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PRETAGH.

Tole bthesie in founded on work
ecarried out from A943 to 1948, during bthe wplterts
tenvwe of the yowpt of Bracken RAeologivt alt the Vesd
of Seotlend Agriculiural Gollaege. fhig, appoldntmant
was bndex the suapleea of the Bracken Bradieation
Gommittee ol the Department of Sgwieuliure for
Seotland, and was primarily for the puppose
of prepardng large=senld vegotation maps of the
commithoo's experinental areas The produetlon of
these maps occupled dhree yéavs (1§43 to 1946)&
Duelng the whole of bthe firet year, The writer
resided in the digbrict, In subsequent years,
the winter months wore ap@mm'a$ o Qolloge, in
Glaggmw, whaeire the field maps were traced, Thae
fleld eﬁpgrim@ﬂﬁs oggupied the summexr of 1947,
alﬁhéuﬁh some eéxperdments had beeu laid down in
l946§ Th@ greenvhouse experiments on godll
aeratlon and hydrogen ion concentration were, for
the mogt pawttlattended to whea tho weather was
unﬁnit&ﬁlﬁ For £lold woprky al weelends, and 1b the
AVORLNIS . |

The prints of the maps were wmade

by the welter, and also the nsgabtives and printe fox

o



the phobographs iﬁ the text, with the excepbtions of
Tiged, 4, 6, T, 8, 9, 12, 13, 24, 25, 37, 38 and 39.

The wrlter is indebted, Tirst and
foremosﬁ,-ﬁo Profaessoxp K.W;Braid, of the Bolbany
Emparﬁment; West of Seobland Agricultural Geliege,
for his guidance and oﬁiticiam at all ebtazes of the
worlks

_ Thanks are also due to Professor
J:walﬁon, lemieenway and Dr.t.Bond for sdvice and
for facilities ":-tn the Botany mparismen-& of eG»la,agaw
Universdty.

The wrlber is grateful for the
asgigtance of John R.Iee, HBg., in the identification
of the mosses, |

Acknowledgement for sourees of
methods and for work performed bjjﬁthars, is made
in the boxts

An owbling of ceritain of the
experiments on. seration has been publlshed by the
wrdtor in Neture, Wil.162, pell5 (1948).
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T INERODUCTILON.

The hill pasture ares which tho
wilber has studied 1s known loeally as Ballochiragsen
and, tnidll lately, wag part of Portend Parm, Port of
Mentedth, Perthshira. In ity vogetatlion, it is
typical of many hill farms in the West of Scobtland.
its poslbion in relatlon to well-known cemtres 1s
shown in Pia.T, which has been prepaved Ffrom the
One-Inch Ordnance Sunvey map. The distwiet is on
the southern Dorder of the Highlands, the fault
running along the northepxn side of Tthe Menbvelth Hills.

| Ralloshragenn govers an ares of
413 acres asdeonding from bhe gtirlivne=-Abenfoyle poad,
which is, ét that point, 148 feet above sea level, 4o
fhe epept of the Menbelth Hille,; a beilght of 1150 foetb.
T Mgid0, a fence ean be soen neay the 400 feoth
contiours  Bolow the Fonee are L0 atres; above, the
land wises,; gradually al first, very steeply later, %o
o grapsy »idgé at en approximate level of 700 Teetb,
Panning nove or less parveliel to the Ffences  This
wldge oan be seen in Fi§3¢37 and 38, and in $ho
baekground on the loit fn Plge30s  On the norbhern
slde, the ridge falls gratually to s plateous the
avovrage hoight of which 1s 600 feet. The aren
hatwoen the Ffence and the nonthern Aimit of the

platean ig 142 acwves. Beyond the platean, the ares

[ .
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becomas very roeky and precipltouns in many parte, and
tneindes the donglomerate facep of the Memteith RBills.
he n@@ﬁhern.béﬁﬁdary Tenee %unmimléng the erpat of
thase hillse Adjecenl Go Eﬁ1i¢chmaggan in bhe west
are young plantabions, mogtly of Lazeh and SLLUCE 4
planted by the Forvestry Comnlesion.
, Tt 1o conveniendy to divide
BaILOGhraggamAiﬁ$o~fwﬁw Teglong:
1) The lower regilon, betwsen the woad and thae
widdle fence, |
2) The niddle meglon, Detween this fense and
the top OF the graasy fidg@a
3) Yhe plateon, |
4) The uppew pegion.
Geglogys The predominant pocks of Ballochragsen are
gonglonerate and ecornglone of Phe 0L Red Sendahone
gerdes: To meny oases; what weve lformerly belileved
o he maakw‘bwﬁéwéﬁa have been shown, in the courss
of dreinage and plovghing operations, o be detachod

boulders and ptones: The solle dominated by grasses

and Peridium are vory stonys  Durdng the digglng of
o trench acrogs part of he Lower rogilon ﬁor*iﬁﬁing &
wmtéw supply o a ﬂ@igﬂ%0ﬁ£ﬁng Faxany @iaéial‘ﬂﬁifﬁ

was observed o the £loor of the trench ol a depth of

four foot below AgrosiiseYosbuen graselend. No doubt,

the layey extends for dooper ﬁhan.%hia; 'Xnﬁiﬂéﬁﬁ&ily,




thieg exdavation revéaled a James VI twopewniy coin abouk
Ywo Teet downs Below The peaty soll of Callune areas,

houlder clay of wnlnown deplth dovers The PO

Former Cultivetion and Ackivitles: UThexre is abundant
evidence showing Shabt much of Ba&loehra@gan wad abt one
tlme eulbliated:  Throughowt the axéa, g paferones fo
the lapge~tenle maps will show, the grass-covered
remaing of Qid_walls,'naw.nézmbré than widaes & fool

or so -high, are found: In Map Seetilon 14, Bguare G,
gppoars tho remaing-af'a_airealam gione glbrueture,
pessibly uged as & sheep~Lfold in bygone day.

Momy of the grass and Pierddium apreas exhibit parmllel

SDOOTEH in Thedr surfaces gug;aﬁﬁive of foxrmer village.
1% 1g noteworthy thalt these polies of ploughing arve
found exbdensively on the grassy parts of the plalemn
ares agp well &5 on the lower zones, At presont,
there is one cobbage inhablied on the aren, bul nenr
16 ave the embedded remaink of earlier bulldings

(Mzp Seclbion 4., Squara 6)s  John AsStewars, on page 52
of his "Inchmahome and the lake of Menbeibh® (1931)
wefors Ho p@r&éms Gaaﬁwyibg Betioohrascan in 1637 and
towards the end of the 18%h eeﬁmury; The desceéndants
of the labtier of these fwo tenants ivhoebilt &
neighhouring exofft at the present day. NMore recenbly,
Bellochragenn wasg part of @ naaxbyAf&ym, but sheep
Losses were o serdons thel the area bhooame: dereliet

from an agricwlbural mﬁanﬁpoinﬁ; - This wag largely
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related 0 the grealt luoroase in hyacken whick hag
bean general in the West of Scotland during the Last
TLEty 0 p hundred vears. Grouse and deer shooting
on the highewx paxbs, and that of woodcock and snipe on
the lower ports, had hecome the sole actlvlbies on the
area. In 1942, the coutwol of Ballochragsen passed
%o tho West of Scotlend Agwleulbural Qolloge and, at
that time, the land wes heavily infesied with bracken
three oy four feel in helglb.

Biotic Im¥luencgess AL presewt, the eres ip sublect

o the influence of a congldeveble number of hiobie
facbors arising from ageleulbural mctivitiaS¢ dinee
1948, the bracken on the lower, middle and plateau
reglong has been eul, some parts twlee a year durihg
the early years. HMosbt of dhe middle and pleboan
regions were cut foy the fixet tlma In 1943, The
effect of this combinuved eubiing has been o marked
deeréase in the size gnd nvwber of the brackén fronds,
this belng parﬁieulamly no%imeab}m'oniﬁh@ Jlower woglon.
An inprovement in the guality of the herbage has
accompanied the weductlon of Hhe bracken. This
improvement was favoured by incvensed grazing, and by
nanurial treatments appllied to cerbaln parby of the
Jlower and mlddle reglons. The eolour of The gress
i now =0 wich o green as 1o atliract atbtonbion alb a
disbonce of sone mllos. Blnee 1942, several small

areas below the middle Lfence have been ploughod.
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Furthermore, nany marshy parts have heen drained.

Rabbita. are veory mumerous on the
gressy parts where they eonstiltube ap imporbant faetor
in poil eroslon, bubt are rarely-.encountered on - . the
Nollunileta and Galluneta. Myppow (1916) has drawn
attention to the role of %hese animals in the dylng-out
of heather on Breckiand.  Further veference will he
made in a later seebion to this aapec%-oﬁ wpehbit

infestations Tie poils dominated by Asrostis-Tosbucs

and Holeus mollis with ow without Pleridium, contain

many wabbll buprowsy partleularly on knollesldes, and

on the steep slope halow the large Pinug sylvestirig

on. the skyline o the wight in Fig.39. In the lattox
sltuabtion, exbongive soll erosion hag talten place,
expoging many of the tree rootss The wndernining
eifect of xobbilte appears %0 have been an 1mpoxytant

facter in thils prodgass of eroslione
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2, THE DBOTANICAT, MAPFPING.

Introduelion,

The primaxy purpose of %h&_bo%anical
aapeing of Ballochreggan was Lo provide an acouweate
raaord of the vegetation for assesging the changes in
ground aover coneprrent with and following bracken.
acradicatlon. It wae esaeniial that, for such a
purpose, the napplng should show e wuch detell of the
vegebatlon ag possibles  Furbthermore, fwom s purely
aeological point of vwiew, the prepuration of o lavge
" geale botanieal map was o very desirable underbalking.

Gaut (1904) prepared o map OFf an
elabd acwes Deld to a seale of 1 ¢ 230004  Thie ds
more thax hald the seale of the present mapping, bulb
is ot so dotalled and only‘coverﬁ g snoll e,

Phe writex believes That the map. of B&&iachraggan ig
on & larger seale and ig wore detalled bhen any
hitherto attempted dn the ¥ilish Iasles.

In Britbaxwy, the Bonghe A¥Rrquy
wae mapped to a seale of 1 & 240 (Olivew, 1907, and
Qliver and Tensley, 1904) the aves surveyed being
about a square mlle. The method of survey was similar
40 bhat employed at Bellochragsen, éméept thalt the
sguares into whieh the avea was Givided were of side
100 f@@té The salt marsh vogebsilon was moro

vwlform than Yhe vegebation of Ballochranzan.
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Mopaover, lange bteams of workers took panrt in the
gsupvey,  The outlinss of the vegetetlon sreas woere
alteteched Jn by eye,

Vothod of Supvoey.

Tn 1942, the lower and middle
veglong were pegged oul inte squares of silde 200 feet,
using the stralght poxrtion of the southern boundaxry
wall a8 base lines Thig preliminayy work was earrled
owl by Me.CuMpoquarrie, BeSe. and laber extended to
inelude the platean region by Mr.G.dureay, Bedd.

A series of letters was used to demotbo the veritileal
lines, and numbers For the horizontal oness Batome
the pregent wpitor's appoinimont, Professor Breld had
mapped Section 4 and the lower olx sguares of Seebion 7.
For the remainder of tha suvvey, the wrlter was
Pospongible.

The mapping was carvied ouwl sguare
by Bguare Yo & sogle of ki 1,200, thé #feld drawlng
being mede on 1/10 inch graph popers  The end of a
100 feet chaln was fixed to & corner of a sgquare and
arvayed oul towards.an adjacenl coxnoir. The outlines
of vogebtation could theun he plotted by dtaking offsets
from the chein. OQ'QOm@l@ﬁidn of the fdeab held of
the side of the sguare, the choln was deawn vp o the
next eorngr, and so on alony Yhe othery thiee sidesn,
vntil all the detalils of the squawve were T11led in,

Owlng o Bhe lavde sémle of this




mepping, most of the racognised symbols of the British
Eeolngical Soclety weye unsultable, and gymbels had o
be dnvented as reqﬁ@r@d, A full llet precedes the
poctlong of the map in the Appendizx.

After inking in, the gquares were
agsewbled In bldeke of twelve, this belng a tonvenient
gige for the mectlons of the complelte maps Tracings
were then propared on trecing ololh and, from these,
vhotograpbic prints (such ap those in the presont work)
ox “dyeline® ocpies For Tleld use were produced.

Vot only wap the vegetebion mapped,
bul aleo sueh fealures as slresuns, ditches, the remapins
of old walls, pathbwiys and especlelly rocks, boulders

Cand lavge gtones were inelindeds It wag renlised thetb
tho. presence of the wooks, wbto., mede it povglble to |
logahe positlons many yeéars later, dn the event of the |
loss of the coruer pegs and troe landmarics,
incidentally, the swaller bouvlders have bhaen Lfound
7o be unsetisfaatory Lo this purpose ag obgervabion
showed that "new" gbones and swall boulders have
appeared above the surlface siace the mapping was
carried out, This.-ls dve o the dyilng-off of the
vagetatlon and erosion of the goil which had concealed
them.  Thils phenomenon lg particulariy nobiceable in
Séctign 5, Square 6, whefe many move gtones, some gquibe
Lenge, are now pmeﬂént. Conversely, 1t is 0 be

axpocted bthat stones formerly in evidenes at Balloehraggen

_
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are gredualdy bedng coveared, bubt this hne oot yet
beon observed with cerbalnby.

The gocebionsol the nep ape numbered
from 1 ta 31, as in BLg40. Tu eaeh aaﬁtién, the four
squores in the botiom wow are vumbered Lrom 1 4o 4,
gharbing from dhe Jofbt.  The next row ls nuwbered 5
to 8, oand o on.  Thus, in reforrliog 0 a sguare,
the sectilon and square nuwmbors erve speelfied. The
corpers of sguares are donoted by the letter and
nmber of the Lines which inbersoet at Shat polvni.

Tn fixing the position of eny point within a square,
the seetbilion and sguare musberg are given, followed by
the cowordinabtes of the point from the Llower lofil
COLNAT

The mapping by the welber extended
ovor the suwmnees of 1943 to 1946 inelusives Puring
the cerresponding winters, the field maps wore draced,
The upper regiocn is nod ingluded in the scope of the
mapping as the vime baken suveveylng eweh rocky ground

would not be gommensurate wilth Lie agilenlburael valuoe.
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3o, JUE_ PLANE ASBOCIATIONS OF BALLOCHRAGGAN.

LELEpATURE:  The mogt pecent general accound

w

of Scobtish acidlce grassiands and heoathe i tho

pxmvid@& by WeGeBmith in "lypees of Heitish vﬁgéﬁaﬁidn"

(Tansley 191L). pccording Go Tangley (1939,_@.751),

"Ho pecent dntoensive work, elther floplobic op
acological, hap boen dong on the hesthsy of S6o0tlandees.. s

Betwean 1900 and 1906, Hardy, WG,
and Res Smlih mumvaysd the vagebation of a wumboer of
Seobbish coundies, preparing maps on bhe basis of the
ORANANGe SULVeY s Having vegaed Lo ﬁh@ sotal ayesy
coveread, and ﬁﬁ@ small band of workers, the naps were
nocasperlly 0u n small scala, The survey was nevern
eonpleted for the whole of Seoblands These valusble
contribublony lneluded a few specles liste and
maperowns observoblions on suecesslon bebween the verious
Lorns off vegebaltion., T shie seles off papers wene
Tewlia? sbudios on the sliyave of vogebvablion vevealed
1 pogh pfoﬂ Lok, sorresponding with glacial and
fwterelacial perlods,

Tupning bo the fow pieces of
intenglve rescparch earpled oub on the Beottish hoaths,
Gurasgyion. (1911) Save vuerouns 11&%3 of ﬁp&ciaﬂ for the
plaivt us aocnahxoaa ol (adthunenny and congldered the
V@&GLWUiOﬂ in relabtion to such factors as Leology,
the dyreinage gyebem, exposure, graping, afo.

' A soctlon partlcularly welevent Vo gn ecological stuly
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oF an ares sugh as Iallochyasgay is thet relating 4o
the effeats of springs on moorland associalbions. In
Colthness, '"fIushes® gayose ad a yresult of spelnss, and
thess Credplon dlvided intoe "dry" and "wet"s  The

wavtost flushes on pent solly were cceuplied by

Sphasnun euspldatin, A% the nmeveine, Juneus eoflfugus

end Cavesx @pp. wers founds  The dvier flushes were . ..

ahapracserised by beds Qf?&&l&ﬁ@i&hum aomiune,  Where

The maprging wore subjeot to poriodical overflowing,
Rawdus bectme dominent. I a suddpen change in
grndient occurrod on & slope, Molindletum developed.
These specles alpe came b0 dominegte the dvy acidlc and
newlad, fiugh@m@ in the oegbegory of sllkaline {lushes,

Juncus awticplobus wes domlnant, being more abundant

thon Js offusus, The dwy edlaline (lushes were

Howdeta o Gorilooba. The péssong for chapges in
vegetatlon seccompeuying fluphlng were given as belng
pirobably hydwogen lon concenbration, soll somxailon,
the wate of fow of water, sud the GOnaﬁancy ox
gtheimvvise of the flow,. .

A most notable contribution of
mowe vecent date ig that of Trascer (1933). From bhe
gtendpoint of the presemt seeouvlon, Appendices II and IV
1 hils paeper are sgpecially relevenb.  In bthe former,
full speales Liete dve givon for the varlous moorlsnd

aspoeliplilons enoounbopred, fppendix IV dncludes

vegetbatlon maps, gquadpats aud profile trensectd,




-1 -

Asprey (1947) has made en ecological
gtudy of the Invernesg-shive islands of Gamma.gha Sanday.
Most of the aprea is Gﬁémﬁi@& by orpesland of the hent-
feadue btype and by ¢alluwnn heatbs He glves speeles
Ligts in both eases On tho hdgher warts of Cenna,
and in small aveas on Banday, *moordend! is founds
Foval 1ists ave glven for plunt ecommumnities dominabed

by Seixpus gaespitosns and felluns, Sclrpus eaespilosug

aad Molinday Galluna; Molindays andy in ¥ho woblend

gituabtionsy by Sphaguue sppd He encountbered three

inde of flughes; namely; those domimated by Philonotis

Fouyana, by Hypovm cuspidatun end by Drechyrihoeivm

rivilare, rospeoltively.

AR A A G (sg

Jd PTNRIDIUN, ACULLTIUM ASSOCTATIONS:

Prabkony elther dlone or domineting othexr
vegobation, oueuwples by far tho most of Balloshragean.
Ag dnddoaded proviovnsly, the feyn wap dense over mueh of
the aven in 1942, bul as a posult of continmed cubbting,
The helght and density of the fronds hes been very much
padudged over the Lower and midale resions In the formexn
PEIH 4 ospesially in iap Seotlon 1, the Fronds have
bhaegomne gulbe sparess and Little move then o foot highe
Brackon which has not been oud or otherwlse restwloted
is to be found in smaldl quambiiies du the land between -

the main stiese end ‘bthe wesbern boundary wall, and much

L




move oxbensively in the uppéer ares, In such parbs,
the bragken goows bo & hedight of Five Feetd o go snd
18 mo donse ap o weuder walling thirouszh it avduous.

o) Pure Fiewldivm.

When bracken dg enjoying opbimal
conditlonsy it becomes go tell and denss, snd cagbs 80
mech ghade whoh the fronds ave Tully expanded, that the
ground vegetatlon is enﬁiw@ly suppronsed, Mig ls the
gtate of affules in megt of the wnlbrewbed byicken areas
at Ballochragean, and, as can be seen From the mepd,
patehes of pude, denge bpseken ccovw dn meny of bhe
varte which have been subjected to cutbing. Irn Uhe
winter aod sprivgy before the appeavepce of the Lronds,
guch palbehes aire repr@genﬁad by magsos of brown Litter
and bare soll whieh, in the cerly spying snd until the
fronds awe suwifieiently lorgse and nuwerous o shade,
may be eolonised by individuals of such speeles as

Anthoxesuthum sdoratum, Jarex panicea, Unlous arvengls,

Holows mollds, Potentlile eweebs, Seddls nubans,

Veronies chamasdrys, and Viols ganina.  In due pgourse,

the Lronde of the brmoken appepy . and, 4. uncut,
vltimately suppross The scetbered ground £lopa,
When & pure Phepidiebtum ig, by
gontlnned eubiviog, very muok roduced in helghd and
denpliy, 11 lg graduelly converited into the second

type of braesken ansociation, namely e

|
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b)) Ptepidium in Holcusebum mollis.

Observeltlions made in the svmer of
1947 in Secblon 5, Sguavre 4, showed {that consideyable
changes had baken plade in the dmbent of pure hracken
in the Four growing svasong which had elapsed singe
the mups were mades.  The patches of donee bracken
are now almosht gone, mopk Qf thelr awesa having

reverted to Holens mellis with bpackon of normal.

density omd sizes.  The opigilunl, cwhklines of denso
bracken éan abtill be bwaced, however, becouse of

the slighhly differeut green of the new grisg.

A Preridletum in Holousobun mollis
ig peculliarly poor in agsoeinied plonte, ‘
In one aves ot Bollochwaggan, &

trangltion from Holevs mollis to Fesbugo~aAgroshldebum

hay beexn obsemved since the mapplng (Saotion 5,

Bousre 8, and Ssetdon 6, Squars 5)» AV present, ib

what was £0rmemly %.ﬁpl¢uﬁ@ﬁﬁm nolliw, abowb 50% of
the susface is covered by pabtehes of hontw-{fescue,
Thig transition had only been asbserved go fay 4a
this one lopalitys  Prequently, it doos net ooduw,
and the ereeping soft graaé appears o be sboblao.
There 1o & peed for pormenent guadrat work in order
4o study the Full couree of the phanges Followinsg

sontinued bracken culbing.

¢) Pherddiun in Fesbueo-Agrostidetum.

Phis type of grasslend ocecupleos

_




mopt of the lower mnd middle reglone. Vhile being
qulte xioh in specles, it is very wniform in
gomposition in different loecalities,  The ALT0gtl g
Tegtuen associlaetion is freguently found in relatively
small areas wilkhouwt the presence of bracken but, more
uoually, therve is what obe mighﬁ enll a "modeératel
Infemtation hy the fern. It i nislaading 60 &pealk
0Ff the bracken as doninent in respedt of the whole
aawoeiation as it 6cou@imm a different stratun !rom
the grasses and othey grdund TLOTE The hant-fescue
vegetatlon 18 vigorous,; and is nol adversely affected
by the ¢overing of bracken, unlesa the latter bocomes
s0 denee as to reduce Yhe light seriously, and lead
to the deposition of a thick layer of litter.

A gomerel lilst of spocles found
in-ﬁhe.benmwfescue associatlons of Dellochraggan
£olL0ws 3

Dominont
Agrogtis tenuls

Pesuuesn Ooving

(Agrogiis canine 1s co-dominant with

Pestuen on the highor ground.)

Abundent
Achillen millefolivm Pobentillia erecta
Anbhoxanthum odoratun Pterdidiun aguilinun
Galivm saxatlle Rumex acetosella

Trifoliuvm repens
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foeally Abundant
Carer vulgairis |
Deschampela cacspitons
D. Fflexuoga
Tvis pseudacofum
Juncus acuiiflorus

Eroquont

Campanule robundifolisa
Carex panicea
Cerastium vulgabun
Onicuy arvensils
¢e laneeolatus
Cynogurus ¢risgbatng
Digltalis purpures
Taphrvasia offdeinalis

Hiereedun pilogella

Junous effusus
Nordus strleba
Thymug serpylivm '
Teiodie decwnbens

Jlex supropasous

Holeus lanatus

Mo mollis

Tugule campestrdis

Plantago lanceolaba
Prunella vulgarls
Ranvneuwlus aenis

He Poponsg

Bumex acetosa

Saabiocyga sucalsn

Veronlea chamaodrys

Bocally_ﬂﬁeqneﬁﬁ
Callune vulgardls |
Juniperuy communie
Pon, amma

Pe pretonsip

Rop, trivialls
Frunug spianosa
Sedllla nutans

Urtica diolca

Vacoinium myrtillne,

- Mosses
. L
Bryum pellens
Dieranella heteromalla
Dioranum seoparium

Hyloecomivm splendens
He sguarposum

Rypmum palustre
1 Schrabemi
Flagiotheeiunm elegans

Rhaoomitrian acioulare
CThulddum tamardsoimin
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The flora of the numerous sheep
tracks which ercss the Pesbuco-Agroslideta ls usually

very different from thet adjeining, Trdodia decumbens

and Poa espnue are plants typleal of trodden pathways.

