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POREWORD p. 1.

The combined presence in Aberystwyth in 1958 of several
specialists with widely varied training but with a common enthusiasm
for soil study prompted the spontaneous creation of The Welsh Soils
Digcussion Group in co-operation with other colleagucs traditionally
devotod to soil scionce at the University College of North Wales,
Bangor. Wales offered an almost unique opportunity for the regional
study of soils for three reasons:-—

1. The geographical individuality of the Principality derived from
distinctive local events in its soological and human history.

2, The relatively ecarly and extensive progress of soll  surveys,
especially in North Wales.

3. The ro-inforcement of a traditional interost in acndemic pedology
and applied soil science by a contemporary cuthusiasm Tor the study
of tho soil in Wales, which crystallised in tho formation of the
Discussion Croup.

I+ has never been the intention of the Group to duplicatoc
in any way the functions of the British Sogiety of Soil Science to
which the majority of our Tounder-members belong. The aim was to
intensify soils intorests within a rolatively small and accogaible
arca and concentrate on local soil probloms. Thus o mceeting ground
was croated for those marginally concerned with the soil in addition
to thosc professionally involved with it. Geologists, goographors,
biologists, foregiors, plant-breeders and agriculturists have bocome
members of the G%Bup as naturally as pedologists, chemists and soil-
SUTVOYOrs . Topics sclected for discussion have boon deliberately
wide by implication to cater for such a2 potentially wide range of
viowpoints, and the troeasurod informality of our moetings has promoted
froe and spontansous interchange of idcas and argumonts.

Three successful sessions have becn held to dato. The
practice iz to hold two papor-roading meetings, and onc field-mecoting
per year. Thoe meetings have boon hold cithor at Aborystwyth or at
Bangor. All wore well attonded. Tho inaugurel sossion (1958/59)
contred on two addrosses givoen by Aberystwyth collecgues on popular
aspucts of geochemistry and micro-climatology as related %o thoe soils
the fiold-mecting, hcld at Trawscocd, uncarthed fresh problems in
local soils classifications., The themes adopted for the second
and third sessioms wore (1959/60) 'Forest Soils with special reforenco
to Wales' and (1960/61) 'Glaciation in Wales as relatod to soil pro-
file dovelopment'. To cover the cost of proeparing Reports (includ-
ing original papers and cdited discussions) for the second and third
sessions, an annual subscription of 10/— has had to be egtablished.
Reports will be on sale to non-members ot circa 7/6(1° plus vostages
applications should be made to James A.Taylor, Esq.,M.A., Geography
Depariment,; U.C.W., Alexandra Road, Aberystwyth, Cardigenshire.

(Signed) GORONWY AP GRIFFITH.

Welsh Plant Broeding Stotion, Scptembor, 1961,
ABERYSTWYTH .



S0IE STUDIES AT ABERYSTVYTH

by Jacmes, A.Teylor

'ABERYSTWYTH! is a famous name in agricultural circles in
many different parts of the world. The grassos, clovers and cereals
bred by Stapledon and his colleagues, and ‘their successors, have been
effoctively introduced in many parts of the British Isles and abroad.
At this same time, our sister College at Bangor achileved renown for
specialisation in Soil Studics under the stimulating guidance of the
late Professor Robinson, Pioneer soils mapping was conductod in North
and South Wales in the inter-war vperiod, and many contemporary research
reports were published in the 'Welsh Journal of Agriculture' during the
years 1925 to 1945. The latter dates represcnt the 1ife span of a
very useful journal which coincided with a period of vigorous pioneer
regearch into Welsh soils. In the post-war period, however, the jour-
nal has not been rovived and since the untimely death of Robinson him-
self in 1950, we have witnessed almost a full decade in which soil
studies in Wales have lost something of the impetus given to them in
the inter-war period. This is not to underestimate or devalue the
recent work of Robinson's colleagucs at Bangor, the post-war work of the
NoA.A.S.in Wales and the present work of the Soil Survey of ingland and
Wales. The latter has made great progress in North-West and North-
East Walos, duc in no small measurc, howover, to tho piloneer mapping of
the Robinsonian team, Reaction to this decade of relative neglect of
soil studies led to the recent proposel at Aberystwyth to form an organ-—
isation to promote pedologiecalrcsearch in Wales and to encourage regular
liaison amongst the many academic deparimonts and governmont services
which are concorned in one way or another with the soil. Thus was
created the Welsh Soils Discussion Group which has prompted the British
Society of Soil Science to support the idea of forming rogional study
groups to introduce and collate local soll research projects and stimu-
late an active and co-operative interest in soiis by «ll parties concerncd.

In the inaugural session 1958/9 three highly successful meetings
have been held. on October 29th, 1958, Dr.Nicholas Rast (then Tocturer in
Geology, U.C.7.), delivered a lecture entitled "Geochemistry in the
Service of the Soilh, Some 30 people attended including Dr.Alex Muir,
Director of the Soil Survey of England and Wales. The enthusiasm of at
least one local geologist for 'drift! as well as 'solid' goology showed
admnirably how soil studies impinge almost uncxpectedly on a host of ad-
jacent specialisms. The pattern of behaviour of geochemical elemcnts
demands the attention of geologists and biologists alike, in addition
to all the specialists primarily concernced with the onvirommental rcla-
tions of 1life forms — ecologist, biogeozrapher, bhoypuist, zoologist and,
above all, pedologist.

At the second meeting on February 4th, 1959, Mr.James A.Taylor

(Lecturer in Geography, U.C.W.) demonstrated the geographical apiroach
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to soil study in a lecture entitled "Slope, Climate and Soil'. Some

60 people attended. The intimate relations between land geometry,
topoclimates and soil properties including soil climate, were revealed
in the light of local experimental work. The discussion proveoked by
the lecture was lively and profitable. The new technique of land form
napping may enable the geographer to contribute, for example, to rocon~
naissance solil survey. Mr.Taylor's rescarch into the relation of land
aspect and soil texture to soil climate and to variations in periods and
amounts of growth, suggests that these factors have more ecological
significance in Britain then has hitherto been appreciated. Discussion
also touched on British Soil Survey methods, maps and memoirs and the
problems of reconciling 'Soil Series' with agricultural and forestry
requirenents.

Minally, on April 19th, a highly successful Field Meoting was
organised at the N.A,A.S.Headquarters at Trawscoed by Dr.Rice Williams
and his colleagues. Some 40 members were present. Dr.Rice Williams
gave an introductory talk on local soils with special reference to the
Trawscoed Rstate, and indicated some of the problems of classification.
On o subsequent tour of the Tstate several sequences of soil pits fired
of f many arguments concerning the mode of origin and evolution of cer-
tain local soil profiles. It is evident thet much more resecarch into
glacial and periglacial ovidence in Walcs 1s needed, in addition to
complete geochemical anelyses, before confident and Tinal genetical soils
classifications can be achieved,

The Group has had an enthusiastic and effective launching.

The most encouraging sign is the wide range of academic and nrofessional
disciplines represented amongst its members. In addition to members

of the stoff of the colleges at Aberystwyth and Bangor, representatives
of the Telsh Plant Breeding Station, the N.A.A.S., The Soil Survey of
Ingland and Wales, the Nature Conservuncy and the Forestry Commission
have attended meetings.

The programme for next year will focus on Forest Soils, inclu-
ding tho effects of planted troes om soil characteristics. M™Mull details
will be announced later, but it is probable that two of the meetings will

be held in Bangor in October and May and one in Aberystwyth in February.

(Reprinted from the Journal of the Agricultural Society, 1959, Vol . XXXX).
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WELSHE SOTLS DISCUSSION GROUP
ANNUAL  REPORT  {1959/60)

The programme for 1959/60 was devoted to "Porest soils with special
reference to "ales", a subject which attracted sveaksrs from universitics
and research dinstitutions outside the Principality. fore than 50 nem-
bers attended a mecting held in Bangor in October when the subjoet "Moth-
ods of examining soil minerals" was discussed. Dr.Smithson (U.C.N.W.)
gave an account of his nicroscopic investigations of the sand and silt
fractions of soils, with special referonce to the use of polarising and
vhase-contrast ecquipment for the identification of minecrals. HWr.Ball
(Nature Conservancy) suggested that the nowdor method of X-ray diffraction
was a useful technique nnd he showed sone examples of his resulis. ki
Archer (N.A.A.S.) described the use in analysis of direct arc spectros—
copy and explained how substitution in minerals could account for the
presence of trace elements.

In February, over 70 nenbers attended a meeting in Abuvrystwyth when
Mr.Thom (Forestry Commission) introduced s discussion on "Forcst soils".
Mr.Browa (Forestry Comission) doscribed the present methods of soil re-
connilssance for afforestation and expressed the view that nore refined
techniques are required. Mr,Davies (U.C.N.W.) exanined soil profile
development in the New Forest and gave exauples of pernmoncnt soil degra-
dotion induced by cortain conifers. Dr.Stewart (T.C.W.) presented 2
morphological study of the inter-rolationships of some of the soils in
Central Wales based primarily on a representative transect on the College
farm at Aborystwyth. In the afternoon, Dr.Leyton (Oxford) presented a
paper on "Minernl nutrient relations of trces on some Welsh soils", and
Dr.Benzian (Rothamsted) discussed "Nutrition Problems in Forest Nurserics.

The final meeting of the session was held in North Wales in April
under the joint auspicos of the Nature Conservancy and the Forestry Cour-
ission. At this field meeting the ain was to examine soil-vegetation
relationships under both deciduous and coniferous woodland. In tho morn-
ing, Dr.Hughes (Nature Conservancy) described the Noturce Reserve of GCood
Gorswen, Ro Won, a lowland oakwoold at tho northern ond of tle Conway Val-
ley. He was followed by Mr.Ball (Nature Conscrvancy), who outlinod the
geology, glaciology and soils of the area, In the afternoon, lMr.Suith
(Forestry Commission) described a part of the Gwydyr Forest and again Mr.
Ball indicated tho pedology of thoe arca. The Group is indedbted to Mr.
Ball not only for the preparation and management of o full day's "soils®
programme, but also for producing a comprchensive booklet on the profiles
observed.,

A nernorandun based on the sesaions! lectures and discussions is in
the course of preparation. The tlieme proposed for next gession is "The
glaciology of Wales in relation to soil profile development™ and meotings

will be held in October, February ~nd April.

Secrotary
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e p. 6.

Introduction
by J. R Tham

I am very glad that such a large turne-out of interestcd people hos come tocthis
neetingthis :ficrnocne I sce, not only Scil Scientists but also fgriculturalists
and Foresters. One of the penaltics of being Chairman of ~ Group such as this is
that one cuickly realises one’s own imperfections with regard to the subject under
dizzussions In an effort to remedy this, I have referrcd to various bocks on
Soils, and in perusing Peersall?s"Mountains and Moorlands" again, I was very pleased
to £ind that he lists quite simply five types of what he calls envirommentel factors
controlling the development of the over-lying soile These ares=

1e  Nature of the rock from which soil is formed by physical end chemical weatherings

2, (limatc which affccts weathering and also affects the percolaticn of moisturc
through the soil and thus leaching in the lower layers of the soile

3s Lelief which influcnces the latcral movement of water down a slopce

Le Time Ffactor during which all the above take placce Obviously this must occur
over a poriod of time and that peoricd of time is dependant upon these factors.

5¢ Finally, vegetation which derives its sustcnonce from the soil and as such is
an indicator of the soil and umorcover returns itsclf to the soil in the form of
decayed matters

To Foresters, in particular, all these factors arc of the greatest importance
and anything that can be done affecting these factors, especially in the way of
drainage, so that the soil mey be improved, mey moake all the difference between what
is considered to be plantable lond or unplantable lande

My own experience as o Forester has been largely confined to the more acid
peat soils found in the higher rainfell zones in the upland arcas cf Scotland apd |
Wales. In particular, thore are the soils found in the/Border Counties with af{>cottish
shellow layer of peat below which is a most difficult mountain clay scile This
soil is difficult to drain initially and brings with it many difficultics in the
establishment of satisfactory trec.growthe I an surc that on these soils the Scil
Scientist-con do much to help the Forestor in discovering the answer to these
problems of faulty drainage and poor acration. I am ccrtein that control of the
water.table is all-importent in tree.growth and where this is in jcopardy then
possibly poor growth or even dcath of the trces may rcsult, I would hope that when
the second rotation of trees comes along, it may be possible to improve drainage
problems and to cnsure a better return from the second rotation of trocse

Mre Brown is going to touch on the nccessity of accuratc soil surveys as a
prelude to successful afforestotion. This matter is having very urgent attention
by the Forestry Commission, in particular at the present time, as it is a very
necessary pre-requisite to the compilation of cfficicent management plans for the
State Forestse Too often plans have been made from a very superficial survey of
 ground vegetation, and while this is extremely important, and in meny cases is still
the only possible method of surveying an arca quickly and reasonably accurately,
there is o lot to be said for having an accurate soil survey made of a forest arca.

