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INTRODUCTION

General background and history of heather-moor burning.

There can be little doubt that heather moors, by virtue of
their'combustibla'vegetation.ﬁnd preference for better-drained
sendy slopes, have experienced accidental burning throughout
their history. The improvement in the fodder-value of the
vegetation, observed as a consequence of burning, would certainly
result in more recent times in the treatment being repeated.

It seems probable therefore that a combination of accidental and
deliberate burning will have modified the vegetation of the
heather moors at least for several centuries. Certainly for a
period of about 200 years, much of the existing moorland has
been burned more or less systematically to maintain its stock-
carrying capacity.

Farey (25), writing at the beginning of the last century,
commented on the quantity of 'unenclosed' heather moor in Derby-
shire and the custom of burning this to obtain pasturage. He
considered burning a most inefficient agricultural practice
because of the varying periods of unproductivity arising fr&m
different rates of heather recovery.. If his observations are
accepted, it must be inferred that systematic burning was n;f SO
universally practiced then, as later in the century. (Uhger rigid
management the heather is not allowed to become so senile that
long periods are necessary for recovery.) It seems probable

that sysiematilic burning was instituted as recognised agricultural



2o
practice in the mid 1700's when, as the result of industrial-

isation and the associated increase in population, the need arose
for increased meat suppliles. Previously, the role of sheep in
agriculture had been that of wool producers associated with the
maintenance of soil fertility on arable land (Thomas.J. 85).
Cattle had been the main source of meat, often grazing moorland
or semi-moorland areas for much of the year (Fenton 30).
However in the 18th Century, sheep came to be considered as a
source not only of wool, but of mutton as well. The demands
of the increasing sheep population for -additional pasturage,
were met to some extent by the introduction of rotational
cropping of arable land (Thomas.J. 85), but there seems little
doubt that from this time the hardier native breeds were trans-

ferred in increasing numbers to rough moorland grazings to make

room on the lowland pastures for the less hardy but more prolific

and rapidly maturing breeds. This trend in events would clearly

result in efforts to increase the fodder supply on the moors and
the only economic method available would be by burning.
A comprehensive history on the subject of burning during the

19th century is provided by Lovat (49). Briefly this is as

follows.,

In the first half of the century moorlands were burned
almost exclusively by shepherds, their leases usually specifying
that 1/10th of the acreage had to be burned anually. Consequently

it was the custom to choose the driest and windiest days in order
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to achieve a 'good burn' with the minimum of effort, the primary
consideration being to fulfill lease obligations rather than to
conform to what is now known as efficient moor-management.

The popularity of sport also increased during the early
part of the century, culminating in the passing of the Game Act
(1831). As the: fashion on moors was to shoot over dogs, the
newly installed keepers allowed the heather to become excessively
old to enable & closer approaéh to the game and reasonable tar-
gets for the muzzle-loaded weapons employed., In 1853%, grouse
shooting received a considerable boost with the invention of the
' breech~loader' (Vesey-Fitxgerald 86), since it then became
possible to 'drive' birds and arduous tramping over difficult
country to find the game was no longer necessary. This revo-
lution in slaughter-technique, associated with improved travel
facilities (Railways principally - Rocket 1830) meant that rel-
atively inactive but wealthy business-men could, in comparative
comfort, indulge in a fashionable pastime.

Naturally shooting rents increased, and their wvalue soon
became proportional to the mumber of birds that could be killed,
Consequently the keepers pushed up the grouse populations by all
means atptheir disposal until in 1872=73%3 the inevitable occurred
and the country experienced the worst epidemic of grouse disease
that had ever been known. A Government Commission was appointed
to iInvestigate the outbreak and soon discovered that disease was

absent or not so virulent on: those moors where the grazing rights



(and burning) had been maintained. The Commission eventually
concluded that the general shortage of fédder—on the unburned
moors was the prime cause of the outbreak. This shortage
resulted in the excessive concentration of birds in the limited
areas where young heather was available with correspondingly
increased chance of strongylid infestation. (N.B. general ob-
servations of Rothschild 67, on local over-population and incid-
ence of disease in: birds). The conclusions of the Commission
were substantiated by the Grouse Disease Committee in 1911,.
which observed a high degree of correlation between strongylid

infestation and lowered resistance due to malmatrition. Where

sufficient heather had been burned, no shortage of fodder occe
urred and the grouse population was more evenly distributed
over the moor. It was therefore decided that the interests of
grouse and sheep were the same and that regular burning should
be a feature of moor management. Some controversy on the exact
interval that should elapse between successive burnings arose
between graziers and sportsmen.. However, the Committee suggested
that an average cycle for the country as a whole would be one of
15 years, although it recognised that considerable variation in
cycle-length might be necessary to meet local conditions.

1t can therefore be assumed that since 1870 the majority of
moor  owners have attempted to burn. their moors more or less

systematically. However, two wars and the subsequent increased

costs and shortages of material and labour have probably involved



gsome sacrifice of ideals even among the most enthusiastic

supporters of the findings of the Grouse Disease Committee.

De



PART T.

Statement of problem
The burning of heather moor is frequently discussed in

articles on the subject of moor management. (Wallace 89,
Lovat 49, Cameron 7 & 8). Emphasis is usually on the pract-
ical application of this mode of agricultural husbandry and
the conclusions drawn appear to be founded primarily on the
general experience of the observer over many years, rather
than the result of an intensive and detailed investigation of
the effects of burning per se, Although it is unlikely that
the combined and accepted observations of the experienced
agriculturalist, shepherd and keeper will be challenged, it is
felt that these must necessarily be of a superficial nature
and confined to short-term observations.

On the other hand, the effects of burning are occasionally
mentioned in purely scientific investigations of heather
communities but usually this is incidental to the main topic
and receives only brief comment. The work of Fritsch (33)
and his collaborators is an exception, but this is confined to

observations on lowland heath and little justification exists

for automatically applying the findings on this type of Call-
unetum to heather moors.

Clearly more precise information on the results of burn-
ing heather moor is desirable, particdlarly with regard to

long-term effects, So far as is known, no investigation witih
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this primary aim in view hes been undertaken and in the

following account an attempt is made to do this.

The: district invegtigated.
Geology

The: Pennines consist of an upland plateau ranging from
1,000 - 2,000 ft,.. above sea-level, being in reality a broad
monoclinal uplift with a tilt towards the east (Wray 96).
Geologically the North and South Pennings can be recognised
as massifs of Carboniferous Limestone, whilst the intervening
formations consist largely of sandstones and shales of the

Millstone Grit Series. In the Southern Pennines the Millstone
Grits wedge out altogether, and at the same time the lateral
extent of the formation decreases, becoming reduced to a

narrow tongue on either flank of the limestone Derbyshire
Dome. (Fig.l.)

The: rock of the Millstone Grit Series consists of alter-
nating strata of hard sandstone with soft mudstone or shale,
and since the strata are inclined, erosion“resu1£s in a series
of westerly-facing escarpments which in this district are
exemplified by Froggatt, Burbage, Bamford énd Stanage 'Edges’'.
The gentle, well-drained dip-slopes towards the east appear

ideally suited to the development of Callunetum.

Geogranhz
Owing to the poverty of mineral nutrients in the soils

arising from the Millstone Grits, and the rocky, broken nature
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Man of the main area investigated,
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Showing the location of rain-gauges referred to in
Appendix A. and most of the sites mentioned in the

text,

A. Bamford E. Toadsmouth

B. Lodge Moor F. Porter Clough
C. Hallam G. Lady Canning
D. Ringinglow H. Houndkirk Hill

J. Blacka Plantation

Rain-gauges are numbered as in Appendix A.
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of the terrain, conditions are unfavourable for agricultural
development and apart from the valleys, the district is rel-
atively thinly populated. Callunetum is distribugéd:more
or less contimuously over the district investigated (Fig.2.),

being interrupted only at the 'edges', cultivated valleys

and stream courses where vegetation of a different character
occurs., Almost the whole of the district lies between the
altitudes of 700 and 1,500 ft.

The moorlands under consideration are situated in the
northern part of the tongue of Millstone Grits nearest
Sheffield (Fig.l.). None are located further than 10 miles
from the city and in view of the: disposition of the Grits,
are found mainly to the west and north-west, although some
moorland (not investigated in detail) lies to the south-west
of Sheffield, towards the extreme tip of the eastern tongue
of the Grits.

Climate.

No data appears available for temperature ranges on these
moors., For the information on rainfall, I am indebted to the
Sheffield Corporation Water Works Department..

