operator is réspon-
Sible for site conditions.

Mechanical operations

It has been observed that treesoften grow
well on ungraded spoils, such asdragline " hill
and dde: because they are loose and not
compacted by machine passes.

But the aesthetic attraction of dozer-
grading of unsightly spoil heaps for visua
amenity has resultedin seriousroot 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° dopes, and these are then
loosened using winged ripper tines mounted
on a heavy tractor. These are drawn across
theridge, to 75cm depth, mechanicallyform-
ing coarse pores.

Over porous strata, vertical percolation
can be improved by furrow ripping, but
whereimpervious, ditchesare formed with a
side-acting bucket on a tracked excavator.
Elevation of the planting position is achiev-
ed with RCM discs, an operation which
assistsearly 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, arealign-
ed downslope. Trials on coa spails, brick-
day, wastesand stoney overburden givecause
for optimism, weathering soon reducing
hummock size.

Run-off from unvegetated surfaces can
be damaging unless drains and culverts are
adequate. Contour ditches, or bermsin 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, avaluable asset. There
arefour treespecies, and two shrubs hardy in
our climate and suitable for a range of
habitats. All have nodules containing the
Ascomycete Frankie. One tree legume,
Robiria, uses Riizobin for fixation and can
be useful, but is not without problems. Other
pioneers include ash, sycamore, maples,
birch, cherry, whiteand grey poplars, with the
coniferous pines, especialy Corsican, and
larches. Species such as beech. oak, horn-
beam or chestnut arelesssuitablefor pioneer
plantings, and should await the devel opment
of woodland conditions. All except Corsican
pine are vulnerableto wildlifeand need pro-
tection by fencing. For sandy sites, Corsican
pinewith common or red alder aresuggested,
with larch and other broadleaves on more
retentiveloams.

A high plant stocking (2500 + /ha=2m?)
ensures early canopy closure, reducing
nutrient losses, and increasing root action
leading to improved structure.

Nutrition

Over a rdatively wide range, nutrient
supply haslittle effect on the newly planted
tree, as first year survival depends more on
moisture supply. Solublefertiliserscan 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, Caand Mg.

Only heath or moorland topsoils need
mineral anendment, usualy of phosphorus.
Until thesecond year, nitrogen in conserved
topsoil will he sufficient, provided a lm
diameter weed-freezoneis 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 Aldersin the
planting mixturemay show benefitsirom 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
linesowings of unpalatable legumes, such as
Lupinus, Lathyrus, Astrugalus and Galega are
useful and effective, and less subject to
wildlifedefoliation than foragespecies. 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, deficienciesof potassium and
phosphorus are to be expected, though

Viz -y

Loose-tipped glacial drift and overburden
mixtures wereleft ungraded at this South
Wales caal apencast. The low hummocks
are less obtrusive than hilt-and-dale, and can
rrap and retain leaf litter, reduce erosion,
and nor constrainforest operations. The 20
year old Larch crop is well-grown and ready
for first thinning.

releaseof nitrogen often followsdisturbance
and mixing of peat with spoil.
Becausemany mine spoilsare calcereous,
lime-induced chlorosis may develop after
canopy closure with some tree species. Ash,
sycamore, maples, birch and cypressesarelit-
tle affected, Corsican pine, larch and beech
are intermediate, with oak, chestnut, Scots
and Lodgepele pinesoften severely damaged.
Organicwastescan beeffectiveandcheap
sourcesof nitrogen and phosphorus on poor
sites, but their application should await the
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Keep abreast of S| AE developments

Technical Reportsfrom the Scottish Institute of Agricultural
Engineeering are state-of-the-art summaries on the practical
application of research findings:
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Tractor stability and control (21pp)

Theclod problem in potato production (35pp)
Tractor overturning accidentson slopes (25pp)
Tractor accidents on dopes. a classroom model

Compaction by agricultural vehicles: a review
6. Broadcasting cerea seed: a review of recent ex-

perimental and farming experience (46pp)
7. Mechanica raspberry harvesting (coming soon)
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Left: During thesummer reclamation "'window'. thesire has been ridge-landformed to
improve drainage, andallow deep cultivation by multi-shank wingedtine cross-ripping to
75cm, and then disced to elevatethe pignting position. Followingexcavation d ashallow
Sfurrow drain, alow-maintenance grass mixture Will be sown to control erosion. Thetreecrop

o Larch will beplanted in thefollowing Spring.

Right: Weli-grown 11 year-old Italian alder;, with Corsican pinesurrounds, planted on spaced
deep-tine ploughed restored gravel workings in NE Hampshire Thismethodd ground
preparation, though ffective,  has now been superceded by ridgelandforming and

loose-tipping.

development of root-spread by the young
trees, to alow uptake, usualy in the 4th or
later years. Their use on younger trees is
wasteful, and may sharpen weed competition
For moistureat a vulnerable growth stage.

Problemsremaining

@ Improved topsoil storage should conserve
nutrients, hut not weed-seeds. A biological
method is required for replacement of
organic N after the replacement *flush'"
Organtc matter incorporation by faunal ac-
tion, with wetting and drying by special N
fixing plant covers, needs package devel op-
ment. At present, structural re-devel opment
isdow, and repacking with deterioration in
porosity iscommon on silt-rich media.

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

® Remova 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,
mineral berms and rock-drains.

@ Raw spoilssuch as coarsesands, 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, heatingand leachatesfrom
biologica decemposition. The effects of
cover types, dopes, venting and waste pre-
treatments al need evaluation and
experiment.

Summary
# Disturbed soils can regain structure and

2

} @ Ecolagical surveys

productive land use under woodland, but
morethan 5 years may he needed to resolve
growthproblems.