T believe that Dre Stewart is going to deal with the question of soil profilcs
and rclate his experience in agriculture to that of thce Forestere I am quite sure
that with increasing co-operation between the Forester and the Farmer, not only in
rural land-use but also in the field of advisory work, much cen be leartdt from each
other for the ultimate good of the countryside.

Mre Taylor has undertaken to speak on Soil Frofile development and forest
history in Wales, It is relevent to consider the naturc of past vegetation patterns
to establish certain ecological principles of present doy afforestation policy.

llre Davies is going to show us some of the work he has been doing with regard -
to both hardwoods and conifers in the New Forest and although the soils there may
be not comparable to Welsh soils, I am sure he will have much of interest to
comuniceate to the Foresters at this meeting.

Dr. Leyton, who has been doing a lot of work on the physiclogy of tree spacices,
is going to speak to us ebout the mineral nutrients of the various trec speciesy
particularly the conifcrs grown in Waless In this instance, Dre Leyton has also:
been doing some very important work on the water conscrvation aspect of afforestation,
and it mey be that he will be saying something about this as wcll.

% Held ot Aberystwyth on February 3rd 1960.
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Finally we are going to hear something about autrition problems in relation
to nursery soilse This is in the copable hands of liss Benzian and ccrtainly the
Forestry Commission has probably suffered morc losscs through faulty understanding
of our nursery Troblcems than in any other part of our work. The necessity of
providing a sturdy, well-balanced, rooted secdling is certainly understood, butb
the mcans of achicving this is not always cfficiently practiccde Herc agein the
S0il Scientist can comc into his own with definite help and advice to t he Forcsters

I sm sure that it is the wish of Mre Taylor, who has so kindly organiscd this
mecting, that all of you prcescent will take pert in any subscequent discussion, whether

you be a 8pil Scientist, o Geographer, a Geologist, a Mctcorologist, igriculturalist
or Forcsters

gt QO Qe meme



P. 8.
PRELIMINARY SOIL RECONNAISSANCE FOR AFFORESTATION

by Jo. M. B, Brown.

An estimate of the productive capacity of the site is no less important in
forestry than in other branches of husbandry, To a large extent productivity is
determined by climatic factors and the forester's first task is to ascertain, with
due regard to the marked influence of altitude on the general climate of the district,
what trees are likely to be suited by the locality., In a country which relies to a
considerable degree on exotics, such knowledge can often be gained only by trial
and error, but study of the climate of the place of origin will guard againgt
grave misfits,

Having satisfied himself what species indigenous and alien, will meke healthy
and vigorous growth in the locality, the forester next decides how they shall be
allocated to the available sites, A knowledge of the range of soil variation and of
the distribution of the main soil classes is essential if the most effective use is
to be mede of the land. In Britain, as indeed in meny other countries, forest
scientists are still very much occupied in collecting the fundamental data which
should form the basis of efficient use of forest land and it will be many years
before we are in a position to forecast, for a given site, the yields which may be
expected from such species as appear climatically suited, Meanwhile, however,
as forestry is a long~term business and mistakes cemmot quickly be rectified, it is
necessary that we should make full use of all the information we now have,

Forestry is for the most part conducted on hill-lands and, unless the
lithological variations are very important, it will often be the case that the
significant changes in soil depth, drainage » stoniness and fertility ave fairly
clomely related to geometrical features of the land surface. Where there are several
different geological outcrops within a forest, this relationship will not be 8o
obvious, but the surface changes will still be of great importance in soil classific-
ation and mapping. In most cases, whether of wasteland or forest land, the
variations in the natural vegetation give valuable indications of varistions in water
or nutrient supply, but differences in past treatment are apt to mask these
indications.

Recommaissance of the soil and other locality features is principally directed
towards the optimum distribution of species, for it is thue that the forester can
have the greatest influence on the yield of his forests. At the same time the need
for such soil emendments as drainage, manuring or cultivation may be brought to light.
But the tree itself is the most important agent in moulding the soil. Accordingly
the long-term maintenance of the soil's productive capacity, as well as the proximate
yield, is bound up with the assessment of site and the choice of tree or mixture of
trees, based on it, The forester's ultimate objective is not simply the production,
with or without appropriate amelioration of the soil, of a profitable stand of timber
trees, but the creation, or recreation, of forests in harmony with their enviromments .
and effective in maintaining, or, if possible, improving, the site. In this context
s0il recomnaissance for afforestation covers a wide field and it is essential on the
one hand to understand the direction of soil development and the factors determining
it, and on the other hand to assess the attributes of the trees in relation to soil

properties and profile development.

e300



"Soil profile development under individual tree species.
Ixamples from New Forest, Hampshire and from North Wales',

By

¥r. R.I., Davies

Trees are influenced by the soil on which they grow and also
themselves influence the development of the soil profilc. In
natural woodland a delicate balance of species and soil is established;
ihtroduction of exotic specics may upsct this balance, sometimes
with rathor spectacular effects on the soil profile. Changes of
this kind are morc likcly to be observed in sitces where the soil
parent matcrial is rclatively poor in rcadily weatherable mincrals
as C.ge in quartzosc sands like the Barton sand of the New Torest.
Microscopic cxemination by Dre F. Smithson showed that the main source
of weathcrable inorgenic materisl in the Barton sand was glauconites
This rcleascs potassium, iron, megnesium and othcr clements on
weathering.

Colour slidos token where Osk end Scots Pinc woerc plonted (1861)
in immcdiately ncighbouring positions in Knightwood Inclosurc on
Barton Sand, showcd undor ook a low basc status browm forest soil
with a somewhot rew humus leyer but with no bleached herizon; where-
as under Scots Pinc a decp podzol hed dcveloped with 15 - 18" of
bleached sand (4,). Grains of glauconitc were visiblc throughout
the soil profile undur osk, none were prescnt in the bleached sand
under Scots Iinc and those in the zonc of rcdeposition in this
profile were corrodcds This destruction of wcathcrable mineral
greins was common in all the bleached sand layers cven whorc,
occasionally, podzols werce found under larch and beechs

Todzol formation occurrcd only on freely draincd sites, never
in the slightly wet hollows., Where, however, thc ecxotic spicics
had produccd o drying of the profile then some podzolisation followede
The fact that on very poor soil, ¢ven larch and beech ney produce a
podzol while on a soil richer in nutrient no podzolisation . ... .wuid,
has prompted an investigation into differcnces in leaves and litter
of individual treec specics, comparing rich end poor sites. (Coulson,Davies. d

The following tontative suggestions are based on prclﬁm&ggig’ {960 F&)(b))
cxperiments at Bengor:-

(1) Green loaves producc water-solublc polyphenols which may

be washed from the lesves by raine Thoy are cepable of reducing

ferric iron to the ferrous condition and then forming stable

non-ionic complexes with the ferrous irons. The polyphenols are
more stable and thercfore remoin active under wore acid conditions,

The quantity of polyphenol in rain washing is grcater from con-

iferous thon deciduous species., It is greator in leaves
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of trecs on nutrient-deficicnt soils thon in nutriont-rich
soils and acid conditions in the soil humus tcnd to prescrve
it from changcs

(2) At scnescence the polyphenols arc of a sizc and kind that
can ton somc of the protein within the leaf so hindering
proccsscs lecding to normal breakdown, This has already becn
suggested by Hondley (1954) in differcntiating between mull
and mor hunus formations A greatcr amount of tenning occurs

on nutricnt-deficient than on nutricnt-rich. sites.

RETERENCES
Goulson, C.B. 1960 (a) Polyphenols in Plant,
Dovies R,I. & T Huaus, and Soil,
Lewis, D, A. I Polyphenols of Leaves,

Litter and Superficial
Hurmus from Mulland lior
Sitess i

Je Soil Sce Vol, IT

Noe. I March 1 960u Pe 20;

1960 (b) Polyphonols in Plant,
: Humus and Soil,
IT Reduction and
Transport of Polyphcnols
of Iron in kodel
Soil Coluumns,
ibid p. 30

Handley, W.R.C. 1954 Mull ond Mor
Forestry Corm. Bull.
No. 23, London,
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A jorphological gt dy of the inter-relationships of selected
soils in Mid Wales '

(based on a study of a Key Transect on the U.C.".College Farm,
Aberystwyth),

by Dr.V.I.Stewart.

Throgrhout L'id-~Tales the parent rock from which the soils
have heen derived is remarkably uniform: Ordovician and Silurian
shales and grits. Despite this,however, there is quite a wide
variety of soils, variation resulting mainly from differenceé in
texture: e.g., some have virtually no stones, and others 70% stone;
some have silt and ¢lay contents of ebout 40% and others almost 80%,
Such a wide range of variation in texture is of some significance
to the forester as well as the agriculbwalistall the more so as the
pattern of textural variations is similar to that for soil moisture
effects due to relief; thus the heaviest soils tend also to be by
far the wettest and the lighter soils the driest. The aim of this
paper is to suggest that the wide range of variation in soil type
in this part of Wales derives from the action of geomorphological,
glacial and periglacial processes capable of effecting resorting of
mineral residues on a massive scale.

According to the soil map of the College farm, U,C.W.
Aberystwyth, produced by Evan Roberts and fdward Crompton, in the
1950's there are 6 soil series within the limits of the farm.

Powis, Penrhyn, Sarman ard Cegin all on the hard shales, and on the

soft shales Corwen and Gwern. The series names used (rig. 1 ) in

this paper are those adopted by Roberts and Crompton. It would
appear that some revision will be necessary in due course.

In order to get some idea of the inter-relationships of
these soils, sites were chosen for special study where the trans-
ition from one to another could be most easily seen. This approach
has been greatly facilitated of late (1959 .60) by the activities of
contractors putting in water.mains to supply the new college
buildings. One trench, passing from top to bottom of the farm on
Penglais Hill, behind the Institute, has been of particular interest
as it cuts through all the soil types said to occur on the farm and
places them in sequence according to their position on the slope
(Fig. 2). This, in fact, is the "Key Transecct" referred to in the

title of this paper.

Relief.
The hill behird the Institute falls away from a flat, dome-

like top in a succession of steep slopes and terraces, the broader
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terraces tending to form shallow, basin-like depressions into which
the drainage off the hill above would appear to be funnelled before
overflowing into the next lower sequence of hill slope and terrace

(Fig. 3).

Parent Material,

The parent material of the soils in the tronscct beging,
on the broad, flat hill.top, with a soil formed in deep drift,

Rock outcrops would appear to form the shoulders of the hill.-glopes
below which the hill-side falls steeply away. These rock outcrops
may at one time have formed small craggy bluffs beneath which scree
way have accumulated to o small extent, Now the steep slopes be-
necth the rock outcrops have heen filled in and, by o decp accumula-
tion of erosion debris, to some extent smoothed out into gentle cone
cave slopes. The erosion debris becomes increasingly gravelly with
depth, As more foundation digging goes on it will be interesting
to se¢ how deep it is and what underlies it. Where bagin-like
depressions occur on the broader terraces beneath such slopcs they
are filled with a surface layer of heavy texture, It would appear
that a certain amount of water-sorting has gone on within the mantle
of erosion debris leaving lighter soils, loam in texture, on the
middle and lower slopes and heavy textured, silty loams and clay
loams in the basins.

That crosion has occurred is not only indicated by the
nature of the mantle of mineranl debris accumulated on the lower hill
slopes and terraces but also by the presence of sand ond gravel-
sized, charcoal fragments throughout this mineral debris. From
obgervations in the main trench and clsewherc it would appear that a
discontinuous charcoal horizon may cxist ot about 3 .. 4 £%. in places
within the mantle of crosion debris. lJust bencath the main rock
_outerop in the trench transcet an excellent example was found at
about 3 ft. (Marked on Sketch Map, Fig.2 ). This surgests that
erosion on a masgsive scale must at one time have followed removal of
the surface vegetation by fire,

The glacial drift, which occurs to & depth of at least 4 - 5
ft. on the flat hill-top, is characterised by a massive, strongly indu-
roted, blue .grey horizon reaching to within & foot of the surface.