The Redmires data (opposite) can be considered typical
for the area as a whole, since the station is situated in
approximately the centre of the &area investigéted and is at

about average altitude (1,150 £t.). The long-average. annual

rainfall figure, based on observations during 35 years, is
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40,51, The mean monthly values (based on a similar period
of observation) are shown and also graphed in fig. 3. The
latter shows quite clearly that there is a general decline in
the monthly amount of rainfall from Jan.-June followed by &

corresponding increase during the second half of the year,

However, unlike the first half of the year, the second is.

characterised by violent fluctuations in monthly precipitation

which results in September and November being almost as dry

as May and July, and August and October as wet as- January.
This annual trend in rainfall is important in considering

the effects of burning, since the decline after February and

March means that soil erosion and the loss of base due to
surface run off and leaching is likely to be less after spring
burning than after autumn burning when the wettest months of

the year are to follow.

The annual rainfall for the years 1941 - 51 and the
monthly values for 1951 are shown in Appendix 1 for a number
of stations within the main area (Fig.2.) and give an indi-
cation of the variation from the Redmires data presented above..

Heavy mists are common during the winter, although in
gspring and summer the atmosphere canbé surprisingly clear and
insolation considerable. No data is available for wind vel-
ocities, directibn etc., although from general observations,

the veloecity at Ringinglow for much of the year is about 3-4

on Beaufort scale (8 - 18 m.p.h.).
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Economlics.

Despite the predominance of moorland, the district 1is
not to be considered as an entirely uneconomic tract of country..
The moors are of considerable importance as catchment areas
for the heavily populated industrial centres, particularly
Derby and Sheffield, on the adjacent foothills and lowlands.
In aggregate the moors produce a vast amount of fodder espec-
jally in the spring and early summer so that their utilisation

in stock-raising releases the more. fertile and tractable

lowlands for other purposes. The close proximity of enclos-
ures means that removal of stock at lambing-time and:in the
gseverest weather can be accomplished without the considerable
expense which this involves in many moorland areas, Formerly
the moors were of considerable value due to the high sporting
rents which they commanded, largely as the resﬁlt of their
accegsibility to sportsmenfrdm the nearby towns, whose tinme

'in the field'! was restricted by business commitments. '
However, their importance in: this respect seems to have declined

in recent years so that shooting rights are no longer so: much

more remunerative to the owner than grazing rents.



The status and composition of the local heather moors.
The Callunetum,

By definition the term Callunetum implies a community
dominated by Calluna and including certain characteristic
aggsociated species. Authors, too numerous to mention in-
dividually, have described the Calluneta typical of different
parts of the British Isles under particular environmental
conditions, and this aspect cannot be considered further
in this thesis.

Tensley (78 p. 72%) and Beijerinek (2 p. 109) describe
the complex of major factors which govern the distribution
of Calluneta ass’

l. No excessive fluctuation in humidity, a condition

associated with an oceanic or sub-oceanic climate..

2, Soils mainly of low base-status or small supplying-

pawer of assimilable salts.

3.?M0derateiy free drainage of substrate.

4. High soil acidity (pH 3.5 =-6.7). This may be

egssential fdr*theexistence-of‘thesymbiotic fungus

Phoma radicis Callunae. Tansley (78). Rayner (65).
Beijerinck adds two further conditions governing the distri-
bution of Calluna as distinct from Callunetum,

5. Adequate light (freedom from shading).

6. A protective snow cover during winter months in far

north and higher mountains,

11.
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Tansley (p. 723) and Beijerinck (p. 105) describe the horiz-
ontal distribution of Calluneta. Beijerinck employs & map

with a series of zones radiating from the centre of distri-

butiomr (Netherlands, Denmerk, S.Scandinavia, E. British Isles)

in which

a, 1s the region of optimal conditions, where Calluneta
- with only slight admixture of other species occur;
b. a region in which the: admixture of species becomes
greater; and
c. & limit beyond which heather is normally represented

only as & component of other communities,

The South Pennines are found to be situated just on the limits
of the zone of optimal conditions (a).

Information on the vertical distribution of Calluneta
is dealt with by Tansley (p. 747-758) and Beijerinck (p. 112).
Although the altitudinal limits vary with locality, the pos-—
ition: is probabI; best summarised by Tansley (p. 753) “In the
British Isles,. Calluna begins té lose: dominance under any
conditions of topography'or”soil_abova2,006 £t."..
Heath and heather moor.

The variety of Calluneta has already been mentioned. It
is however possible to recognise two major !'types' in this
country although it is not easy to draw a hard and fast de-

marcatiom between them. These are the heather or grouse moors

and the lowland heaths. The: latter are situated nearer to
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gsea~level and are largely restricted to the East Coast and
Southern England. The former are more northerly and westerly
in distribution and occur at altitudes of 750 - 1,500 or 2,000
ft.. above sea-level. In general it may be said that the
accunulation of peat is more marked on the heather moor. No
doubt this is related to the more humid and less favourable
conditions for bacterial and fungoidal decomposition.
Floristically considerable differences exist between
heath and heather moor, particularly among the non-vascular
plants. Watson (90) compares heather moor with wet heath
and records noticable differences in species lists. (Compari-

son with dry heath would undoubtedly show even greater

differences)..

However, Pearsall (61) points out that, although conven-
ient to distinguish these two Calluneta on the basis of certain
characteristic species, their flora and fauna tend to merge
into one another,.

Heather moor,

Although the term heather moor is often used as if it
implied a unity, it is essential to recognise the subtle

distinctions existing within this general term. It has

already been suggested that the term is best confined to those
Calluneta located between 750 and 2,000 £t. (cf. high level

Calluneta at 3,000 ft., Metcalfe 53)., Adamson (1) has des-

cribed the moors of the Southern Pennines as upland heaths
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and although this classification may not be acceptable, his
differentiation of moors into those originating on peat de-
rived from the decomposition of previous Calluneta and those
originating on 'foreign' peat, (e.g. Eriophorum) seems worth
utilising. Moor managers have long made this distinction
the basis of their terms 'thin' and 'thick' moor.

Whilst Tansley (p. 747) does not recognise the term upland
- heath, he does believe that above the tree limit on exposed
‘well-drained slopes with acid soils, Callunetum even if left
unburned and ungrazed would not be succeeded by aﬁy other
vegetation, i.e. it represents a climatic climax (p. 765).

It would therefore seem possible to recognise four po-
tentially different Calluneta within the genus heather moor,

based on origin and spatial separation, as follows,

1. Calluneta above the tree limit )
| ) On 'thick' moor

2o " below " " " )

S o above " " " )
) On 'thin' moor

4, " below " " " )

Although all four heather moors may appear vegetationally
similar, there is clearly a fundamental difference between
them and the removal of existing biotic influences could be
expected to lead to divergent types of vegetation.

The moors investigated would clearly fall into category

4 above i,e, originating primarily on peat of their own

making above acidlc mineral soils on well-drained slopes '
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and located on potential forest sites. (p.103). Even so,
it is dangerous to think of the local heather moor as a veg-

etational unit. Apart from allied associations and their
transitional stages which merge into tﬁe heather moor, the
latter must incorporate a number of 'suppressed'! socleties
moulded into apparent uniformity by gustained human inter—-
ference, In this manner, minor topographical or soil diff-
erences which would have formed sub-habitats have, as the
result of repeated burning, been prevented from exhibiting
characteristic vegetation. Consequently a superficially
homogenous community may represent & complex of modified and

typical vegetationJgnder existing environmental conditions,

Floristically, the Southern Pennine moors are remarkable
for their poverty of species, although as Pearsall (61) has
pointed out, if a sufficiently large area is investigated, it

is usually possible to discover representativés of all the
typical moorland species. Both Pearsall (61) and ransley (78)
suggest that this poverty of species is related to a long

history of burning.
Tansley (78 pp. 754-56) gives a composite list of species

found on the heather moors of the South Pennines by Lewis,
Moss and Watson, with the reservation that some are not typical
moorland plants, By contrast the list of species encountered

on or near the areas investigated, is much briefer and com-

posed as follows,



mﬂx; Only'those species manked'with.an.esterisk.are of
common.occurence, the remainder are encountered only

occesionally.