Inecvsasing soll nmolsbure in a
Pestugo-sgrostidetun invelves two albéernative courses
of sueecession, deponding wpon whebher peaty conditions
develop along with the rising water-table or noth.

In the latter clroumsteances, CGardcetun and dunceta
replace the bhewnt-fogeue. If, on the other hand,

poat accumulates, sucecesslong invclving.ggydug,

Yolinda, Cellvna, Exiophorum and even Sphagnum may

ensag .«

2. CARTGRTUM VULGARIS.
Sedge arcas ave mostly deminated by

Carex vulgaris, but at the odges ol ditehes, (.flava

wmd Geochinata ave wery foequent specles. Carex

- T

birervis is encountered in the dmler situations.
This typo of wegelation secms 10 reprasons an

loternediate stage betbween grapaland end Juncetbun

acutiflori,  Vherever water accumulates iy a gravslend,
the dominont grasses which ave charschorigilic of the

dider golle, namely Agvoslis tenwis, A. condng and

Fosiuea AR die oub. Grasses sSuch ag sweelt varnal

and Napdus are much more weslsbtant. Poventille orecin

i1s algo & plant whieh seong able to endure a wide

vaeloty ¢f aoil molgtures.

,
i \ o - .
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3 JUHCHIUM BERUST.

Bxeapt in cerbain areas which have

been ploughed, Juncus effvsug never oecurs dominant

over lerge arcas al Ballochraggen. Moy velabively
sonll pabches, or even igolated tults, are found,

Iv is prone o appsar in auy of the associations
where & looal condition of higher soll moisbure
oblains. In the middle and platean reglons, 1
follows The bases of the eost and wapt boundavy walls
for congiderable dlstances. I¥ may be lthat the soil
18 alightly more molst c¢lose to a wall due Lo the

running-0ff 0f ralo-waten. Junous effugus also

occeurs loeally in Juncelun aseutlflord, very Ffroguontly

Tratesnet e

Herdug areas and Eeiophorebtun veginati. Oceasionally,

L T A

hracken is found in a patch of this rush., Mooy of

the situstions where Juneus sffupus gvows tend o be

drler than those ogcupled by J. acubiflorus. Juncus

gonglomeratus ie frequently prosent with the dominant
speclos, |

4% JUNGRIUN ACURIRTORI.

Mesreh aspoclablong, mainly

domingted by Jupens acubiiflorus, are found extonsively

at Bellochragans The lardest areas are slitunted
whetre madin ehonnels of dralnage have become obgiruated
ag o vesulld of negleot in " bygone yenrs. The largost

Jupeetyum agubiflorl begins dln the east cormer of

t ..
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Seetion L, exbending apwoss the lower halves of
Seotilons® and 3. Thie Ll the lowest part of the
whole aresn, and dralns most of the reglon below the
middim-femc@. The marsh ls dlvided dnbto two seetlions,
each having e maln chawnnel with ite systom of tribubmries
conduetting the walter aeross the soubheyxn boundary of
the srea, wlidwmetely empbying dteell lunbko the Take of
onialtl, These two natural divisions sre separated
by & nervow meck of welatively dry lend, in Segtion 2,
Squﬁ&as 4 and 8. The wpper half of this barrler forms
a slteap knoll which ig gulte dry, beapring bracken in
benf-Lfoseun, with a few gorse bushes on the dpost.
The lower part, extending 140 feet nowth Lfrom the
boundary wall, ig also well paised above the lovel
of the pwamp; it de £lat and shows slgnes of having
heen a small Tield at one Limae. Tt ie of dinberest
t0 note thalt the oleveved paits of this bareier dawve
bracken-ridden, whersas the bridge connecting then,
only a few fegl above the mereh, is devoild of the
forn,. Thilis is ono of Lthe many observabiong demon:
sptrating the nacosslly of adequate dralnage and,
therelore, sood soratlon, for bracken.
The atresm whilch drains the
western parlt of thig Juncelvwm arises iln Seetlon 15,
Sguare 3, on the line of fthe middle fencp. Ths
couroe may be Praced throvgh mumerous smell areas

] of dJungus and Gopex.  On enhering the maln duncetum,

AL HAR T S i




L Tivet paseses through & zone whewe Jrig ls dominant.
Tte polwt off exlt from Balloshragsan, through the
houndany wall bebween copners L1 and Jol, ls $he
lowopt polint on the ares, and islv@wy SIWEINDY «
Bafore the Colloge drainlng sceheme weap c¢arried oub,
very fow hranch dltehed remalved, ws ean be sesn from
the map. A complele syeben now exilsls bul, although
the level of the water was lowered 4o o cexbtuln éexbent,
thopoughly effective dralvege was nobt provided. One
of the gauses of thls wowld épyemr'%o have been the
thonguat of drisyr soil projocting mowe than half way
asross the marsh in Seetion 24 Square 2.  lven the
Juncetum boyond this e elightly valsed sbove the
general level end renddrs olffoctive dvainage of the
aswarnd lying 0 the east veey diffleuvll., T sme
ha@paﬁs that the wobtltest zove is locabed bhétweon the
tongue and the large, flav gbovne in foauare 3.
Consequently, adthough the lével of wober was
reduced, this port remeiuns vexry wel and uwogbable
pnderfoot. |

A Liet of the plants: fovpd in
this Juncetun follows:?

Domlngah
Juneus gowbliilorug

Leenlly Dominant

Ledls pesoudadorng

Junens effuaus
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Abyndent
ghpvax vulgsries

Holets laonbus

Hydrogotyle vulgaris

Ranpunewlus pepens

Loeally Abundent

#Juneus bufonius
*J. bulbosus

Je lomproearpus

Fenthe aquation

*Menyenthes trifoliata
Ireguent
Agihostis nlbs
Ae banuls
Anthozanthun odoratun
Caltha palustris
Japdonine pratensls

*arex odhinatn

*¥Vontin Fonbans
*¥polamogebon polysoni folive
Salix aurlba
Splrace ulmemie

*Utrlioilaele intermedis

Culous paluebyis
Lotus major

Tzl csmpostayls
fychnis flog-cuculi
Hardus stricta

Naptheadvn ossliragum

Pinguicenla vulynrels

Iogaily Fraguent

*Qarax leporing
Cynosurng eristatus
Drogers  rotundifoelis

*Rouleebun sylvatiown

Pagtuca ovina

¥Myomobis sgerploides
Pedicularls palustris
*rotanogaton natans

*Rammoulus Flanmule

Rumex acetoss

Tpigloahin palustre

péoasiénal

Agvositls canlina

Garex Tlova

Gevnm vivale

Hierecivm mreorum




Ogesmlonal (Contd.)

Camox praecox

(s pullcaris
Jaerasbivn volgatan
fpdlobivn palustre
Huphrasle offlodnalls

Galivm palugtne

var. Wltheringll
Roxe

Onlows lanceolatus
Hogses
Atrlehan undulotim
Avlacomnlun palustre
Giimacivm dendroldes
Dicranella squarooss,
Frapvhyrnehiom Bbokesli
Hypoum eondifoliun

He cugpldntim

Orehls masulaba
Parnassia pglnatrls
Plantngo lanesolato
Poa briviglis
Polysale vvlgnri

Sonehus Olaoracous

Hyveriown pulehiumn

Muium tnduleatum
Philonotils Fonbana
Polytwichun commung
Rhacomiteivm fasceleulare
ﬁ'-:%pht&gg;nmn gontorhun

. aymbifoliuvn

Be pluxmulosun

CThuldivm Mmogms.tnm
Those gpocies marked * wove
vevally encountered in. or on the edges of, dltches.
S I\U’SR,DT TR
’J}hﬁa;;z:-za de very 1lttle Wewdetum,
the wost extensive patcoh hedng found in Secotion 19,
Soquore 12,  Hordus iz cncountered frequently in bhe

mareinal zone bhodbween bewt-fesoue -and Corioetum o

Juneetum aevbiflori, in asgoclatlion with Molinie,
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Galluna and V%aeinivm myw?zliv% and with Dosehampaia

flexuoma.,  Smith (191u) seaten that Nopdus is marginel
to peat and peat vegebation, He showe that flushing
of Neprdetum with spring waler, egpecially when
caloareous leads 0 the replacement of the Nardug by

Tomtucs ovina, Asrostle alba, COynosurue eristotus,

AT e

Holeus lanaius, Tpdfolium repons, Ranunenlus repens,

albe, Converaely, lrrigation of a neutral graseland
with peat waber ceupes a line of the moor mat grass

to ffollow the course of the water, - Smith bakos the
view thal Waxdeta have bean dovived Lfrom pyosaxishing
Ualluwneta., Refaovence will be made below o ‘the
freguent ocourrence of grasses dominated by NHowdus
fringing patohen of Callune, bul 1t appeare thet, in
ganoral, the lgrdus of Ballochraggen hasg developed
from Teghuoo~Agroshidetun, by soll modsture inoressing,
and o thin layer of wpésl tending to sccumulato.

6y E@LTNTLTUM.

Apsogiations charvadtorised by a
hilgh proportion of The purple moor grass (Molinis
eperulea) cover much of the ground upwerds of aboub
400 Foaatb. The wel "Molinia bog' of Juefferies (1918)
in which the plant grews in tall, dense tussoeks,
cecurs bub seldom, and then oply in small aveos, and
nooxly developeds By far thée grestest amount of the

Molinio exlsts as a more opr less level grasslend,

whore the soll would not appesy to be wet enough to
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favour tussock development, In some cosen, however,
It mey be kept level by the grasming of shoek,

The segoeiated {florn of thila type
of Molinletum is mot adeh in spoeles, in conformity
with the genersl tenaoncv'oJ poat comminitios. A
Gypical list is now glven:

| Dominent
Molinila, eaarulaa
Abundant

Nardus ahriots Vaecinium myriillog

%oeally Abuvndany

Ga?luua vulmasz Brden bebrelis
Depochampsia flextoss JuNsus sguorrosus

Seivpus seospilosne

Irequent '
Agrostis tenuis Pashues dHwing
Potentllle ewedta
Zesrliy Tpsouent
Juneus gffusus
Oecanional
Apvostis caning : Emﬁula campestnl s
suthoxenthum odoratum Padicwloris palugtnrls
Bora |
Byive gineven  Galium saxetile

Polygale vulgaprds




Campylopus flexuosus Hypnwe Sehroberl
Dioreaaman scopardun Taneobryim glaucium
Hylocomiun Squayroomn Polybyiehum Juniperinua

Sphagnun plunulosun
Molinis e very fvequonily

assoglated with Vagelniun myriiliug, but the latber

ig dovariebly stunbed, ofben tinbted red; snd nevey
resches guch s dovelopment os To approagh &
Vacciniebun, ‘

Jardus te sometimes co-~dominant.
This frequently led o difficulby in deelding upon the
dondnent plewt durdng the wapping, oo bhat, in such
onsey, the gymbola Ffor bhoth woepe used. In obther

dages, Daschampeds floxuosa odoupied a similew

pogltlon ag co-dominanl.

In moister situations, one may
find what de apparently o Jerivative of the normel
@g&gﬂi@‘wegaﬁaﬁiﬁm and whish is characsterised hy a
development of Sphasunn, in which the lower paris of
Molinip and obther planbts ape embedded, This assovlas
sGilon iy symbolised on the maps by horizontal and
vertleal hatehing. Beosvse oF the high wabor conbent
of the soll, the Molindetwn is in process of boing
oustlied by Sphasnun. The aspoclated apeclos, in ordex

of Treoquendy, owes
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Galluna vulgoris {of sfunted sise)
Taocindwn myreillues

JUNCUE SQUATRECSTS

Heppdus ptwilota

Triea bobralix

Sedrpus casspibtosue

Fagtugs oving

Phapldinm 18 aboent from the

Holinieta, sud Tthe gous of ovexlaps between Molinletum
and Pastpoo-fgrogtidetun containing biecken ls, as a
rule, swen narvowsr than bebwoen the latlboer and
Juncetvm.  The resson For this is not olgary
empeelelly ap much of the Moldnlobum €t Balloehraggen
is oF the welabtively dvy Lype. Fosrbhenmore, o o
rvesult of degoenepetilon and fives, much of the £ ormer
Jailunetun on the platesu contalus Nolinde in
abundance, and the fern ls o vigopous Invaders

In okdey Vo gtudy the growth of
biracken dn & Molinletum, twonsplent emperimants
were leld down inm Secbtlon 10, Squaye 3¢ Most of
the Molinis vegdhailon de of Uhe Fype cvonbuining a
high percentoge of Sphoswum.  The oxpéwiments wexe
off two kinds, nawoly, the plaanting of oue-yeapr~old
sporelings, and the transforence of sods combulning
brnaikeiis

Ao Bpoireling Tirangplontd.

The pporelings, three inmuber,
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were pot-bound ot the time of travsplacting. Thay
were wemoved from the pots and planted in the posltions
indicated a8 1, B, and 3 on fthe transporvent "flimey"
covering the TAD Thie took plage on May 1L0%th, 1946,
aad at that blne, nosl had four very small feonds,
n0..2, one young Ifrond expanding. Toe3 aleo had one
rinnge fxondw In opdew to prevent grezming by animels,
the trengplants wore covered by squares of wire nebbing,
eaoh ﬁupyorﬁeﬁ:Q~ four wooden poges, o ayvanged in
heilght that Gthe net was aboul nine iamcher shove bhe
vagotation,

Ou September 1lth of the same
yeaxr; bwo of the feonds of no.d were dead, and the
fwo romalaning orws ﬁmrning brawn. o new frondy
hed heeb produged, No.2 had puk up o seeond Trond,
buh bhdn wae very ﬁmalle The omiginal frond was in
g dylung condition. As for no.3, no living fronds
ware presend.,

Be-examinetion on Odtoher L3th,
1047 showed bdhat the sitrength of ¢he trensplants had
deelined Fuwrbher, Two fronds had sxxipen from no.l
during the summer, dub had sinee diod. There was no
algn of 1n0+2. Nb.3 boro ono small dead frond.

Gn July 23wd, 1948, one minute
frond wos evident oa ezmch of nog .l and 2. No fronds
had beon produced Ly now3. By Beptember 15th, only

the frond on no.l was slive.

e




B, So0d Trongolants.

A sguers god of glde two feet and
nine inches in depth was cut at (A), in TFosbugo-

Agrosvidabun with strong Pherdidiuvm. A sod was alsgo

vaken from (B) in the Molinls zone.  The brackens
sontalning smod wan transplanted to the hole left ab
(1) and the Molinie omne to that ot (A). A duplieate
Inverchangs was mede between (¢) snd (D).

The two Molinlawbype transplents
differed Lrom each other dn thet the ope ab (A) had
sn exbensive bawe of Sphagnum, less thon a quarter of

the arean belng free of the moss. Molinia and dward

Balluag were eow~dominant, with Vaceindum mertiliug
gub-domingnt.,  Uhe bed of gﬁgggggﬂ wae mﬁ&enﬂ Lrom
the transplant et (¢) so thab it'apvearea conpilderably
dpies.

At the dime of brangplonbing,
the sod at (B} bore the mﬁumpsiof 16 fronds produced
durdng the 1946 sonson, ‘That at (D) hed 14 fronds.
Only the gtumps remained for the most part as the
bragken ou the aresn had beem ous during the sﬁmmer;

One-yard quadeabs were pegged cutb
4o fanclude each transplant. Thus, the pomitions of
Fronds elther outglde or ingide Tthe transplents
havdng been plofted Inidlally, o means was provided
Loy the accurate study of the lovesion oﬁlbracken

into Ghe broneplent, or frow the beansplaat ifnto the

_;




suerovnding vagetation, as appropriato. Woreover,
a8 vogotation chartes of the btrapgsplanted sods were
made at the gbart, vecharilng ot o latéer dete should
poveal any changes which hod belken placse lu tho
gongbitutlion of the Floyrg in each ga8.

The treneplents wore re-examined
on Oosober IL3Wh, 1947«

Twangplont st (Al Mo invasion by bracken had occcuryed

and, apari from belng gomewhas drier than before, the
gppearance of the twansplent was 1ittle changed.

@ranﬂﬁlamﬁ_aﬁ_(ﬁ)a No fronds had boen pubt up duwring

the 1947 growing season.

Trenaplont at(g)s  %hewe had heen no dnvasion by

bracken, bult a ftendenoy was notlged for vhe fostucow
Agrostidetun flora o enter the transplant:  Goliun

Baxatile wes lovadlng &t one coruer. The appeavence
of the twaneplant had not undergone any padical

alberatlon, and it canvet be pald that it had changed
florvletlionlly, yebt, nevewtheless, & subile difference

wan evident whieh wes probably due bo diying-oulb.

dransnloig ob (D): Only three fronds were presont
off which two wepre wery mmall, the largost belng but
nine inches high. ¥o chwnge in the floya of the
broveplant could ba pevceiveds
A FTurther expnlnntlon was madd on

Bepbomber 1BLh, 1948,

| S




ransplont ab (A)s  Ooe pmall froud was observed oue

jneh within the wevgln of the tronsplant.

Teaneplont et (B):  Bphaguum was inveding from one slde.

Only ona fyond was present and thig was dead.

Begcheampsis Llexuoss was lovading the transplant.

Trangplent ot (6): Mo luveslon by bracken had yed
sgpourred, bub'dgring-out® of the transplent was

progeeding .

Teangplont at (D): Theee fronds, two of which weve
Very small, were prosdni. Phe heath vegetatlon

appeared to be lnvading; Depchamoals Cleguoss was

enterling at one alde.
Both these pebs of exporiments

denonglbrated vthalt the soll of dthis Nolixnio-Calliumoe

Gphagoan type of vegetetlon 18 & vory inhospliable
mediun for braolen. \ In bthis arse, - the kilgh wotor
aontoent of the soil makes the explsastion opn the
‘grounﬁﬁ of defdciont peration the most aoccopbable,
As has been mbaled above, however, such. vegotatlon ilg
not typical of vhe Molinleta of Dellochrasgun, whleh
oro considerably drlex. Mo txanaplants inbto the more
ndual type bave yat been made by the weltew, bul such
xporiments wers laid down by Me.J.Reld ab o hill farn
known as Tovehmollawy, noar Stirling. The werlter had
the priviiege of exeminiag, dupdlng the summer of 1947,
the gods of baamcken transplented into Molinletum at

bhis area in 1042. In most casesn, no iuvvasion of the

L.




— 31 -

Meoliniedum solls had taken place. Two fronds were

found seven inches oubslde one eanapland. Mot of

the Yrensplants bore few fpondoe, whieh wewre smalls

Tn bwo instabeos, however, large mumbers of tall fronds

ogourraed, thirty nine being counbed on one tronsplent.

There bad been no invesion from bhesa vigorous cenbres.

On The obther hand, the uwnfaveurable characteristics

of Molindetun soil had not been trensmitied to bhe

trangplants. There g thus exporimental evidénce

that even the dpler $ypes of Molilnieta poppass

properiles exbremely hostlie 4o the spraad of bracken.
7o GALTUTRTUN.

Alzhough Gelluna of sbtunbod habli
enters into the dompositidon of folindeatun and even the
bonli~foseue in some loealities, Callungbum 1s not
oneountared below dhe plateauw, and dts groepbesd
development Lg atbelined on Tthe upper regions  The
Mentelth Hills are capped with a dense, knee-high
growth of heather. et of the £leld ohgervablons
have, howaver, been confined to the legsor Calluneta
of the wlateau.

In 1942, when Ballochyagsan was
takon over for emperlmoental purposss, nost of the
heathey was old and "lﬁgﬂy"-' Goumbs of anmual, rings
indiceited aged ranglong from 12 $0 24 years.
Consldarable tyacts of thilg mwowibund vegotaiion waye

burut in 1943, and further guantltles have been burwnt

L
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Cdn sudceoding yeawvsy - Mueh of thils burning had alieady
tekon place bhefore the eommencensnt of the nmpplag,
bt the burnt palchos aye Jodicpted as Calluanetum én
the maps Iun opder bo reprepent the indlilal vegdtatlon
ol the ares as nsaxly as posslibles  Cho of the fow
apons of young, vigoprous haathor within the scope of
tha mepping »m-%haﬁ Ly Beetion £2, Squame 4.

The hegthey on the platesn ocours
a8 nuaerous velédtively anall pabehas, with the
excepilon that hthe lapge Eﬁiaphoraﬁum in Seotlone 30
gind 34 had heather ag co-dominant peioy 4o buranlag
in 3943«  (EV appears bhat Sﬁ?ﬁhsa, the Godlunn waes
balug oustad by the golhon grass,) L ds noticeable
that these pabehes ave found oun those paris of bthe
platesy whioh nIre ralesed ghove the goerneral Lavel.
Tole feature iy abrllkingly evident when the plabany
ig viewsd elther from the bop of the s=idge or Lirom
the wpphr woeglon. Tha heabher i not denad, It is
undonbiedly la ab advanced stage of degonswation,
being hoevily mired with Molibies  Frequently, many
of bhe bronehen are dead and, in some parts,; the

heather rligomorph dissase, cauved by Moaresming

andvomacous, de prevelont, Entermudiobe gbases may
be Found beltwoen fhe Gallunebum and Moliniotwmg
veforence has aixéaﬁy been made to jMolinls areas which
contuin seavbeved, abiagsly heabthey planta., %héwa

ig aleo evidoncee $hat the heether patehes are

. : - | )




shrinking foom the pepipheovy ianwords, in thal meny

s, An

ave feloged by & mixbure of Moldinis and Fardus

WA
Which,gggggg%-plmﬂﬁs are scabbored, This thinning-
ot of the Callunetun btowards 1is edges las been
roporsed nh Breckland by Yarwow (1916) who atiribuled
the phanomenon fo rabbit gtvack. Ablﬁallﬁeh@aggén,
rabbite are fow on the platdau. The wedbor believes
that the depérepration of unburnt heathsr at Dallosh:
iraggen g due o age and, possibly, graziung by sheep.
Wive eagos have wecontly been pladed on Gallune vreas
&b varlous points on the platean and already, the
ghoonoe of grazing ls exeriting ite effect on the
vagetatLow. The eampet of heather had become nuch
aore wnlform, as a peoult of the growdh of wew shoots
and of seudlingd. A further point which was noted hy
Prrzow has its parallel In this anes, namely, the
inereasadd degeneration of gallunn wherd pathways danbep
and leavae.
A gpecles Lisgt now Follows:
Collune wulgaris

foeally Co-dominant

YMollnls eterulos

i % 2N o 23
Ineguent

Bleshnum spleant ‘ Molinie ocanerulean
Deschampaie flomioss Nardus abniote
Tewbuga oving Pabontilia osxeeta

Vaceinium myprtillus
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boaally Crdguond

Irlen odneron JUNENE ByUarosus

. hetrollx Pherlddun aguilioem (invading)
el ophorum vagdnabum dolrpus ecasspivosus
Oeosalionsd

(§5) ,mx naniocs

Roxe
Tygopodium elavatum Polypala vulgaria

Thynmus serpylluonm

Diervamum pocpariun Hypmm eupeessilfoone
De seoparium aire Grdeoboram

s gpadissun Jeveobryanm glaveun
Hypnua oupressifopns Plagiotheolun tndvlabun

Sphagnum sonpodium

Ohseryations on the Reeolonlpnbion of Burnl Oallunebun.