On the crest of the hill this induratcd horizon is smooth-topped and
welledefined., On gently sloping sites its surface may be somewhat
corrulated, This is interpreted as being the Welsh equivalent of

the permafrost horizons found in Scotland and described by FitzPatrick

(1956). The survival of drift mantles on some flat hill-tops and
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some gentle slopes may well have occurrcd only where the environmental
conditions of aspect and exposure ensured the maintenance of a perman-
ently frozen subscil under the periglacial conditions that followed
the retreat of the ice~sheet. On south. facing and reldtively steep
slopes erosion by solifluxion may have led to its removal, On the
lower sloves and terraces‘consolidated drift deposits are partially
buried bencath erogion debris. Here the blue grey, indurated hori-
zon reappears at 2 -« 3 ft. and, though it may affect drainage where it
occurs within the profile, it should not be interpreted o8 a normal

gleyed horizon.

The Soils.

Under agricultural conditions variations irn profile mor=
phology depend mainly on variations in parent meterial and drainage.
In the transect there are minor but nonetheless significant variations
in the parent material. Thege variations are physical rather than
chemical. Drainage is affected both by relief and the variations in
parent material,

FElsewhere on the farm, soils similar to those secen on the
flat hill-top section of the transect have been named Gwern.,  This
s0il seems to occur on the tops of flat-topped hills wherce the surface
is unlikely to have received erosion increments off neighbouring hill
slopes, It also occurs on the long gentle slopes beneeth the hill-
“top. On these gently sloping sites a relatively thin erosion mantle
would seem to have odded a sufficient increment to the top-soil to
allow of the development of a shallow, comparatively light+textured,
rather loose, yellowish B horizon beneath the plough layer. Beneath
this shallow B horizon the fogsil, indurated permafrost layer scems
to prevent any further profile development. These soils, with their
well-defined plough layer, (the A1>9 brightly coloured subsoil,

( the BE), and blue gleyed, indurated base have the morphology of
imperfectly drained soils but, since there secms to be a distinct
lateral movement of ground-water along the top of the fossil, indu.-
rated horizon, these soils should be grouped along with the "iron-
pan" goils as soils with impeded roather than imperfect drainage,

They are in effect, shallow, glope soils with a slow lateral movement
of water through them, rather than basin soils in Whiéh water tends
to accumulate. Should the presence of a moving, perched water-table
within 12 - 18 inches of the surface and a massive, indurated horizon
limiting root development to the top-soil be considered features likely
to affect choice of species, then these Gwern-type soils would appear

to be of particular interest to foresters. The slop¢ version of this
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g0il stood up well to last summer's (1059) severe drought, and, under
grass, was said to recover well, From the top of the hill to the .
first rock shoulder the depth of the erosion mantle increases until,
near the rock shoulder, the depth of the loose, light-textured, light=
coloured B horizon may be 2 - 3 ft, Here the surface of the fossil,
indurated horizon is corrulated and may sometimes reach to the plough
layer or fall awaminto lens-like depfcssions now filled with typical

B horizon material, The profile morphology of these deeper scetions
is that of a typical farm Corwen, that is, the deep, freely draining
soil said by Evan Roberts (1955) to be derived from soft shale rock
regidues. The corrulated surface of the massive, gleyed, indurated
horizon is clearly not related to present-day pedogenic processes.

The transition from Gwern to Corwen would scem to depend in this case
upon the progressive burial of the permafrosted horizon bencath a
mantle of erosion debris until it no longer comes within the soil pro=
file,

On the rock shoa'der itsclf there is a covering of little
more than 6 ins, of goil. The shallow soil profile is similar to
that deseribed elsewhere on the farm as Powis, that is, a very shallow
soil derived, according to Evan Roberts (1955), from hard shales,
Powig is clearly a soil direcctly influenccd by the relatively fresh
rock that so closely underlies the surface., As this past summer
(1959) showed, this soil is very liable to drought.,

Bclow the Powis shoulder the underlying rock falls away
steeply and a rather stony soil succeeds Powis down the slope.  The
slope zone occupied by the fairly deep soil formed on this rather
stony substrate would appear to be that described in Glentworth's
(1954) "Hydrologic Sequence” as 'excessively drained!'. This, plus
the presence of more casily weathercd, fresh rock residues, mey
account for the overall red tinge in the colour of the soil. It
would appear, thercfore, that there is o narrow zone of Penrhyn in
this key transect though its extent is limited by the small extent
of the steep, colluvial zone benenth the Powis shoulder.  Penrhyn,
like Powig, is a freely drained soil mainly, or at least portly de-
rived from comminuted fresh rock residues, and distinguished fromw the
Corwen series, its "soft shale' analogue, by its relatively high
stone content and overall redder tinge.

The well-defined charcnal band mentioned earlicr (vide p. )
as occurring at3 ft. within the erosion debris beneath the main rock
shoulder, in fact occurs where Corwen succeeds Penrhyn down the slope,
that is, where the .antle of relatively light textured, light coloured,

easily friable erosion debris is built-up to eonsiderable depth forming
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the parent material of the soil in the middle and lower concave

glopes of the hill, This charcoal band, plus the numerous char-
coal fragments found throughout the erosion debris may well be as
good an indication as any of the nature of the parent material of

the Corwen series, In clear contrast to Gwern, Corwen is a deep,

freely drained soil, friable and, in this case, a relatively light-
textured loam throughout. There is a noticeable lack of any marked
profile differentiation. This, and its overall yellow colour may
owe something to the fact that its parent meterial is mainly derived
from previously weathered and transported rock residues originating
within the drift mantle. Its parent material is, therefore, at
least one weathering cycle older than the fresh rock residues in the
parent moterials of Powis and Penrhyn. For those intercsted in the
hard shale/soft shale controversy it is suggested that herein lies
the clue to the morphological distinctions that impressed Evan
Roberts (1955); the cause may well lie in the nature of the parent
material but not so much its hard or soft shale origin as the extent
to which it containg fresh rock fragments rather than previously
weathered drift residueé. Corwen, by comparison with the other
soils on the farm, is a moderntely, freely drained soil, not liable
to drought and easily worked.

In the key transect studied, the blue-grey, fossil, perma-
frost horizon re appears, with its surface somewhat corrulated, first
at the base of the profile, and then, undulating occasionally into
the plough layer as the lower hill slopes level out into the broad
basin,

Within the basin the soil is similar to the hill-top Gwern
with the distinotive presence of an indurated, fossil, permafrost
horizon csusing a marked drainege barrier within the profile,  How-
ever, this basin version of thc Gwern scries has a deeper, heavier-
textured top resulting, it would seenm, from additions of clay, silt
and fine sand resorted by water action from the Corwen erosion resie
dues left higher up the slope, The result is a scil which, from its
poorly drained, basin site, silt loam to clay loam surface and impeded
drainage is a wet soil and difficult to manage. This is Cegin, the
poorly drained member of the so-called hard shales suite., Ilar, its
soft shale analogue, is a soil formed entirely in a deep accumulation
of 8ilt and clay, so well resorted thot few if any stones are present
and the mineral fraction is about 75% silt plus clay. It may be that
the parent material of these Ilar soils was laid down under water in
a former landscape dotted with small ponds and ribbon 1akes. They are
very difficult to work and difficult to drain.
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- These then are the soils of the key transcet. They are
essentially soils bosed either directly on outerops of Ordovicinn and
Silurian Shéles and Grits, or on drift derived fron these rocks, or
they may be based on resorted erosion residues derived from the drift,
or partially resorted colluvium influenced to varying extents by the
inelusion of fresh rock, The different hill zones represented in the
key transect described might be exnected to vary in their presence and
extent according to the overall configuration of the landscape,

For the forester the interest in the soil pattern herein
explained lics in the fact that the soils being afferested in nmuch of
Mid-Weles are the natural upland analogues of the lowland agricultural
soils herc described,

This paper has endeavoured to show, with the minimum of pedo-
logical jargon, how important it is to study soils within the context
of the landscape pattern into which they fit and from which they derive
so much of their morphology. In hilly arens such as Mid-Wales, it is
essential to realise that there may be profiles of accumulation as

well as profiles of weathering,
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Preliminary views on soil profile development and forest history in

Wales,

by James A, Taylor, M.:i.

Forestry is long~term job; rotations involve - or will involve -
may decades and several generations of foresters. However, the thirty
years or so of afforestation in Wales represent a small, contemporary
episode within a vast and varied post-glacial pcriod embracing almost
fourteen thousand ycars and the emergence of prehistoric, and historic,
man in this area. The date 12,000 B.C. when the last major glaciation
was terminated in Britain is perhaps onlv yestefday in the geological
time~scale, Nevertheless, from the ecological point of vicw, the climatic
vicissitudes of the post-glacial have ranged from sub-arctic to moist-
occanic and to warm-continental; in response, pinc and birch succeedcd
tundra and werc themsclves displaccd by mixcd alder-oak woodland.

The tceehniques of pollen enalysis and radio-carbon dating have
cnabled a quite procise re-construction of the postglacial chronology
(Godwin, 1956), vide Figurc 4. Available cvidencc for Walcs as such,
however, is rclatively sparsc and only hypothetical infercnces cen
be made concerning local vegetation and soil history in the Princ-
ipality. It is essential to interpret the vegetation succession and
its ultimate degradation by man in relstion to the underlying soils on
and within which varied climates, cold and warm, dry and wct, have
registered, and varicd plant covers, first tundra, them conifers, then
deciduous trcos and finally introduced grasscs or crops or trecs, werc
in turn established, Effccts, both positive and ncgative, have ac-
cumulated in the soil profiles, some to suffcer obliteration or at least
modification, others to survive and persist in fossilised form today.
drong such offcets may be included, for cxample, the induratdon of
layers subjectcd to prolonged perma-frost, and variation in the depth,
thickncss and disposition of these layers according to the differcnccs. in
rates and amounts of freczing and thawing on sites of different altitude,
aspect and angle of slope under a peri~-glacial climate; or again, the
contrasts in the pattern of solifluction rcsulting from those differences.
Stewart (1961) has postulated that indurated layers occurring in certain
contemporary Cordiganshire soils are fossil permafrost horizons. The
alteration of relatively warm with relatively cold period, e.g. in the Latc
Glacial Period (vide Figurc L), would permit a series of solifluction cycles
to take place, and Stewsrt herein (_Y_:;io_ pp. - ) has identificd superimposcd
layers of accumulated mineral residues in other contemporary Cardiganshirc
soils os being the consequence of such cycles. On the other hand, many
ro-distributed deposits must have becn croded away. The alternation of
dry Borcal and wct Atlantic phascs and of relatively low and high
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macro—raj_nf‘alls must have coused fluctuations in water tables and the
degree cnd extent of gleying in soils in addition to deoeclerating or
aceclerating the ratc of accumulation of surfaocc orgenic laycrs or

pcat both in lowland or coastel plain and vellcy and also on the hills
ond mountains. Both lowland and hill peats cxist today as logacics of
past occenic climatic phasoes; the consequences of fluctuating water
tables znd wardlobly golyed cgnditions agsccioted arcy however', such
more difficult to diagnosce The conifcrous forcsts of Poreal times
would suggest the dcvelopment probably of & mor typc numus on the
surfaccs of soils at the tinc with a slow rete of incorporation of
organic mattor and negligible carth-worm populations; tendencics to
podzolisa‘cion arc indicatod. However, the succecding longer stage of
colonisation by & more thriving, mixed deciducus woodland viich reached
its zenith ab the climatic optinum of about 4,000 = 2,000 B.C. favoured
the developuont of brovm earth cheractoristics since the litter was
milder and morc quickly assimilated by more igorous soil populations.
# lore recentlys deforestation by man, gradual in the Neolithioc and
Bronze ages bub more rapid since especially after the twelfth cenburys
cxposed soil surfaces to an crosion potential greater than before, and
the burning of woodland led to the deposition of charcool fragments
which can bc i&ontif‘iod today in many soil profiles in West Wales.
Robinson (1 950) asscrbed that crosion was extonsive leaving pohind what
he temed'truncatcd' podzols; this theory was supported by Roberts |
(1955) but both Toylor (1957) and pall (1959) prefor ©o restict the
possibility of cotastrophic crosion to the stecper slopes onlye Stewart
(1 961) on the othor hand hes rovived support for the theory in the light
of thc discovery of abundant charcoal fragments in 1lcnses 2' = L' below
the surface on lower concave BlOpes in West Cardiganshirc. The
conscquenccs Of crosion in historic times afber doforestation might well
have beecn to provide the latest mejor cycle in the re-distribution of
mobile mincral rcsidues by croding them fram convex sites to be
accumulutod in concavec sites. Pinally, the creation of the virtuelly
treclcss, moorland vistas of todey (wherc conifers and deciduous trees
oncc grew in abundancc) by centurics of grazing, pirst by cattle and sheep, th
by shecp and now mostly by shecp alone, 18 cssentially a gesturc of
suporimpos}tion by men in dcfionce of what is gt11l o climatc eminently

guited bo trees.

