VL

Universit
s of Glasgowy

https://theses.gla.ac.uk/

Theses Digitisation:

https://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/

This is a digitised version of the original print thesis.

Copyright and moral rights for this work are retained by the author

A copy can be downloaded for personal non-commercial research or study,
without prior permission or charge

This work cannot be reproduced or quoted extensively from without first
obtaining permission in writing from the author

The content must not be changed in any way or sold commercially in any
format or medium without the formal permission of the author

When referring to this work, full bibliographic details including the author,
title, awarding institution and date of the thesis must be given

Enlighten: Theses
https://theses.qgla.ac.uk/
research-enlighten@glasgow.ac.uk



http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
https://theses.gla.ac.uk/
mailto:research-enlighten@glasgow.ac.uk

STUDLES ON THE PHYSIOLOGY OF LICHIUS
WITH SPECIAL REFERENCE %0
PELIIGERA PRABIBXTATA (TFLE,) VAIN,

Thesig presented by
GHORGE DICKSON BG0TT, B.Sc.
for
the degree of Dootor of Philosophy of
the University of Glasgow

Decenber, 1956



ProQuest Number: 10646829

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction isdependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

uesL

ProQuest 10646829

Published by ProQuest LLO (2017). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code
Microform Edition © ProQuest LLO.

ProQuest LLO.

789 East Eisenhower Parkway
P.Q. Box 1346

Ann Arbor, M 48106- 1346



STUDLES ON THE PHYSIOLOGY OF LICHENS WITH SPICIAL
REFERENCE T0 PELIIGERA PRABTBXTATA (TLK.) VAIN,

summary of thesis presented by George D. Scott, B.Se., for the

degreos of Doctor of Philesopby of the University of Glasgow,

Port T comprises on lnvestigation of several lichens fox
fizatlon of clomentel nitrogen. Three lichens, ¢ollems gionogum
(Seop.) Sehoer., Loptogium licheneoides (L.) Zehlbr., snd Reltigers
praebertobs (Fllk,) Voein,, each containing blue-green nlgoe, were
exomined by o technlgue using the heavy isotope of nitrogen, 15N.
ALL wewro shown to fix atmospheric nitrogen. Ividence ig provided
e ghow thot the fixetion should be abiribvuted to the algol
symbiont (Nesiea) of these lichens, In the case of Leptogium sud
Politigzere, caleulotlon of the total fixatlon of nitrogen over &
period of five deys, shows thalt the rate of fixation | ap?rox.
0.05 mg. nitrogen per gm. Lresh welght of lichen) was ﬁnathigh
t0 he atbributed to any nitrogeu-fixing agent (e.&. Jzotovppeter)
other thowm the Nogiee.

Confirmotion of the fixation of nltrogen by Pelilgere
ztate wos obtained by a study of the growih, in nitrogen-

BEBOT
free mineyal solution, of dises of this lichen. It is almo shown,
by thie mothod of culture, that nitrogen fixed by the slgel
gymbiont is transferred to the assocleted fuagel hyphoe.
Application of the isotople tewt to two lichons ccntaining
green algoe, Cladonie invexs Herm, £. lexiuseula (Del,) Sondsth

end Loberie pulponervia (L.) Hoffm., gave ne ovidence of flixetion

Nt
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of nitrogen. It i¢ conpidered, on the hesis of these tests, that
the triple symblesis theory of Henckel and Yuzhakovae (1936) can
1ot be universally epplied to lichens,

In Pard I is dosoribed an lonvestigation of the growth, in
culture, of disen of Peltlgore proetextats. Experiments ore
deseribed whieh relate to the effect, om growth ¢f dises, of the
concentration of nutrients in the culture wedium, sud of the
melgbture oont@mﬁ of the dlses, Date for the rato of growth,
wnder groeenhouse conditions, of an entire plent of this species
ere given, This le shown 40 he higher than the rate of growth
of diges of the lichen in eculture.

A physiologlieal investigation of the formetion of isidia on
P. praetextats, and on other specles ef the genus, leads to +the
view thet these structures are initiated by o light stimulus
geting on the algel symbiont. Au isidiold growth, somowhatb
siniler to thot commonly found on P. praetextata, has been

infuced to form on P. herizowntalis, @ speeies on which theuse
ghruebures ave not fownd in Nature. Cousiderable evidence ig

produced, both from culturg work and from exemination oFf
herberivnm saterial, to support tho view thet the imidia of
B. practextobs are potentisl reprodustive orgens.

fhe lsoletion of the algal symbiont of P. prastextate, in
bacteria-free culture, is deseribed in Part III. Three isolation
technioues were uvsed, The lsolated alge was irradiated with
ultra violet light to produce a becteris~-fros culture. Various

stoges in the ﬂ@velépment of the olgal symbiont inm ceunlture are
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described and illustrated. The elge is shown te be capable of
heterotrophic growth, with the continued formation of cehlorophyll,
naing glucoss es the souree of energy.

Port IV comprises an lanvestigetion of the charecterlstics of
diggenination end germination of asgcospores of Feliigers
proactexinta, Aa agueous exbtrect of Nogiboe, isolated from

L. pracltexteta, alone provided & gulteble medium for spore
germination. A deteiled invesptigation éf the eouses of Spore
rupbare in verlous pynthetic medla and in media eontalning ager,
showed that this effeet wag due to an excess of vitemins in these
media, The additlion of thiamin (100 genmasl.) or biotin (10 genma/
0 viteminefree medle produced o simller effeet, The advaniages
of gilice-gel ap o substliiute for agay are diseussed,

Tabulation of the data recorded for 83 epothecia of Peliisers
proetextate, used in experiments over a period of three yeanrs,
shows thet gpores azre sjected from the apothecia throughout the
year., At no sesson are thoy inecnpeble of germinating.

Gonslderntion of the dato obtained regarding spore rupture
Leods to the view thot o lorge pereentege of spores ejected from
apothecis to the go0il surroundlug the plant, mnest sucoumb 4o this
sffoet ond honee be uneble to gorminate.

The continued use of the berm "gonldia' im the description of
Lichen-algae 48 deprgeated., The term "phycoblont™ is propoged, ieo
replege "gonidium® end pynonymous terms such ag "algsel symbloniv,
Talgedl hogt®™ and ©"lichen-2lge®, The term "myeobiont®™ is proposed,

0 roplace the terms "fuugol symbiont® and "lichonfungusV.

Sy gy,
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GENERAL INTRODUCTION

No one coan £ail to be improessed by the diversity of
Lorm and remarkable tenaclty of life exhibited by those
composlite organlemy - llchens « which, by thelr very
nature, have long presented & challenge to the ingenulty
of blologist and chenist alike. TFrom the arid desert +o
the icy wagtes of the polar regiouns, Trom the shoresiaf
the saltest seas to the sllent mountein helghts, scarcely
a rock or tree exists that does not hear wiitness to the

" Ten thousand forms minute

Of wvelved mogs or lichon,..."

Thelr capaeity o endure the greatest oextremes of climate
hag been commented upon by many o scientist and explorer,
and lately there has developed o theory (not entirely
free from the fanbogy of Fertile minds) of & hypothetisal
plant life on the plemet Mars, having en organlsation
akin to that of lichens on Jerth (STRUGHOLD, 1954). But
aslde from such speculations, the meny unigue features
revealed by the assosiation of alge and fungus, whether

thig is believed H0 be an instance of true symblosis oy

£ From, W. Lauder Lindgay : A Popular Higtory of British
Liechens. London, 1856,
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of peraglitisn by one organism upon the other, coan never
cetse 0 be a source of Lfruitful researeh.

Lichensg have beoen recognlsed since the times of the
garliest llichenologlsts ag planty having the gepaclty to
exlet uwnder extromely inhospltable conditions. They are
to be found as the last representatives of plant llfe in
the mountaing far above the limit of other vegetabtlon;
in the polar regions they are rocorded from gitustions in
which 1t l1lg scayveely concelvable that plant life counld
gxist, They Ffreguently oceur among the fivst eoclonisers
of virgln rock, and two specles of Siereoesulon are
noteworthy for thelr replid lnvagion of lava flows in the
gative voleanic reglons of the world,

To what exbtent the ability to wxist in sueh sliuvationsg
is due to the ginguler movphological or physiological
characteristics of the lichens, has been the subject of
long discussion. There ils no doubt bthat the mere
asgoclatlion of alga end fungus, quite apart from the
resultant physlologleal peculiarxities, wasg in the
begianing of the lichen synthesig the operative factor
in the united advance of the two organismg into reglouns
devoid of plant life. The process of evolution however,
hag brought with it the development of several
physioclogical festures, for insstance, the produstion of

wlichen aecids®™ and verious plgments which have been
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agpigned diverse funotlops in the meintenence of the
sywmbiotie ntets. Whether featuron guch a8 theps are
sontitional wpon the eawoelotion of alge end fungus, or
whather elther one of the sywbionts rebainsg the athribuoite

In lsolated ounlbure, is s6ill far Lrom corvialn. Qondlictiag
roports mppowr in the lliteretare regerding She produstion
of the lichen aeld poarieting 1% is sald on the one hond

thet this 1s stricetly o preduet of the gymblosls, oud on

tha othey h&ﬁé that the fumgus, in culibure, 1o cepable of
producing the asld (pee GUISPEL, 1943-45).

It ig net eithouwt geoed respon thet llchenologisgs of
precedlng gonerations were grone to rogerd the lichon ag
oo entlty distinet from cliher alge or fungus. This
tradition has been slow in dying, principelly on assount
of the many festures which, superficislly, appesyr o be
vnigue e the lichoen sywhiosie. Ik vogent yoors howeves,
bhers has doveloped o aew ontlock wilth the ilatroduetion
by THOMAS {(1939) of o pobome of olesplfication bosed on
the characteristios of the fungal symbiowt ouly. This
ponone s walforvunatsly in denger of bedng eerried 4o
grtremes. To aite one instence only, 1t irg proposed by
CITERRY and PORMASELLT (1953) that the fungsl sypblonds
of Yenen end of Lichine be clusslfled togsether uvwpder tho
generie nome Usneonyees. The sdvenbtages of Hhis pow

pystenntics of lichonised fungl ore evident chiefly in



the field of experimentsal taxonomy, end showld, if
Judleiously ap@liéd, be instrumental in creating & betier
unferstending of the affinities of geners and gpeclies
which, under the pregent systematics, appear to be in no
way related, |

Parallel with the development of the new systematics
there hos arisen & reuswed luterest in the isgoletion and
gtudy of the gymbionts in pure culibure - & glgunificant
contribution iun thisz respect being the work of QUISPRL
(1943=45). MNuch of this bype of work hasg apg ibts basis,
the elucldation of problems concerning taxenomy and the
produstion of lichen aclds having sntiblotic prepertics.
Such investigetions, while gerving thelr own ends, alsgo
provide valuable contributions to the study of the lichen
symblosgls, and 1% is to these thet we look for future
developments which might unsgeal the many 40ors barring
the way 1o the synthesis, os a rouwbine laboratory task,
of lichens from pure eulturées of the approprlate algae
and fungi. In the meantime however, many fundementol
problems remein uusolved. Neot only is thewe lLititle
Information availeble regerdlng the nutrient regnirements
of alge and fungus in bthe stete of symwblosls, but an
gven greater gap appears in ouyr kuowledge of the pery
played by moigiuvre in the suceessful ereation and

maintenance 0f bthe proper balanee betwesn the symbionts.



While 1+ is sgreed thet most llchens can get by with,
ond indeed theve is evidence to suggest that they demand,
sub-optinal levels of nutrients (ln respeot to the
ragquirenents of alge or funges In puve culbure), this
generalisation 1s little short of the sum total of prosewsh
doy information regarding lichen vwutrition., In the
absence of data of this nature, 1t is gcareply surprising
thot ettompts to synthesige lichensg from culbures of the
symblonts have go freguently been unswuccessful. The
extensive literature on lichenology revealg singularly
few comtribuitions dealing with the determinstion of
optinal cultural conditlons for lichens., Byen Guring
the most active period of pbysiologleanl lnvestigation of
licheuns - at the turn of the century - this most lmportent
agpeoct seens to have been alitegether bhy-passed, or at best,
1ts omisslon excused on the grounds of the netoriously
glow growth ysbe of these organisms,

We are favoured however, by the fortunltous occourrence
of & mpecles, Pelitisers pragtextate (Flk.) Vain,, which
shows every promise of belng a profiteble sgubject of
physliologieal gtudy. Thig lichen, for so loug the centre
of countroversy regarding lits toexonomle statpe, is of
wldespread distribubtion threughout the woprld, and in
Beotland 1% 18 perhaps the most common representative of

the genus, The prineipal specific characieristic by
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which 1% is Alstinguished from the poront mpecies,
Falblgors aonioe, s the devoeloprnent lo the msjorliy of
speelnmis, of puaereows leldiold ovnbgrowths along the
marging of she lobes and around oracks and wounds in bthe
npper gowrbex, It is not vouwgeald o find ppeclmons so
sompletely coversd by theme lsidis that the originel Lorm
of the thellup can seaxecly be distingaished, Veviocus
interpretatloas hove been nade of the fonebion of lsidis,
renging from atruetures whiech beayr pyonidis, Yo orgeng
uhieh serve Yo lngyresge tho photesyathetie and drensplreation
area of the thallus, No ong however, hop yeb sucteeded

in defining the inherent quallty of P, preotentats which,
wader poarticenlar envivenmental conditions, Cinds ezpresslon
in the produvoition of isildin.

Fordlle spesimens of P, preanlonitolbs are of gommon

L v W W o s o

oeeurrones, btut winlle % 1s bellsved thed thoe Lrequeney

off apotheclin bhoars some relatlon to the lmnocidence of
Leidla (whieh swe thomaelves potentlel reproductlive orgens),
Littie is buoown of the payt pleyod by the wpoospores in
reproduction of the sapecles. Like thoge of other lichons,

vhe apotheele of P, practexiale vemoln actlve for moveral

LT

yesrs ond ocon withstand prolonged perieds of dosicontion
without damage o bthe afcosporad.
The algsl symbilont {2 speeios of Rospbes) ovcuples a

cntmnu"z.

layer lomedishely bhoneath the corbexr. In this position



the alge can recelve adeguate light through the cortical
cells, mineral salits and water by sbsorption f£rom the
wnderlying hyphel tissues, and gases through the air
pagsages in the medulla. Vo alr spages or pores appear
in the certex.

In Belblgera, as in all lichens, many intricacles of
the reloatlonshipy between alga and fungus remaln obscure,
Although there 1s now falrly general agreement that the
asgociation isg not one of true symblesis lunvolving the
axchange of nutrients otherwisge unavalleble, bthers is
less agreement on the precise nature of the beneillt
aceruing t0 the alge partaking lu the apgociation. There
is no doubt that the alge is enabled, by its agsoclation
with the fungus, to attaln & wider distribution then is
possible for the free-~living alga, but does thig faet
congtlitute sufficient reasgon for deseribing the association
ag a cage of gymblogis? He satisfactory enswer can bhe
given o this guestion until morve informoation is avallable
rogarding the lnterchange of mebabolites between the two
organisms, Iun this conuection, & weleome addition to ouw

knowledge of the carbohydrate metebolisn of Pelitlgeys hos

Just been published by HARLEY end SMITH (1956).
the obvious dependence of the fangus vwpoxn the alge for
itg supply (in part ot least) of carbohydrete, end the

fact that the algal assoveiate is an ausonomous orgenism,



puggests thet the agsociation ls an instanece of foculteblve
parasitisw. This ls particularly 8¢ in the case of lichens
containing blue-~green algae, where bthere ls overy reason

to helieve that nlitrogenous compounds {elaborated from
atmogpheric nitrogen fixed by the salge), as well as

+

carbohydrates, are supplied to the fongus. A sinilar
trensfer of nitrogen le said to ocour in lichens containing
green algne, but in this case the seat of fixatlion is
suppored to be the bacterium Azoloheeter (HENCKEL and
YUPHAKOVA, 1936). The theory that this bacterium is of
general oceurrence in lichens addyg consliereble complication
to the gystem of ilnterchange of metabolites which has boon
proposed, principally by QUISPEL (1943-45). There ls
however, no concluslive evidence that either algs or Ffungus
beneflts directly from the apgocietion with the Azotobaclsr.
In ths serly times of lichsnolegy the algae lun lichens,
then congldered 1o be reproductive ergans of the fungus,
were btermed gonidia by WALLROTH (1825). This neme hag
persgisted in lichenologleal works and although it 1s now
somewhat of & classic term, 148 continued use in the
deseriphion of lichen-algae is wndesirable, For this
reagon, preseni-day suthors dtend 4o use the terms "algal
host" or Talgal symbiont®, depending on the views held
on the nature of the alga-fungus association,

From the purely descriptive polnt of view we lack



convenlent terms by which o designate the parilclpants
in the associetion; tewms which would not imply any
particulay type of agegocistion and which would avoid
confusion when reference is algo made to the free-living
organisms, or to epiphytic and paresitlce specles ln lichens,
"It 1s thus propesed thet the terme "phycobliont™ and
mycobiont®™ he used to desceribe the lishen-algae and  fungl
regpectively, These terms could also find wider application
then in the flield of lichenology. An algse, for instance,
taking part in any essociation or gymbiosis could be
sdaquately described as a phycoblont. Instences sueh ap
the assgoeistlon of blue-greesn blgae with Cyeas, Guuners
and Blaglis may be mentloned. Similarly, the term myeoblont
would he applicable to any fungus, saprophytic, paragltic
or btruly symbiotle, which is associated with another plent
oir enimal, Thue, usage of the two bterms abt once indlcates
thet the alge or fungus takes part Iun en asssgociatlon with
gome other organlsn,

In veing thoe bterm symbiosig, 1t is luteunded that
nothing more should be coaveyed thoan the asgoelation of
the two orgaanlsms teking part in the formation of the
Lichen, Reference ig cgeagionally made to Ygreen llichens®
end to "hluee-green lichens¥. In the former, the phycoblont
ig a pember of the Chlorophycsae, and in the latter, of

the Vyxeoephyceae, The use of numerous other lichenologlcal



10

herns 18 ln accowdance with thely socopted mesnlag.
The fouy pords of this thesis comprise, L) an

investligetion of the fixation of elementel nlirogen by

goversd lichens, snd of the trenafer of fized uitrogon

o the wyceoblont of Peliieere nrastaxtadts: IL) o serdes

of experivpents on the growih of B, araskegiais uwnder
senl-natural coadibions and in ewliture, snd o sbtady of
the formetion and developrent of Lsidie of 4his spoclesn;

IIN) the isolotion, in baoterle-free culture, of the

phycoblont of B. praetexbots for usg In oxpariments
deseribed in Pard IV, snd obmervations on the growth of
e phyecbiont in evliore; IV) en investigotlon of the
dilsseninetion ond germinatlon of the ssoospores of

‘ ey oo b opgn o £ e Fa
Be DEASLERLELS.