Hesthor-burning hoving taken place
at verlous tinea gince 1042 wenders the area purticularly
sualtable fop o sbudy of the receloniseblion of Callunetun
afvor g fira. Tengley (1939) sbates that no detalled
investigationg of the sugoes selone followi. ng burbing lvwe
been made in Scc*i:l&mcf._

W GeOmith (1916 and 1918 } & shswn
that the weturn of heather after a fire ls slower whon
tho plents sye olds Bedef mention was made of the wain
ploate chapasberdsing the trensitionsl slhages,  Huiea

cinargs appeared on the dry soile, and H. tobralix on

[ RIS AN 12N LM
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the dampes partes  Obher plants typleal of the

rocovlonisatlon were glven ag balng Agpoghis v@lg@ria,

Galium sexetile, Junous. squairosus, Molinle caerulea,

‘‘‘‘‘

Nomdus stricta, Fheridiva aguitinmum and Vaceindum

aypbdlings  Bomedlmes, these specleos domingbed the

‘heather permanently. According o Smlth {(1916) the
most rapid yeturn of hesther to dominence afier Durning
was dn £lve yemes, Dut dn the Lotor pspew, the pexdod
wae given ag from two to four yéans.

Jeffreys (1917b) gave in disgran
form, She wvarious courses of suocsssion srlaing lfrom
hapther-hurniag on Duchen Gonl Meosure. Pells, The

awen hecsne domingbed by eliler Numex acetogelld,

Vagedulon pyotlilue, Hmpetrom nicwum, Hardus on

Molinda, sccording o moll condlivlons,  The Oallunetum
could he vestored via the Yogeinivm or Rumewn as sub-
seres; thatb is,.gééégﬁ% only returned bo fominance

on the drlewr solley  The ggﬁ%gwpouia, albernatlvely,

give visg bo p suscsssion vis Heleus mollis culmineting

in PMeridietun,

4

Adsnpon (1918) found o different

succassion on the bonthérn Ponuinsse PDegehampsin

Flezuosa and Nexdus appeaped promptly bul were soon

replaced by Vageipluwm predllive.  Subseguently,

Vaeolndvn vibd s

daen, Hmpetrun and scedlings of

3T

C Qudlune entered,  Afber o time, The Golluna became

dominent, acsisted by ilts inerensing shadé im ousbing




the otheyr speciews,  Vagoindum myeilllus could be stable

X

in some situatbl 01”6;

Tritsoh (1927) made & sbtudy of the
recolonlsntlon of Hindheod Gommoin, Phe fire ocoeurrod
in the emrly pawt oF 1924, and the obsewyations were
made Ln July of the pame yorws  On the lowey paxrt

of the area (the "irica wul oyﬁ“} whe vegebtation was

TR XS

goven yeors old alt the dlwg of the fires  Many Calluna
and 'g& plﬂnﬁé wore sprowting from the stool and only
the old Gai]una wes desd. & few plawks of the labttexr
&urvnvad, Dt the ﬁubﬁ@quamﬁ growth was waak. Fpivach
sugegewbed that the combrolling factors in d@*vrmiﬂmng
vhother the plants své killed by & fire or not, are

the hoeat produesd apd the duaretion of the fire.

s

Yith old, lawge heathowr, the vobal heat Lills both

old and youngs He found poomer wagmﬁ&waﬂian in bhe

ftold bwilunQNUWOM pone® on whe erest of thoe ridge,

ey e though bupich ot the senme bl In bhis cape,
the degree of exposvre might have exewtod an ofecedh
or the pate of remborstion of the ﬁ%%&ﬁﬁﬂ and Hrion.
e discussed the affect of pocureent fireg. These
eeull dln a pﬁo sragslvgly lower huwms conbont, leading

Ho duvaslion by brocken o mosboes and STRLROS

Heath, Tuckwlill and Pullen (1037)
chawsod guadrats on Blackdown, MHeondlp, in studiesn of

the gtages in regolonlsatlon. Molinle and Heles betrallx

,
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baﬁ@m& abundent at Liret, bl thereafter, the Colluns
plants (by thelr iunereasing shadlng effect) graduelly
su@préwmed the other speciles, and the Callunetun was
vetored in eShdgnviiiong Wi Ballochragsgen.
Obgervations a4 Ballochragman.

There are two mothods open Lo the
gtudent of vegetation in tracing the abory of suecession
aftor burnlng o0F an aroas Mlaetly, parmanent quadrats
and branseets can be laid down immediately after the
Flre end charbed at fixed intexvals over tho years
until shabllity is reached. By tho second method,
~areas burnt In 34 Fforent yasrs eve gbudied, and a
.comgoait@ pigture budlt whieh ig assumed to rveprosent
the suecession on one a&ea; That Whles indipect
mathod i dlaferior is indubltable, but frequently
it has 5o bo employed because of limlted time. Pop
this same poason, the Indirsct technlgue wag the one
adopted in the prosent reseanches. It should be
Sﬁéﬁ@dléh&t the work so fayr accomplished 1is of a
pmmiiminawy Hatura.s Th is dwbended showtly tb peg
out permavent guadrats on the vaprious areons, and
theraeby obbtain mowe scouvalte date than hags hitherto
beon possibla.

" The observations reported helow-

wowre madé Auwing the ewmmor of 1947




1943 burng:
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(2) Section 22 Sguave 8.

Malinia cderules |
; go~dominant

Gallune vulgaris
Degchampeis flexvosa

B L Abundant
Vaccindum myrtillus '
Tostuca ovina
Juneus sgquarrosus
Hapdus stricta
Pobentilla erects

The Galluns bowe Fflowering shoots

which Were sbowt six inches high, A% ﬁidsummex, the

dominant plant appeared to be Déséhampgia fiﬂxnoaa, due

to the aupact prodused by 14 Tlowering at that times

(b) Seetion 23, Square 2, Part of e

line transect passed through a'l§43 burn and yielded

" the following data, plantn hedhg recorded &t every

six dnehes:

Molinie, 'aé;amlrm | 39 plants
Galluna'vﬁlgariﬁ PR v
Tapdus étriéfa 14 o
Selrpus cagepitosuy § 0
Peatuea ovine, 6 "
Vaceinivm myrtillus 5 ¢
Degochampeie flexuosa 3 ¢

Eriea tetralix 2
" He cinerea 1 plant
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JUuneus seuarrosus 1 pland
. Tmzule campestnis 1 t
Potentilla erooia 1, n

Tt e elesr in this eape, and
appears o he so elpewhaxe on he aran, that Molinie
can solze comtyol of o Former Callunobum as a resulb
of & fire, Tho young fallivng seedlings arise in
patches, not forming o complete carpet. = Sueh patches
ape often in the ghelter of the bumnt stems of the
old, dead plants. Heather at this stage meaddly
produecen flowers and, doubbless, the seods belp in
ineremsing the density.  Olven sufficient time,
during which the beathor forms & mopre uniform qaxpet
and begine 4o shade the grasses pear 5o tho soil
supfpee, the proporiloen of Molinis mey be very much
reduced, and e vigorous €Gallunetum gome Into being
ONCO MOTO.

Whewe Golluna had been dense
prior bo bhurnipg, an almost pure covering of young

heather mey resully with very little Nolinis present.

1946 burne: . (e) peetlon 23, Sguare T (near H,20).
This ewos is in dhe form of a
smedl lmoll, end, at the time of examinetion (which
wag aboubt Ywalve months afier the fiwre) the surface
of the soil wan govered by vegebabtion o the extent

of appromimadely 5O% of 1t avea. A list of speecies




4O -

for thls pars Lollowss
Asposbis tonuls
Deschanpeia flaiuosa abundend
Feglbuon oving

Anthoxanbthum odoratum Naprdus abrictsa

Callune vulgards  Polygale vulgaris |

Garex panices Potenbilla ervooin

ﬂﬂiea eluoreg Ptgridium.aqnilimum

Be bebralix golrpus casgpliosus
 Molinia eanexulea Yacoiniun myrtlllus

In the northewost wmarginal zone,
Molinda was dowinant, and there was mueh more Nardus.
Lt ds pogelble thab beve the Calluna was sparse befoxe
burning, and that considerable quantities of the two
grosses were already prosent. It has boen shown ahove
thet the mearginal pparseness of heather, abtbended by
abundance of Molinis and Nardus,is of frequent occurrence
at Bellochrasgall.

Tn the mopt westerly part of this

area, the dominent spocies vas Vaceinlum myztillus.

Bracken and formentidl were more Lroguent.

(b) Seotion 28,}Squa$ezl;

A similax type of flore hut with

fewer vascular plants, was obtained, with the addition

of mosses and Jladonin gpp. ALL of bhis pabel,
oxcept the cenire, had been invaded by vigorous bracken.

Pogaibly, the bracken was prosent lu the heather belfore




"‘4-3.."'

burning; but the indlegbiong were that the Golluna had
bheen denseéer bthan in the previous ares desepribed. e
Trlbeehts view L gowwect, the greater heabt gonerated
in the burning'of the deunser heather wouwld involve

more complete degltruetion of the Llors, and hence,
fewer species with mosses and Gladonin, which are

o:lben among the first plants o golonise aften a {ire,.
An Ampoxtant feaetor to besy in ming, however, when
seeking ho apply Fritschts coneluslong in thig
eonnagtion to heather moorland of the West of Seotland,
ig the Alfference of plimater bobween the Htwo distriets.
In the daﬁpuelim&ﬁe of Wost Seobtland, the heathew nover
really becomes duy onovgh %o hurn very fiereely,
Indeod, fires ape ofivon mogli ddfficult to's%awt and
modwbadn,  This is very different Lrom the stabe of
affalrg in the South Hagt of England, where »aglog
Tives may arige agciﬁanﬁally; Congeguently, the
intenge heal experienced on Hindhead ie probably of
rape ogourronce in the wetter counties. It eaanot,
therefore, be sald that deghiuetion of fthe original
nleaks s usually aﬁ'allzuﬁmﬁlatﬁg' frequently, the
rools and rhizomes of many OF the plants remein
mmhmrmed, only bthe ©olinze being destroyad, Regeneration

of plants eueh ag Molinils, Deschempaisn Tlexuoss,

Pobentilla sroecta, @tc., may ha vopy vapid, and the

nogg~licghen phase be mlsged altogethenr, Thug, in o

, few sguare yords of heather burant carly in 1947, the

[ | |
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following plants were found in the late awbumn of the
same yoar: |

Agrosﬁia Yanls

Deachampsie Floxuosa

HFegtuea oving

Molinis eagrulaesn

Polysala vulgaris (one plant only)

Potentllia erecta
It is elemr thab the origingl flova had nol been
exblrely killed.  An egbimate of the proportion of
the surface colonised was 254,  TPowards the wosh
margia, the eovepring was almost XO0¥%, bub this part
wae bured most ineffectively. It was dominated by

Molinda, with Vaceindium nyrtillus and Hrien tebralix

pregent,  Fronds of Fiemldium were common.

8¢ BRTOPHORRMIM.

This ageoclation ig the pepulitimete
asvage dn the succesglon ariging Crom sésgnant waber:
elogedng of aeld p@aﬁi At Ballochpaggan, the lergest
BEDASO bﬁ Qgﬁﬁon geass bog iy fovnd in Tthe north-asat
qorner of the platesmu, Tthat is, in Sectlons 30 and 31,
and exbending a few handred fevl northwards of the 1imit
of the napping. This large area, snd othﬂr; smallexr
patehes, pesn 40 have avlsen as a result off neglected
drainage in the p&ﬁ%; Atbemptes ab drsining the large

Triophoretim have heen made, bul vhe area ls in the:




form of o gauceyr and consoguontly, the necessary
gradient cowld nov he scourad. The indications are
that the boundaries of %hf%i%%@ extonding into the
gdjoining mblinieﬁum, for examplo, in Sestion 31,
Squape 6. This iﬁvaﬁiaﬂ ig pregoded by an Increase

in the Juncps gquarrosvs in the Mollniletum.

The meln Selophorebum woy Fformerly
go~fomingted by Galluna, bub the ares wab burnt in
1943 and the writer dld not ses the ordginal econdition
of the heathens Judging from the dead gboems yemaining,
the plants were vepry old and “legey! and, undoubbtedly,
the hesther was in an advanded stoge of dagenerabion.
ey gg&;ggg,ﬁeédlinga have developed sines the Lire,
bub 34 fs vnlikely thet snything approaching g
Cellunotum will be vesbtoveds. ~ The laotter was probably
the apsociation cccupying the ares hefowve waterlopsing
and gtagnetion became seviouay

At Balloghraggeny as on bogs

elsewhere in Seotland, Briophorum vasinabtum ig the
dominient specien over mogt of the euliton grass aroas,

B pagubtifolivm only aseuming dominance in the wetter

natchesd, In parts oF Englond and Wales, the labter
ig the wmore exbensive.

The Llet of gpecles which Lfollows
inddeatos the poverty bypleal of HEriophoreta. The
list de compiled from the velevant part of » Line

transeet taken between R«23 and T23, in which the

E
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plants weve weoovded wt every fools

Exdophorum vaginaltun 81 plaats (dominant)

Fe vnguetifoliuvn o8 t
Sphagaum $ppe 96  n

Polybtrichun juniperinum 24 #

allung velgexls 14 o

Brioa botralizn & 0
Hmpebruan wlgvem 2 u
Juneus apuhiflorus 4 u

Harbheedun onglifragun 1 plant

Veecilulon myredllve N
Vacciniom oxyeoseos Lo

The fellowling mosses woye found Iin

Hedophoretun:

Aunlacomniuvm paluobve - % Polybrdebhun jJuniperinun
Camprlopus flezuosng * gphagnum plumalosun
Diovenvm scopaprivm Sy vacuprviun

{ * « Joorlly dowlnany)
Phe floures givon show the over:

swholming prepondorance of frlophorun vastnatum,

Briophorvn ancustiiolium, Shhagnun plumalosum o

Rolytedoham jma.ip‘e}x&:mmg domdoabe the very wet parbg,.

These wet pytebhen freguently vecur on the sites of
fTormey pest-cutting acblvitics, The posiblongy of
guch excavaltilops gre indlewmtod by broken lines in

Bection 31, and ave oifen snguler.in outline,
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Diagran of Main ftlaes of Suedession al Ballosheasoan

Holougetum mollls

Rheidiotym ¢ - _ _ _ _ __ _

{(bracken decyeasing
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|
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(ineremsing
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Caxicetum vulaaris

\ Junee b e.z?:ﬁ";lggsi

Junoetun

acvﬁ_:;i.ﬂflﬂlx{i

(Inorensine waber-coubent with

paaf-Lornation)

y
Nodetum

\J
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Gallunetun
. N
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level) Tirtophorebum
MoLlindetun Yeginati

(fuosocly) l

Hel oplioze b

sphaanetum € anmetifoldl
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THE BOOLOGICAT, FACTORS OF SOIL
AERATTON AND HYDROUHN TOW
CONGRITRATLON FN RATATION 0
BRACKEN AND HEATHER.




TPRODUCITON.

The exparimontal work on soil
pergblion arose onl oFf observations mede in the gouvrse
of the survey of Ballochragaen, ond from suggesitions
by Watt (1945) that bthin feetor might be dmportand
in the relatione bebtween hmaeken and hembhor.

The writer aleo considered the possibility of
hydvomen ion concentration belng & fastor in this
sonnegtion. As, howavey, he was amployed ag field
acologlaty Jeboratory and greenhouse lnvesbtigations
wore necasserily restridted.  They have suggested
a pumber of lines of physiologleal and eeological
pagearch, some of whieh the widlter nopes te gbudy

in the Pfubove,
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Lo BOLY AERALTON .

Gonoral Ihiterobups .

Y¥ven during the elghteenth cenbuwry,
Senebier (1791) had shown that the roobs of plants died
1o sbagnent water,  Sinde <hen, xeny woirkeis have
demongbrated the necogeity of adeguate sepbation Lor
plant growth. Clements (1981) hes provided a
comprehensive account of the earldexr work, end Millew
(1938) pives o briof seotion on aepaltlon in relabtion
46 the roobs of plante, together with a full
babIAography s

Tho shudy of soll aeretlon as a
Faotor in plent growkh owes muéh Go the work of
WuAggﬁﬂﬁQn ond hig sesociatess I ds o be negretted
thet tho more pecont wexk has Waeen in the form of
reletivoly small contribubions from many investigators.
Whileld these contridublong bhave advanded ouwr knowledge
of this gublect Yo some degrae, no work compares with
thivk of Qanﬁen in volume oy in dévoblon 4o detriled
observebion and expaviment over o long period. |

Tivingston snd Free (1915 and 1916)
a8 oo-workers of Ganneh, sbuddaed the mesponsoes of @
number of species bo low oxygen eonconbwabiond and
Found wide varimbtion in owxygen reguirements.
Atentdon was Jdeawn Yo the eeological importance of
Tlide,

' Qannon and Free (1917) confirmed

| ’ g -
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the vawiahiiity &f plants in pesponpe bto this Laetop.

In experimants on Prosopis velublns and Qpunéis

versicolor, deserd plants of Apdzone, the planty were

grown in glass btubes so vhot the soil abmospheres
could Te wroplaced by eny Hos ox gay mixtures from
eylindens, Irogomis wos found %6 he more Lolevent

of high paprtial pragsures of eavbon dioxide.

Hoderabe asvetlion favoured breanching of the moota

and aﬁcelef&ted growth in Opumbia, bub not in Prosopis.

LR PR PSRN

Beoermimants woire also darried owl on golaug, Helliotropium,

Nerium end Salix sp..  The g0il abmosphere was
mmpimcea with sixturves of air diluted with nitrogen

oy eurbon dloxide. Tt wan found that resighance ko
low oxygen conbend inereased in the ovder ag given;
Thes im:tha guge of Qdlevs, a small deoresse In oxygen
supply was speedlly followed by injury and, ultinstely,
death, whereas pgalix sp.. grow normally in pure nitrogen
for fhen weoks, On thig poiwt, there is some dizasreement
in o sthsaguent publication {(Cannon, 1920) where it is
reported hhat Sallx continued o grow for move than
geven deys in commercisl ndlvogen (which was Ffound bo
gontain abowk 0&5%‘ax sen) bwt growkh was avvested in
pure nitrogen (ohieined by passing the commercial
profuet through allkeline pyrogallol). Riee, in this
periag of experdments, molntnined growth foxr over

thirteen days in comexclal nitrogen. A species of

}
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Juncus Wes the only plant o grow ln pure nlirogen
ab all, yet 1t weg one of the specles inhibited in
commereial nitrogens

A full account of the axmpérimental
tochnlgues has been provided by Cenncir (1925) tosether
with dndividual weports of the reégponsges of mony specles
Yo dLEferont gonditions of oxyzen vyp’l.y. An aocovivh
of work by Tres on the use of heliuwm in place of
nitregen as an inert gas for anperoble experiments g
aleo included. '

The mowphological chexges in the
woot gystom obtberdant uwpon transfevence to differocnt
condltlong of adwatlon have beon, gtuldied by Connon
and Teoe (1920) and VWeaver ond Himmel (19 .30)‘{." The
Pormer worked on sunflower end ML Be .« The resuld
of transferring dunflowers previously erown in woll-
a@raﬁ&d agoild, bto soil trested wiith nlirogen was that
the poots dled and wore vaeploeed by new oneg 'a,:‘v.’is;:i,ng
from the lower end of the sbont,.. Suah wg)aw dndal
roots were distlnguished by belng shorber, thicker,
lase brancohed wnd glwost devoid of ook halips. The
same type of oot systen Gevelopad when sunflowers
were Sronsferred to unaerabed waber oullburse. The
glgnifiennce Of this In oxplalning the spersgencss of
root halrs o neny awenp plants was nobads o
morphological chovge otcureed when maize wae placed

J n sodl vrogbed with nitrogen, but the growbh vrate of

_
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the roobs wag reduced. Wepver and Hlmooel dealt with

water plewts (ILypha, Scivpus, Fhresmites snd $partina)

grown in solls. providing vardove degressy of sereilon
and watew content, and found hevh in the poorly asrabed
cultvres, superfloial root systems developed Lrom the
Tower ends of ¥Yhe abomss  These wepe fiﬁa? whilte and
greatly branching, In the eultures preseniing the
woret conditions of aeration, nemely, the satumuted,
um@wainaa_énaﬁi there was g depbh of water stending
above the surfeace of the soll, and, in this, the
superfieial woots remified frealy,

Berguan (1920} employed the
exporinental vechnioue of suvbmerging the potse conbaining
the plants in watber. The mogophytes so troated perished,
but not Lf the watey was aerated by a giyvoam of air,

Bonefleial effects of agration in
goll and wator culvures were nobed by Knilght (1924 ).

Be elmo eonflrmed Jergman's obsepvallons That green
algae in the Light moy produce sufficient oxmygen Lor
the yreguirements of The poots of plants gyowing in the
walter, o in-culture-molﬁ$iﬁna

Hell, Brepchley and Underwood (1914)
and Allison end Shive (1923) also studled the effects
of nevation on plants grown in water euliure. They
reporhed the supericxrity of the asyelbed planis in length
and in profvelon of the branching of the vroots, in the

roie OF growih of woolts dud shoots, and in yield.

#_
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Breyant (1934) in experiments  on
harley, found that nowe xroobs were produced under
uneerated econditions in wator eulbure, bul thebt they
wore much shorter and thicker than those of %he'
aorobted plants. There was an anebomical aiffervence
between the roots, the parenchyne of the aevated roote
belng disbingulshed by few alr spaces, These were
gmall comparad with the large spaces of the unserated
plantes This anstomigal elfeet off serxption has aleo
heen obgerved in maize by Beal (1918) and indrews and
Heal (1919), . ‘

farther inforpation relating to the
aiffect of saratlon on the dlgtrlibwbtien of the rooty
gysten in nutrient solubion has been provided by Clerk
and Shive §1932) and Giibert ond Shive (1942), Onee
ag&iﬁ, it was Tound that the unadrated roolty wore
confined to the superficial layer of pelution.

In studies on Qladiuwm mapiseus,

Conviny (1936) deseribes the development of coriical
ailr spaces in yoots growlng in pemandotly waterlogged
pmaﬁ; Under such c¢ircumshances, the woots are yhick,
fleshy and litble brenshing odcums. When fn soll
which is not permanently waterlogged, laterale are
more Jrequent. If the roolby reach the ailr, or grow

in well~oerated wabtor, dhe rools are no longer fleshy

but fine with nany laterals.
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A valuable method of obitmining
gamples of soll abmompheres. for fop snalysis fe also
gdagonibod.

e woell=kinown view that the
rogpivation of the underground paris of g hydfophyﬁé
La naeluly supporbed by the passage of aly down from
the leaves and sowiel stems, wesbed upon the asmuaptlon
of dontinuity of the alr spaces throughout the plant,
anwayf(iQBT) has been able bo esbablish the Faot of
eontinulty by afﬁ@@ﬁmique dnvolving the appllontion
of emall guebtlons at verdous points.  With regard to
the vesisbence o the flow of alr offered by the various
plant organy, she coneludes that, Yelative bo their
diameters, the roote offer less roalsbtance than bhe
rhizomes, hecause the stele dn moobs Gecupies-a
pmaller proporbion of the erosg veetional area:  The
atele of the whiszome ir luwvge snd, being mogtly made
vp of fibres, plays vewy 1litlle pawvt in the eondudtion
of panes, Mowgover, the o0ld; withered leaved of
¢ladivm ave the main chennels for the passage of alw
from the almosphere to ‘the roote and rhizomes for, in
analyses of éaﬁ semples drawn from various tlasueg,
Conwey dlscovered Thab, providing dhe old leaf bases
weme drbacty o very nuch higher pereentage of oxygsn
was present in the cowbtieal spaces of dthe woots than
in the external envivonmsnt of the woot syatem; In

keeping with the ossential role of the older leaves,
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1€ these were wemoved or blocked, low partial prossures
of Oxygen ware endountered in the intercellular spaces
of the roots, even when the mediuvm of growth was well
supplied with oxygons

A useful review of the more peocend
frands in the study of soil seration, is provided by
Gohway (1940); T thils paper, atbentlon ls drawn bo
the probable imporbence of oxldabion~peduction potentlals
and the conseguent fnterdependense of peration and

bydrogon fon coneenbrabions

(A) POERIDIUN:

I, Roview of Idtewaturo.

| There aye sbundent examples atb
Ballochraggen of bracken overlappling nopshes and swanps

dominatied by Juneus acubiflorus and fJarex spp, Thie is

a fealure which can readlily be obgerved in any area where

braclen. and paalymdrained golls o&oux; The marginal

gone is goldom more than about six feet wides It is a

faet that has long heen known +o6 the Ffarmer as well ap

o the student of vegetatlon that bracken le prevenied

From spreading on encountering wabterlogged soil.
ReSmith (1900 )reported that, in

the Hdinburgh dletrlot, bracken was much belbiter developed

on the sunny, dry, gouth sides of the Pentlands bthan on

the 1ll-droined northern slopes.