!
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*Agrostis tenuis *Juncus squarrosus

Carex nigrsa " effusus
¥*PDegchampsia flexuosa *Molinia coerulea
*Empetrum nigrum #*Nardus stricta

Epilobium angustifolium Potentilla erecta

Erica tetralix _ *Pteridium aquilinum
¥*Eriophorum angustifolium Rumex acetosella
* " vaginatum Trichophorum:cadgpitosum
Festuca ovina *Vaccinium myrtillus
Galium liercynicum ¥* " vitis-idaea

The only mosses noted have been

*Campylopus flexuosus

Dicranum scoparium
Hypnum cupressiforme
*Webera nutans

Of the macro-fungl the: followlng have been seen

#Clytocybe cyathiformis

Mycena spp.
*Paneolus campanulatus

*Stropharia semi-globata
*Tubaria furfuracea

O0f the non-vascular plants W. nutans is much the comm-
onest species, With regard to the fungi, S. semi-globata
and P. campanulatus are characteristic dung species, whilst

C.. cyathiformis and T. furfuracea although more typical of

woodland are here found in senile heather stands and recently

burned areas respectively. The Mycena species were also

confined to the burned areas. Flammula carbonaria although

commonly occurring on experimentally burned soils in the

greenhouse has not been encountered in the field..
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A1l vascular plants have been named above and through-

out. the thesis according to the nomenclature used in, 'Flora

of the BritishIsles' Cambridge 1952. (13).

Moor management.

In addition to differences due to wvariations in natural
environmental conditiong, it will be shown that the compos-
jtion of heather varies as the result of differences in
burning treatment, It would therefore seem advisable at
this stage to mention briefly some details of this treatment.

The need to maintain heather moor in a vigorous condition,
by burning the o0ld stands before they become senescent and
useless from the standpoint of fodder-production, is now
generally accepted by moor managers. In order to ensure
naximum productivity it is necessary to have a routine method
of treatment by means of which heather on every part of the
moor is burned after it has reached a ceriain age. The moors
are then said' to be under cyclic management, As most moors
are now managed for the benefit of sheep as well as grouse,
attempts are made to burn in cycles of 10.- 15 years. However,
11; practice, the difficulties of mainteining a given cycle are
considerable and are adequately dealt with by Lovat (49). In
this district, few of the keepers seem to burn sufficient
heather to maintain a rigid cycle, with the result that stands

of 20 years or more since burning are not uncommon. (Admittedly

restrictions on burning during the recent war may have been 1n
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part responsible for this, although it seems that economic
difficulties are the main cause). The advice of the Grouse
- Disease Committee, to burn in strips of limited area in order
to segregate stock and facilitate seedling recovery, i3 pro-
bably the major cause of this failure to maintain a rigid
burning regime. Where the shepherd's practice of burning in
blocks (e.g.. Bamford) has been employed, there seems to be no
difficulty in maintaining a given treatment. There are
therefore apprecliable differences in the 'efficiency' with

which. moors are burned now and have been burned in the past..
Superimposed on intentional burning is & considerable

amount of aoclidental burning. This is not unexpected since

about half the population of England resides within approxi-

mately an hours Jjourney of the South Pennines, Certainly

most keepers agree that the incidence of accidental burning

has increased since 1900, in proportion to the popularity of

motoring, hiking, cycling and other forms of out-of-door

activity.

General aporoach to problem.
Since most of the moorland in the digtrict is 'privatelj

owned and employed as rough grazing and, or, grouse moor, it

has not been possible to undertake extensive experimental work,

This has necegssitated the utilisation of ready-made situations
in the field as they presented themselves., Sometimes in spite™

of ardent search, desired comparisons have not been available.
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As the result of these restrictions, the approach to the
problem has been broadly exploratory rather than intensively
specialised.

Finally in ordexr to determine the long-term effects of
burning it wag considered essential to first understand the
short-term effects, As & consequence the thesis is presented
under two main headings;

a, The shoft-term effects, and
b. the long-term effects of burning.
Under each heading changes in the vegetation and soil are

investigated.



PART I1I.

Development of the investigation and techniques employed.
Vegetation enalysis.

In the first instance, several of the local moors were
inspected in order to obtain a general impression of the
Calluneta typical of the district. Only a few of those
examined were sultable for further investigation and details of
these are given in Appendix 2..

Although the apparent uniformity of the vegetation and
povexrty of species was obvious, it appeared that differences

existed in the assocliated species, not only between moor and

moor, but often between different parts of the same moor.
It was hoped that by sultable recording methods, some measure
of these differences might be obtained.

Investigations were commenced with frequency analysis of

the vegetation using for the purpose a 50 ems., x 50 cms., quadrat,

It soon bhecame evident that as some of the associates ﬁere
poorly represented and occurred in erratic, isolated tufts or
patches, there was a considerable difference in their frequency
when - for example the first and second 25 quadrats from & given
area were compared. When the attempt was made to compare

stands of different age (since burning), even with 50 or 100

quadrat results per stand, 1t was clear that little confidence

could be placed in the differences observed in the less fre-

quent speciles.
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It seemed that little Justification existed for the
.development of this technique on a larger scale in view of
the small percentage of 'presences' to be expected for some
of the associated species. In addition it was not possible
to record large nmambers of quadrats for some of the heather
stands because of their restricted area, Moreover it is
doubtful whether unqualified data on percentage frequency is
of much value in this type of investigation. If the compo-

sition of an old heather stand is considered, it is clear that

it might be possible for Deschampsia flexuosa (because of its
sparse growth) to be represented by & frequency of almost 100%,

and Eriophorum vaginatum by less than 10%. The cover in the
two species might be almost identical. In another heather

stand, or perhaps the same stand several years after burning,

the: frequency of these speciles might not have sltered but the

cover  of Deschampsia under these conditions could be several

times that of Eriophorum. It appeared therefore, that if the

role of the individual species in different heather stands was
to be determined, this should be done by area methods.
(Fenton 27)..

The 50 cms,.. x 50 cﬁs. quadrat was therefore gridded into
100 squares with copper meshing. By this means it was possible
to estimate very accurately in each quadrat the area covered
by heather and the more prominent components of the vegetation.

In the case of the less significant components, particularly



sparsely distributed Deschampsia and V.. myrtillus 1in dense
heather, the mathematical expression of cover ultimately
rested on subjective estimates, thereby preventing statistical
gscrutiny. Another disadvantage of the method was its time
consuning nature. To record accurately the cover of each
species in a quadrat meant that the examination of 25 quadrats
“required an excessive amount of time, Since it was felt thayl
even this number of quadrats did not always constitute a fair
semple for & stand, the method was discontinued.

Ultimately a compromise was achleved between the desire

to depict the cover and at the same time incorporate inform-
ation on the frequency of each species in a given areé; This

involved the construction of histograms for each area in which
frequency 1ls indicated on the vertical axis and the cover of
each species on the horizontal. The estimates of cover are
subjective but are based on three clearly defined values.
Value (a) was awarded when & species was 'dominant' or 'co-
dominant' in the quadrat being examined, i.e. where the cover

constituted 50% or more of the area of the quadrat. Value

(c)' was awarded in cases where the contribution of the species
to the appearance of the quadrat was 'insignificant', which

for practical purposes was deemed about 10% or less cover.

In all other cases i.e. where the species was not sufficiently
conspicuous in its cover to be co-dominant and yet its contri-

bution to the appearance: of the quadrat was 'significant', the
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value (b) was awarded (i.e. cover of approximately 10 - 50%).
In the histograms value (a) is indicated by the widest bands,
value (b) by the narrower and (c) by the narrowest.

In practice this system of recording can be operated
fairly rapidly and despite its arbitrary nature, the histogram
of a stand does depict, with reasonable accuracy, the condi-
tions that.rgally exist in the field. Consequently, 50 quad-
rats were recorded in each of the more interesting areas in
1951 and again in 1952, Since the 1952 histograms do not in
all instances 'tie-up' with those of the previous year, this

must be largely attributed to small-sample error.

Soil characteristics.

Whilst burning must inevitably destroy most of the vege-
tation, iﬁ has been shown that a certain amount of peat des-
truction also occurs (Haines 3%7). This in conjunction with
increased exposure and leaching, and the liberation of a
relatively high concentraiionm of soluble mineral material on
to the soil surface, must considerab;y alter the equillibrium
of conditions in the soil profiles It therefore seemed log-
ical to suppose that moors ﬁhich had been burned systematically
for a long time would show divergent soil characters from
those where burning had been less frequent..