fé The rich brown colour ond vericd mincralogy of tho 1Bt horizons of
many conbemporary parim carths, borwn podzolics and somC podzolics
mey be pexrtly attributable to this periods
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The organic top, (deriveg fron the closely matteg roots of Holinia,
Nardus ang other plantg on the Welsh oorlands, reducing:

3 (i

beat penetration

and water Percolation down into a soii conpressed ang undisturbeq for
80 long) sits wleonformably on 'B!' horigons Posscssing Propertieg
derived fram 5 brevious, more natural woodlang cnvirenment, (p Lower,
cultivategd ground - ang o Sane cxtent on high groung 2lso =~ the
cultivation and f’ortilisation of surface layers 4o grow grass and crops
have alge madec theipr narks,

Thus, g conbination of natural ang an=derived factors is
SXpressed in conte1:.1porary 801l profiles by a cirmlex net dccurlation of
fossil ang contemporary featiing s the forme:- derived frop Previous,
climates, vegetation or hupa- 5age, the latter being functicnal within
the Presenteday Pedogenic broccyucs as adaptod by human usage,

It is hopcd that “lection op najor points frow the

of the Posteglacial ovolution of Welsh forest-soils Bay well reveal trends
of relevance +o the scloetion end cstablishnent o tree spoecics for
planting in particular soij or slope environnents,

Most groung used by, on available to s the Forcstry Commission
in Wales is hore or leas sloping, 1In addition to the familior ecological
contrasts between northerly ang Southerly aspcets, the loistness of
the rormer compensating fop the Warmth of the latter, the bianting boteatial
of these slopes is Very mmuch a function op their soil clinates in
relaticn to the water table, Water-holding Capacity, diurnal tenperature
ranges in the groving SCason, and root bPenctrability op the =o0il in
combination with the topographia, biological and chanical foctors
Operative at g given site, Fundamental among thoge Variables is the
Physical nature of the soil profile and itg individual horizons, which
have often been affecteg by periglacial ang Posteglacial cvents, Slopes
of southerly aspect, having been soliflucteq Carly’ and extensively,
often exhibit relatively shallow soilg and sub-soilg With solig rock
nhear to the surface; the tendency for such slopes to dry out in dry spells

weather ig further aceentuateq by the relatively low wat Cr-holding
acity of soils and sub-soil, Tp contrast, horth-facing slopcs, having
n soliflucted 1a%c and less extensively, display deeper soils developed
en  heavier ang thickep naterial giving higher noisture capacitics,
e are generalisations byt s 80 far ag bractieable ang applicable,
herly slopes should be preferreq for the carlier, less sensitive but
tht-resistant Specics as compared with the reservation of northerly
'8 for the later mere tolerant moisture-loving Species.  Prior to Planting,
erly slopes s With an early and nore nutritous response of grass,
Jeen usuclly closcly grazed and travped ang have developed g dense
mat with underlying organic layer., This latter not only reduces
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and delays soil=warning but also favours lateral movement of rain-
water dovmslope cither at the bottom of the grass where the crganic
layer begins or, at times of heavy rain, through the grass itself,
This creatcs intcormittent moisture deficicncy in the mincral horizons
of these soils which can affect trec growth at certain stages. To
mention irrigation in the same breath as the Welsh hill climate mey
sound quite ludicrous yet irrigation has been applied in Dovey
Forest to certain Sitka stands and has made cconomic, aswell as ecol=
ogical, sense. Local irrigation neceds for certain forest crops on
slopes of this type in Wales might well be uncxpectedly highe Some
device for the contour control of water is indicated and the more the
organic mat is broken up for planting the beticxy provided erosion is
not induced.

Field evidence indicates that soil water is transferred
laterally as well as vertically through soils on sloping sites. The
steeper the slope, the lighter and stonicr the soil, then generally the
more extensive the lateral, as opposed to the vertical, percolation. It
scems reasonable to postulate that soils may be subject to lateral
leaching on such slopes and, within the framework of the normal hydro-
logical cycle of soils on slopes expounded by Glentworth (195 ) for
illustrated by Taylor (1960) for Weles, lower concave slopes, esp-
ecially just above a depression or flat must possess an even greater
and more versatile planting potential than upper convexities, the
exposure of the latter usually being as much a disadvantage as the
frost liability of the former.

On the flatter convexities, fossil permafrosted layers may
be preserved (Stoeword, op.cit. 1961) creating perched water tables and
giving the relatively shallow soils a higher moisture reserve which is an
assct in a dry spring or summer for both agricultural or forestry crops.
On the other hand sharper convexities have usually under gone quite cxten-
sive erosion and have soils which are shallow with bed=rock near the sur-
face and which therefore are liable to dro"ught and unprofitable to
fertilise because of the rapid leaching. Concave sites, whether they
be ‘flat or basineshaped in the centre, are even more notoriously
undrainable and frost-ridden by comparison when the peaty gley profiles
beneath tham arc contemplated. |

Thus, in summary, consideration of the soil factor would
emphasise the scale of the ecologicel veriations deriving from the
geomectry of the land surface in Wales = variations which popular and indeed
some professional and scientific cpinions would regard as negligible in
the so-called temperate climate of thesc parts.s To underline the argument
finally, Taylor (1958) has demcnstrated that, for slopes of circa 22° at
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200' 0.D. in coastal Cardiganshire, growth potential, as indicated

by compafative soil and soil-surface temperatures, is almost half as
much again on a sglope facing due southas compared with one facing due
north; ‘the slope facing due west pessessed a quarter as much again as
compared with the north-facing slope; the east-facing slope, however,
showed a negligible advantage. These data are a first indication of
poséible variations in tree-growth and timber yicld on sites of different
in Wales, '

Meny of the higher platesux in Wales, with fairly flat or
gently sloping or shelving surfaces, are extensivcly clothed with hill-
peat which varies from about 1 foot to 6 fecl (more in basin sites) in
depthe Also, on much of the sloping grbund discussed above, an organic
top layer a few inches thick is very frequent. Within the profiles of
peaty podzols, the most characterisiic soils of upland Wales, orgenic
pens (B.1 horizons) are not uncommcn., Thus, the majority of 'matural!
forest soils and most of the soils planted or likely to be planted by
the Forestry Commission are associated with sirface or internal
aceumulation of érganic materials, the origin and development of which
are relevant to interpreting contemporary profiles and their planting
potential., Peat sections and their inhercnt pollen profiles are a
inajor source of data for the reconstruction of post-glacial (and inter-
glacial) vegetation history (Godwin, Opscit. 1956); the two major periods
of peat accumulation, the Atlantic and Sub-Atlantic, are often menifest,
and woody remains, sometimes large stocks or roots, betray the
preceding Boreal and, less frequently, the intervening Sub~Boreal
'forest' periods. Organic horizons within soil profiles may be created
by normal pedogenic processes, may relate to a previous, now buried,
profile which once had an organic 'top' or may be the conscquence of
periods. of vegetation-burning. Pea‘by or organic layers are almost |
universally associated with drainage impedance and high water-holding
capacities. The improvement of drainage snd the breeking up of organic
pans are essential prerequisites to peaty ground being satisfactorily
reclaimed for trees or other planting., Yet the excessive release of water
from bogs can upset the hydological balance of the catchment and cause
flooding, albeit temporary; rivers can beoane choked with organic detris
which can cause the distruction of fish poxiulations. The latter is more
eommon in perts of the Scottish Highlands after the natural bursting of
swollen, eroded bogs; the former has happencd in mid-Wales in the Severn
catchment, According to Geiger (1950), progressive drainage of bogs
increases their already notorious liability to late and heavy frosts,
Clearly, some degree of regulated drainage is needed (Taylor, 1953 ).

Peaty ground in Wales is also (except for occasional local fen peat c.ge in
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To. Porent Material | Elevation 0.D. | Site Species & Age Profile Description
5 (Shales 11001 Gentle, Sitka Spruce O" - 2"  YVery dark brown to black (10 ¥2. 2/4) organic mat-
A convex and erial, merging boundary.
2 ( slope Scots Pine 2" - 3" Light grey brown (10 YR.6/2) bleached horizon; mod~
HA (5°) 17 years erate orgenic content.
WQA “. 31 oL 24" rey yellow brown fo.&m. m\#v. then yellow orange
9 ( brown (10 YR. 6/6) with depth, medium silt loam.
S| Rip A
3 241 Parent material.
o A i
(5]
6 = \,ﬂmw.mum.m 11001 Gentle Sitkae Spruce 0"~ 31 Rlack (10 YR, m\\_v organic material, merging boundary
mN mm.o w and 3" - 5" Pale grey (10YR. m\mV blecched, mottled horizon,
i 5 Scots Pine Fairly sharp boundary.
3 M 17 years 5" - 20" Yellow orange brown (10 7Y%, m\mv medium silt loam
m / becoming heavy silty cley loam with depth.
3 1 + i
—~ 201+ Parent material,
e\
[#2] S 1
7 g Awu..mooﬁﬁ..stsm 8001 | oderate Japancse O" - 2"  Very dnrk brown (10Yp. 2/1) organic mterial;
..m ¢ Colluvial uneven Larch merging boundary.
M Nmmwom“”;mwu meWMoJ 14 vears 2" o Au .Hu@“_.mmwﬁ.m% (10 ST, ,m\mv bleached horizon; merging
@ /occasiona L ) boundary,
m ; exposures of 4" - 26" Light grey brown (10 ‘va, 6/3) mottled, medium heavy
K ngu.mm silt clay loam; irregular sharp boundary.
2614 Parent material,
a
8 4+ ¢ Colluvial 700" lioderately Douglas Fir O" - 2" Dark brown (10 7R. 2/2) organic material; partially |
m ! steep 30 years colonised by plants owing to thinner forest canopy.
m N mwoﬁm 2m . 3n Pale grey yellow brown fo YR. m\wlhv slightly
g ( (26) bleached horizon; sinuous merging boundary.
3 = ey . A
9 m Muﬁu..? 3001 Steep Dougles Fir 0" - 2"  Dark brown (10 ¥k. 2/2) organic meterial; merging
£ ( mu_.o%m 30 years boundary,
2 (37°) 2" = 3" Pale grey brown (10 &, 6/2) bleached horizon of
s N varigble thickness; locally discontinuous.
( 3" « 24"+ Pale yellow orange brown (2.5 ¥z, m\#v medium tex-
; tured egilt loam,
M & Parent material.




b. 22

Anglesey) notoriously acidic. It would appear reasonable to suggest

that the ertended treatuent o7 such pround with lime and other fertilisers
prior to planting might well pay dividends in rate of growth and in

timber yield. The selection of the more tolerant and late-maturing

. gpecies for this land is wise not only because of the dangers of late
spring frosts but also in view of the extra growth potential available

on this land in mid-end late summer (Teylor, 1958). The pattern of tree-
rooting cn bogs and in soils capped with a foot or so of peat is
emphatically shallow and laterals This restriction is due to the shallow
depth of aeration and the shallow and retarded pattern of daily and seasonal
warming in the surface layers (_y_:_L_@_e_ Taylor, 1958); other factors involved
may be the crtificial improvement of the surface lgyers or the deficiencies,
physical and/or chemical and/or biological, of underlying mineral

deposits., It seems pertinent to suggest that the choice of species

and the method and intensity of plantings and of subsequent thinnings
should take into consideration the soil profile, its peatiness and
anticipated pattern, and rate, of root development.