@ Good tree establishment requires that
physical conditions. such asthe orovision of
adeep 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
Legumescan giveimprovements. From year
2 fertiliser nitrogen can be placed closeto the
tree, and front year 4 organic wastes can be
spread widely, but weed control isessential.
Mineral elements are in adequate supply on
most spoils except former heath or moor.
Foliage assay from year 3isto be preferred to
soil analysistoidentify nutrient limitations.
® Pioneer species can be succeeded by oak
and otherswhenwoodland conditionsarere
established. Aldersareval uablecomponents
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 w0 Reclamation of Minera

Waorkings for Forestry by K Wilson, Forestry

Commission 1985, R & D Paper 141
Land Capability ConsultantsLtd

® Soil, surveysand land classification
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® | and reclamation

@ Training coursesin land restoration
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Farmland Restor ation
The Greenham Solution

After thewel attended field meetingin May last year, we have been promisingreadersafuller report on
the techniquesdeveloped at Greenham Sand and Ballast Co. Barry Bransden, Manager of Greenham's
Restoration Department, who hosted the SaWMA meeting, hassince also given a talk on the subject at
the Stratford Drainage Workshop. So now we have two eventsto write up.

Geoff Baldwin hasmadea special vist to Greenham’s pit at Shepperton and heard and seen for himsdf
the detailsof what isbeing donethereand elseawherein the Company's land.

Putting it very simply, Barry explained
that the aim of the Greenham company isto
recreate prime farmland within a minimum
period of aslittle asthree months. Speed of
restoration isimportant to mineral extraction
companies such as Greenham, not least so
that they giveminimum disturbanceand of -
fencein what are often residential or recrea-
tional areas.

Special Restor ation Department

To achieve this objective of minimum
disturbance, the Company decided firstly to
set up a special Restoration Department and
then to make the Manager of that depart-
ment responsible for planning and control-
ling the whole cycle of eventsfrom opening
up thesitetoits satisfactory restoration.

Barry Bransden wasappointed Restora
tion Manager, and using hisown experience
asfarmer and contractor, and working with
the experience and records built up in the
Company, herealised that the earlier tradi-
tional techniquesof restoration had not on-
ly been very timeconsuming but had also left
problems of soil compaction and poor
drainage — with the result that restoredland
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 thereis 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
acresat the Littleton Lane pit at Shepperton.

Planning for restoration

The processof planning for restorationin
the " Greenham solution" as they cal 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.

Inthefirst year of working, top soil and
subsoil had to be moved to astorage area hut
in each subsequent year the sysem isthat top
soil and subsoil are only moved once —
removed from the newly worked area and
transferred to the previous year's working
over thefill.
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The planning for restoration starts with
the concept that there will bea need to drain
therestoredland. All design hasto start from
the cutfall levd available to the site -
whether this be ditch, soakaway or river.
Recognising that the replacement material
(thefill) will undoubtedly be less permeable
than the gravel it replaces, means that
drainage must certainly be necessary.

Another important point is that the fill
must be graded-as carefully as the eventual
top soil. Failure to prepare properly in this

e w“ L ™ R
e
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3 AT
Pickin
way would result in an uneven depth of
workable soil and quite probably a loss of
potential fertility.

No machineson theresored land

But obviously of critical imoortance in
the restoration schemeis 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, oncedamaged,
isdifficult,if not impossible to remedy, the
technique to be adopted had to be one that
would at no stage cause irreversibledamage
1o the soil. Thisisachieved by using a com-
bination of hydraulic excavators and dump
trucksto handle the soil. Soil movementsare
managed so that all vehicles keep to the ex-
posed gravel surface, or to theinfilled surface
awaiting restoration.

To recreatethecorrect subsoil and top soil

g up top soil and placing oﬁ top of previously placed subsoil

layersa hydraulic excavator liftsthe top soil
on to the subsoil layer that it has previously
levelled.

Great care weas exercised to monitor the
soil condition and checks have been made
daily on soil moisture content and plastic
limit to establish that wen movingsoilswith
high moisture content will not cause harm by
this method. Again, Barry stressed the prin-
ciple that no machine goes on to the newly
restored land. Soils areleft in a loose condi-
tion with the top soil accurately placed to the

correct depth over the subsoil.

As a help in explaining the Greenham
technique, Mr Keith Johnson, Director in
chargeof restoration, has prepared a series of
sketches outlining the broad sequence of
events. We haveonly spaceeto show a selec-
tion of these — concentrating on the earth
moving work after the important planning of
levdsand marking out of thesite hasaready
been carried out. (See next page)

Drainageingalled before ol
replaog

A further feature of the Greenham solu-
tion isthat thedrainage systemisinstalledon
top of thefill — beforeany subsoil or top il
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. Asthesoilsare placedona
re-designedslope and because they are plac-
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The Greenharn Solution — sketches by Keith Joknson

ed strin by strin it is verv easv to nut in
drainage as the soil movement progresses. 1o
allow for slight imperfection of grade, a big-
ger diameter of pipe is used than is technical-
ly needed and a relatively close spacing (12
metres) is al so chosen.

Thefinished result isa soil on the correct
slope of grade, with the designed depth of
subsoil precisely covered by theavailabletop-
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 checksand surveys

However, the responsibilities of the
Restoration Department do not stop there.
Checkscontinueto bemade on the quality of
the restored land and the validity of the
techniques used.

For example, there isregular recording of
perched water tables in the soilsby the use of
dip wells and the monitoring of hydraulic
conductivity. Such measurements have
helped to show that the 12 metredrain spac-
ing iscorrect for thissite. Resultsfrom a con-
tinuing control plot show that the nerched
water table wasmaintained at more than
0.8m below soil surfaceduring 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, initialy
the density wasmuch lower that with the un-
disturbed ground.

Astothe quality of therestoredland and
itssuitability for agriculture, Barry Bransden
has reservations as to how far the yield of a
particular crop can hean indication. Hecites
the ability to grow pot plants in an inert
material — that does not represent land
restoration. In hisview crop yieldsare very
much a function of management combined
with weather conditions — and they can only
be used asan indication. He isprobably be-
ing over cautious because by al accounts
cropsgrown on thisGreenham 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'sown consultants (Land Capabili-
ty Consultants). This survey showed that the
land replaced between 1979 and 1982 had
achieved an interim gerade ‘2. The general
grading on theland prior todigging isgrade
‘2’ with some areas grade ‘3A’ due to either
wetnessor shallow soils. Thisgeneral assess-
ment has been confirmed by a further survey
carried out thisyear by Reading Agricultural
Consultants.