It was therefore necessary to obtain areas for comparison, ~

in which factors influencing the soil were, with the exception

of treatment, as nearly identical as possible. Unfortunately
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there have not been many suitabie areas, However & number

of pits were constructed in each area to a depth of about
18-24" by which time the bright yellow, ochreous or orange-
tinged sub-soil had been reached. Digging was not continued
further since,. in cases where this had been done, the sub-soil
showed little obvious change with increasing depth. Although
onlﬁ & limited number of pits were constructed in order to
avoid undue damage to the vegetation, it was soon apparent
that the diversity in the profiles was remarkaﬁle. (Fig. 4.)
It was not possible to comstruct a characteristic profile-
diagram for any given area since the het~erogeneity of the
individual profiles was too great (not infrequently the depths

of almost every horizon varied appreciably on each of the

three faces of a pit).. The difficulty of determining accur-

ately the limits of the different horizons (see profile des-

cription page 26), deterred any serious attempt to accumulate
data of such debatable wvalue. Perhaps the inspection of a
really large number of profiles would reveal inter-area re-—
lationships but the labour involved and the damage caused to
the vegetation in digging, doss not seem justified. The dis-
advantage of dealing mathematically with data dependent on
arbitrary measurements would still of course remain.

Clearly such heterogeneity is not only the result of the

natural environmental influences but also of treatment. It

the firing were always accidental, it would be unnecessary to




"fhe di'sﬂt'ﬁbﬁti'o'n of Peat Depths under heathef stands of
different age and origin

(based on 20 samples per area measured to the nearest O.5cms)

Bamford (Systematically burned moor)

Peat depth, Age of heather stand.
cms. 3 yrs. 10 yrs. 17 yrs.
13 X
12 X
11 |
1(9) X §xx XX

8 § XX
7
6
5 XXX
: i i
X
. gx gxx
2 X’ x:
1

Ringinglow. (Irregularly burned moc;r)

cms, 2 yrs. 4 yrs. 10 yrs. 20+ YI‘S-
(prev1ous stands)
(of young heather)

12
11
10 < x
J %' XX
. x xx XX
7 | XXX
6 xx XXXXX X
5 Bx  Faxxxx gg g
4 ‘ XXXXXXXX X¥XXX XX
5 X b 8
2 X
4 X
Lady Cannings. Blacka. (Heather moors only since
cms, 20+ yrs. 204yTS. 1875 - 1900)
13 .
12 x
11 _ XXX X
10 XX
9 | X
. B ,
T - Xx ~ %x
6 | XX



25.h
point out that the boundaries of a burned area rarely coin-
cide with those of the previous burning. However, even in
controlled burning tongues of fire may creep into adjacent

heather stands before they can be extinguished, unless the

boundary of the intended burn happens to abut on bare ground,
or very young green heather with incomplete cover. Moreover,
unless the contrast between adjacent stands ié very clear
because of considerable age differences, the boundaries become
obscure, so that the intended burn may include stands of more
than one origin. Even adjacent stands of considerable diff-

erence in age may merge into each other after a while, due to
the shelter-effect of the more mature stand (Fritsch 33).

The overall soil profile of a burned ares may therefore be &
mozaic, the result of superimposed burnings and other environ-
mental influences.,

When the attempt is made to use peat depth as a criterion

of the absence of burning, further difficulties arise. An

gceidental fire under the appropriate conditions might well

reduce the veat cover of a rarely burned moor. +n 8 Aanth mawa
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The data for the Bamford and Ringinglow moors suggests that

peat depth is not determined purely by the length of time that
has elapsed since the last burning. When the data for the
oldest stands at. Bamford and Ringinglow is compared with that
for ILady Canning's and Blacka moors, it is clear that well-
defined differences in peat depth, in relation to the history of
burning do not occur. Owing to the indecisiveness of these
preliminary observations and when the many factors influencing
peat depth were considered, it was decided not to investigate
the problem further,

To conclude thils section a general description of the
podsols of the areas investigated, will be given. (N.B. fig. 5.)
Commencing with the

I~F horigon. Consisting of recognisable plant remains this
horizon is of variable depth, from zero where
wind and rain-wash have effectively swept it
away, or the area has never been colonised,
to a2 loose carpet of as much as %3 cms. under
old heather,

Ao. " Of black amorphous peat, which in the upper
region is matted with heather roots. It
ls rarely less than 2 cms. deep and may be
more than 10 cms, on occasions. The lower
boundary is very difficult to determine as
this horizon gradually merges into the next.

Al. " This is &8 black humus-stained horizon becoming
progressively less peaty and more sandy with
increasing depth. The large sand gralns are
typically leached white or grey.

A2, " A white, grey, buff or, under certain condi-
tions of illumination and dampness, definitely
purple-~-tinged horizon. The colour variation
in different localities is not altogether
unexpected in view of the heterogenous nature
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of the parent Millstone Grits. This is the

leached horizon 'par excellence' being verxry
porous and apparently leached free of iron
and much of its original colouring matter.

The upper limit is not always clearly defined,
although possibly more so than the Ao-Al
boundary. Under certain conditions, for
example extreme dryness or wetness, the upper
limit is more difficult to determine.

Bl. horizon.The first illuvial horizon, A compact layer,
not always present - usually of extreme
thinness - of humic material apparently acc-
unulated from above and resting on the B2
horizon, Jacks (40) appears to consider
this layer as the accumulation of decaying
roots which have penetrated the eluvial
horizons, There seems however no reason to
suspect that this is anything but an accumu-
lation of humic material carried down from
the upper horizons in view of (a) the small
amount of root growth below the Ao horizon
and (b) its amorphous condition.

B2. 4 A compact horizon of dark-brown, reddish or
even orange-colour, consisting of parent min-
eral material cemented by the eluviate from
above. Referred to as hard-pan, this is of
variable thickness and compactness, even with-
in small compass being sometimes little more
than a line to as muech as 2 ems. thick. There
may be contamination with humiec material,

C.. " A horizon of variable colour and structure.
Always of a yellow tint - this may vary from
canary-yellow to orange-red through dull-
yellow, ochre etc.. The structure may be
homogenously fine in texture but is usually
characterised by its stoniness, the stones
often standing out in the upper regions at
least because of iron encrustation on their
surface. This is much more apparent where

the B2 ig ill-defined.

It should be emphasised that this description of the soil

profile is somewhat simplified. Slzeable rock fragments pay

be found in all horizons. When these occur in the A2 they
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are frequently reddisﬁ coloured, owing to the premature de-
position of iron eluviate on their surfaces, whilst their
presence in quantity in the lower horizons may entirely con-
ceal/:gzalised structure described above. The incidence of
large boulders, frequently Jjust below the surface or barely
breaking through the peat, leads to additional complications,
so that it is possibile to find profiles consisting of perfectly
defined A horizons with no evidence at all of those of the

B and C genera.

Exchangeable base.
Although Pearsall (59-60), Haines (37) and other workers

have described the low concentration of mineral nutrients in
acid moorland soils, it was felt that differences of base sta-
tus betﬁeen burned areas might be detected. As experience

had shown that the bulk of heather roots were confined to the
upper soil horizons, (see also Heath and Imckwill 38, Leach 47),
particularly the amorphous peat of the: Ao, 1t was concluded
that this must be the region oflactive absorption and therefore
of most interest from the fertility viewpoint, Consequently,
investigations are largely confined to the determination of

the base status of peats. The small amount of base present
meant that a considerable amount of time was involved in attempt-

ing to devise suitable techniques for its determination.

One of the earliest methods employed, involved leaching

the soil with ammonium-salt solutions. By suitable distill-
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ation of the resulting ammonium-saturated soil, the exchaﬁge-
able-cation capacity of the soil was determined. The in-
creased acidity of the leachate was determined by titration.
The difference between this (the equivalent of exchangeable
hydrogen) and the exchangeable-~cation capacity, represents
the exchangeable cations other than hydrogen in the soil sample
(i.e. the bases). Although reproducibility of results for
exchangeable-cation capacity wag good, the determination of
exchangeable hydrogen was not so satisfactory. Since the
apparatus used was 8 modified Kjeldahl outfit, and not amen-
able to indefinite duplication, the bottleneck arising when &

number of ammonium-saturated soils were awaiting distillation
constituted a major disadvantage of the method. Moreover,
in order to determine the exchangeable~cation capacity, it

was essential to leach the soil completely. In view of the

relativelyi}OW'position.of ammonium ions in the lyotropiec
series (Sigmond 70), it was necessary to use & large volume of
leaching solution to ensure this. Leaching itself introduced
& major difficulty, as finely-divided organic particles grav-
itated to the bage: of the soil mass and formed an impermeable
coat. As & result the passage of solution became progress-
ively more difficult. Since any form of assistance e.g.
suction, merely aggravated the situation, it was*necessary to

wailt an excessively long time in order to collect the leachate.