Farwow (1915) stated That tho fern
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could alvande anywh@me omcopt down the damper valleys.
He suggestod thal, in-%ha latter agltuation, the wator—
teable would be highy and thaly thevelfore, tho bracken
vhigomes would find themselves in slagnant wator,
In keeping with this view, it was notod thet tha
vegeltabive advance was complelely arvested by a emall
ditehs  Intidewnbally, Fwom . this laétber point, Fazrow
deduced thalt there ls 1liltltle paproductlon by spores.
Jeffroys (1917alalso resorded
the obgenvaiion that DLrasken a%opﬂ short at badly~
drained poils  In the bed of & siream which was
usvally iy, he fouﬁﬂ the f@rn ceowing in Jmhaetum
efifugl, and he plated that the brasken etuld nolt have
grown had the estroam bson p&mmgmﬁntﬁ Anothoy aapeet
notad by Jeffroya waus that bracion frequently failed
to eross a fooﬁpaﬁh even when the 1@tﬁar-w&s digused.
Thoe hsprdéning ef the soll by 00mpf0ﬁ010“ wags glven
as the main C&ﬁmﬁ, but it le relevant fte a discussion
of meratlion thet he suggestod az o GOhﬁribuming

faotor the effach of lowaring of the suwrface of the
w0il by gontinual Sreupling.  Ho considered thatb
the level of .the path Dbeing Lover than the éurfoumdings
would malke the sﬁii deanpers

| Braid (1834) has drawn atbentlon
0 the froquenu uge of £looding in parls of Seotland
in the past to check the spread of brocken.  He

considors the cpasation of such practices, eonsequent




BPOL. th@-migrabian of purel populations to the towns
and cltles, bo be a Factor of importance in the
great incressae in bracken which has since cdourred
in the West of Seotland,

Tn-the seme paper, veferende is
made b0 bracken Invading wet soil, when the oublying
parte are madnbalned by conneetions with the adjolning
Phexldietums. On drainege, such upheslthy brasken
oan bocome eetive and self-supporbting.  In other
casas, an arens of bracken may be *dwowned owk® by
the padsing of the wabor-tabla. When this condition
ig advanced, the fronds are wvery small, and juvernlle
in fowms  Exdavabion reveals the remaing of rhizomes
gonngeeting ﬁh@ small, Iiving fragment with what was
onge o large sysbem.  Abtention is dvawn to the
fact bhat dralvage will lead 4o the recovery of puch
veshiges, with subseguont lavesion from those Genties.
Braid ie unable o state with certainty that the
bdrowning owt® he deseyibes dg due Lo poor asreiion.

Watt {1945 |} stabes that
on alkaline, waterlogred peat, all the bracken rhigomes
may occur within ‘btwo imeﬁe& of the surface and, on
guch sgoils, the rhimome system ig shorb. T
frequently happens that rhizomes are limited in
thelr downward penetratlion by purcly physleal
bapeiers such as a layey of coniiiuous hard rook,

but often the obstacle i of a physiologleal anbure,
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and adration of the soll is probobly an important
Taator in $his connoetion. Watt also recalls that
the fern is ahsent from heévy alays (especially if
waberlogged in winter, even if oply et long intervals)
Wardeba, rush “"flusheg¥, and bogs. Rhizomes invadloy

guch s0ils ave ghallow.

2; Fipld Obaopvations aund Hxverinents .

(o) Exeavaliona.

Many exmwples have been observed
at Ballochraggan of small, apperenbly lsolated pabches

of brasken in Ghvicebtun volseris and Juncetum acubiflori.

They are frequently @ssooiabed with stones. - The
inference is ﬁham bhepe palches were Tormerly part of
the nearcst mass of bragken, bub that impeded drainage
lad to tho worgine of tho Ptefidietnm.beenming marshy,
with subsequent encroschment of the Gawox end Jugcus.
The bracken pres hecame broken wp inbto fragmowss by
the dying~off of most of the rhigome sys%em; The
pogaibility exlsted thet these frvegments had notb
heen dewived from pre-oxisting Phreridieta, but had
develmpea from gpores. In order o zain conclusive
evidence on fthis point, and to stvdy the undewground
parts of such imlands of bracken, an excavation wes
ade of a typiaal example,
The site of the execavaetion s in

Sootion B, Square 4, 130, 90. The main mass of

Pherldiun inijsrostis-TFestuca lies to the norvh and

. ——




Fig.3. The slte of the excavation of
Pteridium rhizomes in Seetion 5,

Square 4. The underground sys:
ttems were excavated between the
walking stick and the spade
handle.
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enos, Lforming o bay round very welt sodl domiasbed by
variouy species of Carex. The wetness of this erea
was azeravated during the summer of 1047 {when the
exeovarion was nnde) by wabter overflowlang Trow the
noarhy Arvigation experdment. Ag will be seen Fpom
Tigs 3y the Pleridietum glopes down noticesbly iwbo the
Carex arcas  Aboub six feel from the mearcel polnt of
the Pheridictud; 18 2 small stone whiech, at the tine,
was eovered almost completely by a feolt of grasw,

wainly Festves oving., At bthe sldew of this stone arose

a few smoll fronds which seensd o indieate o very
poor yhisoms system below. The folt of grass was
carefully removed and ong o wo short branch rhizomes
ware found growing agalanst fthe wpper sunface of the
shonea. They ware mavkedly flabtiened and Lighter in
aolour than the rest of the systems The siaes of the
tliona were embedded in the soll, which conpisgied of a
méiodexcua L« e rhigome sywbein in the mud was
Found $o he eomposed of a few gonpact clumps
conngeted tog@%her; whﬁae.alu@pa weore clogely pressed
to the surfoce of She stone (the zidés of the latter
being flat) wewe ln & healthy condition, and bore
many brenches snd frond buds. Mo.4 ghows the
clumpg and Pigesd is & dlagrem of the whole sysltem
axrcavotod,

further Inbo fthe swamp bto the lefd of the walking-stbilck




Fig.4. Seetion 5, Square 4 excavation. Three

clumps of Pteridium rhigomes from the

sides of the largest embedded stone.
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in Blgae 3 hadly oFf bime prevented thelr courses being
teacod dn fully, bub L% 4e depbaln thalt ounly ono
penetrated any disvance. The severod end of this
wos geon in the woll of o drain just offf ™Mesl ho the
L Ly
Between the éﬁon@ and the spade-

handle in Flge3, one or two emaller ilslands of brasken,
epch consisting of a few very minute fronds, were
chaorveds,  The soil on vhis side is drler than
dlpowhars, and vhigomes were lraded back from fhe
clumpe round the stone, linking up bhe tiny islands
and eomblouing on o join the main Phoridistums. It
1ip prohably sigmiflicant thed ¢ech of the swmall patehes
WE s eentr@d>aﬁaﬁﬁ an embedded stong,

‘ In ordep to dlsgover aﬂy‘oﬁher'
rhimemeﬁ‘aonuecfimg the maln Lelend with the Pleridietumn,

& geml~@lreular trench wai dug. Six mofe higomes were

S

revealeds  ALL of these ceccurred in the deler half o
vhe trenchs 00 rhizomes, nob even wwited remalos,
werre fouud in the wetter paris

Two gubsldlary emdavations were
made in other marshy situationsi At Seolbion 23,

Squars 2, 180, 193, a small cluvap of bracken was

found in Jungedum geutiflorl.  The mature fronds
arose Trom a low tusgock of Molinda and Nerdus,
© o Bzeavetion showed the base of this bussock to he

1 eompoged of dead Spbagnum in which was démbedded a

o




profusely-bronehlng rhizome syetem, wleh in Ffrond buds.
Thisg, presumably, had been dewived by prolifexation of
lateral branghes from the mein lepder hizome eonneoting
ae palichy and obther wmore dlstant patohes, with the
Phomidlatuonm, A socond loader existed, bud this had
rottod away at one point, hthus breakling the connsetion.

In Section 10, Bouare 12, there is
2 Gawiée%mm with small, boeptbtored patohes 6F bracken.
Phe nabtehes are slipghily raiosd above the goneval
lavel of the Carex.  Simdlar cwamples of this were
Found olsewhers on Ballochvhisai.

In éach of the easce of small

groups of Pieridiun fronds mpparently igolated in

Jungatun or Cerieebun inveéslblgated, 1t hap beeén shown
that o well-branched rhilzowe syevem fraguently exlels
helow grownd level, ubat bhe branches ape shopd,

noar the gurface, and tsvally well supplied with
developing end latent frond Pads, Thase ebworks
gree doaverlably coraeotad bo the nearesd Phroridietun
by dme op mordé rhizomes which.tend to run ot o lower
level than the Frond-hearing clumps.. furthormnore,
ln one case, the clunps werd asesodlated with embadded
gtonesy in anobher, the maxiuvva rhizons heanching
and frond productlion wes In a wvelatively dxzy,

loogely-packed mags of dead Sphaonum, In the

d
PP S RACRE. Ao

thivd eaua, the fronds nlways arose on slighbly

b redacd patohes of gyound, To short, the frond-producing
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rhizomnes were found in thogseelbuablons whero one
night expect better condilbions of ascxalbion.
Cramphon (1911, P«60) noted that ﬁhalggggggﬁ.moor
vegetatlon la Gelthuess uwnderwent a chabge in
composlilon 1o the nedghbourhood of wrocks isolated
in the peats. The rocks wers of svueh a nabure that
no chemia&l influencs eould have been involved, and
bhe atvribubed the ehenge Lo belbter APadnaes &
Bracken wag somebimes found o gpread from sush
cenbres, the heather belng subsequently degbroyed
by the forn,.

Tt ig evidewtd thab, far from
bodng a&ﬁoﬁﬁ exbinet, these smill patches of byacken
hawe groeab @ot@ﬂtim&iﬁi@? For gyowbhy as judged by
ﬁhe nwamber of frend and vhigzome hudes  Drainage of
pershy areas could stinulete the bhuds bo expanslon
pud elongation with the mesuld that 2 rapld spread
of bracken Ffyom these ponbtres could ecours,  The
excavations made confirm the obsprvotions and

conclugions oFf Brelid vrelfeorred 40 shoves

(b)  Ipipavion Nzporizents.

Eradieation of bracken by
irrigation has been adwocated (MePurk, 1837, and
Morray, 1837) for upland pastures well-supplied with
springs and efronmes  The offeat of ailkaline spring
wobers on hill pasture vegetation (bul excluding

bracken) has been reporied by Swmith (1916) and
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Heddle and Ogg (1956); The palsing of the soll pH,
and superficisl asrebtlon were given as peobably belng
the wein factors Linvolveds  Thepe have been no
quantitetlve dnveptigationy of the offect of
drplaptlon on soll aerablon, in so far ap the vresent
wrdbor lg awore,

Ballochragoan Lo Va@y“xiéh in
natuwal wmﬁarlﬁuppmiea? The numaprons gprings and
stresus are & f@aﬁgré QF the aroy which the mhps
ghow pawﬁicuiamly“cie&rkyé A pH parvoy of thege
water supplien was oarried ouwl in 1947, and 1t was
found thet mopt springs and plroame gave n reactlon
pround pH ?gow742; mhg range entountered was from
PE 645 o 7465

The Lfollowing oxperiments wers

gareled oul In the bhelief that the wain effeet of

dirpioebion i on the oxysen supply in the H01 0.
Puddling of sodl Aunvolves the replasement of 4he
80ll ain Dy wobor T8, bowever, apiing water of
high digaocilred oxygen content Flowsd econtinvously
theough, the ﬁOJW, negsohably good conditlons of
drygen supply might ohill émist. In point of faet,
thig dooam not ogcur dxcopt An the most porous Lypes,
pnd Tthe latier ape not Found al Balloshrasean.

nge the soll ip puddled, moa@?ghe subacquent watey
flows freely over the surface, and movemeanh of water

lowew down musgt e Tery 8low. Thus, low vadues fox
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dissolved omygen rosull,
“ Dupding the suomer of 1947, 4wo
oxporvinents ware comenced to sbudy the effeets of

irplaation on wleorausn Pheardddadrin. _ _
YU I Bectlen 5, Sovere £ (by the slone st 110.90)

s I ep e e b 2 TN

I, Section B, Souare 4 (by the gbophe st 110,90),

On Mgy 3.,{*5*1::}3; bwo ongmyard guadrals
were pegsed out dn @ﬁexiﬂigfumg Ome of 4hewe wap
ivedgobed donbinuously with wobtey from ‘the nearby
ghrean, eonveyad by iron pipes and o shallow ehannel.
The segond guadvat wes Jeft wnbreated o sbrve 8v o
eORtroLe Pafore dommeneing Sprrigation, the popitions
of the 1946 frond stumps (brasken on the ares hoed been
aul &m‘ieéﬁ}¢W§ﬁé plothied for each gundraits

Within o wepk, moxe young fronds
wepe arising in the frrlgubed guadrat then iu the
GontroLs. They Wore EXN T moys advenceds This could
ha aﬁﬁrihaﬁ@& %0 Fhe temporery stimulue to growth

of incyeased waler supplys |

| Afhor soven woeke, tha lower
glde amnd aamﬁr@'af the Lrvigated qm@ﬁxaﬁ'waa Lonnd
bo be almesh devold of ﬁ&ﬁﬂdS;% e Jergest fwond in
the guadeat wab bﬁak@m,ﬁt the Lethnug, and wae laaﬁing
gvers  This might h@ym:haam due o cruehing by aninals,
but there was no svidenge of bpompling ﬂ@ﬁfﬁy@ The
fronds showed signs of yeilowlng, olthough this was
more marked and widaspread i%?%xaa bebwaen the

quadrat and the gardoobum vilgards into which the

:




ﬁaﬁ@r From the guadyret dreinsdy Jven clumpn o

hracken fronds reund ghones oul in the WA e,
formevly healﬁhy; Wore ﬂyang% Thig effect mdy have

hoen heought about by-a goneral reiming of the wateps
tahle in the Cerxdeebum; esused hv the donbinuak £low
of watex from the guadralb,

By the niddle of the 1948 growiog
senson, the dilfference belween Ilrrigated and conltrol
quadrals bad botome oven more prénounﬁédé e foprmer
bope no Tronds &% all, Moy of the grasses had

dimnppenred, end 1Y was notilceable thet Janem yuleords

o

had qurOnd wp from Thﬁ mawah bo within theeo foet
cof the quadaabs

Phae fronds we@@lﬁu%-and he
ghunps plrobhed aaﬂ gou wied iu the Septenbers of
1947 and 1948.

Teble T. Gompardson of Numbers of Tronds in

Irrigated and Undrrigated ouedrats

Ouadrat No. of Fronds .

1946 1947 1948
Irrigated 50 24 0
Undreighved 55 .48 ’ 37
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f'wo Ffaotors may be dnvolved in
the decreasing rumber of the fronds in the conbrol
guadrat. T the firet place, the avea has boen
sthjected to brackon ouwbiing and scoeondly, the eholce
of site Ffoxr the conbrol was wnfortupete in so far as,
belng at o lower level, it was liable to soepage of
waier fvom the ochaonel serving the irvigated quadrat.
The water supplied to the exmperimenbal quadret was
found ‘to have a plH reaction of Te2s It will be shown
Sin a later seebion thot sueh & weaclhion is not
favourable Yo braskon, but a pll change of this order
would not account fox the wapldity with which the
adverse effeety of lrrigation meke their appearance.

Anothexr factor whlch might
explain the resulisg is a dliference in goil
temporatures., Tt is to be expected that lrrigation
with spring water mighi Jower the soil temperature
_conaidarably; Temperatures were accordingly
measured at six inehes below the surface. No

difference wag Tound, both solld - beling at 13 deg.C.

.
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2., Seolion 18, Bauare IT{ncar bthe stone ab 110:18).

The sxes was scloctod in the Civeb
place ng an axouple of an overlepping zone of bvackoxn
and heather whlch was ab suebh a level In relation 4o
the noarby obrean that bthe latber could be defleoted

on o the mawgin without ALLLiculby. Batween the

heathey aresn and the Agroghis-Testuesn grassland
Gominebed by Pheridium, 18 a esirip about Ten Dot wide

where Nawdug and Jegchemosia Flexvogs ave the doninent

grasses, and.where tho braoken is spavrse wilth densey
patches of fronds ococurying.  Sparse bhracken penatrates
into the heather arves o dlplances varying from six
to ben feol along the line of invaslon,

| JThe shtream water was led by &
shallow thayneld ivbto the easbterily end of the zmons of
Lovaxlap. CIn eubtdng the ehawmel, 1t was nobieed dhat,
in o small paboh of mexshy grasslend, bracken zhizomes
wore present in the soll (mo fronds belug in ovidence)
and thet sueh whié&mes wexne in most sases robted and
doad. In the didler g0l 4o bobh sides of the marvshy
stwip, the rhizomes wewe perfecbly healbthy. Irom its
point oFf enbry to the aven, the waver Llowed weslward
through the merglnel zong, and also through the

adjacent Nardus-Dogchompaia flemuoss conbailving bracken.

It finally drained into +he Juncebun meubiflord in
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Plg.6. Irrigation experiment in Section
13, Square 11 from the stone at
110-18, looking westward. Irrigated
Pterlidium in the centre, irrigated

Pteridium and Calluna on the right,
unirrigated Pteridietum on the

left, Juncetun acutiflori in the

background.

—




Fig.7. Irrigation in Seetion 18, Square 11

from the Juncetum acutiflori area,

looking eastward. Irrigated
Pteridium in the centre. Unirrigated

Pteridietum in the left background.




Fig.8s Irrigation in Section 18, Square 11,
showing the stunted form of new

fronds arising in the irrigated gzone.
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Ippdgation edmaenced on May Kl
1947, By Mly 344h, many fronds in bthe lrrigated
gaghblon were dead,. and the livne of demargalbion helweon
irvigated and unlrzrignted became progressively mores
clearly dofined (Piges 6 and 7). The area of dead
fronds was far morve widespread towards the Juncebum
owing to the deereaplng &lépe of the land wilih
conseguent spreading of the water, Fronds which
arote efter the commoncoment of irrigation were
gmall (Fige8).

Belimatlons wegre made of the
oxygen (dimsolved in dhe mpoll watér abt several points,
hy meens of the syringe pipetto deseribed later and
shown L Fi@.i@i The method of colleeting the waler
sruple was, firetly, to oub off the waben supply of
the drrigation; and then o emeavats a gmall holeab
the poilnb of aampling; © Thild was allowsd Ho Fill by

secpags from the polly  Theo results are shown below.

Table 2 Dissolved Oxyoen in the Soil Water affler

Trndaation «

Site of Samplo Tomprs Dissolved Ouygen
(d8geCe)  (ml/le at NP )

1) Pateh of dense Tronds

(nearly all dead) 1.0 0 BBl
| 2} Hoalther-~bracken - 6489
| 3) &dge o falluns ares 1046 4.58
' 4) TWerdus sres adjolning 11.0 5485
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These okygen valuas are no doubid
grealtly in exmedas o the avtual quantities ol oxygen
prosent 1lu waterlogoed soils, which are probably almost
ke The node of collecting bthe ﬁample is open To
eritlicism on the ground that there ls mo guard
againgt exposure Lo bthe oxyegen of the ailr.
Heverthoeless, the figures indidote that irmigation does
lead ho oxyzen values which are well below eguilibrium,
Aceordling fo Winkler (quoted in the “Ohemilehe ! Toarhook")
the figure Ffopr dissolved omysen 1n guilibrlum wibth the
adr ab 119C. 18 T.69 nl/ls ot NeT.P.

In weking the sampling holes for

the eglimations in Cplluns snd Nexdus solls, the
welter wae surprloeed o Dind %hét,Awhereas wphior
appears to penefrete falvly Freely iubo the Drocken
8011, the soil below the superflicizl two inches of
veat wag gqulte as dry sg ls wveusl for thet typs of
golly even Yhough watewr had been ﬁlawing continuously
over the suyfaece for fowr mantho. % would thus
appoar that peat ten acl as an impervious layer.
Tow poriiel pressures ol omygen misht be oxpected in
the lower 8011, although notb saturated wilth water, as
the layer of waberlogped péaﬁ and the stream of water
on the sueface will isolate the soil atmosphéere fronm
the alr aboévo,

Braeken rhigomes excavalbed from

the lrrvigeted mone showed that in four months, bthe
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undepground parts did not appear o have been
serlounaly alffeeled, It seenms thet on irmigation,

the brackoen plant very quickly finds iteelf unable Yo
medinbalin evan a fow f?oudﬂ. Those goon begone
disensed, and die off. The ime wequived to produce
ﬁigha of disesse in the vhizome is nob known, but It

e eewtedn thaelt prolonged irwigaﬁion would be neeessary
0 brlng aboulh eomplete eradicatilon of the Ffern by |

this agency,

(e) Buperiments iavolving Stasnant snd Spring Weter.

The frrigatlon éxporiments, while
lending gome support o the view thet aeretlon is the
nedn faetor invelved; did not enable the ralative
offeata of wabtey poor in dissolved oxyveen and wator
oénwaiming gxygen in eqailibrium'wiﬁh the air H0 be
separatiod. A Qivedt comparison of growth undeyw
these conditlons was clesrly degirable.

Two wechangnlér badhkets oF
dimensioneg 18" X 8" X 3" were consbructed of %" mesh
wive nettings  Sods conbaining strons brackon were
eut from the aren on the wewh slde 0f the main sbreanm
in Seetion 1.  This bracken had never beon ki,
having been veserved as a conbtwrol against whilch bo
agaess the affests of bracken cumﬁing; Care bhelng
taken 0 distuxrbd the soll round the vhigomes as

Little ap poseible, the sods wore travsfoerred into

-
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the wire basketo. At bhis stage; expanding fronds
about one foot high were prosent, bulb these subsequently
dled ofT, and the baskets weve left in a chady, demp
pladge until new Lronds had beon produced.

By thig ftiee, two recbangular
holes had been dug in Seetlon 2, Sguare 2, one in the
eentre of a epring, the other iln bogpy soll a few
fewlt away where lthe watde~leéevel was alb the surfaeé.
One basket was subuerged 1n each of the nOLok.

The omne eownbaining the mere vigorous plapt was
placed in the stagnant wabom.

On. dJuly 9th, the date of submergence
of tho hagkets, the plant in sbagnent waler Yore three
fronds, one of which wan aboult twelve inches, the
segond, foupr incher and the thiprd, one lneh high.

Tho ladter Hwo wers totally submerged, as were s
number of buds pushing above The surfacs of the
soile The lerge frond had a very smell dead pateh,
vrobably caused by dabe Lrosting.

Tho braéken;im.running water
pogsessed but two Lyoonds, geven inehes and thyae
Inches highe Tn addition, s few buds wore appearing;
The smeller frond was completely subnergeds

The temperatures of the waber in
both cases wewp measured, and alse those of the

adjacent solle Phe Ffligures are shown in Table 3.

I
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feble 3: Temperaluves of Bog and Speine Watew, and

of foile in Oooiaeb, (Measured 9/7/1947)

4) Water Tempevatures {00 )

Bog Water Spwimg Wahen Difference
15 ) K
B) Soil Tenperabures (“0;) at 10 ins.depth

Adjsoewnt Adjecent o Difference
40 hog water Spping Waben
13 10 3
This difference in water

temperatures 1o far gregter than was antlelpated
and would have o marked effect on tho quantilties
of disselved oxygen, apart from any divect effect
on the pate of plant meétabollen.
On July 176h, the dead patoh’

on the large frond of bhe plant in bhog walter was
sreatly extended, the fﬂon& showing a tendeney to
willbe Bubmerged fronds weice wnhsaltliy in appearance.
in the ease ﬁf the plant dn spring wabter; the larger
frond was gbill perfeatly turgld and, although
submerged, the swalley firond was alsd gulbe healthy.

. A waek later, the browning of
the frond in stagnant waber was general.  The larger
of Hthe submerged fronds was pimilarly alfegied.
The plant in the spring wes abill healthy.  The

large frond was oFf o good groeen solovre, and turgid,
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althoush there woxe s few dead pinnuwle btips noar the
Toxkings  The small, submerged frend wap dovered
with Floatlng scum but, on <dleaving, was seen to be-
groen and Puprglid, il somewhot translucont due do
soaking with waten.