Minimising pollution and nuisance

Oneother aspect of the Greenham work
also deservesa mention in these days of try-
ing to control and eliminate pollution. Great
care has heen taken to minimisethe effectsof
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.

Summer cabbagein August 1984 on land
restored 1983 (foreground); 1982 (middle
distance) and 1981 (farground). Variety.
PrincessfTOZER) yielded 2750 x 12 ha

SaWM A Council Member
eected President of AEA

£
!

Frank Moore

President of the Agricultural Engineers
Association for 1985/86 isMr F P D Moore.
Agricultural Advisor to Howard Rotavator
Co Ltd.

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

Frank joined SSWMA 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
justly be described as an all-round working
membher of our Association.

In his business career, as a Director of
Howard Rotavator Co, Frank has been
specially involved i1 developing e
business. In 1977 he was awarded the Queen’s
Jubilee Medal for Service to the Industry and
in that year led the first AEA Mission to
China.

Additionally, Frank isa memher of the
FAO Panel of Experts on Agricultura
Mechanisation, a Governor of Writtle
Agricultura College and a memher of Court
for Cranfield Institute of Technology.

Frank lives at Thornton Magna, near
Eye, Suffolk.
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| nternational Drainage

IN the South East

Mike Darbishire reviewsthe FarmersWeekly I nternational

Drainage Event — 1985

FOR thefirst timein recent years, the event
wasstaged in the heartlands of East Sussex.
Thelocation at VedsFarm, Laughton com-
prised of 40 haof 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 versetility of the enter-
prise by implementing a comprehensive
drainage scheme

TheSite

Thesite provided for ingenuity to resolve
the problemsin design for men and machines
dueto the undulating nature of theterrain.,
Thelow permeability through the five series
of wedd clay soils, identified by members of
the Soil Survey, demanded different
treatments. Monoliths of thesoil typeswere
displayed by ADAS/LLAWS. They included:
@ Denchworth — stonelessclay

® Dale - similar with moresilt

® Lawford — dlightly stony

® Wickham - silty clay loam over clay
® Curtisden - silt through-out

The specification for the scheme called
for 20m spacing of drains with permgeable fill
to within 380mm of the surface. Moling was
conducted at 2.0m spacing to a depth 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 drainsin the South East.

Conservation

Conservation was not overlooked in the
schemedesign. Plansfor an additional pond
to augment the two existing ponds will form
a conservation area. Steps were taken to
reducetherisk of pollution from leached fer-
tiliser and the preservation of a500year old
hedge is assured by routing a 'main’ to a
single outfall.

By Hand

In sharp contrast to the extensive rangeof
machinery — provided by some 80 exhibitors
— wasthe valiant and crowd drawing "'lone
Y orkshire Ministry officer who wasdigging
hisown trench and laying a perfect drain by
hand. He used the traditional tools of the
past with great expertise. Severa onlookers
benefited by even learning the art of using a
spade!! The lesson wasthe economy of drain-
ing a ‘'wet-spot'. *Itisthe most cost effective
over, say, a distance of a coupleof chain or
0" was our intrepid officer's comment,
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Machinery

The manufacturers put on 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 thereis an increasing
demand both at home and oversess. They are
particularly suited to grassland drainage,
leaving little surface disturbance. Clay and
plastic tiles were being laid using both trench-

less and trenching machmeﬁ Bruff and

Dynapac Hoes demonstrated a range of
machines at their allocated sites. As usual
they drew a reasonable crowd of spectators
throughout theday. All themain units were
supnorted bv a wide range of self-propelled
and tractor pulled gravel traifers, pipe-
handling equipment, back-fillers, and most
were Laserplane controlled for depth.

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 laying35mm
pipe, cables, water supply, and irrigation
mains. The comprehensive rangeincluded the
AF Trenchers, Bourgein Oxford Task Force
700r, Shelton rotating whedl trencher (now
with acapacity for 2"—6" width trenches), a
Bruff mini drainer and the new Mastenbroek
7/12 for orchards, vineyardsand sportsfields.

The ARC concrete pipe range is the
one to solve all your drainage problems,
whether for land, rail or road drainage as
it's available in OGEE, PERFORATED
OGEE and PORQUS concrete.

fts strong durable construction has
been thoroughly proven for many years.
Products are manufactured to a high
standard and a full range of flexible join-

ted pipes, manholes and gullies is also .

available.

“‘\-1 ",a:.‘ Vi A

For more information, contact:

ADIICI‘Lfl!

ARC Concrete, Divisiona Sales Office,

Meélls Road, Mélls, Frome, Somerset
BA113PD Td: Mélls (0373) 812791.

ARC Concrete, Scottish Sales Office,

Main St, Newmams Wishaw, Strathclyde

ML2 9PT Tel: Cambusnethan (0698)
383711.
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Ditchers

DRAINAGE *

Pride of the event was the new JCB 13.7
tonne 360 degree excavator and their new
3CX site master which each gave very effec-
tive performances to show their outsianding
capabilities. In additon, there were a variety
of ditchers, fromthe West Macrotary to thk
eye-catching nev McConnell Ditch Boss
back-hoe powered by a new small Kubota
tractor (L 4150) of 45 hp and hydraulicshut-
tle transmission. The salf contained unit is
trailer mounted and can be moved to site by
the sametractor.

Static Displays — Services

On the static site were to be found the
variousancilliary manufacturersand repres-
entativesof associated organisations. Tented
displays included those of SaWMA, NAAC,
LDCA, CLA, NFU and MATF/ADAS. The
latter, complete with computer link and
background information on VedsFar m con-
centrated on Drainage After Careand Con-
servationon their wel 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 #e
preaches' —
Cordon Spoorin
the pit ar the EW.
Drainage Evenr

initiated a new marketing arm.