In order to reduce the volume of leaching solution
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required and thereby speed-up the process, & search was made for
a method incorporating a replacing ion of greater efficiency
than the ammonium ion. This was available in a method des-
cribed by Mehlich (52) employing barium ions. It is only
necessary to mentlon the advantages and disadvantages of this
method. As the leaching solution l1s strongly buffered, re-
placement is ensured at a definite pH in all soils and results
are therefore strictly comparable. The wvolume of leaching
solution can be reduced from 1/5-1/10th of that necessary

when an ammonium-salt solution is used, although leaching is

still necessary as the method again involves the determination
of the exchangeable base by difference. The procedure for

the egtimation of exchangeable-cation capacity (i.e. the dis-

placement of barium ions in barium-saturated soil by potassium
ions and the estimation of the barium spectrographically as
chromate) was somewhat cumbersome, although the demand on
apparatus was not so great as in the previous method.

Various modifications of the above methods were tried but
all suffered the disadvantage that exchangeable baée was det-
ermined by difference according to the formulas |

Exchangeable-cation capacity — Total exchangeable hydrogen

= Exchangeable base.

Consequently an error in the estimation of either the exchange-

able-cation capacity or the exchangeable hydrogen leads to &

complementary error in the estimate of exchangeable base.
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It was therefore decided to employ the Brown rapid
method (5) in which both the exchangeable hydrogen and base
are determined experimentally, and which at the same time is
reasonably speedy to operate. Although not so accurate as
leaching methods, since ionic. exchange only proceeds to equil-
. 1brium between soil and solution, the exchangeable hydrogen
actually displaced from the soil is determined and not its
equivalent in terms of gtandard alkali, Such equivalents may
be considerably influenced by organic acids in the soil ex-
tract and amphoteric aluminium, Whilst in a highly acid soil
the> hydrogen s &aluminium ratio is likely to be large, it
should be remembered that it is in these soils that aluminium
occurs in significant amounts (p. 94). In.the Brown method,
exchangeable base 1s determined by the difference in pH of an
acid replacing solution before and after the introduction of
& soil sample (i.e. the removal of hydrogen ions from the sol-
ution in effecting the detachment of cations from the soil,
leads to an increase in pH of the solution equivalent to the

bagsic cations liberated. ).
The technique employed, varied slightly from that deg-
cribed originally by Brown. Owing to the acidity of the soils,

the reduced ratio of 4 gms., peat. ¢ 100 mls. neutral N-ammonium

acetate was employed, otherwise the depression of pH was so

pronounced that readings came on to the f£lat part of the ti-

trated hydrochloric acid-ammonium acetate calibration curve.
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On the other hand the concentration of exchangeable base was
so low that before a readable value could be obtained the
ratio of soil ¢ acetie acid had to be increased to 20 gms. ¢
100 mls, Fresh peat was used, after trials had shown that
changes in the amounts of exchangeable base and hydrogen
occu:red.during drying. Bulked samples (about 20 from each
area) were used, after being thoroughly mixed by manually
tearing the peat to pieces and pagsing it through a sieve.
The soil ¢ solution mixtures were shaken mechanically for 1
hour, in lieu of the 2' hours occasional shaking specified in

the original method. As the molisture content of the peat

from different areas varied, this was determined on portions

of the bulked material.

Whilst the determination of exchangeable hydrogen was
satigfactory, the measurement of base was more difficult. The

inter-area differences were very small and it was obvious that
the results were only of value when used comparatively in any
one seriesg. Any attempt to use these figures as abgolute
values would be unjustified. To illustrate this, occasions
did arise - when the inter-area differences in exchangeable base
depended on variations in pH of 0.025 units, measured on an
instrument graduated in 0.1 pH intervals, (A Cambridge patt-
ern meter was available but this was mains-operated and fluct-

uations in the current were so great that the relatively small

inter-area differences were obscured. ).
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The major disadvantage of the method however, is that the
basic cations determined are not all mineral nutrients. The
presence of aluminium and iron in particular, may be responsible
for the over-estimation of 'geqydﬁé' bages. Consequently it
was decided to estimate caleium and potassium only, as it was
felt that these would give a better indication of the mineral

nutrients in the soil than the wvalues for total base. calcium

estimation was made possible by the description (and commer-
clial supply of‘materials) of a8 technique employed in deter-
mining the hardness of water in the U.S.A. (3). Although a
titrationymethod this appears sufficiently sensitive to esti-
mate the small differences in the calcium content of peat
extracts, especially when the modified indicator described by
Knight (44) is used. (Attempts to do this by precipitation
as oxalate and titration with potassium permanganate (ﬁilli&ma
93) had proved that the experimental error was greater than
the inter-area differences in calcium status). Potagsgium
was egstimated by flame-photometer in accordance with details
given by Domingb and Klein (22), whilst, in view of the advan-
tages already described, exchangeable hydrogen was estimated
as in the previous method.

The main principles of the method were as follows. Samples
of 4 gms. of fresh soil for hydrogen determination and 20 gms.

for exchangeable base determination, each in 100 mls. of

neutral N-ammonium acetate, were mechanically shaken for 1 hour.
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The exchangeable hydrogen was determined as soon as possible
after the soil had been éollected (usually on the same day),
whilst the soil : acetate mixture for base determination was
centrifuged and filtered. The resulting solution was trans-
ferred to an evaporating-dish, taken to dryness and baked to
decoﬁpose the acetate radicle, The dry solid was then di-
gested on a water-bath in 10 mls. N;hydroéhloric acid for %0
minutes, filtered, washed with hot distilled water and made
up to 100 mls, In each case a 20 mls., sample was removed
for the photometrical estimation of potassium and the remaining
80 mls., used for the estimation of calcium,

By and large the technique was satisfactory, although the

treatment necessary to obtain a clear solution for the esti-
mation of the 'bases' was somewhat protracted. In the absence

of a clear solution the indicator changes were of course ob-

scured, whilst any suspensions in the solution led to block-

ages of the flame-photometer feed-tube and atomiser.

Chemical analysis of the vegeitation.

As it was desired to confirm the intra-~cyclic trends in
base status detected by soil analysis, it was decided to ins-

pect the chemical composition of the heather leaves from

different aresas.

Although Iundegardh (50) is of the opinion that leaf

analysis can not entirely replace soil analysis, since the

supply of available minerals in the substrate is not always
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reflected by the amount accumulating in the leaves of plants
growing thereon, he appreciates the advantages in this method
of estimating soil fertility. Where the soils are egssentially
of similar origin, physical structure and chemical composition,
it 1s clear that more confidence can be placed in the results
of leaf analysis. In any event the critical factor in meas-
uring fertility is surely the availability of minerals in the
goll and their'uptgigybfﬂ€he ;egetation;under'specific envir-
onmental conditions and not soil fertility per se.

Heather shoots from stands of different ages were collect-
"ed end bagged separately. The leaves, with as little contam-
ination by dead leaves etc., &8s possible, were then removed
and placed loosely on paper trays in an oven of temperature
60 — 70'C., through which a current of air was passed. After
gseveral hours the material was removed, allowed to cool and
reduced to & sufficiently fine powder to pass a '30' sieve,.
During this stage it was possible to sieve off any small stens

that had been included. The powdered green material was then

dried off at 100'0. until constant weight wasg attained. Acc-
urately weighed samples of about 3 gms. were placed in ecrucibles,

incinerated and the: ash digested in 25 mls. of 0.1 N-hydro-
chloric acid. To prevent excessive loss of vapour, the cru-

cibles were covered with watch glasses and digestion was con-

timied for 30 minutes on a water bath. 'Since the volume of

solution was not allowed to decrease unduly, only water was lost



by evaporation. (The strength of constant boiling hydro-

chloric acid at laboratory pressures is between 5 and 6N.,

Vogel 87). This was of course confirmed by repeated checks

with blank solutions.. The contents of the cruclibles were

then filtered through Wa‘l;};znn No. 44 filter papers and the

filtrates collected. Crucibles and residues were washed at
leagt three times with hot distilled water. In order to re-
duce the bulk of the filtrate, 1t was slowly evaporated on &
water-bath to approximately 25 mls. volume. Since some of

the acid is neutralised by the base present in the extract, this
can be determined by the difference:’in the quantity of standard
alkali required to neutralise the remaining acid, and the
quantity required to neutralise the acid originally present.

The difference in the two titrations represents the equivalent

of base in the gample used.

