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ABSTRACT,
e

An investigation of a number of different soils from
various districts in Manitoba was carried out by means of
nutrient cultures, for'the purpose of determining what spee%
ies of algae, if any are present. Twenty-five species of
algae were identified: a characteristic group consisting

of the species Chlorococeum humicola, (FNaeg.), Chlamydom-

~onas communis, (Snow), Fostoc comaune, (Vauch.), Ulothriz~

subtilis, (Rutz.), Phormidium autumnale, (Ag.), snd Phorm-

idium tenue, (Menegh.), were found to predominate, Cer~

tain species of algae normally submerged aguatiocs, were
recorded for the first time in Menitoba.

A possible correlation between zonal distridbution
and algal species and texture. and alg:l gpecies was

suggested,
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Lle HISTORICAL AN GBEZRAL Iﬁ?ﬁ&ﬂﬁ&?l&ﬁo

during recent yeare soill microbiology hog become .an iuw
psrt&né gubject for scientific research, the sctivities of
certuin orzanieme, both in the fauns ana flora, havine been
found to play an luportant role in the gcology of the eoil,

The seventh snd eizhth deendes of the last century mey
be given ag the beginning of the development of thie science,
although os far book as the 15th sentury arriculturaliets
renlized that decompoeition of vegetable anl animal matter
ook plice in the goil, snd that bthe process was inti-ote-

Ly conneeted with eoil fertility., How this was neocmpligh-
ed, however, was an sabeolute aystery to them, &0 that it
presented an imsediate problem for investization, ‘he efforte
of esrly workers euch a@ Gluuber, 1655, Hayow, 1674, and
Liebig, 1340, in this fiela brought to light three 4ideass on
decomposition: humue Lormation, nitrate Tormation, and chem-
ical oxzidation. 4t was Bouseingsult, in France, who first
xeémgﬁiﬁeﬁ the asnﬁéaﬁisn betwesn nitrifaction snd toil fepre
t41ity, but 1t wae not until the valuable discoveries of

- Pasteur on bacterial fermentation that She explanation of
nitrifiaa%i@n/a& & tiologleal notion was resliged,

Between 1830 and 1910, soil microbiology advanced rap-
141y in ite development, vfﬁ% outgtending contributions of
thie peried bemsn with the brilliant studies of Schloesing
snd Hunts, who, inepired b- the monderful discoveries of
Pasteur, 1862, definitely establishe’ the tislozical nate

ure of the process of nitrifaction. Berthelot, in 1885,



eetabliched the fact that the building up of nitrstes in the
soil is due t0 the activities of certain micro~organisms.
Phe work of Yrrington snd numerous other investlgators fin-
81ly culminated in the igolation, by sinogradsky, (1890}, of
organisse active in  the axi&&&ian of amponinm sslis o nit-
rites, and of nitrites to nitrates. The bacteriolopienl in«
veptigations of Hellriegal, Welfarth, (1888), Beijerinck and
omelisneky, (1902}, are worbhy contributions to the devolop~
ment of soil microbiolozy in this period, as are those of
Hiltner, Chegter =nd Yeyeyr of recent years. 48 n resuld of
these fnvesbizations & new concepbion of our wnderebanding

of the miorcbial population in the eoil in relation 49 soil

seonomy war establiehed townrd the end of this laler ceriod.

Up to 1910, therefore, the bacteris were the only eoll organ-

isme believed to be of uny importance and which were stndied
in é@taik; other osrpanisme were looked upon sg oconeional
Boil invaders rabier then permenent members of the g il nope
wiabion capnble of taking pars in some of the most important
goll processes, slthough the setivities of the nitrogen-
bagteris of the Boil wers definitely @ﬁtﬁ%iiﬁh&é, and those
28 the s0il protozos invesbizated, as well as the psthogenio
afféaﬁ on higher plants of Myxomyeetes, Hematodes, nd Jungl,
the recognition of slgse as an lmportent conetituent of the
go0il populsbion 1o compasratively recent, procszding lareely
f?@m the investigatione of Fsmarch, (13103), France, and

*

Hadeburg, in Genmany; Robbine, Moore and Sohrama in the
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In 1912, Robbine sublished a paper on the "slgse of
some Colorads Soile™, in which twenty-one species of ilgre
were deseribed, The resulte of his investigationse aleo
1ed to further reseasrch in this field in the Umited Stntes,

retersen in hiﬁ~”§%a@ka seyvofile alghe” {1915}, made
a valuable econtribution to our knowledge of goll algne, ee-
pegially of soil diatome.

sehraan (1914), in the United Stetes, confined nig
resenyeh more especlully to methods of arowing the various
algal speeies in pure-guliurse, carrying out the technigns
developed by Chodat im Switzerlaund (1902), in the latter's
physiological investigations of certain nlgel species.