Although the application of lime and other fertilisers to
upland soils had been recommended above, and has been practised by the
farmers as well as the foresters in Wales, it is well known that such
applications are soon leached away in a rainy climate and require regular
renewal for the maintcnence of nutrient status. Many authorities have
supported the view that decalcification of soils has progressively taken
place since the climatic optimum of the post-glacisl period (_Y_l_gg Figure
L) when the mixed oak~alder woodland reached its greatest 1uxurianoe
and highest altitudinal limits = probably over 2000' O.D. in Walcs,
(Taylor, 1957)s The point has been reised as to whether up to thirty years
of afforestation under conifers e.g. in parts of Dovey Forest, has had
any similar effects in translocating and eliminating scoluble minerals
abnormally quickly, and even irrevocably, downwards from soil profiles.
Davies (vide pp. herein) has showm this to occur on sandy parent
materials in the New Forest. In Wales, however, the necessary combination
of coarse texture, high porosity and high acidity of soils and parent
material very rarcly exists. The field inspection by the writer of
profiles taken virtually at random in a section of Dovey Forest (zigg
Pigure 5) revealed the presence of thin bleached layer of varying intensity
in nine out of ten sites under planted conifers, | On the other hand, two
out of two profiles token frxor. unplanted sites within the stanc showcd no
bleached layer at all, This evidence included here merely is preliminary,
non-statisticel and non~conclusive since it is impossible to ascertain
what pre-plantation profiles wore like. Indeed, many unplanted sites on
similar slopes of intermediate altitude in Wales display compardble
profiles with shallow and intermittent bleached A, layers. Whilst the
suggestion that introduced conifers in Wales have initiated negligible,

if any, soil degradation to date can be no more than an intelligent
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guess at the moment, it is hoped that this and other points raised

in this paper will provoke more investigation and accommodation of

the edaphic factor. The launching of long-term experiments now,

commencing with a full-scale soil recomnaissance prior to planting followed
by for instance quinquemnisl checks on scil developments till the

forestry rotation is completed, would be ideal, The measured response

to plented trees of these natural forest soils in Wales is likely to
reflect the panorama of events, ecological and human, prehistoric and
historical which have taken place on the very same sites over the last

fourteen thousand years.
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MINERAL NUTRIENT RELATIONS OF TREES ON SOME WELSH SOILS.

by Dr.L.Leyton

Synopsis. Sinco afforestation in Britain is largely restricted to
marginal soils, it is not surprising to find that growth in many
cages 1s limited by mineral nutriont deficiencies.  This has been
clearly demonstrated by the sometimes improssive rosponses in growth
to the application of fertilizers, (Laurie, 1960).  Phosphate
trinls laid down by the Forestry Commission in 1950 with Japanese
larch on o number of sites in Wales, havo revealed responscs in
height growth varying from nil (Wentwood) to over 30% (dircctly
plantoed site at Brechfa). Attenpts to relate these rcsponses to
soil phosphate content, however, have not proved vory successful
(Green and Wood, 1957). As an alternative, an investigation has
been made to see whethor the nutrient sitatus of the trees themselves,
as reflected in the nmineral content of the foliage, would provide a
better guide to the fertility of the sites, (Leyton, 1958). In the
autumn of 1956, i.e., 6 years from planting, 5 trees were sclected
at randon from each of the control and fertilized plots on 13 sites
variously located over 0ld Red Sandetone (3), Pennant Sandstone (2),
Silurian Shales (6) and Pre-Cambrian (2).

A digtinet curvilinear relation was Tound between height
increment in 1956 and the % P in the needle dry weight, indopendent
of origin and treatment. Fron the points represcenting tho moan
site values for height increment and P status, it would appear that,
undor prevailing conditions, the larch at Tintern, Wentwood, Rheola
and Brechfa (ploughed) are adequately supplied with P; pronounced
deficiencies in P arc indicated for the sites at Aberhirnant and
ITyhorin,

Since tree growth is a function not only of P supply but
also of other nutrients, it is also necoessary tc look at the data
for these other nutrionts,

There is a tondency for better trec growth to be associ-
ated with higher K contents of the ncedless; plotting the site mean
values suggests that under the prevailing oonditions, the larch at
Rheola, Brechfa (ploughed), Wontwood and Tintern are adequately
supplied with K whilst those at Glasfynnydd, Aberhirnant and My-
herin are deficient in this nutrient.

In the casc of nitrogen there is again a tendency for
better growth to be assoclated with higher nocedle contents. To a
groater or lesser extent, however, almost all sites reveal somo
deficiency in this nutrient, with Brechfa (direct plaonting), Aber-
hirnant and Myhoerin possibly the most deficient.

By nultiple regression analysis it is possible to treat
troe growth as a function of many site factors and their interactions,

(Leyton, 1960), calculations on these lines suggest that about 70%
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of the variation in larch growth in these plantations can bo
accounted for by variations in the N, P and ¥ status of the folilage.
Generally speaking, all sitos rovesl deficicncies to some oxtent,
‘but nuitritional conditions appenr to bo best at Tintoern and Wentwood
(on 014 Red Sandstone) and 2t Rheola (or. Silurian Shale).  The
sites at Aberhirnant and Myherin appenr o b ths rnost deficient and

at Brechfa, on unploughed ground, growth oiso appears to be limited

by restricted nutrient uptake.
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NUIRITION FROBLEMS IN FOREST NURSERIES RS Lol
(This is a surmary of Miss Blanche Benzian's paper ["Nutmt:.on Pr‘o‘blems- ‘
in Forest Nurseries", J, of So, of Food sr?. Lkgrlaulﬁure, 1959, No, 12;-
PPe. 637-bk] specially prepared for iiis memorandmnw
'by MigsBlanche, Beonzion

Until cbn:gpératiwly recently ‘the view was widely held ‘&hat menurisl
methods developed for agrioultural crops were wnsuitsble for young trees,
Experience under two contrastingsets of conditions had led to this .
conclusion, In the first place conifers s ©specially Sitka spruce, grow:ingw
in meny of the older forest nurseries, failed, often.in spite of poor
growth, to respond to manuring. In the second place, on newly cleared
heath or conifer forest lend and often on poor soil, Reyner (1944) had
found that young conifers grew well with liberal dressings of composts, She
attributed this to an effect mainly om the mycorrhizal association and
thought that the nutrient supply was relatively unimportant,

In 194 & systematic study was initiated by Crowther,- (1950 ( a),

1950 (b), 1951) in.co-operation with members ((Benzian 1 955, 1956 (a),
1956 (b), 1957 (a), 1957 (b)); Crowther and Benzien (1952), (1953),
Crowther, Warren and Bonzian (1954) )of the Forestry Commission, of
nutritional problems connected with these two mein and sharply contrasted
types of nursery sites, Sitka spruce was chosen as the main test crop
since this was the species most widely used for afforesting exposed

sites in Wales, Scotland end Northern Fngland comprising at that time
nearly L% of a1l plantings and since also Sitka spruce was one of the
most difficult of the common conifers to grow in nurseries.

About 60% of the experiments were done with one year seedlings , the
ramainder with transplants which had one year in the secedbed and one in the
transplant lines, Results were generally the same for both. The - plots

- in the seed bed experiments were 1 sq. yd,.

i Although weight might have given a better indication of yield,
height was the only measurement which oould be madeo conveniently on large
numbers of plants which were to be preserved and transplanted for further
observation. Height is a more useful guide to performance for Sitka
spruce than it is for some of the othor conifoers.

On the froshly cleared nurseries on poor soil a wide ranges of
composts with and without additional fertiliser was tested in the first
year and just as with farm orops the offect of the manures were found to be
closely related to the amounts of major nutrients supplieds Direct
application of inorganic fertilisers to the seed bed which hed previously
been regarded ag ricky was found not to "be so and thercafter systematic
experiments could be planned to discover the best forms, emounts,

cambinations and methods of application.

NITROGEN
As with agricultural orops responses varied greatly from season to
season but thore were seversl consistent results. On acid soils there
" was little differonce (over short periods) between the forms tested and
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nitro~chalk is now recommended for regular use, However, on the neutral
or near neutral soils of some of the older nurscries ammoniumaiphate was

far superior to either calcium nitrate or nitro-chalk, an important
distinction botween the two types of nurseries. Nitrogen applied before
sowing occasionally increased losses through damping off and it has 'béen
better to apply soluble nitrogen fertiliscrs as top dressings between June
and September, As the best time of application depends on the weather
the normal practice now is to give two or throc summor top dressings to
reduce the risk of missing a critical period, ‘
Nitrogen deficiency symptoms in conifcrs resemble those in other crops:
the noedies are pale and acutc deficiency rosults in a pinkish discolouration
in the youngest part of the plant,

Phosphorus

Responses in the very acld nurscries have boeon consistently high;

without added phosphate Sitka spruce ssedlings werc often too small to
transplén‘b at the end of one season. Supcrphosphate, previously regarded
as wnsuitable for conifor sced beds, proved at lcast as good as alag and
rock phosphata, .

Neither Sifka spruce nor sny of the other conifers tested showed any
charactoristic colour symptoms duc to phosphorus deficiency apart from a
slight lack of lustrea.

Potassium

Before 1945 the use of potassium sulphato or chloride was considered
vory risky but trials showed this not to be the case except that there
were some indications that heavy applications may reduce yield, Since. it
was thought potassium might be lost by leaching two potassium minersls,
mica and glauconite sand, were tested. Mica was inactive but the
glauconitc was promising and, as more ovidence is now accumulating of
Ioss by leaching, it may repay further study.

Potaossium deficiency symptoms in Sitka spruce are very striking.

A purplo colour normally begins to develop in September bubt can sometimes
be detected in July and may then change to opange or yellow tints later

in the season,

Mesium

Height responses are uncommon; thoy occur oftcner in wet than in dry

seasons. However the brilliasnt yelliow characteristic of megnesium
deficiency develops regularly in September or October in seversl nurseries

and applications of megnesium sulphate prevent the symptoms,
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Copper .

et — ' "
Copper deficiency has been the eniy trace element deficiency clearly

=S

established, The symptoms of heedles fnip-bum' vary in severity from
season to season and often develop rapidly during hot spells.

Observations on neutral or nsarly neutral soils

Examination of soil samples fram over 100 nurseries suggested that poor
seedlings end transplants resulted where the soils were neutral or only
slightly acid. In meny cases originally acid soils had been neutrelised by
the use of covers of calcarsous sands or composts rich in li;ne. An experiment
carried out at Warecham showed that after 4 years the use of a caloarsous
cover resulted in poor growth whilst good growth was maintained with the non~
calcareous cover. Seedlings on the calcarsous plots were small and stunted
resambling those of the so called 'worn-out! nurseries. Experiments on the
acidification of soil by such treatments as sulphur, sulphuric acid, ammonium
sulphate and aluminium sulphate were not consistently successful,

In several nurseries stunting is associated with root damage by
fungi and in one nursery by nematodes, Sterilising agents which were
tried mey owe their success in some cases to chemical changes in the soil,
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NOTES PREPARFD FOR  TIFRLD MILTING ATLD IN  THYN  CONWAY

VALL®Y, NORUMI WATTS OF APRIL 27+th, 1960.

INTRODUCTTON

r

The necting is intended to illustrate woodlend and soil
conditions ing
1) & deciduous woodland which can be considered a remnant of

originally much more exhessive lewland woods, most of which

Bapt

have ‘been cleared Ly man. FHor. Shere are wide soil profile
differcnces resulting from varistion in diainage on .

esscntially the sane parent materiale

2) Some of the oldest Forestry Commission plantafions. of the
Gwydyr forest, where tree growth of a range of conifer
specics and their effccts on the soil profile cah be
seen. Here, the soil x\rofile is essentially uniform and
obvious morphological difforcnces, aftcr almost a LO-year
growth period, ore concentrated in the A horizdns (the

surface organic horizons).

COED _GORSWEN

Cocd Gorsven, near Ro Wen (SH~23) 757707 1" 0.S. Sheet 107)
lies between 220 and 550 feet above sea-level on the west side of the
River Conway, four milcs south of Conway. It consists of three
blocks refcrred to as the ILower, 1dddle and Upper Woods from their
position on the hill-slope, which have the following respective
arees: 8%, 12 and 1215 screse The average snnual rainfell is

probably of the ordcr of 50 inchess

Gorswen ns o wholc hos been woodland of some kind for a
considcrablc periods Documentary cvidence suggzests that woodland
has existcd ab Gorswen from ot lonst the early 15th century, and
Coecd. Goromwen is specifically mentioncd by REdward Tdwyd in 1699. It
is probatic that the extrons™y oouidery and Proquonsty very wet
neturc o the soil hindered carly clearance. There is ovideonce of
fclling and cleorance of limdted arces within the prescat confines
of the wood during the last century, strges in recovery from which
can now be scon. The historical background to lend-use in the N.W.
Cenway is discussed by R.E. Hughes (1940).