AR B B



PART T

An lunvestlgation of elomentel nitrogen fixation by lichons.



[

INTRODUCTION

The experience of the higher-plent physlologist has led
geveral authors within the peast bthirty yeers to suggest
the posslbility thet ceritain lishens mey be able to uwbilise
the nltrogen of the atmosphere. CENGIA SAUBO (1923, 1925)
pioneered this work with the introduction of the theory of
poly-gymblosis in lichens. The bacterium Agolobsclher was
gaid by thisg euthor to be present In the cephaloedia of
Poltizere aphthosa, The principal phycobiont of this
lichen is o wnicsellular chlorophyceous alge, while the
cephalodia conteln o speeies of Nogtee. Thus ihe nitrcg@nf

fixing Ag

r in symbiotic unlow with the Negtoe of
the cephaloldia, creaited & state of poly-symbiosis in this
lichen. : |

In 1924, DARBISHIRE suggegted thet the eephalodis of
E. aphthege may perhaps Llx nitrogen on eecount of the
presence of Neogboc, and this suggestlon wes later relberated
by GOIBEL (1926)., The review of nitrogen fixetion by
FOGE (1949) in whieh he ghates, " Nitrogen Lixetlon ney
well be impordent in enabling some of these composlie
orgenisms to live on bare reok and in other similerly
innusﬁitabla sltuationg v, wag followed by the isolation
of the Noghoe strain of golleme tensx by HENRIKSSON (1951),



12

who showed that the alge, in besterias-fyes onliure,
gouild fix stwosppheric nitrogew.

The probebility of nitrogen Lixaticn by lichans
conbalnlng bluc-groen algoe hos thus besoms oecepted Ly
puggestlon sad by ladiveet evidense, bulb withowt direet
eaperlmpental preod,

Goncureantly with thoegse speoulsdlons om nilrogon
Flxatliong In Lichens, woe gee the deovelopment ln Russias of
the twiple symblogle sheory of HEUCKEL exnd YULHAKOVA {1936).
Five epiphytic greon llohens wepe exemined snd found to
condeln Anodohacter which, in lsoletion, wag showun o £in
nitrogen. These invegtigations were Rurthered in later
vaares by HENCOREL (1938) ond by ISKINA (1938) whose work
confirmed the prescenge of the basbterium in olhor
aeologleal grouvwps of lichesnw, ivelunding the genus (indenls.

In the seme yooy, DAKHAROVA (1938) isolated Aspbohocitew

from ten Lichens inclwding tho bluo-groen liehen Pelticera

aendne, ond phowed thet growbth, and henee nlirogon fixedion
orn mevmdtol agor wes conpiderebly enhaneed by the addliion
af "hlosg® do the moedium, On this pisge of ovidonce yopis
SZokbarova's theoory that blew scaroved by the phyeohiont
regolaten, by ite effeet on boebepluww and fungus, the
atebhility of the llehen symblosis,

Two importont works however, contradict the findings
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of the Rueslen investigators. Wiss Walenlkemp {(GUISPRL,
1945-45) atboppted o isolote fnolohsgier or other
nlitrogen-Lixing hacteria Lrom numerous lichens growing lv
the vielnity of Leyden, but found no evidence of spuch
beeterie, Sowe yeors lator, BRABILUIKOV (1949) oxasined
forty~throe Russlen lichone and coneluded thet in none of
therpe was Azotobaster prosend,

Few Xuropesn investigotors have sosepted the Bougsinn

theory of the triple symbilosie, and among the prinelnal

dlspontlonts mey be sentioned QUISPREL (L.e.), BCHARLE

L1948y and TOBLER (1952). Reoenbtly bhowever, MRICALES
{1935, porsenal compunicutien) hes ipolated ABoiobacter
from the interior of muperouns species of Pritish lichens,
It &g worthy of nobe thet he recovds instonces of the
pragencs of the bheedterdun im‘ﬁ@rﬁﬁin lighens but its
ehpence from the soll on which the spocles were growing.
Theve ip thus seen 4o be o laek of direed svidenco
thet nitrogon fizotion, elibhox by Hius-green elgne op
by the "4hird gyabiont Asgtohseler, is agpoelmied with
the llchen symbloslis. it 1s the purpose of this section
of the work bo luwvestlgote the extent of nitrogon
Lizavion In the btwe groups of lichems, bthe "groens" ond

the "hiup-grognist,



14

LIGHENS CONTAINING BLUR-GREEN ALGAY

4

The greater part of the blue-green llehens are ground-
inheblting species with, manally, digtinet ecaleicolous
tendencien., The priucipal phyeohiont of these lichens is
the nitrogen-FCfixing alge Nestec, but others in the familics
Rivalariacesas, Seytonemataceas snd ﬁtigan@matae@a@, for
which 4here are algo reports of nitrogen Lixstion (WILSOWN
pnd BURRIS, 1953), are of froequent oceurrencee,

Two distincet groups can be recogunised in the bhlue~greecn
Lichensy the homolonerous btype in which the phycobiont is
evenly distyiduted throughout the thallus, w8 in follema,
and the hetervonerous type in whieh the phycoblont cccuples
e more or less well-fefined sub-coriical position, as in
the geners Peliigera end Sticta. Iuntemmediates slso ocouwr
which show an outser envelope eof fungel tissue, the coriex,
surrovnding an inner tissue of alge and fungus. This type
is eharvacteristic of the genus Leptogium, butv is alsgo seen
in some of the more highly differentieted Collemes.

For the following investigations, one species of oeach
of the types, homolomerous, ilntermediate and heteromerous,
wWere chosen. These were, respecetively, gellems srengsum
{Seop,) Schaer., Leptogium llcheneides (L.) Zohlbr., and
Pelbtisers pracbextate (Filk.,) Vain., The three specles form
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& series in whieh con be recognlsed the decronslng
lmportanes of the phyoobiont (Hoptee) in determining the
gRGornal norpholosy.

The ocenrrenss of nltvogen fimation wes invessigoied
by waing the hoavy Isotopo of nitrogen, iﬁﬁg; and aLlea

by & dise culture method.

fopbe fox nitrogen flxetlon wslng isobople wmitroedn

Materinl ond pothods

The naterial for these btepts was obtained Lfrom various
sltce in the vielnlty of Glepgow and in the souwth-ugst of
seotland, geverally o doy ox two before testing. Papt of

the materdal of Golloms sranesum howevaey, wad sollieeted

G iy
olght wesks in advones ond malntelned wvabil wa@ﬁiéwﬁ for
the beet, in asretbed guliure vosselo {see Flg. 5, Part 1.
in additlon, some of the Prlilgors meterial tesied had
been grown in the greenhouvss for periody verying from
ten weeks o nesrly bton menthe.

8o For ag wegs possible, only the closwest paris of whe
Lichen thalll vere salected, ﬁ@&p&%m thin precsuitlon,
sl yaxti@lém adhered o &u@h of the paterial, in
porticular S0 she rhisinouvs reglong of tho Feltigers thelli,

Core wog takon bo romove all such soil and other dobris by



vepeated brushing end washing la sterile Alstllloed vaitep.
The eleaned pateriel was plaged, wotil reguired foy the
tents some hours latew, In deep Petri dlshes Lined with
gaveral leyors of Liltey popey saturated with s nitrogone
freo pluneral selutlon. This vas o podification of the
selution weed by BRISTOL (1920) for bhe culiure of soell
edenn,  The podified golution (HENRIBSSHON, 1951) has the
rollowlng compopition:

Kaﬁ§Q4 e s e w o e o o 5 & » o UJHU gm.

ﬁmﬁﬂﬁ S b u oo o s & w e & o o SH.B g,

a0 , . TH O D15 awn.

o
©
k-]
&
&
x
T
@
=
=

Call o 4 2 o & » « v e 8 o » » 2,05 gm,
HaQl o o s o 6 4 » o » o o » » Go05 gWo
Forprlo cit¥abe « o o o o s o » U010 gm.
Clbwic 2el@ o o ¢ s ¢ o o & o .01 2w,

Bleitilled wabaer s o o e & » o 1800 ml .

The method enployed vo best for fizetion of nitrogen
wos o miney wodifloentlon of thot veoed by BOED, FLETPCHER
and FERGUSOE (1%54). Flg. A shows whe %yy@ pf epparotug
weed o surrouvnd. the Lichen gpesimens with an atmesphore
sontalining known enownbs mﬁ‘?ﬁmﬁ Oy, C0p ond b, whoro
guployed, The pystem conslished of & nemifold eonsiruetod
of thick-walled eeplllary tubing hovieg ebischaont points,

provided with svopsoekr, for threo palirs of spetlmen
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gontalners, vacuum pump, mercury manomebter snd gas bhureitbes,

Sultable smounts of the lichen materlal were placed in
test tubes or in stout gless betitles together with measured
volumes of sand or glass beals o act ap fillers, and
nitrogen~free minsral solutlon, The counitainers were
sttached to the manifold in palvs vie I-Joints supplied
with stopcoeks and the systom tested for gam-tightness by
partial svasuation. In order to replace the aly in the
:syﬁﬁ@m‘by a mixbure. of kunowsn propovbions of geses, the
manifold was evasuated o a predebermlned degree and the
gages allowed 0 enter, either separately or as o previouvaly
egullibrated mixture, untll atmospheric pressurs was
repbored. ,

Carbon dioxide and arg@n,fér the bests were ohbtalned
Trom eylinders, and oxygen by the sction of & yeest
suspenslon on hydrogen pervexide.  Ammonium niltrate with
B6, 2 atom per cond 15N in the somonlum vadlieal wap used
as the source of ise%mgia nitragém. suffielent of the
onyriched nitrote ﬁé give the reqﬁlred volume o0f geseouns
nitrogen wes dissolved in a little dlstilled woter and
the solutlon run into a nitrometer., The nitrogen woes
releaged by the setion of godium hypmbrami%@, then
transferred 0 a gas buretlto sontaelnlng 8 gsulphuric acid
ond 209 sodium sulphete, and carefully washed to abhsord

;3
eny ammonis contalning excess V5. Thereafter the
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enrichod gaseons nitrogen was introfuced to the menifold
in the guenitity required, 7The remaining geses used in
each tedt were trangferred to the menifold Lfrom gag
bhurettes,

In those tests in which a previously eguilibrated gos
mixture wag wsed, the containey end T-joint essomblies
were deteched Lrom the menifold immedlately afbter addling
the gas mixbture, A peried of two or more hours wes allowed
for equilibretion before removal of the contaluners in
tests in which the gages were added geperately. In all
cases, the contalners woere kept under greeunhouse conditions
for periods of five or geven days agecording to the gpesies
of lichen tested, before wemoval of the material for
conversion 0F the combined nitregen to ammeniea by the
Kieldahl process. A one~tenth part of each of the Kjeldahl
digtillates was titrated against standerd NeQH to obiain
en estimate of the total nitroszsenm content. The entire
volume of each was then evaporated down 1o & small volume
(3 mbl.) and analysed for 15N gombent by a Metropoliton
Vickers Mass spectrometer, type MS 2 (see acknowledgoments),
Somples of eaeh of the lichensg, not exposed o 15N, vere
algo anelysed to obtalin control values for the natural 15H

convent.,
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Erperimontal dotail

Py

sinee & ninlmun oL 1 m@. nitrogen por sdnple wias
reguired for mags gpectronetirie suslyels, 16 uas necessory
pHe ah%miﬁ values Fow the molsgbture content, 4dry matter
gonbent and total nilltrogon sentent of matorisl of the threo
spaeleos in awﬁ@w'ﬁ@ dotornine the fyesh welght requivenent
of scaobh sanple,

The m@imﬁﬁw@'mamﬁﬁﬁ% of wmeny liehens, end in peyticulow
those with blus-gresn physoblonts, rosponds guiekly o
ohanges in abtmospherie hunldivy. Difficulty ié shng
@%@%Ti@ﬂ@@& in the detewnination of fresh welghts unless
some stondsrdised method iw plglily edheved to. In thio
work, samples &ﬁqaaah of the liochons were immersed for
gome miontes in 4ilsbilled wator at voom semperatnre. 0On
removial, the matoriol vaﬁ lightly pressod bobtugen soveral
Layorg of £ilter poapewy to remove suwelage nolsture, thon
lmmedlotely welghed in covered wateh g&mmé@ﬂ.

It ke emphasiced that the values obialned (Teble 1)
w@pxmﬁﬁmt the moxinun melsture~halding capaclty which, in
all capes, gyreably axcecdn tho wolsture conbent of tho
metoriel ln its netursl stave. Mensurement of tho meisiure
sonbont atbt o conptent relative hunldity, Fowr cxemple that
m@ﬁmim&ﬁ@ over & seturated moelution of gediowm ehloxide, 18

feplireble where comparative date hotween spesies s rogulired.



In the present lngtance however, albthough the values
ohteined oxe momewhat erblivreyy, they are suffieient fox
the purposs regquired and are of advenitego in thot they een
be determined with tho ninimen of doley.

ALL dry welghts were deleymined afiey the molerial had
boen dvied 8t 9§$$. for & pininen of twolve houwrs. The
Botal nitrogen content of the materiel wes dobtormined by
the Ejeldobd process, %The weon valuen for cach of the
three spotlos eye ghown in Table 2, Ceulewlation ol dhe
pinimem Lrosh welght por pemple, L0 ensure o tosal plitvogoen
sontont of ot leost 1 mg., vos made Prom the data of

Tebles 3, end g. The relevant dote ere shown in Table 2,

Dople 1. Melsture coptent, et saburetion point, of follonn

granganmn, bentosium Mioshencides ond Pelbldere nraaberbags.

it

Liehon Freah wh. Dz whe Meoan peow gowd
Ot . TR . mointure gontend

Bo 1t 0,08
Gotieng 44717 Ga11 9640
ZLENYHW detb 0.0

ﬁ{aﬁﬁ ‘QJ.W}

i ‘;Q%? %}.3@& - i
bopbogian ?*gﬁ .52 70, Joo
Alenonoldes 1,81 0,51

> D.25
3

0,83 T B
1 0.24
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Teble €. Mean per cent nitrogen content of Collema gronesum,

heptogiywn lichonoldes and Peltimers praotoxbabs.

Lichen Semple dry Absolute N Mean N~conitent
whe mE. coubtent mg., ~ a8 % of dyvy wt.
Lollems 154.5 6.08
Sronosmn 192,5 751 5.9
256.5 10,01
HERLosinm 205e3 27 .09 5.0
dichenolidaes 516.0 26,28
246,0 12,54
Peliigers 250 .0 11.03 )
praetertete 245,56 104 4,8
396.5 19,45
‘£§’?,§‘m5 32.54

Teble 3, Minimuw permissible fresh weight per seaple of

Golleng grenosun, Leptoginm lichenoldes end Pelhlzers
bhrogtextotn for masgs spectrometric enalysis,

VA AT O ¢

Lichen N-gcontent Dry wi. Molsture  Miniwnum
Vi necessary  conteny frosh wi,
t0 contaln % per semple
1 mg., N {TE
Golleona 3.9 25,65 96 510
SLBN0 M
Iughggg;hgi 5.0 20,00 71 69
shpoenoldes
Lelitlgera 4.8 20,85 T4 72

nregtextates




Tor most of the semples tested 1t proved possible to
uge more than the ninlmum apount of meaterial., This
permlitted of the dlvision of the Kleldahl distillates into
two ox nore parits of equal volume for separete moss
spectrometric aualyaiﬁ} Ench species was tested separstely,

the details of whieh are givem below,

Exporimnent 1. . Qollems granosum
Prepared material of thisg lichen was Alvided into mix

parts, each of ﬂppﬁﬁximataly 2.5 gn. fresh weight., #Hach
ganple was placed in e 15 ml._giass ppeeimen tube together
with 2 ml. nitrogen-fres mineral solution., A& mizture of
£a868 conprising 96% nitrogen (contelning 36,2 astom per
cent 15%) and 4% CO, was prepared in a gos bhurette and the
Latster atbached to the meanifeld. The systen wasg evacuated
to 1/2 atnogphere end the ges nixbture allowed o enter
uwntil atnogpheric pressure wes restored, IThe liehen
material was thug surrounded by an atmosphore contalning
10% 0,, 2% CO,, the vemsinder being nitrogen conteining
agporoxinately 20 atom per cent 1§N. Exposure to thig

gas nizture commenced on 15 July and continued for five
days unfer gre@nhéum@ conditions. huring the exposure

the mean btemperabure wes 1?“0.



Zxperiment 2. Leptoeinm lichenoidesn

Bix samples of mean fresh weight 1.8 gm, were usged for

this test, Hach speclmen tube (gimilar teo those used for
Brpt. 1) contbained, in addition te the lichen material,

5 mL. of gterile sand saburated with nitrogen-~free minersl
golution, The send wag added to reduce the gas space in
the containers to permit of a saving in 1§N. The material
wep exposeld on 22 September to a gos otnosphere similer

o that of the previous experimenit. Exposure continued

for seven dsys ot a mesn temperature of 21°C.