Phe sysbemabic work of Hoore (1L}, on the ccourrence
3f thess @tﬁ&ﬁi&%ﬁ in the soil is of grest value, and fo~
gether with Xarrer, a ou-worker, demonstrated the existence

of & subterrassan alge-£lora, of shich Protodermu-viride,

the most constantly ocowrring species, was ghown o multi-
ply at o depth of one melear.

| #ore recenbly in ¥ngland, at the Rothemebead Tzperi-
mental ﬁﬁa%iaxi the vork of Dr. Wuriel Bristol-fvach hag
been an inspirstion to many vorkers in soil slese., Through
her investigations, valuable contributions have E&@ﬁ made
to  our present knowledge of the sepurrence, distribution,
aebivities, and infiuvense of theks vrzanless in the eoil,
egpeelally in relation to eoil fertility.

Previous o 1910, bowever, the regcarchep on alane
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af habikaﬁéi obther than the soll were investigabed, by worke
ars'iatareﬁéaé in their physiological éhazéa%@rie%iaa. The
names of Dillwyn (1809}, Gooke, (1882-1884), wolle, (1887},
gtand out in the history of the "Presh-water ilgae®, The
economic value of esome lower algse wag completely overlooked
antil about a qnartar'9£ a sentury &gﬁ,'%h&m the Swedish
solentist Hensen, demonstrated their importance ir merine
plankton ag the produsers of the orgunie substonces upon
which the whole of the animal 1ife of the oeean is Aependent,
in %@ré recent yeurs the inmvestigations of Chodat,
and %, 3, West, Fritech, and others have contributed great-
1y o our literature on the cocurrence of these orgsnisne
both in the soil and iﬁ,éth&r habvitnte, The al&&ﬁifiﬁati@a
of the ilgas by Fritech having been adopted by numersus
present~day slgologiete. Since the work of Zsmsreh, there-
fore, in 1910, our knowledge of the ocourrence and distrie
bution of the alga~flore of the #oil has inoreased gonsilepw
ably, large numbers of algee having been r&aara@é gg’iﬁh&b*
iting the souil; including species of about 28 genera of
Mygophycene, 12 geners of Chlorophycssc, (Ieokontae), 11 Con=

Jugatese, (lsokontae), and 4 Heterckotae, 8o that there is

i1ittle doubt that thers exists u definite algal flora live
ing vegetatively in the 85il,

Although our knowledge of esoil algne is extremely lime
ited, and our eoneeption of the rols they play ie largely

bared on speculation, 1% ir believed that eventunlly they
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will be chown to play s significant puré in the econvmy of
the 801l

In Cannds there is & pausity of Lliteraturse to be
found dealing with the microflora of the goil, and little
or none on the alga~flors of the goils It offered thus =
new field whieh seemed worthy of investigation in view of
the recent wide-spread interest in soil microbiclogy in re-
lation %o soil fertility.

The present undertaking iz a beginning to determine

what species, if any, are wore or leee rezular congbituent
of the verious soile in the Srovinee of Manitobs in Carnda,

2, SOTL SAMPINS UNDER INVESTIGATION,

samples, seventy«five in ell, representative of solls
in widely eeparated districte in HManitob:, were for the most
sart colliscted at randou, with the possible esceptions of
those obtained from the Dominion %ﬁ#@:ﬁ%@nt‘ﬁxgérim@mﬁa&
Parme at Brandon and Morden and from the azronomy Department

of the Manitobs sgricultural ﬁﬁilﬁgﬁw Those from Brendon ond
Morden were taken by means of a goll suger, while thosge from
the agriculinral College wers oblasined by "horizon-desthe"
from freshly dug open plte.