Amongst their rangeof GRC (glassrein-
forced cement) drainage units, BCM were
featuring the new !m diameter inspection
chamber designedto suit MAFF safety stan-
dards requiring adequate space in emergency
for another man aongside.

Filters included the coco-wrap and in-
creasing evidencethat Big ‘O’ filter wrap for
both day and plastic tile is gaining accep-
tance. Naw to the scenewas 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 dlit trencher.

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

available Thesewereto be seen mainly on the
static Ste.

Oneof themost innovetiveof techniques
shown was thedevelopment by AquaPipesto
use the close-space drainage system for
reverseflowirrigation, which attracted much
interest.

Attendance

The weather, fine and dry, enabled the
3,000 visitorsto discussand assessequi pment
and techniques. Though the gate was down
on previous years, it was reported that some
25 countries were represented, thelargest con-
tingents coming from France, Germany,
Holland and Canada. Some 40-60 arrived
from each of thesecountries.

THINK BEFORE YOU
CROSS THE ROAD..

APPLICATIONS

2IN.TO 32 IN. DIAMETER

The Impact Mole is designed to punch horizontal, inclined or vertical bores (dead-end or through) in
compactable, non-rocky S0ils Because of its trenchless operation, it alows telephone and power cables,
pipelines, etc.. to be laid under existing surfacestructures and installations (such as roads, railways, airport

runways, banks, dams and industrial or residential buiidings).

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

RN R e

P. WRIGHT (Plant Hire) LTD.

MAIN STREET, HULL HU2 OLA. TELEPHONE: 0482 26846

AFTER HOURS: 0482 643155 - ROY ROBERTS

WE UNDERTAKE MOLING AND DUCTING

CONTRACTS ANYWHERE IN THE U.K.
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B TILLAGE

2 t trendsin tillage

eguipment

TheAgricultural Engineer'sview = by David Patterson,

Field Machinery Divison, N.Il.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%. Therewas however an increasein
theamount of graw incorporated from
58,600 hato 243,000 ha (r epresents7.1%

of the total cereal area) and this was
largely asaresult of adecreaseof 4.6%
in the proportion of graw baled and
removed.

These statistics indicate the importance
that farmers attach to the option of straw
burning in order to adopt high speed shallow
cultivations for maintaining the present large
areasof land in thehigh yielding winter cereal
crop. However, becauseof possibleincreasing
restrictionson straw burning, farmersare ex-
perimenting with straw incorporation techni-
ques, which bringsa requirement for deeper
cultivation. Hence, there isa widearray 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
typeand climate.

Straw spreading and chopping

The combine-mounted straw spreader is
the common method of providing a suitable
and efficient way of obtaining an effective
burn. But useof thecombine-mounted straw
chopper isincreasing because it is essential
for straw incorooration and when burning,
the shorter length of straw tendsto reducethe
intensity of the burn and hencethe degreeof
pollution. Thelength of straw and stubbl e re-
auired for successful incorporation depends
on the following cultivation. When
ploughing, experience is indicating that a
coarse chop lengthand high cutter bar height
on the combine are adequate, but when
adopting non-inversion techniques the con-
verseistrue. Some manufacturershavegiven
consideration to fitting a second cutterbar
behind the header to cut the stubble and so
easemixing of straw into thesoil when using
non-plough techniques; it seemsthat the stc-
cess of this technisue will depend on the
reliability of the equipment.

Thetractor-mounted straw chopper has
become popular as designs are being
modified to chop the stubble as wel as the
straw and so assist in successful straw incor-
poration. New typesof mechanism, such as
the use of turbinesand blades, to achievevery
fine chop lengths, are becoming available.
Some farmers are adapting existing forage
harvestersfor operation in straw and rcsults
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Econ/Tasker Mulch Train incorpomfingsfubbleand chopped straw

areindicating that the very finechop length
obtained iseasing their straw incorporation
problems.

Tillageafter burning

Following burning, the useof high speed
equipment at shallow depthsis popular, the
main types being heavy duty flexible tine
cultivators, disc harrows, soil-driven rotors of
various types and combination equipment
consisting of various types of tine and disc,
The heavy duty flexible tine, with its ability to
provide fairly effective soil shatter, is slowly
replacing the fixed tine chisd plough, and the
heavy disc harrow is widely used on burnt
stubbles. The techniques of shallow surface
cultivation followed by drilling have proved
more effective than using a special direct drill,
which has decreased in importance.

However, over the years, consi stent use of
shallow cultivations and direct drilling have
led to aninability to control grassweedsand
toa build-upof shallowlevelsof compaction
at depths between 100 and 250mm. This
situation haslargely contributed to the recent
revivd of theplough to control weedsand to
prevent build-up of surface ash and trash
which absorbs soil acting herbicides, and aso
to thedevelopment of a wholerange of top-
soiling (shallow sub-soiling) equipment that
will loosen thesoil without bringing clods to
the soil surface. Coupled with the wider use
of the plough hasbeen the reintroduction of
furrow pressesof various formsto improve
the tilth and consolidate the furrow dlice.
Another innovation on ploughsis the provi-

sion of means of varvine furrow width.
which enables optimum operation under a
range of different soil conditions. A number
of manufacturers havefollowed the continen-
ta trend of introducing the slatted-
mouldboard which is most effectiveon the
poorly scouring soils.

Straw incor poration

With the need for incorporating straw in-
to the soil, a number of novel designs of
equipment are now beingsold. 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.

Variousmodificationshave been madeto
the plough to improve its performance in
straw residue, the main ones being the use of
aconcavedisc (in placeof thegtraight vertical
disc) or adjustabletrash boards to distribute
straw more evenly down the furrow slice
However, experienceisindicating that one of
the most effectivewaysof burying the straw
completely is to use the traditional skim.
Many of these attachments, including the
furrow press, do reducetota output.