Ixperiment 3, Peltigers practentots -

Lobes of the material were arranged with the upper
cortex Ffaclng outwards in six R0 ml, test tubes, The
mean Tresh welght per tube was 0,95 gm,  In addition,
gach tube conteined 2 ml. of sterile sand satursted wlith
nitrogen-free mineral solution, - The menifold and
containers were c¢harged with a proviocusly egqullidbrated
gas mixture comprising %Q%amﬂ (containing 20 atom per cent
15&), 20% Qq, 5o CO, and 35% A. A conpiderable reduetion
wag thus made in the swount of nitrogen used. This was
thought walikely to influence the amount of any Ffixatlon
obtalined, since the pma at whieh the helf-maximun rate of
fixﬁﬁion by Negtooe mugeorum oceuxrs ig gilven ag 0,02
atmosphere (BURRIS and WILSON, 1946).



The euricehed altrogeon for his tost-was prepared Lfrowm
o mizbture of five parts swmoniun nitratve {with 36,8 whom
pey gent 1§N in the ammordun radiocnld) and Louwr parie of
ordinary nitrete. A stoppoered glags copteiney of
spfficient volune t0 just aceonmodate the regqulyrad omovnd
of ges plature was sbbuched 0 the menifold and fully
ovacuated., Zech of the fouy gases was alloved o oenker
the gysten bo & profdobergined leveld on the nereury
mingneter, narked seeordlng bo thoe respoctlive onounis
reguirved. The gos conbalner was loft abbachied o the
paplfodd for o fow hours be enoure cquilibretion of the
gag mixture. Ihe test tubos combalning tho lichen
sopples were then etioched Yo the menifold. The system
was fully oveoeuatod ond chakrged with %@@ zZag mlxture Bo
regtoration of atwospherle pressuro. The twbhes wero
tumedietely detechod and soaled, 0no foxther poariod of
egunilibration belng woeesasery. lxposurs o the lsolepie
nitrogen commenced on 19 Seubegbor snd wasg conbinned
for Five deys st w nean bempeyoiture of 14.§@Ga wish a

vonge of 10 o 26%0.
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Dete obtalned from the isotople tests

Data for nlitrogen counbent of eaeh of the samples of
the three licheng, determined after Kjeldahl distillation,
are shown in Teble 4, and the mass spectrometric date for

the three tests ln Teble 5.

Table 4. Nitrogen content of test samples of Collene
granogun, Levtogium lichenoldes end Reluigers
pragtextate. (ALL welghts in mg.)

Semple Collems. Leptogium Peltizers
SLono sun tichengides  practexitabe

e

i 3.2 2.0 10.6
2 5.6 ‘N 11.9
3 3.4 .6 11.2
4’ 5.2 800 7-1
5 5.2 8.3 10.9
6 - 10.0 12.3

In addition to the contrel values obtaluned by eunalysis
of material of the three lichens not exposed to 15N, 1Une
has besn made of & number of controls obtained uwaing
diverse plont waterial analyged by the same masd
spectromebor. The mean of the Lifty values avallable is
0,372 atom per cent with o stondard deviation of 0,012

(BOND, 1956). Thug the value 0,372 + (2 x 0,012) =2 0,396,
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was congldered necessayy o provide significant ovidonse
"

0f @ﬁri@ﬂm@@b of the %est waterial with 7§, On thin

besis, the spoetronetric dsbtn show thnt Llxetlion of

nitrogen Lo ospoolbted with coeh of the throe Speslios.

B ‘
iebde 5. Dot obésined frow 1”& tests of Gollone srenogun,

hewbooivn llchennidaen snd Poliigera prastontaba.
L .n}mk.gs,-.\u Lottt § é‘msm usé& PR A i Y VAL iR

5
QQN content, atom por coentb

follene Lentosiv Eoltizers
HRR00 lﬂgaﬁ&£mﬁm? Beoobontobe
& 3@! QLH43 Ue BT
Lxposed to Ny 0.408 0. 2971 00596
. V ’;304‘;}5 G o B3 7 . Ua 535
width 20 atom Uc@f}ﬁ' ﬂ-ﬁ&? Qa:ﬁe}fﬁ
. 0,447 0,506 0,403
por eont N - 0, 569 0.4 31
Gontrols O. 379 0. 571 0.376
- D593 »
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Testes Lfor nitrogen Lixation using dise sultures

Poliisera proetextets, belng of large thalleid strueture,

is an eminently sultable material from whieh o cut
uniform discg. In additlon to the compayatively high
normal growth rate, 1sidi§“aypeaw on the thallug of thisg
gpeecles where 1t has been cut or demeged in other ways.

Thus thellus discs produce & peripheral growih of igldis
which, together with the normal growbth, is of sulficlent

agnltude bto obtein significant results from experimsnis

of a comparatively short duration.

HNaterial and,m@%haﬁs

Materlial of Pelbtigera praetextate, of similar origin
bo thet used for the lsotoplic nlitrogen test, was carefully
cleaned and weshed in giterile distilled water. Diges of

8 mm. diemeter were cut from the lobes in such a wey thatb
they inecluded part of the luteet thallus nargin, so far

a8 the supply of materisl would allow., The rhizinse were
removed and the disesg waghed In sterile distilled water.
Fourtbeen dises were arranged on ﬁeubl@ layers of f£ilter

paper (6 z 2 ins.) lining each of o number of 1arg@ test

® Thig term is ugod, for the woment, solely on account of
ita soeeptapee in the literature. The valldity of +the
term "isidivm® as applied to theao trounatic owbgrowihs
ig discussed in Part ¥I.



tubes {Tig. £2), To cgoach tvbe wes added &5 mil. nitrogen-
froe Tristol solutlon, The €1litver puper stwips wers thus
soturated with the eulture selubion when the twbes wore
ploced ot & slope of ﬁ@ﬁ w0 the horimentel. Illumination
was offeated by meens of fluoresecnt Lighting of
ppproximebtely 150 foot ecendles intensliy. Ibhe meon |
tenpereature throughouts bhe peyicod of euvliwre was QQQGG,
gnd the delly period of llluminotion eof the ovdoy of
ﬁwe&vé hours. Brapgoration, wlth consgeauent concentration
af the euldtnre solution in the %&baﬁ, wag offsget by
periodic additiong of sberile Gigtilleld water.

Ty throe sush experiments two types of Lilter poper
wore waed., A sosrse-graln poper was uwped fox two of
Bhese which comprised, rospeollvely, three end sl tubhos,
gaoh with fourdeon dlsep. For the third, which comprised
gin tuboe, the dlges were cultbtured on Uhotman No.i popow.

The dises of ceoch experiment were removed fvom the
tuben aifter fonvbeon weekst! growih and dried ol 9&“6.

Dey welghts wore obteined, end the disus anclysed fop

nltrogen content by the Kieldahl process.

Dot obtelined from dise oulbturos

The exmbent of growih of the dises was deterninsd in

terne of lneroase in dry welght end in nitrogen conbenb.
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Fig. 2. One of the lichen dleo culture tuhec chewing
the fourteen 8 mm. dlaoc arranged on the filter
paper lining the tube.

[ 1
3
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Sinee initiel values could not be obitained for the actual
dises used in the enpeviments, these were delermined Lrom
semplos of discee of the same plants f£rom which the
.@xparim@mtal dises were cut. For Expt. 1, two senples,
gach of 50 disges, served to provide the wvelevant data, For
Expbe. 2 and 3, thres samples, sach of 42 dises, were ussd.
Prelimlnery expeoriments had estebllshed theit over a
fovrteen~week growih peried a sufficlently large increase
in weight of the dises ocourred to render unimporitent the
rather high variation found in the dry welghts of the
initiel samples, Teble § shows the magnitude of this
varlation iun initial dyy welghtes, together wlth the meen

Ary welghts of fourteen dises.

Table 6., Variebtion in initial dry weight of semples of
discs of Peltigera

Expt. No. of diges Dry welght Mean dxry Wi,

per sample WG » of 14 dises
N v
1 50 108 50.8
50 112
i 42 125
& 42 1350 41,6

5 42 119
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febhle g shows the neen per eent nltrogen eontents of
the ppecien to be 4.8%. The Five Cotoerminationn Lrom
which bhig mesn was ealevlnted were nmade From materisld
which wag wsoed both fop %m@.1ﬁﬁ bosts end for the present
disze experiments. Thos the lanltiel niitrogen conbent of
Lovrteen disce, determined wslsg thie mean ond the dvy
welght date of Teble 6, wee sonsldsred b0 give &
satisfactory representation of dthe nitrogen contont of

each met of disgces used Ao the experimoents.

Tahle 1. Inereuses {mg.) in dpyy welpght end in anlidvogun

content of dises of Polilaers nreeboxtats euliured Jow

B AT s

fourboon woeeks wiih nltrogon-free Bristel solution,

™ " E{o; " - 4 PE . E o 1 n "
Bapd e Meon iAnitial Meon fiuad Hean

valuag Lov valuas fop inecrense
14 dimoen 14 diges
L= R 2 L e PIETRA B RRILIREDR
Iy wi,  lle-qont. Dy wi, Hecond. ey wi, Negend

1 5.8 Tob 0,8 e 5.4 1.9
& 4.6 2.0 105,58 Ao b 64,8 G0
,53' “Q‘Iaﬁ E.Q g‘é’sf} ;ﬁ}e‘} 42‘51 %ai}

g

Ghodtnen No,? pouper In BRpt. J.

" Conengegroin £1ltor paper won used in Baphs J, end 2 end
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Table J deteails the increases in dry weight and in
nitrogen content of the discs &t the end of the period of
gulture. Day to day observation showed that libttle
symbiotic growth took plece during the Ffirst two oxr three
weeks., During this initial lag period however, hyphae of
the medulls were seen to grow out round the cireunferonse
of the disces to form a shinlung white tomentum. The
begloning of new symbiotis growih wae merked by the
appearance of large numbers of swall nodules on the cud
efges of the diges. Further incresde in size wag
gharacitevised by threo dlgbtinet forms of growth. In those
discs whiech incluvded part of the luntect margin of the
thallus, rapld ssympetyric expansion took place in this
ragion, Interealary growbth contributed to the symmetricold
inereage in diameter of the disges end in addition, oll
showed growth slong the out edges and suviace eracks with
the formation of the nodules referred to above, later o
become igidia. In the latier pert of the Quration of the
experiments, mony of ‘the discs showed a few of the lsldie
becoming considerebly larger then thelr nelghbours, with
the development of vhizinae and medullary aly apsces
(Tig. 3)., Thege contimued 40 lnerease in slze to become
ninleture reoplicas ¢f bthe parent thallus while ‘the
remainfer of the isidie retalned the strueture typicel of

the enrly stege of thellus formeibion.



Fig.

Six typical discs
they appear after
small centre disc
Isidia at various
asymmetric growth

31»

%o

of Peltigers praetextata as
fourteen weeks’ growth. The
represents the original size
stages of development, and
at regions coincident with

the intact thallus margin, are evident.
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At bhe end of the founptemaewopk poried there were no
indications of genescengs of any pard, and woe slgnificent
alteration was apporent in the rotlo of phyeoblont to
myeoblont in bthe dises. These faote Indleated that the
normal pywblotlc welatilonship between the two oprganisms
had beon mealubained durving growbh of bthe dises in euliurae.
Referenoe to Table 7 shows that thore hes likewise been
no signldicant change in the por cant nitrogen eontent of
the dises, In bterme of sbeolute nitrogen content however,
eonsliorvoble lnevessen are apporent. In bwe of the thres
prperiments the inervegse exeeeded dhe fwunlitial nitvrogen
combent. Bimllarly the é&ry wolghite of all the sehs of
dloes have been ot leagt douwbled.

Theso superinents thue econfiys the fiadings of the

[ ! 3 e ot T » . e aq
T4 tost in vospeet to nitrogen fization by Reliiszorn

neaahowbaba.  The posslbhility of altrogen belung obbelinad

Trom sowroes other then by fixation derlng dlse eulture

will be digeunssed lobsyp.



LICHENS CONTAINING GREEN ALGAR

Ihe Husplen theory of the triple symbiosis implies
that Azotobacter is predent in all lichens and thus thet
nitrogen flxetion is of general occurrence in thils group
of plants, The recent work of METCALIE (1955) haes shown
that this segociation may be more thaw purely incidental
{soe Introduetion). It appears fyom his work that the
Azotobacter way be disseminated with the lichen dissgpores.
One must not however, presuppose on thig account thait
the bacterinm ig nceessery fLor the maintenance of the
S8Hablility of the symbiosis, nor indeed thet it contribuites
in any wey to the pymbiocgls.

In view of the continuing lncertaointy regerding this
aspect of lichenology, bthe lsotepic nitrogen tesit hasg
beon applied to btwo green lichens belonging to widely
separats ecological groups.

gladonie imuexs Herm. is a typleal species of aeid
heath, It 1g of froguend ocewrrenee ag the dominant of
the rather poor type of llehen heath represented in
Seotlond, MBICALFE (Le¢.) states that he hag isolated
Azotopaoter from naterial of this specles. The forma
laxingenls (Del.) Sendst. of (ledonis impexn wap used
in the isotepic test. '



Loheris polmonnrie (L,) Hoeffm. ie 8 corbicolous spceles
of malnly cecsnle disteribeitieon in Britein. I 48 o vemy
agbuadent species, particularly in the west ond ponth of
Seotlend, This specics, g Stlebs puinopneees (L.) Beheeor.,
was one of the flret frow which HENCKEL end YUSHAKDVA (1936)
isolated Agobobooter. 4 posidive resuld was sgain obloined
by HENCKET, (1938) in his re-omamination of previcus work.
The speeles alse Pigures in KRASTLMIEOV's (1949) rlist of

dicheng Cronm whioeh he foilled to inolots the booteriam.

Haseriel and wmetheds

Motoriel of dhe two speclos wos solected Lrom typleald
sltos within thelr main Alstribubion arens. Ghodonis
impeze wes obtedned from o Polyitviehuvm » Golluns cowmunity
on Flanders Moss, Stirlingshivre, and Lohoris puloonapio
from a Lfalrly opon sbtend of GQuorews 4o the newrsh of Obon,
Argydl. The Lladonls mederdal ves sollected sizteen dayoe
i sdvence ond kept in the grocnbouse in sterilised glasgpe
covered flowor vpots, Heterlal of Iobarlo wes selloched
wwo days belore bvhe test nod kept lu vhe gbterlle glags
gontalner used Loy gollecitlon.

On the doy selocted for exmposure b0 the isotope, tho
Lichen meterisl wan elesned, washed ln sterile Gintilled
wober ond placed, uwntll requived, in Petri dishes lined

with filter peper sadorsted with nitrogon-fres nlnerel
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solution. The experimental method was einllar to that

deseribed for the blue-green lischens, but with modirfications

in the method of enelosure and in the gos olmogphoere usged.

Fxperinentel detall

bate for moisture coutent, dry matter content end totel
nitrogen content of samples of the two speciss were obtalned

hy the prosedure previously deseribed. Tables B

i

and 9
respectively, show the mean per cent molsture and nitrogen
contents. On the barls of these determinations, the minimum
vermissible smovnt of material per sample wag caleulated ng

illusgtrated in Table 1.

Teble d. Mean per cent molsture comtent, at saturation
point, of material of Cladonis impexa and of Lobarle
bulnonario.

opecles Fresh wt, Dry wt., Mean % molsture
&m. &M content

Q.u 2001 10{:‘)17 0074‘B 5,57«0

impexe 0.8680 0.411

Lohoria 0.6%6 0,266 58,0

pulmonayrie 0,810 0,345
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Table Y. NXean pey cent nitwrogen content of materlal of

Glrafdonis Jopexs end of Lhebawxie polpensrin.

Bpecies sample dry  Abpolute weon Hesonbtend
welaht Nwoontent af % of dry wh.
e v 0.

Cladonla TEDL.O 2,91 0w kb
Alpoxe, 94,5 Bakd
&g@%&u& %&&oﬂ 5n5$ Ea%ﬁ
nudmonarte R4 5.0 7. 38

Aable 10, lidniwmum pernlesible fresh welghbs por nemple

off material of Gledoade jinpexs end off Loboyle pulmoperls
Lo 15& Lests.

Speclies Becontont Dry welght Holgbupe Hlulmum
% necusBery  contoent  Lresh wih,
Lo sontain 4% per sample
B e W,
gﬁﬁﬁﬁﬂ%& Qﬂﬁé ,37757 §3-Q ﬁ?zﬂ&
LOBBRiY, 2,10 4746 58,0 t13.4
pulmonsxle,




21

The +two sBpeclies were geparately exemiuned for Ffization

of nitrogen ag detalled bhelow,

Experiment 1. Cladonin impexs

Table 10 shows, for thig lichen, a minimum fresh welight
of 591 mg. per sgample. To provide Lfor the division of
cach semple into twe equal parts after Kjoldahl distillation,
guentities of 1.20 gm. were wused, Silx such samples were
enclosed, with 1 ml. sterlle send satursted with nitrogen-
free mineral solution, in test tubes. of 20 ml. capacity
which were abtitached 0 the gesg menifold in pairs. The
systen was evecualted o 1/3% atmosphere to allow of the

introduction of Tﬁm, 0, and GO

2 2
give a finel atmosphere comprising 754 NE (containing 20

in sufficliont quantity to

atom per ceutb Tﬁmi, 209 Ga and 5% GO After equilibration

ab
of the gaseg, the sample tubes vere detached from the
mnanifold and sealed. DBxposure to the 15N atmogphore
commoencad on 20 August emd continued for Llve days at a

mean temperature of 18¢596., with a renge of 11 1o 2706.