The majorlity were colleeted in the subumn of 1932,
while others had been stored in o dry cvondition for longer
periode, (Zee Table 2), In nesrly every ouce the samples
were alr-dried bafove culturing,

The soile ohbtained were sll Yeurfaes" gamples, The
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conditions under which they were taken varied somewhat &g
414 the depthe for & nusber of the samples, Sample number
5 wag taken ag s goll suspension from a deprespion where
melted show had secousulated in the spring of 1932, Sanmples
1 ~=20 wefa obtained after s rain storm and 8o were in a
somewhat "muddy" conditiom. The pamples from Riding Mount-
ain were taken ageording to the "horiszon depth™ of the evil
profile; viz., Quei®  Jesh", ebe. Those from ﬁr@néaﬁ had
the Aimensions, EWI2TX2N, 2UXETX4™, 67X6"X6"., ALl the ssme
sles therefore, wers takem from the surface elght imches,
none having been obtained below this depibs.
The sam;les thue eo.lected were alr~dried, orushed if
necessary, «nd placed in labelled glase jars for future uses
The nature of the soil semples under investigation
yaried conciderably, and ic best sxpressed in fable Ho.2
 which gives the following data for the mejority of the ean-
ples, the complete date for come of the samples being ﬁ%@%w
tainable. |
{1) Geographiesl Lﬁaﬁﬁi@n‘frwm which sample vag ob-
tained. & Hap &f ﬁhawing'%hﬁ'laaéﬁi@ﬁ of the

various semples onder inveetigation ig shown on

rage 9 togebber with s glosssry of same.

& - eqw*btsﬂi;*tyﬁ#tavrp-#qu’-s*tﬁq»»g‘astﬁnitnﬁﬁts-éiroiﬁtqﬁ&aagisutni

&/ The Map wes obtained from wnpublished! date through
the evurtesy »f Frofessor Je« He Hildie, ¥, 4. €,
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{2) aspprozimate date »f Gollection.
(3) oisture sguivalents L/ of samples, Uhese wers
yaloulated from as meny of the sumples as poogible.
{4} . Common soll typer prairie, woodland or Jok-
éaﬁ‘ ates Cultivated oy unculiivated,
{5} Terture of svils @1&@,'l@amg gand, stes
{6} 801l Hemetion--that ig, whether the soil is
"acld®™ or "alkaline™ %0 indicabors,
¥ith thiz information, certain comelusione can be

drswn ae to vhe "growth"™ of the sigse inm these variocus eoils,

R R R A P R B A NN S T A RN AR NE NN N

"

ﬁj' Motebure dguivalent: (Brizse and Helome (41} ),
define 1% ugr  "Phe amount of water inm per cent of 4ry soil
that s 831l will retein aguinet o definite conglent centri~ |

Aaas

fagal foree, for & given time™,. The Toree.ds

Ia
& fed pd
ittt ® LERLE

ﬁﬁéﬂ timee

pravity wideh eguals 2440 revolutions per wminube foy fope

ty minutes,
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S CULSURAT, METHODE

PR

In view of the fast that slgse oecur in the soil in

eloge asgosiation with other micro-organisme such ne bacter-
'ia and fungi, for the purpose of identiricstion &ﬁ& particul=
arly for the study éf thelr physiolegical resctions, they
nugt necessarily be ieolateds, This is carrled out by thelr
sultivation on sréificislly prepared medils, l.e., under cone
trolled ﬁ@ﬁ@i%i&mﬁ of temperature, moisture, and nutrient
gupply, etes The methods developed by early workers for this
purpoge, and adopted by wmore recent algoiogiste, will be dege

eribed in connection with the work oarvied out for this paper.

]

£

dethods of Sfudy of Eoil 4l

48 slrendy referred %o, soil sipgee sbtulies are based
primerily on pure-gulture methods, suggested by earlier work-
~erse, bul developed ag 2 laboratory technigue snd brougzht ine
to oommon practice by Chodst of Geneva, The methode of "gounie
ing®™ Bo  commonly deed in the gtudy of other @?@myﬁ of suil
srganigme, have been Found Eg Brietole-Hosch (8 ) %2 be of

1ittle value when spplied t5 the study of soil-slrse om sow
Ceount of the gelatinoue sheath common 0 80 many of the
gpecles,

The %&ﬁia;

Por thie purpope artificiel culbure medis sre ueel, or
at lesed artificiel conditions are created., In many caces,
therefore, no direct evidence is procured as o what 1B acbe

ually taking place in the eoll under nabural conditions,
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ﬁﬁié&rﬁigg}){iﬁ§ﬁiﬁ was the firet to isolsbte algss in pure
gulture, ueing o wsdium consisgbing of ditoh water to which
10 per cent gelatin hed been added,