Cocd Gorswen may be described in gencral torms as a lowland,

damp mixed oskwood, thc oaks of vhich arc a hybrid population

between the Pedunculate Oak (Quercus robur) end the Sessile Ok

(Quercus petroca), as in meny of the Comway Velley woods. Purc

Pedunculate ond purcSessilc oskwoods are respectively characteristic
of the Midlond Plain and the Western scaboard of Britain, the Conway

Vollcy representing in somc degroe a western extcension of the
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conditions prevailing in the Midland Plain, Othor tree species
present in Gorswen include Elm, Ash, Alder and Birch., The ground
flora is also intermediate in floristic composition between those

of the two purc oakwoods. On moderately well-draincd sites, it
includes specics comsonly found in Pedunculate oakwoods » for cxarple,
Dogs iuroury (Mercurialis perennis)food Falsc Brome (Brachypodium

sxlvo.ticum.)', Inchanters Nightshade (Circea lutetiona) =nd Broad
Helleborines Ycllow Archengel (Galcobdolon lutcum) has been recorded

once from the wood (it occurs e¢lscwhere in similer situations in the

Conwety Valley)s Soils of impeded drainege onrc comuon and carry plent
comrmnities composed largely of sedges, Flotc grass (Glyceria fluitans),

Reed Grass (Fholoris orundinccea), Water Mint (Mentha aquatice),

Spearwort (Ronunculus flamwla), March Hevks Beord (Qrepis paludosa),

Goldon Sexifrage (Chriysospleniun oppositifiolia) ond Skull-cop

(Scutellaria galericulate),

Of the trec spccies, Alder is ps,r'tiéula:c‘ly abundant on very
pocrly drained sites and Elm asppears to be confined to the frecly
drained soils. The abundance of Birch in the Lower Wood mey
indiccte a seral stage in recovery from cleornnce. An carlier
stage of recovery is definitcly found within o walled enclosure
in the Uppcr Wood, known to have becn under cultivation just over
sixty years ago. Regeneration in this capartnent has been hindercd
by grazing, but undershrub and tree vegcetation is spreading. The
Lower Wood, in contrast to the rcst of Coed Gorswen, had beeon
protected fron grazing at least over the prst 25 years and hos dense
shrub end undershrub laycrs, the former dciinated by Hagzel, the latter
by Breblc.

PARENT MATERTIAT

The solid rocks underlying Gorswen arc aluost certainly shalcs
of Ordovician cge, but therc is a thick glacial drift cover with
bedrock nowhcre cxposcd, This drift occupying o lateral valley to the
Conway is of mixed origine Many of the large boulders are of igneous
rocks, including rhyolite, dolerite and volcanic ashes., Sholes are
particularly ifortant in the smaller stonces and tlc fine matcrial
of the soils The beulders renge up to icny feet in diameter and are
very numerouss  Their nunbers is so great os to suggest a2 correlation
of this drift with the "block-field" typc of sclifluction deposit
such as has becn deseribed from the. Erzebirge and Riscngebirge
(Budel, 1937; quoted in Smith, 1949)s It moy be thet periglacial
frost~hcaving acting on previcusly ice-berne glacial drift has been
regponsible for tlo bouldery materisl dewosited as o balt across this
uplend valley in the region of Coed Gorswen. Sindlar metcrial occurs .

elsewhore, for cxauple, between ILlyn Ogwen end Copel Curig, but the
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nain glecial valleys of the Ogwen end Llanberis arc frce of such
lorge bouldery doposits. Post-glaciel nodification of the surface
of this natcrial has caused local cxces of crosion and deposition
roferred to in the scil profile descriptions, while crosion surfaces

pccur within some profiles. oy

SOIL CLASSIeTICATICN

Soils of Coed Gorvswen and sinilar typce on drift in the
lower Comwvey Valley have been described by~ Hughes  (1949).
He found no visible cvidence of podzelisaticn and little foruaticn
of surface row hunus horizons, featurcs he found rerc narked on
scdentary scils derived from Ordovician and 8ilurian scdinents in the
regicn. Tho degrue of acidity varicd from pH 4.5 tc 5.7 in scils of
frec or imperfcct drainngc. Ixchangeablce calcium status was low
nlthough highcr then that of the soils on Silurian sedinents end
available phosphatc, cspceinlly in lower horizens and in the drift,
was as tmch ns boun timcs greater in Gorswen-type drift soils of the
lateral vellcyse. The slightly higher basc status is attributed to the
basic voleonic rocks present in the drift ond the phosphate status

oy olsc be o function of parent nntcrial.

In a neore rccont extensive survey of the area by D.Fs Ball
(inlit), Coed Gorswen fells lergely into o niopping unit donvinated
by poorly-drained soils of nixed drift origin (Cegin~Eivion Complex)e
Surrounding country is tronsitional frow soil aspects in two ways.
In parent ucterial there is a gradual ‘cransitior; fron the almost
fsntirely shale-lerived na'n Conv&ny Valley drift, giving risc to scils
of the Powys suite ((cege Roberts, 1958; Ball, in 1it (2))to the mixed
igneous nnd sedincntary material of the lateral velleys, giving rise
to Arvon and related soils (Roberts, 1958). The tronsition is
gradual, and the boundary, located closc to Gorswen on the Soil Survey
Lap,is thus soucwhot arbitary. Therc is evidence from Ro Wen, one
mile north of Gorswen, that wixed igneous drift overlics dominently
shale material. Thore is also o transition from the Brown Zerth of
rather uniforn soil colour, rull humus and well-disperscd orgénic natter
to n FBrown Podzolic profile, of strongly acid moder surface hurus,
bright colourcd sup-surfrcc horizons ond typically a higher level
of readily-cxtrrctable Fe203. The frecly~droined soils in Gorswen
are transitional between these two groupse Shorp diagnostic critceria
for their scpar~tion have not yet heen worked out. TWhoress on the -
Continent Brovm Errths are subdivided, the frecky traincd solls of
Gorswen would probably be grouped as Oligotrophic Brown Enrths.
Brown Podzolic soils arc mapped in this locelity - s the lianod Couplex,
and the Browm Derth on porent meterial dordnated by shale, as the

Denbigh serics.
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Detailed survey of the Reserve (Cood Gorswen) showed that
although it is correect to describe most of the wood as dominated
by gleyed soils, therc exists a range of dreinage conditions from
free to very poors TIMve nain soil types wore differcntiated,
corrcsponding to thosc generally described from the region by Hughes

and Ball in the previously quoted studies. Thesc were classificd asie

a) Brown Earth (freely-drained)

b) Brown Zarth with gleying (imperfectly-drained)
c) Non-calcoreous gloy (poorly-drained)

d) Pesty gloy (very-poorly drrined)

e) Foaty mud (very-poorly drained)

Some modifications of this outline are dcscribed below in
the detailed soil descriptions. ¥rom this outline the distribution
of these soils was mapped by Mre J. Willioms, o Combridge student s
and he opencd the profilc pits which are to be scen as reprcsentative
of these main soils. The Jower Wood includes somc freely drained
soils on the southern fringe and also areas of Gley, but is dominated
by imperfcctlywdrainced soils., The ifiddle Wood is sharply divided at
o merked change of slope into Brown Earth in the upper half and
Brown ’E.artlra;vritll;gleying in the lower portion. The Upper Wood is in
the southern hslf a complex of poorly-and very-poorly ~drained soils,
while the northern half is dominantly imperfectly=-drained. A small
area on the north est and a larger central sector are freely-drained.
The analytical data show the noderately acid nature of the soils, with
thel typical higher values for pH and base-status in soils of poorer
di‘ainagc. The freely-drained soil shows a ;:Larked concentration of calcium
(Ca) end potassium (K) in the surface horizon resulting frow organic
matter breakdowne
W/TER RELATTCNSHIPS

When siapled in fugust, 1959, after prolonged drought, Soil

Pit No. 1 (Brown Earth) was dry, as werc most areas of the imper-
_:fectly drained soils. The "peaty gley" was moist throughout, the
mon~calcarcous gley moist to wet and the "peaty mud" wet throughouts
' Re-exaunina.tvion in Februaiy and lMarch 1960 aftcr winter rains
showed a consistent lovel of standing water or moisturc conditions in
the pits. |

a) Browm Eorth; no standing watcr, moist throughout,

b) Brown Barth with gleying; wetcer ren into the pits

at cbout 15 inches depth, but none stood.
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¢) Non-calcarccus Gley; wotcr stocd at 4 inches
helow ground lovel,
d) "Peaty Gley"; -oter stood at L inches below ground
' level, :

3) "Poaty mud"; water stood at ground lovel.

There is in parts of the wood a clcar rclation of rclicf to
drainage but ofton this is not so. Both water ncvement through
the scil and in an intricate stream network is of considersble

interest ospecially in the wet arcas of the Upper Wood.



DESCRIPTION OF PIT PROFILES

a) Brown Earth,

As has been remarked, the wood is on the fringe of a map-
ped boundary between the Brown Earth -and Brown Podzolic soils. In
the latter, acid humus overlies a bright orange brown mineral soil
of higher content of mobile iron oxide than in the typical Brown
Farth and the freely-drained soils of this wood are somewhat arbit-
rarily placed in either of these groups.

Gorswen 1: Sampled in the Upper Wood on a uniform bouldery
5 10° slope, profile drainage free, site drain-
age normal,

O « 10 Black fibrous moder humus, sharp boundary to

1 - 2"  Very dark brown (10 YR 3/4) silty loam of crumb
gtructure and friable consistency bound by abun-
dant roots; fairly sharp boundary to

2 - 5§ Brown to dark brown (10 YR 4/3) silty loam of
moderate cloddy structure and friable consistency;
fairly sharp boundary to

5 = 24" Strong brown (7.5 YR 5/7) silty loam with frequent
small stones to large boulders, of many types
including volcanic ashj; moderate crumb structure,
roots frequent above, becoming rare at 2 feet
depth, colour pale yellow-brown at this depth;
not sampled for full analysis.

b) Brown Farth with Gleying.

Two variants of this soil have been mapped, one over z

goft gleyed submoil, the other over hard indurated drift. The
former (Gorswen 6) is comparable to the Sannan Series, the latter
(Gorswen 5) to a deep phase of the Eriviat Series. (Series formed
on purely shale drift in contrast to the mixed origin material of
Gorswen.,) Profile data for soils of this type are given in Hughes,
1949 (p.317).

Gorswen Soil Pit No,6: Sampled in lower part of Middle Wood

on 30 uniform slope, imperfect profile drainage,
receiving (a) site drainage.
Profile: Thin surface litter, no marked organic surface.
O -~ 9" Dark grey brown (10 YR 4/2) silty loam with
occasional rounded stones; moderate crumb struce

ture; earthworms present; rerging boundary to
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9 - 14"  Dark grey bromn (2.5 Y 4.5/2) silty loam with
dull mottling of yellow; weak cloddy structure;
moderately fricble; sharp boundary to '.

14 - 18"  Light olive brown (2.5 Y 5/3) mottled with grey
and yellow silty clay loam with many stones, often
weathered shaley structureless and sticky when wet,

Gorswen Soil Pit No,5: Sampled near upper boundary of Lower

Wood on gentle uniform slope of 3 - 8°. Profile
drainage imperfect. Site drainage normal.

Profile:

0 - 14"  Dark brown (7.5 YR 3/2) silty loam with cccasional
small to medium rounded stones; strong crumb
gtructure; friable; abundant roots; fairly
sharp boundary to _

7" Dark grey brown (10 YR 4/2.5) faintly mottled

with orey, silty loam; moderate to strong large

(=]
Wi
]

and small cloddy structure; poorly friable;
abundant roots; merging boundary to

7 - 15"  Grey brown (10 YR 5/2.5). As above with weak
cloddy structure; frequent millipedes; sharp
boundary to

15" 4+ Grey brown (2.5 Y 5/2) indurated stony silty
loam drift with abundant stones of varied type
including Pumice-tuff ashes; structureless;
poorly rorous; hard massive consistency; very

rare roots; woter flowing at drift surface.

c) Non-Calcarecous Gley:

Gorswen So0il Pit No.4: Sampled in Lower Vood on a uniform

gentle slope of about 5 = 80. Poor profile
drﬁinage, normal site drainage., This soil is
close to the Cegin Se¢rics mapped on drift derived
purely from shale and other sedimentary rocks

of Ordovician and Silurian age.