The high energy requirements of the
traditional plough causes farmers to con-
stantly seek for waysof overcoming thisand
there is a trend towards shallower depth
ploughing. Another aternative is the con-
tinental shallow plough which issuitable in
many conditions, particularly as they can
now befitted with trash boardsasa standard
option. For operation under hard conditions.

17



LErY

<%
B

e b s

. Tw LT e T . B o
e A M L N R TN e S R i B

Combined cultivation and drilling using a BridgeL ink

which isfrequently a limitation of these im™
plements, somedesigns can befitted with an
underbnster tine. which not only assists
penetrution but also breaks up the furrow
bottom,

A vast range of equipment is now
availableto provide varying degreesof mix of
straw with soil. A number of imported
cultivators, having tines fitted with curved
and twisted wideshares have becomepopular
as they movelargequantitiesof soil sideways
toincreasetheamount of straw burial. Dur-
ing subsequent passes, further mixing occurs
from a re-ridging action, but under heavy
land conditions clods can be a problem.

The recent development of the serrated
disc (chisel disc) is effective for achieving
penetration and has less smear than plain
discs, but it does not incorporate straw as well
as plain ones. Disc harrows for operation on
cereal stubbles are becoming larger and
heavier with weight per disc being in the
region of 150 kg/disc for effective
penetration.

A number of manufacturers have in-
troduced combination implements where a
wholeseriesof different typesof soil working
mechanism are used. Thesetrains of imple-
ment include the useof discsand heavy duty
tines, twisted shares, mixing blades and a
crumbler bar, or heavy duty tinesin conjunc-
tion with a powered rotor. Where high power
tractors are not available, there is a new
development, described asa' Power Frame',
which enables tines and a rotary cultivator to
be operated in tandem behind a medium size
tractor; an engine above the tines powers the
rotary cultivator.

Recently there has been renewed interest
in thedow running spading machineas an ef-
fectiveway of incorporating straw. A number
of imported machines are being sold in the
UK but themajor disadvantageistheir very
dow forward speed.

Another method of disposing of straw is
placingit in astrip beneath the soil surface. A

recent devel opment consists of astraw chop-
per and sub-soilingtinesto collect, chop and
bury stubble and straw to a depth up to
300mm. Although the straw tends to be plac-
ed in one region at depth, preliminary results
from experiments show that straw degrada-
tion is satisfactory. The poor leg design,
which resultsin an uneven soil surface, has
been replaced by narrower legs which cause
minimal surface disturbance.

In certain situations the true one pass
system may haverelevanceon thelighter and
medium soil types and following a late-
harvested crop. A continental machine con-
sisting of a rotary cultivator and aiy drill with
a unique placement of seed beneath the straw
residuelayer has undergone trialsin the UK.
This system may not be suitable for con-
tinuouscereal growing on heavy land, where
it isnot possibleto take advantage of natural
weathering.

Secondary cultivation

There has been a trend by British
manufacturers to adopt the Continental prac-
tice of designing seed bed cnltivatorsthat
combine morethan onetype 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 isaimed at producing a better

Exnst of England
Agricainrsh Sncey

SAWMA MAFF ADAS
One day Conference, 12th November 1985

Pollution on the Farm
See back cover for further details

seed bed with fewer passesthan if several dif-
ferent implements were used. Another ver-
sion is the use of ground-driven crumbler
rollers interspersed between two rows of
chisdl typetines, which are very effective on
thelighter and medium soil types.

Improvements in  powered rotary
cultivators both vertical and horizontal axis
machines, have been in stronger construc-
tion, new tinedesigns and additional means
of providing a finer tilth by using combs or
clod crushing boards behind the rotor. Com-
pared with draurht implements, outputs are
low and energy requircments high but under
difficult cloddy conditions they produce a
fine, leve tilth in one operation.

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

Implementrotation

With the more extensive use of wider
ploughs and larger horse power tractorsthere
will begreater compaction and damageto the
soil profile. Thus the recent benefits of im-
proved soil structure through shallow cultiva-
tions and direct drilling will be lost, Therefore
it would seem expedient, with the greater
knowledge of the action of different im-
plements, to aim to usethe plough as part of
theoveral cultivation strategy, with theother
lower energv and higher autput cultivation
techniques being used as often as possible.
The incentive to minimise soil disturbance
and numbers of operations will accelerate
with continued rising costsand prospectsof
reduced profit margms. The optimum system
for a particular set of conditions will general-
ly betheonethat gives maximum crop yield
with the least input.

Future developmenis
Where straw 1s mixed in with soil, there

will bea need for improvementsin 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 increasedegradation
and this will be an area for new machine
development. New designsof mechanism will
beimportant to provide moreeven distribu-
tion of both chopped straw and chaff from
combines.

There will be further developments of
cultivation equipment that can provide better
mixing of straw and soil and for machinery
that can invert with animprovedmix of straw
and soil. Thelatter may be achieved by im-
provements to the plough or new machine
designs. With the requirement for deeper
primary cultivation and the present trend
towards ploughing, new designs of secondary
cultivation machinery, that can achieve a
higher output and providemoreeffectivesoil
disintegration, will bein demand.

With the continued trend to heavier
machinery it may be possible, in the future, to
devise wavs of minimisinn the problems of
soil compaction by new designs of wheel
systems or through controlling traffic to
specific areas.
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Drainage of Soping Clay Soils

In this article, Dr Robert Parkinson (Seale-Hayne College) and Dr Ian Reid (Birkbeck College)
describe some resultsof a long-term investigation carried out by the Department of Geography,
Birkbeck College, University of London into the mechanismsof water disposal by underdrained clay

soils.