The medis uped in conneetion with this proviesm were
gither minerel (inorgenic) salts svlutions in the reguired
proportions ss recomuended b, Hoore, snd Bristol-Hoach, or

sgar-nutrient media., The ager medium was found to be the

most satisfactory for "plating” the alges, while the nubrient
galle solution wae most sulbéable o the growih of the algae,
The fagar® medium wag prepared by 4issolving in a li@réiﬁﬁ
dietilled water the specifisd amount of agery, filtering and
gterilizing; after which the inorganic salte derired were
added, This on ecooling so0lidifies. %gw nutrient golte gole
ubion ig usunlly made up to = litre of diptille? water ond
sarefully steriliged, PFor example: 10 grame of melted aouyr
- added o %aqga'& nubrient solution wae found by fehramm {23)
$0 be &ﬂ‘%Xééllﬁﬁﬁ agiinm for the growth of soil olgee on
yl&%ﬁs, Phis wae veed wibth zood regulte for o number of
alase in thip work,

Teohnique;

This was carried osub vith the utmost of care; clean=
iiness and sterilization of the vessels uped being absolute-
ly esgential for good results. 4ll the culbture veseele were
hested three Beparate times %o & tewpersture of about 140
dezgrees U, and kept at thet btenperature for abuvul three hours,

to insure steriliszetion, The vessels were always plugzed with




cotton~wool., The culture media wers hented in & stean gler-
1lizer {or sinilaor periods of tine,

Cultivation of ilose:

%%@%;sf the 01l sampler investigated were token Trom
varions districte in Manitoba) ae many as filve samples being
taken from s loecation., <hete were examined by mesne of eule
turees in mineral salte polutions set up with different desrecs
of dilution of well shaken soil suspensions, growbth of algal
vegebation taking slace in frow ten %o fourteen days,

Methods of leoiation of Impure Cultures of Algae  (30)

The methods of ieolation of algae from the soil fall
into mebhodes for cbitaining enrichment, crude, pure, wnd sin-
gle celi eultures. Grude cultures were obtained fr@m.tﬁé
original soil suspensions: It was pulfieient 9 pluce the
latter in the punlight 6o obtain in & short time an abundant
alzal vegzetation, |

The "enrichment? gulture methods consisted in malking
conditions favorsble for normel development of the algas,
which for the §u$§§$& of 1dentifieation proved satisfactory.
Phe pare culture methodes denl with the pr@ééﬁgéa of obtaine-
inz the ﬁlg&é free from contaminating ormanieae se well ag
from othey species of alane, the enrichment oulture being
g srelisipary ster in the tsolation of the pure culture,

The "Enrichment™ Culture Hethod,

The culturss were set up in very carefully sterile

iged Erlenmeyey flasks nd filled to thelr zyrentest diome
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eber with zround quarta, {(15-~20 zrase) previously waghed
free from all suspended mather. ihe flasks were bfhen pluse
ged with cotton=wool and eterilized, The eoil inceulum,
¢oreipting of & zreme of soil %o 15 ee of distilled water,
wag shaken in 3 besdt tube fﬁr 5 minutes snd allowed t0 godw
tle, after which 1 &9 5 8¢ of the suspension wac a&r&fuzly
traneferred ﬁﬁ the flaske by means of o sterile pipette,
Yarious amounte of a nutrient salte solution were added %o
the flasks depending on the 4ilution depired, ‘he nutrient
solutione uced were thoge suggested by Yoore and ij'Eriﬁﬁﬁl*
Roach, n@vimg the following compositions: |

%ﬁﬂ?@*ﬁ Hutrient Solution:

@ﬁdﬁﬁwmwﬂ»~ﬂ~ww~««~*~@s§ 20
HEH0 e mnsasmmnnnnl, 2 o,
Kg§?$§~~~~~w~w«««~*»~ﬁ¥2 e
- S DR, O gy
FeB0 mavnmmessnasnnnntrage,
Digtilled wateresme==1000 e

ﬁri%taiwﬁ@@ah}a»ﬁ&ﬁriam% Eolution:

Kﬁg?ﬁi”*“““*““““‘““““ltﬁ e
HaNOgmmmsaamn e nan] O gm,
HBEG jmmn wmmmmmmsmmmny ) rme
@&Gig*“*”“*“““*******ﬁ&l 88
§@ﬁl“*””*”““*““*“““““gal fy
@@glﬁ‘***ﬁ***“*"“"““*ﬁ « 01 Hifie

Jletilied water-«--~«1000 ge
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The nutrient solution wae ueel in the following pro=

aorfione:  one cubie gentiueler of the gsil insculum to 50,

100, 150, 300 e, ete. of the solubtion. For purpsses of come

paricon however, cartain of the cultures were mnde with eoil

suspensione of diflersnt dilutions, and others with nutrient

solutione diluted o 0,5 or 0,25 the original strengths In

some instances too, more then one cuble centimeter ol the

goil inveunlus wae transferrel %9 the culture. “+able % showe

gome of the v&:iaﬁiang which were cnrrisd oud irn the culiure~

ing of ssmpler L to 43

PABLY 3.  VARIATIONS CARTITD OUT 1N CULTURING SANPLTE 1 to 4.

23

i f " "%

H samounte of goll suspsn~ imount of hmount of

t teion to water ueged in 1d1luted pus- :Tutrient ,

$ $ dilution. ipenpion useds :Culture used,
$ Jhar o s b b h s s b E B U B OB E RN G kB N

4 H H H H

réanple :8o0il suspewn~ 19ipbilled $

t Ko, sion : wnber : :
:&ﬂua@&Q:i»iﬁtowﬁa-wwa%t*#»aQ#WQio3.sa&x;#vﬁfdﬁaftpﬁha*d&»&¢G¢t
H 4 b4 $ H

1 {a) ¢+ 5 ge 1 50 oo i 2 oo 1 50 sa
ﬁ;noat;t@pﬁﬁtqm&w#&b#agtiaut»&#ﬁuaiﬁtﬁswi&*twg;t&ﬁi«*&axoéepags
3 H 3 H H

: (b} + 5 cc ¢ 50 ce i 5 ge : 100 ce
YNy Y I I mm MmN MmN TmmmnmMm T T TmTTrT I T T T ™™
4 H H H H

: {a} 1 5 go ;100 ce i L e 1 300 co

N IR MMM I INmInTmMmmTTIT T T T
: o 3 : T

3 {t} 1+ 5 ce 1100 se 505 ee : 100 eo
fenbeobs i o obtedhuenssleansohusvonl sanpasnsaionalianasncabBasnnsd
i H : H H :

i 3 H no dilution i L oo s LOO ce
zﬁ”ﬂtih%ﬁw&t&iw&*ﬂ*ﬂéﬁﬁ%thi#&ﬂﬂti:ﬁﬁﬁiﬁiﬁﬂi’"ﬂg&‘*#*ﬁ@i*‘ﬂsi
S - ' H -

1 4 :  no 4llubion i 5 so : 100 oe

#

#

ﬂ'ﬁﬁﬁﬂﬁ!QﬁﬁﬂﬁaﬁﬁiiﬁﬁﬁtlﬁﬁﬁwﬁGﬂﬁft;ﬁﬁﬁihﬁﬁﬁihﬁuﬁ3&’0‘&‘*‘00#0!‘
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The cultures were plsced in s ﬁar$h~$agt window in a
room of maxi wm bemperature (70 to 80 desrees), the bright
li~ht stimulating the srowth of the nlgae snd retarding the
growth of other orgonisme. The first eigne of sgrowth were
observed in the majority of the gultures at about the twellh
day{ f{Bee Zeble 4 {?y;ariaﬁiaﬁa ageurring in some onses,
depending on & number of factors sach as the desree of dile
ubion, the condition of the goll, texture of soil, and its
loeation, besides variations of the énvirommental a&mﬁi%iam$;
Pable $4 F chows the relative tise taken for the growth of
algae in the samples cultured, 4he enriciment culbure methe
o4 proved the most sabisfnctory for the growth of algae in
n #ixed culture,

Ieolation of Pure~Cultures--The Reparation of ;gﬁﬁiﬁﬁ in

Hized Gul%nxa;