Brperiment &. Lobaris pulmonarls
In testing thisg lichen foxr niitrogen fixation the

previously snfopted procedure was modlfled so that the
moterial could be exposed o the lsotope as o single sample.
This was made of sufflcient size (1.8 gun. fresh welight) such

thet, on division into three equel parts after the exposure,



)
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eagh wouvld conteln the miniwum reguirement of met lose than
1 mg, total nitrogen (Teble 10). The materisl wag exposed
in & flab-sided medlcine bobile to o gos atmesphere gsinllar
proeiextats vig., 4040 Ny (containing 20 obon per cont 15&),
progtextate vig., 404 Ny (conbaining 20 odom por cont 15%),
20355 an 5@ QGR and %ﬁﬁ Ae. Thig gos mizture ves prepaved
and eouillbrated in advanee., The manilold with atiechod
specimen contolney w&é fally evasuvated and the gos wixbuve
ellowod to eaver uwabll atmospherlie prepsure woas restored,
The oxperiment wamlwt&w%@é ot 10 August and exposure
contlaoved oy slx deys ot o nean vemperaduye of %ﬁﬁﬁ, widh
o deytine renge of 19 G0 269,  the sauple, on removal
from tho contelner, wos surfece dvied between Liltey papers
ond Alvided into vhree parts of approxinetely eguol welght

for separste analysis fow ?bﬁ sontent.

Dote obtained from bthe lesobople teats

Toble AL shows the aibrogew contont of each of she
sapples of the two lichens, determined efter Kioldahl
digtitlation. The resulis of the megs apestrometrlc
anedyses sra shown in Teble lg. None of these Llgures
shows o plgniflonnt ineresse over Hhe neturel 178 centent,
fotermined asg Loy the tegts of vhe bluc-greon lLichens.
Thas within tho Tine limite of aceuracy of this methed of

detaeting witrogen Llxetion, 1t 1s sencluded that no sguoh
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Fiwetion heg teken place in the mpeteriel tested.

table 11. Nitwogen conbent of test samples of Cladonla

BRI NPT R AN R

Imnexe end of Loharle pulmonoxie, (ALL welighta in mg.)

Bomple Gledonio Lohexlio
u&%&% Ml\«ﬁz G})%nut 3’
i [ 4.5
8 &, @ f} 5 @ 8
b S J.&
‘I' L @ ﬁ b
.5 & L) g -
é' r} ] 8 e

[
Fable 12, Dobte obboined frem 7N tests of (luGonis

TR ISR

Jngue, end of Loberls milmoneris.

L2 N .
195 content, aton por cony

Gledonin Jehoxrds
dmpexo, pulnenaria

Bxposed to Ny 0. 578 U345

_ * £, 370 G, 394

with 20 abon $,335 0,390
1,5' Do :fi 5 -
per cent 8 G595 -
DO, ﬁéﬁﬁ -

Controls s 370 0. 381

TR 5 hishad il




VISCUSSION OF DATA OBTATNED

The deate of Teble 5 show for the thyeo blue-green lichons
b significant inoresse in “N conbent of all but one of the
sapplod. JAccepitlng the Dindiang of BURRIS and MILLER (1941)
thet there le mo difference between the wate of blologiocal
Tixetion of the heavy isotepe of nltrogen eand that of
ordinory nitrogen, sud thoet there ls no interchonge of
gogeonn %5N wiﬁm‘1@m siready conbined in the plant blasguos,
it 18 possible to soleniate the memn total Fization of 34%
e 15% which took plage durinﬁ the periods of the bepta.
These values, Drom the dobe of Tobles 4 and 5 arg, Lfow
Gollomn granasun - 0,002 pg. par gm. Lrosh welght, fow
Lentogion lichenoiden - 0,06 mg. per gn., ond Low
2edilgsre nrogtoxiobs - 0,09 mg. per gm, Reduood bto the
copmon basis of Lixotion per gm., dyy welght of thallva pew
five days, these become 0.05 mg., 0,146 ng., ond 0,18 ng.
rvaspesbively.

Bince Nogtee iv the phycoblont of each of the thres
ppoecles, 1t ip @?@aum@ﬁ:%n&t the fization observed has
been carried oub by the Jogboe. There is however,
conglderanle evidenve (mee Intyrofuetion) that many Lichons
gontain Azeiohacter or ether baeteria capable of Lixing

nitrogen in the non-gynblotiec state, While there appear



o be no publlished recowds of tho leolation of Apotohaeles
Teom any of the threg lichens of thisg invesbigation, the
probebllity thet the ebaorved fizedlon wes due te
Aswhoboetor wust ot boe overlooked .

The dabte of BURK (1950) show that in oxder to £iz 1 ng.
of nitrogen, 2% least 100 vg. of glusose or owwivelont
amonnt of albernedive substrate 18 rvequired by Lzolehootog.
Thwe dn the ocsse of o gingle cample of Lopbogiym ox of
Falsigere, wore she obsorved fizstion o be atiribuied bo
Hepdoboeter, the ninimug roquivement of eavbehydrate (o8
glveoss) would be 5 mgo Fordher, thig would be sccoppaniod
by o mindwen oFf §.5 vy, dyy welght inerdose in basteriol
goll substinos. The formey regalroment effosblvely
gliminetos the popsibility of the Jigatlion heving boen
gerriced out bWy svefece conttminent Asoitobaseber: 16 lg nod
a featove of thoe llehen pymbiocsls that sueh sncunis of
sorbohylrate ayre svnllable ot the serfoce of the thellus.
But thisg aygument does nebd apply vo Apobohselnw in tho
Interioy of the thellusg. The bhecterial cells aye stabed
9 be present In the lnmediate vicinity of the phyeoblont
celds and thag ln o peeitlon e rocelve pexbops feirly
gubsbanbial apouwnts of carbobydrate,

Mieyoseople cxamlacition of sectlons of these lichons,

gvoined with Boohmerts heomotoxylln {(MeLBil end COQK, 1958),
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revealed that nelther Aznotobacter nor any others of the
varied bacterial fleora, were present in guentities remobely
approsching 0.5 mg. dry welght per sample. Thus although
1t wes not possible to eliminate becterie from the hest
meterial, 1t is evident thet the mejor pert, if not all,

of the fizetion should be attributed to the phyeobiont of
these lichens.

More rogent date than that of Burk shows that the
effleieney of fixetion by Azotehacter mey reach the high
level of 15«20 mg. nitrogen per gn. sucrose (WILSON and
BURRIS, 1953%)., The apprepriste smmondment doos not
however, invalldate the preceding ergument (s published
by BOND and SCOTT, 1955). The amount of sarbohydrate (as
gusrope) requlired for the fization of 0,05 mg. nitrogen
would be not Less then 2,5 mg. In & lichen semple of
0.95 gn. fyresh weight (RPeltigera) this smount scems undvuly
lerge 40 be mode availeble to eny Azotobagier cells on
the surface of the thallus, particularly on aceount of
the four to five cell-thickness of the cortex inbterveniung
between the phycobiontel layer aud the surfece.

The assumptlion is justifiable, on the evidence presented
that altrogen fixation may be common o all lischens or
lichen orgens (e.g. ecphalodia) which contaln Nositoe.

This reasoning lends welght to the suggestion by GOEBEL

(1926) +that the eephalodie of lichens sush as Splorxina
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gageats, Pelitlgers aphithess end Lobaris laciniate {(although
in thisg cage the Yeephalodla® ave now recoguised asg g
separate lliehen), function lu the fixatioun of nltrogen,

The preseniv-day coneeption of the total lichen gpecies
known is of the order of 15,000, taking into cccount the
mualtitude of taxonomic works which have appesred since
the completion of ZAHLBRUCKNER'S Cotalogus Lichemum
Universalls (1922~40), The proporition of bluec-green lichens
varies quite widely in different reglong of the world, bub
ig 1n no part known to constitubte more than ebout 209 of
the total specles. In bhe British Isles this figure is
about 9% of the 1467 species (according to WATSON, 1953),
and of this itoval, sbout 7% contaln Nogtee as the principol
phyeobiont. None of these lichens contelaning Neghoe iz of
high frequeney except in o few specifiec arcoes spuch ag on
ground overlying hlghly caleareous rock in regions of
high humidity. It lg thus dowbtful whether fixetion of
nitrogen, by the majority of blue-green lichens, is of
noterial significance other than, as FOGH (1947) suggests,
to the nwbiritlon of the llehens themselves,

The ability of ceritain bluec~greon algsae to colonlsge
hare rock surfeces hag been attridbubted o thelr property
of nitrogen fizatien (FOGG, L.g.). 4 simller Paculty,
being now esgtablished for some blue-green lichemns, indlcates

thet such lichens wey also bhe engbled to exlist ln situasdns



dalficlent in nitrogen. JIu this coerpection it secms bo he
noe without signlflieonce that the two specles, Pelblsexs
Zohihose end Jeghrops arepaicewn, which ave of exeoptlonally
high frequeuney in the lowesy swetlic roglons, are hoth

abundently fareished with cephalodlia vonielning Nestos. I

s

-
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8 fnsufficlent heowevew, bo rely solely om the ovidence of
Fleavion of nlitrogen by he &gﬁgg&‘mf gueh Lichensg in
ptbempilng o draw conogluslong regerding the signiflicenco
of theldr distribution in sltrogen doficlent sreas. It muss
be esteblisbed, on e foctbund besis, that povt et leoant of
the nitroger £ized by the phyoeobliont ip mado avalleble in
peseptoble form to tho mycobiont, Only in this wey con it
be copeloded bthat nlivogen fizatlion is of bheneflt o the
sywbiosis o8 o conplebs enbtiby.

The experinenis with dices of Foliblsers prmeiumbobe
1liuvstrate ong instansce in which nitrogen fized from bhe
abnogphere ls vaken vy by the nyeoblont. The moan inoeromwme
in nitregen conbent of Lourbeen dises (Table 3) smounbs bo
2.1 mg. Ho niltrogen woes guppliod in the gulbure solution,
bub three possible albterneilive sourcesn reguirze conplierobion,
(1) abhaorpyilon of emmonis from bhe aimosphere, (1i) wptake
of comblued aitregen Lwom the £4lter papoer in bhe eguliere
tubhes, and (1i1) fixstlom of atwospheri¢ niveogen by the
Soptoe of the dlses. Ammonie is sadd te be the naln pource

of pitrogen of that well-fefined growp of lichens ineluding
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Calonlags elegans, Reamelina polynorpha, Physcls cacsls ste.,
whieh luhebit cliffs and virds' restiung stones 1n the
mowtaing (NIENBURG, 1919). In these situatlons however,
the locullised concentretlons of ammonle in the atmosphere
and dissolved 1n raln water, are much higher than in normel
ilaboretory alr. Teble 1% shows the results of several
determinationg of the anltrogen content of Lllter peper
similar to thet used iwn the experimentis. The Hotal nitrogen
content of two strips of coarse-graln poper is seen Lo he
Less than oneg tenth of the increase 1n nlitrogen content of
fourteen dises of Peliigerso praetegtate (Table 7). Since
sources (i) and (il), elther seperately or in combination,
give no evidence of providing the nitrogen wregulrement of
the discs, 1t ig coneluded that thls has been obtalned by
fixation of atmospheric nitrogen by the phycobiont.

It heg been gvated that ne glgulificent chauge was
apparent in the phycebiont : mycobiont ratic of the liehen
dlges at the end of the Lourteen-week culture perlod. Fop
this rotlo to remain steble, wew fungal growth associated
with wptake of nitrogen muet have ogourred lu the digos.
The P/ vatio for Peliigers praebexbats was determined by
microgcopic exeminetion of sections of the thallus,

Table 14 shows the mesns of twenty measurements of cach of
the verious layers. No account wag taken of the rhizinae

nor of the fine hyphae betwsen the phyeoblont colonies.



In the estimation of the P/ watle from these valuves 1t
was assuned thet &Mﬁ dengitlcen of tho phyecblont snd
ayenhiond were ogual. Thﬁﬁ pllowed of the diveet

tranglation of ﬂmm%ﬂ m%&ﬁ%m&m@mwﬂ inuo mwﬁ&ﬁ«m volome .

Teble 14, Depith, in plevons, of the worphologlicully

PR R VA LT VRN

digbinguishable leyors of the thellusg of Relbigera

I &hﬁfnba =

nragtevhedis,

WL AR

Gorbox Phyoobhlontal Modulle Hodulle
Loyor g velons

”9 76 141 518
i ‘9{} : 159 a3
gys 159 28
48 6& Tad 556
ﬁ% b6 184 356
45 15 159 265
45 15 177 247
45 oo 124 an b
51 15 159 ﬁé%
4 T5 177 265
39 15 141 @ﬂﬁ
45 45 106 bbb
45 15 106 #18
45 15 15% S00
45 ih da1a 556
45 20 141 263
45 b6 1597 %fi
45 81 T84 2G5
A8 15 159 &4
2 13 106 265
45 15 149 287

Mewsn voln depth, by differonee = 140 mler.
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Egtimation of the total fungel materisl was complicated
by the lrreguler reticulum of veing on the unfer surfuce.
The extent of this coverage weg Judged to be 0.4 of the
total surface (Table 13). Thus the amount of vein materlal,
when converted to unite of volume, is only four tenths
thet of the value for veln depth, 1.e. 56 waits. The
~total volume of fongel material 1ls therefore:

45(cortex) + 147(medulla) + 56(velns) = 240 units.

¥

Volume of algel motorial = 715 wnits,
B/N ratlo me 753248,

Table 15. Exteat of veiwn coversge of Peliigewn

eoetextata,

Width of bhallus Vein depth
gurfaee neasured

0 . i

14 6

16 6

14 6

179

15 g

16 21

Vein coverage = 31/76 = 0.4 0Ff surface
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Diserepaneios oceuy lo assuming thet the plhyeobilontal
legey is o rogular sone fully oecupiced by the alge snd
shat the sedalle ig o conpaet hyphal tlsswe, In faoet, &é
¢on bhe sewn fyom Fig. 4, the phyooblent cells éﬁ@mﬂ in
comphet groups, the spaces betweon which are oceupled by
hyphne of the mymmhi@mﬁ, Abgo, there Is & falrly oxbeneive
network of aly gpaces in the méﬁull&ry and velnows vlasnes,
thepe discrepencies however, tend to csneel each other oul,
o shet dhe patlo 751248, or epproximetely 113, is |
congldered to be @ wémaaﬂ&bly poourate repromentobion., The
ratio determined in this naaner 18 somewbot closew tﬁ&m Tho
value of 1:4 indleated by the work of DARBISHIRE (1926) fLow
the sape m@ami@mn

The imar@éﬁe iﬁ dry weight of fourbteen dlges of Ixpt. 2
wes 42,9 mg. (Teble 4). On the baglis of the B/M raulo éf
124, appﬁ@@im&%@ly one auerter (16,7 ng.) 0F this incyovne
in eonsliderad o be dne to neow a&gﬁl growth, end btho
romadndor (2.8 mege) te now fungel growth. Assunlng the
nltrogon eam%éﬁ% af the Nentoe e be as bigh an 105, the
apount of nlirogen in thoe new alpel growih wonld he slighbly
wore then 1 mg. Sinee the dobel lnereege in aldrogen
sonbont of the dlses wam 1.9 @5., Lt 1 defueed thot 0.9 og.
nitrogen was prosent in the 32.2 mg. of now Dangel growih,
Thin low estimate ig £ifteon times the amount of combined

nitrogen pregent in the Whatmen Lilter paper used ian the



Fig.

48a

Photomicrograph of the thalius of Peltigera
praetextata in traneverse section. The
phycobiontal layer appears as a series of
distinct colonies » each surrounded hy a
gelatinous sheath. The colonies are separated

from each other by fungal tissue and air
spaoes,

X 400 approx.
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tubes of Expt. 3. The indicatlion is thus that fixed
nlitrogen has been transfervved from the phyeobliont to the
nycoblont of the liehen discs.

o experimentoal evidemee is avalleble regardiang the
mechonlsn of the {trangfer of fimed nitrogen within the
disesg. In view of the numerous reporitse of the oxeretion
by blue-green algae, of nitrogenous products of metabolisn
(FOGG, 1953) 1t ig possible however, thet there is in the
lichen thallus, gtralghtforward sbhsorption of sueh exereted
compounds, QFf gpeelal interest in thls connection is the
report by HENRIKSSON (1951) of the exeretion of from 19 o
28% of the nitrogen fixed by Hosbeg iselated from Gollews
benex, An alternative method of transfer is by mesns of
haugtorial conneetions between mycoblont and phycoblont,
but reports of such in the blue-green lichens are scant,

Ho connectlons could be found in Peliigerve practextots by

DARBISHIRE (1926). Thelir ocourrence in {ollems hag been
reviewed by DEGELIUS (1954) who, from his own lanvestigobtion
of material frowm verious Furopean countries, concludes

that haustoria " in & rvather wide sense ", are present in
peveral specles,.

Comparigon of the total fixation by Relblgera pra

during the 15N test and in dlsce eulture shows thot this

wag mueh wmove sctive in the latter cage (2.5 mg. per gun, dry
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walght per five doys; the eoyvesponding Llgure for ihe
inowople vest belng 0,18 wg.). 0L tho fectors regarded
as sontyibuting to bhis diserepancy, not the least 15 he
wounding of the btlssues with conseguent growsh stimuvlasg,
luewrred in ewbtlng discés frewm bhe thalli. The MHowubos
colonies, on belaug @Xp0$@ﬁ¢'§ﬂmm forg new growith lesding
o be Loymedlon of Isidie in whleh fization is Likely to
be more ective then in the parent thallus. Obgevvetions
gy bthe diao mulﬁww@ﬁ'r@vw@&@ﬁ that thore was & lag period
before theé begimwing of obvioue pew sywbiotic growih,
There would thus be Little astivity of the phycoblont
during this initial poriod. Sipece agbtlve growih of bHbiuge
groemm slgne ig @pramr@Qﬁimi%@ off nitrogen Lixatlon (FUCGE,
1947, the pmeunts of nitrogeon Lixed by the Hogtog in the
Livst fow deys of emltﬁr@ wowld ho small, but wounldd
inoresnse with the foymetion of new growith. Fhus, ia the
ieetopie test, the whole duretion of which fell within
this initlel lag yéri@ﬁ, & Low Lizatlon reate would be
erpected. Contribuiting slao, ig & marked denpevature
Al fference, bWhls belng some 69%¢, lower in bhe ‘ﬁm teat
thern in the 4igd cuporipenis.

the date of Table 18 give no svidence that nllrogen
fixation 1l sssociated with sither licheon tested. IThup

albhough the triple symbiosls theory ls seld o provide



an explanation of the sbundance of green llchens in
nitrogen deficlent areas (HBENCKEL end YUZHAKOVA, 1936), it
appears that, Tor some speeles at least, the participation
of the third symbiont is not obligatory.