Profile: Note: The sampling here was after severe summer
drought, But the so0il was moist to wet throughout,

O « 4" Root and litter mat,

1 - 4"  Dark brown (7.5.YR 3/2) with some rusty mottle
along root channels, silty loams stonéless; wealk,
medium crumb gtructure; stickys; frequent roots;
sharp boundary to

4 < 16"  Grey brown (10 YR 5/2) with rusty root channels,

silty loam to gilty clay loam, stonclessy; moderate
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to strong cloddy breaking to weak crumb; poorly
friable; frequent roots; sharp boundary at hori-
zon of large bbulders representing an old erosion
surface to

16 - 36"  Yellowish brown (10 YR 5/4) with blue-grey and
reddish mottling, silty clay loam of stony drift;
moderate cloddy structure, poorly friable; rare
roots; merging bounlary to

36 4 Grey to grey brown (2.5 Y 5/1-5/2) silty loam
magsive drift with abundant stones of varied

types; no roots.

d) Peaty Gley:

This soil was provisionally classified as a peaty gley
of very poor drainage, later examination has shown this to be not
the’case. The only moderately organic surface horizon of moder
humus is of good crumb structure compared to the black amorphous Ao
horizon of truc peaty gley, while the water level in the pit in a
wet month is of the same order as in the Brown Barth-with~Gleying
profile pits, much lower than in those of the Gley and Peaty Mud.,
The true character of the soils in this mapping unit require'further
study, but they may be of the nature of a recent soil forming on a
surface from which material has been eroded to be re~-deposited in
lower areas. |

Gorswen Soil Pit No,3%: Sampled in Upper Wood above walled

enclosure, on a bouldery 50 slope with a change to
steeper slopes shortly above the sampling site.
Profile drainage poor and site drainage receiving (a).

Profile:

O - 7"  Dark grey-brown to grey-brown (10 YR 4/2-5/2)
organic silty loam; medium crumb structure;
friable; abundant rootss fairly sharp to

7 =~ 10"  Dark brown (7.5 YR 3/2) stony silty loam; mass-
ive compact structﬁre; sharp boundary to

10 - 24"  Grey (2.5 Y 6/1) mottled with blue-grey and
: reddish colours; silty loam; abundant stones;

rather structureless, poorly porous drift,

Le) Peaty Mud:

Lreas in which very wet, dark brown, muddy organic soils
occur, mainly among large boulders, are mapped under this name.
Analyses show that the organic matter content is not in fact as high

as field estimation indicated and that it does not strictly Justify

>
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clagsification as an organic soil, This unit is probably closer
to a true peaty gley, greatly disturbed by cattle trampling.
There may possibly be gprings to account for at least some areas
of this soil. |

Gorswen Soil Pit No.2: Sampled in Upper Wood on bouldery but

gquite regular 50 glope with steeper slope shortly
above the sampling site., Profile drainage very
poor and site drainage receiving (a). Sanpled

during drought, but wet throughout.

Profiles
0 - %" Organic mat of plant litter and roots.
12 -~ 6" Dark reddish brown (5 YR 2/2-3/2) organic silty

clay loam, stoncless, structureless; soft and
stickys; few rootsy fairly sharp boundary to
6 - 24"  Dark reddish groy (5 YR 3/2-4/2) similar to
above; organic residues largely undecomposeds
merging boundary to
24" + Dark grey brown (10 YR 4/1-4/2) very stony,

8ilty loam - otherwise as above,
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S0il Analyses from Coed Gorswen.
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Profile and Organic meq.Ca meq. K mgm, P50
Horizon: P Carbon: per 100 gm. 100 gm. —1'00“55{?

Gorswen 1.

Brown Earth

0 = 4n 4.5 21.60 5.2 1.24 1.60
1 - 2an 4.9 8.00 0.2 0.18 1.16
2 . g 4.8 4.00 0.2 010 0.80
5 - 24" 5.3 - - - -

Gorswen 6.,

Brown Barth

with gleying

0 - 9n 6.5 3.12 3.6 0, 40 1.48
9 <« 14n 6.2 2,32 2.0 0. 25 1.00

14 - 18" 5.9 0.92 1.6 0.15 1.20

Gorswen 5.

Brown Earth

with gleying

0 - 13 4.7 9.80 2.0 0,60 1.64

1% i 4.9 3.50 0.3 0,28 1.24
T = 151 5¢3 2.56 0.2 0, 20 0.88

151 + 5.2 1.20 0.2 0.15 1.24

Gorswen 4.

Non-Calcar-

eous Gley

1 = 4" 4.6 8.20 2.0 030 1.40
4 < 16" 5.4 2.90 0.4 0,12 1.00

16 - 36" 5.8 0.40 1.6 0.04 0.40

36N + 5.8 0.80 4.0 0.08 14.00

Gorswen 3.

"Peaty Gley"

0 -~ 5.1 10.80 3.0 0.30 1.00
7 - 10n 5.4 9.80 3.0 4.45 1.44

10 o« 24n 5.4 1.12 2.2 0.10 6.40

Gorswen 2.

"Peaty Mud"

0 =~ 14 5.1 18.40 7.0 0,50 1.24

13 - 6 i 14,40 6.8 0.10 0,72
6 - 24 5.3 9.20 4.2 0.06 0.88

24" + 5.9 5.00 4.2 0.06 2.60
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GWYDYR FOREST: PLANTATIONS TN COED DIOSGYDD

This sector of the Gwydyr estate was acquired in 1920, the

areas covered by this tour having been planted:

a; Lbove the Dioégydd Road in 1921, 104 acres.
b Below the road in 1927, 14 acres.

General Site Description

Location: Immediately west of Bettws-y-Coed (centre
approximately SEK23)780573, 0.5. 1" map
sheet 107 ).

Rainfall: About 55 inches per annum.

Slope: Irregular terraces varying from 7 to 20° slope.,
Elevation: 150 to 300 feet.

Aspect: South, moderately exposed.

Previoug land.use: The greater part of the area was formerly

broadleaved oak high forest with scattered larch and spruce, clear-
felled in 1914-1918. Site 4 (below) wag a cultivated paddock
belonging to the cottage, Gallt-y~Rhiw., Local information is that
the last tenant lived there over 100 years ago, the oldest local
inhabitant of 83 years having no memory of it inhabited, The
paddock was cultivated for potatoes and was noted for its early
crop. The paddock is thought to have been first planted with

trees in the Forestry Commission plantines 39 years ago,

LAfter felling, the vegetation was mainly bracken and grass,
with gorse higher up the slope on shallow rocky soils, There was

scattered Onk, Beech, Sycamore and Birch coppice.

Foregtry Commigsion plantingrg: The basic principles govern-

ing choice of species are ground flora as soil indicators and the
side exposurc. Based on this, Douglas Fir ( Pscudotsuga taxifolia)

wag planted on lower valley slopes and on the firmer soils of the
valley bottom, Rising up the glaciated valley slope as more expo-

sure was encountered, Europcan Larch (Larix europea) was planted in

the the early 1930's, later replaced by Japancse Larch (Larix lepto~
;epis). On the rooky lip of the valley and on dry peaty plateau

moorland sites Scots Pine (Pinus sylvestris) ws formerly used and

now more commonly Lodgepole Pine (Pinus contorta). Spruces are

planted on wet peaty sites, Sitka Spruce (Picoa sitchensis) in

exposed situations and Norway Spruce (Picea excelsa) in sheltered
but frosty sites. In Coed Diosgydd thé opportunity was taken in
these early plantings to test a wider range of species and some of
these are covered by the plots to be visited. Silvicultural treat=
ment has been the standard Forestry Commission practice, Trange
plants were mattock-planted at 5 ft.x 5 ft. spacing, with weeding

as required until the plants were established, Thinning commenced
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TABLE NO.2

Growth and Yield Dats for the Species at Diosgydd, Gwydyr.
m Lverage Volume! Yield Total | Periodic Mean |
Age ige No.of | Top girth | Basal per ’ to date | yield annual anmaal
Species of _ when stems theight| b.h.q. area acre | from to {  incre- increnment REMLRKS
i stand {assessed; per ft. g.0.b. 8q.ft. over | thinning; date \  ment oz.wﬁ.\
i _ acre. _ ins. bark | per acre| cu.ft.| cu.ft. ; acre per
m cu.ft.]  cu.ft. | ac/a annum
i 1 i i
| ; } { )
Japanese Larch 38 | 38 210 | 73 98 7 98 - { 350 w 1200 4700 - 124 _ fuality class 1 site 2.
! ! : ! i “ | Underplanted with Tsuga
. i __ i | heterophylea in 1950.
} 1 . i H
‘ B T 3 ]
Sitka Spruce 38 38 150 87 | 1% | 135 5500) Planted as alternate row
Japanese Lerch 38 38 30 80 | 30— | 21 800) 1600 7900 - 208 mixture. last thinned
Tota o ; ! — } e 1957. Thinning yiclds
Total 180 156 6300 1600 1200 [ 28 s M
; : — :
}
Douglag Fir 38 38 ¢ 230 78 82 | 125 4400 1600 6000 = 158 Lagt thinned 1957, Total
H | thinnings estimated.
Corsican Pine 38 36 283 61 8 134 3590 ! 2047 | 5637 246x% 156 m ® Over 55 year period between
| t June 1951 and January 1957.
o m
Western Hemlock | 32 30 359 65 62 112 3130 1808 4938 ! 283%= 164 | = sugust 1959 - January 1957
! Over 2 year period.
Abies Proceras 32 30 599 48 8 150 2970 685 3655 268= 114 % 2 year period
September 1954 - January 1957.
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when the stand was about 25 to 30 ft. in height, essentially a
low thinning, light in the early years but heavy to moderately
heavy over the last 10 years or so. The thinning cycle is 3
years, the Diosgydd Bank being last thinned in 1957 when an
average of 600 cu.ft./ﬁcre was taken out. Table No.2 on page

10 gives growth and yield data by species.

GENERAL SOIL CHARACTER.

The soils of this wood are in the Soil Survey mapping unit

of Cymmer-Peris cqmplex (Ball, in 1it. ) and would be classified
as Cymmer series. These are freely-drained soils occurring on
steep slopes, developed on drift or colluvial parent material
from Ordovician or Silurian éhale. In this locality, the rocks
are Ordovician in age and dominantly sedimentary of shale type
within the Wéod. There is some mixture, particularly where drift
occurs on the lower slope, from igneous rocks and volcanic ash,
but the dominant influence is shale. In comparigson with the
freely-drained soil of Coed Gorswen these soils are in general
more strongly of Brown Podzolic charactere viz. froely-drained
strongly acid with mor or moder surface horizons, relatively
high,rcadily available iron oxide, giving soil colours typical

of a podzol B horizon, but without a bleached Az horizon typical
of a fully developed podzol profile. These soils are of the
type described by Professor G.W.Robinson and his collecagues ( Rob=
ingon et al, 1949 ) =8 truncated podzols with the suggestion that
their character was a result of erosion of incipient Az horizons.
This does not seem to be applicable in all cases and the nature
genesis and relation of these soils to Low base stétus (0ligot-
rophic) Brown Earth and to Peaty Podzol is under investigation
by a number of workers in Britain and abroad. The Cymmer soil
is very widespread in Wales, the English Iake District and the
Southern Uplands of Scotland. It is of particular importance

to foresters, since the steep slopes are not generally suitable
for agriculture. Several of the woodland Reserves of the Nature
Conservancy in Wales are on this general soil type. The tour of
plantations of different species planted on this site is designed
to show tree growth, variations in ground flora and morphological
differences in organic horizons of the soil profile under each
species. inalytical data given are based on single spot samples
only and may not therefore be representative., They do, however,
correlate well with expectation and with unpublished data of Dr.
J.D,Ovington, who included work in these woods in his extensive

survey some years ago of conditions on many sites under various
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tree species. The general profile is seen at sites 1, 5 and 6.

Elsewhere, surface horizons only are considered. Lnalyses for

gite 1 are by Soil Survey of England and Wales, Rothamsted Experi-

mental Station, at other sites, by the Nature Conservancy, Bangor.

SITE I.