'?h@ separation of one form of algee from snobher
wag not « very diffieult task, but to obtain theee gpecies
free from other sunteminating arg&ﬁiﬁﬁﬁ guch as bacterin
and fungl proved almost tapossible. Lome o0 the species
were Llpolated readily from the esdl, and others only with 417w
fieulty. For morphologziesl studies snd clugeification 1% wae
only necessary to ﬁagmyaﬁé the various forme frow ssch sther
and t5 cultivete them under artificial conditisns, In this
way & culbure coneisting eolely of ons specles was obbuined,
but in nearly every cure bueberis and Tungi developed along

with 1f s0 thet & pure culture 4id not resulit. Since this



work, bowever, ig wminly a study ol the morpholoplonl chare
stberistios of the mlgas Tor the purpoese of identification,
- gbeolubtely pure oultures of fhe algue were not NeceEBaAry.

Hethods of Beparation of Species in Hixed Culturss:

The first atbeapt to Beparate the varilous aslpgal forms
wae by the use of o sterilized platinum loop snd the nicro=
goopes This method however, proved to h@vﬁam&wha%vtaaiams
and the resulte were not alwaye cerdain %o be sugcessful,

The most satisfactory repulle were obtained b, culturing on
s0lid medin, the Yagar-plote” method for the imolation of
pure cultures 1/ of nlgee. Thie wae carried ont in eeveral
WO FE. |
{1} In the cass of samples 7 and B the slpaes were obisine
ed ap eseparate colonies direotly from the eoil by incoculate
ion of the soil suspension into s sterile agar mediuam in s
fiask.
{2} The plate~method, suggested by Sehramm {23) was uped
with some sucoees. %t consiebed of procuring s suitable
medium, one which would remsin liquid down to s temperature
at wiich delicate algdl ceiles wauld not be injured, {(34.5 to
3% degrese U), favorable %o %hevgraw%h of algae whilst being
unfavorable ¢o the growth 9f conteminating organisme, Echrama
used the nutrient sineral sultes solubion recommended by ¥oore
S T T I I I
1/  Pure~guliure {Weksmen) (30} not necesesarily

free from bacteris,



wlgw

with the addition of 10 grame of asgar, {(sse page 15). This
was carefully srepared, snd steriliszed in an nmutocluve, nfw
ter which 11 was poured into sterile test tubes, rlugrmed

with sotton~wool and covered with wexepaper, for fubure use.

The alge t0 be plated was token with as little asd-
hering matter as possible by mesns of a sterilized platine
un needle and csrefully introduced into the tubs of nutrient
agur {6 o 8 ec) while the lattber was 8till a few degrees
above 1tg congealing point {34.5 %o 35 deg. C), %hﬂr@mghiy
ghaken for o few minutes and then poured inte 2 Petri dish.
Phe plates were anllowed to oool and then turned upside
down, &0 ag $0 prevent ﬁﬁﬁ moleture from spresding the bact-
erie over the purface, and then plaged in the lisht of o
north=east window, and coveres with a Bell«jsr,

The first sppesrsnce of the alzal colonles verded,
ugually taking from teo t0 Tive weeks, Thie method wae
adopted in the imolation of species from cultures of pame
ples 7, 12, 4, 5 and 41, the resulte 0f which sre riven in
Table Fo. D
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opment ﬁf dsep alg 1l colonies, while the “streak” method
'aliawg& for the development of surface aal&ni§a¢ Sl
pultures for ilsolation purposss were made by trensfer-
ring the well-developed eolonies to liguld medis, '
{5)’ iAnother pare-culture method suprested by Chodat,
adonted +nd degoribed by Bristol~Eoach i6), wag tried for
experimental purpoges, in the care af gamples 7 o 1ll.
wone of the specles so cultured however, were ohteined Iree
from eéntamiﬁa%iﬁg srganiene, fhe method congigted chiefl~
1y in growing the algse iv dilule mineral salfe solution,
in fiseks, exposing the cultures %0 bright sunlight, sub-
culturing for senrichment purposes, by nmaking d1lute eue-
pengions of the algae, well ghaken in order to sﬁaﬁr@$a any
pacberis or fungi from the algel ocells, wrtll the propor-
tion of ewn%ﬁ&ima%iﬁg spammiens to the algas 1e very Lowe
_?a&y&mg @m&n%itiaﬁ of the puspengion were Vhan inoculated
ints flasks containing melied 2nd covled agsy {545 to 35
deg. ©), the colonles being allowed to develop in the gole
14 agar in bright sunlight. The developing colonies were
in this way separste from one anothelk, f&aili%aﬁin@ the
gub~culturing of the desired algas on s fregh aedivme. Sube
gulturinz wes done by cubting out ageptically, the depir-
ed slgs ond treneferring o & fresh medium.