In the very first series of analyses ( table 15 Ringinglow),

the excess acid was neutralised with 0.1 N-sodium hydroxide
using pheno]-s\b'hﬁalein as indicator. Loong before the end-point
however, a white precipitate appeared which on analysis proved
to be aluminium hydroxide. As this tended to interfere with
the end-point by redissolving to form sodium aluminate, 0.1
N-ammonium hydroxide with methyl-red (pH 4.2-6.3) as indicator
was subsequently used. By curteiling the titration at the

first colour change, little precipitate appeared and the end-—-

point was more definite, (Aluminium hydroxide begins to

precipitate at about pH 5, Vogel 87).
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Although roughly substantiating the observed soil diff-
erences, 1t was felt that base values per unit dry-weight of
green material had little meaning, since it was probable that
the latter represented the crop of varying areas of soil sur-

face in the different stands. A more intensive investigation

was therefore instituted.

The aerial parts of heather plants from unit areas were
collected and bagged individually.. In: each stand 9 samples
were taken in % groups of three. The three groups were widely
separated and entirely at random, Unfortunately, in the

younger stands, the three samples of each group could not be
taken entirely at random since the inclusion of bare ground
in a quadrat would influence the yield of‘green.material.
However, the quadrats were taken at random on adjacent patches
of continuous heather cover. In the case of very ;1d and

senescenp stands of heather the open condition of the cover made

the previous routine impossible. Six sites were therefore

taken at random in the stand and- the quadrat placed on the
nearest continuous heather cover. By adopting this technique,
1t was felt that the crops of unit areas were serving as

plytometers.
The quadrat size of 20 cms. x 20 cms. was-possibly a little

small but this was chosen to facilitate more trandom sampling

in those stands where the heather cover was discontinuous.

The small size also kept the quantity of material to be handled
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t0 manageable proportions.

The individual samples were stripped by hand, a somewhat
laborious process, and the green material spread out on paper
trays in a constant temperature room at 3%30'C. for 48 hours.

At the end of this period the material was sufficiently dry for
it to be rubbed by hand to separate the leaves from the stens.
Since it was linevitable that some fruit capsules, flowers and
finer stems were included in the green material at this stage,
these were largely removed by sdéving and lightly !winnowing!
the petals by means of a fan. ' Dhe resulting material, almost
pure leaf, was subsequently dried for several days at 100-105'C.
until it attained constant weight. Each gsample was weighed

to the nearest 0.05 gms. and then placed in an air-tight bottle

until required.

In order to reduce the number of samples to be analysed
the three samples of each group were bulked. Where six samples

only were collected for an area, the bulking was done in pairs
according to similarity in weight. Bulked material was pest-
elled and mortared into & fine powder and sieved several times
to thoroughly mix i+t.

Small quantities of the material were then dried at 105' C.
for 12-24 hours and 5 gns. samples and duplicates weighed into
crucibles. The crucibles and their contents were then trans-

ferred in batches of eight to a muffle-~-furnace, where they

were carefully dry-ashed for several hours. (see Piper 64, and
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Wright 97). (Wet-ashing with sulphurie, nitric and perchloric
acids had proved most unsatisfactory, probably because of the
large amount of resinous compounds in the material, and the

method did not appear to have any advantages in speed or con-
trol over the dry-ashing method.). When cool, the ash was

digested in 10 mls. of N-hydrochloric acid for 30 mins. over

a water-bath and filtered through a Watmann No. 44 filter-
paper, The residue and crucible were repeatedly washed with
hot distilled water and the filtrate collected in a 100 mls.
flask. After at least three washings the filtrate was made
up to the mark. Aliquots of 25 mls. were withdrawn for cal-
cium estimation and one sample of 20 mls. for potassium esti-

mation from each flask. These elements were estimated as

previously described (p. 33).

Leaching experiments,

One further series of experiments needs to be explained.

As the result of observations on the intra-cyclic changes in

soll base stétus, it was clear that data on leaching would be
valuable, Accordingly & pilot experiment was undertaken to
determine whether changes in the mineral composition of the
leachate occurred after the vegetation had been burned and if
these could be detected by the methods availate. A large tin
of' 9" x 9" and 14" depth, with holes punched in the base, was
taken into the field. A block of soil, plus wvegetation,

slightly larger than the size of the box was then dug out of
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the ground and guided into the box. After several attempts

this was eventually achieved without breaking the block., The

box plus contents was then placed in the greenhouse on an

enamel tray to collect the leachate. At intervals the equiv-
alent in distilled water of 1" rainfall was poured over the
s0il and the leachate was collected after 48 hours. The
leachate was then filtered, evaporated to dryness and the
regidue baked on the hot-plate for about 30 minutes. The dry
solid wags then treated in the same way as the ashed green
material described on page 35 and the base determined by tit-
ration with ammonium hydroxide as detailed on page 36,

After two or three preliminary leachings, the vegetation was

burned (p. 42) and leaching continued.

The encouraging results obtained warranted an expansion
of the experiment,. Four boxes were therefore made of slightly
less size (the pilot box had been rather bulky to handle),.

viz, 7" x 7" and depth 14" as before. These were constructed
with removable, perforated bases to overcome the previous
difficulty of introducing the soil into the box*without dig-
turbiﬁgits structure. Prior to taking the tins into the
field their intériors were lined with paraffin-wax so that this
could be melted once the soil was in position and an efficient
seal down the sides of the box obtained. From a stand of old

heather at Ringinglow, four areas with, so far as could be

determined, similar heather cover, were trenched around to leave
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8 pillar of soil slightly larger than the dimensions of &

box. A box, minus base, was then thrust down over each soil

column until the soil-surface was about 2" below the lip of
the box, The cutting-edge of the box effected so good a
seal that the paraffin lining was scraped away. The bases
of” the s0lil columns were then chopped off below the tins,
trimmed flush and the perforated bases with their layer of
glass-wool fitted into position. The four tins were then
brought into the greemhouse and placed over enamel trays in

readiness for leaching. After a period of acclimatisation

and moistening to bed=-down the 3611, leaching was conducted

as in the pilot experiment. After each block had been le-

ached several times, the vegetation of two of the blocks was
burned leaving two blocks as controls. The leaching was then

continmied and the third and fourth blocks burned at intervals

during the later part of the experiment. During the first
part of the experiment, the same method of determining base
was employed as in the pilot experiment. TUnfortunately the
results after burning were not so conclusive as in the pilot
experiment, However, the value of the experiment was re-
covered by the description of the 'Versene'! method of esti-
nmating calcium and for the final part of the experiment cal-

cium and potassium were determined as representative of the

base in the leachate.

Under the circumstances the experiment was continued
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longer than originally intended and some criticism may be
levelled at keeping the blocks in the greenhouse for so long,
since changes in the soil might occur. However, it is unlike-
ly that such criticism could nullify the conservative conclu-
sions which are drawn. Another criticism of the method is
that by the end of the experiment the tins, having been in
contact ﬁith:moist soll for so long, had become rusted and
some of the rust may have passed into the leachate, A re-
finement in this respect would be the use of transparent
plastic boxes, preferably with a detachable receptacle at the
basge, By this means 1t would be possible to guard against
rust, contamination by dirt etc., and also to see that the

s0il remained in close contact with the walls of the container,

a3 there appeared to be a slight settling of the soil in the

later stages of the above experiment. Another method might
be to cover the soll column in the field with a stout layer

of wax, transport this in a box of convenient size to protect

it and in the actual experiment use the wax itself as the

container.
Since the methods of burning the vegetation differed in
the two experiments an account will be given of these. In

the pilot experiment, the crop was removed to soil level and

ignited independently in a large porcelain dish. The ash

obtained was thoroughly mixed and a small sample removed.

This was digested in N-hydrochloric acid, filtered and the
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filtrate evaporated to dryness. A second sample was also
removed, shaken at intervals for ten minutes with the equiv-

alent in distilled water of 1" rainfall, filtered and the

filtrate evaporated to dryness. At intervals of several days,

the residue was treated with theequivalent of a second and
third inch of rainfall, and the filtrates evaporated to dry-
ness., In each case the dry extract was digested in 25 mls.
0.1 N=-hydrochloric acid according to the details on page 35
and the base determined. By this means the base content and
the water-soluble base of the ash applied to the soil surface,

were. respectively estimated.

In order to simulate burning in the field it was therefore
necegssary to 'hose' the soil-surface with a Bunsen burner,
The balance of the ash was then-spread evenly over the soil-

surface and the experiment conducted as 1f the vegetation had

been burned in situ.