It is still far from cexiteln whethex Azotohacter is of
congtant occurrence lu green lichens., No oune has yetb
carrvied oult o detailed analysis of specific plants snd of
thelr substrate over o wide area of thelr dlstridutbion.
Appreaghes have been made towards this ildeal, bnt much
remalng to be done before a general stotenent regerding
the prevalance of Azotobacter in lichens cen be committed
t0 paper.

Although 1t has been shown, L£or twe lichensg, that the
symbilosig 1s apperently complete withouwt the partielpation
of any nitrogen-fixing agendt, it connet be denied that
Azotohagter, 1L present, may contrlbute in small measure
to the ulitrogeun metebolism of the lichen, SCHABDE (1948)
however, rogavds this as highly lmprobeble when he says,
¥ Wenn aber Azoltobactsr on der Symblose betelllgt sein
soll, misste er sehoun in ensehnlicher Menge in don Flechien
nachgewiesen werden; des Vorhandenseln eilnzelner Bektericn
hat keine Bedeutung.®

Ingstanecen of an apparent symbiesis between Agpitebacter
apd Iree-living slgee were reporited in 1925 by LIPMAN ew
TEAKLE (Ghlorella) and in 1926 by ISSATSCHENKO (on the




mueilaginous surfece of Laminerie end Fyeus). Fuvther,
SIEPHENSON (1949) writes of Azotobacter and Clogiridium,
¥ They are siated 10 be absent from virgin soils ond from
goile at high eltliudes exzeept where algae are present,?

Thug 1t le probable that the presence of Azolbobacier in

licheng 18 no wmore that & specialised cage of a Lacultative
asgoslabtion of the hacterium with the symblotlie alga.

Many of the earlier works on the isolstlon of the lichan
symbionts, and on the synthesis of liehvng, arc subjeet to
eriticionm regarding freedom of the enlitures from bascteris.
Recent work by Henvikssgon (reporited in DEGELIUS, 1954)
ghoweg howeveyr, that the mycoblionts of several spoecles of
Gellems ean he grown in evliture only in the preosgence of
% gpecial baetepis ", Without these, the germ tubes of
the ascogpores soon sbop growing. According to Mrs.
Heoonrikssown {(personsl communileation), neither of the two
species of pacteria found to be effective in this wespecth
is identifisble ag on Azotobacier. Thus it may be that
vocteria perform some, as yob wouguspected, functlon in
the liehsn symblosis, end this fact may possibly account
for the success of some of the earlier works on lichen
synthesis which can only be deseribed ag little shoyt

of remarikeble.

LIS I 3 2 S



SUMMARY OF PART T

1. Tbhree blue-.green llcehens, Collema granosum, Leviogiom
Aishencides and Peliieers practextets have been showa, by
an lsotopie teehmigue, bo £fix etmospheric nitrogen.

2. The phyeoblont (Hogtoe) of these lichens is conslidered
10 be the unltrogen-~-Lixing agent. It 1s shown thet the
fizetlon reto of Lepbtogium and of Reliizera is too high
for thlg o be abtributed bto Azpichaeb

5. Fizetion of nitrogen by Relilzers pregtexiets is
contirmed by & study of the growbth of disgoes of the lichen

in nitrogen-free euliure. Evidenee ig prescuited Lo show
that some of the fixed nitrogen iIs taken wup by bthe mycobiont.
4, Two gveon lichens, Glodonis impoxe and Lobaris paluopsarle
provide no evidence, using the lsotopic tveclmnigue, that
atmospheric nitreogon 18 fixed by a "ihird sywblont®,
5. Doubt is cost upon the application vo all lichens of
the triple symbiosis theory., It im net denled however,
that Azolhobacter, 1f present, may contribute small amounts
of fized nitrogen to the symblogls,
6. It is counsgidered that bacterla, apart from knowun
nitrogen~Lixery, mnay boenafit the lichen symblosgis,
possibly by econitributing growbh substences duprling thoe

initial sbtages in the formation of the symbiosls.



PART II

A ptudy of the growth of species of Peltigera, with

gpeelal reference to the formation of isgidie,
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INTRODUQTION

SIRATIO (1921) wag perhaps the Lirst to culture Pelilzers,
although ‘this work weg limited to pleaeing thelli of
Leltigera “eanina® on so0il or c¢lay covered with a bell Jar.
Strato's material was culiured 'to illustrate that igidia
were produced at pleces where the thallus had been wounded
and were, on this eccount, t0 be described ag regeneration
growths, Other workers in this fleld, e.g. BITIER (1904),
MOREAU (1919), LINKOLA (1922), DU RIETZ (1924), DARBISHIRE
{1926), THOMSON (1948) and LINDAHL (1953) have each made
sonbributions +to the selucidatlion of the anatomlcel end
physiologlenl nature ¢f thege igldia, but ounly Darbishire
heg made uge of in vitro culture of the lichen., Im his
very complete anatomicel investigation of . uragtextata,
he experimented with smell fragments of the thallusg in
pwoist Petri dishes, and with 1sidia separated from the
thallus, Hisg conelusiong from this work however, were of
ninoy imporivance amnd Aid mot materlelly contribute Lo our
knowledge of the isidia,

Mogt investigations have been mede in an attempt to
substantiete the validity of P. praetexiats a8 & species
distinet from P, ganina or from P. rufescens, but various

eonclusions have also been drawn regerding the funetion
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of isidia. LINKOLA (l.¢.) took the view that there were
"irue isidie" emd "wound isidie’, snd distingulshed between
the two on enatomiesl grownds. DARBISHIRE (l.¢.), whose
investigatlions were concerned wlih "wound ;ai&ia“, degeribes
thely maln puypose as being thet of increasing the
photorgynthetiec and trapgpiration arsa of the thallus.
THOMBON (lL.g.) regards the isidia of Peltiperve prastexbots
ap “regeneration phenomena" which are of noe velue in thoe
geparation of the plent as o Alstinet specles, He proyposes
the neme Pelblgers cenine £, isnovens (Korb.) Thoms. for
the P. pragtextata of Vainie, LINDAHUL (l.g.) hag recently
axperimented with meterial in the fleld and coneludes that
only B. prastextats, swmong the five specles he tested,
formed isldle after incislons in the coritex had been mede
with o knife. Although only eight of his thirbteen
experimental plants of P. prastexiate formed isidia, he
conpldersg this to be a Ygood speciesh,

To what extent the fermation of isidia is dependent
on the enviromment, oy is & genetieally determined faetor,
hap never been fully inyea%igateﬁ. 1t appears however,
from the wrltings of the ebove-mentioned suthors, thet
isidia often indicate a persimiently high molstbure content
of the lichen.,

While dises of Peltigers can be setbisfactorlly culibured
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if suppliced with & sulteble nutrient solution whish neod
not conbain nltrogen (Fars 1), there is considoreble ripk
of gonbteminstion by besteria, green sigee opd animal
nicro-opgeniens. It ig ozpeeedingly @ifficuwls o obitsoin
adegoately clovyn meterial for enlbure, and thus ony
srperinents involring long-term culiure with ovgonic
nutrionts, however desiveble they moey be, are ruled out
Foy the procent.

The luvestlgatiens o he deseribed were prownplied
firetly by the need oy date rogerdling thoe opbimun
conditions for growsh of Kﬁ.ﬁﬁﬁgﬁﬁﬁﬁﬂﬁﬂ,im eulbure,
Becondly it wes Lfolb thet a ﬁﬁy&&a&ag&@&l spproneh o
o Plsidia quesblon® would perbaps thyow now Light on

theso sbructures as peon in the geuus Pelblgexs.
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MAIZRIAL AND METHODS

Mosgt of the lichon material was obtalned from & Aisused
limegtone querry on Springkell Estate in Dumfries-ghire,
This quarry is on & helt of carboniferous limestone whiech
streteches from the Solway Firth to the eestern border of
the eounty. It is partloeuvlerly rieh in species of blue-
green lichens. Fuvrther materlel was obteined from Campsle
Glen end from Pln Glen in the Campsie Hille, Btirlingshire.
Collections were usvally nade a day or g0 before use. In
gome cages however, specimens were collected a fow weeks
in advence and nalntalned on goll in eulture chambers
through which a curreant of moist alr wes pasged (Tig. 5).
Other speclmens were plembted out in Llower pots in the
greenhouse.,

Unicellulary and filementous algee are usvally 0 he
found sdhering firmly to the cortical cells of Pelilgere
specles. Several methods were tried to free the thelli
of these, bubt none was found to give comsistent resulis.
BOGUSCH {1944) deseribes o method for the sterilisation
of the surface of lichen thelll by immersion In 2M MgdO,
or KCL for fifteen seconds, followed by vinsing in sterile
wat&én A number of btrials of this wmethod showed however,

that even & dwo-ninute immersgion was insulficient.
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57a

Diagram of llohen culture ohamter. This consists
of a glass vessel of the tell jar type, supplied
with air entry and exit. The glass base plate
and plastic seal are clamped with two aluminium
rings and screws. The lichen material Is placed
on a layer of moist soil on the base plate.

X 1/2 approx.



58

Longer periods were more satisfactory butl, more often then
not, the phycoblont was alse killed, Iun the absence of &
suilteble chemical steriliger, recourse was made to the
simple bvechnigue 0of careful brushing of both msurfoces of
the thalll and prolonged aglitatlon in several changes of
sterile distilled water,

The principal method of culture of dises has been
deseribed in Part I. In eddlitlon, DARBISHIRE'S (1926)
nethod of eulture in Petrl dishes lined with f£llter paper
was used. The nutrient solutlons used in this lnvestigation
were the modified Bristol solution (detalled in Port I) eand
Chu No., 10 mineval solutlon (CHU, 1942), modified by
GERLOFP et 21.(1950). The composition of the latter is
as follows: |

~ca(mo§)g e o o w s s v s e w 0,040 gm,
KZHP04 e e v e x s e e e s e ow 0,010 gn.
Mg804.7ﬂao e e s s e s s e e o 0,025 gm.
maapoﬁ © s e e v e o a e s e s « 0,020 gm.
N&aﬁiQB e e e s v s 2 e o e o 0,025 gm,
Ferrie elvtrate . o + o o ¢« » « 0,003 gm.
Citrie meid . « . « » + » » «» 0.00% gnm.
Digtilled water . . o o » » « 1000 ml.
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EXPERIMENTAL DETAIL

1. Growth of Peltigers Qisgcs related to the nitrogen
gontent of the medium.

It has been shown {(Part I) thet dises of P. praetertats
¢an be cultured in aiitrogen~free mineral solubticn., For
forther studies 11 was felt that o higher growth rate then
that previously obtailned would be desirable. Thug two
gxperiments were set up to determine the e¢ffect on growth
of adding nitrogen, in ‘the form of sodium nitrete, to
Bristol solution, The material for these wag collecied
from the Dumfries-phire site in Seplembher 1954 and algo in
Joanvary 1955, After the materisl wag clesned and washed in
sterile water, the rhizinee wero removed and disces of § mm,
diameter ceut Lrom the thallli with & eork borer. HSamples of
thege diges were dried at 95QG to obtalin mean values fox
the initial dry welght. Fifteen cultures (each conteining
fourteen discs) were set up for essh experiment, o8 descrived
in Part I {(sece Pig. 2), and sgupplied with 25 nl., Bristol
golution contalning greaded concentrations of sodium nitréte.
Boch nitrate concentretion, 03 0,05; 0,25; 0.5 and 1 gm./1.,
wag replicated three times. The tubes were placed at &
slope of 500 0 the horizontal under a bank of fluorescent

lighte giving 150 f.e. at o distance of 8ix inehes (Flg. §).



Fig.
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General view of the arrangement for culturing
Peltigera dlBce under fluoreeocent 1lighting.
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The culture solution was mainieined at the originsl
concentration by periodic additioms of sterile distilled
water., After fourteen weeks in culture, the dises were
vemoved from the tubes and dried at 95°C. for ihe
determination of dﬁy welghts, The mejority of the Qigeﬁ
ghowed & prolific development of isidlia and rhizlnee. Some
difficulty ves expevienced in the removel of the discs due
to the growth of the rhizinee luntoe the filter peper. Some
logs of materisl inevitably resulted in this process,

The date of the two exporiments are colleeted 1n Table 16.
The mean initial dry weight of fourteem dises of Expt. 1,
was 30.8 mg., snd of Expt, 2, 41.5 ng.

Inble 16. Mean inoreege in dzy weight of fourteen dises of
Pelticerns nraetextate supplied with five difforent levelo
of sodlum nitrete in Bristel solution.

Bitrate level Mean inerease in dry welght
gm./L. B+
| §§§§;mi Expt, B
Q.00 39.4 | 64,2
0.05 44,7 50,8
0.85 56.4 65.5
0.50 39.4 45.1

1.00 18.9 ' 10,8
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The amount of new growsh pr@&maéd depends on the
frequency of craeks in the cortex of the dises. The extent
of cracking in dise gomples is impossible bo prediet and
thus, ag in Bxpt. 2, the effect of incressing bthe nitrogen
gupply has been partisally obseured, Bubt, although the date
obteined are somewhat inconsistent, it 1s evident that the
greatest lucreasge in dry weight hasg occurred at the nitrate
level of 0,25 gm. per litre.

At all concentrations of nitrate, some of the dises
showed outgreowth of the phyeoblont., This wag particularly
noticeable in the lowermost dises of saeh tube, regardless
of the nitrate level. Similarly, the swouut of isidial
growth appeored to be related to the positlon of the dises
in the tubes. Thome situbted in the centre of the group
of diges showed the greatest growth. Above the 0.85 gn./l.
level, the posglidtion was somevwhal obscured by the presence
of green algse, bult in mest casges the majority of the dips
survived for only a few weeks. Here, the symbiosis bhroke
down completely and was followed by & eoplouns oubtgrowbth of
the phycoblont., It is thus indicated by these experiments
that, while the growth rate of disceg 1 increased by the
addltion of nitrete to the 0.25 gm. per litre level, the
degree of molgture bto whieh the disges are subjected is &

liniting factor in growth.



2. Growth of Pelligers discs related to ishe poiessiom
phosphate content of the medium.

Concurrently with the preceding experiments, the effect
of veriation of the level of potassium phosphate on the
growth of diges was determined. Nitrogen-free Bristol
solution was umed with flve levels of phosphate, 0; 0.05;
0.25; 0,5 end 1.0 gm, per litre. Diges were obtained Lrom
the materlal umed for Expt. 1 above, the same mesn initial
dry welght belng used. Triplicate cultures of fourteen
dises on Qouble layers of filter paper lun large test tubes
were set up for eseh of the five phosphate concentrations.
Dry welghts of the disces were determined after fourteen
weeks' growth uvnder cenditiocns simlilar to those of the
previous experiments. The incrcapes iun dry welght of +the
diges are shown in Teble 17. The inltisl dry weight of
fourteen dlsce wes 30,8 mg.

These date show that, under the conditlons of the
gxpoerinent, the optimam level of phosphate ie 0.25 gm, /L.
Dises not supplied with the phosphsate showed little or no
growth and most begen to loge eolour seon after the cultures
were set up. At the 0,05 gm./1l. level, most of the diges
produced lslidle and in =zome of these, outgrowth of the
phycobiont was evident. ALl the dlses at the 0,25 gn./lLl.

level showed & prolific development of isidie. Only one
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dise showed & tendency towards breakdown of the symbiosis
by outgrowth of the phycobiont. At higher concentrations
of phosphate, few of the diges formed mew growth. The
mejority soon died off and resultbant bacterisl actlon has
evidently been rvespousible Ffor the lomses in dry wsight

racorded ln Teble 1l.

Table 19. Mean inerease ln dry welght of fourteen disen of
Peltigere proetexiaite supplied with five dlfferent levelg

of potosgiwm phosphate ivn Bristol solutlion.

Phogphate level Mean lncrease in dry welilght
gmn./l, e .
0,00 9.4
0.05 12,4
0.50 Loss
: in
100 walght

The level of potessium phosphate, as well as of sodium
nitrate, in the medium is thus seenm 1o influence the
maintenance of a2 true balance betwsen growth of the two

sywbionts of Peliigers in culture. It must be siressed



64

howaver, bthat these results wore obbtained wilith impure
gulibures and the oveprall pi&%ﬁf@ mey well be radleally
aldered whon rosowvrse ocan be wado to & pure suliure of

thig llchen. In the nesntlme, tho resulis presented
Jllustrate that thoe seleetion of & payticuler concentrotion
of nutrients ig not, of Lteelf, suiliclent Lo ensere &
properly belaneed gywbilodlie growsh, The molstore conteny

of the lLichen lg perhaps of agqual inpoviance,

g

3. Growih of Feltlsers dlses relesed to dheir moisiure

gonbent.

The importonce of melstare content is 1llustrated by
axperiments in which dises of Peltizers nragtextete wore
gultured on glesp wool., Flesdy exporiments of this nature
wore nede with frognents of the thallus on a thick Leyew
of glass wool saturnted with Bristel solution. Lhe
eulbtures were illunlnated uwnder Lluoreseent Lighte but,
afber o fow weeks, nous survived. It wes implied from
this experiment thet some substence, pessibly o nutrilliie,
was Laeking in the glegs wool, Dlse enliopres were thon
set wp on gloass weol in begd tubes. Agpln the materlal
died off within s few weeks. A furthser siniler experiment

way set uwp, but in thisg cssge bhe ceulture tubyg were
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gsupplied with outlets at the base, T«joints were attachcd
to these and the tubes comumected to a 500 wl, reserveir
{(Fig. 1). VBitrogen«free Bristel solution was hera
conteined and could be run inte or withdraown from the tubes
at will, The leyge volume ¢f solubion ln the reservely
eliminated the necegsity of Lrequent dilution to offset
concentrotion of the mediuvm by evaperation, In addition
to the gloss weol sultures, twe control eulitures of
fourtoen dlscs e¢ach, were get up on £ilter paper ln tubesn
pttached to o seporate regervoir. During the ceoursge of
the experiment, which wos conducted under comtinuous
fvorescent lighting, the level of the solutlon in the
tubes wes rolised during each alternete period of 24 hours.
The oulture solution ln one of the tubes with glass woel
was however, keopt at o constant level throughout the
seven-wesck culture period,

It soon become apparent that the molstore content of
the dises provided the key +to the leek of success in the
sarlier experiments, Afbter three weeks, igidise were
evident round the edgern and on cracks on the surface of
all discs except those which wers congbtantly saturaved.
The latter produeesd lLititle new growith and several of the
dises died off. Teble 1§ shows the inereases in dry weilght

of the fourteon dises of each culbure efiter seven weeks?
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Fig. 7- Part of the fluorescent light bank showing fire
culture tubes attached to the reservoir.
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growbth, The initial mean dry welght of fourteen discs
was 45.8 ng.