Phe shove methode were uped in eonnection with the
prepent problem, namely, the identifieation of epecies of
alg ¢ ccourring in the solile examined from varioug diegtricts

in Henitoba.



EXPERIMEETAL

One of the first @zgézimﬁm%s to be carried outbt in
gonngebion with this work was the culturing of a stone
ploked up on the edge of a flﬁw@rﬂ§@é_ﬁn the University
&ite, ¥Fort Garry. 1he ptome was place in 15 eo of Moore's
nubrient solubion =nd placed in ths sunlizht of s eoubh
window on Hay 1ith, 1932« “he ﬁir%t'ﬁigﬁﬁ of zrowth were
vigible on ey 156k, by the appenrsnce of & thin film on
the surlace of the solubtion. 3By Hay 23rd, an intensze green
goloration was obeerved in ithe form of & rinz nround the
gides of the test tube as well ag throughout the %@1&%iﬁn,
Masroegonpieally blue-green algae were seen 0 be prepent
as well as sreen slwns., “iorosespleally epecoies of the

ngelllatoriscens, ae well 88 the Chlorscoceales were found

to be oregent,
Sgtreak” culture methods vers enrried out in cone-
neotion with the culburing of ssmples 1, 2, 5, snd 23, the

date for which 45 ziven in Zable { 6 }
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The tuble showe the relative length of time taken
Ror the appearence of the various algnl aolonier on nutrisst

8gar ploteg, by sthe "etresk” method, 4 wub=gul ture of aligs

i,

Ghloroseceous husicols fros sasple & was unde sn Janusry 9th,

1950 unto w freeb medius, the growth of the sigol gnlonien bew
ing Jiret sbrerved on Jususry 23rd, definits sizel coloniss
Gopsaring by rebravary llthe

On Hovember Lk, 1032, "enriohment” suliures of
sam;les 7 to 11, we o et uo a& dssorived, Lut nutplent agay

] wne ueed in place of the wineral solts solutisn,
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An mgg@r%amity for obeerving the effect on the ”grawéh% of the

slgae of nutrient aga: ae compared o naarient $dlﬁﬁ sw ution

wag made in thie way. the culturee were yl&aeﬁ in the 1izht

af & north-east window and the alzal colonles &11&%@% @a devalop,.
ixamined with the unaided eye by trangmit t@: lizht there

was no growth vislble until after two weeks when a&%ani&& ap»

peared in vll cultures exoept one. In this caee th§ ~soil ine

ooulum wag added t0 the agar bvefore it had aaola& &aﬁiiaiently,

in all probsbilities killing the algae inﬁr@&a&&é. *”h& SEpET
iment vwas r@peaﬁ&d n&lng the mubrient salte ﬁﬁl&ﬁ&ﬁn instead of
agar and @lgal growbh was clearly vigible within %@n days.

On Janusry 9th, 1933, alzae from the %ﬁti@h@@ﬂﬁ aule
tar@‘a% sample 7 were @1%&@ by the "dilntiom™ @e%w&a and on
Janudry 30th, the “ir&t appearance of the %1@&& @glékiaa were
obheerved, seattered t%r%&gh&&t the plate, snd hy We%xmayg
1lth, the cnlonies were well defined, when abﬁ@r§$ﬁ ﬂn&@r the

16 mm objeative. Various slgal forme were nﬁta&, %ﬁ@ ane 1in

\
- particular stood out begause of its branched g@rmp‘ it wag

later 1dentified ap Hlcrothamnion strictiseimum, & srecies

which hitherto has not been recorded as ocourring in the soil,
nor hae it been previously recorded in Manitoba. 1t vas firet
described by L. Ssbenhoret, (19), in 1851, as an aguatic form,
3&@ Page (61y), Plate X«Fig. 1