In  December 1984, grants for
agricultural drainage schemes were
slashed from 30% to 15%. This was
only thelast in aseries of reductionsthat
haveoccurred over thelast 5years. With
the cost of field drainage being bornein-
creasingly by the farmer, it isessential
that he fully understands the design
principleswhich underlietheinstallation
of ascheme. He needsthisinformation
not only to spend money wisdly at the
timethejobiscarried out, but also tosee
that the system has an economically
useful life-expectancyand that it isgoing
to he asconvenient as possible to main-
tain. Thisappliesto 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 thegravel fill that
coversthetiles(Leeds-Harrison, 1982).
But such systemsare 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) eauses premature collapse of
the molechannels.

Recent developments in drainage
design even include a return to closely-
spaced permanent aterals. For example,
there is some indication that 35mm
plastic drains laid at 3m spacing will
solvethedrainage preblems of soilswith
low hydraulic conductivity, and that the
cost of such schemesisonly marginally
greater than conventional tile-cum-mole
systems.

With such a range of drainage op-
tionsavailable, it isimportant that the
hydrological effictencies of systemseof all
typesare assessed. It isonly by doing this
that the individual farmer can get the
hest value for money.

A Ic gterm Drainage x i1t

The MAFF Field Drainage Experimenta)
Unit have been assessing the merits of dif-
ferent drainagesystemsin various partsof the
country for many years(for a recent example,
see Harris et af, 1984). However, their ex-
periments have generally favouredsiteswhiere
thegroundisflat or wherethereisauniform
gradient. There are vay good reasons for
this, but it does. mean that little attention has
been paid to unevenground, and let's faceit,
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Fig.l General view
d theEnfield
Chase topography. §
Ground dope
increases avay
JSromw the camera.

it’s in the hollows or at those places where the
form of the land changes that persistent pro-
blems occur.

Weat Birkbeck set out to investigatethe
effect that topography has on drainage effi-
ciency in the gently undulating claylands that
surround London and extend into a good
dedl of Essex and partsof East Anglia. Our
experimental siteison the heavy soilsderiv-
ed from the London Clay that underliesEn-
field Chase, Middlesex. A general view of the
areaisgiven in Fig.l. The soit isnaturally fer-
tile, but representsa management nightmare.
This is because its structure is so easly
damaged by untimely or continuous cultiva-
tion. (SeeReid & Parkinson, 1981, for an ap-
praisa of itswater-handlingproperties). Itis
a surface water gley of the Windsor Series
(see Fig.2). Subsoil clay content is around
60% and the soil cracksto about 70-80¢m in
summer months {Reid & Parkinson. 1984).

We have assessed the efficiency of tile-
cum-molesystemsin which the gravel covered
tileshad been installed at 40m spacing and
moles drawn at 2m spacing approximately
orthononal to the tile lines. Severd
topographical configurations typical of the
area and much of the British claylands have
been investigated.

Drainflows from sx individua tile
laterals and severd 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
(Fip.3b) have been successfulv usad in gaug-
ing the outfail of tilelaterd;; the networks
have been monitored with standard thin-plate
weirssited in ditches just downstream from
the system outfall.

1en Do the Drains Run?
Once a system has been in it SO
much is take' on trust. A wak round the
farm, especially after a heavy storm in winter,
confirms that the drains are doing something,
and there is an inevitable willingness to
believe that the soil feds firmer if only to
justify the expense. But questions naturally
arise: when and for how long do thedrains

o REETS T T
o,

Fig.2 Windsar Series soil profile devel oped
on London Clay and underpermanent
pasture, Note the well siructured A horizon
hut more massivesubsoil,




Fig.3a Small weir-box usedfor measuring tile-drain outfail

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

In the4 yearsof our experiment, during
which time we were also monitoring soil
water contents. drain discharae would begin
on average2 months before the soil reached
field capacity. Thisisimportant. Thesoil —
and especially cracking clay soils — cannot
be conceptualized as asimpie reservoir that
gets progressively emptied in summer, and
then fills to the brim (ie fieid capacity) before
vielding excess water fie drainage) in winter.
Some rainwater escapes down the cracks

caused bv summer desiccation. This process’

isreferred to as'by-passing’ becausethe water
isrouted oast the topsoil and eoesdirectly in-
tothesubsoil. (For a detailed description, see
Bouma, 1981. and Reid & Parkinson. 1984).
Thisisalso where thetine cracksof the moie
plough havean important roleto play. They
are artificial fissuresthat are maintained by
natural forces of desiccation. As such, they
are just assignificant in directing water into
the subsoil, this time directly into a mole
channel (Leeds-Harrison et af, 1982).
Because of by-pass flow, a significant
amount of drain flow occursin autumn and
early winter before field capacity is reached,
and in these soils this is not until January, In
fact,on average, 30% of theyear's drain flow
events take place during this period. The
evacuation of water that gets into the cracks
and away in the drainage system has obvious
benefits for all thosewinter sown cereals.
They enjoy favourable soil conditions for
longer, and at an important time for root
development. But while thedrainage system
carrieswater before the soil has reached field
capacity in autumn, thereisan abrupt finish
to the drainageseason at theonset of thefirst
soil moisture deficits of late spring. Only
rearely do thedrains run oncesoil water con-
tent drops below the mean leve it holds in
winter. This hasgreat benefits. It meansthat
water is retained to sustain summer growth.
This is especially important in clay soils
because much of the moisture is held at
forcesthat makeit difficult, if not impaossible,
for most crop plantstoextract. Thedisadvan-
tage of such an abrupt finish to thedrainage

20

processis that thesoil may remain plasticfor
longer, so that secondary cultivations, top-
dressings, etc run the real risk of damaging
soil structure.