Whilst bhere has been little ilnersese in welght ¢f the
dlges on the congtantly saturated glasgss wool, the increasos
in dry welght of the dises on the intermititently molstened
glass wool compare favourebly with those of dises on filter
paper, It is lndicated however, by the slower growth rote
of @Aises on glass wool, that the physleal nature of the
substrate must be considered as sn important factor in

majnteining the disces at the optimum molsture sontent.

Table 18, Increase in dry weight of dises of Peltigers

RN LIRS

proagtexrtats eultured on gless wocol and oun Lllter paper

TR,

intermittently supplied with W-free Bristol solutioxn.

Subgtrate Culture Inereage in dry wit, of
No. fourteen dlsces mg.
Glass wool 1 49 .7
i Lt a 47 . 7
n 11 5:%: 25 . 7
Tilteyr peaper 4 65.2
" f 5 64,7

® The nutrient solution was kept at a constant level
in thig culture,
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4, Ohservatlons on the growth rale of Peltisera
wm}mmw = WEEMM laiio) ¢ Lo A nmwmﬂ&mmmm

¢ _conditiong.

In November 1953 o young plent of T. practextabs was

colleeted from the Dumfries~ghire site and planted ount on
peaty soll in a Llower pot in the greenhouse. The pot was
placed in a shallow vessel in which water was malutalned

at a level Just below that of the soll in the inuver pob.
The whole was covered with a trangparent plegtic dome., A%
the dote of collection the plant consisted of geveral lobes
aash less then one centimetre long. The growth of twoe of
these lobes wes followed from 20 April Yo 20 November 1954
by talking monthly photographs. These were btaken with &
gentinobtre peale placed between the two lichen lobes to
ensure the same degree of reduectien iun each c¢asge. TFigs. §
and 9 represont the plent ag et 20 April and 2t 20 November,
In Mgust, the two lobes (A and B, Fig. §) vwere itronse
plaated closer together in order that hoth would appeer

in the sane pha%mgraﬁﬁ.

Th@ increase lv surface aree during esch month was taken
a8 o peasure of the growith rate of the lebes. It wag not
pawéibla t0o obbaln aceurate daeta for this inerease since
the majority of the new-formed lobes became fdeeply conceve
due +to intercalayry growbth; so much so that in some capes

the margine of +the lobes took up & backwards-foclng posliion,



Fig.

Fig.

8.

9.

6?a

Plant of Peltlgera oraetextata as at 20 April
1934. Growth of the two lobes A and B was
recorded for a seven-month period.

Date . 1,0V.

The same plant seven months later.
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The two lobes on each of the monthly photographs were
outlined with Indien ink then treated with o thiocarbemide
print bleach to remove the photographic image. The elght
outlines of one of the lobes were transferred to graph
peper (Flg. 10) and the ilncrease in surface area egtimsted
for ecach period of one month (Table 19).

The eonditloneg under which this plant was grown were
gueh that the lntensity of sunlight, awd thus the temperature
were the only factors capeble of significant variation.
Fanelosure of the plant within the plagtic dome end the
congtont supply of water emnsured that it did not dry out at
any time. Thue at no period wes the moisture content of
the lichen & limiting feetor in the rate of growth,

The absolute inereasges in surface area suggest that the
period July to September was most favoureble to growth, dut
the increase per unlt area of thallus is seen Lo he ot a
poximum in bthe peried April to May. Merisitematle growth is
however, proportlional to the cirecumference of the lobes end
intercelary growith propertional to the area, so bthat the
inerecasge per unit asrea will show a decrease as the thallus
becomnes larger.

During the seven-month pericd the thallus grew to eight
times the originasl siz¢ as determined by the surface area,

Thieg rate of growth 1s exceptionsl among the folliose lichens,
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the majority of whieh do not even double their size in a
gimiler perlod. But the date obtalned Ffor this plant do not
necessarily indieate the growth rate under nstural sonditions,
even though thls specles favours shaded gltuations in which
the humidity is falrly high for & good proportion of the

gunlight hours.

Table 19. Inecreage in surfece area, over a period of seven

nonthg, of a plent of Peltigere preetextale grown in

the greenhouse.

Month Surfaece Increage Iin Increase per
area suprface area unit surface
s8qg, lus,. g8¢g. ing, area 8q. ins,

April D.25
- o S e 0023‘ 0.92
ey 0.48
- oo e 0,18 0,25
- June 0.60
oo s - 0031 0:,?3‘5
July 0.81
- - e o- (3,41 0.51
Augast .28 ‘
: - w o= oo~ 0,56 0.30
September 1.58
o = oo ow o= (0,20 0.13
oetober 1.78
L L Qaaa 0013

November 2,00
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Fig. 11. The under surface of a lobe of Peltigera
praetextata. grown in the greenhouse, showing
outgrowth of the phycobiont amongst the reins.

X 2 approx.

Fig. 12. An enlargement of part of Fig. JJ.-

X 18 approx
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A noticeable feature of growth of the specimen in the
greenhouge was the tendency for the thallus to remsin thin
end for colonles of the phycoblont to appesr on the under
surface of the thallus. This condition is shown by Flgs. 11
end 12, Bvidently the eomntinmuous moisture and exposure to
strong sunlight heg upset the balance of symbiotic growth

in LTavour of the phycobiont.

5. Ihe effect of light lutensity on the growhh of
Peltlsers praetextats.

Most species of Pelitigera can bhe regarded as sghade
plants, This term however, 1s applied in & totally
different manner than to higher plants. TFoxr licheuns, the
intensity of light is o decisive Tastor in the prsegervation
of the belance between growth of the two symblionts. A
notable feature of the llichen symblosis is ingtaneed by
the production of & brown plgment in the cortex of pelilsexg.
This is commonly regorded to be o protection ageinst
excessive insolation of the phyeobiontal leyer. Undoubtedly
this explanation is counsigtent with the viewpeint that the
phycobiont, as an individual, derives benefit from the
symbiosig, but 1t is imporbanmt to reslise that protectlon
ageinst excegsive insolation also serves to control the

growth rate of the phycobiont and thus to prevent the
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hreakdown of the symbiosis.

The efficleney of comtrol of the pessage of light by
plement formation lu the car%ex, is i1llugtrated by an
expeoriment using Peliigere practexteta. The plant chosen
wag growlng in awn exposed sitwation, bubt part of the thellus
wag covered by e dead beech leaf. The covered part was
of a light grey colour, the .remaindsr being derk brown.
One of the lobes which wag partly covered by the leaf was
removed and allowed to dry outs. Twoe holeg were punched in
8 gguare of thick paper sueh that when placed over the
lichen lobe, one of the holes would be above the browa
area, end the other sbove the grey. A photographle paper
wag placed behind the lobe and the whole exposed to &
sbrong light for e few mloutes. On developing the paper,
there appeared the outline of the lobe in white with %wo
cireleg, one dark In c¢olour corresponding to the grey pert
of the lobe and the other light grey corresponding to the
brown exposed area (Flg. 13). Sincee the plgmented ares
of the thallusg was the thimmer apical vegion, the
differencs ln the améuut of light passing through the two
parts was attributed to the presence of the brown plgment.
Thus even when plaunts are exposed to strong swnlight there
will be little chamnce of overgrowth of the phycobiont,
This is Lfurther guarded vgainsgt by the btenleney of the

cortical cells bo thicken whon expoged to gunllght for
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Fig. 13. 1Illustration of the passage of light through
the pigmented and non-pigmented parts of a
lobe of Peltigera praetextata. The upper
circle appears over the brown area of the

thalluse
X 1



72

long periods (SMITH, 1921).

During long exposure, drying out of the thallus is, of
itgels, an effective means of reduclng the penetraitlon of
Light to the phyeoblontal layer, The ecortieal sells of
Peltigera heave thickened asnbtlelinal walls but the
periclinal walls remeln thin (Flg. 14). Moisture logs
brings sbout & contrasiion of the cortical cells therebhy
greatly reducing the erea of the transverse walls through
which the ineident light passes, Wig. 1.5 illustrates the
difference in the amount of light able to pags through

the cortex eof Pelbigere horizontalis in the molst and dry

states, A small square of the cortex was earefully
removed from & plece of the thallus and placed on o glass
plate. An enlarged lmage of the molstened cortex was
obtained with a verticael photographle enlarger snd a
timed exposure mede on bromlde paper. 4 second identical
exposure of the dried cortex was made on e previously
nasked part of the same paper. The lmage Lo the left of
Fig. 35, whleh 1lg a gontact print of the original,
represents the dry eortex, In this state, considerably
legs light has been able o pass through the cortical cells,
The light controlling wmechenism is however, radleally
upset when disces of Lelilgers are cultured in the
laboratory, Here, the phycobiontal layer is freely

gxposeld round the edged of the disces g0 that theve is
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kW f'F

Fig. 14. Photomicrograph of the surface cells of the
cortex of Peltigera horlgontalis showing the
thickenings of the anticlinal walls.

X 750 approx.
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Fig. 15. 1Illustration of the passage of light through the
moist and dry cortex of Peltigera horisontalis.
The image to the left represents the dry cortex.

X 10
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effectively no neens of light eontrol. There 18 thus a
gtrong tendency towards oubgrowih bf the phyeobliont in
these parts. Similarly, the origin of isldia on the dise
marging end on thallus peris whieh heve been damaged may
be attributed to the locelised increage ln light reaching
the phyeoblont eells., Light is thue the stimulus, the
response belng either outgrowth of the phycobiont or the
formation of isldie.

This provides illustration of one of the fundamentel
features of the llchen symbiogis ~ the rigorous dependence
0% the growth of the one prganism uvpon the growith rate of
the other. In bthe casge of Peliigore, lsldla are consgidered
to originate by en inereasge in the growth rate of exposed
groups of the phycoblont. The increaged supply of
carbohydrates and posplbly also of nutrilltes, stimvlates
the mycoblont to keep pace with the new growth, thus
Leading to the formation of isidle. This tralu of events
ogours when a change btakes place (in the ineideut light)
which sots on the phyceobiont only. Thus 1+t seems that,
although the myeobiont is morphologically the dominent
parioer lu lichens puch os Peltligera, 1t 18 not the
inivial pereeptor in the formation of igldia,

The theme of the foregoing paragraphs has been the
lmportence of light in the development of the lichen
thallus, Two experiments with Peltigers dises illustrate
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the raplid decline in growﬁh rave with lowering of the
Light intenslty. In the Lirst experiment, six discs of
8 mp, dlemeter were placed on £ilter paper strips iun each
of Lfive test tubes. Helf-gtrength Bristol solution was
addad to eesech tube. One tube wes exposed to a light
intenslty of 150 f.,e, By sulteble shading, the remaining
tubes were exposed, one to each light intensity of 50, 45,
and 20 f.e., ond ond o darkeess. Tig. 16 shows the state
0f the dimeg after eleven weeks' growbh (those cultured
in derkness soon died off and heve not been included).
Dises at 20 f.c. have formed no new growth, the majority
of the phycobiont cellsg having lost colour. At 45 f.e. a
very limited amount of growth 1ls seen, while et 90 f£.e, all
the dises show at least the development of "vegenerantion
nodules™ (DARBISHIRE, 1926) round the margins. At this
light inteusity thore was alse o slight inerease in the
dlemeter of the disem. The most striking growth oceurred
2t 150 f.6., One dige in particulay increcased counsiderably
in dlemeter, while the others showed o good development
of isldia,.

The second experiment invelved the oulture of pairs of
discs, one partly overleppling the other. Feur such palrs
wore cultbtured Loxr fourtsen weeks on filter paper supplied

with quarter~strength nitrogen~frec Bristol solution. AT
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© 2t

16 .

riscB
light
Lower
Lower

74a

of Peltigera oraetextata cultured at four
intensities. Upper 1left - 150 f.c.

left - 90 f.c. Upper right - 45 f.c.
right - 20 f.c.
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17.

74b

Four dieoB of Peltigera oraetextata which were
partly overlapped by others for fourteen weeks
on filter paper supplied with nitrogen-free
Bristol solution. The lower portions of the
discs were obscured from light by the overlying
discs and are seen to be free of isidia.

X i
2



15

the end of the perilod, the dige-~palrs were soparated and
the waderlying dises photographed, PFlg. 17 shows thawb
igidie were not formed on the covered paris of the dises.
Growth of the mycobiont is thus seen to be euntirely
dependent wpon the phycobiont recelving an sdequate supply
of light., There seens 1o be no provislon for translocation

of orgenle nutrients from one port oFf the thallus to suother,

6. Qhsgervations on the furitber gsrowbth of isidia,

LINKOLA (1922), DARBISHIRE (1926) and others, have sald
thaet leidle of Reltigere praetexteta mey be eapable of
giving risge to new individuals on aapaﬁmtian from the
poarent plent. The posglbility of the independent ezxistence
of isidia 1s illuetrated by Figs. 18 and 19. The dises
were cultured for four months f£loating on nitrogen~free
Chu No. 10 solution then +rensferred to Lfilber paper
saturated with the seme solution. During the neki few
months, parts of bthe isldial growth were froquently
separated from the discs amd plaged elsewhere on the peper.
some alse became detached by the occasional drying out
and re-moistening of the dises and filter paper.

Many of +the imsidia establlished themseclves ag independent
Individuals, but under the conditions of this experiment,

growth followed the pattern of repeated branchings rather
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Fig. 18. Sleos of feltlgera oraetextata cultured for
several months on filter paper supplied with
Chu.lSo. 10 solution. Many of the isidioid
growths have become separated from the discs.
All were firmly attached by rhisinae to the

filter paper.
X i approx

Fig. 19. An enlargement of part of Fig. 1l&.
X 4 approx



theyn the produstion of a repllice of the parent thallug,

In gone capes however, 1t is evident that intercalery
agrowth has taken plage leadlng to the broadening of the
older parits. These show stages in the tremsition from the
Juvenile form to the rhizinous condition btypical of the
fully mature thallug., Not watil the latter form is
gebablished throughout the whole structure ean these
separated imidle he regarded as new RPelllegers plants.

It is o genersl rule that plents growing ian open
Sitﬁﬂtiana - ‘thoge ghareeterised by e falrly thilck
leatbhery tnalluﬁ“wiﬁh o deep brown plementatlion - bear.
lsidia of a similar texmbture. The latter, acecordiang o
LIBKOLA (1922) are of limlted growth and are usually of
gimple outline. ﬂn the othoer hend, plents grewlng in
deep shade and which thus spend o greater proporition of
their lifetime in the molet econdition, ore charasiberised
by & thimmer thaellus with no pignentation, and deeply
dissected igldis with brenchings often of the Ffourth and
£ifth order. In such sibtuvatlong the 1lsldle bend 1o be
larger, but since thore is less frequent expension and
contraction of the thallug due to changes in molsiture
content, these plants ere commonly found with few isidln.

Some illustration of the logalised effect of moisture

on the further growth of igidie is glven by Flgs. 20 to £€.
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Fig. 20. Li808 of Peltigera oraetextata cultured for
fourteen weeks on filter paper supplied with
nitrogen-free Bristol solution. These show
two distinct types of isidial growth.
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fig$ 21 . 1)1608 of Peitigera oraetextata cultured for
ten months on filter paper constantly saturated
Much-

with nitrogen-free Chu No. 10 solution.
hranohed isidia have developed on the surface

as well as round the edges of the discs.
X 1

Fig. 22. An enlargement of one of the discs of Fig. &£JL.
X3
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Flg. 20 showsg Ffourteen diges whlceh were cultured fow
fourteon weeks on fllier peper supplied with quarter-
gtrength nitrogen-~-free Brigtol solulblon. On these,
varticularly the disce to the extreme right of the central
row of four, can be seen large simple lobeg growing on
the dise surfece, while the igildie protruding from the
edges of the disges are mueh noyre disseeted. This dlfference
ig en indicetion of variatlion in the avellahle molsture
at Alfferent parts of the &lscs, Most of the discs, after
o few days in euvlbure, agsume o convex form so that the
efges are in close gonbont wibth bhe £ilter paper while
the centre is ralsed perhops three to four millimetres.
Molsbure is thus not so readlly svailsble to thosge paris.
Fig. 21 shows five disce cultured in o Fetri dish om
£filter paper saturated with nitrogen~fres Chu NHo. 10
golution, After the dises hed been in eculture forxr g fow
weeks, the surface of each wag lacerated with a scalpel
to stimulsie the formation of isidiel growth., Iig, 28,
an enlargement of one of the discs of Pig,., 21, shows the
form of the isldia after ten monthe?® culture uvunder
congtant satvroation with culture solublon, ikven on the
gurfacs of the dlges the lsidia show imtrim&%a'branehing
such a8 can be clearly seon in the case of those round

the edges,
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The 15 mm. disge 1llustrated in Flgs, 23 end 24 wag
cultured initially for elght weeks floabting on nitrogen~
free Chu No. 10 solution in a large test tuvbe. DIuring
thig time, growth of the phycoblont excceded that of the
pycoblont, but weny small regeneration nodnles were
formed vound the edge. The dige was then transferred o
& Petri dish Lined wlth several layers of f£ilter peper
moistened with the seme solviicn., During the nextb
sixteen weeks, the filter paper and disce were Lfreguently
allowaed o dry oub for geveral deys. ot & time. Flg. 23,
token afbter s total eulture period of twenty four weeks,
shows the development of several large, simply outlined
lohes in addition to many small ouwbgrowiths of the usual
iﬁiﬁlﬂid type. Bitrogen~free Brigtol solutlion wes then
substituted for Chu No. 10, and after fouriteen weeks
the dise was again phobographed (Fig. 24). OF prime
interest lg the marked increase of one of the new lobes.
This, had the disc been allowed to contlinue growth,
wonld uwndoubtedly heve superseded the pavent dise which

can be seen to he in a state of pertlal decay,



78a

Fig. 23 . Disc of Peltigera praetextata after 24 weeks*
culture, showing the development of isidia
into young thalli.