Profile on verge of forestry road, weak bracken and moss

ground flora at margin of Douglas Fir ( Pseudotsuge taxifolia),
planted 1921,

0 - 1"

1 - §5n

5 - 22n

22 - 30n

Analysig:

very dark brown (10 YR 2/2) gritty organic loam
to sandy loam of moder type with dominantly shale
stones and occasional acid igneoussg veiy weak
crumb structure; porous; friable to loose when
freed from root mesh; very high organic matters
abundant roots; occasional earthworms seeng
sharp boundary to

Yellowish brown (10 YR 5/6) loam with abundant
stones; weak small crumb structure; friable to
loose; moderate to high organic matter; fre-
quent rootsy occasional earthworms; fairly
sharp boundary to

Strong brown (7.5 YR 5/8) loam with frequent
medium and large stones; very weak small crumb
structure; porous; friable to loose; dark
organic staining on stones; fine roots part--
icularly as webs around stones; fairly sharp
boundary to

Yellowish browm (10 YR 5/8) fine sandy loam

with abundant stones; structureless; looses

rare roots,

9:_-111 1:‘5'H 5_22" 22_ 50"
Moisture loss 100-150° 4.3 3.7 6.5 4.0
Silt (American) 35, O 40.0 28.0 46.0
Silt (International) 20,0 32.0 30.0 32,0
Clay 12,0 13,0 1) 5.0
Organic Carbon 16.2 7.8 8.1 5.0
pH (1.2.5.50il:Water) 4.3 4.8 4.9 5.1
Exch,Ca meq/100 gm 2,3 0.6 0.3 0.5
" Mg " 3 0.3 0.3 0.2

LA ¢ " 0. 66 0.13 0. 06 0.04

" Na " - 0.15 0,15 0.1%
Cation Exchange Capacity . 20,2 25,2 13,3
Per Cent Saturation = 5.0 4.0 6.0
Free FeyOz(Deb's method) 2.3 2.9 4.1 2,5

(Note: Profile descriptions of Sites 2 to 11 are of Upper horizons

only, except for Site 6).
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SITE 2.
Japenese Larch (larix leptolepis), planted 1921, underplanted
with Western Hemlock (Tsuaa heterophylla) in 19%0, Part of this

plot intersected with drainage ditches is of receiving site draine

age and imperfect profile drainage, but the upper part is basically
similar to the general soil of the area.
0 - 2"  Black (10 YR 2/1) needle litter with
abundant bramble and ground ivy roots
and stones.
2 - 4" Very dark brown (10 YR 2/2) very loose
fluffy mor humus of very small crumb
structure.
4"+ Brown (7.5 YR 5/4-10 YR 5/4) loam to
fine sandy loam; moderate small cloddy

and small crumb structure.

Analysis:
0_2" M" 5 |!+
pH 4.6 4.0 4.7
Exch. Ca.meq/100 gm 15,0 7.3 0.6
114 K 1 " 2.0 1 .O ﬁo 3
Available Po0g mgm/100gm 3,88 1.28 0.4
SITE 3.

Sitka Spruce ~ Japanese Larch ( Picea sitchensis - larix

leptolegis) mixture, planted 1921. The position of this sector
of the wocd below Galltiy-Rhiw ruin and paddock may indicate a
less continuous woodland history than elsewherc on the Diosgydd
bank but no evidence has been found of this. The relatively high
lime status and pH, with a low litter and moder humus accumulation
is simdilar to site 4. No detailed examination for parent material
differences have been nade but none were obvious on inspection.
0 - 2n Dark browm (10 YR 2/2) ncedle litter under

mosgs and scanty grass ground flora.

2 -5 Very dark grey brown (10 YR 3/3) moder to
mull-like moder organic matter; moderate
medium cloddy and crumb structures.

15 - 4n Brown to dark brown (10 YR 4/3) stony loam

of moderate crumb structure,

Analysis:

02N 3_4qin e
pH 5.0 5.2 5¢3
Exch.Ca meq/100 gm 12.6 DR 3.0

"m K " 1.6 6.9 g.68
Available P205mgm/%00gm 1.48 9.8 .44
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In small paddock at Twing of (al1t-r-Rhiw, Douglas Fir
(Pseudotsuga taxifolia ) planted 1921. The Brown Earth character

of an old cultivated soil is seen in colour, structure, organic

matter type and analytical figures. The very high phosphate
"level is notable.
0 - 4 Black needle litter under similar vegetation
to site 3,
- o Very dark brown (10 YR 2/2) moder to mulle-
like moder organic matter., Moderate
small crumb structure.
1 - f2n Dark brown (10 YR 3/3) loam of strong
medium crumb structure. )
(12n + Dull yellow brown silty loam)

Analysisg:
9__:23;::: ij:l" 1o
pH 4.6 4.6 5.1
Exch.Ca meq/100 gm 10,8 3.3 2.2
T ¢ 1" n 6.3 0.58 0, %6
Lvailable P205mgm/1 00gm 3,08 7.56 7.56

SITE S,

Cleared sections along track of Brown Podzolic character

under Douglas Fir (Pseudotsuza taxifolia). The sections show

a) loose colluvial material, and (v) more compact drift helow
large protecting boulder, uphill from which is a build-up due
to soil creep and colluvial action generally. Together with
Site 1 and Site 6, these sections show the general uniformity
of s0il along this bank. '

Below bhoulder:=-

o RN 11 Black (5 YR 2/1) moder bumus of very

small structure.
on + Strong brown (7.5 YR 5/6) stony silty

loam; somewhat compacted from 24 ins.

Am.lg gis: Ouon 2u4on
pH 4‘ 2 405
Exch. Co meq/100 gm 0.4 0.4

n g " " 0042 0,04
0.8

Available P205mgm/1 00gm 0.8

SITE 6.
Douglas Fir ( Pseudotsuga toxifolia ) planted 1921, The bare

ground surface under this very shade-~producing tree is a sharp
contrast to that of Site 7, under Corsican Pine., The pit shows
the typical "Brown Podzolic" profile type overlying drift, rather

than colluvium in this site.

L]
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i Needle litter.
- an Black (5 YR 2/1) moder humus. Weak
cloddy and moderate small crumb structure.
2 - 18"  Strong brown (7.5 YR 5/6-5/8) loam to
8ilty loam of weak small crumb structure.
18"+ Light yellow brown (10 YR=2.5¥6/4) stony
loam, slightly weathered drift.,

[N N O]

Lnalysis:
ﬁ.:__z_n 2.18" 18"
pH 4.3 4.5 4.6
Exch.Ca meq/100 gm 1.7 0.5 0,5
T4 " 1 0,%2 0.1 0,02
Lvailable POgmgm/100gm 0.92 0.52 0.68

SITE 7.
Corsican Pine (Pinus nigre, var.calabrica), planted 1921,

The high amount of light permitted through the canopy of this
species allows a grass and bracken ground flora to flourish.
Higher levels of exchangeable Ca and K occur in the surface
horizons compared to those of Site 6, probably attributable to
a more rapid turnover of nutrients encouraged by the grassy
ground flora, Regeneration is seen in this plot of Douglas

Fir derived from adjoining plots.

0 - 1"  Black (5 YR 2/1) loose fluffy litter
with abundant roots.
1 =~ 2"  Black (5 YR 2/1) moder humus; somewhat
compact initially, breaking to crumb
- structures.
24 + Strong brown (7.5 TR 5/6) loam, moderate

small cloddy and crumb structures.
dnalysig:

_Q::LH 1:_2" 2H+
pH 4.3 4.2 4.7
Exch,Ca meq/100 gm 4.3 3,0 0.6
nKg " " 106 0.7 0'16
Available P205mgm/H00gm 2.12 0.92 0.4
SITE 8. ;
Western Hemlock (Tsuga hetercphylla) planted 1927,
O - 2"  Dark red brown (5 YR 2/2) laminated felted

raw humus of needle litter.

2 - 4"  Black (5 YR 2/1) felted raw humus, mat-
ted by very strong tree root development.
(3" dull grey brown micro-podzol type Ap
horizon locally developed)

4n 4 Strong brown (7.5 YR 5/6) silty loam of

moderate to strong clodiy gtructurs.



Analysig:

pH

Exch.Ca meq/100 gm
"

K "
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0-2" 24" L
308 3‘9 405
1.8 0.6 0.2
1. 1,06 0.06
1 2,28 0.68

SITE 9.
Silver Fir (ibies procera ), planted 1927.
0 -~ 2n Dark red brown ( 5 YR 2/2) fibrous
felted raw humus.
2 - 28" Black (5 YR 2/1) moder humus, felted
but breaking to small crumb.
28w Strong brown (7.5 YR 5/6) loam; mod-
erate small cloddy and crumb structure.
Analysig:
pH 3.4 4.4 4.4
Exch.Ca meq/100 gm 1.8 0.5 0.4
K 1.2 0.42 0.14
Available PyOgugm/100gm 1.96 0.8 0.44
SITE 10,
4 small grove of Sequoia (Sequois sempervirens ),
0 - &n Litter
- 2 Black to very dark brown (10 YR 2/1.2/2)
woder hunus of small cloddy structure.
an + Brovm to strong brown (7.5 YR 5/4-5/6)
8ilty loam of moderate crumb structure
with abundant roots,
Analysig:

pH

Exch.Ca meq/100 gn
1

K 11

Lvailable PyOsmem/100gm 1,32

SITE 11.

=

4.6 4.8

5.4 0.4

0.90 0.24
0.8

Remnant of young deciduous serub (oak, birch, hazel).

O -

1 -~

3"

1"

3"

Dark brown (10 YR 3/3) loam of very small
crumb structure and loose congistency,
high organic matter content, rmll type.
Dark yellow brown (10 YR 3/4) loan,
strong crumb structure,

Strong brown to brown (7.5 YR 5/6-5/4)

loam of moderate crumb structure.
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Analysis:

01" L:é" L
pH 4‘8 4-8 d 4.7
Exch,Ca meq/100 gm 5,0 0.2 0.4
n K 1] n 1.38 0.60 0.16
Available P205mgm/ﬁoogm 1.88 1,08 0.52

TABLE IIT

Nature and Depth of Organic Horizons

Depthiof ey o N (DG o Site No.and tree species
organic horizons organic matter
0wt Mull Site 11 (Deciduous scrub)
Moder to mull.- Site 4 (Douglas fir in old
like moder ' paddock)
Moder Site 1 (Margin of Douglas
’ fir
12 - 2n Moder to mulle Site 3 (Japanese larch/Sitka
like moder spruce mixture
Moder Site 5 (Douglas fir
Moder Site 6 (Douglas fir
Moder Site 7 (Corsican pine
Moder Site 10 (Sequoia )
2+ . 3n Mor-moder Site 9 (Silver fir)
3% - 4" Mor Site 2 (Japanese larch)
Mor Site 8 (Western hemlock)

_Z—Definition: Mor raw humus with no mineral admixture.
Moder - highly organic but with mineral material
gubordinate, not in intimate mixture.
Mull-like - highly organic but moderately intimately
moder nixed mineral matter.
Mull completely intimately mixed mineral and
subordinate organic matter.

TABLE IV

Acidity of Organic Horizons

Mean pH of highly Type of organic

Site No. Tree species

organic horizons matter

Rl Moder - mull- 3 Japanese larch/Sitka
like moder spruce

4.8 Mull 11 Deciduous scrub

4.6 Moder - mull. 4 Douglas fir (paddock)
like moder

4.6 Moder 10 Sequoia

4,55 Moder 1 Douglas fir (margin)

4,3 Mor 2 Japanese larch

4.3 Moder 6 Douglag fir

4.25 Moder 7 Corsican pine

4.2 Moder 5 Douglasg fir

3.9 Mor-moder 9 Silver fir

3.85 Morx 8 Western hemlock

These two tables give a general indication of the relations
on this site of tree species to type and depth of organic accumul-

ation horizons and to the pH of these horizons (with the qualifi-
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cation previously made that pH, etc, wag only based on a single
spot sample here), The acidity order corresponds generally to
the features shown in more extensive work (e.q. Ovington and
Madgwick 1957), which includes a table giving the average pH
over the whole rooting depth for a number of species from Gwydyr.
Here the order of decreasing pH for species also considered in
Table 4 above is Oak, Corsican Pine, Silver Fir, Douglas Fir,

Wegtern Hemlock.

NOTE: The material from which this handout is derived, except
wheére specific refercnces are given, is otherwise unpublished
data of D.F.Ball, F,E,Hughes and W.A,Lindsay-Smith. The Gors-
wen work is within a comprehensive programme of work on soils
and ecology in Snowdonia and other parts of Wales being carried
out by The Nature Conservancy under Dr.R.E,Hughes, I am grate-
ful for diséussion with Dr.B,Seddon on aspects of the Gorswen
material, Permits for visits to Coed Gorswen are required and
may be obtained from the Regional Officer, Dr.B,Seddon, The
Neture Conservancy, Y Fron, The Crescent, Bangor.

(See references overleaf p. 49)

D.F.BALL
Lpril 1960.
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