By Auge. Tth, the plent dn bog
water was dead, apd thoe largery frond in running watber
was dying. Th was nobed thet the lotter had beeome
abnormally hand and »lgid, The submerged Lrond was
sﬁill alive and, indeod, had expandsd ﬂligzﬁly;

Both Fweonds ixn bhe spring weve Tound vo ba dead
on Sepl. 2324,

 On Sep¥,Xith, 1948, the baskets
ware pemoved fwom the water snd the rhigones
exanined, In the ecasge of the daskeh in bog waber,
valatlvely few vhizones were found, and meny of
these were pobtven.  Numerous rhlzomed ooccurped in
the Dasket in thoe epring walter, although ne Lronds
had eppeared durlng the 1948 ceason,  The whizomes
in the upper levels wewre herlihyy in general, bub
many of thoae Llower down wepre rotlten and Lragnentod.

Betimebions of dlssolved oxygen
were made on Sepl.23rd, 1947, by means of the
”micmammmnklém" syringe plpette (Krogh (T1935) and Fox

| and Wingfield (1938)).,.
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fable 4@ Oxymen Dlewolved in Bos ond Hprdng Waler.
Temperatare | Dlssolved Oxyoen
(%¢) - (nleldbve e W.T.P.)

Bog Wagap : 05 B4l 3

Bpring Walter ' 945 6,40
(Winklerts value for dleselved oxygen in
gouilibydunm with siz &% 9.5°¢: dg 7.87.n1/1at N.LP.)

I will be nowuidded that, on thie

devbe, the temperaburss of the two wabers wore

Ldentical. It is poasible That the merked differonce

pegorded previously wey langely stbuibuiable o heat

given owt in the ealmbolic proessses of the woote

of the bog plants being aboorbed by tho smsll volume

off ghagnant water. On $his hasls, bhe Yeuperaliure

of the bog water would £all with the spprosch of

wbumn, owlng te the deeling of plowt avbivity.

The abunpdance or obhorwise off mlevowoprsanleny in

the gbponant water might also have conbribubted to

this effeet <Qn'bﬁth the feye when t@m@@mawﬁﬁam’

were umessured, eooks oloudy sondiblions prevalled,y

80 Bhat hestiog of the'sﬁili water by the sun was
rreecluded au o cause OF the domperature differonce.
Vit the -tomperetvrés equal, the
Al fferenge dn dlssolved oxvgen toncantrahions 4s
conslderebley alithovgh even the spring walor ie

below the eguilibainm value given by Wivkler.
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This latter faet may account for the failure of lhe
ylgnﬁ in spring water ho produde fronds in the
saeond yoow When there 4o g marked temperatbixa
Al ffevence betwoen. the Hwe wabers, the walueg for
dlsgodved oxygen will he conslderably more widely
geparaltod,

Phig exporincot justitiesd the
aoncelusion that a suporsbundands of water le only
fatald bto hracken whon sbagnetlon ogoursa . the
ouhen hanﬂ,-in. spring water the omygen dlasblved,
white sufflolent bo support Life for some Yime, is
Inadeguate for active growbh of the fexn.,  Thus,
in several slresms in the unper region, the welier
hag Found whizomes, whiech have peneltrated from
pdjacent bracken eveas, Living in the gravel of
the gbtrean beds, or ggalunst submtrged sbones, and
besring a few frondss  Referenge has bheen made 40

the obsexrvalbion of Fareow (1915)[That o smwall dileh ayrenis

the sprasd of brackens  When, bowever; the waber
Plows wapldly; the whizomes are able 40 enbep.
Mthough the prosont wedler has not go Pfap encounbered
a gase; ‘there appebrs no roason why, Iin some capes,
they should not wlbimately veach Tthe opposite bank
and, if the ground ig devoid of brackon and soil
gonditiens are sulbabley become new esntray of

Anvasdon.
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Marther dnguivy dnto {this problen
dempnded emperinental work winder move ¢losely
conbrolied conditions in the grecuhouse.

Fralinibary oxporinents invelvihg the spowing of
young LFhemd

divem plante du water gulture under

- gopditions of a@?&%iﬁn; ghisnes of appebion, and
pesoage of nitrogen had been earrled owh by the
welber d&n the Boteny Department, (lasgow Universlty,
Quring the 1946 seasouwi  Although thewe yilelded
mueh ugeful information regerding the problems
af growing bracken in s waldry medium, the mesulis
ware dneonclusive in asssssing the wole of asralbilon
Tater oxperimenty wewe porformed in the greephouse
at the Wepl of Beobland Apvieulitural Golloso.
() Weker Suliures.

Culburel. Areangenents, |

Young Prordditim sporophytes wore
grown in W@ﬁéx~éu&ﬁmm§£ Tae golution dn sowe of
the jabs wag aopwhed, anothor 6% wag lefé wnagratiod,
pnd nttrogen was bubbled through ¢ thizd geoup 4o
provide low onygen tensions. |

Thy gulbure vevgels used wire
earthonwaye oF glaws jave, mogtly of 750 m&;ﬁaygeiﬁy,
alihough o smeldl propovtion of 350 ml. jars had to
he enployed bedauss I ﬁhaxﬁaga of the larger ones.




The glags Jars were glver twe ccaty of bluck palnt
extornelly pelor o uvee Yo émxelude 1ipbls
Squares of gheet composiltion eowk

of 4 ings adde were used o support the plants, and
30 garry the glass sexablon tuhess L halfean~lach
dlometeor hole dn the centye of the dork; and a
swallor one hoawards one aide, wore Boped fow the
wloal and duhe vespectivelyy there belny oy oud
plent pep 3&%3 Phe corl fguaren were then
inmpregnated and coabted with paveliln waxs

The Urowbh of Sporelings,

The planis wewe Vory young
gpopbphytes In thedr et yoor of growkh, derived
from gpores sown late in 19466 The vmolst potn
method, weed with great svwecess wb Glasgow Univépsity,
wat gdopbed For the gowminsiion and subgogusnt
devalopment of ﬁra&kam g@@f@ﬁ# Twa unglazsd pols,
Cdifferdng by an dnoh op twoe in diswmetor, awe Filbted
ont Inoedde the othern, and the space botween pocked
with Sphespug.  The devkile pot ds placsd epbanding
in a seucer 6f wober god the mouth coverod with a
plate of glage.  The dwmer sell thue bosones
modelenady and the slz gabturateds  Spores are sowm
on bhis moist surface by mesas of & brush.  When
the young epoyophyles have produeed g few smodl

feonde, they are trengplented inte pood solld in
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dndividual potsd These pobts must still be eovered.
Gmall perforated boll-jars, thelr usper aperhuies
plugged with cotton wool, have bosn fornd most
sui%a%le, ag they allow the Fronds to develop
upwards withows hindwanae., Whem~%&e plants have a
numbey of juvenile fronds dwo or bhree inches Long,
they are wsually suléable for transferencs to
dulture solubion, Av this stage, dshey will
possARBs A f@W‘fOﬁﬁ&é vaxying"in size, the Longeess
holng one dnch longs  Great eare 1 neeesgary in
cwbracting the planty from the pote.  Running
wotdr and a brush are required 4o wvemove soil
elinging to the mooks. It ig geeential that the
#0il be wremoved as completely ns i eonsistont

with the gréalest éamve in keeping the voolg intagt,
sinde slimy moulds are Yiable %o dovelop in the
enyly stages oFf growih in nubrions solution.

This 1s mogl maﬁk@@'Whﬂn'maﬁy particlas of soll

heve boen left aﬁ%a@hﬂ&@

Conditions £or fugacsaful Fropsfewencs to Woler Guliure -
| The young sporophytes were

carefvlly supporbed in the holes in the copk

squares, by means of cobton wool. The lewel of

solubion in the jary was nainbeingd very nesr the

cork ot Livst, as the wootp wowe short. This wos

pormissible at this stage as aerabion was not comnencad

¢ undil the plants were well ostablished, and had
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produged gome new »ooto. Duping aepyation, the
level had to be lower so ag 4o Keop the coblon wool
ikl Molstening of the eoliton wool, in which are

the expanding buds, greatly favours the development

of algae and fungl. Bobrybis and Irdcholthecium
play hivec améng these young plants undsy such
conditlong, and are encouiegsd by the saburated
aimopphere which.1% 4s nocessdry o mainddin around
the juvenile frOﬁﬁa@_ The eawrly fronds of the young
gpopophyte gre very thin and, wnlile the mature ones
with thelr shiny uppor surfates, have no protection
pgadast the offech of conbaet with dvy eir, Moet of
the culiure jJars were plaved in o "moilst chambex®
aonstrueted off s suitable wooden Iframework wlth glass
plates for walle and poofs  Thim ls shown in Plaed,
which ds a general vigw of the waber evliure arrvanses
ax0el . im thie molst ehanmbsw, the agrabed and
unneratad series vepsd secompodated; the nitrogen
perics had Ho be-@léee&.in o frame on the Floow

of the graenhanﬁe% Tn hotl eases, © saturatbed
asmosphere was meinbained, and abtlempts fo "hardon
offif" the plants, by separvating the plates of glass
gradually, led o ehrivelllng.

Tutrlent Solubtions.

Several experiments wore nade in

1046 to arrive abv s sullable nutridant solution Fox.

Poeriddium, The first solubion used was Tottlinghan's

o
o
N



Fig.9. The arrangement of the water oculiure
aeration experiments in 1947. The
Preridium cultures are in the glass

cloche, the aerated series being in
front. The aerated Calluna plants
are immediately behind the c¢loche,
with the unaerated Calluna series in
the background. On the left 1s the

Calluna series treated with nitrogen.

bditasss
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MIEBRISA Y variant of Enop's wall-kunown forxmule

(Millew, 1938, p.R42) mméﬁ at one quanher sirenglli
Tor fFerns, a more dilube solublon than fovr anglosparmg
is vauelly recomuendid. Tvon was added in the forn
of a ferric phosphate suspenslon (Millew, 1938, p.242).
In this solublon, the fronds were chlorotic and,
helieving ‘bhat thig nisght be due Ho excessive oaleiunm,
vordous modlficablons of the origingl foriuls vere
made in the dirvectlion of Jdedwcasing vhe calelum nlbrate.
Proportionghe dneressos dn potasgsiwn nilbtrate compent
soabed for logs of nltrate. The solublon finelly
adopted was one in which the ealeivm nltrato was one
quartery ond the potasslun nitpate twlde that in the
orsiginal fOrmulag Growth dn this "1/ calelum
solutilon, as il ﬁaﬁ be conveniently caile@,‘W&a'gooa,
aund the shlovosis of the fvonds nolb 8¢ mavked ag
bolore. It gppearsy however, tkat the juvenile
fﬂﬁﬁﬂ& of hraekon growing in wobter culiurse are
characterisad by & tendency o & pele green colouw,

In e given sot of culbures, soms of The ploants. might
exhiliid this elight éhloropls, while obhers mre normel
i1 eolour.

Avpaneement for Aseablon.

aeh of the thyree series of
oultures g¢onbalned elght jore.. Ay was supplled
r to the jare in the aerated seriles via cepillany

I tubas conueated %0 o chain of T-plecos, and theunce

-




40 ap electwlc comprespor pumps The quantity of
air delivered by this pump was greatly in exvess

of that regulred to give a moderate rate of bubbling
through the varlous jars, and the suppluy was

allowad to cmuape through the sbrelght limb of a

Yepdece, Inserded elose 0 dhe puap oxit:.  The
rate of bubbling could be adjusted by means of a
soxew elip em;ﬁhi@_aaaaﬁa tube; whioh alsd gerved
H0 drain off the majordty of the lubricating oll
earidied over from the pumps  Purther trapes of oll
wape yemoved by oeesags of the el ﬁhraugh 8 bottle
vacked with cotlbon wool, and ¢ooled by lmmeneion in
e bank of water. Variabione in the rates of
bubbling fm@m-j@r7%0 dar could be levelled off by
gopew elips on the tubes +9 imﬂiviﬁn31 jars;

| This method of eonbrolling whe
adr dellivewy fwom the pumpy and removing exmeoss oil
antd oll fumssy ds the one omployed at Glasgow
Unidveralty,
Hoe Determinabion of Digsolved Oxyaen:

Keogh (1933) and Pow and Wingfield
(1938) have demopibed apparatus whereby Winklex's
merkhod for the eswimetiorn of oxygen Glesolved in
water eand agueouns solublons might be adapbed fox
small semplas,  In these "miero" méthods, the

varlons ehomlenld weaotions wale place inslide the

barrel of & @yﬁimge wipoetta, thug rm&uﬁimgiaﬁntac%

| s S
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with the abmosphére Lo o minimin.

The syringe plpotte used dn the
present investigaiions weag constructed by the weritew,
and 1o shown 1lv #ig.20. Hodelled on Kroghts
instyroment, 1% consisis of & 20 wml. hypodermie
ayringe, with o recbangulary brass franework securely
abtached 4o the baprel. & siot bad been dwilled
in ome of the sides of thig atlachmont, and 4 small
mebal angle ploed is held by moans of serow and hwh
throush this slobe It dan be Lixed tightly at sy
dosired pogition within the loength of the slot.

The angle piege darvles o short sivip of melel
abtached by screw and wwlh, so thal the siriy can

be movaed in a plane ab »ight anglesn to the fromeworlk.
In pﬁaiﬁiaﬁ, the gtwlpy dots as a BHOp preventing
further withdrawal of dhe @?Gund-ﬁl&am-plmnger;’
hen bhis atop ig sWung t6 one Sidég the plunger can
bo drawn o %hﬂ.ﬂ&éﬁn&-ﬁﬁcp, which iﬁ'a relatively
Long sewew fituved in the bop of the framework.

The flnal poslition of the plunger can be vearied

by means oF This soraw. A length of capillary
tubing ls atteched vo the gywinge iwn place of the
hypodermic needle.

The proendure (basged on that of
Krogh) e a8 follows, The "dead space! of the
syrdnge (that ig, bthe bore of the gapillary tube

plug The spade betwesn tho botlom of the barrel and

—




FMigz.10. The writer's "miero-Winkler"
syringe pipette, used in the
determination of dissolved

oxygsen.
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the end of the plunger whon the latdeor ls fully
dopressed) is Filled with g 45% manganeﬁe sulphate
golutions Taking carve not 4¢ introduce any airp
inte the end of the eapillayy tube, a pample of the
solution ip diroavny An by raleing the plunger to the fireb
$ﬁ0p; This atop deg thon awhng o one alde and, with
the bube dipping Into o solubion contsining 33%
gaustlc soda end L0% potassiun lodide, Yhe plunger

le rodeed to the second ebop, the latter bheing

seprewed down bo ity limibt. The syringe is shaken

and allowed do stond for o few wlmtos.  Meanwhile,

a few ml, of pﬁr@ hydroghlordie aeld (iree of ohlorine)
are placed ln e 100 ml. boaker.,  After the porled

of éﬁ&nﬂing, the and of the ﬁapillary tube ls wiped
and, by una&r@wing the pecond atoyiﬁhve& tune,

the. aeld le drawn Into the barrol. The syringe

dg shaken aﬁd@ Tibverabion éﬁ-iodinelbeiug complate,
the sontents are diﬂcharge&.inﬁo the heaker eontaining
the surplug aq%d# fhe harrel i then washed outl
bwice with distilled wabew, end the lodine is
subseguently bilreted with étgnd@rd gsodiwn thilosulphate
(aﬁprwximaﬁaly‘m/iea} in a 2 wks nicro-~bhuretio.
Saposure Lo the &ir_after goldilliestion has no
affect, as the yespelion witl oxygen only odours in
the alkaline mediums |

In oprder bo ealenlate the quantity
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of dimpsolved oxyegen, it iz necessary 0 know The precise
yolume of the wabter eampleos The sraduablons on the
syringe barrel are wgeles 59 for thig purpose} - The
volume of Lh@ aum@lc ie egual ho the volume of the
syringe wlth the plsten at the Livet slop, minus the
dead mpaces  These quanbitiss wexe Aetermined by

the writer for his syringe pipebtle aecording to the
method deseribed by Fox and Wingfiald (1938) which dis
ns Followsy The ayrings dg filled with a standard
potagsiunm ioaate-seluﬁlan, by dwawing the plsbon do
the fivey &hop: The dombonmbe spe Alscharged into

a subtable vessel for Gitretion, the syringe being
rinsed ous twise with distilled waler. 1 ml, of 1%
potaseivm lodide soluilon and three drops of phosphorie
aeild are added and the dlodine liberated is titrated

by means of standard sodiuvnm thiosulphate solwbilon.

The volume ¢Ff the syringe b&@rel~@lus Ghe ”aeaﬁmsface"
ig eglovisted Ffrom fhe titeation vewwld,  The

volume of thoe dead gpace alone ilg dotermined similariy.
The dead spads ig Pilled with the shindard polassium
iodate, whtah ie then drewn wp Anto the barrel with
&iatilled water ad Alecharged into the ditration
vassely with subsoguent ringingss The modate ie
estingted by wltration as before and the volume of

the demd space ealeuvleteds  The volume of the water
sample ds the difference belween the two volumes

dotormined,

“
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I the later estimablonsg ofF
diswolved oxygen, ceritzin molificstlons of the melthod
woere nndes Beoause of the dead space conbalnlng
manganese sulphate solwbion whieh would combaminate
the cultuce golutlons; the sanple could not be drbwn
dlrectly from the jaws, It was necessory o siphon
off & quantity dnbo & smell bovtle fipebs  Mhe
agltation and exposure oFf & small volume of wabor
o the alpr are obvious sourcss of @rioP, D, Boxid,,
of Glamgow Universliy, suggestéd the following
procedurs fox cyrerconing %his dlfftioullye The dead
ﬁpacé e Tilled with watew of known oxygen eontend.
This is obtained by filling o trough with wabewr,
allowing 1Lt to gband for a day and measurdng its
oxygen qontent aw shove ﬁmiow 4o sach set of
detorminations.  Whe sample dan vhen be taken
ﬁireetly.fwd%s%uitume Juxy . deawing bthe plabon up
to the First sbtops  The manganess sulphate golution
iz introduced by dwawing the pleton o the second
3b0py. and, alkaline potassitm lodide solubion by
valaing the serew hhree tuemns,  Afder the wreaction
is complete, a furither three tums emmbleés the acid
to be dypawn in.

Hydroehlorio aeld sulfers from
the disadvanteges that firetly, 1% ls dlfflcult o
obfadn and keep it free of chlorine and, sacendly,

the fumes are troublosome.  Fox and Wingfleld (1938)

#
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vged phomsphoric acld., This hes neither of the
above drawbacks snd wag usged in the muye recent
wark, although its high viscouliy nedessitaics
dawtdon 1o drawing it inko The syringe to avoid
leskage of aly down The oldog of +the plongers

It ds pecossary Vo apply &
gopeeotlion fox Uhe oxygen dissolved in the resgents,
and this wag caleévdated from the data given by Krogh
(1835) Hhot 3+4 nl. of oxygen avs prosoud pay Litre
of meageuts. The flgures given in the various
sahleg are the dovveatad onag.

Tn estimgbions made by the
Winkler method, precavtions mugt be taken o énpure
that the solution ¥0 he sawnpled ls fyee of nltrites.
TE nitelbe i proseant, Ffurther lodine is liberabed,
and 4t ig imposslble 4o ohtadn a saltisfecbory end
polut dn the titratlion:  Ih dhe opriiery singes of
the present woxl:, nitylte was debtected by acldifying
o swmple of solultion firom the jer with 1 nl, of

eoneantreted pulphuwric acld and adding sulilclent

N/10 potassium permgugeoate soluilon o glve a pale
pink eolovrstion. Disappearonce of Hhis col.oumn
wae baken bo indlicebe the prosence of nltrito.
This test ds not speelfic for nitwlte, and would
give a posibilve resotlon inm the presenes of other

reducing sgents which the smuple might conbain.
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More yecently, the a~ngphihylanmine
and gulphenille aclid method of qumli%ativé voet and
gquentitative ewkinatlon of nltrite (Cumming sud Kay,
1945, pe4G69) wae cmployed in some easef,

To remove the nltrite, postassium
permanganate e added wblil a permaﬁ@nt nink eolour
fe obbtalnad. At this sbtage, a1l nitrite hag boen
ogidissd to nlbtroves ¥ 1y then necessavy Lo destroy
the eupops permenganste and this dg gohleved by wdding
sufflcient 2% potassivn oxalate 4o decolourisé the
solution. This Le the rocogrleed method Lor ensuring
a nitmiﬁamfvee'gample in the sbendard Wakler proceadure
{Cumming and Eay, 1945 pa405)e The present wrlier did
oy attempt to inbroduss the okldlsing reagents ipto
the syrionge buly 4f alteite was present, the conteuts
of whe saupling boktle were uroated, “

' | | No poprvelation wag found bhebweon
pibrite conbent and cnlture btrestnand, Within o
sovies, wlde v&wiationlaeegrxed.

Srendaird sodivm Yhiosulphate
solubion mlowly deqompbises on giovege, ospadially atb
bigh dilubions, oven when eyt lbh o derxl Dlue bobtile.
Tudtlal and evbesegusnt sbavderdlsablong wove corriad
out againgt ﬁtandmrd cupric sulphate aolatioy.
(Comming sud Koy, 1945, p.l48),

Begults For Asvated Ssrieg.

Aoration was comnendsd on July 18%h,
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1947, and was gontinmnous bthereafter.  Dhres woeks
‘:La‘-ise:iz'g rhlzomes were developing in nosel, 2, %, 4, and
8, No.5 was dead dus Yo wvaporation ha'v:mg, Lowersd
the Level of the solablon below the vepy a&zﬁzg‘% POOLS.
Iwedant roots wore promont 3{1 negyl and 8,

o Sepbomber Yk, that ig, after
the auperiment had beeon muvoning nearly nine woelks, vhe
plante were harvestod as Both sorated and unasratbed

saries wore throstoned by Roteyils and Jridhothedivm,

Ioble 2y Date relating o Roob, Rhisome and frond

dongthe, and Nabew of Fronds fopr Breacken

in pepated Woter dultura,

(oms, )
25,1 240 1780 5
é 2443 2s5 Ged &
31,1 449 144 3 5
21, 9 L Bl A 1 %
{dead)
14,8 N 16,4
8,77 % 1.0 -
28,7 4.3

Mesris g 2.6 Pol- ;
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Flgall, Pheridium plent from acrated

% wober culbure (19 48).
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' Mol ghows bthe condition of an
aevated planbe : It da » photograph of a plant serated
in 1948, as the megpiives of the 1947 soérics were
wngatisfactory, The gnly difference in the vonditions
-ofzgrow%h woe that Iin the move redent experiment, the
plonss wexe so ovientated dn the coxk that the rhizomes
developed in the ewltwie golutlon. wWhen below the cork
and, therefore in the daxlk, slonguvion end branching
of the rhizome syebom was considerables n the 1947
plente, the rhigones wepre short, as fudiested by the
appropriate Floores in Pable B. The great developnent
of the root sysbom was tho most noteble feature of
the aerated plantpy  Theére was no appreciable
prolifaration of ooty ot the suwrfave of The solublon,
ox 1 Fthe moist aiyr bhanesth the covks - The long roote
produced in aerated nutriont wolwbion wexe almosy
golden in golownry very diflerent from the dark brown
wroots appesring uvndgy goil conditiong. The madn
roots and branches bormingted in awollen Hipo.