The sealing of cracks by winter swelling
means that summer stormsdo not result in
drainage. This is interesting, because the
drains do run in avtumn even though soil
moisture contents are not measurably dif-
ferent. The reason for the lack of summer
responseis becauseprogressivedrying has yet
to open the cracks to mole channel depth,
Clearly, the drying and wetting history of clay
soilsisjust asimportant asactual soil water
content in dictating when the drainagesystem
will function. The problem this creates for the
drainage engineer isthat it comf)l icates any
attempt to derive a general model that would
predict drainage, and makesit even more im-
portant that empirical studiesare made.

a) tile laterals

i. Topsoil interflow important
especially in Wiater

2. Autumn crack flow bypassing
topsoil and reaching tile drain
direclly o by way of mole channels

b) tite drain network

~  ~ . 100mm tile drain

........... 70mm tile drain

‘translatory” flow at
umes of storms

E

¥

:gc
g 4
5

Topographical Control of Drain
Discharge o , ,

The catchment of an individual tiledrain
on sloping land differs from that on levet
ground. In thesame way, the flow processes
that cause drainage from a network of drains
laid in a topographical hollow will differ
from those that cause a single lateral on
uniformiy sloping ground to discharge.

Standard design-equations for drain
spacing (eg MAFF, 1982) include ground-
slopeas onefactor determining pipesize, etc
but they take no account of theform of the
slope — its geomorphology. i

Our experimental resultSat Enfield Chase
indicate clearly that both slopegradient and
slope form are important factors. In other
words, there must be some consideration of
whether the land has a concave bowl-shape
or whether it is convex. Fig.4a illustrates a

more permeable topsofl

more pérmeable topssoil

topsail stocm interilow

outfall to dirch .
higher water conteat rnaintained in

hollow by slow downslope seepage
desiccation cracks minimised

Fig.4 Cut-away block diagrams showing water transmission mules for a— tile laterals
draininga convexslopeform, and b- a tife-drain network draining a concave, bowl-shaped

hollow.
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situation typical of many claylands. A series
of laterals are laid equally-spaced and ap-
proximately along the contours. The dif-
ference in hydraulic conductivity between
top-soil and sub-soil especially in winter
when swelling has forced the closure of the
large desiccation cracks, means that a high
proportion of water moves towards the drains
in the more permeable topsoil. (It is worth
noting, incidentally, that mole channels
drawn across the tile drains and therefore
running with the slope in these situations are
disposed in the least effective fashion). As
slope increases on this shallowly convex slope
(Fig.4a), the catchment of individual drains
changes. Drains on gentler slopes produce
significantly larger storm outfall than those
placed on steeper parts of the convexity. This
carries an interesting and unexpected
paradox: where slopes dre steeper, short-term
drain efficiency is lower and the soil remains
wetter with all that this implies for poorer
rooting conditions at positions in the land-
form which are traditionally thought to pre-
sent no problems.

But these convex slope forms do dry out
in summer because long-term slow secpage
combines with evaperation to evacuate the
water. As a result, the soil develops wide and
deep polygonal cracks, and these become the
important escape route for rainwater in
autumn.

In contrast, the drainage of a basin-like
landform is very different. Discharge from
the systern is not significantly different bet-
ween winter and autumn, This is because the
concentration of water by both downslope
stormflow and slower seepage ensures a wet-
ter soil in the hollow throughout the vear
(Fig.4b). This, in turn, inhibits the develop-
ment of those desiccation cracks that are so
important on convex slope forms. As a result,
the  difference  between  drainflow
hydrographs for winter and autumn are
much smaller in the hollow than they are on
a convex slope. This is illustrated in Fig.5.
Two storms of roughly the same size and
same intensity have been chosen from the
hundreds we have monitored. The winter
storm {8.1mrm) fall§ on a fully wetted soil in
March; the autumn storm (8.6mm) falls in
December on a soil that has yet to reach field
capacity. An inspection of the drainflow
hydrographs shows that the autumn storny’s
discharge peak reaches 71% that of the winter
counterpart in the topographical hollow that
is drained by the tile network. But the
autumn peak of the individual tile lateral on
its convex topography reaches only 35% of
the outfall produced by an almost identical
winter storm.

One other pattern can be seen in the
hydrographs. The hollow responds to winter
rain much quicker than does the convex slope
represented by the individual lateral. This is
because the bowl-shape of the hollow attracts
seepage, and it is, therefore, invariably wetter
at the start of a storm. Resident soil water is
‘pushed’ out by the succeeding rain. The pro-
cess is called ‘translatory flow’” by the
hydrologist, and explains why streams rise
quickly after a storm. This is to be expected
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Fig.5 Examples of drainflow hydrographs showing seasonal differences in the response of a
network draining a ropographic hollow and that of a single lateral draining part of a convex

landform.

— hollows are easy-to-recognise wet spots on
any farm. What we cannot show with the 2
hydrographs chosen, but which comes out as
a general pattern from our 4 years work is
that, in aurumn, the convex proud parts of
the topography actually respond more quick-
ly than the hollows. This says something
about differences in the route taken by
drainage water in the 2 situations at this time
of year. Where the desiccation cracks have
developed fully after summer drying — ie on
the convex slopes — the water is transmitted
down these and teaches the moles and then
the tiles in a short space of time. Where the
cracks are not allowed to develop, as in
hollows, this short-cut by-pass route is not
available. In fact, Fig.5 allows a glimpse of
this. The hydrograph peaks for the tile net-
work occur at roughly the same time after the
middle of the rainstorm indicating no dif-
ference in route between season; but the
autumn drainflow peak for the lateral occurs
some 3 hours before its winter equivalent, in-
dicating a significant seasonal change in the
transmission route from the soil surface to
the drain. As a corollary, these differences
between sites mean that the maintenance of
good topsoil structure that will facilitate
plough-layer interflow will be more impor-
tant in landscape hollows than where desicca-
tion is more intense.

Concluding Remarks

When designing field drainage, the form
of the land — its shape — must be taken in-
to account as much as slope gradient.
Hollows in the landscape are notorious, but
we show that the crack flow that is known to
be vital to the successful operation of a mole-
cum-tile system: may be reduced as a result of

the maintenance of high moisture levels by
the very scepage water that the drainage
system is intended to evacuate. Perhaps more
surprising is the fact that in heavy clay soils,
convex landforms are not as efficient in
disposing of water as might be expected.
Because of this, drain spacing might useful-
ly be reduced at the very points in the field
traditionally thought to present less
problems.