When it was decided to burn the heather of a soil block
in the main experiment, the tin was transferred to & fume

cupboard. The vegetation was then ignited in several places

by means of a burner and allowed to burn itself out. It was
felt that this closely reproduced conditions of burning in the

field, During burning, several interesting observations were

made. Firstly, despite the lack of wind a large amount of

the: ash floated away into the laboratory. This in itself

probably contributes to a loss of base potential at burning,



Fig. 6.

Annearance of the soil surface of an old heather

stand almost one vear safter burning.
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Since the same thing undoubtedly occurs in the field. On
one 6ccasion during autumn burning, particles of ash from a
fire almost a mile distant, were constantly drifting over
Ringinglow. On this particular day there seemed to be comp-
aratively little wind to carry the ash so far, although con-
vection currents may have been largely responsible for this.
Secondly, although the sides of the box above soil-=level be-
came too hot to touch, that part at and below soil-level re-
mained surprisingly cool. It therefore seems probable that
burning, except under extreme conditions, does not produce
excessive temperatures in the peat horizon. This is sub-
stantiated by the fact that litter on the soil-surface was
apparently little damaged by burning in these tins, whilst its
resistance to burning in the‘fieldr particularly when old
stands have been burned, has been noted many times.(see fig., 6)
In the pilot experiment althought the surface of the soil wasg

subjected to the drastic treatment of 'hosing' with & Bunsen

burner, it was difficult to make the litter glow,
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PART ITI.

The short-term effects of burning.

Effects on the vegetation.

In order to avoid undue repetition of details on the
individual areas, these are summarised in Appendix 2, Ob-
servatiﬁns on the short-term changes in the vegetation as the
result of burning are drawn from the following datas

8. Frequency analysis - tables 1 - 8,
b. Percentage cowver values - table 9.

¢c. Histograms for the individual areas - figs.7-14,

Observations on the effects of burning on the individual
species in the Callunetum,

Fraser (32) has classified the more important moorland
species into two main groups, according to their response to
burning; viz.

l. Caespitose species in which winter buds ang
food stores are protected by a dead matting of leaf-sheaths

and last years leaves (e.g. Eriophorum vaginatum) and plants

whose winter buds and reserve food stores lie below the sur-
face of the ground (e.g. E.. angustifolium ). Plants of this
group are gscarcely affected by fire. ‘Even.when.burned.in
the early growing season they are only defoliated and soon

recover.

2. Sub-Shrubs and other plants with winter buds
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at or near the surface of the ground and with their food res=-
erves stored in the stem, and which do not regenerate readily
from roots, Such plants may be completely destroyed by fire

(e.g. Calluna ).

Certain plants are intermediate between these two groups
(e.g. Vaceinium myrtillus ) in which winter buds occur not
only on the aerial stems but also on rhizomes, These plants,
although the aerial parts may be destroyed by fire, quickly
repair the damage by new growth from the underground stems.

Whilst agreeing with this summary, it is felt that further

information on the response of the individual species to burn-

ing is required. Commencing therefore rwith heather, Calluna.

When heather is burned the plants may be completely destroyed,

in which case recovery will be dependent on seedlings. 5
however, the plant is not completely destroyed, new shoots

may spring from the surviving parts almost immediately. This
is referred to as 'rootstock regeneration'. Fritsch (33)
although familiar with the fact that this type of regeneration
only occurred in the younger heather stands, concluded that
this was related not so much to the youth and vigour of the

heather prior to burning as to the secondary effect of the

different intensities of the heat of combustion in stands of
different ages. This deduction seems to be based on the ob-

gservation that in old stands, although & certain number of

young plants are often present, regeneration after burning is

- )
L
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usually by seeding. Further, that where rootstock regener-
ation did occur the crown of the stem was buried below the
peat or otherwlse protected from fire damage. This suggested
to Fritsch thavtéleegree of damage and not the age of the plant
at burning governed the capacity to regenerate vegetatively.
The degree of damage, he explained, depended on the intensity
of the heat at burning, i.e. in old stands the amount of com-
bustible material is greater than that present in young stands
and therefore the greater will be the heat and destruction

of plants.

It should be pointed out that Fritsch's observations do
not entirely agree with those made in this district. Firstly,
although regeneration is almost entirely by seeding when old
heather (15 - 20+ years) is burned, some regeneration does
occur from rootstock, This is undoubtedly related to the
proportion of young plants present in the original stand (see
the age scatter in old stands - Appendix 3%). Secondly, some
keepers deliberately burn old heather 'with the wind' in order
to retain the haulms, by which it is supposed that sheep are

&terred from grazing and uprooting the young seedlings. Under
these conditions the fire passes across the stand so rapidly

that only the finest branches are removed. If age is not the

factor governing rootstock regeneration, why does it not occur

in these circumstances? Finally it is difficult to accept

Fritsch's hypothesis that the intensity of burning is greater
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in o0ld stands than in younger ones. When young stands are

burned, the slender. closely-packed stems are consumed 1o
ground-level under widely different conditions of burning and.
yvet it is these stands which show the highest proportion of
vegetative recovery. On the other hand. the burn must be
very severe or carried out by speciel methods (e.g. burning
'against the grain', or 'backburning' against the wind) to
remove the stout old stems to ground-level, There seems

1ittle doubt that although the intensity of burning is governed
by several factors, regeneration from rootstock is governed by

only one, the age of the plant at burning. However it is not

denied that under abnormally dry conditions, e.g. accidental

summer burning,the destruction of the vegetation and peat may

be such that even in young stands rootstock regeneration is

suppressed.

The age at which this type of regeneration fails can be

roughly determined. The oldest stand at Bamford (18 yrs.)
showed 1little if any regeneration from rootsfﬁck on being
burned., However, when the stand was burned, a small part of
the adjacent medium-aged stand was damaged and this showed re-
generation from rootstock, It can therefore be deduced that

regeneration fails at Bamford, before the heather 1s 18 years

0ld but not before it is 9 - 10 years old. The age of the

gtand from which the present 8 years old Toadsmouth stand was

derived, could not have been less than 12 years when burning
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occurred. Similarly the age of the stand giving rise to tﬁe
present Ringinglow 9 years-old stand could not have been less
than 12 - 13 years at the time of burning. (Appendix 2).

Since the appearance (next para.) and age distributions of
both of these stands suggest regeneration from rootstock, it

seems reasonable to assume that this type of regeneration

fails, in this district and on this type of moor, when heather
is burned between the age of 12 and 18 years. Probably about
15 years is the maximum age at which regeneration;from root-
stock can be expected, although this will undoubtedly be mod-
ified under different environmental conditions. Lven gen-

eralisations of this nature can only be applied to heather

stands as a whole, as differences in physiological state will

probably occur among the individual plants in a particular
stand. Furthermore, even when stands are considered as an

entity, it seems probable that in view of the age distribution
of the plants composing the stand the power to regenerate by
rootstock will not decline abruptly at a given time after
burning, but fade out gradually.

In general however, it can be said that when heather is

burned before it is 15 years old a high proportion of rootstock

regeneration can be expected.

The differences in origin of the heather plants tend to

produce two distinet forms in older plants, When a plant has

arisen as the result of rootstock regeneration it is character-
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ised by the 'bush' form of growth (photo. 3), whilst one that
has arigsen from seedling exhibits the 'tree' form of growth
(photo. 2). The latter form is not always as obvious as in
the photograph since the mailn axis may very greatly in length
and prostration with different conditions of topography and

exposure. Although Gim- ingham (34) has shown that grazing

can to a large extent affect the growth-form of the young plant,
the above mentioned forms appear to be quite unrelated to this
factor, The bush form is present at lodge Moor where no
grazing occurs, whilst at Ringinglow with relatively heavy
grazing the difference in growth forms is seen in the 5 years
and % years-o0ld stands. Another feature agssociated with re-

generation from rootstock is the dense and very uniform growth

of heather over the whole area.

With regard to the duration of the heather cover after

burning, the following points have to be considered. Since
it is not until about 10 years after burning that complete
cover is achieved (p. 59). (Lovat 49, suggests that 9 years
is a good average for moors of this type), it is possible, al-
though not very probable that seedlings may become established
as late in the cycle as 9 - 10 years after burning. (In -
practice the age distributions of the okder stands only show &
gscatter of 6 - 8 years at most, so that it is unlikely that

seedlings become establis hed later than about 7 -8 years

after burning). (Appendix 3).



51.