Pursher nuneprisal dats on the

acrated soriss gppsayr lvn Tablé & Helows




o 88 -

Mable 631 pH; Pempérature and Disselved Oxygen~tontent

of Solumtione, and Pry Weichts of Bracken in

i’xgz;«ea;bs_a_d Walew Culiura,
Plant pH of Tempr.tf Digsolved  Pry Wr.of  Dry VWheef
No. Seln.  Bolue Oxyoon(mlA  Reoobe and Fronds
(°c.) at WeT.B) Ruizomes  (mgme, )
{mgms. )

i 6:23 1.9 7467 5844 16442

7 631 1l.0 T 32 4948 8340
6e48  1Le2 W72 . 148.8 181.4
6:62 1.4 7480 37.8 # 7.0 %
(Aead) |

Ge36 1143 7596 36.8 G445

7 P S-S b - 7480 1556 * 8.3 %
8 6,70 1.2 . 7463 11548 2443
Moans: Gedd  Lkid 7470 81,5 147.5

(% «» omibted from mdan)

E- 2T

"5

Ca

(Wirkler's valuve for dissolved oxmygen in equilibriun
with edr ot 11%¢. is 7469 wl/le b NeTals)
(Retlo of mean dry wh. of rools and vhizome bo mean
dpy wis of fiponds - 1 & l.&,)
Plonte 4 and T were wealkly ot
the sbart of the experiment and pever really booame
astablisheds
The flgures Tor disgolved oxyeen

heor noe prelation 0 the maximom length and dry welght
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of moots. This is to be expacted when agraitlon is
continvousy the alr supply is »i all times ample o
mainbein the oxygen dissolved at the égullibrium
level, while fulfilling the vespiratory (emands of
the rools.

Results for Unseratied Seriewd.

Thils séxlos was also selt wp on
July 18th, 1947. Three weeks laotoer, the rood systoms
ware not s0 good a8 those of ‘the merated plants ot the
gane stoge.

Haxvesting of thls series took
plage on Sepbtember 9th, 1947, and some of the resulbs
appeanr in Table T.

Toble 7: Date melatlng to Roob, Bhizome snd Frond

oneths, and Wembex of Tronds for Bracken

i Uneerated Wataw Culiurs.

Plant Mox. Tength  Length  Moax.Dengbth  No.of s 0f Buds

o of Roots o:f of Fronds  Expanded & Develop:
(eme. ) fhizome (oms, ) Fronds sing Fronds

(cm&n )

T 9.6 8.7 7.5 3 8
2 540 403 05 4 6
3 34 1e3 Te3 3 8
4 749 2,8  13.0 4 7
5 3,0 1,0 6.0 L 3
G 447 A4 115 3 12,
; 7 Be4 4.0 6.6 2 12
8 1048 2.5 Todk 7 17
Meanss 6.9 248 98 3 g

_;
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As ¢an be é@en from Table 7, and
feom the plants depiceted in Fges.k2 and 13, dhe woots
of thig sorlieg wore dlebingiished by Delng short and
"bunchedt.  Plant 4 was the best, as Judged by dxy
waight of Lfronds, yet its woots, like those of the
obhen planﬁs in %ha”aaxiaa;ldid not pengtrate more
than a centlmebre or 80 benesth the surfnee of the
solution, The roots of the unaersbted plants wore
derk~brown in celour and ald nol possess the swollen
tips cherscteriatis of those produneed in aerated
aulture. The mean length of the vhigomes was
slightly higher than in fhe aeratod series and may,
in fact, have been highor then indiceted, as the
lengths given for nos.7? and 8 were wendered inmccuvoie
due to the tortudbus Form of the mhizémes in these

eHseg.




Pteridium: Uneerated water cultures (1947).

Mg.12. Plant m.6.

Fig.l3. Plant no.S8.




Tahle 8: pH Jemperature aug Dissolved Oxyron~Gontent

of Solutions, and Dry Welshis for hracken

in Unserated Water Cultbures .

Plant pH of Toapriof Dispsolved Dey Whiof  Dry Whiof
No.  Solm. Soln. ~  Oxygon(nilf Rooby and Fronds

gg%gﬁﬂﬁ At el Rhd.zome (mgmas )

- . (mgemsss )
Lo 5466 21.5 5438 6645 84.6
5 B.4R 16,0 * 673 * 84.1 6540
3 5.36 2048 5,88 2645 3049
4 564 2045 G450 4244 1271
5 5,40 2049 7435 3.6 1344
6 5.55 16,0 * Toh3 ¥ 11449 6642
T 543 16i0 % 666 * 68,3 4640
§  5.36 - - 50, 2 0142

Means: 5.48 - 6329 59.% 64,8

| (* « measured one dey laber)

Ratio of mean dry W¥. of roots and rhvizome b0

mean dry whe of fromds = 1 ¢ L.l .
(Winklexrts value for dissolved oxygen in eguilibrium
with alr abt 16%0. ie 6489, and at 21.°90. is 623 ml/lst NIR).

The mean For diﬂg@i?ﬂ& oxygen is

only slighﬂly'béiow aquilibriuﬁi The Jevel will have
beon attained by ﬁéwnward-diffuﬁiom from the surface
and, therefore, alihough the flgure ropresents an
oxygen concenbration 1ittle less Tthan that obvtaining

under asgrated condlitions vwhore pumerouvs long rools
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developedy 1t could not Yo neinbeined in stagnent

golwbiong in the presence of ﬂngorevslymre splring

POOT systoms. The m‘-‘i*&a:r.j sugrests that atbeapts

hy the shovt woots te elongate wonld be Ffrusitrated
by Lha repld depld etion of the éqmgéﬁ BUpHlY .

A comparlgon of the pH valués
recorded for this serics with those foxr the asrated
solubions phows & Glffersnce of apPrcxim%tely 1 in
favour of bthe lattor. vn?iaua workers havd show,
thet, ﬁct only doeﬁ The blewzng of air tbrough
nwbrient aaluiiom main aiﬂ,tha owyganpcﬁmtamb ab a
lavel adeau&ta for bthe growih of mosd planﬁa, bk
its funetdon ip removing towie carbon diomide ds
probably of egual importance. Ib mi@hm.%e ﬁﬁg@@ﬁtéd
thet, in the umééxatea so&uﬁiaﬂﬁ, the difference of
reaé%i@n.W@S & fée%or involvaed inftha pé@? grbwﬁh o
roota, -bub this iﬁ inaduisaible dn the light of +he
ovidence dipdussed laﬁ®m~ﬁh&£ Bracken éxhibilts a
songlderable %aléranﬁ@ with rcgmwﬂ ha reagtlon, and

that L9 Qpﬁimél lovel lies belweon pH 5 and pH 6,

Besults for the Nitwogen Beikies,

owing'ﬁa'ﬁhﬁr@age of gpovelings
of sultable size ot the time of sobbing up the asrated
and vnaergtod ocultures, the pitrogen seriss eould not
be dndtinted unbil ﬁeptémbem 20U, 1947+  The planteg

' usiod were, on the whele, mope robust than those of

e —————————————
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the otﬂeT two series.

| On October 6th, the plants were
exanined and, in several cases, a tendency o wilt
was noted, Moreover, some of the fronds had become
paler in colbur. Plant no.l was the most luxuriant
member of the series, yet two of its Lronds had wilfed.
Tts foliage was paler than at the start of the
experiment. The roots of this plant and the others
were short.

The plants were harvested on

November 18th. The data obtained sare shown in

" Tableg 9 and 10.

Table 9:. Data relating ¥o Root, Rhizome and Frond

Tengths and Number of Fronds for Bracken in

Walter Cultures throusgh which Nitrogen was passed.

Plant Max.Ilength @ Tength eax.length No.of No.of Buds

No. of Roots of O0f Fronds Expanded & Develop:i .
(enms. ) Rhizome (¢ms, ) Fronds snegfronds
(cms. )
1 6.6 3.0 26.0 12 0
2 33 2.0 8.3 -8
3 3.1 2.5 1t.2 11 9
4 6.7 .- 4.8 . 10.3 5 19
5 7.8 2.7 15.8 9 14
6 12.7 8.5 16,0 12 12
7 3+3 - 3.0 #® 4 4
Means: 6.2 3.9 4.6 9 12

(#* — omitted from mean)




Pterdidium: Fitrogen ssries of water eultures.

——

Fig.l4. FPlant no.l.

Fig.15. ZPlant no.4.




Fig.l6. Pioridiwm: Nitrogen series of

water cuwlitures., Flant no.5,
showing the mat of adventitious

roots.
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The final Fform byplesl of the
plonts of this sewien de shown in Plge 14 and 15,
Hxeept in 1046, ‘the roots were -ghopt, ardsing from
the vhigome 1w a thick eélump, as in the wieeratoed
Plantd, The wrhizomes in woglt dases Hore many
adventitious woots and, in gpomey these wexe
developed b0 such an oxbent ap Lo produece a nebwork
on the demp cobbon wool and on the suriaes of the
001k M.gedl6 shows- plant N0+ 5 photographed on
white glass, il&ﬁminaﬁed fwém behind, and the
marked aevelopmehﬁ of adventitlous yooys onn aloarly
be geon, |

Boble 10: pH and Dissolved Oxysen-Conbént of Solubions

gud By Volehts for Braglen in Water Culluvres

%hmcﬁgﬁiﬁgﬁﬁege@;wag pasged.

Plawt  pH of ﬁéiﬁ. Diggolved  Dry Wheof Roots Dry Wi.of
RO, - oxygen{mA & Rbhizome - Tronds
ab ﬂ;mxﬁt) {mgme.) (mgms.)

6469 0+908 104,86 351.0
7.0 - 31.0 - 65,8
8,90 1.512 TN éG;O
6424 14780 17342 169.2
6459 0.946 107.3 110.9
7.09 0946 137.8 306.6
7 6.45 1.098 5.0 * 8.0 %
Meengs  6.72 7291 105.,1 182.2

o

(2 SR = ¥ 5 2

oy

(* - omitted from mean)
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Ratio of mean dry wi. of woolig and vhigdme to mean
dry whe of fyopds = 1 & L7, |
The venperatures of the solutions

wers pob measured fop Hhis seéries and, consequently,
Winklerts value for equilibrium dissolved oxygen
caonot ba plven.

| | Several ablbonphs wore made bo
estinmate the dlgsolved oxygen in the solutlon of
plont nos2, bBub g0 much nitrite was present thalt an

gecurate figuwe was unobiainable.

Pleoussion of W;ﬁer_éu&%ﬁmﬁ‘ﬁéﬂalﬁﬁ.

Asration of the solutions in whiech

young Pherddivm sporophybes wews growlng merkedly

favoured elongebion of main roots and leterals, but
the effeot on the dry welght of the oot uysien wae
net so greont ag misht be @N@Gbﬁéd? The long, golden
rootis of asrated plents elongabed, so &apid;y that
thelr bulk was large in proboriion ba dry welght.
Blongetlion waﬁlrestrieted in unaerated SOQutibna,

but roohs descending from bthe rhlzone were mors
DRSOV At the hobbtoms of some of the unaerated
Jars, tragments of roots wero foumdy It wonld &ppea?‘
thal wools stbtempbing 1o @aﬁahmiah’ﬁhbmselves &% Lower
levels in the solublon bended to bdcome wnhosliby and
broak off.

The resulbts of the nitrogen seiiew

— .




- 96 o

ade ddffdloult do lokovpret din peldation to tho obther
Gwa gely beesuse of thoily laywoer dndtisl. glzes 0
length, bthe woolts were morve oy less cogparahlée wilbth
those 1in vigenated eulbures, Being alwost dlnverisbly
eondined to the hobbed oxyoepibod zone neav the surface.
A wery low oxywen bension obbained dn tho nltrogen
oultures, far below that of the sbasnant ones, yel
apart from a slight tendeuvdy to wiliing of the fronds,
the ability of the plants vo medntein Fronds of
gonglderable abature, in pone dages, way 1ot Impedred.
T the llght of fleld obsérvatlons ond of +the wrosulis
of woll owlbures (Lo o déséribad.below) this
gpparent lack of response bo low oxygen supply was
unﬁgpeﬁtaﬂi - Ume hobices, bowevew, thal the mean
length of rhizones was higher in $his sories %ﬁan

in oither of the obhorss  Yhis moy, 6F course, he
roferrad o the grealsy a&vanagmaﬁﬁ of these @1&@%5
indtiallys indeoed, thie is nove iikaly than thab

the ineressed rhiseme dovelopment was a spocifile
responge o oxygen ﬂﬁfieianéy; In elthor casey The
progence of the wellmdaveloped young rhimeme with its
Twe 1&%@%&1 Lines of thin walled, loosely packed colls
whileh are usunldly éonsldered to be aerabion %iﬂgﬁe,
may have anahlad thb planis $0 abgorb an adeguate
guaniity of aﬁmﬂﬁpharia=oxygenx Thore is ﬁc%ual
evidence that, 1n young rhizomes, the péripheral

ring of sclerenchyma has wider “aeration gaps" than

_ -
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in the 0ldcx phizénsb, The labter ave, prosumably,
able 40 abusrh omxygen from the soll alr by nmeans of
thelyr apbablon lines und@r-maﬁmwa; aouditions. Sueh
shuorpbion nay be welabively groebor in Tha younyg
wilzome beesuse of o proporbionstely wmopre exbensive
epon Of aerglion ¢ollss  The nebwork of adveallilous
roote associated wlth the rhizomes ih'ﬁama 0% the
vlants ixn the niﬁﬁmgem_ﬁ@wiﬁﬁ mey wloe have ssyved do
ineyasse oxygen inbalkes I ig possible thet, had
the rhigomog in this éxporimeny Been heneath the
cavligy In The solubiong, oollapse of the fronde

miglet have ogaurked undexr wnaereted and niﬁragém
conditlone,.

(b) Poil Oultures.

The method was basad on thet of
Imdght (1924) and, briefly, coungisted of saturating
with water dhe @oil of a series of plante du poie,
and agexablng the resulbent mid of some by means of
tubes donnectad to o smulisble sdp &upplyi - Thres
Binehoo-dioncter unglapsd pote wore used. The
drainage holes wers plugead with corlke and the pobs
goated internally and oxbevnally with pareffin wox.
Two of the pots were $itted with glues perabtion tubes
onding in gn insh depth of brokon cvdeks. A layer |
of broken erocks was aleo placed Ix the Third potb.
A1L thmee wore $filled with goed potilng soil@

The three glumps of whizomes excavaied Ifrom the narsh




in Becdlon B, Sguara 4 {(Fag,d) wore planied, omy in
ppoh of the potses A8 bhes beoa lndiented proviouvsly,
thewe elumps boye muny beds sud thus appeared o have
onnsiderable potentisldticsy for growih, giv&ﬂ guaitable
gondlitions.  The pots were meoderately wabored and
fronds developed in dus gourses

On July 30%h, 1947, water was
addad slowly to the thipeo pois woblil the level stood
al ahbous o haif'imﬁh balow the wing, Under such
aonditions, btho soll surface was under water. . The
pob conbalning thHe nosh vigorouns yhimamé nebwork was
‘gelected to he the shaguent ones  The bwo pots to De
merotod wore gomngeted ko tle nlr supply from whe
elootric compresser nesd in the water euliuve
experiments, the flow heing sdjusted by sevew 8lipe
to @ive o moderabte rate of bubbling.

By Augusd 14th, bhe acraetion tube
of one of The aerated pots had become blocked aud,
as afforts to'alaar the paspage pormAnently wora
unguecosaful, this unlt of the experiment was
diegontinveds 4% theb wlme, the fionds wewe &Filld
fupgld,alihoush not o be @@m@ared 1n Juzxoprianece
wihth the sedond aeruted culltuwe.  Aewabion of the
latber wos gbopped on Beplombexr Rud, when the plant
wes still growing luxurlently. One of lits fronds

wais lorgs and spreoding. The fronds produnced a

| _




Pteridium soil cultures

Fig.1l7. Final condition of
unaerated and aerated

plants,

Fig.18. Undersurface of frond from
aerated plant, showing the
exceptionally dense erop
of sporangia. (Photographed
under a wide-diameter hand

lens. )
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donse orap of gpoxanglay bhe great profusion of which
san he veen ik Pig.l8:¢ A gemmination tout onvyied
ot on bthe sgpoves afber glx monthe storage ylelded
504 gewminobion, se thet the dndtiel wlabillity wos
possibly highs |

Tha unneratod plant, dogpite its
mup@rioxi%y_beﬁer&'tna-Gomm@néﬁman% of the expexiuent,
ghowed amilgns of fallure even within ﬁwanty'fguw houprs
of waverlogginge  In that tine, the lower @iﬂnae
had h@comﬁ glishitly éhlowvotdes One vias shrivelling
fpom tho Hipe A ©ilu of alghe subbsguently developad
on the surface of the waver,  This wasy romoved fiow
tlme te time so ag Yo wvold avy wlse in the oxygen
conbaws of the water fpom thatb aoumge'(agygman, 1920),
On Awgust A6k, dhe state of dlsease was far moro
advanced and, by Sepbtember Zndy; all the Lwonds were

daad; only one small tuod was o e Boén.

Table 11: Dissolved Ozygen in the Waler of Aorated

and Ungevatoed Sotl Oulbures.(Sepl.léth, 1948)
| Tampre oF Waltor Dhggolved Oxypen
(%e.} (mL/L, at NeDePs)
Aorated 16%3 T30
Unaexratod - 16,2 | ' 21k
(Winklepts velue for dluseolved oxygen in equilibrium
with adr ot 1670, is 6,89 ml/l. ab NaT.P,)
In eapeylng ouh Ghege egtimations,

the ale eupply o the aeratéd pot was burned off
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flebeen winvbes b@ﬁﬁxe’mﬁmyzimgﬁ A Sowity was made
i cbhe mad In each @ase and, after sllowing tine FTor
the so0lid, abiesive wmatder to gebtle, the sawple was
Token with the end of the sywdnge pipetbe well balow
the surfeae leyewrs  Those figures Ao neh necessarily
maﬁé@éeﬁt the 0Myaen ﬁangiﬂgﬁ dn dwtilmale gonliadh
wilh the poots and yhisomesy It ds probable thet
the drue flgure for the vnueratod mod wonld have boen
ecmsiﬂa$ﬁ%ly dower than 2;&&;

Phe uwhderground sygbeéns were
axcavabed In dne course snd It wap found that Lhe
aerabod plant pogosssed a @@Od_maﬁﬁbﬁk_of_reiaﬁi?ely
ong Yoots, Wher@aa~ﬁhaﬁ£€%ha waeratoed plent wepe
fow and ﬁhbrt, degplte the indidlel superiorliy of

the rhigone gyebonm dn the Labbore

Disovdslon of o3l Gulbwes xpepdmonds.

Althoush dn the woaber culbures,
Jlagk of @@r&ﬁiﬁﬁ-ﬁr-@van'%he«gaaﬁage of ndfrogen throug
the selubion failed t0 budlag abows gomplete gollapse
of the plant, 1t heg boer ghown bhub, when grown in
goil oultvre, the Ffexn woy axbrémely sensitlve fo
aoraiion, and the fronds suscumbed wapidly in sbtegnant
mude  The age of the oxperiventel material was nol
the same Ln bhe bwo series of euporiments and &
dizoel gomparison of the Fosuwlts dguvet therefors he
neda. The suggostion L pu% Torwerd thaty in sboagnaws,

wWaterlogred soile in the Fiold and groenhousse, whéero

e e ——————




A

available oxygen mey be less than ln unsereted
golubions or eten in those twented with nltwogoen,
the meture plant ie vnable do mainbaln pumerous,
Llagge frondga Aoration bissue, eowenilal for tha
eonflamad health and growth of a vast rhizgome sysienm,
eonnot funcilon adequetely vader sueh eonditionss
Root pesplration and, sonseguantiy, Wa%e@'ahsowptieﬁ

Aeoiing, followed by the collgpss of the follano,

(B) SATIUI.

s, Review of hdlberaturs .

The words of Pebhybrides and
Praoger (1905), Crampton (1911, ppi6B~T70), W.6,Smith
(1928) and Adenson (3918) has shown thet Oalluna,
although réqmiwihg.a layer of meolvt peal, doos MHob
flonrish whon the peab.ls walerlogged and dralnage
L5 bad. Wader wotorlogged ﬁpmdiﬁions, the heathér

tendy §0 be repleded by frxdophorym T‘f&ﬁﬁ«_ﬂ&?huﬂl and,

where The water is at on vexry neay the suwlgos,

Briophorwn snguetifoldwn, - buith (1916) has drawm

aitontion to the offect of lxvdgotion of Callundtun
by the dofloction of slwesna arising from bprings.
Ihe heebther ks, in blme, replaced hy grassland,
This he attrlbulted %o such causes ag bthe effect of
alkeline walbor, pogsible mineral deposlils and
asrabion of the superficial layer of the soil,

(  Heglbh and Lugkwill (1938) have

———_




made ob&ervati@nﬁ which ghow that the voots of Bulilune

e Found in Uhe Qo wbdwely well nexated surfdges
pood, but Fargow (1918) did net find pnobs dn the
surface loyer ot Dreckland, Tastondy the graat
mﬂj&wi;y of hewther roots odeurved between ¥ and 15
angs . and Pemifded hopdzmonballys  Some oF dhe madn
rooks awbonded as far ag 40 ome, below the surfaso.
Heath and fuslwill, in the same papew, gtabe. bthat,
in g nwiber of heath plents dndleding Callava,
gaeumidation ;#:_&; x}.‘;muss ieads to the gradevsl Mwoying
of thae Lowby parl of the gbem, which, dn conseguenco,
gives pdse bo adventitiouws roots in the supfaese layewn,
hig has aleo been observed st Salldehra mudﬂn

o the Ilteratuee gnd from

abservations ob hﬂiloah@mgg&m, 1% would appesy thal

Cadthough

satlung ean Tlouwwdgh on sodle of highor

webonp content and lower cxygen venhent bhen Pioridium,

waterlogging Loads Yo Liby g@adual woplavenent by
Briophoratun op moiet grgeslond, accomding to whether
the water i8 stagpant or ruwndnge The undernobed
experimentyg were designed to obbalu more precise
information about the seration weguiremente of the

heatlior plants

2. Vbow Cultupes .

(a) 1946 frperiwonte (at Clasgow Universily).

As with brackcn, prel iminva




erpevinents were Gorried owt in 1846s  Twe 4-Llibve
glags tronghs wera used a8 aulture vosud 1'3. The
oxperinantel plants werd seedl 1;;,5';:7', WPy praxntnatels 1
two yesrs okd, obtalned fyom burnt erean ab
Pallochiasmais m; rae Bopk dleose wore used o
support the nl lontia, ond there wope aix wlante pew
HeoEia The mﬂmwwt malmion tas Lottinghan?s
ZIEBRKI{M vepiant of Knop, wead ab one quarider cbtrenglh.
fhe golution in one of Gthe Urouvghs wos asvated by
neanys of an eldaglrlo compressor, tha sgcond culiure
helng Lot wnaopaied,

The woot gygboms in both developed
Wl A ‘m;i..fj;'s:m yeopdeal maemi.mvi;.;on o poptions of
the poots :a%howad that micorwhigal dovelopment wae
greater in the wweralod plonbs,

Grrowbh of the shooty was l:ik@wim,
goody althoush the joung tipe bécame so chlowohis ap
o be almost while, This . chlorosis wae porsistont
sudy, ae din the experiments on byaghon, medificaitlons
were made in the propowtions of the verious sonptltuents
of the nubeient golublon -lovolving o reduetion in the
caamimn; gonbent,  Caloium gxeesy 89 fa,m,d zi:.' possible
guplanation of the ¢hlozopls in view of the enleifuge
bl of Jadlwy g, REbh the ealedum nldvate reduced
to one fifth and the potassiumn nltrate doubled (1;0

gompansshe for loss of nlbyvalbe) some :Ligj,m, bk




trangliory, iaprovementy was noted. 4 simlley vesponsa
Tollowed the pedugtlion of The ealeium nitinte o one
tomth wisth v doppesponding brebling of the potassiun
nltratas Work ln 1947 indidated that the hydrogen lon
sonsgntration oFf the golubtlon ls in all proballlity the
master Castor governing the appearance of the chlordsis.
Thile work is deseribed in the sectdon of this thegis on
Hydrogen Ilon Condentwabiony A resotbion of pH § or
above pradisposes o chlorogle of the young Bhooh
Voduss of pH 4,98 pnd pH 5.08 wore given by the

oo PALLh ealeium® and “one denbh aaldiun’ solublons
rospectively, when freshly made Ups

(b) 1947 fxparimeite (ot 4he Agviculibural College).

g ery e o FEEVE W ORI 1 agvabbr i B

Habeient Holwiion.

| Reyner (1915) vsed a solution
cowbaining potarsion nitrats as the prineipsl
conghltusut, in heér asar enlivres. Oponé's solulion
(stiles, 1036, p+270) conlains ihe aame-saiﬁa in
approximately the sane propowrtions, oxcopt that sodivm
chloride, present in ﬁaynaf*s ga&uﬁibn? iﬁ-m%s@nﬂ
fwom CGronévs,  The letter has been showh to ba
pﬁrﬁieulariy favourable to the productlon and elongation
of woote {(Doyan, 39920  I% was therefore vsed in the
propent experiments, bul ob hplfeptrength 86 ag not o
axceed Roynorts fownvle o Golal coneew$xaﬁaen;of aalts.
The resction of half-strength Crone's solubilon, froshly

made up, was pH 6.9.