X3

Fig. 24. The same disc fourteen weeks later. The
parent disc has begun to decay and growth is
being continued by one of the "isidia".

X3



79

7. Ohgeryations own the development of srilficindiy
hrpfloced dclidlis of Pelileors nractosbata,

The development of 1widisn of P. pragtexiots hes boen
folloved by (emong others) LIBKOLA (1922) and by
DARBISHIRE (1926), Linkeols flgores several of the letewr
stages of both "true fsidle” and of "wound isidie®. ‘YThe
Isttew ere stated o oviginate ag Y,..kleines gonidione
relches Endnel..." fyom the wounded phyeobioutal loyow.
Deyrplshlre however, gives 8 more fotalled aceount of hou
hyphae From the medullany layor grow owb o lavest ihe
groups of the phyeoblont whewve the thellne hag beon
tnjured. He considers that the Initlsl response to btho
wopnd sitlmulus i poreelved hy the nedullary hyphaeo. Thig
is followad hy.th@ growth of the phycobhliowt colonles
betwesn the onlgrown hyphag.

It s wnforbtunste bhet Derblishire did net succeed in
obteining laldial groweth ox %. prasheniata ln culturs.
in hig 1946 papoer he stoten, ¥ I heve carried out numerous
puperinents wlth meterield {(of P, nyootertese) dn Fotyld
dlakes. Smell squsre plecges have heen Xept under molst
conditions for o yeor. Obhers hove nerely had inelsiocns
mads 4o verying depths. Typicel leidio evre noet developed
ag & rule, least of sll when the mergin oy edge bos been

completely removed. SBmall round hodles ave formed whieh
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for convenience I have ealled 'vegencration nodules'. These
diffor from mormal Isidie by being more loosely atiached

e the thallug....w, Réﬁ he but realised that these
“regeneration nodules® were in faot the precursors of
isidia, there is no doubt that the present-dey knowledge

of these stru@tures;wauld have been materially asdvanced,

His lack of succesg in thig £field was probably due to

hisg fallure to supply the meaterial in Petri dishes with
muitablg nutrients. Indecd, no mention of eny supply of
nuirients ls mede,

Little can be added to tho very full account of the
neturelly occurrving isldie given by Darbishire, but 1+
is iuvgtroetive to note some of the developmentsal stages
in the FTormation of igidis round the edges of discs of
Peltigera prestextots cultured in the laberatory. It
mugt be swphasised however, that the demgeripiion o he
given doep not necessarily epply to isidie formed in
Nature Lrom craecks in the cortex of the thallus, There
is every indiecation lndeed that the two types are distinetd
resulite of differing envirommeniel copnditiouns.

When Peltigers disges are pla&ed ou filtey peper ox
other substrate and supplied with e nutrient scolutlon
{Bristol solution in those lnvestigetions), either the
phycobiont will grow out from the disc margins snd spreod

freely over the substrate as a non-pymblotic alga, or both
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portuers will maintein ot leapgt o sewbleance of the normal
symbiotlie aspsociation end produece isidia. Which eof these
will result has been shown Lo depend on several factors
of which the most importent are perhaps the coneeniration
of the nutrient solution end the moisture content of the
disca and subsirate, In eny case, the rapld outgrowih
of the medullary hyphae from the cutb édg@ﬁ of the dlscs
is the first noticoable sign of new growth (Flg. 25).
Daxbishire mentions the observance of this growth as a
tegt to determine whether the lichen materiel is liviung,
but 1t should not be taken ag en ilndicatlion of the normal
rate ol growth of thig +tissuce. The oulgrowth becomes
vigibvle to the neked eye within two or three days of
cuvting the diges (thet shown in Plg. 25 hes o maximum
Length of 500 microns), and is obviously a shorit-lived
regponse bo mechaniesl injury. Meanwhile the marginsl
groups of the phycobiont have begun to inerease in size
by Givision of the cells within the common gelotinouvs
gheath, Some of these enlarged groupe are seen in Fig. 26.
At this stage no evidence could be seocn of any conneetion
between the medullory hyphoee and these groups.

With furthey development of the phyceobiont, there is
geen the formation of an orgoanlised cortex which originates
from & loose invegtment of byphae surrouvnding the gronps.

In Fig. 27 the agsoclabed hypheeo cen be geen especlally
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Fig* 23. The edge of a disc of Peltiaera praetextata
after fifteen days in culture, showing the
outgrowth of medullary hyphae* A length of
300 microns was reached after four days.

X 40
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Fig.

26.

27 .

An early stage in the formation of isidia of
Paitigera praetextata, showing the enlarged
phyoobiontal groups at the margin of a disc.

X 230 approx.

Later stage in the formation of isidia.

Hyphae have begun to invest the phycobiontal

groups which now show a regular transverse
arrangement of the cells.

X 623 approx.

818
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neay the base o0f the nodule, This parvticulayr strueture
hag arisen fyom two adjacent phyecbiontal groups which
have partially coalesced to glve & bil-lobed nodule., It
ig of inverest to note the regular travsverve rows of
Nogioe celis in this nodule - o featurs of the free growth
of the phyeobiont In eulture., The coritex becomes defined
ag a single layer of ¢oells gurrounding the now greatly
enlarged phyeobiontal groups. Flg. 28 shows one guch
Tigidium® with the well-dofined corticsl layer in sectional
view. AL this stage the reguler aryvangenaent of the Hosihoe
cells hasg become tobally obmeuved. The effects of such
growbth are 8till evident however, in that the isidium is
now & Tlabttened structure with the beginnings of the
formation of Four secondary lobes, ESventually the stage
represented by Flg. 29 18 reached, This is & silbouettoe
of & youug, bult fully differentiated, isidium which wasg
removed from the perent dlse., Humerous hyphee can be
seen at the consitricted base; some of these are vhizinal
primerdia while others formed the junctlon with the disc.
There are points in this deseription at variance with
thet gliven by DARBISHIRE (1926)., In the first lustence,
it is established that lsidie Qo arise when the margin
of the thallus has been eonpletely vemovol, Refersunce o
Pig. 18 shows how prolific this growth may be. Secondly,

it seems for srtificlelly produeced isidise alt any rate,
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Fig. 28. Young Isidium of *-eltigera praetextata showing
the single-layered cortex surrounding the
pijycobiont ceils.

X 400 approx.

Fig. 29. Silhouette of a fully differentiated Isldlum
with rhlzlnal hyphae growing out from the base.

X 40 approx.



thet thege arve initiated primerlily by en incrsase in the
Thipg wesg

growth rate of the exposed phycoblontal groups,
MG

the view held by STRATO {1921) end by LINKOLA (1922).

the pregent stoge of kmowledge of the lichen symbiosls, no
wegeful purpoge cen bhe served by dogmatism on this polint

but experiments degeribed in this work tend to show thoed

the products of photosynthesgis have » very limited

translocation within the thallus, It is thus to be

expected that any increase in growth of the mycobiont,
ppart from that of the medullary hyphae already mentioned

will be preceded by an ineressed gupply of carbohydrate

from the phycoblont cells in the near viscinity.

b3
end

8. The rvelaebtionship helween reseneration growsh
igldis of gpecies of Peltigzera.

t thet the naturally occcurring isidia on

xtats and bthe prolific regeneration growth

guliture are clogely amsoclated

oL the species in
growth i the direct

The latber type of
stimalus applied to the thallus when
from

characteristices.

result of & wound
dlges are cut; the Lformer heve been shown o aris

In the preceding chapters the term "igldial growth® has
bheen used when referring bo this type of growth on
Peliigers practextalsa.
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wounded parts of the thallus, although LINKOLA (1922)
distinguished between wound isidis end truwe isidia. Close
examination of field material of RPelilsere prasctextata
and of materlial grown in the greenhouse shows thet, prior
to bthe formation of isidie along the marging of the lobes
(igidie whieh sre charseterisged by thelr verticsl growth,
and arrangement ot right angles Lo the margiu of the
thellus), the margin neer the spox of the lobe becomes
Linely nodunler. This condition i consldered bo arise by
increase in size of the wmetathallus by intercalery growth
and the setting up of aonaiﬁeﬁ&bla gtrains in the margineal
ares behind the apices of the lobes. Inevitably there
will ocenr slight eracklng of the margin and thus the
opportanity L£or localiged ouitgrowith of the phyeobliontal
groups end assoclated ayphoe.

A glgalficant Lfenture of isidie formation by Pelilgzers
pragtextate is thelr presence only on the older parts of
the thallug, and in particular, along the mergin at the
Junmction between two lobes. There can be little doubt
that these areas are gubjected to grester straln than
other parts of the thellus. Thus there is good resson
to attribute the origin of true isidia (ag defined by
Linkola) as well ss wound igidia, to 2 response to aén
imterru@ticm of the normal sggociation betvween the two

symblonts st these pertlounlar points on the thallus,
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Whatever the morphological differences between the two
types of isidla, there appears to be no sound premisge on
whigh %0 base differepces in physiological funcetion. It
ig not spuggested however, thet the btexomomic velue of
the igldia ip, on this account, diminished,

The oceurrence of igidia! hasg beon reported by
THOMSON {(1948) on Peltigera polydnctyle, B. coanins end
also on B. horisentelig. During extonsive observatlion of
Tield materlal of these species, I have seen sitrustures
resenbling isidle only on P, horvizeptalis. These congisted
of & Tew winute dorgiventral lobules uvwguelly on the
surface of the thallus. They had cevidently syrisen as the
result of some mechenioal injury to the thallus,

To fuyrther test the probebility of the formaltlon of
isidia by these snd otheyr specles (here the term ®igldia?
ig used in the widest gense), discs of Pelligers caning,
E. polydsceitvie, P. horigontalis and P, aphihosn were
gultured on filder paper supplied with Bristol solution.
These experiments showsd that, with the exeeption of
£. sohtbhosa, all the Sp@ﬁi@ﬁ produced regeneratlon nodules
0 o greateyr or lesser extent round the edges of the dises,
Farther growth of the nodules, particulerly in the case oF
P. horizontaliag, gave rise to a regenevation growth very
sinilar to that of R. prasitextets, slthough somewiatd

inferior in quantity (Fige. 30 snd 31)., In the very oearly
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fig. 50. I)1Bcs of Feltlg.ra hojrlgonteaie showing the
development of "isiaia" rouna the margins

and on the surface.

% 1
2

Fig. 31 a Enlargement of two of the discs of Fig.
showing the outgrowths in greater detail.

% 1
2
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ghoges of nodule formation it is Aifficult Ho distinguish
between those of P, horizoptallm end of P. practextetha.
The cortical cells of bvoth exhibit the convoluted ouwbline
desoribed by DARBISHIRE (1926) as typleal of isidia of

. pragtextate. Figs. 32 end 33 show the nodule cortiees
of both speeles. The moin point of dilfferentieation
hewever, is the early development of het@romery in tho

2., horizentalig strvetures, while those of P. prachaxiate

mey retain the nesr-honolomerous condition Indefinitely.



86a

«

Fig* 32. Part of the cortex of an laldium of Peltigera
praetextata showing the irregular cell-outline.

X 1000 approx.

mvs- 1.

Fig. 33# Cortical cells of an "isidium" of Peltigera
horizontalis.
X 1000 approx
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DISCUSSION OF DATA OBTAINED

Ihe several dise experiments bring to light bhe
importence of meintaining the correet degree of moisture
in cultures, and illustrate the difficultles yet to bhe
overcome lu attempts to syntheglise Peliigera from the two
symbiloents. In pariticular, the cultures on glass wool with
controlled moisture condlitlons show that there is a ¢loge
gorrelation bhetwesen molgture content and balenced gymbiotic
grmﬁth,‘ the fallure of growth in the cultures with
songtapt saturetion must be paritly due to the iwability -
of G0y and Uy to diffuse sufficlently repidly through the
watorlogged thellus., DARBISHIRE (1926) deseribes
fehimneys" sitretehing Lrom the hypothallus to the
phyeobiontal layer, It is through these thet tho mejor
pert of the goseous e¢xchaunge takes place, S0 that the
growth of dises which are comnstantly seturated with euvlture
soletion must be limlted to some extent. There iz evidence
however, that Lailure of these culitures is in large
meagure due to overgrowbh of the phyeobliont,

Although dises cen be eultured in nitrogen-free Bristol
solution, 1+t heg been shown thet belter growth is obtalned
with 0,25 gm. per litre of modiuvm nltrate. It was

concluded Lfrom the disc experiments of Part I that some
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of the nitrogen fixed by the phycobiont is taken up by
the ayeobiont in the formatlon éf new gymbiotic growih,
The conditions under whieh these experiments were made
were exactly similer to those deseribed in the present
Beetion. In the letter exporiments, the liwmlting fector
in growth hag evidently been the nitrogen supply to the
diges. This mey opevate in elther of two ways. In the
nitrogen~free cultures, the growth of the phycobiont

may be Limited, oxr growth of the mycoblont may be lirited,
by the insdeguete nitrogen supply. The avallable evidence
points o a limitation in the growth of the phycobiont
gince otherwise, in nitrogen~free culture, there would
heve been & mmeh greeter then observed vendency for 1€

to break away fvom the symblotle state. In thosge cultures
t0 whieh sodiun witrate wos sdded, the increase 1n growih
rate of the dlscs was probably due to the uptake of the
ritrate by the myeoblont 1ln prefevence to nitrogen fixed
Prowm the sbmosphere.

It ig of interest to compare the growbth rate of dises
of Peltigers proctextatsn in eulture with thet of the
intaet thallue under greenhouge condltions. The greatest
meon dry welght of fourteéen discas, after Lourteen weeks
in eulture, was 107 wmg. (Teble 16, Txzpt. 2). This
represented an increase to 2.6 timss the original dry

weight {41.5 ng.). During the thirteen-woelk pexiod



from 20 Apyril to 20 July, ome lebe of the greenbouge
pleant lneressed in surface sres from 0.25 s¢. lvs. fo
0,61 8g, ins., i.e. b0 3,24 times the original size. If
it ig ssgumed that btho lncrease in surface ares of the
thallus is dlreetly proporitional ko the increese in dry
weight, i1.e. thet the thallus does not sigunifisantly
incerease ln thickness, then one may btake the lncrease in
gurface arves a8 o neagure of the dry welght increase,
Thus the thallus mey be steted bo have inorcased to 3,24
times the originel weighbt. But the dry welght of wnit
ares 0f the thallus doeg incrense with age dus to growth
in thickness, so0 that the valus 5,24, coxrected to allow
for this incereasge, and also corrected bo o fouriteen~week
period of growth, should be at least $.6. It thus
appesrs that the growth vate of the thallus under
greenhouge conditions wag about one and s haelf times thet
of dises, supplied with Brigtol solutlon, wnder
arsificial light,

The overall sgypecet of diges in culbure suggests that
& better growbth velte could he realised by usiung light of
8 higher intensity and by supplying unityegexn, for uvplake
by the mycoblont, in the organic form. Bubt the possibility
of doing so is guestionable until it bhas proved possible
o start off a new thallus from pure culdures of the two

symblonts.,
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LINKOLA (1922) eonmiders thet naturally formed isidia
are of limited growth. This is certeinly the impressien
obteined when ficld material i1g exemined, alithough
instances con usuelly be found where gome heve superseded
thelr nelghbours to forn miniature plente. The magnitude
of the possible variation in size end form of isidial
growth dune to differences in bhe conditions of culture
ig illustrated by PFigs. 22 and 24. ‘Bath represgsent dises
which had been cultured for spprozimately similar periods
but under widely differing wolisbure conditions.

Igidle have frequently boen noted Pirmly attached by
thelr rhizinee to stens of mosses growing up betweon two
lobes of Peltigers thalli. That this is o common method
of reproduction is revealed by aun exemiunation of the
hervariom naterial of Pelbigore npractexteta in the
Ingtltute of Systematlc Botany ot Uppsals, Sweden. OF
the forty slix gpecimens avellable from the Nordic countiries,
twelve, which had been growlng cvery various mosses when
eollected, were selected at random for eritical exemination.
ALl but one of these showed exemples of isgidis having bheen
removed from the parent thsllug by growth of the mosgs
shoots between the thallus lobes.

Although DARBISHIRE (1526) does not deny the possibillty
of isidle becoming detached, he tends to discouwnt thig

becouse of thelr Lirm ebtbtachment to the thallus and, if
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separated by netural means, o large partv of the phycobiontal
rLayer would be @xpa&&@, both on the parent +thallus and at
the base of the igidium. He counsiders this gross wounding
to be lmcounsistent with netural dispersal, It has hoen
ghown however, thet isldla, stlll ettached to the parent
thallus, mey continue growth even though the latier has
bogua to decay {Fig. 24). This feabure has beon observed
in plents growan 1ln the greenhouse, and is also evident
in a number of sgpecimens in the Uppsale herberium, Thus
it is probeble that lsidlia way serve ap orgeng of
reproduction by merely continuing their individusl growih
after the remalnder of the thellus has died ofiF,

LINDAHL (1953) does not sgree with VHOMSON (1948)
that "igidia® nay bhe prodused on species sueh as Reliigers
horizentalis, Mg, A1 however, illusitrates a prolific
growth of igidiold sitructures on discs of thisg specles.
Superficlally they beor a strong resemblance to isldie of
P. practextalbs, buit anatomically they show, Lrom a very
cerly stege, all the eharasteristics of the mature thallug,
Specimens of P, rufegcens and of B. pelydectyls hove beon
observed by Lindahl, "...with the mergin of the thellus
grispate and uvueven, even broken up into suell, quite
jrreguler pleces.® He distinguishes bebtween these small

lobeless and the isidia of R.prestextata by the

hoxizeontel growith of the former ond the more or less
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vertleal errangement of the latter. In all the few
hundred disces which I have guliured, there has been no
constant distinetion bebween verticsl and horizontal
growith, This appears to be entively s maitter of chance,
and is perhops to be correlated with the guestlion of
avallable space. Dises with surfece wounds produced,

in some capes, simply lobed more or less horizonial
geruetures, while vertically arranged, wuch dissected
growths, were eqgually frequent uwnder difforent moisture
gonditions.