One other point might be made. The suc-
cess of moling depends on creation of stable
mole channels. It is well known that soil con-
ditions are right for a very restricted part of
the year. But this presumes uniformity. Soil
water content, and therefore soil plasticity,
varies widely, and the shape of the land is the
major controlling factor. One should never
draw a mole plough through an undulating
field and expect 100% success.
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DIARY

JULY 1985
1-4 Roya Show—NAC Stoneleigh, Warwicks—Arable Marqueeincludes —soil acidity demonstration
—straw incorporation machinery
—land drainage feature
911 Great Y orkshire Show— Showground, Hookstone Oval, Harrogate
10-11* Association of Drainage Authorities Open Days— Cross Guns Meadows, Thorney, Nr Peterborough
31+ SaWM A Field Meeting — 2.00pm — Irrigation Scheduling and Management — Brandon Field Estates, Brandon, Suffolk
(by kind permission of Frederick Hiam Ltd)
Contact Geoff Baldwin (0484) 29417 for further details.
SEPTEMBER 1985
4* Tractorsat Work—Proctor Bros (Wingland) Ltd, Suttou Bridee, Lincs
5* SaWMA e e 2.10pm — Straw incorporation with primary cultivation machine as an element of soil management,

Staverton ourt Farm, Staverton, Nr Cheltenh , Glos. (b 11 J permission of Messrs Newtons Ltd)
Contact Geoff Baldwin (0484) 29417 for further details
912 Soils and Environmental problems — British Society of Scil Science — Cambridge
11-12* Cultivations, Straw Disposal '85—on heavy land belonging to H Raby & Sons, Great Stukely, Nr Huntingdon, Cambs
Demonstrations include: ploughing & alternative systemson burnt & unburnt stubble; straw incorporation and disposal systems
dateto he SAWMA Field Meeting — Straw incorporation on difficultsoils— Humberside area— to be confirmed.
advised* Contact Geoff Baldwin (0484) 29417 for further details

NOVEMBER 1985

12* "' Pollution on the Farm”—SaWMA. MAFE ADAS-East of Eneland Agricultural Societv
One-day Conference— SilsoeCollege, Silsoe, Beds. 10.30—4.30. See back cover for details.

20 Better Soil Management for Cerealsand Rape— One Day Conference— MAFF, ADAS

National Agricultural Centre— Kenilworth, Warwick

DECEMBER 1985

2-5 Royal Smithfield Show—Earls Court, London

17-19 Irrigation; Principlesand 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 eventsat which SaWMA is participating

PROBLEM?

o COMPACTED SOIL

THE SOLUTION: AGRI-S

AFTrenchers Ltd........ooooiiiiii i e, 12 c

ARCCONCIEE. ... eiei e e 15

Blair Engineering Ltd...........ooviviieiiiioniii e 9

L D Bourgein, Oxford Ltd .............ccoiviiniiiniii e, 5

ICI Plant Protection Ltd...........ccovieieeemieivrinicins e 2

Inter-DrainLtd ......oovvvviniii e 23

Land Capability ConsultantsLtd................ocovvveiiinnnnns 12

Minting Farm SuppliesLtd.............cocooieiiiiiiicen 22

Scottish Instituteof Agricultural Engineering................... 11

. « .2 TSD g

Soil Survey of Englandand Wales,................................. 6 Hardpan soil “Tobs soil efficlency and breaks down machinery. Agri- 3¢ sprayed
autumn or spring ~— just four ounces per acreé — penetrates compacted soil, in-
creasing surtace water drainage and alding plant root development. Agri-5C ¢an be

) mixed with herbicides, pesticides, and liquld tertilizers. Tests show Agri-SC affects

Watkins Nayler &Coltd.........ooi 10 Tf“:::‘r‘ ﬁm; g’e;:‘:l';;“g}‘?; e“"";’if ;:Tg""‘ a%;’;‘,g";:,“‘gz‘&:ﬁar’"’ 1o work.

:)NLY Zgﬂ ﬂ; \:‘AT)FPEH ;CFIE "
. . Import: ] 1

PWright (Plant Hire) Ltd..............cocoiuvieiineiiiiereeann 16 Minting House, Hor-astle, fﬁ:%;es'rglephon# é’f%%%ﬁ@f

065-86-220 (24 hrs).
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SAWMA  MAFF ADAS .cadifiiitsiy

One day Conference
Tuesday 12th November 1985 — Silsoe College

POLLUTION ON THE FARM
Whose problem? Who pays?

Chairman: Mr John North, Chief Agricultural Officer, MAFF ADAS

Programme:
10.30 Registration and coffee
1100  [Iutroduction by theChairman

Session 1 — ldentification of thereal problem areas
— pollution caused by farming
— pollution suffered by farming
Speaker: Dr Norman Moore, FWAG, Scientific Consultant

Session 2 — Development of the main issues
slurry and nitrates
Speaker: Dr Tim Evans, Support Services M anager, Thames Water Authority
agrochemicais
Speaker: Mr David Eagle: ADAS Pesticides Residues Unit, Cambridge
atmospheric pollution . .
Speaker: Mr Arthur Staniforth, Reading Agricultural Consultants

Lunch

Session 3 — What farming can do about it
— organic farming
Speaker: Mr David Stickland, Managing Director, Organic Farmers and Growers Ltd.
clean up technigues
Speaket: Dr Roger Phillips, Head of Waste Engineering Group, N.LA.E.
the environmental case
Speaker: Mr Chris Rose, Countryside campaigner for Friends of the Earth
resbonsible management
Spesker: Mr Ralph Baker, Somerset farmer and member of Wessex Weter Authority

Session 4 — Discussion
Summing up by the Chairman
Tea and disperse

Conference fee: inclusive of coffee, lunch and tea -
SAWMA members £13.00 plus VAT, Guests and non-meimbers £15.00 plus VAT

For further detailsand registration formswrite to:
Geoff Baldwin, 22 Edgerton Grove Road, Huddersfield, West Y orkshireHDI 53X