A tpeesl  Arvansemontd

The eulivre vegsols were similap
0 those used in the brocken oultures., Thyee gories
of eultures were set UWpy  Ono was gereted, another
wvag left woesoraliedy and alirogern wasg panpsed throusgh a
thled series, Bash jar conteined only one plant, ond
there were twelve Jars in gach serdese  Jaos pog.l 4o
4 (ipelueive) wore of 350 ml. Gapacity, and the
ponyinder 750 uil. |

Plont Mabewisel and Problems of Mransforenss Lo Waber

The plants used were derived from
the pame sourae as those of the 19406 expewimgm$§ They
vigra bhng three or four jesms old geedlingss  Altor
vransference from solly all plants were allowed to
beomﬁé settled in the new wedium belfore say tresltunents
Wore apyli@di ©oPupdng bhis preliminery shage, o mmber
of plants ~was lost owlng to the appeavance of
oryatelline deposite al the dipe of the lower leaves.:
Whethay this wag due to a form of gubbation opr Ho
the ¢poeping of the nuivlend solubilon vy the glem and
Lower branchesy with suvbseguent evaporation, ils not-
portaing Onee. new. waler poots were produged, tho
plants geened 40 go, ahead seblsfactorily.

In duo govese, many shoot bips
haceme ohlegotic, butk alter adjvebment of the

hydrogen ion concenbtretions in all culiures %o

h




approrioetely pH 4y the green colovwy was papldly
BeEuorall, Ho aisempt wap nade bo madobailn tha
poaction at this level, subsoguent adjuebnents only
helung pade when the eaxliest slgus of shloresis
poappeared in dndividunl plantss  Adjusiment was

made by moens of ¥ sulpbucie aeld.

Depullp for fopated -feples |

Aepabion dommenaed on June 20+4h,
1047, and was combilntouss . On August 56h, 1t was
nobed Ghat the roots wowe muach shovter $hon Lhovse
of the muagerabted planbtse  The shoots also were not
nearly o0 geo&g The weagtions of the $alu$ioﬁs
rose after adjustnent mueh mowe wapldly, doubbless
as g wesult of the vemoval of emrbon diexlde in Yhe
ply gbremm,  Tn odnsequence, chlorosig was mowo
frequent and more rapld in Ibe appsurences  The
plants ware harvested on Seplomber 296h, and the

guantitative data arve given in Yable 12,




Table 12: Date relabting fto Tomperatuve, Oxysen

Gontent end Fivel pi of Selubion, Hook

igngth, Dry Weights of Rools and Shoohs

for Collung in Aorebted Wabter Cullbura.

Plant Temprs Dissolved Iunnl JTengbth Dry Wi.of Dry Wb,

7o ot Owygon(idid.  pH o Rootse Shoots
Soln. ab N;m.?.} Roots  (mgms. ) {mzme, )
(%c.) | {(oms. )
) 1548 7410 6448 547 5447 1417
2 5.8 7.06 678 5.8 7.9 2570
3 15,8 715 Ga7L 10,0 6549 126.8
15.5- T4 24 6.93 67 T3.8 153.5
5 15,8 7.02 .98  10.9  128.1  294.5
G 15.7 7400 6.58 TeT 128, 8 382.0
7 15,6 7435 6403 T8 76.8 1868
8 15,7 6.08 7420 649 6143 163.9
9 1547 G408 6.97  10.4  110.6 4457
10 15.8  T.12 0 6.94 8.7 13643 4365
(k) 15.8 7400 6,76  10.1 6948 169.9
18 1549 7208 6.81 847 88,9  354.5
Moans: 15,7 7.05 6476 8.1, 89.4 2586

Ratlo of mean dvy wie. of wroots to monn Qry wi.of shoots
e .1. : 30
Winklexr's value Tor dissolved oxygen in equilibrium with

the alr at 16°C. 1s 6.89 ml./litre ab N.T.0.

-
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The £inmal condition of fouxr of the
plents in this sories ip shown 4 Mg.19.

The woote of the aeraled plenis
produced lateral buds in profusion, bwt elonsation
Wag pOOIt. In gome ¢ases, branch huds near the tips
of the roots imperted a *nodulated? appesrvance to the
Sy sten. I is of imberest o nobe the apparsal
dleerepancy between the results of bthip experiment
and the pyeliminary one in 1846.. It will be reonlled
that good reot gréwth was obtained in both neralted
and unacrated cultures., The writer believes thatb
the mean oxygen tenpion over dwenty four hovys was
ingufficient o inhibild growih in the earliex
experiment, aeration being for only twelve hours
per Gay.

Smed) pleces of root were ouwl
from eaoch plant ab the time of harvewliing and
tmnediately Tixed in aleohol-formalin-acetic acid
fizatilve. The material was later steined in’
lactophonol eobton blue and mouwted in glycerine
Jelly containlng eobton blug. Such preparstlons
ware nade From all bthree heathor culture sepids.

Tn those from the asrated plants, the mycorrinizal
fungus wos nogtly inteacellular and only occasionally
were exbternal hyphae found. - The mycelium in dhe
cortical cells was not dense and never £illed the

cella,




Calluna water cultures (aeration experiment).

F1g.19. Aerated plants nos.5, 6, 7 and 8.

. NAR® NA 0

Fig.20. Unaerated plante nos.9, 10, 11 and 12.

Fig.2l. Nitrogen series: plants nos.9, 10, 11 and 12.

*ﬁ
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The ghools had piroduced only a
moderate owount of new growth, but this wasg Lor the
moaf part healdthy and burgld. Bxeept Tor a few tipse
which. were chiorciic, the leaves were of o good dark
green colour.

Plant ne.ll was rewmarkable in so
for as nearly all its branches curved downwards in a
YaoorololdY fashion.

| Four of bthe plants in this series
cane to beer flowers, no.6 having as nmany as thirty

four at harvesting.

Resulbs for Unsorated Serieg,

' Thils serlos was get up on the sane
date an the asrated one and, by August Hth, the planbs
were unquestlonably superior. The wroots were longer,
whiibor and free of elime, T™e shoobs, particularly
of plants 9 4o 12 danclusive, were very good. Tho
series was harvested on Sopbtember 30bh and th@

following mmerlcal resulits were ylelded.
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Datn welating bto Nemperature, Dissolved

Owygen and Tined ol of Bolution, Rool Tength,

Dey Weighle of Rools and Shoots for Galluhs

o Unaergled Walewn (}ul'{mme »

Pampre

of

Soln.

(%a.)
1645

1648
16,8
1740
26.8
16.9
1740
20,1
1849
18.2
1848
18.5

1

5,68
D575
3,94

5402
5,66
5417
5,15

Masolved Mnal
Oxygon{nld  pH
ah Iu‘-l‘-??.

476 #
5494
Gel2
6438
6+ 36
6480 -
630
6,40
6437
8. 44
6275
6:60
6,41

Tength

of
Rooir

(ama. )

445 %

17.8
18.8
10,1
1846
1640
14,7
1644
1643
20.0
1645
134

15.3

(% - omitted from mean)

Doy Wheof Drxy Wb

Roovta

(s, )

5245
66,2
8040
14544
103.8
T2
G0.9
12345
9544
1385
12847
6.0

of Bhoote

(mems e )

175.0
B0O5.5
492.2
54.3.4
4255

356.1

Ratio of mean dry welght of woots to mean vy weight of

Shoots ~ L § Be'Ta

Winlder's value for digsolved oOxygen

in egnilibedun with

the adr at 16%0. is 6.89, and at 18°C. is 6.61 ml./ L at

Nell'eFe.
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Plent no.l showed ne slgos of root
growth at ell, and the disbal parbsg of mogt of the
shoots were dead, Tfor bhis roason, the valucs Lo

digsolved omygen, Y and length of poots wope omitied
Lrom the neans. The follure of bhis plant %o
cetablish 1tsel® wae nobt without advanbdage, in so
far as &t vrovided an vnaersated culivre in whilch the
oxygen content of the selubion was tndiminished hy
the raquiremsnts of an agtively-growing root gysbem.
Thue o sbandavd omisted ag wtwaﬁ whioch to aspess the
effocts of the Jallunag rvoot -resplratlon on the okygen
aontbent of the medium, The dissolved oxygen value
in thie culture ig seen o be approxmimetely 243 ml.
per Litre ghove the meen For the roet of the aerles.
Plothing of the values fox dissolved omygen sgalnet
dry weight of woots &Ld not indlewbe any wveletlonghip
between the two for these culiures.

Mg 20 ghows plants of this sories
dmmediatoly prlow 0o harvesblng, and the lusurlant
development of roote and shoots as compared with the
porated sorias in Mg.19 ls oloar. - Tho graster siza
of the poot ﬂyaﬁqmﬁ-wam, however, due to inereape in
length without much Ineroase in dry molbbors The
shoots, on the othar haund, showed an increase Iin dey
weioht of almogt 100 mgm. ovey the serated planbd.
Gurowth of shoots was, 1n moslt cdses, exlvemely goad.

In gome of The most luxuriant individuals, however,

_—
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glongotion had procoeded ©o rapldly that the now
growth Leonded to0 be very stragaly. This was noted
in noge 5, 7T and 9. Wos.6, 8, 10, 11 and 12, while
not guite so lumrlantly elongated, were much fivmer.

It 48 nobeworthy that the shools
of noss 2, 3 and 4 (which were in the smanll size of
culture Jar) while being. pevifectly haalthy,'were mueh
smadler thon the reot.

| Only two planis of this sexies
hore flowers. There weve thirby Tour on no.9 and
geven on no. 104

The moan pH was only 0§3§ helow
that for the aerated gaob. A grester dllfference
might have been expected in view of the exienslve
wool gystems, The vigorous growth of wroots and
shoots, and the absence of aeratlon.  Murthermoxe,
It Lo ALEflcult to underatspd why the yeactlion of
nosd should have been by faw the lowest of bthe serlies,
whan no »oot growbth whatever ogouxred.

Sxaminatlon of the preparabions
of amall ploces of the flne wroot branches showed
1ittle dlfference Ffrom the serated plants in the
amount and distxibution of +the mycorrhilizal fungus..
Hool (the plant Ffor which 1o growbh was m»eeorded)
was an excepbtlon in thal many of the coxrtieal oells
wexe packed wlth myeellum, and there were abundant

axternal hyphao. Tha prooty of thls plant were
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evidently unhealthy ag the cortienl dells were sbhyvipped
off in pawie, legving the stele oxposed.

Regultp Tow Hitropen Semioy,

The nitrogen serles was not sy
wp uatlil July 22nd, The pasgage of nilrogen thyough
whe golwllonsg wag alaost continuons. Harvesting toolk
place on Ochobexw 22nd, u

fable 14: Date melating to Dissolved Oxysen and Final

i of Solullon, Hool Lenobh, Doy Welghts of

Reots ond Shoots fop Collune in Water Culiures

Shroush which Witrogen was passed.

Plant Disaolwéd Moal Teosgth of ey Wheof Dy Wh.of
Nes  Omygenlmd/l pH Roots Roeoba Shoots
ab WeTaPs) - (ome. ) (mgmes ) (noms. )
2,19 4,98 446 38.9 1174 2
3467 Todd Tk 57 o8 202.6
1,404 4,61 T2 47.9 17L.0
3400 6e41  TuT 7540 270, 2
3418 548 846 59,2 16441
2,20 4,02 Tul 1.0L. 2. 25,7
.65  5.12  11.6 98,6 338.8

(dead)
3,60 4,02 7.8 68,8 331.5
2,57 347 Te3 AT.O 9343
2,52 3,94 12,0 11.8.7 - 520.8
12 2:29 387 846 T545 218.3

P
%

W e =3 Oy G oA e S

=D

Means:  2.60 - 8.2 71,7 D473, 2

Ratio of mean dry weighfe of voots bto shoots ~ 1 & 3.4.

-
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fwo quantliles wore vory varlable
in this sewies, nanely, dlsgolved oxygen and final
pH of solutloms  Ho relablonship was sppavent behweon
alther of these gquantliien and the dvy waighﬁﬁ'of roots.
The t@mpafatuwem of the &eluﬂimna ware not measurad.

The final ebate of typleal plants
of the nitrogen series ls depieted iIn Fig.2l. The
mean length of woots wes elmosh The same os in the
aopetad sl The weans of The dpy welghls of roois
and shoots were somewhal lowsys  lbwny labterel rootb
buds hed been formed huwlh, exeept lo a Low eaves, these
had not elongeted.  In some, the buds were amwollen,
The corles wag eharaeﬁeriaaﬂ'by(vary Li46le growbh
of shootsa, albthough in one op two oxeephionnl plants,
good growth had ccourped, bhus this was for from being
oF @ luxuwlont naivure. ﬂvﬁm ia thoge plants which
had only grown o & s8llght axbent, the shoobs were
quilte healthy in appearance; with thoe exception of

no.d, Lo which the leaves weye slightly wllted,

Bxremdnetilon of the woots Jor
myeoprhlzsa showed that dxternal hyphae were more
fregquent than in the othenr wwo serilos, but they
tended Ho bhe showt. Doppe networks did not oooui,
In many eells, the mycelium appeaved bo be in an
sdvenced shtage of digestions Reyvner (1927, pe99)
notes the Ygirong stainebllity? of tho rownded,

partly ~digeated bally of myseldwn.

_




Gonelugions fﬁam-Waﬁgy_ﬁﬂ;tuggﬁ,

£t wounld appesr from the foregoluy
experiments that the optinal concentration of dlssolved
ozygen for young Calluns plents in halfwsirength CGrone's
golution ;m in bhe veglion of § By per litre gt W72
thovsh 1t should be homme in mind that oxygen
coneantiration nay not ba the gole Lfaetor opexabing
in these experdments., It cannot be said that all
conditions obher bthan oxygen eonsentration weve lhe
same in the three pewies, because fthe wgerated plants
were no% subjeehed to the ¢ontinuel stipring of the
agdivm dnvolved in the passage of gueog, It may be
the absenece . of some faeltor assgoclaled with stagnation
which Llimilted growih in bofh aorated and nitrogen
BRrloS. Alteroutively, on the basle of oxygen
concentratlon helng the musber Lfaebor, one musd
econclude That saturation with the oxygoen in alxy
provides & coneenbration of the ges which 19 boxle
for Calluna.  The limlbtobion of growbh under tresl:
et with nitrogen would thwe be die b0 a different
¢ause, namely oxygen delficleidy.

One would expect that a lower pH
would be a feabure of gbognant solublons ond,
consequently, wveagtion might bo & Faebor Involved in
the differvence in gwowth encovalbered bolween planbe
in gtegnent end aglisbed soluwbioms. in thisg

experdlment, however, it has beoen seen thal pH was nod

L.
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affscoted o the extent apviclkpated. Thaye was only
o small dlfference betweon the meang fob the aervated
and waerated polo. Athough widely vawying, mogt of
the pH values for the nibtrogen series wore below the
means foxr the obher two.  The writer £iode this

inexplienhle.

3 Boil Gulitures.

As in the equivalent hracken
axperimentsy bthere were asrated and stagnant euliures
but, in addition, pla;%S we@é grown in nowmal, peaty
soill dn wowaxed pote.  Obher d&f‘évan@oa batween the
bracken and the heathor cultures were that, ih the
latter, the three séty of conditions were ¢ach
ﬂepr@39m$ed by two eultures and the pobs uged were
only gdx inches in ddomebers

The pewly soi7 whioh had conbained the

C¢71uxm aoeﬂlimmﬂ irom.BalLochrﬁggan used in the water

The largeet spodlings wore sglected and one planbed in
aash of the pols: The planbe wore wet sulde Tor a
time to énable them fo become eétablishe&, during which
time bhey were wabttred at doborvals, tare being beken
not o wabterlog the undvalned potos |

‘ On Juiy 30th, 1947, wabter wag added
 u3ow1y to the wzxaa pote wntil bthe solle wewe oconmpletely

waterlogged and bthe level stood abeuL hald an inch above
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the ©61l. The dwo aeratlon btubes were conngcted Ho
the aiy Lline ffrom the pump aind vhe flow mﬁjuﬁ%@d by
SETeW gLipg. \

By August 10th, 16 was noled 4hat
the plents in unwexed pola wera supewior to those under
both aerated and wnserated waterlogged conditions,
These planks were watbtared peyxdodiesllys The oxpoexrimenty
was nllowed o run For longey then the bracken goil
cwlburog, the plants being hervesgted 2% the end of
Ostobep, 1947,

Cfstinations of dissolved oxygen
in the seratod and vngperated pols were made by means
of the *micoro-Winkler! gyringe pipetle se in the
braockon goll ﬁultuxesg The figuves Ipn Table 19
ghow the oxygen cowntent of The gerated eulbures fo

have heen more than twice that of the stagnont ones.

Table 15: Dewmpereitvre gnd Digsolved Oxyeew in terated

and Unoserated Watorlogred Soil Culluroes of

Agrated Unaeratad
(1) (2) (1) (2)
Tanparaire |
(%c.) 1843 1843 186 18.3
Dissolved '
Oxygoniml/l T+15 T+22 - 3.1
al MeTePe)

lay.. Length

} of Roots (cmas J30.0 12,5 ' 3

440

i
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In both of the soratod cultuves,
ong shoot wap very oueh clongateds he oiher shoobs
hed boon swampad by akeosgive Dubbling of the mud.

Tt was very AAffiowlt idn the pot cwliure work in
gangral 40 nadnbalin o congisnt flow of ady throush
the pots, vartly beamves the delivery of the pump
deponds wpon tho btime whioch hae elapsed singe
dubpicatlon, A feow Llowers were produead by both
serated plaulis, Tha ool aysvens were Laiviy well-
davalepéd, Though ot by sny moshe prnluses
Adventltious wdots were prenent, arising from the
hase of the stom oand Crom The lower gides of the
Pzt lateral branthes, whiich wepe gsubmerged in bhe
muds  Preperabions were mpde of the woobs fop
axamingbicn of the mycowwrhiras  In the aorated BoOts,
bhere were lusurlent oxbernsl hyphee in verts and
abundent indracolivlar nyeelinm in many of the finer
subedivisions of the sysbtem.  Some of the esbernal
flanents wers vexy byoad and, hirownlsh 1n colonr.

Th ona of Yhe vmaerated vlanbe,
many of the lower lesves had 1ong boen yellow and
QXN w Otharwlesy 1t ean horedly be sald thab it
was vory morkedly dnferior do eliher of &he aeroted
speoliments The rools woere & 1ittle showhery hul Bhe
degrae of bronehing was conparabla with that fowad
wnder asraltod QOHﬂi@iGnSa Uikawlse, mycorrbisal

development was very mugh the samme. The ssoond
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unaerated plant, on the obther hand, was slmogt dead
and ‘there had b@@h negllegible growih of roots and
ghoolis, The roots, under the micmasmnp@, appeared
PEPY WO dy.e ?aumg woots pnd myeorvhize woere vory
infreguent, ‘

The plants wnder (as neer as
noggible ) normal soll conditlows constltubed o condrol
an hoth aervaled end stagnant cuwlbures. They wews

nogt Iuxurdant in thelr vegebative davelopmen® ab

the time of Pawvestinga In nelther of tha two

planty were any Clowers producelds. Rool growbth way
very similar o that of the pereted plants, 1en$ﬁhﬂ

of 13,8 emgs and 11.5 emes boing recordeds
Myoorwhigs wee for lous erQﬁmﬁt, although elumpe of
exbernal hyphue wewe oecaglonally oncovnbered.  The
Axtracollulan plage was confined to the cortical colls
of some of the emergent leterel buds,

Coneiuglons Tiom Holl Culitures.

fhe wesults of the soil oulbures
wopre 1n egrecument with those of the wabtey enliuras,
The digsolyed oxygen in the anerated pols was of the
sawa opder of magnitude as that in the aerated solullon
culbures and, accoxdingly,bthe growth of the potled
plants wos yestricted. - Likowlse, the unnerabed
goll cultures were unhealthy or dead, the dimsolved
orygen of the waler approximatling Lo that ih solublion

enlbures through which nibrogen was paseed,  Indeed,
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a8 has been indicated sboves the aetusl oxygen
eonsontration In sowsaet with the roolt syshens was
probably lower dhan the value obtaloeds  The soil

in the normel (uvawaxed) pobe was walered poriodically,
buh A4 tended o polidify, shrlpvking from the wealls
af the potss Veverthelepss, ag olose au approach 0o
ogbimal field conditions of the moll Ffor Collune as
iz possible in the pgreen~house was obiained. The
abgence 0F the living wroots of the susoelated Llorg
migt wot he overleoked, however.

Without preeise information of the
owygen~aontent of heather mollasy both nopmel and water:
plogpad, interpretation of the dyingeous of hosthor in
waﬁaxléggﬂ& soll onm the bawis of the experiments
deseribed must be made with esutlon. Texiatively,
thepvefore, the viliew is put ferwapd thaf the oxygen
gonguntration in & soll boaring & vigorouw growth of
Oeddung ds of the same order gp that in the unasrated
water cultures end thelt when Grainoge deveriorates
and the peabty goil bhecomes waterlogsed, the oxygen
aoncentration falle to o very Low level, the actual
vaiue being, in all probebllity, well below that in
the n&%xog@n gapries of water guliures, The hapther
plent, being scomewhat resletant to the effects of low
aeratlon, does uneb lmmedisabely suscvmb, and thus, the

* deoline of the Cellunebum s grodusd. The degenexrate

heather lg sugcessfully fuveded by Lriophorum Spp.,

whase aeratlon regquiremdnls. ope assunes to be small.




2+ HYDROGEN TON GONCENIRATION.

General Literabure.

The lLiterature reloting to bhis
subject 1g veny extensiva, TE will bo posaibim $0
raview only & fow of the meln eonbribubtions hewe,

~ Glgen (1923) made o very
somprehensive abudy of the hyawag@n fon congenirations
of the Danish soile in rolaition vo the ineidencs and
froqueney of numerons speciess  Tron those investi:
rgations, Olsen coneluded thaet the reaction of the
sodd is o major fadtor governing the composition of
a plant communitys  Bach specles oceurs hebwoon
dgertain 1imits of pil.,  Within these Jimite, there is
a.ﬂaﬁro#ef range whare growth ls greatesh.

Tn the gecond section of hilg
monograph, Olsen descrdbed soll and solution oulture
expﬁrimenﬁﬁ'inIWhich'vﬂﬂiouﬁ spoolog were gyown atb
different reagtlons. Whe bwo fypes of experiment
did not yield the ssmo vegult Lfor o speeion
Fox emample, in soil evlbure, Deschempsin Llommoss
grow best ab pH ﬁi@, hut in water eulture, the largest

plemt odowpved at ol 4:0. A& similar difference was
Found 1n Beneeio silvabicus. Tuspllego farferus ls a

round in Jenesio silvaiicus. DIussilago farfarus is A

plant of alkeline sollse  In seil eulbure, it
abtained 1ts bept development al pH 7.6, bub in
golutlon eulture, the meximum ocourred bobwean pH 6

and pH 7« No species from alkaline soll waz found

...
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o grow in an alkaline oulture EGlHﬁiOﬁ;'l

Expﬁrimanﬁﬁ‘ware 8leo parformeed
to sbudy the effecks of vemetion on germinabion
The techniQme employed wes bo place the seeds din
fineks covnbtedlning a fow willildtres of mabplent
golublon adjusted o Aifforent levelw of weastlon.
M owas Lound that the pe@éamﬁﬁge gemmination wes nob
affected by pl, bult that en imfluaneﬁ wos exerived oOn
The time taken for ﬁigna of gormlnetion o bodone
evident, on the health of ihe pedlole, and on the
avwhar of poot heairgs

Arvhenius (1922) guoted Figures
Erom hia'own work &nd thet of obher fnvoestigators
showing +that; iln ceptoin crop plaute, the porceninge
germinetion variss accordinz 1o ﬁh@ pHe (Oleen's
WOrls Was parfu@m@d with willd ﬁ@adiaﬁw) MThig
publicadion 1ls particulerly valueble for Ghe full
bibdiography of the enrlier worky 250 roferantes
being ligted, |

A medeyn agoouvnt of pi din relation
to the growth of »lants hay Boen provided by Small (1946).