Aneatomically, the digtinguishing feature hetween true
lgidia and wound isidle hos been deseribed by LINKOLA (1922)
28 belng the continmuity of the cortvex of the Fformor, with
that of $he parent thellug, Wound laidlis are stated to
arise by outgrewth of groups of the phycobiount where these
have been exposed by injury to the thallus. Continulty
of the cortex seems a glender cexiterion upen which to
base the difference, snd Linkola himsslf states, for
wound isidis, " Dieses Rindenleger bildet im allgemeincn
nicht elune direkte Fortsetiupg dey Kerbtikalsehicht des
Kutterthallus, dech sieht man such Félle, fir welche
dieges sutriffs., * The facet that ln some cases, wound
igidie show comtinuity of the eortex, suggests a
correlation between this festure ond the time of origin

of the struetures., Wound isidis are usually formed on
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older parts of the thallus where the cortical eellg have
become Lully diffeventisted, so that there is little
Likelihood of there belng cortical continuily. On the
other hand, if the assr-aplcal wmargin Of the thallus
beeomes injured and wound isidia are produced, the youung
incompletely differsntieted cortical cells, or their
progenitors, may invest the imidial primordiae.

Lt ig thus considered that no real distincetion ¢an be
made bevween "true isidia® end “wound imldg&" of the

———

Lol tigera prastextata type. \I% is ﬁu acﬁ%cd ﬁha?) f;om

S v SR
- e

the experimental iavaﬂtigatiana¢fr@g@n@rabian gi?wth,
wound lgidie end true isidle are, in Natuf@,fgg;j%h@
veried ountcomes of differing chonce combinetlionsg of
‘eerta;n physiological and environmental factors whieh it
%5;2?§§0ve possgible to simulate in nou-isidiose sypeclos,
There is however, a good ease fopr differentiebtion, on
taxzonomic grounds, between the 2. prestextate structures
and the type of growith obtained on speclies such ag
P. horvizoptalis., AR the great majority of isidia of the
former erise from obvious cenires of injury, this
sharaeter, although not 0 be underestimated a8 a
dliognogtic feature, should perheps be treated with some
reserve when dealing with specimens beaving only a few

seattered marginel isgldise,
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SUMMARY OF BART IX

1o Growth of dises of Peltigers proetexiats in cultuve

hag been shown 0 be improved by the addition of combined
nitrogen te the culture selution: It is considered that
growth of the phycoblont of the dises is limited in
nitrogen~free culiure.

2. The optimum concentration of soldium nitrete and of
potassiunm phosphate in Bristol solutlon, for culiture of
feltlgere dises at a light intensity of 150 Lfoot candles,
hes been shown +0 be Gnag gine per llitre,

5« The effect, on growih, of the molisture content of
discs in culbture was iuvestigated and shouwn 10 have a
strong influence on the type of leidis- formed.

4. The growth rate of Eeliigers prasgtoxiste wnder groen-
house conditions, as debtermined by the increase in
surface area, was found +to he grester than that of dises
of the same species in eulture, It ig indicated howover,
that the condlitiong uvnder which the disces have been
cultored ore c¢loge Lo the optiwmum.

5, The mechanisnms assocleted wlith eontrol of the amonut
of light reaching the phycobiontel layer of the lichen
thallus are considered to be importent in the regulatlion

of the growth vate of the algn, not merely as protective



mechanlsns sgalnst excesslve lusolation.

b, Observabion of intsct planits and of discs in culture
indicates thet isidie, which orise on the non-meristematic
parts of the thallug, may continuve growth aflter the parvent
thallug heg died off.

7. Wieroscopic exemination of the developmental gtages
o srtificielly produced isidle suggests that the “wound
gtimulos is, in faet, & light stimulus percelived by the
erposed phyeobionl cells,

g. wisidia® have been produced on cultured discs of
Peltigern hovlizontelis, a non-igidiose species. These

bear & strong resgemblance to isidia of P. proetexinte.

9., It iz suggested on physlological evidence that wno
distinetion can be wade between btrue igidis, wound isgldia
and regeneration growth on species of Peliigers on which
thege moy ocoocur naturally, or on which they may be
produced artificially. The value of isidia In the
ersgtion of P, practextote os a separate specles Is no%

however, dispubed.
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PART IXIX

AP WK

A ghoxt gtudy of the phyeoblont, isolated in

bacteria-froo eulture, from Felilgere prasbextata.
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IHIROGDUCTION

The works of BARANEBIEKY (1867) ond of ITAIGS0HEN (1868)
provide the firet illustration that the "goninmia® (es the
phyeoblonts of blus~-green llchens wors then termed) of
Ealiigera were ldontlcal with 2 free-living bluc-green
elgt,  The phycoblont was identificd by Itaigsohn as
Yolrooceus punetiformis kitz, This wes later included

orne (Kitz.) Hariebs.

PR A S

in the genwe Bogies oas Hosios punebifl

P TRy LN 0N o

dince the btlwe of Borsneteky snd Iislgsobn, the Pelilsers

-
=

phyeoblont hag been varlously Geseribod as Hosloe

[N DN o 3

Lishenoides Voveh., J. pelbigzerse Let., M. gphosrionn Vaueh.

Al VT FISERAN

end else an H. popebifoene {klts.) Hewiot.
Comperetively fow lichonologisis have nede & study of
tag phyeobionts of the blus-green lichens. & good

dogeviption of the felitleers phycoblont in euliure ig
5 o 7= PSS

Ll

given by LINEOLA (192D) whe mede ilsolotlons Irom seven
specles, ineluding the eephalodls of P. gphthosn. AlL
fgolates wore pleacod vnder Hosiee pungiiforme, bat 1t
vas recognised thot thore moy be soverel physielogical
rgces oy other small systenatic unlis,

Porther observetions on the Pelilgers phycoblonts were

pade by DANIIOV (1927). The fermation of spowves and of

obligue dlvisions ln the filument eells were flgured.
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Danilov accounted for the non-filmmentous charvacter of
the phycobiont within the thallus as being e condlition
induced by the lesck of space. He was sble to reproduce
this condition in eulture.

the phyeobionts of many species of (olleoms have
recontly been studied by DRGELIUS (19254) who conelndes
thet the name Hogtoce sgphosviceum Veouch., formerly spplied
to the phyeobionts of the Collemasg and Peltigerag, 18 no
longer bteneble Pfor all mpecies of Gollems. The name
Nogloe punctiforme is nlgo rejected in view of the faet
that the free-~living form is probably only & development
sbage common to various other species of Noghec. Thus
with the elimination of M. punstiforvme, the true identity
0f the Pelitigers phycoblilont romeins uncerteln, Nostoe
sphaericunm Vauneh. ig the c¢plithet commonly applied, bhut
1t seoms that on investigetion of the Pelitligeras, on
Lines similar 4o that by Degeliuns on the genus (ollema,
may reveal some differencos in the several phycobionts
which are gufficient to warrant their deseription ag
separate specles,.

The wmethods uged by the early lanvestigetors in the
isolation of the phycoblonts of lichons have been
eriticised by many wodern workers, and yet the results
of thelyr works have Trequently beon counfirmed by the use

of more refined techniques. The commonly employed method
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of plecing thiv seetions of a lichen thallus on o moist
subgtrate 1s only at o disadvantage when & pure culture
is regulred from a gingle 6ell of the phyeoblont. Risk
of contamination by epiphytic algae ls great, even when
individual cells are isolated from the thallus with a
micromenipulator. This is especially 0 in the cage of
the green lichens.

In the short investigotion desceribed in the Lfollowing
poges, no abttempt has beon made o establish a elone of

the phycoblont of Peltigere prashexitata. Culiburcs were

rggulred only for invesitigations councerning germination
of the lichoen asgcogpores (Fart IV), and thus wo special
pregavntions were taken to engure lsolation of a gingle
cell of the phycoblont. The principael chevecteristlies
of Nogtoe from Pelilgers heve been deseribed end figured
by LINKOLA (1920) and by DANILOV (1927). By way of
confirmation however, the stoges observed in the growih
of the phycoblont in baeteria-free cullture have also

been ouwtlived.



MATERIAL AND METHODS

Materiel of Peliligers preetexiats Loy this
invegtlgation wag obitalned Lrom the same sites as thab
used for experiments described im Part II. In certain
ingtanees, lsolotlions were maede from the aetuel specimens
used in some of these e@xperiments.

Green elgal conteninants, shouwld they eppear in
cultures of the phyceblont of Peliigers, cen be easily
digtingulehed and seoparaeted by sub-culturing. Thus there
ig no necessity Ho atbempt thelr removel from the lichen
thallus before the phycobiont is isolated. It is desireble
however, to eliminate eplphytic blve~green algae from the
thallus, as these arve more diffieult bto distinguish from
the phycobiont. Since the method of BOGUSCH (1944) has
been found bto be unrelieble for the suwrface sterilisation
of Peltlgmers (Port II), HENRIKSSON's (1951) meothod forx
the isolotion of Nogtboe from (olleme lenex was used,
Henrilkgson's lichen material wag washed in sterile water,
erushed on & glide in & drop of nutrieat solution, and
the free Nostoe Lllaments picked up with a mieroplipette
fTor platiag outb.

Experience with dise cultures has shown that Bristol
golution ie adequate for symbiotic growth o0f the phycoblont

of Peltigera pregtextata, This mediwm, sollidified with
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19 agar, wes therefore used Por all igolations,

BEPERINMENTAL DETALL

1. dhe iselation, lun baecteria-free culbture, of the
phycoblont of Peltigere prestextatsn.

First experiments were carried out uslug material
freshly gathered from bthe Dumfries-shive site. A smell
Lobe of the thallus wes thoroughly cleened sund all
rhlzinae removed, then vigorously shaken in scveral
chenges of sterile dimtilled water. The lohe wag cerushed
with a ground-glesgs pegtle in a drop of Brigtol solutlion
on o cavity slide, snd the free Hoglog cells transferred
with & micropipette o fresh Bristol solubion. Thig
procodure wag repeated five times to engure o high degree
of freedom Lrom eonbeminents. The Lfinel suspenslon was
inoculated to 14 Bristol ager in Petri dishes, The
gultures were illuminated with fluovescent lighting, at
an dntensity of approximately 150 L.¢., for ten to
twelve hours daily.

After some deys in culture, the ogtoe cells began to

divide with the produetion of short fllaments of cells

of smaller dismeter then those in the thellus. Withiun

&



101

two to three weeks thesge Tiloments were geeun Lo have
nigrated over the surface and alse through the agar %o
the bottom of the pletes. Sub-cultures were made to
fresh Bristol ager from apparently cleen parts of the
plates, where it had been ascertalned that only active
hormogonia were present.

It has been shown in Part II thet when diges of
Peliigers ore cultured under excessively molst conditlons,
o with & high level of nitrogen in the medlum, the
phyeobliontal groups along the edges of the dlscs grow out
of the thellus and spread over ithe substrate. In addition
40 evergrowth at the edges of the dises, bthe phyeobiont
colonies within the dises alpo showed & considerable
increase in size (Mlg. 34). In this condition the
isolation of the phycobiont is feeilitated 8lnce wmany
of the colonleg have already changed from the c¢occoid Lo
the {llementous form.

oy isgeolatlions from the proliferated eolonles ilu the
inbterior of the diges, the cortex wes cervelfully stripped
off with & sterlile scelpel b0 expose ‘the phycoblontal
layer., A few of the colonies were lifted off with em
inoeulating needle 0 o drop of Bristol soluvlon on &
cavity slide, and erushed. Single short Lilements were
pleked up with & micropipstte and weshed bhrough several

ehenges of Bristol solution before plating out on 1%
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Fig. )4» Colonies of the phycobiont from the interior
of a disc of feltigera oraetextata which had
been cultured for five weeks in a mineral
solution containing 1.7 gm. per 1litre of
sodium nitrate. The colonies in this
condition are many times the normal size.

X 400 approx
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% Brletol ager. By this method of isoletlon, the
probebility of contaminatlon of the culbtures by eplphbytie
plene wag greebly ye&u&@£¢ Foprther lsolotlons wers wnede
from the phyeoblond colowics which had grown out round
B @&é@m oFf the disos.

A bobel of elght sueecesiul isclelions of the phycobiond

of Politirers praelentote woere made by thesoe three mothods.
in soeh ¢sse, the iselated alge dlspleyed similaw
gharacteriegties in euwliupre thup indicebing itm‘iﬁ@ﬁtiﬁy
whth the phyevbiont. Forther sub-oultoving enpured thed
any extraneous alegase were olliminnted.

Feom one of the cultures oo thmim@ﬁ; & bactorlo-froe
gsoldure wes aehleved by lzrradieblion with uwltre violol
Light. Bowe of the @ﬁvf@a@ grovwibh of & young celibure {(in
his stege consisgting slwost ontirely of mebile filaments)
was romoved to Brlisbtel solution in o test tube convelining
o fovw glage boeds. fn@ tube wes shekon for £ive minutbes
2% nigh speed on o flegk ghaker snd the rovulting fino
emspencion of Hogtop eells filtered theough gloass woeol
{FOGE, 1944) o o second test btubo, PFilitretion was
ropented wntll examination of o swell dyoyp of the
suspenslon showed that enly siagle cells of the alge, or
Lilements of ne nore than throe oy fouw gells, vwere propont,
The suspension was then dlluted with Bristol solution oo

that o pipetic-sine drop conbelned eppreximatoly 100 colls
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or filements, apnd 3.5 ml. of this were transferred o o
25 nl. querts flesk, The flask was pleseed, oun & shaker,
at o dlgtence of twenty inches from s "Honovia® mercury
vapour lamp. During irrvadlation, the suspenslion in the
flask wos gently shaken. At every helf-minute of a s8ig-
mivuse irradiation period, & sample was withdrawn with a
plpstte and one drop inoculated to esagh of Live Petrl
dlshes counteining 1% Bristol agar. The inoculum wap
distrivuted evenly over the surfece with o glass spresder,
ALL the cultures were placed uander fluorescent lighting
at o mebn bemporature of 21%.

Examination of bthe cultures after three weeks showed
thet one plate of the 4,5 minute irradiation period
appeared to be free of bacterla. This was sub~cultured
0 the followling medis to test for purity:

1. Brigtol ager with 1% glucese.
&, Potato-dextrosc-agar (200 gm. potetoess, 20 gn. dexitrose,
20 em, agar, 1000 ml, distilled water),.
. Peptonc-dextrose~yeast extract-sger (baeterlological
veptone 0.2%, dextrese 0.5%, yeast extract 0,2%, agor 2#3.
4, Malt ager (malt exbtract 2%, ager 2%).
5. Lemeo agar {("Lab® Lemco 10 gm., bastericlogical
peptone 10 gm., NeCl 5 gmn., agar 20 gn,, distilled

waber 1000 ml.).
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6. Soluble starch agar {soluble stavreh 40 gm., Marnito 5 gm.;
agar 25 gm., dlstilled water 1000 ml.).

7. Ashby's mennitol-phosphate medium (SALLE, 1948).

Ho bacterial growth was evident in eny of these medis,
gither solidiflec with sgay oy in the liguid form. 4
stock culture for use in experiments 40 be desoribed in
Part IV was storted on nitrogen-free Bristol ager slopes.
This medium @ag ghogen 80 thet the growth of auy chance
contaninants arriving through the cobtton wool plugs

would be discoursged.

2. Cherseteristics of the phveohlont of Peltigere

pragtextata in boeterigs-free culivre.

In the symbiotie sbate, the phycobiont of Peltisers
praetextote, in common with those of the ether specles
of Peltizgers, assumes the atypical "eocsold® form (DANILOV,
1987). Choaracteristic of this condition, which is sald
to result from the limitatlon of space within the thellus,
i the aggregatlon of the phycobiont cells into small
colonies, each surrovnded by a firm gelatinous sheath,
Thero mey be up o about twenty round to ovael cells in
cach colony. In ne payt of the mature thallus, not even

in the marginesl mervisgtematle reoglons, is there any
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evidence of the flilementous condition of the phyceblont.

It hag not yet been esteblished how new phycoblont
colonies axe Fformed within the thallug, If the asserition
of DANILOV (1927), thet the mycoblont draws nourishmentd
from the mucllage scereted by these colonies, is Gorreet;
thew 1t is probeble thet the econtinuved dissolution of the
non-Living gelatinous sheaths of the marginel colonies
by emzjme aetivity, ensablesg the unrestricted dlvision of
the phyeobiont cells. At any rate, microgeopic examination
of th@im@xiﬁt@matie reglong vreveals no evidenee of the
formation of hmrm@goﬁia.

In contragt, the isolated physoblont displeays the
fileamentons condlition typ@g&l 9% the free-living specles
of Noptoe. The compavatively high level.of nutrients in
the medine and the sbsence of competitlon for gpeace,
induce rapid trensverse division of the coccold Hoglhoe
cells soon after inooulation 4o the culture mediuwm. The
long filaments thus formed (Fig. 35) give irlse to elther
hormogonia or to chaing of gpores, Gepending on the
conditions of eulbure. TFig, 36 shows a spore chain
Fformed in an 0ld eulture on Lilter papew.

On medle of a goft comsistency {e.g. 15% Bristol agor)
the firgte-formed filem<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>