“gaples of moil from Brandon Izperimental Farm were

cultured on January 23rd., 1933. Growth of slgse in these



g0ils varied somewhat, sampler 26 snd 27 develoning more vige
orously than the sthere. The firet elgne of growth were vige
itle in culturee of sumples 26 and 27 on Februsry llth, growth
in samples 28 and 29 on February 15th. The fesulte here as

in other Boile are %éﬁ@ﬁﬁﬁmﬁ wpon & nuanber of factore found
by early snd recent workers to influence the "growth" of

algnes Shese factors are relatel to the "msbure” of the goil,

and include texture, (clay, sand or isam, ete.), ®oil reacte
ion, (acid or slkaline}, depth, moisture content, end nutrient
supply. Looking a% lable® . 2+4 1% will be seen thet thoee
6ciles 1n which the algae developel most rapldly sre more alle
aline than the others, and that their moisture equivalerts

o are highers It wae noted aleo that these samples were taken
at different depthe: essmoles 26 and 28 being 6™ 632" up $o
two inchee in depth, and samsles 27 and 29, 6YX6"X4™ up to
four inches in depih.

Obgervations upon the growth of soil algee in the some
ples from Riding Yowrtain ehow that the dtetribution of alrcae
in the soils sre uniform within the upper few inches, there
being more im the top inch, than in the sscond, decreasing
“in the third, and incressing sgsin in the “vurth inch %f%ér
which they decrease rapidlye Fhis agress vith the obeervate
iamﬁ-maa@ by BristoleRoach { 5 }s&é Hothanstead, and can be
attrivuted to the biecehemical sctivity of algae both on the
gurface of the evil, ié the gunlight, where Lthey synthepize

thelr provoplesas from the carion diovxide of the asir: and from
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the water contalining inorzanic nitrogencus and alnersl come
pounds, adding conelderable organic matter to the g31l; and
below the surface in the dark, where conditions of bemperw

ature and molsture are more univorm und where they are cap=

able of utilising the organic matter present for their metae

boliesn, adding nething either to the energy or the food cone

$ent of the svil. Beyond thie depth, where there is only a
trace of organie matter, they were found to decresse rapldly.
Robbine L0}, believes that the depth o which algae
will extend, is largely dependent upon the btezture éf the
80il, ite ventilation and methods of cultivation; irrisation
aleo playing o part in their distribution. Thie was fgﬁnﬁ;
to be the case with the majority of the gBamples examined, |
Algae were found %o cgour more abundantly in osultivated, arti-
flelally serated goils, then in virgin mndisturbed soils.
Ihie wse brought ond egpecinily in the 6&&%%&1@@ of pamples
67 to 70, which offered an interesting group for the obpere
vation of the relative length of time required for the devele
opment of algae in soile of different types, token at Aiffer-
ent depbhss <‘hese samples were all from the same disiriot,

but of different “aseociates® %j {13}, eosllected in October

»uugc4gecipw;mzo«u.u*ist«ean;-squnﬁnog-baqgﬁi@k*ué:&ougq.vpﬁiquay&

i/ “fhe sesoclate™-{ 13} (determined by reliel snd lo=

cal environment}. Aspoclate~-the "Boil $ypes” found in aBEOC

iation on & ziven parent material.
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of 1951, snd culi.ured on Warch Bbh. 1953, Zable (7 )
ziveg the data for each of the samyles, column & ziving
the relative length of time reguired for the devs lopment
2f the algaes in these o'l

TABLY 7 ﬁ@ﬁ?&ﬁi R 3@ 9“?“&3“%@%2 gﬁ_&L&a@ gg %ﬁﬁ?&%ﬁ

61 %o 0.

1 T 3 3 ) T

s {1} ¢ (2) {33 : {4) v (5) 1 (6)

H H H : : :

H : ¢ H H tLenzth of
18amnletHorizont Eo0il Zonsl “he ¢ Boil ttime for
: Hoe 1 depth Tyne tHappocinte” :Resglionidevelopn=
- H H H 1/ ¢ 'ﬂ@ﬁ% 5f
4 H i H - 1 S8 L e
fv,au;lmbiaouanacgtbyﬁu;e»;etuo§uu-¢t;mn'*ﬁ0uzutnnsnuog,twtuts‘-&i
- t 3 : H 3

¢ B 1Qe~=3" Chernozen iPhytomorphin: pHe-T,h 125 days
4 : s {blackesarth); {normal) H

5 3 : i1oan $ H H

Joav et s tosatnholttraie s stsasts 68085 eF G5 Es06cbssibonsbbnona
H : H : : :

3 70 10===7" