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IMPERIAL FORESTRY INSTITUTE

University of Oxford

5th Januvary, 1938
We.H. Guillebaud; Lisq.,
Forestry Commission,
9 Savile Row, W.1l,
Dear Guillebaud,

e have pleasure in submitting herewith our report
on Llanover and Llantrisant Forests. It has developead
into a document of very considerable length. e make
no apology for this: when the complex nature of the
problems which it has been necessary to discuss are
considered, it will, we think, be seen that no short dis--
cussion could deal adeguately with this matter.

In the report we attempt:-

i. To provide a history of the site and planta-
tions (pp.1-13).

ii. To provode general information and data regarding
the forests discussed, io enable some discussion
and diagnosis of their present condition to be
nade (pp.14-45).

iii. To discuss the factors which have affected the
growth of the plantations (pp.45-75).

iv. To compare conditions in other selected districts
with those in these forests (pp.76-92). |

v, To discuss the suitability of species for
planting in these forests (pp.93-104).
A short summary of the report is also given (pp.105-108).

We would ask that the report be read as a wihole in
spite of its'léngth and, incidentally, the time it must
take to do so. It should also be remembered that
certain aspects of the problem can only be fully eluci-
dated after considerable researcih. The report is,

therefore, in part, an expression of opinion based on



circumstantial evidence. We desire that this should
be taken into consideration and that tne report should
be used, as we state in Section 11 of the Suumary, to
provide a basis for thought, discussion and criticism.

The need for further research into the conditions
affecting the growth of forests within the South Jales
and Monmouthshire coalfield is plain. You have your-
self suggested the possibility of continuing the investi-
gation into soils. We suggest that this report will be
of greater service, and that the problems needing
investigstion will be clearer, if there is some dis--
cussion of it, at least among tnose closely interested
in the development of State forests in this area. We
shall be very glad to take part in any discussion, and
in it would ask for full and frank criticism of anything
we have put forward.

We are responsible for the report as a whole. The
section on Vegetation (pp.28 et seqﬂ).has, however, been
written by Dr. E.%W. Jones of the Imperial Forestry
Institute, who accompanied us to the areas to collect the
necessary data. Furthermore, the soil analyses, and
much of the discussion on soils, are based on letters and
reports received from Professor G.W. Robinson of Bangor.
We wish to express our thanks to both, and especially to
Professor Robinson, for the great amount of trouble they
have taken in this matter. Our thanks are also due to
Mr. F. Scott and his staff for their very great assis-
tance in providing data of the past history of the areas
concerned, and in helping us on many occasions.

It should be mentioned also that the assessment
work was carried out by Research forester, M. Nimmo.

Yours sincerely,

(Signed) W.R. DAY
R.G. SANZEN-BAKER



REPORT ON THE INVESTIGATION
INTO THE CONDITION OF TREE CROPS AT
LLANOVER AND LLANTRISANT FORESTS
IN THE SOUTH WALES
AND MONMOUTHSHIRE COALFIELD

By

V.R. Day and R.G. Sanzen-Baker



REPORT ON THE INVESTIGATION INTO THE CONDITION OF TREE
CROPS AT LLANOVER AND LLANTRISANT FORESTS IN THE

SOUTH WALwS AND MONIMOUTHSHIREL COALFIELD

Contents
Page
No.
Introduction .. oo oo o6 o0 se oo sa o5 oo os oo 1
Past History of S8ites :c oo oo oo o0 o0 05 os oo 4
History of Policy and ranagement 6o o5 a0 so oo 7
Previous Reports .- ¢ oo 6o oo 0o s0 o4 oo oo oo 13

TOpOgr‘aphy a o oo o o o o o o o a o o o o L] e o oo o o 0o 14
C:Lima-te L3N] o o e o 9 o o o o 8 L] e o ¢ e ° 0 e a LI ] o o o 0 1’?

GEOlOZY o6 s0 20 oo eo ss oo e sa ss oo oo oo oo 20

Water System oo o: oo 50 00 o6 oo oa os oo oo oo 22
Soils at Llanover and Llantrisant Forests co o 23
Vegetation at Llenover and Llantrisant Fforests .. 28
Present Condition of Crops 6o o6 oo ae se so se 33
Factors affecting the Growtia of the Plantations . 45

(a) Climate eo o¢ oo o0 oo oo ac oo oo oo 46
(b) Micro-climate s« oo oo ss o6 os eo oo 47
(c) SO1l o+ oo oo oc a6 oo oo oo o0 so oo 52
(d) TopograPhy oo oo so oo o0 oo co oo oo 59
(e) Planting and lending oo oo oo o6 o 59
(f) Fungi se e o6 o6 ce se se ee ss e 61
(8) InSectS oo oo o0 ao oo so oo co oo o 62
(h) Atmospheric Contamination e« o5 oo oo 64

Notes on ‘Joodland Areas other than Llanover
and Llantrisant Forests :> oo s e0 a0e o0 oo 76

Discussion of Suitability of Species oo oo o0 oo 93

Suinmary L] o0 o 2 o0 o a o o oo e o o o ° o oo L] o LI 105



IIT.

IVa.

Va.

VIB

Past distory of Iormer Llanover Lstate ..
l'able of Areas Accuired and Flanted
1921-19356, Llanover rorest a0 50 se s

Table of FPlants used 1921-1933,
LlanOVEI’ i—'OI’eSt s o s o a0 o 6 5 e o © oo ® 0

Table showing Expenditure on Yeeding and
Cleaning 1921-1936, Llanover Forest o

Rainfall Records 1920-1936, Cwm Carn,
l‘zoanU.JGho e o 6o o o o o o o o L) o o ° 0 ° 0 ° o

S0il Profile Descriptions, Llanover
Forest e a o 0 Qo ©° o 0 o0 e o o o o0 a o o © e ¢

S50il Profile Descriptions, ILlantrisant
Forest o o e o e 0 o o e o o o o o e o e o e 0O e o

S0il Profile Descriptions, Coed Craig
Ruperra oo oo oo o0 0o 0o 06 o0 oo o0s w5
S0il Analysis Data co oo 2o ss oo a0 so oo

Discussion of Soil Analysis Data s o6 oo

Assessment Sunmary

Douglas fir, Llsnover :orest a5 e oe e

do. Llantrisant Forest s 0o o
Lluropean larch, Llanover rorest o5 oa oo
do. Llantrisant XForest co oo
Japanese larcih, Llanover Forest oo oo oo
do - Llantrisant Forest oo e

Older Larch Plantations, Llanover Forest
do. Llantrisant TFForest

Sitka spruce, Llanover rorest . o« oo oo

Norway spruce, Llanover Forest cs e e

"

do. Llantrisant Forest oo oo oo

Page No.

A.1

A.11

A.16a

A.17

A.17e

A.18
A.20
A.22
A.24
A.24
A.24
A, 25
A.25
A.26
A. 27
A. 27



REPORT ON THE INVESTIGATION INTO THE CONDITION OF TREE
CROPS AT LLANOVER AND LLANTRISANT FORESTS IN THE
SOUTH WALES AND MONMOUTHSHIRE COALFIELD

Introduction

Purpose The investigation upon which this Report is

Engiiry based was undertaken with a view to finding some
explanation for the unsatisfactory condition of
some of the plantations in Llanover Forest in
Monmouthshire and Llantrisant Forest in Glamorgen-
shire. Llanover is the larger and more important
forest and the report is mainly concerned with it,
although nuch of what follows epplies to Llantrisant
Forest except when specific exception is made.

Situation Llanover Forest is just within the south-
eastern edge of the South Wales and Monmouthshire
coalfield, while Llantrisant Forest occupies a
central position on its southern edge. They both
stand in what may be termed 'industrial’ rural
districts, Llanover being nearest to the greater
urban development.

The coalfield in which both forests occur
occupies a district of peculiar interest in
forestry. It is one of the largest markets for
pit-props in Britain, and, although this market is
bound up with an exchange export trade, it is one
that should have some considerable significance in
local forestry. It also occupies an area of
country in which a very high proportion of the land
devoted to rural purposes is waste or poor hill
grazing vecause of the high elevation of the

plateau eand steepness of the slopes. There is,



Afforestation

Difficultics

thus, a considerablc area of land which might be
developed for forestry and which 1s near to a
substantial local market for certain types of
forestry product.

This apparently attractive area in which our
two forests are situated has two great drawbacks.
It is, in the first place, mainly an area of poor
soils, which naturally are of low fertility.

This is partly because of the large area of high -
lying moorland, partly because of the peculiar
topography which docs not favour the development
of really deep soils on the stcep hill sides, and
partly because the soils are derived largely from
rocks which, owing to thelr inhcrent character,
do not produce soils of really high fertility,
even under much better topographical conditions
than usually prevail here.

The second drawback arises simply because
the coalfield has developed as a great industrial
area. Accordingly, it has an atmospherc morc or
less contaminated with stoke and fumes which are
deletcerious to plent life generally.

There is a third drawback which is, perhazs,
of considerable importance. Throughout thec whole
of the coalfield there is little natural woodland
of high exploitable value, while plantations of
exofic species have had, at the best, but moderate
success. The low value of tihe natural woodland
is due mainly to past misuse anc¢ to the fact that
oak and birch, of which it largely consists, are
considered to be of comparatively little usce for
cconomic exploitation at the present day. The

whole district is, in fact, one in which forcstry



Notcs on
the Report

is at a low lcvel. There is very little for the
guidance of thoso‘who would practicc silviculturc.
It will thus be scen that the difficulties
facing thc forcster lic chicfly in the compara-
tively poor soil with its accompanying difficult
topography and often trying climate, in the
atmosphere contaminated with smoke and fumes, and
in the lack of guidance as to what should be the
specific constitution of a forcst which is to be
raised for cconomic cxploitation. The answer to
the prob;em is, therefore, likely to be found
mainly by attempting Lo understand how these
things have affectcd the plantations, and it is
along thecse lines that the work has procccded.
Complex and difficult investigations are
ncecessary for a proper undcrstanding of the cffect
upon tree growth of soil, climatic and atmospheric
conditions; of thec degrec to which the particular
specics planted may bc regardcd as fitted to the
habitat which exists, or which might develop undcr
suitablec trcecatment; and of the suitability of
the technique used in planting and tending, for
dcveloping the best in whatever species might be
uscd. Consequently it is inevitable that the
report should bc somewhat superficial and include
matters or opinions which are controversial. An
attecmpt has becn made, however, to collect the
cvidence that is available and to make a fair
judgement of the situation as a whole. Under
the circumstances it is impossible that the con-
clusions arrived at shall be altogecther satis--
factory as cssential information does not exist

and can only be obtaincd by mcans of long



Hardwoods

Coppice

continucd rescarch. In spitc of this, it is
possiblc to come to some clearcr conccption of
the type of forest biologically suited to this
district and of the rcasons for thc unsatis-
factory condition of the plentations.

In ordcr that as complcte a view as possible
may bec attaincd of the problems before us, the
rcport begins with a revue of the past history
of thc forcsts and of the deveclopment of the
plantations. Particular attcntion has been paid
here to Llanover Forest which, as indicated above,
is the main subject of the report. Thc¢ records
for Llantrisant ¥orest have not been specially
examined. In order that the condition of the
forest might be kept in proper perspective,
visits werc madc to other woodlands both in South
Wales and in othcr parts of Wales and England.
Reference is made to these woodlands where

necessary.

Past History of Sites

I. Llanover rorest

The area concerned in this report, namely,
the moderate to steep valley slopes, was, in tae
main, coppice or coppice-with-standards woodland
of varying quality. The coppice consisted
mainly of .oak with more or less beech and birch
and occasional ash. It is reported that beech
coppice of very good type was grown in the Cwnm
Gwyddon-Fach valley on a westerly aspect.
Although the soil there is shallow and stony,

good clean beech poles up to 556 feet in length



Standards

‘Conifers

were cut. These were good pit wood size and

a large quantity was despatched as copper poles
for use im the copper smelting works. Good
gquality oak has been grown in many parts of the
forest. The standards appeared to be mainly
oak of fair to moderate quality of the type
suitable for cleaving and fencing material.

Occasional small coniferous plantations
are known to have been in existence. These
were mainly of European larch, but Norway spruce
and Scots pine also occurred. It appears to
have been the practice to fell these at pit wood
size. Some of the larch plantations, notably
on the better sites in the Cwm Gofappy and Cwn
Carn areas, are described as being of good
quality, but one suspects that the standard of
comparison is not a very high one. They may
have been good for the locality. The height of
the better poles appears to have been about 50
feet; the age is not known. Other larch plan-
tations in the main areca of Cwm Gwyddon were
apparently rather openly stocked with irregular
and somewhat poor growth. There is a record of
former agricultural ground in Compartnent 8
having been subject to two crops of larch pit
wood. The second crop appears to have made
good growth.

Norway spruce is reported to have grown
well in mixture with European larch and Scots
pine on former agricultural ground at an eleva-
tion of 900-1000 feet.

It is worth noting that most of the larch

plantations which were felled about 1885-1905



were not replantcecd but allowed to grow to scrub-
It is suggested that if this larch had becen of
rcally good quality, the sites would nave becn
rcplanted as the Llanover Estate did a consi-
dcrable amount of planting and had a rcady
market for pit wood.

Dctails such as arec knowvmn of tihe crops on
the former Llanover property arc given in

Appcndix I.

II. Llantrisant IForest

Previous Less is kmown about the previous history of

oror Llantrisant rorest. From a study of the

Ordnance Liap, it would appear that the forest
was under a mixzcé crop of conifers and hardwoods.
The edition of 1921 shows that conifers predomi-
natcd over the major part of the arca. A
greatcer proportion of hardwoods appears to have
existed in the north of the forecst, also in the
outlying area of Coed Ynys-maerdy. Similar
ordnance markings appcar in the edition revised
in 1904.

The conifers were probably largely Scots »pine
and the hardwoods oak with possibly occasional
becch. In many parts of the area there appears
to have been a thin underwood of mixed coppice,
mainly oak with some birch. In Coed Ynys-maerdy
there is a mixed plantation including ©uropean
larch aged 35 years. This is of quite fair
quality and size, but the site is in the valley

with a deecp alluvial soil.
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History of Policy and Management

I. Llanover Forest
(a) Areas and preparation of ground.

The main area of Llanover Forest was acquired
by the Forestry Commission in 1921. Subsequent
additions were made between 1928 and 1933 bringing
the total area up to 2415 acres of which the
greater part is on steep or moderately steep ravine
slopes. The general policy until 1932 was to
clear fell the coppice and timbered areas and to
keep up a planting programme of 100-200 acres per
annum. After 1932, girdling of unsaleable
standards was carried out and the annual programme
was reduced to 70-80 acres. Other preparation of
ground included the burning over of heather and
bracken areas to facilitate planting and to reduce

fire risk.

(b) Species

In the early years of planting the policy was
to plant Douglas fir as the main crop on the lower
and middle valley slopes, with Sitka spruce on the
lower slopes and valley bottoms. Japanese larch
was plented normally above the Douglas with Scots
and Corsican pine on exposed hill tops. On the
whole, however, there does not appear to have been
any clear definition of sites for the three species,
Douglas fir, Japanese larch, or Sitka spruce.

Until 1924 the Green Douglas had been used
almost exclusively, but in this year the Fraser
River variety was introduced and, in the following
year, was used extensively instead of the Green.

This may have been due to a shortage of the latter



varicty. Hdowever, 1925 saw the last big planting
of Douglas Tfir. The following year, the use of
this species was discontinued on account of the
bad condition of the earlier plantations.

In 1924, pines werc uscd in lieu of Japancsc
larch, and in 1925, Europcan larch was introduced
and substitutcd for Japancsc. 1he reason for
this i1s not apparent, but it is probable that
there was a shortage of this latter species.
During thce next fcw yecars, Europcan larch was re-
garded as the principal species for middle slope
planting. Sitka spruce, in 1925, began to be
used in lieu of pines on exposed hill tops, the
rcason bcing that some of the earlier planted pincs
were suffcering from windsway and showing signs of
blasting. In thc following and subseguent &ears,
Sitka was uscd as the standard species for
planting on lower slopcs and cxposed tops; the
pincs were utilizcd only on the highcr slopces,
and in 1927 and onwards, Sitka was used as thec
standard species for beating up failed Douglas.
This policy of regarding European larch and Sitka
sprucc as the major species was intensified in
1927 and continued until 1930 when Japanese larch
was re-introduccd and used to some extent in licu
of the Europcen, the earlicr plantations of which
were apparcnitly in a poor condition and not very
promising. In 1931, the planting of Europcan
larch was restricted to the moister slopes of
northcrn aspcct, and in 1933 this species was
condemned as being definitely unsuitable. The
year 1934 saw the rcinstation of Japanese larch

as a principal spccies in the planting programme,



Sccondary
specics

since thc carlicr plantations now showed somc
promisc. This spccics, together with beech and
sycamore, was also uscd largely for beating up.

In 1935, this policy was intensificd and
pincs werc plantcd on the poorer stony slopcs
gcenerally, prcfercencc being given to Corsican
pine, cspecially whcre there was a possibility
of smokc contamination. T'he usec of Sitka sprucc
was discontinucd cxccpt for turf planting on the
cxposcd tops and moistcr high slopes; the reason
for this was thc scerious damage this species had
sufferecd from frost and Honey fungus. (This
1935 policy has bcen subsequently intensified.)

It should be notcd that since 1922 pines have
always taken an appreciable part in the planting
programme. They are obviously the safest treec to
plant on a considerable part of the area, although
their futurc success and cconomic valuec has been
quecstioned. Norway spruce has been employed
stcadily sincec 1923 as a sccondary species. In
this year it was introduccd for planting on higher
Bracken-Calluna ground. In 1929 and subsequent
ycars it was planted in alternate rows with Scots
pine on hill tops, and in 1932 Norway spruce and
pines were uscd extensively either pure or in
mixture on hard high-lying exposed ground. Beech
has been employed as a minor species for fire
lines, beating uwp, &c., in varying degree ever
since planting started, but for some unapparcent
reason it was not used at all during thc period
1928-1932.

Other species that have becn planted on

occasions are Ash and Poplar in the valley bottoms.
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(¢) Cultural opcrations

Practically no drainagc has becn neccssary
cxccpt on the lolinia turfs where turf-draining
vtas carricd out from 1931 onwards.

Direct sowing was attempted in 1922, The
spcecies employcd were Scots pinc and Douglas fir.
Thirtcen acrcs altogether were sown but the
result was poor and thce Douglas fir was subse-
quently planted with Sitka spruce.

In the first ycar of opcrations, the problca
of supervision and labour was acute. Women were
employed for the P.21 work and entrcnching tools
were used for the plznting, but these proved to
be so unsatisfactory that 5% 1b. mattocks werec
substituted later. Owing to the shortage of
Douglas fir planting stock, 2-ycar scedlings wecre
imported from Ireland. These suffered consi-
derably in transit, so it is not to be wondercd
that the results from the planting of 2+0 Douglas
fir were unfortunate; 74% failed. 1921 was a
severc drought year. Failures in Japancsec larch
were 60% and in other species 17%.

In 1922 Schlich spades were introduced and
used as the standard planting tool until about
1927. Planting was done by piece work, and
thcre appears to have been no limit to the number
that could be planted per man per day; 1500 and
even up to 13800 are figures mentioned. Somewilere
about 1928, mattock planting was re-introduced,
and the number of plants that could be put in per
man per day was limited to 600. This method of
planting was, however, of the notch rather than

of the pit type. In 1931 an improved method of
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mattock planting was adoptcd; this was in the
form orf scmi-pit planting. In 1935 further
attention was peid to improvement in plenting
mcthod, notably by increcased soil cultivation.
In the P.36 work at Llanfrcchfa, clay spadcs
wereuscd to a limitcd cxtent for pit planting
larch and pincs on non-stony sitcs.

Weeding has always bccn a problen and &
mattcr of hcavy ciXpcnses. With thc rapid
incrcasc in plantetions, thc annual expcnditurc
on this work rosc ra»nidly until 1924 when a sort
of balancc was arrived at; for six ycars the
annual charge was in thc region of four to five
hundrcd pounds. In 1930 and 1931 thcrc was a
very marked curtailment of weeding. This was
undoubtedly due in part to a shortage of funds,
although the money available was not fully
utilized. The real rcason i§ probably »nsycho-
logical following the announceimnent of drastically
cut estimates. There is evidence that at about
this time insufficient wceding was done,
cspecially in bracken arcas in the pine plantations.
The weeding charge for these years was between
two and threc hundred pounds. In 1932 it rosec
to its former levcl, if cleaning is included,
and continued to risc until 1934 when the charge
under the two heads, wceding and cleaning, was
well over £600. It has since remainecd at this
level, the principle being to weed all unestab-
lished plantations as nccessary.

Generally it is felt that in the carlicr
years insufficicnt attention was paid to weeding

by the local supervisory staff. The reason for
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this may havc bcen the stress that was laid on
cconomy and thc nccd for keeping down costs.
At all cvents, there is littlce doubt that much
of the geppincss of the plantations is duc to

ncgleet of weeding.

II. Llantrisant Forest

At Llantrisant Forcst, which is rclatively
small, most of the planting was carriecd out
between the ycars 1921 and 1925. At this timc
Douglas fir was in favour, thus it fcatured
largely in the planting programme, espccially in
P.22 and P.23. Norway spruce was also planted
cxtensively at this time. The general policy
appears to have been to plant Sitka spruce on the
lower ground and wetter places, with Douglas fir,
Japancse larch and European larch on the lower
and middle slopes. These species were apparently
more or less interchangcable in so far as site
was concerncd. The higher ground gencrally was
rcserved for pines, principally Corsican, and
Norway spruce. In 1923 a largc direct sowing of
Corsican pinc was carricd out with considerable
success.,

On the whole, little European larch has
been planted. The largest planting was in 1922
but unfortunately most of this was destroyed by
fire, Only in 1921 were both European and
Japanese larch planted. The only large planting
of Japanese larch was in 1923. fdowever, by the
end of this year most of the middle and lower
slopes had becn planted. In 1925 Fraser River

Douglas was used instead of the Green. This
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former variety also appears to have been used

for beating up plantations of the latter.

Previous Reports

Llanover The condition of the earlier plantations at
Forest

Llanover Forest has long given cause for anxiety,
and in 1932 a special report was made. This
was submitted to the various officers concerned
for their observations. The opinions expressed
were in many instances very conflicting and no
definite conclusions appear to have been arrived
at apart from the fact that the causes of the
poor condition of the plantations were complex
and that the responsibility could not be traced
to any single factor. The following deleterious
factors were mentioned however:-

Inferior planting stock

Faults of planting and weeding

Delay of beating up

Large and scattered planting programmes

Dry soil conditions

Rocky neture of the soil

Wind and exposure

Insect and fungus attacks

Sheep damage

Atmospheric pollution

The forest was reported on again in 1934
and considerable improvements in the appearance
of the plantations of all species were recorded.
The importance of proper weeding and cleaning
was again stressed.

In 1936 the area was inspected by the

Chairman and the Assistant Commissioner. Many
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of the plantations at this time looked particu-
larly distressing, largely owing to the severe
damage caused by late frosts of the previous year.
It was felt that the poor growth of the various
plantations could be attributed mainly to the
industrial conditions, and the present investi-

gation was instituted.

Topozraphy

I. Llanover Forest
General The undulating plain known in part as the
topography
Vale of Glamorgan is bounded on the south by the
Bristol Channel and on the north by the southern
edge of the Cambrian ilountains. Running north-
wards from this plain is a series of narrow
steen-sided valleys. The high ground between
the valley systems usually rises to above 1000
feet, the higher points being 1200-1800 feet above
sea level., It is in such a system of major and
Local minor valleys that Llanover Forest is situated.
topography
The main valley running approximately north and
south is the Ebbw Vale. This is relatively
narrow with steep to moderately steep slopes;
however, only a small part of the Forestry
Commission property is situated in it. The major
part of the forest lies around two minor valley
systems, namely, Cwm Gwyddon and Cwm Carn, and
2 lesser one, Cwm Gofappy.
Cwmn Gwyddon is a narrow valley of the ravine
type. The slopes are mainly steep or moderately

steep, the elevation range being 400-1100 feet

above sea lcvel. The general direction of the



Relative
clevation

Bxposure

Local
topography

- 15 -

vallcy is north-cast to south-west; a fork of
the vallcey runs duc north. Cwia Carn is a
similar vallcy, morc or less parallecl except

at thc lower cnd whcrc it runs approximately
cast and wcst. The plantations lic mainly above
the 600 fcet contour. Cwvm Gofappy is a smaller
valley lying bctween and almost parallcl to the
two prcviously mentioncd. Somc of the plateau
groundé above the vallecys also forms part of
Llanover Forest. Thce plateau begins at about
1000 or 1100 fect above datum and the highest
part of the forest is sabout 1300 feet. However,
the afforestation of this type of ground is not
thc concern of this report.

The Ebbw River, which lics immcdiatcly to
the west of all but a small part of thc arca, is
herc about 280 fect above sca lecvel. Thc nearest
point of sea lcvel is at the Bristol Channcl 11
miles south -south-cast. Northwards liecs a
mountain mass which, in the Black liountains of
orceconshire, attains heignhts of well over 2000
fcet.

Exposure in this type of area, of course,
shows considerable local variation, but generally,
apart from the upper slopes and plateau ground,
the area is not markedly exposed. The general
trend of exposure, however, is to the south-west
and west, which is also the direction of the

prevailing winds.

II. Llantrisant Forest
The topography of Llantrisant Forest is guite

different from that of Llanover. It is situated



on iynydd Garth kaclwg, an cmincnce atlthc cnd
of a rangc of hills. Thc top is a plateau on
which arisc two knolls. Thce higher riscs to
881 fcct above sea level and the other is only
slightly lcss. The planted slopes arc stecp in
varts but gencrally lcss stcep tnan those of
Llanovcr. The high ground lics in thec south-
west of thc Torest and thc main slopc is thus to
thc north-cast. Plantations start from the
foot of thc slopc which is about 260 feect above
seca lcvel; in the south-west they continuc only
for a little way beyond thc sumnits.

nclative The country north of Llantrisant Forest is

clevation
mountainous, and within four milcs c¢lcvations of
over 1200 fcet are reachcd. The ly River skirts
thc cast and north-c¢ast boundarics of the forest,
the height above sea lcvel herc being 200-250
fcet. To thc south of the hill on which the
forcst stands, the land falls rapidly to the
"Walc of Glamorgan' which undulates mainly betwecn
100 and 300 fect, The Bristol Channcl lics
11 milcs away to thce south and south-west.

LZposurc The westerly and south-westerly slopes of
Llantrisant Forest arc fully exposecd to thc
prevailing winds which blow unhindecred up the
Bristol Channel. The north-eastcrly slopes are
sheltercd from the south-west by the hill itself
but arec eprsed to northerly gales. Therc is
a certain amount of local shelter but gencrally

the arca is more exposed than that of Llanover.
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Climate
The climate of 3outh Wales is of thc mild
Generel maritimec type. The main controlling factor is
the position of the country on the cast coast of
the Atlantic Occan and on the north shorec of the
Bristol Channecl. In thc neighbourhood of Cardiff
Wind the prevailing winds arc westcrly. Observations
during the years 1925-1933 show the pcrcentage
of westerly winds as 56.9. The averagc figure
for the wholc of thc British Isles is 48%. The
following table shows comparative wind dircction
figures as pcrcentages for Cardiff and Swansea.
N. N.E. E. S.E. 8. 8.W. V. N.W.
Cardiff 4.0 12.5 16.4 6.1 4.0 15.1 32.8 9.0
Swansea 10.6 11.3 15.9 6.9 4.2 21.7 15.3 14.1
(Sec also diagram)

The west winds are usually the most powerful
and thcy occur with persistent regularity cvery
year. They are fclt in their full force on
coasts facing west and in thec exposcd places in
the uplands. The forcec with which they are felt
in the valleys dcpcnds on the rclative directions
of wind and valley.

Rainfall Rainfall records in South Wales have been
kept for the past 40-50 years. They show a wide
range of distribution. The average annual
rainfall along the coast of Glamorgan is about
35 inches, while ncar Craig-y-Llyn in the ccntre
of the county at an altitude of about 2000 fect,
the average is 90 inches. The effect of altitude
on rainfall is well markcd, and the amount of
precipitation in the narrow vallcys differs little

from that of the highcr country on c¢ither side of
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thom. The rainfall of the larger valleys varics
considcrably with the dircction in which thcey
lic, for cxamplc, in the Neath Valley (Rhcola
Forest) which is open to thc south-wcst, the

rain bearing wind passcs along its length, being
gradually coolcd as thc valley floor riscs.

There is thus a markced difference between the
amount of rain in thc¢ valley itsclf and that on
th¢ higher ground cacn sidc. Wherc the vallcys
lic across this wind dircction, the rainfall in
them is much the¢ samc as that on the high ground.
December is the wettest month of the ycar, and
more than 40% of the total annual rainfall occurs
in January and the last threec months of thc year.
March, April, May and Junc are relatively dry
montis.

The mild winters permit only a reclativecly
small proportion of snow. At Cardiff, snow
falls on an average of 6 days per annum lying on
the ground only 4.7 days. There is, of course,
more in the higher country and it lies longer,
especially on north facing slopes.

Hail occurs on an average of 10 days per
annum at Cardiff distributed throughout the year.

The monthly rainfall for the years 1920 to
1936 inclusive at Cwm Carn 1is shown in Appendix[II.
(See also diagram). The mean annual rainfall
for this period is approximately 54 inches. The
rainfall in Llanover Forest may be slightly in
excess of this, probably in the region of 55-60
inches per annum. The distribution shows very
much the same tendencies as that for the district

as a whole, December again being the wettest month.
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June 1is definitely the driest. During the
recorded period there are two outstanding
relatively dry years, namely, 1921 with 37.69
inches and 1933 with 34.95 inches. Even during
the "drought year of 1934 there were 51.03
inches. In the table in A4Appendix II, dry months
of less than 2 inches rain and dry periods have
been especially marked. These will be seen to
occur more frequently in the spring and early
summer, that is, during the early growing season
for trees. This is felt to be of some
importance.

The average annual rainfall at Llantrisant
Forest is about 55 inches. The distribution is
similar.,

South Wales generally is subject to less
fog than the average for the British Isles. The
mean at Cardiff is 15.7 days. This occurs mainly
in the winter. Fog in the industrial valleys
is more frecquent and of greater intensity owing
to the high proportion of soot in the atmosphere.
In addition, mountain mists occur in the upland
areas.

The region enjoys about 4-4% hours of bright
sunshine per day on the average. The deeper
valleys miss sunshine both in the morning and
evening, particularly in the winter, on account
of their steep sides.

Compared with the iMidlands and the East
coast, the temperatures experienced in South Jales
are mild. The coastal regions enjoy warm nights
in all seasons owing to the effect of the Bristol

Channel. Night temperatures decrease away from
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tiie coast. Temperature records are not available
for the valley regions but averages over 20 years
at Cardiff (202 feet) show that February is the
coldest month with a daily temperature of 40.4°¥.
(the mean night temperature is 35.3°F.), July

is the hottest month with = mean of 60.9°. Thus
there is a mean seasonal change of 20.5°F,

In the uplands the mean temperature of the
air falls 1° for an ascent of 300 feet. Colder
nights are experienced as radiation is more rapid
and frosts are more freguent than in the lowlands.
The deeper valleys have colder winter days, thus
snow and frost persist longer.

t.icro- The peculiar topography of the areas

climate
concerned, particularly of Llanover Forest,
causes a considerable variation in micro-climate.
Opposing aspects mean differences in light and
tenperature, also wind expoéurea The deep
valleys cause accumulations of cold air and thus
gsevere frosts are liable to occur. (The relation
of micro-climate to treec growth will be discussecd

in detail in a later section.)

Geology

I. Llanover Forest

Rocks Llanover Forest lies on Pennant Grit, except
in the valley bottoms where very narrow and entirely
uninportant strips of alluvium occur. The grit
is a hard and much fissured felspathic sandstone,
supposedly derived from the granite in Devon and

Dip Cornwall. The dip of the rocks is towards the

west. Near Abercarn the angle of dip is very

slight; it probably becomes much more steep in the
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easterly parts of the forest and especially in
Cwm Carn, the eastern end of which is very near
the eastern edge of the coalfield. In general,
thus, the southerly and easterly sides of the
valleys are dip-slopes, and the westerly and
northerly slopes are across the strike. There

is a certain amount of faulting and contortion of
the strata. At an elevation of between 900 and
1100 feet on the dip (southern and eastern) slopes
of Cvm Gwyddon a series of springs rises which
suggests that an impermeable stratum occurs near
this horizon. The springs have only a very local
influence and there is no suggesﬁion of any
general change in type of rock at the level at which

they occur.

II. Llantrisant Forest

Llantrisant Forest is also situated on Pennant
Grit, except for the small part of the lower slopes
which lies in the valley of the Ely River. This
latter part is situated mainly to the east of the
road which runs to Coed-Ely Colliery, and lies on
Boulder Clay. The hill, Mynydd Garth Maelwg, on
which Llantrisant Forest is situated, forms part
of an anti-cline. It is a somewhat flat-topped,
steep-sided hill with mainly dip slopes. There
is no quarry or other place at which the rock can
be examined, but this is, presumably, the usually
well-fissured Pennant Grit, giving ample or even
excessive drainage as a rule. Springs are not
uncommon, however, both on the upper and lower
slopes, and a number of these are included within

the forest area.
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Water System

I. Llanover Horest

It is necessary to refer to the systcem of
streams and springs in Llanover Forest because,
locally, the ill-thriving of plantations has becen
put down to changes which have taken place in
the condition of these since mining operations
began in this district in the latter half of the
last century. The streams for the main part of
Llanover Forest rise on the high plateau, Mynydd
Maen, and presumably in pcat bogs overlying the
Pennant Grit of which this consists. They thus
arise by draining the watcr held in purely super-
Tficial deposits, for it cannot be assumed that
the main underground water-table ever rose much
higher in the hills than the bottoms of the
deeply cut ravines on the sides of which thc forcst
mainly stands. Apart from this sourcce of water,
the streams are fcd from springs which arisc in
the hill sides. Thcse have always becn small
and some have gone dry, it is said, since pumping
operations were begun by the minecs. Moreover,
some of the smaller strcams have gone dry in part
or as a whole since then, presumably owing to
the lowering of thc general ground water-table.
Thus Cwm Hafod-fach, one mile north of Cwm Gwyddon
and on the Llanover Estate, has gone dry, while
Cwm Carn, within Llanover Forest, has gone dry in
part. It is doubtful whether this partial drying
up of the surface water supply has cver head much
effect on the woodland bccause, even before mining
began, the fissured naturc of the rock on which

it stands would ensure that the water-tablc would



Main
type

- 23 -

be out of reach of tree roots, except near
springs or streams. The argument that the ill-
thriving of the woodland is partly to be
accounted for by a fall in the water-table may

thus be dismissed.

II. Llantrisant I*orest

The surface water system at Llantrisant
Forest does not seem to have been affected by the
mining. No special examination has been made of
the drainage system in this forest, but svrings
occur in the upper part of Cwm Du near to the
hill top, and between 700 and 800 feet above sea
level, and at various other lower places. On
the lower northern slopes springs are particularly
abundant and patches of quite wet ground occur.
The lower part of Coed Ynys Maerdy (Compts. 1 and
2) is also wet. On the whole, in this forest,
the ground water-table must be well below the
depth to which roots penetrate, but, as indicated,
there are certain areas where this is not true.
There appears to be no reason whatever to consider
either a rise or fall of the ground water-table
to be a cause of the ill-thriving of the

plantations.

Soils at Llanover and Llantrisant iforests

The soils, both at Llanover and Llantrisant
Forests, are mainly derived from the Pennant
Series of the Coal iieasure Rocks. The soils
not so derived cover no large area and have not
been examined in connection with this report.

They are:-
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1. The peat soils of the hill tops at
Llanover. These form but a smal propor-
tion of the forest.

2. The alluvium of the valleys at Llanover.
This is quite unimportant and covers no
considerable area.

3. The boulder clay on the lower eastern
slopes of Llantrisant Forest. The main
block of woodland on this type is Coed
Ynys Maerdy (Compts. 1 and 2) in the valley
of the Ely River. Some of the best so0il
at Llantrisant probably occurs on this
formation.

4, Peaty soil on the lower northern slopes of
Llantrisant Forest. The area of this was
not determined but is probably not great;

it appears to be a decidedly wet soil.

The Pennant Grit, from which the remainder
and vast majority of the soils are derived, is a
felspathic sandstone of markedly flaggy structure
and well jointed. The indications are that it
favours drainage, although locally impermecable
beds may occur causing springs to arise.
Generally the soils are freely or excessively
drained and show no evidence of impedance. The
extent to which the flaggy nature of the brash
in the lower subsoil favours or prevents deep root
penetration is not known, but it might be of
importance, especially on the warmer slopes, in
making for or against an abundant or restricted
available water supply. The felspathic and
micaceous constituents of the Pennant Grit

ultimately constitute a base-reserve in the soil
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and doubtless prevent podsolisation proceceding

to the extent found in upland soil of a typical
Millstone Grit, which is composed mainly of

quartz grains. The soils are, nevertheless,

acid and there is no indication of a high available
base reserve. (Sec analysis, Appendix V).

These soils derived from Pennant Grit vary
from place to place but may generally be described
as light gravelly loams in which rock fregments
are usually sbundant, and in which the subsoil
passes, often rapidly, into a brash with soil in
the rock interstices. On the hill tops and
slopes the soils are sedentary or sedentary and
colluvial, but on the lower slopes deep colluvial
soils seem to occur (especially on the more gentle
lower slopes of Llantrisant Forest). The depth
of soil is fairly satisfactory for upland country.
The profiles examined showed, as a rulc; about
2 feet of loose material, but the stony brash
might be reachcd in 10 inches or lie lower than
3 fect. As a rule there was no very marked’
compaction and often no marked dcvelopment of a
humic layers where the latter has devcloped it
was, 1n the places sampled, gquite thin.

The profiles examined secm to indicate that
generally speaking these Pennant Grit soils
exhibit podsolisation to a greater or lcss degree.
The profiles differed mainly according to topo-
graphical position, and may be classified on this
basis as follows:-

1. Podsols with a marked bleached horizon and
occurring on the hill tops - sampled at

Llantrisant.
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2., i'runcatcd podsols on the slopcs with no
marked bleachcd horizon.

3. Podsols with a markcd blcachcd horizon
and occurring on thc lower slopcs -
sampled at Llantrisant.

4. Cultivated soils in which thc podsolisation

has bccomec maskecd - sampled at Llantrisant.

This clasgsification is convenient, but it
might be proved to be inadequatc or inaccurate if
a detailed and thorough soil survey werc made.

Profile All thesc soils may be rcgarded as variants
description

of one gencral profile with the following principal
features: -

1. Inch or two of litter.

2. An horizon in which bleaching is masked

by hunus.

2a. An horigon in which the soil is

|
% bleached - this is absent or very ¢thin
( in the truncated podsols.
3. An horizon with an orange-brown colour
g (sesquioxides) masked and dull by humus -
( this is protably absent when 2a is
present to any degrce.

4. An horizon showing bright orange-brown
colour and varying from brashy loam to
brash with orange-brown loam irn intcr-
stices.

Parent ( 5. A dark grey horizon (not always rcachecd
matcrial
appears in a 3 ft. deep pit) in which thec orangec-
fere brown colour is recessive. CGeneral 1y
this is shattered rock, but in some cases

it consists of disintegratcd and disintc-

grating material passing to shattcred rock.



- 27 -

On thec slopcs, which constitutc thc major
portion of thesc forcsts, most of thc profile
actually consists of B horizon wmatcrial. The
A horizon is rarcly morc than 3 inches thick but
the B charactcr of the taird horizon is not always
so evident in somc profilcs as in others. (Sce
profile descriptions, Appendix IV). Professor
Robinson points out that the principal character
of B horizon material under Velsh conditions is
the presence of notable proportions of free
hydrated ferric oxide, and he questioned whether
this might have an adverse effect on growth by
depressing phosphate availability and thus the
fertility of the soil. There appears to be no
evidence available on this matter, and the
Professor points out that a considerable amount
of investigat&on would be needed to decide it.

¥Ihe insistence on the necessity for the application
of phosphates for the improvement of grasslands
on soils of this type indicates, however, that
one is here probably dealing with soils in which
phosphorus is available im minimal rather than
optimal amounts.
Rooting The pits dug seem to indicate that trees
depth

make rather a superficial type of root system on
these soils, for roots usually cease to be common
below 24 inches in many cases. Actually a very
careful and, on such sites as these, extremely

laborious, excavation of root systems would be

needed to determine this. It is quite possible

¥ professor R.G. Stapledon's 'A Survey of the
Agricultural and Jaste Lands of “jales’.
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that large roots fail to penetrate deenly, as a
rule, owing to the flaggy nature of the rocky
subsoil, but that the finer roots go down to a

considerable depth. This often occurs on rocky

soils.

Vegetation at Llanover and Llantrisant Iforesis

As usual on the palaeozoic soils of ‘jales,
the flora is poor in species; everywhere a few

species, of which Pteris, Calluna and Deschampsia

flexuosa are the most conspicuous, form the bulk
of the vegetation. They vary greatly in relative
abundance, however, and there is every gracation
between communities in which Pteris is nearly
pure and those in which Calluna is nearly pure.
The principal forms will be outlined.

(a) Steep well drained slopes with relatively
deep soil.

Pteris and Deschampsia flexuosa dom.

Calluna and Vaccinium myrtillus local
and rare.

Galium saxatile, Potentilla erecta, Rubus
fruticosus, all generally distributed
in small amounts.

Hedera helix often present.

Polytrichum formosum, Brachythecium purum,
Hypnum cupressiforme var. ericetorum
and Dicranum scoparium are the commnonest
mOSSES,

In the drier places Deschampsia is dominant

and Bteris sparse, while Rubus is relatively rare
and Hedera absent. With increasing moisture

Pteris becomes more strongly dominant, Rubus and

Hedera more abundant, Holcus mollis enters, and

ferns (especially Aspidium dilatatum) are iound.
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This transition from the dry upper slopes to
the moister lower slopcs is very well secn at
Llanover. At Llantrisant thc south-casterly
slopes with good Douglas arc of an intcrmcdiate
character.

lsuany species other than thosc listed are
liable to occur in the young plantations, e.g.

Hypericum pulchrum, Lpilobium angustifolium,

Teucrium scorodonia, Digitalis purpurca.

(b) On similar steep slopes where the soil
becomes shallower and stonier, Pteris decreases

in luxuriance and Calluna, Erica cinerea and

Vaccinium myrtillus increase in abundance, until

in the extreme case these are found nearly pure.

At Llaentrisant steep slopes were scen with Pteris
subdominant but small, and Cslluns and Erica
cinerea codominant. At Llanover were seen similar

slopes, and also slopes with Vaccinium nyrtillus

mixed, or in places nearly pure Vacciniun.

Patches of pure Vaccinium were also seen at
Llantrisant but they were of very much smaller
extent. At both places there is every transition
between slopes such as these with mixed Pteris

and Ericaceae to slopes with either Vaccinium or

Calluna plus Erica cinerea nearly pure. It is

not clear whether the dominance cf Vaccinium
instead of Calluna is due to history or to
difference of site. Patches of pure Vaccinium
often remain as a relic of the ground flora of
old oak coppice.

On these slopes *he growth of spruce and
Douglas fir varies almost directly as the luxuriance

of Pteris; where this is absent or very stunted
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they suffer a very long period of check.
At Llanover, on the upper slopes of the
gsouth side of Cwvm Gwyddon, are many alternations

of the shallower type - Pteris with Deschamnsi

flexuosa and some Ericaceae - with the deeper,

moister type - Pteris with Deschampsia, Holcus

mollis and Hedera. dere it can be seen that
the former community corresponds to a comnunity
beneath the patches of o0ld oak and beech coppice

with Deschampsia dominant and Vaccinium in the

lighter places, while the latter corresponds to

a comuunity with Deschampsia dom., Holcus mollis

v.a., Hedera, Rubus and Oxalis freguent.

Bracken (¢) Communities with Pteris dominant on
type
colluvial soils. Of small extent - seen at
Llanover in the floor of a small lateral valley.

The Pteris is exceedingly tall and luxuriant,

nearly pure in the extreme form; Agrostis alba
and Rubus the principal associates.

Agrostis (d) Agrostis communities occur on many of the
lower slopes at Llantrisant, on soils which are
partly colluvial and perhaps partly glacial drift;
these are fresh but have no tendency to water-
logging. They are mostly covered with fairly
good larch. Apgrostis is dominant in the rides
eand in gaps in the plantations. Most of the
land is old farm land; it is probable that, except
for this, Pteris would be strongly dominant.
Vegetation is mostly very sparse in the stands,
but the followlng species are conspicuous:- Hedera

helix, Rubus fruticosus, Viola riviniana (%),

Dactylis glomeratus, Oxalis acetosella, Hylocomium

squarrosums,
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(e) Slopes on heavy soil with springs. The
older woods in the valley which were examined at
Llantrisant had a flora much more nearly
resembling that of the 0ld Red Sandstone, and
suggesting a soil of much higher base status

than any of the preceding. Oxalis, Descinampsia

caespitosa, Carex sylvatica, Angelica sylvestris

and other plants of more basic heavy solls were

frequent, and locally also Brachypodium

sylvaticunm.

(f) Pure or nearly pure Calluna. The steep

slopes on which a nearly pure Ericaceous vegeta-

tion is found usually have a mixture of Calluna

and Erica cinerea. On the gentler slopes and

the plateau at Llantrisant, however, are many
areas in which Calluna is nearly pure. Every
transition is to be found from these, through
areas with scattered stunted fronds of Pteris to
areas with Pteris dominant, and, as before, the
growth of Douglas and spruce varies almost
directly as the luxuriance of Pteris. The areas
of pure Calluna usually seem to have a markedly

podsolized soil.

Most of the differences between Llantrisant
and Llanover can be ascribed to the different
topography ~ the prevalence of a large plateau in
the one end of steep slopes in the other. One
feature of Llantrisant which deserves comment is
the vegetation of the eastern slopes. It is
doubtless closely allied to that described under
(a) though the slopes arc much less stcep.

Deschampsia flexuosa is dominant; Pteris is
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gbundant but not tall; Lricaceae rare or

occasional. Polytrichum commune is apundant

and surprisingly luxuriant for so dry a situation.
The so0il shows no signs of water logging or flow
of water.

At Llanover, vertical banks of earth by
road sides, etc., had communities of Polytrichun

aloides, with Whalenbergia hederacea locally very

abundant. This is a very common community in
such situations in Central and Soutih Wales, though
curiously enough it was not seen at Llantrisant.
On the whole, there is no suggestion of any
adverse effect of smoke on the cryptogamic flora.

At Llantrisant, Alicularia scalaris, Diplophyllum

albicans and liarsupella emarginata were abundant

by path sides, etc., while Cephalogiella myriantha -

a very rare species - was gathered in a decaying

stump on the northern slopes in one of the areas

where Scots pine and Douglas are said to be

suffering from the fumes of a colliery just below.
At Llanover, the south side of the valley

is markedly moister than the north, and this is

shown in the much greater abundance of Bryophytes

on this slope. Thus Plagiothecium undulatum and

P._denticulatum were fregquent on this slope.

Other species seen were Lepidogzia reptans,

Lophozia ventricosa, Lejeunia cevifolia. These

are all common species; without more prolonged
exemination it would be impossible to say whether
the area shows any marked poverty of Bryophytes.
The same applies to lichens - it would be easy to
walk through an area in the most smokeless part
of England without seeing any more species than

were seen here.
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The plant communities are all of types
which are widespread on similar soils in Wales -
the pure Calluna is probably the worst from the
forester’'s point of view, though even in this
drainage is relatively good, and the admixture

with Erica tetralix, Scirpus caespitosus, and

Sphagne which is found in .many places is.absent.
The moss communities which are often found on the
shallowest soils on steep slopes also seem to be
absent as far as could be Jjudged from the small
relics of the old hardwood coppice which are

lef't.

Present Condition of Crowns

General It is not possible in the present report to
sive a detailed description of tree crops in the
forests concerned. ror a consideranle time
many plantations have been in an unhappy and very
unsatisfactory condition, The species mainly
concerned are Douglas fir and kuropean larch;
these have been notably unsuccessful. The
spruces, both Sitka and Norway, cannot be des-
cribed as being very promising as regards growth.
On the other hand, Japanese larcir and Scots and
Corsican pine have been relatively successful
although growth even with these species is not
outstanding.

Assessnent In order to obtain data regarding growth
and failures, an assessment was carriec out
-early in 1937. Measurenents were made in
several coumpartients in each forest of the height

anG shoot growti :of various species. Different
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aspects and slopes and various vegetation types
were sampled. The resulting data have been
summarized in Appendix VI.

During the years 1921-24, large areas at
Llanover and Llantrisant forests were planted up
with Green Douglas fir. This species has proved
most disappointing, particularly at Llanover,
Actual deaths have been very numerous, but in
this respect the plantations vary considerably

as the following table indicates:

Percentage failures in Green Douglas fir
Minimum Haximum Average
Llanover 26 67 44,5
Llantrisant 16 66 25
(Figures refer to blocks, not to sumall

groups, and to plantations assessed only.)

These plantations have been beaten up in
recent years, but they still have a gappy
appearance. The species which have been
enployed for beating up are: (a) at Llanover,
Sitka spruce msinly but sometimes beech or
Japanese larch; (b) at Llantrisant, Corsican pine
generally but some Sitka spruce. Also in the
earlier days, Fraser River Douglas fir appears
to have been used extensively at both forests.
The actual blanks still occurring vary from 4 to
23% at Llanover, but at Llantrisant they are
generally under 105%. (Part of Compartment 20 is
an exception where the figure is 29% owing to
tall gorse.)

With regard to the surviving Green Douglas

fir, the growth of these trees at Llanover Forest
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is poor generally ana very lrrcgular; only
scattered trees are growing at all well. A
typical example of growth is: Compartment 5,
?.21, average height 6 fect and average shoot
growth (over five years) 6 inches. In certain
sheltered and more favouranlc sites growth is
very much better and cven moderately good. The
following are examples of this: 1in the dingle
running across Compartment 46 winere the average
height of P.23 trees is 11 fect; in the valley
bottom in Compartment 16, F.23, average height

12 fect, maximum 23 feect, average shoot 15 inches,
maxinum 36 inches; in the shclter of coppice in
Compartment 3A, P.22, average height nearly 13
feet, average shoot for the past five years about
15 inches.

At Llantrisant forest the growth of the
Douglas, while generally better, is even more
irregular. Some of the poorest occurs on an
exposed site in Compartment 10 where P.23 trees
average only about 4 feet in height. On the other
hand, in a sheltered valley bottom in Compartment
22, at the same age, the average height is over
15 feet. On the sheltered lower slopes there are
relatively good plantations, but even here growth
is irregular and the stocking patchy.

Douglas fir, when growing in an exposed
situation, shows a marked one-sided development
and windblow is not uncommon. The foliage in
most plantations has an unhealthy appearance;

this, in part, is due to chermes, Adelges cooleyi.

Generally speaking, the trees are thin crowned

with short needles.
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Further details regarding growth &c. will
be found in Appendix Vla. Reference should be
made also to photogrszspns 1, 4, 5, 6, 7, 8, 9,
10 and 11.

Pseudotsuga Douglasii var. caesia (Schwerin),

the variety of Douglas fir known as the Fraser
River or Intermediate. form, appears to be better
suited to the conditions prevailing in these forests
than the Green form. Generally, failures are

much fewer and the appearance of the trees very
much healthier and sturdier. The foliage looks
cleaner than that of Green Douglas, which frequently
has a begrimed appearance. Growth also is, on the
whole, better and more uniform. On the more
favourable sites, however, which, at Llanover
particularly, are of very limited extent, the

Fraser River Douglas shows no better growth than

the Green. The table below indicates the extent

of failures in this species. The reasons for these

are discussed elsewihere in this report.

Percentage failures in Fraser River Douglas fir
inimum Maximum Average
Llanover 17 34 26.5

Llantrisant 10 24 15

The following table illustrates the differences
in growth that are possible within the same con-
partment. The averages apply to the higher and

lower portions of the same lines.
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Fraser River Douglas P.25

Compt. 29 Compt. 35 Vegetation

Lower slope 78,5 ins. 65.1 ins. 3dramble-
bracken.
Upper slope 59.9 49,5 Scattered

Calluna with
bracken, Aira
and little
bramble.
Typical trees of Fraser River Douglas are
illustrated in photographs numbered 4, 5, 11 and
12, and detalls of growth are in Appendix VIa also.
Very little European larch has been planted
at Llantrisant; therefore, unless otherwise stated,
the following remarks apply to Llanover rorest.
Although this species came into favour for planting
somewhat later than Douglas fir, yet it has been
employed rather more extensively.
The earlier plantations (P.25 and onwards)
in the Graig Wen area present a very poor, gappy
and unpromising appearance. This is due largely

to the depredations of the Larch Shoot-borer,

Argyresthia atmoriella, Banks, which has caused the

die-back of many leading shoots and innumerable
side shoots. The type of damage is illustrated
in photographs 19, 20 and'21, and its effect on
height growth is demonstrated by the following

figurcs:

Compartment 47, P.27, Zuropcan larch

Average height

inches

Trees with Shoot-borecr
affecting leaders 57.5
Trees free from Shoot-borer 83.3

In some compartments, over 5% of the
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surviving trees have been attackcd, and of thesec
about 60% have no definite lcading shoot. It
is improbable that this pcst is a primary cause
of trouble.

The younger plantations of larch (¥.31 and
P.32) in the Cwm Carn arca have, on the whole,
a much better appearance; the stocking is better
and growth appears to be more promising. At the
same time the percentagce of trces attackecd by the
Shoot-borer is very low (1-3%).

Failures in the muropcean larch plantations,
whilc not as heavy as thosc¢ in the Douglas fir,
nevertheless are very numerous and irregular as

the following table shows:

Pcrcentage failures in European larch
Minimum Maximum Average
Graig Wen plantations 10 56 28
Cwm Carn plantations 4 32 17

(Figurcs refer to blocks, not to small groups)-

Beating up has bcen carried out mainly with
Japanese larch and becch, but Scots pine, Sitka
spruce, sycamore and alder have becn used for this
purpose also. Blanks occurring in the plantations
at the timc of assessment varied from 2% to 27%.

At Llantrisant, thec only new plantation of
Europcan larch (P.29) shows 27% failures but these
have becn beaten up. Herc 20% of the trees are
attacked by the Shoot-borer.

The growth of Europcan larch generally is
very poor and extremely irrecgular; thc assessment
summaries are given in Appendix VIb. Lxamples

of thc¢ growth in some of the better areas arec:
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Compartment 54, P.28, average height 93 inches,
average shoot (over five years) 11 inches;
Compartment 72, P.32, average height 57 inches,
average shoot (over four years) 11 inches. On
the other hand, in Compartment 36, P.27, the
average height is only 55 inches and the average
shoot growth (over five years) 6 inches. This
is one of the worst plantations, but there are
considerable areas, apart from this, where the
average height of, say, 10-year old trees is just
aoout 6 feet.

European larch does not appear to show the
same response to shelter that is so marked in
the case of the Douglas fir. Growth does tend
to fall off, however, as one ascends a slope,
e.g. in Compartment 41, P.27, the average height
in the lower portion of the plantation is 98
inches while in the upper part it is 69 inches.
The following table shows to some extent the
variation in growth according to the vegetation

type of the site.

Average
Compt. P.Year height Vegetation
No. inches type
41 27 58, 2 Vaccinium
41 v 106.8 Aira-bramble
36 27 46. 2 Calluna-Vaccinium
36 27 68.8 Bracken-Aire

Small patches of dense bramble showed
greatly increased tree growth in several compart-
ments, but there were insufficlent trees in such
sites, in any single compartment, to obtain

comparable figures.
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Japanese Japanese larch is one of the more successful
terel species that have been planted in the forests

under report. At Llanover, there have been two
periods of planting, viz. P.21-P.24 and P.30
onwards with minor gaps. During the interval,
European. larch was substituted for Japanese.
It will be sufficient to consider the progress
of the older plantations of Japanese larch as
indicators of the possibilities of this species.
The stocking of these, at both Llanover and Llan-
trisant, is very good with minor exceptions -
failures are only about 10%. It is understood
that the plantations have received very little
beating up.

With regard to growth, reference should be
made to Appendix VId. It will be seen that at
Llanover Forest, on the average, a height of 18-19
feet is attained in 14 years. This, according
to the preliminary yield table for this species
in Bulletin No. 10, is below Quality Class II.

On the other hand, growth at Llantrisant is very
much better. At the same age one plot shows an
average height of 30 feet; this comes into Quality
Class I, The other plots, however, are definitely
Quality II.

Among the younger plantations assessed, P.30,
Japanese larch at Llanover (Compartment 63A)
shows an average height of about 4 ft. 10 ins.
with shoots averaging 10 inches for the 1936
season. Failures are here 10%. At Llantrisant,
a plantation of the same age (Compartment 4) has
an average height of about 13 feet with an average

1936 shoot of 30 inches. Failures here are only 4%.
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It will be seen that when Japenese larch
at Llsnover Forest is described as ‘growing well',
this is purely a relative matter and in relation
to other species in the same forest. The tree
has suffered to some extent from frost in the
valley bottoms and has been attacked only slightly
by the Shoot-borer.
Sitka Apart from the pines, Sitka spruce is
spruce
probably the most widely planted species at
Llanover. nvery year since 1921 considerable
T | > numbers have been used; many of these, of course,
L*ZJ#E4&%“70”1 have been planted on the plateau ground which is
__not the concern of this report. Sitka spruce
has been used largely also for planting the
lower slopes and bottoms of the valleys. In
addition, it has been employed extensively for
beating up failures in Douglas fir and wuropean
larch. From this it would appear that the
earlier plantations of Sitka spruce hed shown
signs of considerable promise, hence it is all
the more disappointing to find that the tree has
suffered from ravages of various kinds. The
most disastrous scourge has been frost; this

has devastated many promising plantations.

Honey fungus, Armillaria melleag,has killed very

many trees. It is suspected that the vitality
of these had been lowered by previous frosting.

The Green Spruce Aphis, Neomyzaphis abietina,

has caused very considerable defoliation. The
result is that now many of the Sitka plantations
are gappy and irregular; an appreciable number
of trees in the lower sites have dead tops. A

fairly typical example of this is shown in
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photogranih 15. The percentage of trees with
frosted leaders is as high as 6% in Compartment
46 (P.21), Llanover Forest, but the average for
plantations assessed is about 28%. The percentage
of actual deaths in the Sitka at this forest is
not, however, very high, the range being 1 to 19%
and the average about . (These figures apply
to plantations assessed only. )

The growth of the Sitka, as with other species,
varies considerably with site and vegetatiom type

as the following tables indicate.

Growth in relation to elevation

Sitka spruce

Av. height - ins..

Llanover P.Year Lower Higher
Forest slope up slope
Compt. 13 26 94.8 61.1
Compt. 35 25 116.0 103.9
Compt. 29 24 134.0 89.5

Growth in relation to vegetation type

Sitka spruce

Llanover P.Year Av.height Vegetation
Forest ins. type
Compt. 21 23 52.2 Calluna
Compt. 21 23 104.0 Bracken

Further information regarding the growth of
Sitka is given in Appendix Vle. It will be seen
that in certain cases there has been a tendency
for growth to fall off in recent years. In part,
this may be accounted for by the period of dry

years.

At Llantrisant Forest no assessments were
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made in the Sitka spruce. On favourable moist
sites, which are usually of limited extent,
this species has made very good growth. Generally
speaking, there has been considerably less damage
by frost at this forest than at Llanover.

Norway Norway spruce has not been used nearly as

spruce
.extensively as the Sitka, but what plantations
there are at both Llanover and Llantrisant Forests
show good stocking mainly and have a healthy
appearance. Growth, however, has been very slow
with the exception of individual trees and small
groups on favoured sites- Failures at Llantri-
sant average sbout 5%, and at Llanover about 8%
(excluding a high and exposed plot in Compartment
94A). Details of growth in the plantations
assessed will be found in Appendix VIf. On
dense Calluna ground Norway spruce appears to go
into a long period of check but eventually it
seems to get over this. The growth of P.22

trees on this type of ground (Compartment 19,

e

. Llanover) averages less than 40 inches; on the

<A
~
o
-~
-

somewhat better sites in this forest the annual
shoot growth is about 7 to 9 inches. On a
relatively good site at Llantrisant (Compartment
13) the average height of P.22 Norway spruce is
under 9 ft.; this comes into Quality Class V of
the yield table in Bulletin No. 10. Most of
the other plantations of this species are poorer
still.

The Pines The pine plantations at botih Llanover and
Llantrisant forests are fairly satisfactory on
the whole. Any gaps can be accounted for

usually by the presence of strong bracken and
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delayed weeding. It is not possible to give
any details regarding growth and stocking as

no assessment has been made in the pine plan-
tations. Generally speaking, the pines have
been relegated to the poorer sites, but in spite
of this many plantations show considerable
promise.

Corsican Corsican pine appears to stand exposure

pine well and shows no marked falling off in shoot
growth anywhere. A direct sowing of this species
P.253 at Llantrisant Forest has had particularly
good resgults. A portion of this crop is shown
in photograph 18. The growth of Corsican pine
at Llanover, while rather irregular, compares
very favourably with that of other species.
Photograph 17 illustrates a particular exemple
of this.

Scots pine Scots pine, as might be expected, has not
grown quite as rapidly as the Corsican on the
whole, and, in some cases, does not look so
healthy. One plantation of Scots pine in the
main valley at Llanover Forest above Abercarn
appears to be very unhappy owing to continued

attacks of Pine shoot moth, Lvetria buoliana,

Schirff. Possibly due to the poor conditions
prevailing in the soil and atmosphere at this
point, the trees appear to be unable to make

any recovery from the attacks. lilsewhere at
Llanover, however, Scots pine appears to be

quite healthy and makes steady growth. Failures
on the whole are not high and are usually con-
fined to patches. At Llantrisant, defoliation

of all but the younger needles of Scots pine is
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fairly commomn. It is thought that this may be
due to recurrent attacks of a Pine aphid,
Lachnus sp. However, growth does not appear
to be affected seriously by this.

dardwoods There are no hardwood plantations of any
size at either forest. A small area in a
valley bottom at Llanover was planted with
Poplar about P.24, but this species has not met
with any degree of success, largely because of
the frosty nature of the site and its liability
to flooding. Ash was employed for ride side
planting about the same time. Sycamore was
planted (P.25) in belts at 1300 ft. in Calluna
at Llanover and has also becen used for beating
up to some small extent. Grey alder also has
been tried for beating up. None of the species
have produced any conspicuously good results.
Beech, on the other hand, when not in a frost
hollow, is looking quite promising generally,
both in belts and as a beat-up tree. The
growth in recent years has been quitie good and

the foliage and buds, on the whole, have a

healthy appearance at both forests.

Factors affecting the Growth of the Plantations.

Some of the factors affecting the growth of
the plantations have already becen discussed in
some of the above sections. There are others,
however, which have not been referred to or,
at least, have not been properly discussed.
These are discussed in full, while a summary

statement is made with regard to the others.
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The climete at Llanover and Llantrisant

I'orests is similar in gencral fcatures, but the

latter forest is ncarer to thce sea and in rather
the more exposed position. The following

rcmarks apply to both unless there is a state-

ment to the contrary.

The Douglss firs, which are wind-susceptible
species, show die-back owing to exposure to
strong winds. This is very marked at Llantri-
sant, but is also to be observed on open slopes
at Llanover. Frequently it can be noted that
the die-back from exposure faces towards a
different angle of the compass to that at which
the principal near-by sources of fumes stand,
or, sometimes, there is no considerable source
of fumes near-by, as on the southern aspectis of
Llantrisant Forest. The winds in the ravines
or narrow valleys, on the sides of which
Llanover Forest is situated, tend to be diverted
up or down the valley. In the more exposed
places on the midéle and upper slopes, die-back
or one-sided development of Luropean larch is
common though usually not severe.

Among the Douglas fir, a good many wind-
blown or loosened trees have occurred, but these
have mostly been removed for beating-up and it
is not now possible to judge of their number.

In most parts of these forests the
influence of wind would be much reduced if the
stands were growing strongly and in close canopy,
and usually there is no suggestion that die-back
owing to exposure to strong winds is anything

but a contributory factor to the general state
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of ill-health.

rRainfall has been discussed fully in the
section dealing with climate. On the whole,
dry periods lasting for several months are very
exceptional at Llanover. This is probably the
case at Llantrisant also. There is, therefore,
usually no fear of die-back owing to drought.

On tine other hand, the effect of the moderately
high rainfall is counteracted by the rapidity

of run-off and the very free drainage. Added

to this is the fact that the drier months usually
occur during the growing season.

Radiation frosts esre a very real source of
danger to frost susceptible species in many
parts of the forests, and especially at
Llanover, causing the loss of new shoots, the
browning of needles, the cuitting back of old
wood, and sometimes the death of trees. Frost
will be discussed in further detail in the

section following.

(b) iicro-climate In this report it is possible only to

Effect of
topography

refer to some of the more obvious charactcristics
of the micro-climate and their relation to the
growth of trees. These are factors wihich affect
the growth of young trees more than that of older
ones and, therefore, exert their greatest
influence during periods of regeneration or
afforestation.
I. Llanover I'orest

The characteristics of the micro-climste,
which are particularly worthy of notice, are
related to the peculiar topography of the forest.

The steep ravine slopes have strongly contrasting
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aspccts. The tcmpceraturc conditions of the soil,
and of the air lying immecdiately over it, are
determincd largcly by aspcct and slope, which arc
important in this respect in that they determine
thc amount and intensity of insolation, exposure
to, or shelter from wind, and the dcvelopment of
valley (anabatic and katabatic) winds, for any

particular weather conditions.

Effect With slopcs such as exist at Llanover
of
aspect Forest, the northerly aspects rcceive much less

sunshine and are much cooler and moister than
the southerly oncs. It would appcar, indeecd,
that the relative darkness and brightness of
1 these opposing aspccts is.recognized, in Cwm
g Gwyddon, by thc slopc names Graig Wen (or Gwyn)
' and Graig Ddu, that is, respoctively, tne white
' and the black or decply shadowed hillside.

. According to the rather insufficient data
collected concerning rate of growth, the wvarious
aspects do not seem to have had any appreciable
influence on the growth of the various species.
There are, however, suggestions that such a
difference does exist. For instance, the
furopean larcn on Graig Wen, whicl has a southern
aspect, are somewhat shorter on the average than
those of the same age in Coed Sara with an
easterly and cooler aspect; but this difference
is not statistically significant. The more or
less evenly distributed and relatively high
rainfall presumably counteracts the temperature
effects to a very great extent. Fossibly the
differences in growth on the various aspects

would be much more pronounced during exceptionally



- 49 -

dry ycars.

Frost A comparison of severity of frost damage
on the various slopes is more difficult owing
to the distribution of species. Thus, in both
Cwvm Gwyddon and Cwn Carn, the frost tender
Sitka spruce is situated mostly on the cooler
slopes where usually frost damage is least.
However, very severe damage occurred there

QFOM%ﬂJ”hd,”@hﬂ:fEuring the frosts of Liay 1935, indicating that
the trees were not sufficiently delayed in
development by the lower average temperature of
air ancd soil to affect appreciably their frost
hardiness.

411 these valleys are dangerous nlaces for
frost tender trees owing to the manner in which
they £ill up with cold freezing air on any night
when a severe radiation frost is taking place.
Thus, in the valley bottom below Graig-y-Glyn,
Cwn Carn, in a private estate plantation, EBuropean
larch over twenty feet high have been killed or
seriously injured, while in Cwn Gwyddon extremely
serious frost injury to Sitka spruce has occurred.
Much of the slope as well as the valley bottom
is dangerous to small trees because of frost.
Frost tender trees are least liable to injury
on the middle of the slopes, and especially on
the upper part of this., One has, thus, a zone
in the valley bottom where even tall trees may
be injured during a radiation frost in the
growing season,; and belts above, on either side,
where tilc cold air is much shallower but still
sufficiently deep to affect a small tree.

Judging by actual frost damage, temperatures
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again become lower on the upper limit of the
slopes and so continue over the flat hill tops,
on all of which severe ground frosts may occur.
The forest includes, thus, extensive areas in
which frost tcender trces may not be planted
without risk of grave injury. Shelter to
provide protection against frost is likely to

be least effective in the valley bottoms and
most effective on the upper slopes and flat tops,
this depending on the depth to which the
freczing air lies. ifothing is known of the
actual frequency with which severely damaging
frosts occur, but, on account of the slow growth
made by the trees and the great depth to which
freezing air may lic in the valley bottoms, even
an average of only one in ten years would have
probably a serious effect. Thus, the European
larch in the bottom of Graig-y-Glyn grew to a
height of over twenty feet without serious damage
until, in 1935, many werc injured with extreme

severity.

II. Llantrisant Forcst

The micro-climatic conditions in Llantrisant
Forest are similar to, though less severe, than
those at Llanover. Difficult places do oécur,
however, as, for example, in the peat bog on
the hill top which is a bad frost flat. The
lower slopes in the valley of the Ely River are
somewhat frosty, but soil conditions are compara-
tively good and trees grow fairly quickly through
the early and most dangerous stage when they are

small.
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Conclusion

Thus, in cithcr forcst, frost appcars to
be the only factor in the¢ micro-climatc which
is markcdly dangcrous to trccs. Of the speccies
widely planted, Sitka spruce has proved to be a
markcdly frost tcnder trcec and not suitcd for
planting in thc more frosty places, which,
nowcver, arc thosc in wihich it grows fastest
(i.e. the vallcy bottoms and lower slopes:
scc¢ comparative figurcs of ratcs of growth
pagc 42).

Douglas fir is almost equally liable to
severce frost injury, and this probably accounts,
in part, for the high proportion of deaths in
this spcciés which has occurred since the time
of planting.

Norway spruce has not becn planted to any
cxtent in the more frosty places, but it would
be sceverely injured if grown in them, though
probably less so than Sitka spruce.

The larches (European and Japanesc) also
do not occur cxtensively in the valley bottoms:
wihere. they do, both species have received
appreciable frost injury, the European larch
being the most damaged. It scems probable,
hoviever, that the extensive browvning of foliage,
which especially affects Huropean larch and
occurs in the¢ spring, is caused by frost.

None of the above conifers, especially
while small, are suitcd for growth in places
where scvere frost occurs. In ravines, such
conifers may be grown on the middle slopes

without grecat risk of severe frost injury.
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In placcs, however, the comparatively safe belts
between the exposed upper rims and the sheltercd
but frosty bottoms of the ravines may be narrow,
so that the¢ planting of some specics, as c.g.
Europcan larch, bceccomes a highly speculative

matter.

(c) Soil The nature of the soils at Llanover and
Llantrisant Forests has been discussed in an
earlier section of this report (page 23). The

Deficiencies main soil factors affecting tree growth appear
to be availability of nitrogen and mineral food
substances and of water. The widespread
chlorosis, affecting especially European larch
and Norway spruce, which was noted in the late
spring of 1936, indicates that sometimes there
is an insufficiency of food substances available
in the soil, at least for such species as these
when in a comparatively early stage of establish-
ment (i.e. 15 years planted or younger). The
fact that other trees, e.g. Scots pine and the
broadleaved coppice, did not show this chlorosis
seems, however, to indicate that this insuffi-
ciency 1is caused by a lack of specific adaptation
to the general soil conditions existing, rather
than by any actual absence in an available form
of the necessary minimal amounts of food
substance.

It is impossible to explain this matter
without very considerable further investigation,
but various possibilities seem to arise. [hus
the coppice certainly, and the Scots pine

probably, may be regarded as being rooted more



Root
competition

Availability
of water

- 53 -~

deeply and widely than the species whicia suftfered
from chlorosis. The latter, thus, may have

been associated with the extremely dry month
experienced in this part of the country during
May 1936. Another factor coming in may have
been the competition for water and food substances
on the part of the ground vegetation. This
might not be serious in a wet season and, indeed,
may have a marked effect only after a really dry
period. The effect of grass on fruit trees is
suggestive here., Thus lMessrs. Bedford and
Pickering found that, in the east of Lngland,
with a relatively low rainfall, grass growing
over the roots had a toxic effect on fruit trees;
whereas in the west of England, with a much
heavier rainfall, it was found that grass may be
of advantage, from the point of view of the fruit
grower, in that it helps to keep sufficiently

low the amount of nitrogen available for the
trees. Experience shows that similar effects
are obtained with forest trees - e.g. the poor
growth of ash planted into grass - and where food
substances tend to be available in minimal rather
than in optimal amounts, it is probable that
these effects are increased for susceptible
species.

The low availability of water is part of
this problem. Its influence in producing
chlorosis is seen commonly in Norway spruce
recently transplanted The pale yellow colour
which this tree assumes until its root system

is re-established is well known, also the
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comparative greenness of trees which have been
recently transplanted but are shaded and, there-
fore, have a lower transpiration rate than
unshaded trees, may be observed comionly. It
scems to be probable that tﬁe dense mat of
ground vegetation may help to cause a low
available water supply in the upper horizons

of these soils. Ine impenetrability of such

a mat to rainfall is noted by Davies, and the
dry nature of the soil beneath it is frequently
to be noted. It is unlikely that with so high
a rainfall as occurs here there is any real
danger of drought, except perhaps to newly
planted trees, but tiae available suppnly may be
sufficiently low to rcduce the fertility of

the soil andéd the rate of growth of the trces.

A further factor, which influences the growth
of trees on the Pennant Grit soils, is the high
proportion of rock occurring. If this propor-
tion could te measured it would probably be
found that, frequently, within a very short
distance of the surface, there was much more
rock than soil. The rooting space available to
the trees is diminished in proportion as the
amount of rock increases, and a wider spreading
root system becomes necessary to support any
given amount of sub-aerial growth. The stonier
is the subsoil, therefore, the more important
is tine fertility of the top soil and of the
competition within it of subsidiary species in
relation to the growth of a forest crop. General

observation seems to show that this dilution of
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the soil by rock fragmnents may be an important
factor determining the fertility of soil for
the growth of the deeper rooted plants -~ such
as trees are - and both at Llanover and Llan-
trisant it must certainly be taken into account.

Another matter may also be raised. The
fertility of soils is directly related to their
biological activity. The more fertile the
soil, the richer is its micro-flora and -fauna,
and the greater is tiae number of its small
animals, such as moles and earth-worms. It is
impossible to make any definite statement on
this matter with regard to the soils in guestion,
but it would appear to be probable that the
zone of appreciagble biological activity, on the
part of the}ﬁicro-flora and -fauna, is often
very superficial. The orange-brown colour of
the soil looks rich but, in reality, 1s nothing
more than a colouration due to ferric oxide and
is no indication of fertility. If the biologi-
cally active zone tends thus to be of limited
development, its availability for root develop-
ment becomes a matter of grecat importance to
the forest crop, and the competition of a dense
ground vegetation, such as frequently exists in
these forests, again comes up as a factor of
importance as reducing the fertility available
for small trees.

Finally, the effect upon the soil of
atmospheric contemination with industrial fumes
has to be considered. This is a matter which

can only be considered effectively after careful
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comparative analysis of soils similap in type
but placed so as to be differently affected by
the fumes precipitated in rain. No such com-
parisons are available for the South Wales and
Monmouthshire areas, so far as is known, and
accordingly, it is not possible to say much on
this matter.

The funes which contaminate the air are
mainly oxides of sulphur given off in the
burning of coal. 'hese are soluble in water;
they accordingly form acids in and are precipi-
tated by rain. The result is that rain in an
industrial district is more acid than it would
be if the district were rural and the air
uncontaminated. A certain amount of soot is
also deposited, but it is doubtful if this has
any deleterious effect on trees at Llanover and
Llantrisant Forests. It is possible that close
to a considerable source of fumes, as on Craig-
y-Darren, above tihe tin-plate works at Abercarn,
the acidification of the soil in this manner
has had some appreciable effect, but one cannot
judge this merely from the condition of the
plants which are directly affected by fume
contamination in the air as well as indirectly
by deterioration of soil conditions owing to
acidification. It is useless to discuss this
matter any further in view of the lack of data
relating to the conditions prevailing. An
investigation of this problem would involve a
considerable amount of time and trouble, and

is a matter which needs separate and special
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consideration, It may be taken, however, that
in so far as an effect exists, its influence
will be proportionately greater, tne poorer and
more acid is the soil. If, therefore, on
soils of the type under discussion, there is no
obvious sign of tihe influence of undue and
excessive acidification, it would appear to be
very unlikely that the influence of atmospheric
contamination on them has been very appreciable
up to the present, and, generally speaking, this
seems to be the cese.

In conclusion and summary it may be said
that both at Llanover snd Llantrisant Forests
the soils occurring appear physically to be
perfectly healthy for the growth of plants,
including forest trees. Chemically, they are
probably rather poor; in lime content they are
certainly very poor, but there is nothing to
indicate that with rignht treatment a forest
crop cannot be satisfactorily maintained.

There are, however, decided indications that,
during a period of establishment by clear
felling and planting, followed by persistent
clean weeding, the general soill conditions are
not favourable to some species, as e.g. European
larch and Douglas fir, although other species,
such as Scots pine, Corsican pine and Japanese
larch, may develop» satisfactorily. It is very
unlikely that atmospheric contamination, in so’
far as it affects the soil, has anything to do
withh the difficulty of establishing certain

species, certain restricted asreas excepted.



- 58 -

The soil conditions which help to cause this
have yet to be pnroved, but it is suggested that

they are to be found among the following:-

Adverse (1) The low availability of mineral food
soil
factors substances and nitrogen. This is caused
by:

(a) the inherent though not extreme
poverty of the soil;

(b) the competition of a dense ground
vegetationg

(¢) possibly by the high concentration
of ferric oxides - affecting the
availability of phosphorus.

(2) The low availability of water, except when
rain is plentiful, owing largely to (1b),
although partly also to the freely drained
soil and steep slopes allowing free run off.

(3) The dilution of the soil by rock fragments,
resulting in a comparative scarcity of

soil available for root activity.

Conservation Under these conditions it becomes especially
of top soil
important to conserve the top soil for the use
of trees, or to plant those species which are
able satisfactorily to compete with the ground
vegetation and so quickly to suppress it. The
inherent character of the soil has to be
accepted, and the problem of its utilization for
forestry becomes mainly one of maintaining the
important top soil in a condition suited to the
Effect of growth and regeneration of the forest. One of
treatment

the main difficulties in these forests, from

the point of view of soil, has been that the
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.metihods uged for afforestation have tended to
favour the development of hill grass- or heath-
land. The rigorous suppression of coppice
growth and the necessity of keeping down

bracken has brougiht this about. It is suggested
that, under these conditions, a more moist and
rich soil than usually occurs at Llanover and
Llantrisant is required for the satisfactory
growth and rapid establishment of such species

as European larch and Douglas fir, while a strong
growth of heath plants is, as is well known,

very inimical to the growth of the spruces.

(d) Topography This is important mainly in its effect on

(e) Planting
and Tending

Planting

micro-climate and the drainage and run off of
water. The topography, especially at Llarnover,
is of a difficult type in that the steepness of
the slopes makes it less easy to plant and tend
the trees efficiently. This is a point referred
to below.

It has been pointed out, in the section
dealing with the History of Policy and Manage-
ment, that misconceptions existed at first as to
how satisfactory planting could be carried out
in forests of the type of those here discussead.
This was reflected in the demand for an
excessively high rate of planting, in the corres-
pondingly low price paid for carrying this out,
and in the tools and methods used. This,
undoubtedly, resulted in a certain amount of
bad planting being done, and it may be taken as
certain that this was, in turn, reflected in the

amount of beating up required, as well as in a
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slow rate of establishment. It is impossible
now to determine what the influence of this has
been, and it is, fortunately, now fully recog-
nized that the planting methods first adopted,
and the planting prices then enforced, were
unsatisfactory and, in the end, gave most costly
and discouraging results.

As regards tending, there is evidence that
it was unduly neglected in the past. The
presence of blanks, often of considerable size,
in Scots pine and European larch plantations
seems, thus, to be due to little else than
neglect to cut down the vigorous growth of
bracken which frequently occurs in these forests.
It is also not improbable that similar lack of
attention was, in part, responsible for the very
high death rate which has occurred in the Douglas
fir plantations. Other species have undoubtedly
also suffered, though to a less extent. The
topography of these forests tends to make the
task of inspection of stands extremely laborious,
and it is possible that, in the past, this has
helped towards both inefficient planting and
tending. Obviously this should not be, but
the point is not to be overlooked in forests
containing so many steep slopes as do these.

The question as to whether or not the
m;thod of establishment used is necessarily the
best, from the biological standpoint, for the
species used, and whether, if this is not so,
the treatment has haed an adverse influence on
the establishment of the stands, is reserved for

discussion elsewiere.
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The only fungus which scems to cicrt any
grcat advcrsc influcnce on the plantations con-

cerned is Armillaria mellea - the honey fungus.

The species principally affected is Sitka spruce,
especially when this tree is planted in coppice
on the old stumps of which the fungus develops.
The severity of this attack is probably related
to the comparative debility of the trees owing

to defoliation by Neomyzapihis abietina, Jalker,

and frost injury. Pernaps other factors also
come in here. If', and when, the stands of Sitka
spruce become better established, it is unlikely
that this fungus will cause much trouble, for
Sitka is frequently one of the more resistant
species to its attack.

There is no point in discussing at length

other plant parasites. lierig laricis, Vuill.,

probably is common on kuropean larch but there
is no indication that it is causing any serious
damage. Various weak parasites, such as

Phomopsis pseudotsugae, Wilson, could uncdoubtedly

be found, and in certain exposed places, as on

the western rim of Craig-y-Glyn, Cwm Carn,

Dasyscypha calycina, Fuckel., is comwon on dying
back and cankered European larch. In the
latter case, exposure and frost are the real
causes of trouble, however.

No examination of mycorrhiza has been made
but it is not unlikely that this is sometimes
of an adverse type where growth is poor.
Cultural operations tending to improve growth

will automatically improve this.
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(g) Insects 1There are present in the forests under review
various insect pests which cause considerable
trouble.

Piné mvetria buoliana, Schiff., the Pine Shoot

Shoot
Moth Moth. The Scots pine plantations are somewhat

infested with the larvae of this moth. In some
places the infestation is not yet serious but
badly affected plantings do occur, as in Compt.
9b on Craig Llwylas in the Ebbw Vale, overlooking
the Frince of Wales Colliery. It is possible
that the pines here are appreciably affected by
smoke and fumes. This pest is a factor to be
considered in any extended planting of Scots
pine. The Corsican pine is, as usual, very
much less af'fected.

Douglas Adelges (Chermes) cooleyi, Bdérner. The

fir
Chermes green Douglas fir are more or less seriously

affected by this pest, and it would appear to
be one of the factors which help to »prevent the
satisfactory growth of this tree. The influence
of such a pest as this presumably becomes
increasingly important as the site becomes
increasingly unfavourable for its host. It
would, therefore, be greater in these forests
than in those on more fertile soils.

Larch Ldelges (Cnaphalodes) strobilobius, Kalt.

Chermes
This insect occurs on the European larch but it
does not seeun to have had any marked adverse
effect on them- In the Derwent Valley Water
3oard plantations, the forester considered that

this pest was the fundamental cause of the wide-

spread failure of this tree; but tinis seems to
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us to be unlikely, although extremely heavy
infestation, such as sometimes occurs, nust lLiave
a very serious effect upon the host.

Neomyzaphis abietina, the Green 3pruce Apilis.

Severe defoliation of Sitka spruce by this insect
has been widespread, and this must have seriously
affected their rate of growth. This pest does
not cause trees to die back, but, in conjunction
with frost injury, its effect can be very great.
In these forests, Sitka spruce is far from being
in an optimum habitat, therefore the influence

of the pest will be felt more severely than on
sites where growth is more vigorous. Conseguently,
here the pest must be regarded seriously as an
adverse factor to good growth.

Coleophora laricilla, Hibn, the Larch Leaf--

Miner. No evidence was seen of any considerable
damage by the larvae of this moth.

Argyresthia atmoriella, Bankes, the Larch

Shoot Borer. This 1s a very serious pest on
Buropean larch. The extent of the damage has

~

been discussed in an earlier section (see page 37
This insect is the chief cause of the death of
shoots, except in some very frosty places.
Consequently, it is a factor of great importance
when considering the reasons for tne unsatisfactory
growth of Luropean larci. dere, again, the
severity of damage by the pest is much increased
by the slow rate of growth of its host and by the
lack of vigour in recovery.

Lachnus sp- A Pine Aphis is thought to be

responsible for tine considerable defoliation of
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the older needles that occurs in some of the
Scots pine plantations at Llantriseant. Severe
demsge from this pest usually occurs only wiaere
pines are growing on poor soil.

Conclusion It will be seen from the foregoing remarks
that there are several insect pests of importance
affecting the eonifers in these forests. All
but one affect the vigour of the host infested:
that one, the Pine Shoot iioth, merely causes
deformed growth of the stems but is not the less
to be feared owing to the lower value of affected
stens. In a situation such as probably exists
in these forests, where there has been no oppor-
tunity to develop a proper balance of parasites,
this shoot moth may do much damage.

1Those insects which affect vigour of gzrowth
must be counted as items in the complex orf factors
wnich tends to depress the health and vitality
of certain species, although, by themselves, they
are usually unable to cause the death of their

hosts.

(h) Atmospheric contamination. There is no more difficult

problem to discuss, in this report, than that
raised by the presence of atmospheric contamina--
tion with poisonous fumes throughout the South
Wales and Monmouthshire Coalfield in which
Llantrisant and Llanover PForests are situated.
Many, both of tinose who have visited and who
administer these forests, have felt compelled to
explain the ill-thriving of certain species, and
especially that of Luropean larch and Douglas

fir, as being caused mainly by the presence of
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these noxious fumes in the air. The same has
been felt with regard to otier forests in South
Wales. The problem is, thus, onec of considerable
importance, for if the hill wastes of this coal-
field arc to be developed as forest land, it is
inevitable that the new woodlands shall be within
the influence of smoke and fumes.

South Wales coal has a high carbon content,
thus it burms with a minimum of black smoke and
has a comparatively low sulphur content. It is
probable, therefore, that the gases and smoke
given off by industrial and domestic fires here
are less injurious than in other parts of the
country, winere coals with a higher sulphur content
are used, these burn with more smoke. So far as
is known, no other type of poisonous fumes is
produced in guantity in the vicinity of either
Llanover or Llantrisant Forests and, therefore,
the possible influence of such does not arise.

The effect of individual sources of smoke
upon vegetation varies with their distance from
the site under consideration, the amount of smoke
produced and its concentration. Thus,. the fumnes
from a relatively minor source near to a wood-
land may cause much more damage to the trees
than those from a much larger source further
away; on the other hand, those from a larger
source will have a wider range of influence.
Also, any source of fumes which include large
guentities of sulpiur gases, e.g. from a lead
snelting works, may have a much more inJjurious

effect than a whole town possessing no sucih
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virulent source of fumes. It is plain, therefore,
that a more careful survey than it was possible

to make of the industries of a district is needed
before the importance of »nossible injurious fumes
can oe estimated properly.

''he following is a brief review of the
position as far as Llanover Forest is concerned:-
Nearby sources of smoke:

1. Industrial - these are all in the iIbbw Vale.

(a) The two tin plate works at Abercarn.
1The larger ot these is situated in the
valley immediately below and to the ecast
of the plantation on Craig—Y—Darren.

Ihis is the principal single source of
Tumes near to the forest.

(b) The Prince of Wales Colliery. +his stands
below and to the west of Craig-Llwyfas,
the upper slopes of wiich are within the
forest. This colliery has been largely
closed down for some time and produces
but little smoke.

(e¢) The Celynen Collieries. ‘i'his pit lies
up ﬁhe valley north of Llanover Forest
and is one of the principal sources of
smoke in this part of the Ebbw Vale.

It lies too far north, however, to have
much direct effect on the Commission
plantations.

(d) The Cwa Carn Colliery.  This produces
practiqallg no smoke since it is mainly electric.

(e) The Ebbw Vale railway. This is aléo a
fairlyvcontinuous, if slight, source of

smoke.
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2. Domestic ~ the main valley is lined almost
continuously with houses, and where space’
has permitted, small towns or industrial
villages have developed. Cross Keys, Cwm
Carn and Abercarn are nearest to Llanover
Forest. risca is a l1little further sway to
the south and New Bridge to the north.

Smoke from the latter, in particular,
prooably has little direct effect on this
forest.

Distant sources of smoke:

Llanover rorest lies Jjust within the south-
eastern corner of the coalfield. The main
distant source of smoke lies to the north in the
district which includes and lies between Cwn Avon
Lwyd and the Rhymney Valley. Hortherly, nortia-
easterly or north-westerly winds blow smoke and
fumes from this district towards the forest, which
lies about two miles from its edge and seven from
its centre. To the east, south and west of the
forest, the country is less industrialized, but
Newport end Cardiff occur as somewhat distant
but large sources of smoke, and collieries are
still fairly numerous. The east is the

direction from whiclh least fumes come.

It should be noted that, with the exception
of Newport and Cardiff, no large intensely
populated urban or industrial districts occur.
The mountainous nature of the country makes it
inevitable that the industriéiized areas occur
as thin zones between which lie upland and rural

districts of considerably greater area. This
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necessarily causes the fumes given off within
any one zone to be much diluted before they meet
with those from other zoneés. From tais point
of view, there occurs a number of industrial
areas which are more intensely developed, and
probably always will be. On the otner hand,
owing to the nature of the country, the urban
districts lie within narrow and sometimes almost
ravine-like valleys - the towns of tiie coastal
plain excepted. Smoke or fumes emitted into
such narrow mountain valleys tend to be confined
to them and disperse and become reduced in
concentration much more slowly than in flatier
country. ihis local concentration of the fumes
makes it most probable that the air on the
uplands and in rural side valleys, sucih as those
in which Llanover Forest is mainly situated,
contains a smaller concentration of fumes than
would othierwise be the case. In this connection,
it should be remembered that in country such as
this the prevailing wind tends to be diverted up
or down the valley, even thougil, on the hill
tops, it may blow strongly across 1it.

The general conclusion to be drawn from this
is that contamination of the air to an injurious
degree is most likely to occur in the main
valleys where the townships and industries lie,
and to be especially acute near to any large
source of fumes, as e.g. the vin Plate Works at
Abercarn. On the uplands and in the rural side
valleys, suchh injurious contamination is much
less likely to occur. This is as far as it

is possible to carry the argument without
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further evidence, It may be pointed out here
how great a lack of concrete evidence there is
with regard to this matter. The identification
of the type of fumes, the measurement of théir
concentration and of the constancy of this, the
effect of various weather conditions on this,
has not been studied, and until this has been
done one cannot know the conditions with which
forest trees, or other »plants, have to contend.

Around any considerable source of Tumes
there is a local zone of high concentration
which extends furthest in the opposite direction
to that from which the prevailing wind blows.
Qutside this there is a much wider and more
extended zone in which the concentration of
fumes becomes increasingly less. If the fumes
are led up a stack, either because this is
necessary to provide draught for fires, or in
order to avoid intense local contamination of
the atmosphere and to attempt to obtain better
dilution of the fumes, these may travel for some
distance in a comparatively concentrated mass,
as smoke can be seen to do frequently. Under
these conditions a concentrated precipitation
of fumes at some distance from the source of
emission may take place. This is a common
experience in the vicinity of smelting works,
for example.

Fumes may come into contact with plant
tissues in various ways:

(1) by being precipitated in rainj

(2) by becoming dissolved in mist which, in
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turn, becomes condensed on the plants;

(3) by being ebsorbed into the moist walls of
the leaf parenchyma from the air taken in
through stomata.

Methods (2) and (3) are usually the more important.
Acute, quickly developing injury only occurs
where there is a sufficiently high concentration
of poison; this is usually near to some strong
source of fumes. Chronic types of damage are
naturally more widespread and develop less quickly
to a serious extent. Unless the source of fumes
is large, one usually passes quite quickly out
of the zone of obvious damage.
Soo0t The importance of soot as an indication

ingiczgor of the intensity of fume damage tends to be
overestimated since soot, being sticky, is
cumulative. The amount of damage depends on

the relative amounts of soot and fumes as

emitted; unfortunately, nothing is known of
this in respect of the subjects of this investi-
gation. Blackness of foliage at the end of the
year, or, in the case of evergreens, after two
or more years, is thus not necessarily an
indication of intense fume contamination. It
has already been indicated that the quantity

of soot deposited in any region depends on the
type of coal in general use there. Thus,

South Wales coal produces much less soot than
most other coals in Britain. On the other hangdg,
of the South Wales coals, those mined in llon-
mouthshire are the most bituminous and, therefore,

burn with most smoke.
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The intensity of atmospheric pollution by
smoke and its accompanying fumes is reflected
in the degree of impoverishment of plant life.
Thus, as the intensity increases, lichens and
liverworts tend not to occur or become much
impqverished; the finer grasses -become reduced
or disappear; soft and especially crinkly-
leaved plants, such as primroses, gradually die
out, being much more sensitive tnan those with
harder glaucous leaves; conifers become
difficult to grow and eventually die; broad-
leaved trees survive better, but tend to lose
their leaves early and to become stag-headed;
garden and other crops become increasingly
difficult to raise to a proper state of maturity.

General evidence of tihe injury which
accompanies this adverse development is seen
most easily in leaves. ‘Yhen suffering from
injury by smoke or fumes, these become more or
less discoloured apart from any blackness caused
by soot. They lose the healthy green look,
become yellower, or actually browned and dead at
the edges or between the veins. They may
suffer from brown spotting when the acid has
become concentrated in drops of moisture deposited
either as rain or as condensation from mist.
Injuries of this type are often extremely diffi-
cult to distinguish from those caused by other
agencies, such as strong winds, saline deposits
carried by wind, frost and fungus, and are quite

comnonly mixed up with them.
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A prolonged and very careful investigation
would be needed before one could say with
complete certainty whether or not the vegetation
it the forests in guestion had been affected by
stioke. It is possible to say, however, that
with the exception of certain places in the Ebbw
Vale, near to sources of smoke, there is no
easily detectable sure sign that it has been so

affected. This point is noted in an earlier

section dealing with the vegetation types in

Available
evidence

these forests.

So far as this Report is concerned, the
most important evidence is that obtained from
the plantation and other trees. The conifers
planted may be placed in the following order,
beginning with the species which is thriving
least well, all things considered:-~ Green
Douglas fir, Fraser River Douglas fir, European
larch, Sitka spruce, Norway spruce, Japanese
larch, Scots and Corsican pine. This is by no
means the order in which these species would
necessarily be arranged if placed in order of
susceptibility to smoke fumes. Thus, on the
continent, no species has proved to be more
susceptible than Norway spruce, which here gives
no spécial indication of suffering from smoke
damage. Scots pine is also to be regarded as
a susceptible species, although again, in these
forests, it s impossible to fiﬁd any evidence
that clearly shows that injury ffom smoke has
occurred - certain small areas in the immediate

vicinity of a source of fumes being excepted.
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One of the most unsatisfeactory things aoout
the claims that tine cause of the ill-tariving of
plantations is largely to be found in atmospheric
contaminstions is this very success of Scots wine
and es»necially Norway spruce. For example,
Norway sporuce occurs in Coupartments 94 anc 10
in Llanover rorest, on an upper slope near, ana
to tie westward of the larger 1'in Flate Jorks:
yvet, considering the site generally, the trees
are growing healthily. Sitka spruce is similarly
healthy,

rhe position with regard to Dougles fir is
even more unsatisfactory in both forests, for
there are many hundreds of surviving trees, of
botn the green and intermediate type, whicih give
every sign of being nealtay, even thougn slow
growing. It is difficult to &nv»ly the saying
"one shall be taken and another left’' to smoke
damsge when so many surviving trees are
involved, and especizlly when its »persistent
ain¢ cumulative action is borne in mind. [hese
Dougles fir, instead of siaowing signs of
recovery, as in the case with many, should all
of tinem be getting incresasingly weaker and nearer
to deatih were they being persistently and
significantly affectea by fumes.

'his is also msinly true of &uropean larcii,
the average annual height growtii of wiica, for
the last four years, is greater than the average
for tine whole period since »nlanting. If this
indicates anythimg, it is that these trees are

beconing more vigorous ratiler tihan less.
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Evidence of the same type can be collected
in other plantations in this coalfield. Thus
the conifer stands on the Llanover Estate. in Cwnm
Hafod-fach (about a mile to the north of Cwnm
Gwyddon in Llanover Forest) lie to the north-east
of the main local sources of smoke and are in
the track of the prevailing wind blowing from
these up the valley, yet the trees show no
obvious sign of being affected by the fumes.
Similarly, in the very interesting and suggestive
report on Rheola Forest, in the western part of
the coalfield, submitted to his Divisional
Officer by Mr. Backhouse and kindly sent to us,
the general conclusion is reached that it is
only when environmental conditions, other than
atmospheric contamination, are unfavourable to
the trees that there is any real sign of debility.
This is the general impression received by us
from an inspection of that area.

This argument leads one inevitably to the
conclusion that it is necessary to isolate the
various factors which have been responsible for
the unsatisfactory growth of the various tree
species, and the influence each has had in
ceuging the debility of the plantations. It
seems to us that the influence of atmospheric
contaminations has freguently been much over-
emphasised, and it will be gathered from what
has preceded that we consider that other factors
have been usually of greater importance.

It should be recognized that it is quite
impossible to speak with any real accuracy with

regard to the actual effect the smoke has on the
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forests under report, without carrying out a

great deal of detailed investigation into the whole
question of atmbspheric contamination and tree
poisoning in these parts of the coalfield. Plainly,
poisonols acid fumes will not improve the condition
either of the plant, or of the soil, especially

when this is already an acid one,

At Llantrisant, where there is only one
considerable nearby source of smoke, there is no
really satlsfactory evidence that any of the
plantations are being vitally affected. At
Llanover, this evidence is only to be found on the
slopes of the main valley, especially at the foot
of Craig-y-Darren, although tine gardens near here
seem to grow reasonably good vegetables and
flowers -~ a thing which is impossible in many

¥parts of Leeds and other large, smokey cities.
Consequently, one would expect any woodland, not
actually in an industrialized and smokey valley,
to do well providing soil conditions are
satisfactory.

On the other hand, there must be an
gppreciable amount of general atmospheric conta-
mination over the whole coalfield, although the
low sulphur content of the anthracitic coals has
to be taken into account. It is probable,
therefore, that a careful analysis of plant
tissues would reveal a higher sulphur content
than normal for plants on similar soils in pure
air. Apart from the exceptions stated, there
does not appear to be any real evidence that this
is causing any appreciable loss of vigour although

the rate of growth may be depressed somewhat.

¥Cohen & Ruston: 'Smoke. A Study of Town Air'.
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Notes on W/oodland Areas other than Llanover

and Llantrisant Forests.

It is of considerable interest to compare
the growth of trees in the forests immediately
concerned in this report with that which occurs
in other woodlands, especially in plantations in
the same industrial district but on different
soils and in other industrial districts on similar
or, at least, on poor soils. #irst, we will
discuss neighbouring woodlands occurring both on
soils derived from Pennant Grit and on soils derived
from other rocks. Later, we 'will refer to our
experience outside the eastern part of the South
‘Wales and Lionmouthshire coalfield.

The main opportunity for observing tree
growth on other soils in the neighbourhood of
Llanover and Llantrisant Forests occurs along
the outcrop of the Lower Carboniferous Rocks and
of the 0ld Red Sandstone on the southern edge
of the coalfield. A series of hills stands here
on which a number of woods of some size occur.
This narrow strip of country is rural and yet
within the industrial éone, and is subject to
the influence of the general atmospheric conta-
minstion which affects both Llanover and
Llantrisant PForests. At the western end of the
part of the outcrop surveyed is Fforest Fawr,(?cd deng,
immediately behind Cardiff and in line with the
smoke coming from thet city. An adjacent
section of woodland is in the immediate vicinity
of Caerphilly. The survey ended at Ruperra ;C&%ﬁ%éﬁ

Castle, which is three and a half miles south
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of Llanover Forest and lies to the north-east of
Cardiff. To the north of the area is a vast
extent of country developed for mining and
industrial purposes.
Relative Llantrisant Forest stands in an essentially
position
similar position, while Llanover Forest lies
embedded from a half to two miles within the
edge of the coalfield a little further to the
east.

One may justly claim, therefore, that,
although this remains one of the most pleaseant
and rural parts of the hill-country in this part
of Wales, the atmospheric conditions are not
vastly different from those at the two forests
under consideration in this report as regards
fume contamination. A useful comparison can be
made of the tree growth as a means of obtaining
some idea of the influence of soil quality on
the growth of the trees in this part of the
country.

The woodlands are described in reference to

the strata on which they stand.

01d Red Coed Craig Ruperra, on the Tredegar Estate,
Sandstone
rises to a height of 500 feet and stands on the
Coed
Craig conglomerate, sandstone, and red marl of the 014 Red
Ruperra

Sandstone. The axis of the hill runs east and
west, so that the main aspects are southerly and
northerly. The slopes are mainly steep except
on tne red marl, where they are gentle.

The crop is partly European and partly
Japanese larch. It has been planted about twelve

years, and the Japanese larch is decidedly ahead
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of the European. The latter is, however,
definitely superior to the slightly younger
(P.25 and 26) plantings of this species at
Llanover Forest, even allowing for the difference
in age. Both the larches, in fact, stand in a
higher quality class than tanose at Llanover and
Llantrisant, with the possible exception of the
stands in the richer soils in the Ely Valley.

” There can be no doubt, in the opinion of the

g authors, that this better growth is simply a

| reflection of better soil conditions. A marked

H
H
{
t

! characteristic of the plantation is the compara-

tively even growth, On Pennant Grit this tends

1

1
‘z
t
inot to occur, especially with European larch.

The soils are typical brown earths such as
are commonly found on 0Old Red Sandstone, e€.g.
at lynydd Ddu Forest in the Black iHountains and
in the High Meadow Woods., The quality is
reflected in the good size and height growth of
beech and other broadleaved trees in the western
part of this woodland. Douglas fir, Sitka
spruce and Scots pine grow guite well on these
so0ils, although only small groups have been

planted.

Carboniferous A belt of Huropean larch of about 25-30
Limestone
years of age stands on the Carboniferous Limestone
Coed Cefn- (Lower Avonian) at the foot of Coed Cefn-pwll-du,
pwll-du
on the opposite side of the Caerphilly road to
Coed Craig Ruperra. The stand is of good height
and condition and very even in growth. Again,
the even growth is in strong contrast to that

whicih one sees on poorer soils. No soil profile
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was examined at this place. The woodland belongs
to the Plymouth Estate.

Rudry Colliery is a small working standing
in a plantation consisting mainly of conifers.
The strata covered by the woodland are the
Millstone Grit Shales and Sandstone, and the
Steam Coal Series of the Coal Measures. At one
point, adjacent stands of European and Japanese
larch occur on Coal ileasure Sandstone. They
are of equal age (about 25-30 years); but
whereas the Japanese larch forms an even, dense
stand which has already been thinned, the European
larch are very sparse, the gaps being filled with
broadleaved trees. Such European larch as do
exist are healthy and of nearly as good height
growth as the neighbouring Japanese larch.

The soil here is shallow and lies over a
brashy grit; it is much more comparable with
Pennant Grit soils than with those mentioned
above. The uneven take of the muropean larch
is also typical of those soils, and suggests that
similar difficulties in establishment occur on
both. The Japanese larch, on the other hand,

show every sign of an even and regular growth

" with few or no gaps, and this agein agrees with

Pennant Grit

The ‘Warren

the manner of growth of this species on Pennant
Grit soils.

i'he woodlands known as the Warren,
belonging to the Plymouth Lstate and situated
near Caerphilly, stand partly on Pennant Grit
and exhibit soils which are strictly comparable

to those at Llanover and Llantrisant. These
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woodlands are well-managed; they consist almost
entirely of conlfers and are run on a rotation

of about 30 years for pit-props. European larch
was planted largely at first, but experience

here has shown conclusively that it is a most
difficult tree to establish, producing gapny
plantations with many weakly trees. When planted
in mixture with Japenese larch, it is largely
suppressed, altiough the better of the surviving
trees may come to equal the better of the Japanese
larch. (See photograph 26). The latter species
is now used as the main crop and, as at Llanover
and Llantrisant, has proved fairly easy to
establish eand makes an even and satisfactory
plantation.

Scots pine grows satisfactorily mixed in
with the larch, and makes a very similar height
growtil. It is now planted as a change crop
after larch.

Other and more moist soils than Pennant Grit
occur here. These are mainly clays or loams
derived from shales of the Steam Coal Series.

On these, Douglas fir and Sitka spruce grow
healthily and moderately fast, and some Silver
fir and Thuja also occur. There is, however,
some danger of frost. On either side of the
Caerphilly-Newport road, an area of glacial
pebble gravel occurs, and on this also Japanese
larch succeeds but European larch is again
unsatisfactory.

Some very interesting woodlands occur on
Carboniferous Limestone at Castell Coch on the

Bute Listate. The areas are known as Fforest
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Fawr and Fforest Ganol- The soils here are of
good quality end are probably the most desirable
of those examined in South Yales o Monmouthshire.
Beech, Scots.pine, Douglas fir, ash, Japanese and
European larch, Norway and Sitka spruce, Thuja
plicata all do well. Some of the finest beech
and Scots pine in South Vales probably occur
here. Many of the younger conifer plantations
nave been grossly under-thinned and have suffered
much because of this. There is no reason to
suppose that this is an especially smoke-free
site, and it lies only three miles from the
Warren where, on Pennant Grit, European larch do
badly. With proper management, very fine trees
might be produced here.

This short survey of woodlands occurring
along a strip of country adjacent to Llanover
Forest indicates that the success of plantations
is directly related to the quality of the soil.
Where this is comparatively poor, as on Coal
Measure Sandstone and Pennant Grit, the growth
of European larch is uneven and poor, while that
of less difficult trees is relatively poor.

Where the soil is good, growth becomes more even
and faster; as on 0ld Red Sandstone at Coed Craig
Ruperra; where the soil is of high quality, as
on the Carboniferous Limestone at Fforest Fawr
and Fforest Ganol, a difficult species such as
European larch withstands successfully an
appreciable amount of overcrowding, still
remaining healthy and making good heignt growth,

while Japanese larch succeeds, even in very dense
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stands, in making tall and, considering the
conditions, wonderfully good trees.

This supports the suggestions already made,
that one of the fundamental troubles witih the
development of Huropean larch and Douglas fir in
Llanover and Llantrisant Forests lies in the
guality of the soil which is not rich, and in
which the difficulties inevitable during a period
of regeneration have a much greater adverse
influence on the growth of small trees than
where the soil is more fertile and conditions
more favourable to growth.

We were able to gather much valuable
evidence relating to the problem in woodlands
qccurring outside the eastern section of the
South Wales and Monmouthshire Coalfield. The
main points of interest are discussed below
because of the support they lend to the conclusions
already reached.

A visit was made, under the guidance of
the Divisional Officer, No. 3 Division, to see
plantations growing on 01ld Red Sandstone in the
Llanthony Valley and in uMynydd Ddu Forest in
the Black Mountains. The plantations consisted
mainly of European and Japanese larch, though
some other species, especially young Douglas fir,
were also seen. The BEuropean larch were of
various sges from very tall mature trees of 80
years of age downwérds, The striking feature
of all the stands was the evenness of take and
the good vigour of growth - the oldest stand

was open owing to indiscriminate utilization.
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There is, here, no evidence of any difficulty of
establishment, except on the high and exposed
hill tops where soil conditions are poor, either
with the two lsrches or with Douglas fir. The
general aspect of the crops agrees with what was
seen on 01d Red 3andstone soil on Coed Craig
Ruperra, mentioned above. The latter plantations
are within the general sphere of contamination
in the South Wales Coalfield, but in the Black
Mountains there can be no appreciable smoke
contamination. The unifying factor between the
two sites is the similarity in soil conditions;
the difference in atmospheric contamination is

comparatively unimportant.

Pennant REuropean larch plantstions growing on soil
Grit
derived from Pennant Grit were inspected in the
Forest Porest of Dean. They stand either on flat or
of Dean

gently sloping land. The flat area is subject
to rather severe ground frosts. Older larch
here show good height growth; youngcr, but
established larch, of about 20-25 years of age,
are vigorous and capable of making satisfactory
stands. The more recently planted trees,
however, show much the same signs of slow growth
during estaeblishment, and of irregular uneven
growth, that are exhibited at Llanover. Owving
to the comparatively flat topography the soil
is usually deeper here than on the steep hill-
sides at Llanover, and it is probably more
fertile. Because of this, the difficulties of
early growth are not so great. There is a

certain amount of smoke contamination in the
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Forest of Dean, but it is certainly not so great
as in South Wales and Monmouthshire. Lgain,
the similarities in manner of early growth between
two districts are related to similar soil types.
Gelli—ddu— At Gelli-ddu-fach near ilountain Ash, Glamorgan,
Faeh on the Aberdare Estate, there are some interesting
nlantations on the upper slopes of this smokey
industrial valley. Two are worth mentioning:
these occur on a deep light sandy loam over
rPennant Grit on Coal Ilieasures, on a moderate slope
at an elevation of about 750 feet. The older
plantation is of European larch, age about 76
years. This is rather gappy but there are
several well-formed trees; the height is about
70 feet, which represents uality Class IV.
(Photograph 24). The younger plantation is of
Douglas fir; this is 10 years old with a height
range of 4 to 15 feet, the average being 8 to 10
feet. The crop is very gappy, and while many
trees appear to be thriving well, others look very
unhappy- (Photograph 25). Soil conditions
would appear to be better here than at Llanover
Forest generally by reason of the greater depth
on the more moderate slope. Nevertheless, the
evidence indicates the same difficulties in

establishment of such species as Douglas fir.

Carboniferous There is a plantation of European larch,
Limestone
mixed in with coppice, growing on a soil derived
High
Meadow from Carboniferous Limestone, on the south side
Woods

of the road entering Staunton from the east.
I'his is within a short distance of the larch on

Pennant Grit, mentioned above, but the trees show
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much more vigorous growtil, not only in length of
shoot but also in length of needle. The larch
appear able to compete with the guite vigorous
coppice, a thing which they would be much less
likely to do on a Pennant Grit soil. These were
some of the most vigorously growing European
larch seen,; and their vigour is undoubtecdly
related to soil conditions.

Plantations were inspccted in the vicinity
of the Peak, Derbyshire, (a) near one of the
3heffield Waterworks reservoirs, (b) around the
Derwent Valley 7aterboard reservoirs, and (c) on
either side of the Glossop-3heffield road, in
Lady's Clough, Hope Forest. These thrce places
sample one of the most smoke contaminated areas
of rural England, and lie between tihe great
industrial districts of Lancashire and Yorkshire.
Plantations were also examined at Chatworth,
further south in Derbyshire, in a district not
free from smoke contamination although by no
means as bad as the above.

The plantations first referred to consist
mainly of conifers. Buropean and Japanese larch
occur, also Sitka and Norway spruce, Douglas fir,
Scots and Corsican pine. In addition, oak,
sycamore, ash, and beech are grown, and birch
commonly occurs- The most interesting of the
plantations seen were those of the Derwent
Valley Waterboard. These have been established
for some time, whereas most of the others are
quite young. The experience of the 7aterboard

is that neither European larch nor Douglas fir



can be established with any certainty of satis-
faction, although both were tried qguite
extensively at one time. The species which
are most easily dealt with are the spruces, the
pines and Japanese larch. They have tended to
plant 3itka spruce and Japanese larch as their
main crop spgcies in the wore recent plantations.
Ash, oak, sycamore and beecii will grow satisfac-
torily, sycamore especially is favoured and may
grow faster than some conifers, at least when
young. Oak has been planted in mixture with
conifers up to 1100-1200 feet above sea level
and is growing about as fast as them. On the
other hand, ZEuropean larch has failed completely
in mixture with Scots pine, and practically so
when planted pure. Where it has succeeded to
some extent, its growth is much less satisfactory
than that of Japanese larch. It will, however,
make perfectly healthy foliage and growth when
once well establisiied, and the diseases by which
it is affected do not seem to have any relation
to smoke injury. The position with regard to
Douglas fir is very similar. In one »place a
small belt of this species, »part of a larger
nlanting, has succeeded and is making a moderate
eand not unsatisfactory growth, but in most
places it has been a great failure. Again the
surviving and well established trees show no
sign of injurﬁ, or failure to make good growth,
because of smoke contamination.

These plantations, as a whole, are very

sooty, in fact one cannot go through them without
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getting exceedingly dirty, much more so than at
Llanover Iorest, for example. Nevertieless,
there is no evidence of any appreciable acute

or chronic injury owing to the pollution of the
atmosphere by smoke and its accompanying fumes.
Rather the problem seems to be one of difficulty
of establishment of certain species under
particular soil conditions. (Relative photo-
graphs, 268 and 29).

Other species are not so susceptible to
whatever adverse factors may occur, and their
establishment is comparatively easy. It is not
possible to ascribe the general diseases which
occur to smoke contamination. Admittedly,
injury from this cause may occur, but not to a
sufficient extent to make it a major and funda-
mental cause of failure of particular species.
Indeed, it does not seen possible that larch
and Douglas fir should fail so completely owing
to fume contamination and yet leave a gquite
considerable number of perfectly healthy sur-
vivors, also that this should happen side by side
with healthy plantations of such species as
Scots pine and spruce which have been proved
elsewhere to be among the most suscepiible to
injury in a smoke-contaminated atmosphere. One
is thus forced to the conclusion that in this
case one is dealing with difficulties which are
due to other causes, and that these are to be
found largely in soil conditions can hardly be
doubted.

It is impossible to discuss soil conditions
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in the Pcak District, neither svacc nor data
arc available, but onc examplc which givcs proof
of difficult conditions may bc citcd. In

Hope Forest Lady's Clough, Hdopc¢ Forcst, Sitka sprucc has
becen set dircetly into the ground so that the
roots lic in the mincral soil, and has also been
turf plantcd. The sitce is well-draincd upland
grassland at this point. The trocs dircetly
planted have qguitc frcquently dicd back, whcercas,
on the whole, thc turf plantced trccs havce
developed without any suchh dic-back. £ cXamnl-
nation of thec treccs mekes it plain why this has
taken place. Thc roots of tic turf-plantcd
trecs arc so placcd that root devclopment takes
place at first in the debris between the undor-
lying and thc overturined sod. This is a
favourablc rooting medium and onc which pceruits
of hcalthy, if slow, dcveclopment. The trecs
planted dircctly into thc mincral soil arc unablec
at first to makc any apprcciablc root growth,
nowever. They accordingly dic back until
adventitious roots havce dcvcloped to a sufficicnt
extent to support them. These adventitious roots
grow within the dcad grass dcbris which is to be
found immediatcly over the thin, pcaty layer at
the base of thc sod, and, therefore, they decvelop
in a similar mcdium to thosc of the turf plantcd
trecs. All thesse trces have their ncedlcs black
with soot, but the die-back is to be explained
by soil conditions. The mineral soil at this
place has the deep, rich, orange-brown colour

which is to be observed so commonly at Llanover,
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and, as there, it may consist largely of B horizon
material coloured by the presence of ferric
oxides. ‘Whether the factors adverse to root
development are to be found in conditions
specially related to the mineral soil, or whether
they are more closely related to the dense sod
which covers the soil, is not known: but the
latter seems to be quite probable in view of the
difficulty tne roots have in penetrating this.

It must not be supposed that the type of
rocks which occur in the Peak District of
necessity produce soils on which a species such
as Buropean larch does badly. A little further
south at Chatsworth, at somewhat lower elevations
and on gentler slopes, deeper and more fertile
soils occur over the same types of rock, and
here many kinds of trees grow, including European
larch, perfectly well. The situation is more
favourable both from the point of view of climate
and soil fertility, and, while the air is cleaner,
it would appear that the better soil and climate
are the important deciding factors in producing
more rapid and even growth. This is also shown
in the Peak District where, on the side of the
road leading to the Derwent Valley Reservoirs,

a line of Buropean larch (photogrsph 27) has

grown healthily to a good height on alluvium in
the river valley within a mile of the site of

the failure of this species in more upland
conditions. On the lower hillsides here, healthy,
if rather short, Buropean larch are by no means

uricommon.



- 90 -

Bunter The o0ld Sherwood Forest covers mainly an area
Pebble Beds

of poor soil derived from the Bunter Pebble Beds.
There are several Commission Forests in this area,
and the authors spent a day examining nlantations
Clipstone in and near Clipstone IForest. This forest lies
Forest

within the eastern edge of the Nottinghamshire
coalfield and is one of those in which smoke damage
is supposed to occur. Certain species have proved
difficult to establish, Douglas fir and Japanese
larch being, perhaps, the worst, at least in the
parts we saw. It is quite possible that here
smoke has some influence in the bad development of
these trees, but it seems to us that, probably,
other conditions are much more important.

It is not possible here to enter into a
detailed discussion of this matter, nor have we
the data necessary for it. One may say, however,
that where a generally smoke-susceptible species
such as Scots pine does comparatively well, and
where, in the older plantations, European larch
can be seen growing cquite hcalthily and equally
as fast as the pines, it is unlikely that Douglas
fir and, still more so, Japancse larch, which
does comparatively well in other smokcecy districts,
will be very seriously affected by smoke or fumes.
It is a different matter if the trees are planted
in such a position that they receive fumes
directly from some considerable ncarby source
such as a burning pit-bank, a large works, or a
colliery. e feel, again, that in climate and
soil are to be found the most important adverse

factors, and that these usually arc not cven
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indircetly connected with smoke or fumes. This
docs not mean that fumces are an advantage, but

it docs mecan that, up to the present, thcy have
not provided the preponderating adverse influcnce,
in our opinion

General The point of this discussion is to bring
conciusion

out the fundamentally important fact that, in the
semi-rural, semi-industrial, districts with which
we have been concerned mainly, and in which
certain species do badly or are slow to esteblish
themselves, one is not only dealing with a fume-
contaminated atmosphere, but also with what is
usually much more important, difficult soils.
These, in their present condition, are not
favourable for the growth of small trees of such
species as, €.g. Buropean larch, Douglas fir,
and - sometimes, as in Nottinghamshire - Japanese
larchﬂ

tvidence of the comparative infertility of
the soil will be found undoubtedly if an exami-
nation is made of the rental value for agriculture
of adjacent land with similar soil. These are,
in fact, districts of poor soils compared with
those in which the high guality agricultural
lands of England and Wales occur. It may be
possible to produce perfectly good forests on
such soils, although, usually, the timber will
not fall into the higher quality classes. The
soil, however, must be conserved as a 'forest
so0il', otherwise difficulties are bound to occur
during regeneration and establishment with those

species which are not particularly adapted to act



as pioneers in what are, or would become very
soon, essentially heaths or grasslands of a rather
poor type. Sucn difficult conditions exist at
present, and it is necessary to chose those
species whicn are able to contend with them if a
closed stand is to be developed rapidly.

To the difficult soil conditions are often
added difficult climatic conditions, frost being,
perhaps, the most important directly injurious
adverse factor, Examples of this have already
been given above, but the case of Japanese larch
at Clipstone Forest may also be mentioned.

There, this species has suffered very severely
from frost damage, much more so than it would

have done on a richer soil or even on one in
better forest condition, owing to the very poor
powers of recovery possessed by the slowly growing
or stegnating trees Adverse micro--climatic
conditions thus doubly increase the difficulties
which exist owing to soil conditions. This is
true of all these areas, including Llanover and
Llantrisant Forests.

From the biological point of view, the
afforestation of the areas with which this report
is concerned, and of some of those mentioned above,
should have as its aim, in tae first place, not
merely the establishment of a woodland of some
kind, but also of a forest soil of good type as
quickly as possible. This can only be done by
beginning with those species which are adapted

to establish themselves with reasonable rapidity

under the conditions existing.
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Discussion of Suitability of Species

It will be seen from what has gone before
that, in our opinion, the difficulties which have
occurred in establishing plantations of conifers
in Llanover and Llantrisant Forests have their
origin in a number of causes. The fundamental
trouble, and one which still largely exists, has
been the failure to understand the habitat in
which the establishment of a forest has had to be
attempted. The work was, in fact, speculative,
and done without any proper foundation of knowledge.
Under the circumstances this may have been

unavoidable.

It is important, therefore,; to understand
what types of habitat for forest trees occur in
these forests, and then to fit in suitable forest
trees as economic crops. Much has been learned,
in this connection, from tihe experience of the
last sixteen years, but many difficulties in
interpretation of this experience still remain.
Some idea may be obtained of the suitability to
habitat of the principal species hitherto planted
if they are considered in relation to the ease

of establishment and quality of growth.

i. Species which can be established satisfactorily
even, usually, on inferior sites.
Scots and Corsican pine are the only trees
which can be placed here with reasonable
certainty. Ihe only serious trouble affecting
the establishment of a pine crop has arisen owing
to lack of weeding. The other possibly serious

matter is the Pine shoot moth, but this does not
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seriously affect the establishment of the tree.
Both pines thrive well, taking soil conditions
into account, and there are plain indications
that they are suitable for afforestation in these
areas. No growth assessments were made in the
pine stands, but we believe that at present they
fall into higher quality classes than stands of
other species growing on similar soil, with the
possible exception, on the better soil types, of

Japanese larch.

ii., Species which may be established satisfac-
torily on the better vegetation types, and are
free from serious disease.

Japanese larch and Norway spruce may be
considered here. Japanesc larch has been confined
almost entirely to the better vegetation types
and the lower slopes. On the whole, the plan-
tations are satisfactorily stocked. They have
suffered from no serious disecase except that, in
the bottom of Cwm Gwyddon, even trees 18 or 20
feet high have had their leaders killed by frost.
This type of injury does not appear to have been
very serious so far, but it shows that this
species is not immune from danger.

In Llanover Forest, the plantations at
present fall into Quality Classes II and III
(Bulletin 10), but in Llantrisant Forest Quality I
also occurs. There are undoubted indications that
this is one of the right species to plant as a
first conifer crop, but Llantrisant PFPorest offers
much better sites for its growth than does Llanover.

(Photographs 22 and 23). The fact that most of
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the older samples taken by us fall well bclow

o - second quality, and might bc still lower in a

revised yield table, seems to show that this is
a tree which should be kept to the better
vegetation and soil types.

Norway sprucc is a more difficult species to
discuss, for much less of it has been planted.
So far it has suffered very little from disease,
though there is no doubt that if plantcd in very

frosty situations it would, from timc to time,

be seriously injured. The best of the samplecs

taken by us (Llantrisant Forest, Cpt. 13) is only
fifth quality at prescnt, although it occurs on
one of the better vegetation types. The samples
taken at Llanover have not cven begun to qualify
for a Quality Class although planted 13 to 15
years ago, and this is true of this species at
Llantrisant Forest when growing on the poorer
vegetation types. (Photographs 13 and 14). It
would appear that this is a very doubtful Species
for general planting. Onc has, in fact, to
consider whether it is worth while planting at all
in view of the better growth obtained from the
pines and Japancse larch. Atmospheric contami-
nation seems to have had no appreciable effect

on it, although the genereal experience is that it
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iii. Species which may be satisfactorily
established on thc better soil types but are
liable to be seriously affcctcd by discase.

Sitka spruce is the only species under this

heading. This is, in many ways, one of thec
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more disappointing specics plantcd. Its ratec of
growth, as indicatcd by our samplcs, is bclow
fourth quality, even in thc valley bottom where
the dceper, moister, and morc fertile soil occurs.
The shoot mcasuremcnts show that cven before the
frost of ﬁay 1935 thc average increment in height
was very poor, and that the frost has not affected
this so markcdly as might have been expccted.

It would appcar, thcrecforec, apart from its
susceptibility to injury by frost, to defoliation
by the spruce aphis, and to dcath owing to

v infection with the honey fungus, that the habitat
afforded Sitka spruce in Llanovcr Forest is a

H decidedly poor one, Jjudging by the plantations

e ——

[

!Q I /\,I‘('f R

- i . sampled. There is, however, no doubt that in
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afxfﬁnq’?% 'i the lower parts of Llantrisant Forest very much

better quality sites could be found, although they

would cover no large area. In fact, one has to

consider very seriously whether from any point of

view this is a species worth planting on most of

the hillsides in this type of country. A deeper
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study of this matter is needed, but there are
strong indications that a suitable pine, or
Japanese larch, might be much more desirable both

from the economic and biological standpoints.

iv. Species which are difficult to establish
and may, or may not, grow healthily afterwards.
European larch, Green Douglas fir and the
Fraser River Douglas fir come in here. None of
Egropﬁan the many samples of European larch (Appendix VIb
arc

and d) are above Quality Class IV and many are

Class V or below, with the one exception of a smsall

. ;oo , e i »
0,71’ & M ai MOLEp Gl 0/, L&reh i hNEYE a[’[“ ded /0, [{»//Z ﬁfﬁ?f\« /me
. 7) & ["‘ ' i i» ‘fi ) c {‘.I
‘l,jL Lenales fu A ral L
/ oo
y



- 97 -

block of older larch in Cpt. 1, Llantrisant
Forest. This is on a better soil than are the
other plantations. 5o far as average individual
height growth is concerned, this tree falls into
line, as regards Quality Class, with the two
spruces; this is & fact which is often not
realized, owing to the poor appearance of the
trees and the irregular gappy nature of the plan-
tations. The gaps have been caused largely by
lack of proper care in weeding. The poor
appearance of the trees is due to their weak and
rather spindly growth, the frequent strong infesta-
tion with the larch shoot moth, the short needle
length, and the frequent and often extensive
occurrence of a browning of needles which is
accompanied sometimes by a certain amount of

defoliation.

In our opinion, the troubles enumerated
aggravate, but do not bring about, the slow growth
which is typical of this species when growing in
South Wales and Monmouthshire on sites similar to
those occurring in these forests, e.g. the trees
shown in photograph 24. Even if one could
di scount entirely the dangers of injury by frost
and the debility encouraged by needle browning,
defoliation &c., and could select sites suitably
removed from any strong source of atmospheric
contamination, it does not seem that this qucies
is worth growing when second and third quality
Japanese larch can be grown instead. On the
other hand, it seems to be probable that the
existing plantations will grow to saleable size

in the course of a sufficiently long time,
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providing, of course, they escape the dangers
already enumerated, cespecially that of frost.

The Douglas The two varieties of Douglas fir provide

Firs further examples of slow disappointing growth.

None of our samples have any claim to be included
in any of the quality classes given in Bulletin
10. This is true cven of a good plot such as
the first one in Cpt. 6, in Llantrisant Forest
(see Appendix VIa). It is plain that with such
slow growth any adverse factor is liable to affect
small trees very seriously during the first years
after planting. Thus, the poor growth, the
extreme gappiness and, sometimes, the complete
failure of plantations are, in part, to be
accountcd for simply by the lack of vigour in
growth making it impossible for this treec to
withstand adversc factors such as excessive weed
growth, frost injury, infestation with chermecs,
or, should it occur to apprcciable extent,
poisoning by atmospheric contamination.

There are, thus, at least two major diffi-
culties withh regard to these trees, First, the
habitat provided is one of relatively low
fertility, so far as they arc concerned; second,
trees planted in open cleared arcas in this
habitat largely die out during the early yecars
of growth. The slow growth might be accepted
providing the difficulties of establishment were
not too great. It would be mercly a matter of
considering whether the type of timber obtained
was worth marketing. If it proved to be

acceptable, the establishment of Douglas fir
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would become one of the major problems in connec-
tion with its silvicultural treatment.

The comparative value of the Green and Fraser
River types of this species provides a further
problem for comsideration. On the whole, we
think that the Fraser River type is the better
suited to these forests. It seems to be equally,
and sometimes more fast growing, than the Green
type, and to be decidedly the healthier tree.
This, probably, is true apart from its immunity
from infestation by chermes. On the other hand,
it can be markedly susceptible to infection with

Rhabdocline pseudotsugae, but so far this fungus

does not seem to have appeared in either of the
forests with which this report is concerned.

On the whole, it seems to be clear that
neither of the Douglas firs is worth planting in
such forests as these on any wide scale, but it
might prove to be of value in restricted localities
where the micro-climate is good and where some of
the better soils occur, providing its regular
establishment proves possible. The latter seems
to be an especially important point, for it is
not improbable that the extreme thinness of thé
Douglas fir, and often its almost complete
absence, is, in part, due to lack of proper
silvicultural preparation and care.

The above survey seems to indicate clearly
that on hillsides such as comprise most of
Llanover and Llantrisant Forests, any timber
raised will, at the best, be of but moderate

guality as judged by height growth, and that
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certain species, viz. the two pines and Japanese
larch, show a better adaptation to the habitat
than do others and thus are more likely to

produce satisfactory plentations. It is, of
course, unsatisfactory that this judgement has to
be based mainly on the growth in young plantations
and that, as the Quality Class curves in Bulletin
10 are not directly related to habitat types, it
is impossible to prophecy from them what the
future development of a stand will be. There is,
however, no local evidence to indicate that there
is any real hope of any great future betterment
in quality class, though, doubtless, some may be
expected as better surface soil conditions

develop and a more truly forest habitat is
produced. Thus, the twenty-three year planted
Buropean larch in Craig-y-Glyn (Appendix VId) is
below Quality Class V.

Under these circumstances, there would seem
to be much less risk of future disappointment in
the quality of the crop, and of loss from disease
of whatever origin, if species were planted which
have shown themselves to grow the more strongly
or wihich may be found to be capable of similarly
SO0 growing. Such a policy would eliminate tiae
spruces, the Douglas firs and European larch,
except where known favourable conditions exist
for their growth, and, in our opinion, this is
certainly a policy which is well worthy of serious
consideration and discussion. Certain factors
must be taken into account, of course, which

cannot be discussed here, such as e.g. the
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relative market value of the various quality
classes of different species.

The above policy would eliminate the species
at present giving trouble, but it would also
eliminate the majority of the conifers of economic
importance in Britain, and it may be asked with
what, if anything, they may be replaced in order
to extend the range of choice for planting.

There is a number of possibilities, both among
broadleaved trees and among conifers. Oak is the
main native tree in these localities; it would be
good biologically but would be probably of no
great economic value. Beech, birch and sycamore
will grow successfully and are worthy of consi-
deration. Another tree which, in some places at
Llanover Forest, has been able to keep up in rate

of growth with Japanese larch is the Turkey oak,

¢ | Quercus cerris, but the low value of its timber

"would make it useless as a main crop. The London

plene (Platanus acerifolia) and the Tree of Heaven

(Ailanthus glandulosa) are being tried experimentally.

Sweet chestnut can also be grown on the less frosty
slopes.
A similar list might bec made from the

conifers. Por example, Picca Omorika is to be

recommendcd because of its comparative hardincss

to frost. Chamaecyparis Lawsoniana and 'fhuja
plicata also seem to be possibilities, and are

reported from other parts of the coalfield as
being resistant to fumes. Even a tree such as

Libocedrus decurrens might be considered since

it graws well in this country and produces a

useful timber.
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It has to be remembered, when considering
this problem, that two things are expected of any
species chosen. First, its timber should have
a sufficient market value; second, the species
must fit sufficiently well, ecologically, into
the localities in question. ‘e are especially
concerned with the latter point, and any species
which will not grow sufficiently well must, from
our point of view, be rejected. Thus it seems
to be certain that, apart from anything else, the
silver firs would be very risky treces to plant
in most places in these forests, owing to the
danger of frost injury. It is plain, therefore,
that any specigs new to this type of locality
must be tested on a small scale before it is
widely planteds also, until the new spccics has
been proved, the spccics alrcady known to be
rcliable must be used if thce troublecs hitherto
expcricnced arc to be avoided.

Hcre we may sugzest a policy wiich, in our
opinion, offcrs most chance of avoiding loss by

disease and tiae lowering of rcturns by cxcessively
slow growth. Primarily, no new snccics should
bc planted widely on this typc of sitc until it
has bcen »proved. The main planting, in thec
first instance, should bc confincd to Scots or
Corsican pinc, or Japancsc larch, prcferaply
mixed with a suitablc broadlcaved spccics. ‘ihe
larch should be uscd only on the better vegeta--
tion types, and preference siould be given to
pines on hot dry slopes. Beecih and sycamore

are suggested as being suitable species of
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broadleaved tree. Birch, 3essile oak and
Turkey oak also are suitaple biologically. f{iue
establishment of such species would have to be
considered carefully, in the light of past
experience. In the vicinity of strong sources
of fumes, as in parts of Craig-y-Darren,
Llanover I‘orest, only broadleaved trees should
be planted.
Of the species already tried, Luropean
larcin should be avoided entirely. Sitka spruce
might be planted with caution on tine better
’$ vegetation types where there is indication of a
moist soil and freedom from severe early and
late frosts. Norway spruce also might be planted
on such sites. The peat soils on the hill topns
are outside tiae reference of this report. The
Douglas firs might be introduced in the more
fertile places, but they seem to have no advantage
over Japnanese larch. If they are used, a method
of establishment must be adonted which will ensure
. the development of sufficiently regular planta-
tions. Probably it would be advisable to use a
suitable strain of Intermediate Douglas fir rather
than the Green coastal form, but the danger of
defoliation by Rhabdocline pseudotsugae has to
be considered in this connection.
It may be pointed out that in relying on
fg{-f¢-ﬂ iftiﬁﬁvspecies known to be successful, and by confining

o
|

&yﬁ_ dﬁﬂ“ith “them to sites to which it is reasonably certain
that they are suited, there is the maximum possi--
pility of escaping loss from disease due to any
cause, including poisoning by atmospheric conta-

mination.
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Certain experimental work seems to be
necessary in connection with this policy.
Regarding the species on trial, investigations
mignt be made into methods of establishment,
bothh on new, i.e. cleared, ground, and in con-
junction with a standing crop becoming ready for
final exploitation. Further research into methods
of establishing Douglas fir is alsé indicated
if any type of this tree is to be used. Other
experimental work might be directed towards the
improvement of some of the present slow growing
CTrOoDS, This, probably, would prove to be diffi-
cult and very likely unremunerative work, but it
would be of great interest to see if these
localities have any potential fertility which
could be developed by suitable cultural methods.
Such experiments would have to be concerned, in
the main, with the improvement of the surface soil
conditions and the encouragement of root

development.
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Summary
1, Ihis report is concerned with the condition
‘E;Ebuj' of the crops in Llanover iorest in il.onmouthshire
and Llantrisant Forest in Glawmorgansnire. The
plantations on the high plateau at Llanover are

\not dealt with.

2. It is demonstrated that the plantations at
present fall mainly into low height quality

classes.

3. Samples of the rate of growth of Scots and

Corsican pine were not taken, but the general

indications are that these species, together

U{d e with Japanese larch, fall into higher quality

wol igcessarnly  classes and show better adaptation to the

) " \ - .
Pugﬁﬁr AELD(;%&%%calities than do any of the others planted.

4, The species waich tarive less well are

Luropean larch, Sitka and Norway spruce, and the

Creon, Co2alal

A two Douglas firs. Broadleaved species have been
ﬁﬁmer—&ﬂ?’

planted to an insignificant extent.

5. Similar relative growth of the species
concerned can be observed elsewhere in similar
habitats in the South Wales and lionmouthshire
coalfield. Where older plantations exist there
is no indication of any appreciable improvement
in growth leading to a rise into higher quality

. classes.

6. In our opinion, the low height gquality of
the stands is to be explained mainly by characters
inherent in the soil. Ihis is, in general, of

moderate or low fertility, and, on the hillsides



of which the forests mainly consist, is excessively

drained and little retentive of water.

7. A comparison of growth on tihe less fertile
soils derived from the Coal lMeasure Zocks (which
include the Pennant Grits on which the above
forests stand) and the much more fertile soils
derived from Carboniferous Limestone and Old Red

Sandstone can be made on tihe southern edge of the

coalfield, the atmospheric conditions being

similar taroughout. This comparison provides

confirmation of the opinion expressed above that

the low height guality is rclated directly and

—ee——

P mainly to soil fertility.

8. While the inherent character of the soil
provides the fundamental cause of the slow growth
of certain species, other factors also have been
of importance in helning to bring about the
present unsatisfactory condition. These may be
summarized as follows: -

(a) Cheaply paid and inefficient »nlanting
during the early years: this is a factor
the value of which it is difficult to
assess, but general expcrience shows that
it can be of considerable importance.

Flan after 'I/Mju;j Jfe{b) Wrong methods of establishment: the indi-
&;Cf‘?ﬂmpﬁﬁ6c0Q¢Fdﬂ;cgéti0nS are that the primary cause of the
w éﬁ,ﬁ&ﬁ~ﬁhﬂﬁﬂff/extreme gappiness of the Douglas fir

KA %E C mﬁiﬂﬁdquzzplantations is to be found here.

/ JMVa’f”&“O/d b) Neglect of weeding: this has rcesultced in
on' 4 > krram}/ Iz
Aol mmfmdnczd,/ﬂm; ind
e Ml “‘;ﬁzw :
Mufidgﬁw fQ; \gyéh46{affected plantations of other species also.
Vheic afr/rdéd, o Oféau oferthan

s

large gaps developing in Scots pine and

European larch plasntations, and may have
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¢ Mﬂ/m@cne m/é(d) LThe development of a densc mat of grass or

IMM é”,{ (gj m)/dﬁ&& hcath vegctation: this is considered to

%Wwwb““‘(/ (4 be markedly adverse to certain species,

Aae o Gnd i (i

7:,,,5 /ﬁ,@ aw R 04 "(iufzaﬁ
f“??"’”t o bk Fonsnd 00ls ine SC Aew character of the soil. The pines and

/[% M//S{ﬁe‘fw‘”l“'”a gl”"'” 5apanese larch, which thrive best, are

et Ko
f[mm /;f,c,‘( mals mwy those which are best able to deal with

ﬁwmzj (€ Kee this.
ﬁ"(/n‘d'p"' / f”S“ Difficult conditions such as:--
Ife wa will

especially considering the inherent

i. Severe ground and valley frost.
ii. kBxposure to strong winds in certain
places only.
iii, Intense insolation of slopes with a
southern aspect.
1he tendency of dry periods to occur

during the growing season, and for

oo 10 6 (rmmitn f" w/% Mv]"
iplondd, /G(WI(Z 6//(ww - mel”
V£ ol tome (5 @mﬂﬂpwm/\‘ﬁhe heaviest rainfall to occur during

KNone K {244 4&3{ wtallzr ‘W{ dad winter.

landy Yomindi deen legine f) Certain insect pests and fungal parasites:

./4"74"/’ “ ﬂ"/ fﬂjm/mﬂ these have a deleterious influence on the
plantations. The most important are,
probably, the Larch Shoot Borer, the Green
Spruce Aphis, the Douglas fir Chermes,

and the Honey Fungus,; Armillaria melles,

mainly on Sitka spruce.
(g) Atmospheric contamination with industrial
and other fumes; an accurately measured
Tho e 6L fe

Z(ﬁffk// account of the influence of this could be

given after very careful expert investi-

gation., Our conclusion is that it is not

a major adverse factior anywhere except

near to a strong source of fumes (e.g. on
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parts of Craig-y-Darren near the w'in Plate
works at Abercarn). The healthy growth of
species known to be susceptible to atmos-
pheric contamination, e.g. Norway spruce and
Scots pine, is part of the evidence supporting
this. Similar evidence is to be found in
plantations of conifers in certain districts

of Nottingnamshire and Derbyshire.

9. It is concluded that the present condition
of certain plantations in Llanover and Llantrisant
Forests has arisen from a number of causes as
o - ; ized ab but that the root of the whole
r-rZ_{ /(b[ﬂlf {fp@wmwfd summarized above, bu a r
/% o fhvlz4mrtrouble lay in the failure to assess with

' 8210 1921 - Zg!@bmz sufficient accuracy the types of habitat for forest

FC

o ce .
wd,m,ac 7 'in a misconception of the species which were suited

ﬁ/ ﬂa” for growth in them and led, inevitably, to

f s
/A“m”%g L ;ﬁ: extravagant expectations and to the failure, or
Comm i

1‘4 growth which these areas provide. This resulted

ﬁwa,gﬂgq mad% Kéartlal failure, of species which have been placed
hMVQGQZ? unsuitably or established . with undue care or in

an incorrect manner.

10. A policy is suggested which, we think,
would greatly minimise the failures and diffi-

culties of the past.

11. 1ihis report has been written, not only to
give information regarding the above forests and

to give explanstions of certain difficulties

" which have arisen, but also to provide a basis for
thougiht, discussion and criticism in regard to

these matters. It is hoped that it will be so

' used by all concerned.
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APPENDIX I

Past history of former Llanover Estate

Compt.

Name of Wood
No.

Cwm Carn

Coed Llanerchi 51, 53b.

Cwm Gofappy
Coed Gnwe 5
Coed Dafydd 6a
Coed y Rhiw 8
Graig Llwyfas 9a, 9b.

Previous crop

Oak standards; good on lower
slopes (before 1886).

Small areas of European larch
cut in 1886 (length 55 feet,
diameter 5-8-9 inches).

Strong czk, beech and birch
coppice with oak standards of
small size (fencing material).
On upper site, 2% acres of
larch (pit wood size, length
35-40 feet, diamster 4-8
inches). All cut 1901.

Strong oak coppice with some
beech and birch. Qak starn-
dards medium size, clean boles.
At top of slope about 3 acres
of good larch (length 50 feet,
dismeter 6-9-10 inches); cut
about 1903.

Good strong oak, beech and
birch coppice, some ash. Oak
stendards of good size and
quality. At 8.W. end on
upper slope, 4 acres of larch
felled about 1897; replanted
with larch 1898; felled 1920.
Good growth (length 50-55 feet,
diameter 6-8 inches). The
site was, at least in part,
formerly agricultural land.

Cak coppice with some beech
and birch. o standards.

At N.E. end of 9a on top of
slope, about 3 acres European
larch, Norway spruce and

Scots pine. Spruce good
(length 60 feet, dismeter 6-9+
inches). Fdrmerly agricul-
tural ground. Altitude
900-1000 feet.



Name of ‘/ood

Cwm Gwyddon

Graig Wen

Graig Pant-glas

Gwyddon Fawr

Cwm Gwyddon-Fach

Coecd Buartha
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Compt.
No.

47

26, 31,

32

29, 34,
35.

Valle

slopes

Previous crop

Strong oak and beech coppice
with some birch. Oak
standards of good size and
quality cut about 1889; re-
planted with European larch
about 1903; felled 1930.
Some useful pit wood but
irregular growth.

Planted European larch
1887-88-89. Several plots

of useful poles about the
middle of the slope but crop
generally poor, partly on
account of high altitude and
sheep damage, but soil shallow.
Felled during the war for

pit wood.

Moderate European larch cut
1929 for pit wood.

FPormerly some of the best
oak and beech coppice in the
neighbourhood. In lower
portion some of the beech
poles were 55 feet in length,
clean and of good size;

sold as copper poles for
copper smelting works. Some
good oak standards of useful
size for cleaving. Felled
about 1889 and subsequently
untreated.

The above woods received very little cleaning or thinning.
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APPENDIL IIa

Llanover Iorest

Table of Areas Acquired and Planted, 1921 - 1936.

Replanted
Areas after
acquired Planted Burnt fire
acres acres acres acres
1614 93
195 29
178
150 6
200 6
202 28
180
161 140
431 149 37 13
62 131 29
39 104
130
108 71
82
69 13
84

Net
planta-
tions
acres

93
166
178
144
194
174
180
140
173

160

104
130
71
82
82
84

Acguisitions

Pant-gwyn.

Ty 'n-y-ffynnon 133.5
Coed iiedart 297.4

Llanover Extension
20.0
Pen-y-pant 42.0

Craig y Darren

Llanfrechfa.
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APPENDIX IIb

Llanover Forest

Table of Plants Used, 1921 - 1936.

337
183
252
148
42
235
61
22
100
101
33
34
85

Conifers Herdwoods __
E.L. J.L. D.F. N.S. 8.8. Ash Beech Other
Thousands
38 59 30 2
21 125 88 24
136 92 17 34 14 12
21 71 22 38 13
22 107 44 56 28 5
79 30 12 8 25
109 22 60 60 2 4
183 4 9 90 4
115 31 17
84 60 93 127
151 2 23 62
78 23 91 37 4
7 82 126 28 12
177 ) 124 9 2
138 8 42 2 1
87 29 19 20 7

rTotal

131
329
367
502
445
407
406
332
398
425
260
332
5585
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Llanover Forest

Table showing Expenditure on Weeding and Cleaning,

1921 - 1936.
Forest Year Weeding Cleaning
£ EY
21 25
22 106
23 158
24 430
25 343
26 486
27 460
28 497
29 483
30 299
31 213 3
32 378 106
33 494 59
34 634 % 24X
35 630X -
36 506 X 103X
Note:~ The above include overhead charges except

in the case marked thus x.
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APPENDIX IIT

RAINFALL RECORDS 1920 TO 1936 - CWMCARN, MONMOUTH,

Llanover Forest is approx. 2 miies N.,E. and averages about 700 f%.
above see level.

Total Monthly falls
for

Year year Jan. Feb. Mar., Apr. May June July Aug. Sept. Oct. DNov.
1920 64.15 9,70 2,52 5.26 7.50 4.12 3.66 7.74 2.14 3.77 3.48 4.75
1921  37.89 5.97 *2.32 4.25 1,08 3.25 0.47 1.45 3.56 2.93 1.80 4.90
1922 49,18 6.02 6.04 5,15 4.00 1.35 1.06 5,04 3.68 3,15 2.56 2.52
1923 51.83 2.59 11.56 2.60 3.68 2.00 1,00 1.91 4.62 4,71 7.59 5.15
1924 67.58 5.99 0.77 2.43 4.88 7.8l 3.21 5.42 6.26 9.64 7.78 4.18
1925 52.39 6.28 8,51 0.28 3.00 6.26 _0Q  3.39 5.38 4,95 6.12 3.09
1926 45,30 9.56 3.28 0,93 2,77 3.18 2.48 2.67 4.39 0,91 4.88 9.98
1927 56.99 5.22 4.32 4,34 1,71 1.22 4.89 5.16 6.40 7.27 6.45 5,80
1928 59.52 9.66 6.14 6,30 1.31 0.64 3.53 2,71 2.43 0.74 10.41 8.70
1929 58,92 1.04 1.8 0.89 1.02 4,04 3.52 3.54 3.85 1.06 8,44 16.74
i930 62,13 11,17 0.63 3,59 3.66 2.26 1.86 5.68 7.06 5.18 6.89 7.29
1931 54.56 4.77 4.31 1.39 4.656 6.87 4.88 4.14 5,51 2.67 0.89 11.14
1932 58,25 9.48 +4.32 3,11 4,93 8,22 2.46 3.45 2,086 4,80 8,12 3.32
1933  34.95 3.02 *4.32 5,33 2.33 3.21 1.75 2.85 1,69 2.10 5.44 1.17
1934 51,03 5.64 0,55 4.78 3.57 1,76 1.42 1,32 3.70 4.82 5.36 2.07
1935 57,59 0.92 6,26 1.45 8,17 0,80 7.65 1.00 2,14 8,03 7.32 8,18
1935 58,37 8.38 3.85 4.66 4,54 1.35 3.28 10.38 1.06 3.53 2.28 5.50
Monthly 6.20 4.32 3.34 3.69 3.43 2.77 3.99 3,87 4.13 5.63 6.15
averages-

Average yearly rainfall for the seventeen years = 54,14 ins,.

These records were taken in Cwmcarn about 2 miles from the centre of
Llanover Forest. Up to 1927 the site of the rain-gauge was 428 ft.
above sea level, From 1928 omwards the site was 310 ft. above sea level.

Note:~ The three occasions when the February rainfall is marked *+ are

average figures for that month as in these cases no records were available,

The figures which have been underlined represent the rainfall
for months in which this was less than 2 inches.

Dec.

3,98
1.84
16.04
5.67

9.56

6,61
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APPENDIX IVa

Soil Profile Descriptions. Llanover Iorest.

Compartment 43. Cwm Gwyddon.

Parent liaterial: Pennant Grit. Sedentary or
colluvial soil.

Altitude: 700 ft,
Slope: Steep to south.
Drainage: Pree.

Crop: European larch.

Ground vegetation: Deschampsia flexuosa, bracken
and bramble. Site of o0ld oak wood.

Profile:

I. About 2 ins. of litter.

II. About 2 ins. of greyish-brown or dark
brownish grey loam, loose structure,
abundant roots.

III. About 6 ins. of buff-brown very strong gritty
loam with roots fairly abundant.

IV. Unknown depth (probably 1-2 ft.) of stony

brash with orange-brown light loam in
interstices; occasional roots.

Compartment 18. Cwm Gwyddon.

Parent Material: As in 1.

Altitude: 750 ft.

Slope: Steep to north.

Drainage: Free,

Crop: Originally Dougles fir, now Sitka spruce.

Ground vegetation: Deschampsia flexuosa and bracken.

Profile: As in 1 but IV replaced by 18 ins. % of
bright orange-brown loamy brash, somewhat compact,
passing to shattered rock with orange-brown loan
in interstices, of unknown depth.

Note:~ Sample taken of Horizons II, IIT and IV in
this profile.
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No.

3.

4.
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Compartment 19. Cwm Gwyddon.
Parent Material: As in 1.
Altitude: 1000 f't.

Slope: Steep.

Drainage: Pree.

Crop: Norway spruce.

Ground vegetation: Deschampsia flexuosa, Vaccinium
and Calluna.

Profile:
I. About 2 ins. of litter.

II. 1 or 2 ins. of dark humic brownish-grey
silty loam, loose.

ITI. 6 ins. of buff-grey-brown stony gritty light
loam.

IV. 24 ins. of stony anv brashy light loam,
orange-brown, moderately compact.

V. Greyish brash rather wet. Sampled.

Roots down to III. Few roots in IV and V.

Compartment 14. Graigadu.
Parent Material: As in 1.
Altitude: 900+ ft.

Slope: Very steep to north.

Drainage: Free.

Crop: Japanese larch.

Ground vegetation: Deschampsia flexuosa, brambies,
some Calluna and Vaccinium. Site of o0ld beech,

oak and birch wood.

Profile:

I. Thick litter (3 ins. or more).
IT. Thin humic layer.

III. Brownish grey silty stony loam about 3 ins.,
with loose structure. Suggestion of Ag
development.

IV. Loose brash with orange-brown loam in
interstices. Fibrous roots abundant in
profile down to 2 ft. where there is a
change to

V. More stony material with less bright orange
colour and less roots.
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No.

6.

Compartment 13. Graigddu.

Parent Material: As in 1.

Altitude: 750+ ft.

Slope:

As in 4.

Drainage: Free.

Crop: Douglas fir.
Ground vegetation: Deschampsia flexuosa, bracken.
Profile:

I. Thick mat.

II. About 2 ins. of humic dark brown loam.

IITI. About 6 ins. buff brown stony light loam.

IV. Orange-brown brash with light loam about
20 ins.

V. Brash with less bright colour and suggestion
of C horizon. Depth unknown. Roots less
abundant than in 4 but fairly abundant to
2 ft. 6 ins.

Note:- Profile 1 is on strike slope.

Profiles 2-5 are on dip slope.

Compartment 49. Craig y Daren, Abercarn.

Parent liaterial: As in 1. Strike slope.

Altitude: 650 f't.

Slope: Very steep.

Drainage: Free.

Crop: Buropean larch originally, now Japanese
larch, Norway spruce, etc. .

Ground vegetation: Bracken and Holcus. 0ld
oak, birch, etc., coppice-

Profile:
I. Litter 2 1ins.
IT. Slight peaty layer.
III. Grey-brown very stony light loam becoming

increasingly stony. About 2 ft. to 2% rt.

IV. Brash and arange-brown loam.

Note:- ©Strike slope, abundant stones on surface.

Fume damage possible.
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No.

7.

8.
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Compartment 1. Gnwc.
Parent Material: As 1in 1.
Altitude: 500 ft.

Slope: Very steep to S.VWw.
Drainage: Free.

Crop: Douglas fir.

Ground vegetation: Some gorse and much bracken,
little else.

Profile:

I. Bracken litter.
ITI. About 2 ins. of peaty silty loam.

III. About 20 ins. of grey brown stony light
loam. Rhizomes to 18 ins., few roots below.

IV. Brashy orange-brown loam. Unknown depth.

Compartment 73, Cwm Carn above colliery.
Parent Material: As in 1.

Slope: Gentle to steep at foot of steep slope.

Drainage: Pree.

Crop: European larch.

Ground vegetation: Agrostis and bracken.
Profile:

I. About 1-2 ins. litter,
II. About 2 ins. of humic loamn.

ITI. About 20 ins. of brashy orange-brown loam
becoming increasingly stony.

IV. Brash of unknown depth.
Note:- Light was failing during inspection of

profiles 7 and 8. Difficult to make
description.
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APPENDIX IVb

Soil Profile Descriptions - Llantrisant Forest

No. 1. Compartment 8.

Parent Katerial: Pennant Grit. Sedentary
or colluvial.

Altitude: About 500 ft.

Slope: At the point of change-over from a
moderate to steep slope.

Aspect: North-east (near ridge where aspect
changes to north-west. Corsican pine on
this ridge suffers from wind exposure.)

Drainage: Free

Crop history: Previously under grass, now
planted with Green Douglas fir, many of
which have failed or grown very slowly, but
some, and quite a nuaber near this pit,
are growing quite well. Corsican pine and
Norway spruce also grow well a few yards
from here.

Ground vegetation: Dense Deschampsia flexuosa
with some bracken, Calluna vulgaris and
Vaccinium myrtillus; also a little bramble.

Profile:

1-3 ins. of decomposing litter (the lower
part of this duff or mor).

2 ins. thick humic layer in which the sand
grains showed marked leaching.

2-3 ins. of purplish-red-brown moderately
compact sandy and rather gritty loam.

15 ins. or more of oraenge-brown sandy loam,
at first with small angular fragments of
grit, then gradually changing into brash
with the interstices filled with the above
loam. Moderately compact in the upper

6 ins., looser below.

Rooting: Fire:roots down to 18 ins.; a
definite root mat of the grasses at the
surface.



e An 12 e

No. 2. Compartment 10 (about 300 yards S.W. of No. 1.)

Parent lMaterial: As in No. 1. Sedentary.

Altitude: About 500 ft. (a little higher
than No. 1).

Slope: lioderate; +the slope hers changes

from gentle to steep.
Aspect: North-west.
Drainage: Free

Crop history: Previously under grass.
Present crop Green Douglas fir, much of
which has failed and been beaten up with
Corsican pine. There is a little birch
and oak also. lfuch of the remaining
Douglas fir is now beginning to grow more
satisfactorily at this point, but the crop
as a whole - the pines excepted - is very
unsatisfactory.

Ground vegetation: Deschanpsia flexuosa
with some Vaccinium myr+tillus, Calluna
vulgaris, bracken, Pulytrichum commune anc
occasional braibles.

Profile:

2-4 ins. of litter, mainly from grass, and
changed into mor at the base.

2 ins. black humic layer, fairly compact.

9 ins. dark grey-brown sandy loam,
moderately compact and finely gritty.
This merges into:

15 ins. orange-brown gritty loam with
angular fragments of stone; less compact
than the agbove lay=r.. It merges into:

Buff-brown sandy loam in the interstices
of brash which continues down to and
beyond 4 ft.

Rooting: A root mat in the top 6 ins.;
fine roots down to 30 ins.



No.

3
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Compartment 19. (About 400-500 yards from No.

Parent Material: As in No. 1. Sedentary.

Altitude. About 750 ft.

Slope: Gentle to moderate.

Aspect: North-east.

Drainage: Free,

Crop history: This is a newly afforested
area. The present crop is Norway spruce
which are doing very badly on the whole,

although a few trees are slowly improving
in growth.

Ground vegetation: Nearly pure Calluna
vulgaris with a very little bracken and
Deschampsia flexvosa. Lichen is abundant

on the soil.

Profile:
3 inch of dark, short textured, almost
granular litter.

1%-2 ins. fibrous, black, peaty, humic
layer with leached sand grains. A thin
grey sandy layer cccurred at the base of
this layer hut it had no very appreciable
thickness.

2 ins. compact, dark purplislh-red-brown
fairly coarse grained sandy loam. This
merged into:

Dark orange-brawn sandy loam with angular
fragments of grit. The depth of this
layer was not ascertained. It was
somewhat less compact than the layer above.

Note: It was observed that the growth of the
spruce near this place increased in quality
the more the ground vegetation became of
a grass-bracken type.



No.
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Compartment 18 (within a mile of colliery).
Parent Material: As in No. 1. Sedentary.
Altitude: 600--700 ft.

Slope: lioderately steep (at the point of
change from moderate to steep).

Aspect: North-north-west.
Drainage: Free

Crop history: This is a newly afforested
area. The present crop is Fraser River
Douglas fir, of poor quality as regards
growth, but on the average better than the
green Douglas fir referred to above.

Ground vegetation: Calluna vulgaris with a
very little moss and grass.

Profile:

% inch dark, short textured, almost
granular litter.

1 inch tough black peaty layer full of
ling roots.

1 inch humic stained compact soil with
marked leaching of the sand grains.

5 ins. very compact light grey gritty
sandy loam. Occasional small patches of
orange and peat stain occur in this layer
and also angular fragments of stone.

Tt merges into:

9 ins. deep orange-brown compact sandy
loam, gritty, with angular fragments of
stone; most compact and most darkly
coloured at the top; only moderately
compact in lower part. This layer merges
into:

Darkish grey-buff light, coarsely gritty,
sandy loam, very story, and, after 4-5
ins., found only in the interstices of
brash.

Note: There was a suggestion of a dark
purplish-red-brown colour at the top of

the orange-brown layer. Also this layer
was decidedly less gritty than the one
below.

Rooting: Few roots penetrate below 8 ins.,
i.e. below 4th layer.
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No. 5. Compartment 24. (About 2 mile from colliery).

Parent Material: As in No. 1. Probably
colluvial.

Altitude: About 350 ft.
Slope: Gentle.

Aspect: North-east.
Drainage: Free

Crop history: Has been under cultivation.
Present crop is Japanese larch which is
doing wery well for the locality. Planted
1922.

Ground vegetation: Practically a bare floor
with weak and sparse male fern and ivy and
an occasional bramble.

Prorfile:

1 inch of larch necdle litter. The lower
half inch of this consisted of duff in
which were many larch roots.

Humic zone - a trace of this, with a
suggestion of grey soil below it in places.

4 ins. moderately compact dark purplish-
grey-brown sandy loam.

8 ins. buff-brown moderately compact sandy
loam with red (haematite coloured) con-
cretions about % inch across and angular
fragments of grit rock. This is a fairly
fine and not very gritty loam.

6 ins. much less compact orange-brown
sandy loam merging into:

Brash with the interstices filled with a
darker coloured sandy loam for more than
two feet.

Note: The pieces of rock in this soil were
of Pennant Grit, judging by appearance.
dJudging by the crop, this is the most
fertile soil examined at Llantrisant. There
was no sign that the solid formation had
eappeared at the bottom of the pit.
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Compartment 25. (About 300 yards north-west
of No. &.)

Parent Material: As 1in No. 1. This does
not appear to be a sedentary soil; on
the other hand, the large number of big
rocks and stones in it seem to make it
doubtful whether it is of an ordinary
colluvial type.

Altitude: 350 1.
Slope: Gentle.
Aspect: North-east.
Drainage: Free

Crop history: Site of old woodland. After
crossing a stream 50 yards south-east of
this pit there is a decided change in soil
fertility. This has not been followed
out in detail but this pit shows a very
different soil to that at No. 5. Present
crop green Douglas fir, much of which has
failed or done very badly; it is now
filled in with oak and birch coppice.

Ground vegetation: Strong bracken with much
Vaccinium myrtillus, Aira flsxuosa, Molinia
caerulea, some bramble and a little ivy.

Profile:

1 inch litter, mainly derived from broad-
leaved trees, bracken and grass.

1 inch of tough peaty layer penetrated
with Vaccinium roots.

3 ins. black humus stained fairly gritty
sandy loam with leached sand grains.
There is a trace of iron brown staining
at the base of this.

5 ins. pinkish light grey-fawn gritty sandy
loam, moderately compact. This merges
into:

13 ins. very deen bright rich orange-brown
sandy loam, comparatively fine and smooth
in texture. The first 6 ins. consisted

of loam with angular fragments of stone;

the lower 7 ins. of brash with vividly dark
bright orange-brown loam in the interstices.
In this layer the colour was darker in the
lower part than in the upper. Less compact.

Below: rash with dark brown gritty sandy
loam in the interstices. This was a much
more gritty soil than the layer above and
continued to an unknown depth. Less compact
than previous layer.

Note:~ 8ize of siones - up to 10-12 ins. across.
Large stones also occur on the surface here.



Analysis of Pennant Grit Soil from Llanover Forest

Soil Pits Nos. 2 and 3.

Analysis of Air-dry 2 mm. Sample

Coarse Sand

Fine Sand

Silt

Clay

lioisture

Calcium Carbonate

Loss by solution, etc.

Loss on ignition
Org. Carbon

Nitrogen

pH
Exch. CaO
i MgO
Citric Sol. Pg0p

5 ] Kzo

Stones in bulk sample

S10g/Alg03
S§102/Rg03
Al1503/Feg03

2-4" 4-10"
27.6 27.0
34.0 38,7
15.2 13.0
15.5 19.0

2.7 1.8

0.0 0.0

5.0 0.5
11.3 5.8

5.9 2.3

3.8 4.1

0.019 0. 009

0.029 0,017
44.0 46.0

Clay Fraction

3.18 2.44
2.36 1.85
2.89 3.16

10-30"

&4.2
34.1
12.5
16.2
2.2
0.0

0.8

4.5
0. 007

0. 022

61.0

1.88
1.48

B. T4

For Field Description see Appendix IVa.

30"+
45.1
37.5
10. 5
8.0
1.3
0.0

"'2:14

4,7
0. 007

0.019

54.0

20’72
2.11

3.46
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Analysis of Soil from Llantrisant PForcst

30il Pit No.

4.

Analysis of Air-dry 2 mm. Sample

Coarse Sand
Fine Sand
Silt

Clay
Moisture

Loss by solution, etc.

Loss on ignition

Org. Carbon

pH
Exch. Cal

i MgO

Stones in bulk sample

2%
31
39

10
0

0

17

.93
, 59
» 25
. 00
.82

- 56

50 10

2.55

3

0.009

.63

N~

0.0058

nil

75-16%"
27.79
34, 60
17.25
16.25

2,42
1.96

6. 60
1.716

4.31
0,008

0.0072

4.28

44..15
39,12
10.25
7.50
0.54

0. 56

2.92
0.428

4.84
0.004

0.0101

28.47



Analysis of Soil from Llantrisant Forest

Soil

1 Fit No.

5

Analysis of Air-dry 2 mnm. Sample

Coarse 3dand
Fine Sand
Silt

Clay

Moisture

Loss by solution, etc.

Loss on ignition

Org. Carbon

pi
Bxech. Cal

d MgO

Stones in bulk sample

1-5"
21.54
35.156
16.25
16.25

2e 32

2. 38

10.90
4,996

4,186
0.020

0.,0115

5,19

5-13"%
23. 27
37.07
138.50
17.50

1.56

1.75

6.56
2. 296

4,97
0. 080

0.0158

22.99

13-19%
32.73
30.49
17.25
14.00
2.80

1.82

7.00

1.892

5. 69
0.121

0.0114

53,67

19+
34.10
3l.44
16.25
15.50
0.96

1.47

5.45

1.564

5. 68
0.077

0.0101

53. 51
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Analysis of So0il from Coed Craig Ruperra

Soil FPit No. 9

Analysis of Air-dry 2 mm. Sample

Coarse Sand
Fine Sand
Silt

Clay

Moisture

Loss by Solution, etc.

Loss on ignition
Org. Carbon

pH

#kxch. Cal

¥ MgO

Stones in bulk sample

1_5”

19.86
41.23

14.75
2. 56

2,03

12.70

Qr76

[0))

4.08
0.035

0.0173

44.6

4.28

1.288

4.55
0.010

0.0173

14,62
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Lnalysis of Soil from Coed Craig Ruperra

Soil Pit Wo. 11.

Analysis of Air-dry 2 mmn. Sample

2-9° Ig?l;%;d 9-18" 153;%2;

Coarse Sand 11.51 11.26 1.01 0.96
Fine Sand 33.94 335,48 14.10 13.64
Silt 20.00 19.95 36.00 34. 50
Clay 23. 50 24.50 456.75 42,25
Moisture 3.14 3.14 4,35 4.36
Loss by solution, etc. 1.26 1.26 1.12 1.12
Loss on ignition 8. 28 5.84
Org. Carbon 3.106 0.192
pH 5.4 6.9
Exeh. Cal 0.168 0.142

R Mg0 0.0732 0.0835

Stones in bulk sample 1.86 0.04



Discussion of Soil 4Analysis Data.

'he fourteen analyses of soill samples shown in
Appendix V (pages A.17a -~ A.17d, were received from
Professor Robianson too late for discussion in the main
body of this revort. They resresent four distinct
profiles; two in Llantrisant Forest (Nos. 4 and 5) and
two in Coed Craig Ruperra (Nos. 9 and 11). These two
last ones are from the larch plantztions referred to on
page 77 of this report.

If the soils were to be arranged in order of
fertility beginning with the least fertile, this probably
would be as follows:-

l. Pit No. 4, Llantrisant.
2. (Pit No. 5, Llantrisant.
rit No. 9, Ruperra.

3. pPit No. 11, Ruperra.

Of tlle four areas sampled, that around Pit No. 4 at
Llantrisant is markedly the least fertile as judged by
tree growth; the others are much more difficult to
place and there may be 1little or no difference between
Pit No. 5, Llantrisant, and Pit No. 9, Ruperra, which
are placed together.

Professor robinson has suggested that a clue to
their relative fertility may be found in the respective
base content of these soils. The data show that Pit
No. 11, Ruperra, has markedly the highest and Pit No. 4,
Llantrisant, markedly the lowest base status. A point
of difficulty lies, as he points out, in the relatively
low base status of the sample from the lower layer in

Pit No. 9, Ruperra. This may be more than counteracted,
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however, by the much higher base status of thc top two
inches or so of thc soil, as represented by thc saumplc.

ihe idea of fertility, as indicated by guality of
treec growtin, being correlated with base content of soil
is not new but has been observed definitely elsewihere,
as for example in Finland. It would seem that this is
a cluc whicir is worth following up in rHonmouthshire and
South Jales.

Both the localities represented by the afore-
mentioned samples stand on thae southern edge of the
coalfield, but there is no colliery quite so near to
Coed Craig Ruperra as the one near to Llantrisant.
lioreover, at this latter forest, botn the profiles
sampled stand on the side of tuae hill facing the colliery.
fhe analyses indicate, however, that, as suggested in
the report above, there is a definite correlation between
soil quality and growth quality. Thus Pit No. 5,
Llantrisant, is nearer the colliery than Pit No. 4,
nevertheless it occurs amid very much better growth and
the analyses show that this is related to soil conditions.

It would be valuable to have this work followed up
so that one might know more of the relationsiip between
soil conditions and fertility, and of the value of ground

vegetation as an indicator of this.



A.18

Appendix Via

Assessment Summary

Llanover Forest. Douglas Fir.



Type Cpt.
No.
Green. 6
Gr. 46
Gr. 1A
Gr. 1A
Gr. 3A
Gr. B3A
Gr. 18
™
Fr&er 18
Kiver
Gr. 13
fr. 13
Gr. 18
Gr. 48

P.Y.

21

22

22

22

22

22

23

23

23

23

OUGLAS FIR. fs, &4

Av,
ht.
ins,

72.8

:&a
79.1

109.2
5

73
[5

129,9
>
I

80.4

70.5
I8

116.9
4

12 £,
14

1 .
14

1936

5%

63

12

14

gL

15

11

'36

12

17

(2]
(]

10

10

14

Shoot (ins.)
134

'33

@
N

3

£

15

A.18
LLANOVER FORES.

4 1737

One-
sided Direc-
Deaths bran- tion
in Sgvere  Badly ching of lio
132 original Chermes wind dusto wind Loader
tpecies blown wind damage
% % %4 %
6 67 0 9 Not  S.W. 12
noted
6 37 1 - - - 11
9% 57 6 16 30 W, -
8 55 ) 50 68 5.W. 9
i3 9 9 0 0 - 0
6 45 - 5 22 S.W. 12
. . 0
7 29 8 11 27 W,
10 45 24 8 15 W. -
- See - . - - }
remarks

- Representative sample of the trees
in the dingle running across this compt.

ASSESSMENT SUMMARY,

Vg o 3& 4 \{ “E\\ﬁ.\.em.

Aspect  Slope Exposure Soil

N.W., Fairly Not very Av.

steep exposed
except to
valley
winds .

5.E. iod. to Fairly ex- Just
fairly posed and above
steep near av.

smoke .
s.W. Very Exposed Above
flat av.
Soil
pit
near.
S. Steep Exposed Av. %o
stony.

SW, Mod.to Very Av.
fairly exposed.
steep. (Ses

remarks)
S.W. " " Av,
W. Fairly Rather Av.to
steep exposed . rather
poor.
é- n n n
N.W. b Fairly Av,
exposed
to W.
and
smoke.
N.W., " " "

See Compt. 46 above.

APPENDIX VIa.

General
vegetation
type

Aira-bramble,

Scattered
bracken.

Aira-bramble,
Some brecken.

Bracken dom.
Aira and
some bramble.

Aira-bracken.
Scattered oak
end beech.

Bracken-Aira.

Birch and osk
coppice.

Bracken-Aira.

Callunsa dom.
Some bracken,

Aira-bracken,
Some bramble.

Remerks

Very poor lot. Hany
wind-blown trees re-
placed. Strong winds
ocome up the valley.

Wind-blown trees recently
replaced. Compare
growth in dingle P.23.

Good growth of
survivors, perhaps
mainly due to flatness
of site.

- Apparently lack of

weeding in some dense
bracken patches.

Very good growth in
shelter of coppice.
Compare with next plot.

No coppice to afford
shelter, otherwise
similar site to
previous plot.

Calluna often up to

3 ft. high. Majority
of crop Green type
(ses next line for
Fraser type).

Refers to scattered
trees in Cpt, 18.

Crop meinly Green type
in this compt. See
next line for Fraser
type which forms 8%
of crop.

Surviving trees very
vigorous. B8ee indivi-
dual reoord for details
of this plot,

Shows influence of
shelter. Soil, vege-
tation, etc,, appear
similer to rest of
compartment.



Type

Gr.

Gr.

Fr,

Fr.

Cpt.
No.

46

20
20

29

35

42

42

46

P.Y.

23

24

24

25

25

25

256

© 25

DOUGLAS FIR.
Av,
ht. 1936 135
ins.
84.4 8 7
70.1 12 9%
83,6 13 of
70.2 11 9
63.8 o 7
77.5 9 75
67.6 8 &
84.2 11 9

Shoot (ins.)

134

8%

10

o

11

11

133

10

£

8.

132

N e e

LLANOVER FOREGT.

Deaths
in

species

%

55

34

17

26

32

26

23

Severe
original Chermes

%

6

Badly
wind
blown

%

0

The order of nearness of the above compartments to Abercarn is:-
46, 13, 42, 16, 18, 35, 20, 29,
Compts., 1A; 3A and 5 are nearer Cwm Carn.

One-

sided
bran-
ching
dus to
wind.

%

20

Direc-
tion
of

wind Jleader

damage

w.

W.

A.19

No

%
0

ASSESSMENT SUMMARY.

Aspect

S.5.E.

S.5.wW,

W.S.W.

W.5.W.

S.E.

S.E.

5.8.E.

Slope

Steep

Fairly
steep
to mod.

PFairly
steep

Steep

Exposure

Exposed
to W,

High but
fairly
sheltered.

Mod.
exposed,

Fairly
exposed.

Fairly
sheltered.

Exposed
to W,

Soil

Av.

"

APPENDIX VIa (contd.)

General
vegetation

type

Breacken-
bremble.

Bracken-Aira,
Patches of
Calluna.

Bracken-Aira-
bramble.
Scattered
Calluna.

Bramble-~
bracken-Aira,

Bracken-
bramble.

Bramble-
bracken.

Bracken-
bramble.

Remarks

Wind-blown trees re-
pleced, Some deaths
due to lack of weeding.

Rather a good lot,
espocially the Fraser.

A good lot.

A good lot.
Several desths due to
lack of weeding.

Most of this compt.
is Green tyge.
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Appendix Via

Assessment Summary

Llantrisant Forest. Douglas Fir.



Type

Gr.

Gr.,

Gr.

Gr.

Gr.

Gr.

Gr.

Gr.

Cpt.
No.

10

10

10

10

1o

13

20

P.X,

22

22

22

22

22

22

22

22

22

22

22

22

23

Shoot (ins.)

DOUGLAS FIR.
Av,

ht, 1936 '35
ins.

8¢,9 6% 6
125.0 15 11
159.0 18 16
91.0 - -
66.0 - -
54,0 9 8%
117.8 14 18
90,0 15 11
48.8 6% 6
56.3 8 7%
46.5 6% 5%
68.2 8 of
§2.7 7% 6

134

£
&
&

14

k3

18

12

S

133

13

15

2

5

5

32

13

12

LLANTRISANT FOREST.

Deaths
in Severe
original Chermes
species
% %
25 38
20 24
14 0
13 0
26 0
22 0
10 52
9 o
22 13
13 0
34 (o}
38 28
31 21

Badly
wind
blown

%

Have been
removed

One-
rided
bran-
ching
due to
wind.

%
58

39

10

71

69

94

40

Dirce-
tion
of
wind
damege

E.N.E.

N.W.

N.W.

W.S.W.

N.W.

S.W.

N.W.

A.20

No
leader

%
<]

o

15

25

11

Aspect

N.W.

N.W.

S5.5.W.

N.E.

ABSESSMENT SUMMARY.

Slope

Steep

Mod.

Mod. to
fairly
ateep

Exposure Soil
Very Av,
exposed
Less "
exposed
than pre-
vious plot.
Exposed "
to B.
See Below
remarks av,
n "
Exposed Av.
Sheltered "
Fairly Below
sheltered av,
Exposed Av,
0" b
Very "
exposed
n n
Exposed Below
av.

APFENDIX VIe (contd.)

General
vegetation
type

Callune-
bracken.

Bracken-
bramble.

Calluna dom.
Some Aira
and bracken.

Aira, thin
bracken,
scattered
Calluna.

Aira, scat-
tered bracken
and galluna,

Calluna dom.
Some bracken
and Aira,

Aira-Calluna,
Scattered
Vace, and
bracken.

Aira-bracken.
Some Vecec,

Calluna dom.
Bracken
patches,

Bracken-Aira-
bramble,
Some gorse.

Callune dom.
Scattered
bracken,
Vace. and
Aire,

Remarks

Plot at top of
slope

2 way down slops.
No Calluna. Compars
with previous plot.

An excellent plot
but gappy.

Sheltered to W. by
Corsicen pine compt.

Well awey from shel-
ter, otherwise
similer to previous
plot.

Colliery lies %o
the N.W. of this
plot but trees are
one-sided to the W.

A sheltered site
half-way down slope.

Vory good growth
considering vege-
tation, Halfwey
down slope.

Plot nesr top of
hill,

Plot near top of
hill and comparable
with previous plot.

Colliery N.N.W,
Trees one-sided to
N.w.

There is no source
of smoke for several
miles in a S.W.
direction.

Plot near top of
compt.



Type

Gr.

Gr.

Gr.

Gr.

Fr.

Gr.

Cpt.
No.

20

20

20

20

21

2l

22

18

P.Y.

23

23

23

23

23

23

23

25

25

Shoot (ins.)

DOUGLAS FIR.

Av,

ht. 1936 '35
ins,
136.0 10 11
65.6 & T
135.0 95 12
1418" 18 -
126.0 15 17
75.9 10 9
152" 12 18
53.9 7% 6%
85.4 14 11

134

13

6%

15

18

25

10

133

18

17

15

32

15

16

13

LLANTRISANT FOREST.

Deaths
in
original
species

%

8

27

29

Not
taken

27

66

16

Severe
Chermes

%
40

86

22

68

Badly
wind
blown

%

Have been
removed

One-
sided
bran-
ching
due to
wind
7

o]

20

5C

ASSESSMENT SUMMARY,

Direc-
tion
of No Aspect
wind leasder
damage
%
- 5 N.E.
- 7 EN.E.
. 2 N,E.
- 0 S.E.
w. 9 N.
w. 5] N.N.W.
- 0 S.
- 2 N.
2 N.

Slope

Mod .

Rather

flat

Fairly
steep

Mod.

Slight

Mod .

Slight

Exposure

Sheltered

Not very
exposed

Not very
exposed.

Very
sheltered

Rather
sheltered

Exposed
towerds
pit.

Very shel-
tered.

In valley
bottom.

Very
oxposed
to N,

Fairly
sheltered

Soil

Av,

Rather
poor.

Av, to
stony

Above
av.

Below
av,

Much
above
av,

Poor
leached
top
soil,

Av.

APFENDIX VIs (conid.)

General
vegetation

type

Aira-bracken.

Scattered

Calluna and
Vacc,

Callune dom,
A little
bracken.

Tall gorse

dom, Some

bracken and
bramble.

Bracken-
bramble.
Some gorse.

Bracken-
gorse-
bramble.

Callvna dom.
Some bracken.

Bracken-
Holcus-
bramble,
Some natural
birch end
hazel.

Dense
Calluna.

Bracken-Airae-
bramble.

Remarks

She.tered site half-
way down slcpe.

Plot near top of
compt.

Many trees smothered
by dense gorse,
Surviving crop good
except for severe
Chermes,

Low sheltered N,E.
corner of compt,
near stream,
Growth excellent.

Good giowth. Plo%
near base of
mountain,

Pit to N. Trees

one-~sided to W,

Chermes very severs
and has cut growth.
In past years
severe  frosting.

Compars with
bracken type in
next plot.

Excellent growth.
More sheltered and
better vegetation
than previouvs plot.
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Appendix VIb
‘Assessment Summary

ilanover FonéSt, European larch.



Cpt.
No.

11

11

47

36

36

43

43

25

22

22

P.Y.

25

26

26

27

27

27

27

28

28

28

29

29

Av,
ht.
ins.

84.5

89.8

65.1

90,6

79.5

76.2

65.8

70.4

68.8

63.0

83.2

EUROPEAN LARCH.

Shoot (ins.)

1936 '35 '34 '33

9 11 14 12

6 75 11 14

8 8 11 11
9 8 7% 12

st 9 9 1

7% 74 10 11

4 TH 11 10
8 12 14 15

32

11

13

10

11

&

&

LLANOVER FOREST

% of total
Deaths Total attacked
in attacked with no

original by shoot leader yet

spacies moth formed
% % %
1 48 68
43 33 70
16 50 58
38 49 56
19 47 35
16 49 34
18 47 52
42 40 56
29 55 53
25 51 61
20 43 57
12 39 38
10 22 29

A.2g2

Flat

topped

type ©f  Aspect
tree
%

2 N.W.
0 N.N.W.
2 S.S.W.
15 E.
4 E,S.E.
0 B.
9
E.N.E,
6 5.E.
11 S.E.
10 E.S.E.
i6 5.E,
1 w.
2 S.W.

ASSESSMENT SUMMARY.

Slope

Fairly
steep

Mod. to
fairly
steep.,

Steep

Fairly
steep

Steep

Steep to

very
steep

Mod .

Fairly
steep.

Exposure Seil
An exposed Av, to
site close rather
to Abercarn. stony.

-n 1t
Exposed and Av,
close to

Abercarn.
Not very Very
exposed. stony.

" Fairly

stony.

" Shallow

and stony

n n
Exposed and Av.
close to

Abercarn
Rather "

exposed.

A little more "
exposed than
previous row.

Exposed "
Exposed but "

3 miles from

Aberoarn.

Less exposed Rather
then above, above
av.

APPENDIX VIb.

General
vegetation
type

Aira-bracken.
A little Vecc.

Bracken-Aira,
Some bramble

and oak coppice.

Mach Vacc., some

bracken end
Calluna and a
few patches of
dense bracken.

Ajra-bracken
with only a

1little Vace.
and Calluna.

A lot of Vacec.
but some good
patches of

bramble-Aira,

Aira with much

Vace. and some

Calluna and
bracken,

Bracken-Aira,

Some oak

coppice and
birch.

Bracken-Aira,
Scattered Vace.
and Calluna.
Aira dom. Some
bramble and
bracken,

Bracken-Aira,
Scattered oak

coppice; bramble

and Vacc,

Aire dom.
Patches of
Callune dom.
Some bracken.
Aira dom. Some
bracken and
bramble.

Remarks

Would get as much
smoke as any compt.

Vogetation the
main difference
between this and
the previous plot
in this compt.

Some good trees
sheltered by
coppice.

Exceptionally good
growth in a small
patch of dense
brambie.



Cpt. P.Y. Av,
No. ht,

ins,
32 31 48,3
32 31 45.4

EUROPEAN LARCH.

Shoot (ins.)

1936 '35 134 '33
7 8 T3 TA
s 8L 8 8

132

LLANOVER FORTST.

7 of total
Deaths Total attacked
in attacked with no
original by shoot leader yet
spacies moth formed
% % 4
63 5 66
48 9 66

Most of the above compts. are in Graig Wen
and their order of nearness to Abercern is:

52 28 92.7
63A 28 88.5
54 28 70.8
54 28 8l
54 28 93,0
55 29 7.9
56 29 55.0
588 30  77.4
558 30  63.7
75 31 43.4
73 31 54.5

10 11 10 9
7t 52 11 11
F ok ok o
7% 9 10 10

3

12 14 11 9

ok
[
-
[
(2]
=

e

92 10

S

o

10

12

18

24

19

17

11

18

21

18

14

14

17

11, 47, 45, 43,

49 45
33 47
37 50
43 7
40 56
57 69
40 55
22 50

9 0

3 50

3 50

41, 36, 32, 22.

ASSESSMENT SUMMARY.

Flat
topped
type of Aspect Slope
tree
%
0 E. MYod.
Y E.S,E. Mod.to
fairly
steep.
2 S.E. Mod.
7 S.E, "
2 N.E. N
4 S.E. "
N m‘ n
0 5. "
2 S.E. "
o E. Fairly
steep
Y S.E. "
5 . "
4 E. Steep

Exposure

Exposed
site

Fairly
exposed
to S.W.

Not wvery
exposed

Fairly
exposed

Races into
side valley
rather
sheltered.

Exposed
to 8.E.

Exposed
site to
S.W, & N.E.

A fairly
sheltered
gite.

Feirly
exposed

An exposed
site

Pacing side
vaelley fairly
sheltered

Av. to
rather
stony.

Rather
above
av.

Av,

A little
above av,

Rather
below av,

Poor end
stony.

Above
av,

Rather
rocky

Av,

APFENDIX VIDb

General
vegetation
type

Aire dom. Some
bracken and

Calluna.

Bracken-Aira.
bracken usually
dom.

Bracken dom,
Some Airae.

Bracken-Aire.
Some Vace.,

Bracken dom,
Some Aira, &
little scabt-
tered Calluna,

Calluna-
brecken-Aire.

Calluna-Vacc.-
brecken~Aire.

Bremble-Aira,
Bracken almost
absent.
Alira-bramble.
Bracken almost
absent,

Aire and thin
bracken, A
little scat-
tered Vace.

Aira and thin
bracken.

(contd.)

Remarks

Pine weevil partly
responsible for
heavy deaths. S.P.
used for B,U, doing
well.

Deaths due to lack
of weeding in
heavy bracken.

Some bad patches
where Calluna is
heevy,

Callune and Vacec.
bed in several
places,

Rather a good
lot.

Very few shoot
moths,

Scarcely any
shoot moths.



Appendix VIb (contd.)
Assessment Summary

Llanover & Llantrisent Forests. wuropean Larch.

Appendix VIc
Assessment Summary

Llanover &»Lléntrisant Forests. Japanese: Larch.



EUROPEAN LARCH.

A.24

LLANOVER AND LLANTRISANT FORESTE.

Z%of totai
Deaths Total attacked Fiat
Cpt. P.Y. Av, Shoot (ins.) in attacked with no topped
No. ht. 1936 '35 '34 '33 '32 original by shoot leadaryot type of  Aspect
ins. species moth formsd tree
% 7% 7% %
76 31 52.9 12 10 9% 7% - 19 0 0 0 S.E.
72 32 B7.4 13 10 10 11 - 4 1 100 1 Ww.
72 32 34.4 8 72 8 6 - 32 1 0 6 N.W,
The sbove compts, are in the Cwmcarn area end their order of
nearness to Cwmcarn Colliery ASww=H< alectric) is:
7%, 72, 76, 52, 53A, 54, 55, 56.
LLANTRISANT
9 29 67.8 9 9k 9z 9% 7% 27 1 20 1 N.N.E,
JAPANESE LARCH. LLANOVER AND LLANTRISANT FORESTS.
%of total
Deaths Total attacked Flat
pt. P.Y. Av. Shoot (ins.) in attacked with no  %topped
No. ht. 1936 '35 '34 '33 '32 original by shoot lesder yost type of Aspect
ins, species moth formed tree
% % % %
LLANOVER
634 30 57,7 10 11 11 6% - 10 15 33 3 N.W.
LLANTRISANT
4 30 157.0 30 23 31 26 18 4 o] 0 2 N.E.

ASSESSMENT SUMMARY.

Slope

Steep
Rether
flat

Fairly
stesp

Very
mod .,

ASSESSMENT SUMMARY.

Slope

Mod ,

Very
mod.

Exposure Seil
An exposed Stony
site
Fairly Less stony
sheltered then av.
Fairly Av, %o
exposed rather
stony.
Fairly Av,
sheltered
Exposure Soil
High and Av,
exposed.
Feirly 0f the
exposed, good
valley
type.

APPENDIX VIb

General
vegetation
type

Aira and thin
bracken.,

Aira and thin
bracken.

Aira and thin
bracken. A
little scat-
tered Calluna.

Bracken~
bremble-Aira,
Some Holcus.

(contd,)

Remarks

A& strong lot. No
shoot moths,

The best plot of
E.L. measured,

Plants said to be
of different type
and origin to the
others in this cpt.

Compare with
Llanover compts,
of similer age.

APFENDIX VIc.
General
vegetation Remarks
type
Aire-bracken. A good lot though

Dense
bramble-~
bracken,

rather uneven.

Plot near valley
bottom but never-
theless fairly ex-
posed. Most
excellent growth
although exposed
towards colliery
and less than

1 mile distent.



" Appendix VId
Assessment Summary

Llanover &'Liagtrisant Forests. Older Larch Plantations.



OLDER LARCH PLANTATIONS.

Species Cpt. P.Y.
No,
LLANOVER
E.L. Graig-y- 14
Glyn
d.L. 6A 21
J.L. 12 23
J.L. 12 23
J.L. 15 23
J.L. 15 23
.1, 16 23
J.L. 16 23

The order of nearness of the above compartments to Abercern is:-

Compts.
LLANTRISANT
E.L. 1
E.L.. 5
JeL. 3
JuLe 21
J.Le 24

Av. ht.
Ft.ins.

244"

183"

178"

18111"

2014"

171g"

1716"

1913"

LLANOVER AND LLANTRISANT FORESTS.

%-girth
et 413"
Ins.

2,35

2,27

2.30

2.37

2.05

2,37

1936
Failures shoots
A Ins.
[ -
10 14
7 12
11 10
10 12
10 9

6A and Graig-y-Glyn are in Cwm Carn valley,

02

21

21

23

23

580"

1813"

280"

231"

2919"

7.02

2.14

3.16

2.66

3.94

18

28
{see remarks)

10

Aspect Slope
S.W. Mod. to
fairly
steep
S.E. Steep
N.W, "
Z.-E.. n
E.N.E. Mod.
N.W. Fairly
steep
V.E. "
N.W. "
12, 16, 15.
E. Slight
N.E. Mod,
E.N.E. Very
mod .
N.E. Mod.
E.N.E. Mod. to
fairly
flat.

A.25

Exposure

Sheltered

Fairly

sheltered

Very
exposed

Exposed to

N, & N.W.

Exposed to
W. & N.

Exposed to
N.W.

Exposed to
w.

Fairly
sheltered

Fairly
exposed

Pairly
sheltered

Fairly
exposed

Not very
exposed

ASSESSMENT SUMMARY.

Soil

Decidedly
above av,

Av,

0f the
better
vallsy
type

Above av.

Above av,

and fairly
heavy.

Above av.

General
vegetation
type

Canopy neerly closed.
Bracken-Aira in more
open places.

Grasses-breamble-
bracken in more open
places.

Bracken-bramble .,
Some Vacc.

Scanty. Canopy
almost closed.

Gresses, bramble and
occasional bracken,
Vace, and Calluna,

Bracken, grasses and
ferns in more open
places,

Canopy nearly closed.

Some bracken and ferns.

Dense bramble and a
little bracken and
elder coppice.

Brambla-bracken.

Ivy, bramble and
Oxalis., A little
fern and moss.

Canopy meinly closed.
Some bracken and
bramble.

Canopy closed,
Little vegetation.

APPENDIX vId.

Remarke

An estate planted wood
situated W, of Cpt, 55,
P,29, Cwmcarn, Many J.L.
on edga of wood.

Plantetion rather gappy.

Plot nearer Abercarn than
next semple. Crop gappy.
Much oak and birch coppice.

Plot lies E. of previous
sample and is further from
Abercarn, Crop less gappy.
Less oak and birch,

Plot faces into side valley.
A good lot.

Smaller trees then in
previous plot. Canopy much
more open. Plot faces into
main valley.

Faces into side wvalley.
Some bent stems due to wind,

Faces into main valley.
Appears %o get less wind
then previous plot.

Plot near vallsy bottom
and estate planted.

Plot near valley bottom.
Canopy not yet closed.

Figure for deaths includes
trees cut out in thimning.
Plot low down in valley.

Plot higher up the slope
then sample in Cpt. 24.

Very good growth., Plot
fairly low down in valley.
This plot is by far the
nearest to Coedely Colliery.
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- Appendix VIe
- Agsessment- Summary

Llanover Forest. Sitka Spruce.



b.n mm

LLANOVER FOREST. ASSESSMENT SUMMARY.

SITKA SFRUCE. APPENDIX VIe.

Shoot (ins.) Deaths in General
¢pt. P.Y. Av.,ht. 1936 '35 '34 '33 '32 original Severely Leader Aspect Slope Exposure Soil vegetatien Remarks
No. ins. species frosted frosted type
% % %
46 21 180.0 12 1l& 17 17 20 19 69 62 - Flat Sheltered Much Brecken-bramble Plot in valley bottom near
above av, and grasses. stream,
L8 23 164.0 15 14 16 10 11 6 17 9 N. Steep Fairly Av. Bracken dom. Plot in a side valley.
sheltered Some Calluna and
Vace,
21 23 107.6 92 11 14 13 16 2 56 27 W.  Fairly Mod . " Bracken dom. More exposed than next
steep plot. Very severe frosting
near valley bottom.
21 23 74.1 7 5% 73 6 6 7 26 7 N. Steep Fairly " Calluna and Compare with previous plot.
sheltered bracken alter- Poor growth in Calluna.
nately dom.
=9 24 115.4 8 8 12 12 14 11 6l 43 w. Fairly Sheltered Above av. Bracken-bramble. Sheltered site in valley
steep bottom.
31 25 111.9 8 8% 95 &5 95 5 70 35 E. Steep " Slightly  Bracken dom. Sheltered site in valley
above av. Some Aira, bottom. Very severs
Calluna and Vacc, frosting. A good deal of
aphide damage.
35 g5 109.8 6 7 10 11 11 0 63 29 W. Mod. to " Above av. Dense brecken- "
steep bremble.
31 26 79.6 6 6 75 75 &% 10 28 7 B. Fairly " Mainly  Bracken with Poor growth in Vace. and
steep to above av. patches of dom, Calluna, good in bracken.
steep Calluna and Vacc. Less frosting than in
proevious three sites.
41 27 68.7 & 5 T T 7% 0 59 27 E. Mod. to " Above av. Even bramble- Sheltered site in valley
steep bracken. Some bottom, Severe frosting.
Aira,

The order of nearness of the above compartments to Abercarn is:-

46, 41, 18, 35, 21, 29, 31.
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Appendix VIT
. Assessment Summary .’

Llanover & Llantrisant Forests. Norway Spruce.



NORWAY SPRUCE. LLANOVER AND LLANTRISANT FORESTS. ASSESSMENT SUMMARY. APPENDIX VIf.

Deaths in General
ipt. P.Y. Av, ht. Shoot (ins,) original Aspect Slope Exposure Soil vegetetion Remarks
No . Ins, 1936 '35 134 133 132 mmeMmm type
ZIANOVER
i9 2z 39.3 4 3% 4 5 4 11 N.W. Convex High and Poor and Tall Calluna dom. This sampie represents
and mod, exposed . stony growth on the worst dense

Calluna type. Trees are
decidedly better in the same
compt. where biacken comes
in.

S
o

10 22 68.8 7% 6 9 7% N.w, Fairly " Rather Calluna-bracken- A little uneven but crop
steep below av. Aira. now generally improving with
good leads. A decidedly
better vegstaticn type then

previous plot,

20 23 66.6 8 - - - - 7 N.N.W. Mod. Very Below av. Calluna dom. Some This piot directly overiooks
exposed patches of Vacc. Abercarn and liss between
w (see remarks) and Aira, the 900 and 1000 ft. contours.
It is most exposed both to
smoke and high winds yet the
trees are coming out of check
and, except in specially
dense Calluna, are doing well,
9A 24 50.4 10 - - - - See N.W. Mod. to Very Rather Aira-bracken- A hnigh and exposed pict
remarks rather exposed above av, Holcus. (1000 ft. level) ciose to
. flat. Abercarn., EHeavy deaths
recorded the year after
pianting. The crop is at
present about 40% S.P. The
remaining spruce are healthy
end growing strongly.

LLANTRISANT

v 13 22 105.8 12 8 11 1 & 2 S. Mod . Exposed Av. for Bracken-bramble. A really excellent plot.

Llantrisant Vigorous shoots and healthy
needles. Higher up in the
same compt. Calluna comss
in and growth is much less.



ENVIRONS OF LLANOVER

AND LLANTRISANT FORESTS
SHOWING WOODLANDS WVISITED

RAILWAYS CHIEF URBAN AREAS
AND PRINCIPAL COLLIERIES
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REFERENCE

Woodlands visited

Chief urban areas

Railways

Principal collieries

1500 ft. and over

1000 to 1500 ft.

400 to 1000 ft.

O to 400 ft.

Llanover Forest
Llantrisant Forest
The Warren

Fforest Fawr
Fforest Ganol

Coed Craig Ruperra
Rudry Wood

Coed Coesau-whips
Gelli-ddu-fach
Neuadd y Wenallt

Coedcae Aberaman
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