Complete cover is then maintained for at least 10 years
(Bamford 17 years fig. 7), and it is not until about 20-25
vears after burning that degeneration of cover begins (Toads-
mouth 20+ years), due presumably to the death of the plants
which were first established after burning. At this stage
however it 1s possible for plants as young as 10 - 15 years
to be present in the stand, so that if the life span of the
individual plants is approximately 20 - 25 years the last-
established plants would not die until aTbut 520 = 35 years

after burning. whether natural regenerq%ion by seeding would

then occur as 1t appears to do on some of the lowland heaths

in the absence of burning, is difficult to determine. Cer-

tainly this has not been observed in the oldest stands in-
vestigated, although it is doubtful if "any of these were much
older than about %0 years. The oldest plants encountered
were at Houndkirk Hill and showed 24 annual rings, but here

the cover was fairly continuous due to the abundance of assoc-
iated specles and little if any colonisable ground was avail-
able on which seedlings could become established. Even in
the presence of an open canopy in very old stands, 1t seems
doubtful whether colonisation by seedlings could occur unless
the area was sufficiently exposed for wind and rain to remove
the accumnlated litter, When the heather has been burned,

it is only in those places where the litter has been removed

and the amorphous peat exposed, that seedlings can become
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established (N.B. Wallace 89). Fig.. 6 illustrates the res-

triction of this colonisable ground in an old heather stand
even after burning has exposed the soil surface to increased
'wegthering'. This condition may continue for the whole of

the first season: after burning and where the litter is more

persistent colonisation by seedlings may be considerably re-

tarded.

Erica tetralix. This species is almost too infrequenmnt to

mention, except to point out that its presence on the moor is
clearly related to locally increased moisture content in the
peat, There is however no reason to suppose that its res-
ponse to burning is any differentffanthat of Calluna, il.e. it
may be completely destroyed or dnly partly damaged in which
case-vegetative regeneration may occur. The latter conclu-
siom is however based on only one observation at Lodge Moor,

where, in a stand. in which heather regenerated from rootstock,
several bushy plants were noted which seemed unlikely to have

reached such a stage of development had they been derived

from seedlings.
Empetrum nigrum. Consideration of table 7 suggests that this

species is eliminated as the result of burning. With the
exception of the Bamford 2 - 4 years stand, it is absent from
all young stands investigated. Although not common to all

the moors, where it does occur. it does not reappear until

about 10 years after burning. It seems therefore that its



re-establishment is normally dependent on seedlings. The
exceptional occurence of this species in the young Bamford
stand, (B. 2 - 4 years) may be explained by the presence of
scattered rubble from an old shooting-butt which may have res-
ulted in a number of plants escaping the effects of burning
altogether, or being only partly damaged and regenerating
vegetatively. The occurrence of this species on both irreg-
ularly burned and systematically burned moors, suggests that

the effect of burning is only transitory and that repeated

burning does not lead to its permanent elimination from the

vegetation,.

Vaceinium myrtillus and V. vitis-idaea. Table 7 shows the

small representation of both these species on the systematic-
ally burned moors. This in itself suggests that burning is
detrimental to their well-being, but this can be observed

directly by inspeciing daia taken from the irregularly burned
moors on which the Vaccinia are better represented. (table 6).
It has already been mentioned that although the aerial
parts of V.. myrtillus may be destroyed by burning, the damage
is quickly repaired by new growth from underground stems, This
is clearly shown by comparison of Houndkirk Hill 20 years-and
1 year-old stands. (N.B. The recovery may not be entirely due
to the sprouting of underground shoots since some of the ori-

!

ginal Vaccinia 'mats! may have been so extensive that . the

aerial parts of the plants were not completely destroyed by



54.

burning). However, the species not only quickly recovers
from the effect of burning but appears to be stimulated by it,
R. 20 ¢f. R 1-3% (table 6) and fig. 10 20 years cf. 2-3 years.

. This response is probably best summarised by Tansley (78,

p. 756) in the statement that "where V. myrtillus does occur
in quantity it often asserts itself after burning by sprouting

- from underground rhizomes before the heather returns®". Al-

though Vaccinium myrtillus increases its coverage after burn-

ing, it does hot normally reach a state of dominance over

heather as described by Leach (46), Elgee (23) and others.

The effect of & second burning soon after the first is

less easily interpreted, since the rate of heather recovery

is more rapid and will tend to curtail any post-burning cap-

acity in V. myrtillus to increase its cover. Fig., 12 (2
years cf. 1 year) suggests that this treatment is detrimental

to V. myrtillus and whilst some recovery can be expected after

a year or two, (fig. 10 4-5 years cf, 2-3 years), it is clear

that this is not of the same order as observed above, These

short-term obgservations would be in keeping with the deduction

that the more frequent the burning, the greater must be the

drain on the food reserves of the plant in putting out new

shoots to replace those destroyed by burning.

The fate of V. vitis-idaea is much simpler to follow

(table 6). Clearly the effect of burning is to reduce the

frequency of this species (R 20 c¢f. R 1-3 and H.H. 20 cf. H.H. 1)
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When a second burning closely succeeds the first, it is elim-
inated from the early stages of recovery (R 4-5 ef. R 1-3,
HH 2 e¢f. HH 1, L. 11-12 cf. L. 2-4). The effect is

shown particularly clearly in the data for percentage cover
(table 9) and the approprigte histograms. It is difficult to
decide why V. vitis-idaea should be so much more susceptible
to burning than V. myrtillus, Like V.. myrtillus it has under-
ground stems although these are much nearer the surface and
may therefore be more susceptible to firez dwakﬁafset the féct
that, unlike V. myrtillus, it is 1n possession of its leaves
when burning normally occurs (in spring) may be significant.

Deschampsia flexuosa. The comparatively small difference in.

the amounts of this species between the youngest stands and
those from which these were derived suggests that burning has
little direct effect on it (fig. 7a.17 yrs. cf. 7b.1l yr.,
fig. 9.9 yrs. cf. 1 yr., fig. 12.20 yrs. cf. 1 yr.) Tike

V. myrtillus its ablility to recover from the effects of burning
is greater than that of Calluna so that a temporary increase
in cover occurs in the early part of the cycle. Although a
good deal of this is undoubtedly due to the expansion of est-
ablished plants there seems little doubt that some of the
increase is due to colonisation by seedlings. Although
better represented on the irregularly burned moors than the

systematically managed ones, (Ringinglow cf. Bamford histograms),

thigs is undoubtedly more a reflection of the continuity of
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treatment than the result of fire damage, and will be dis-

cussed later. The fact that Deschampsia manages to survive
in stands of all ages and under all types of treatment indi-

cates that it is one of the most resilient of the associates

of Calluna,
Agrostis tenuis, Where this gpecies occurs, it is restricted

to the very early stages in the burn subsere (table 7) a not
unexpected observation in view of its intolerance of shading,

Its presence may however be related to soil fertility as it

has not been observed in old stands with discontinuous cover.

Eriophorum vaginatum, E. angustifolium, Juncus squarrosus and

Nardus stricta, occur in such variable emounts and so irreg-
ularly that inferences concerning them are hazardous. How-
ever from general observations they, like some of the previous

species, seem to be relatively little affected by burning

per se. For example, stands containing much E. vaginatum
usually show little change in the amount of this specles after
burning. If any change does occur it is likely to be degen-
erative so far as these species-are concerned. It seems most
unlikely that increased representation due to the establighp
ment of seedlings occurs, since even in stands where heather
recovery was by seedlings no marked increase in the represent-
atilon of these speclies has been observed. This holds good
even when the proximity of mixed moor would be expected to

increase the chances of in.oculation by seeds. In this
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connection however, it is as well to note that in the comp-
etitive colonisation of burned ground by seedlings, the high
seed=production of heather (Beijerinck 2, Elgee 24, Smith 72)
relative to that of other moorland species must favour heather
dominated cover, if conditions of germination and development
are at all suitable (Wallace 89, Smith 72).

In general it would appear that the part played by seed-
lings in colonising ground, is with the exception of those of
Calluna,Empetrum and Deschampsia, of secondary importance to
vegetativé exploitation by established plants. This in turn
suggests. that although isolated burnings do not radically
a8lter the composition of the vegetation, the chances of indi-
vidual plants being eliminated as the result of fire-damage:
increase with the frequency of burning. This must ultimaiély

result in the restriction of the agsociates of heather.to more

and more localised 'niches' on the moor, and - in the case
must

of the majority of associated species. these/represent the

'survivors' of formerly more important components of the veg-

etation. This, however, is actually related to the long-temrnm

effects and will be reconsidered later.

Changes in the composition of the vegetation as the result
of burning.

An inspection of the percentage cover values of the in-
dividual species (table 9) shows that even on those moors with

the most varied vegetation the representation of heather is