(A) BEERIDIUM.

1 Rqﬁiaw oﬁwﬂi#ermﬁure.

golisbury (1925) noted the hendency
of ploants syowing in welter oulbtupre o alter the pl of
the solution, by the proceps of melegtive abgorphion.

On the obther hand, the pi of the goll reaning mora oR
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less steady bosesuse of dte buffering proveritless
Bolisbury messured vhe pH of a lavge nuwaber of sodls
begelng cortaly species of vhilch broacken was ones

Mot of his gemplen word taken Ifrom goutherwy counities.
fox brmek@n, Sellsbuiny ook the pH sawples Lfrom 200
Logulitlios, The resulds wore showa grephileslly,
nupmbor of localltios being plotbed gauinet pl.
Bracken goills vonged fyom pH 3.6 o T+6, with meximun
ineidonce at H¢5%  Tho ojher species couslidewed

were Vececinlum myebilluve, Seilia oviane, Psaune

axopsrdla, Meycurdalis perenndy and Remunoulus ficarda.

The gyaphs Top m@waumialiﬂ gid Rmnmmam&as wena

chavaotorised by o well-naried double mawimim, and

tendency to puch o form was noted in Vadoinlue and

Sellle. the double peak wie nol appavent in the
Dracken eurve. ¥ bay boon suggested By Robbing (16233
that the mluiwmum between the two wodos may eorrespond
with the "neth deoelectnde point of the éeli pirdbelns.

- Vatt {unpublished data) found
heaeken growlng on e wider range of sllkaline sodls
then Sallebury, nemely, a8 kigh as 8.8, the lowez
Limit being the SHEME 8o roporbed by Salisbvry.

fHeath and Ingkwill (1938) found

That the pH of polls éﬂmiuxﬁwd by severanl bypes of
vegotation inereased with the -depth of the aample.

The mean value they obbtained for Pteridium wae 54,
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whieh ig in good agreement with Sslivburyle Ligure
Lor the mode.,

6 de tlhwe glear, in 80 foar as
field condlitons ore pondertnd, vhalt dho bradkén fern
ia able Ho grow on solls of widely ﬂlveﬁgﬁﬂt hydrogen
ion poncontpravion. ~buwh, nevértheless, the sporophyte
goens to prefer o deecidedly aeld reaetions

Vary 11ttle work has heen done on

the growing of bracken in artificial medin ab
difforent levels of pil. Vorkors at the Noilonal
Tostitube of Plak Phyelology earelied oul oxpspimenis
{(vnpubliched) at Roﬁhamaﬁeﬁ¢ These were mostly of
o mabrivional type, bult also ineluvded inltilal experiments
on the ¢ffeet of irvigation wilth nubrient soluﬁionﬁ
adjusted to different reactlong on hracken in sand
culbures. As the experiments were only visuallsed
as preliminary to a much ”mrwar investigation, only
thrae reactions. were 4wied, and none of these wera on
the alkaline side of the newbpal poinds Ho significant
differsnce wag observed bebween the plants e the
three vonctions (pH 4, Bl and 7). Unfortunatoly, the
investigatlons have nod been pupsued Lupther,

2e Weber Cultures (b Glassow Universitys 1946).

The work of Dryan (1922) way vbdluable
ag o guikde bo the axp@wimen%al feghnique, Brgrany Sleet

teded a nmunber of nubtriont solutions to determine that

mogt Ffavournble to nodule~produetlion in soyanbeans

*




Tvrom the polat of view of »odot growih shd branching,
Mendoba Ialke VWnltar gave the most satisfactory resulis,
but Bryan aampteé Cronegts splublon ag o basils Top his
experiments, as nodule profuction was best in thie
meddvms A8 a mebber of facly bthe proporiions of

the verious salbs in Bryants resipe do nod correspond
with those 0Ff Crone. ﬁberc appoars To bhe a tendency
in the literature relaling to formulse of nubrisnd
solutions For the older woeipes $o be modified,

whille abill %@a&iﬁg the mamos of thely oxdiginators.
wnopts solution, Lo lunsbance, appenrs in many forms
net oot 04 G0 be mollfloationes  Millew (19238, p.242)
wlsguotes Orone, bubt the coxr@et%ﬁa@sion ig given by
bLiJeo (lOBG, p.??o) The ou?ture vessels used by
Brvan wexe glass pe:eojators, fi hed with epaninﬁ“

ot the bothoms (guarded by 6lips) so that solution
changes could be made withowt éistm?hing ﬁh@ wlante,
The golutions wewe adjusted to pH 3, 4, 5, 6, T, 5,
9 and L0 agmroximauely. The adtual velues wore, in
SOmMe enoes, aeareely oven approximate to the nominal
figure.  Por exawple, pH 645 roprosentod pHaT.

The solubtions were renewed thily. A good preeavbtion
which Bryen obgerved was the gradual adjustment of’%he
solublion 4o the prosceribed Lleval over a poried of two
deys.  In his main axperiments, Bryan nodifdled his

ordginal version of Cronets soluiion, substituting

s
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pospesivm shloride Ffor the nitrate, the latltér beilng
undgvenprable to nodule ﬁavélopmanki It wos notaed
thet the buffering of Grone ie poor in the alkellne
vangs end, in an atbempd o stabilise bthe reactlons,
aikeline levels woxe obtadned by firdt adding godium
earbonate (ﬁ?’ra- 75 gmeper Litre) and then sulphurde aeld,
&a-ﬁ@qmiﬁﬁﬁé Sver: 80, the allaline solublous soon
changed Lo vepetion in sonbact wlth the growing roobs.
Phe wolubions wors Silbered bofore adjuebment.  This,
in the opindon of the prosent wedber, was both 113
ﬂaviwaa.am& unnesosgney, a8 olomonty derived from the
*imaaluble"-%al%& are 1ikely o bo soon exbaushed,

The solid pesidue not belng present to melinbain
equilibeivn with the  emall quentity in solubdon,
Admittedly, Bryan ohanged the eolubions daily snd
1ittle depletion might he expected in go ghortd o time
wg twanty four houxa, bulb oven the host of Bryants
plants, as phown by hils photographs; were not very
robugt specimensy A colowimediie method was
guployed in the debornivesion of the rofebions,

which was checked feom time 4o time sgolnst the
hydrogan electrede,  Apart from his resuylts

ralating to nodwle formailon as affected by pH

(which are lvpolevent b6 the prosent invesbtigetions)
Bryen Tound thet The pH of & solubion will only remain

consbont when it happens to be the oplimum fox the

—_
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gnagies, The peactions of othewr goluitions tend Lo be
albered by the plant towards the @pﬁimnm; Accoxding
to Powers (1927) mint, which ne found %o heve on
optimun of P 6 for growth In waler ewlbunes, b@mdﬁ
o addust the pU rapidly end; 3F it 48 nol allowed to
do po, diess Miller (1938, §@264) quotss a table-
in which figures are given Ffor the initial
roacbiong of several well<known solubions and the
wreaebiong after whast bad been grown in then for B2
hovrss | The figures shew tThab those solublons which
gre Inltially noasrer neubyrallty wemalln vrehango de
Grone and SBachs solubtions, originglly pH 6.6 and 6.7
vegpectlvely,y ware both 6.4 after 52 houre, e
sbher bypas averazeld 4.6 alb the sbtarlt snd wors walised
by spproximately a unlt in the some time.

Gulbural Avzengemonts.

The plants uped dn this oxperiment
waie young sporvephylbes,; ginilar Lo those of the
aeration enliuress  Theed plonbs were grown in gach
Joar, sultebly suppertad in coxl plates by coltbon wool.
The jars were earbhenvare eond wepre of 1400 mk. eapacily.
The wrlberts fono gquerier ssloiuvm solution was selocted
as the nwhrlent solwuwbions

Adjustunent of Resolion.

The plants were grown for o weelr
affer Yransforzlng bto solutlon culilure hefore any

adjustuents wore made, Pfhe reastions were adjusted
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with W/4 swlphuede meld ox N4 caumtlie goda, according
40 the pH reguired, Gn Auvgust 244h, afterw the
golutions bad been changed, and tha jars numbored
Be3, Bed and so on 10 BlOs B3 Lo § (lndlusive) wewve
adjusted o pH U sppromimste] y. nﬁﬁ was pdjusbed Ho
PH 6e  Numbews 7, 8, 9 and 10 were broushl wp o pH 7.
(ALL eobinationg of the hyGrogesn lon concenbrebions
in the aeld renge werse made by meens of the BeD.H
Mapillateorty  for the alkeline wesetlons, the Hellige
Conparabor wae used, Pufféming wag negligible on the
plkaline side snd the fapillotor wes thavrelfore
umamitﬁbieg - iwo dayst latar, sll the Qoluﬁiana
were adjusted o Gthelr sppropriete Jevels of readtion,
It soon bedsme olear bthel the
romeions of B3 Lo BT (iméim&ive) ware ennriably
shtondy over long pexiods, nhol reguiring adiusbneny
wnbil the solubions wewxe ehanged. (Changing of
olvblunm took placs af forbulahitly intervnlsg.)
Bed had o be levelled up fron time 4o Hime, bub
Guring the whole @oursex@f thy experiment, the pH of
this Jar nevey $ell bhelow | FeR,  fhe solniiona of B9
and Bal0, howover, wewe oxby cma?v wngtable L reaction.
Tho allkelinity of these ﬁcin ilong wag o great thab
some of the dlsgolved aanlite ch& peecipitated on the
gddition of fthe dauvpiic eeaa.- Ia the gase of B9,
values ak low e T«8 were reached in 48 houps, bk

B 3 . . o ) | h . . . Y . . . -
Lt is sugpsobed vhé%}%&il pota in much soonsr, in faet
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shortly after adjustment,  H10 also £oIll as low an
T8 on ogansion and Lbe averege was Litile dlfferént
From B9 Over the sand perdod of Time.

dmyengemant Tow Aaepailon,

In the ebhsenaes of au eleotnis
gomprensor af used in the eersdtion ouptyiments, the
Wk op employad » device sugeesved Ho him by Do G T
Agproys lude of the Boltoay Dopsstment, Glasgow
Yodverwdly, fov $he sewablon of the cvliures in the
ol expepiment,s  The apperates consiobed of an asplrator,
the Yop opandung of whieh wag £ltted with o wtoppow
sarrylag bwe tubass One of thwse was segupely
gomnacied fo the water exly of a Tilter puim.
Tobovnaldly s 4% wis condinued abount hall way down the
AN E O The goeond tube was ghort Internally
and fovmed the deldvery fube for the ol :9?;?*&3{;‘{;1.

The lower opewdng ¢f vhe aspleoator wes fitted wlih a
glhopper and o lurgd bope grass Pube toymianiting in a
showrlh length of »mubbey fubing @anﬁw@$&@&'byhm.méwaw
olips  ©The Tilter punp wasy in operation, conneated
to thoe water supply and, afley She level of waber

in the as ylapabop had peached a depth of s few incheg,
the eldp on the water exid tube wap adjusbed o
rﬁe}»ﬁsi.-m'iszzam the water 8% o consbant levels  Under sueh

gonddfione, Yhe aly Gowrded by the incoming wabtex

/ was expelled dhrough the delivery tubg at o prossure

adeguate Tor the ovabion of a vonsidepuble number of

o
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Jors. Theoretleally, acrabtlon by this appsratus

would be combtinuous, buv in practice, the pregsure |
of the water main supply was 8o variable that it was ’

found ilmposgsible o keep the water level sbeady in the
agplrator foy more Than & few hours. In the evend

of the 1eval'ialling until the water exit was resched,
the oiy eseaped wilth the waten: if¥ the level rose, the
aepirator was filled, and vhe culburs Jars had water
injscted futo. them. However, intermittent asratlon
Was provid@&'hy This means and was adequatie as Judged
by the penetration of the rools inte the lower levels
of aolution dn thoge of favourable peschlon.

Begpulte of ‘the Fxperiment,

Ot Ogtoher 2nd, 1946, after the

plante had heen growing for over five wasks under
the conditions of pH diff@ramaa, they were bawvested,
ag wome wore beginulng o show signe of succumbing to
Botyytise  (The cultbures were housed im a glaes
eloche, ag in the aeretion experiments.) The datla
obhbained are summardsed in Teble 16.

Lable 16: Dats releting o Bracken grown in Waler

Qulturea adjugted fo Pifferent Reagbions.

Tponds Roots Rl zomne Moan Length Mean Doy

of Roots Wheof
(oma.) Pland (meme, )
PH 33
K R KX - Te3 130.2
2 KHKRT KRR 2+5 on,

3 R p w5 o
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Mronds Roots Rhdzone .Mﬁmm Langth Meoen Iy

of Roots Whe of
{ omss, ) Jﬂan%@mme
pi{ 10: |
1 % x - 2,6 16.2
2 (dend)
3 £ - -

KEERK, very good;y xxxx, goods;  xxx, faly; LR, POOTE
Xy VOLY ?002@ |

The numerical Gata above are plotted
agalngt pH ln Tigs.22 and 23} The phobtographs (Tlg.24
and 25) show the finml condltion of the serxies, |

Disguseion of Repults.

In gongldering the resulits of this
experiment, the mosb obvious point is the wlde differences
angeuntered between ﬁhé thigee plants of a Jar in certain
gopes. Among suach ﬁi%@wgaﬂo&g, the most owbsbonding
was bhe a@y@arangﬁ-in.@he pH 3 eui%ura of & plant of
pomarkeble luxurdeanse. The othey dwo plante in the
some Jer had ﬁéseesaéﬁ heolihy follage dn the earlier
giages of the experiment, bult théese fronds had given
plage to "buhehed" growbth which was permenently wilted
to o alighﬁ exﬁénﬁ. 6 is evident bhat wool absorption
(and, OQmsaquénﬁly, frond éionga%ion) was  bolng
ragtrloted in these plants: The pH of this solulleon
memmined'ﬂtaady‘within nayrow Limits, so that a

reaction of pH 3 gawnot e seriovsly detwimental
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FMg.22. Craph showing the mean length of roots at
each reaction against pH for Pteridium in

water culture.
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Mg.23. Graph showing the mean dry weight of
plants at each reaetion against pH for

Pteridium in water culture.




Minal condition of Pteridiun in water

cultures of various reactions.

Tiz.24. pH 3 pH 4 pH 5 pH 6 pH 7

Fig.25. pH 8 pH 9 pH 10
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B0 brackoen spmxophyﬁeﬁ,-aﬁ any rate wnder the artificigl
sonditions of the experimend. Admibbedly, the Jjars
werg not roplisated and ceneiusions hasad on one

criture are Lo bhe dreated wlth die eautilon. it dp

a faet which aannot be gainsald, howover, that a

brecken plant Abd become ludupdent in this very acid
madiun,

At none of the reaselbions tyled

wag 1t found thut Fﬁﬁﬁidiﬁm,waa spoadily killed,

thoush 1t da clear That a »d from 7 vpwords 1o uns

rfevourable for growth of the fern in waber cultuve.
In vonesidaring 4the fovme of the

cupves in FlgesR2 and 23 the snell sonle af'%ha

expériment mist be Dorne in mind, and it die likely

that wepetition on a mueh larger sosle would aiase

goma oOf %h@.ixregulﬁriﬁiaak. Nbvam%ﬁeleﬁﬂ, one ia

gbrongly tempted o atlach smigniflicance ko the

presence of the double masximum jn hoth graphs, in

vhow of the wordt of othoer Investigators wefarced to

eorlier in this sectlony  In tho curve for masimum

length of woot systems in vrelation to wresctlon, tha

peak occurs al pH By bub dhis wisht be unjustified ag one

off the plants in this jar had only ome meot at the

maximun longth, all the othews being very much shoribor,

e peak of the dyy waight curve cbrraapénaﬂ with pH 6,

go bthet, on the harsis of this limibted experiment,

it would seem that between pH B and pH 6 ig the range
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of reactien mogb faveurable to the generel growth of

Pterddivm under the conditlong of bthe expeoriments

A minimum 1y Losntved in bobth curves ab oH 7, with a

seaond, bul very much lower meximum alb pH S

3. The_Germination of the Spore and Sybsequent

Development en Asars of Vardous Reaatidna.

| As a d@velbpment of the experiment
on the young porophyta, and in view of the work waleh
hes shown that all sbages in the lifewoycle of tho fern
may not respond similarly 4o the fagbtor of hydrogen lon
concentration (Gonway, 1947), it wes clesrly desirable
o é%udy the effsets of different peattions on the
garminaﬁioﬁ of the &poray and on the growih and
devaelopuent of the prothallut,

A 19 British sgar was prepared,

using the "one quaher caleium" solublon instead of
we ke Ag whrong alkald s known to pxa&ipitﬁﬁe the
nlngral gomponents of agar o an exvent youghly
dependent uwpon the amowit Of élkali added, 1t was
necesgary bo fest a gampléd of the agar with a good
excoss of caugltic soda solubion to £ind whother the
mﬁdium.at 1% ptirength set swlficlently firmlyé b
wag found thet, although the Jelly wes not so mwigld
ao ab lower meactions, 14 was [dym enough to bear
the prothalli; Strong sulpbupis acld added o o
sampl.c did not afieet the sebtlng capacity of ‘the

agar 4o the same exfent as the addlilon of alkali.
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In experiments involving the growlng of prothalll on
ognr, 1t 1s always advlesble to have the agar as weak
as 1ie consigbent wlth seltlting, as a plgid gel is
pepatrated with difTloulty hy rhizolds.

The fultial resctlons were meaﬁureé
by neans of the Capillalor, except that for estimatlons
above 9.6 (Uho upper limit of the Capillator) the Wellige
Comparator was nsed. The ager was pouraed inbto elght
250 ml. flasks, leaving sbout one niwbth of the volume
in the original Plask. The contentg of the latbtexr
ware Ghon dlvided bebween six boiling tubesy glving a
depth of about ome and a hall inches in eachs.  The
tubes were plugged and the agay allowed to set,. A
the agar wag found to heve an inttial reaction of pH 6.8,
this serles of six tubes provided the pH T ouliures
without adjuetments ‘The conbents of each of the elghb
flasks woere adjuslbed bto a different @Hmby»means of .
sulphuric acid ox It gavelic sodn to glve agars of
aypvomimaﬁ@ly pH 2, 3, 4, 5,'6, 8, 8 ané 10. The agar
in each flask was dlvided between pix tubes ag desdribed
for the pH T sotb. | |

It wag ofton nedessary 40 meke several
additions of aeid or alkali to .ervrive al . the correct
reacblon and, after eaech addition, a sample had to be
withdeawn into the mierompipette for fegting. Tt will

(3

he appreciated, thereflore, that it wag impossible o

work under sterile conditions, and It is not surprising
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that monlds and bacterla were troublesome in some of the
cultures.

Albex allbwing ﬁhe pear o ey with
the dubes in a wvertical @o$ition, liberal sgowings of
spores ware nade with s brush. The tubeg were supported
in tost-~tube packs and kept in the greenhouse} Caps
of esallophane were placed over the colton wool plugs
and held in'position_by elagtle bande, to resbriot
logs of wabex from the tubos.

o The ezyewimmnﬁ was glarbted on Mawreh
10th, 19474 Sherile water in. small qumnﬁitidé was
addad ocoaslonally. The culﬁurés ran for o lLong perdiod,
harvesting taking place eﬁ December 1ot The main
reaulﬁﬂlfof two typioal cullbures &l cach rogetlon are

gumnarised in Table 17.

feble 17: Data relabine to the Germination of Spores
and Developwont of FProthelli on Agars of

Digforent pi.

Tuba No. No.of Size of  Antheridia Avchegonis Sporo:
Prothal,  Brovhmlle :thytes
Pl 2 %o 5 (inelusive) Wo germination.

Pl 6:

3;8.6/1 209 Smal.d Usuglly Numerous None
Ge@yT i, none e;g.53

BaBa.6/2 282 Mo gty Tow Huoagrous 5
emall early
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’

Tube Ho. No.of @ Sime of  Aunbhoxidla Arochegonls Sporo:

Prothals Prothall. - sphybes
P T
Be 8 T/5 6 Various  Numopous Wumerous  L{see
Tig. 27)
Be .7 /6 A Varlous  Numewrous Numerous None
Be 848/2 2 Targe fone Wumarous  None
042100
Be 5. 8/5  OGroups of v fhanerous None None
arous,minwte
prothalli
P9t
BQ&.ﬁ/B L farge Fone ,— Tamerouws 1 (see
(dead) | TLee 29 )
BeBe8/4 3 T Numerous  Numerous one
DH, 103
Be$.10/1 L el lone 20 None
BaBel0/9 Grouvp of minube e rous Wone Tone
prothalli

The larvge mumbers of prothalli

produeed at pH 6 were rleh émernld greon in colour and

were very unlform in siga. The denslity war so grealb

that the prothalll wepro, in general, oricwbated verbically
o the gurface of the agar; Two pH 6 eulbures are shown
in Plg.26. At pH T, the few large prothelli had turped

brown and posscssed wemarkably thick, Fleshy cushions.




Pteridiun eultures on agar at

differsnt reactions.

«.

Fig.26. pH 6 Fig.27. pH 7

Fig.28. pH 8 Fige29. PH 9




Sdmiloar lerge prothalli occurred at pH 8 and ni 9,
with the emgepbtion that cerbain of the former culiures
Bore qlugberd of milnwte probthalll, bto whioh fnwﬁharh
proforencs 1s nade below. In those pH 10 eullurss
not eontaining olustere of thip Typéy the fow
provhalli were smallor than ot p¥ 8 and pH 9.
The examinatiocn of dhe eulilures

mieropcopidally begen with the pH € sepiop; and the
nost outglanding feature was the great profusion of
arerggonio. Those were found not only neapr tha
growing poéint, bub 21l wlong the mldrib. This wae
the arvangemexnt in the majority of the prothalld
whilch weve narrow in proportion o langth; A few
prothalld, however, wers lapger snd mnore heawrb-
sheped and, 1n thesge, a dushion was developed in
which ware exbudded the large mmbers of archagonla.
The latber wore ab various sbages of development,
mature, bhrown ones being found on the older panrts,
immatures ones nearey the aplceal -eell. Antheridia
were prespoxnt dn enall nuwbers in a few prothalli

(partiowlarly those which were pale green ih colour)

and ware usually conflned to the marglas, Tha
gporophytos found werg very young, appearing ag
spheplcyl, greon bodias enbaddad in tho prothallus.
At pll 7, the numerous anthéridia
whieh the large prothalll hore weve mostly rupbured.

The loxge prothalli found at highor reaections eithox
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hed no apbhepddia at all, ory 1L the latber were prosent,
they wexa ruptvred. Spermabonoids werae obsevirbd in
the watey on the slide, ond also in the nocks of the
archegonle in some ingtances« The clusters of veny
mimube prothalli occurwing &b pH & and 10 were
Lovariehly pale gwreen in eolouw. Antheridia were 8o
profusge in some prothalli that almost every ¢ell had
developad lnbto one.  Cerbain of the prothelll wore
aetually ilanentous. Thus, in this experiment, male,
females and: hepmgphrodite prdbhalld were dancowntered,
the first strvongly differentiated from the others
morphologienilye  Apard from the faet that antheridia
appear to be generally more ntmérous on the alkallne
glde of mevbrality, 4t ig AAOficuld 6. gee any sorrelation
between the relabtive numbsre. of antheridia and archegonils,
and hydpogen don eongentrobtlons A-aom@liaaﬁing factor,
for dnebonee was the gveal differsnce in ﬁéﬁﬁiﬁy besween
bhe ol 6 ouwlbwres snd the higher peachions.  The
pongeeted conditions in the Foimer would heve restricted
the growth 4o sipe of dndividual prothalli.
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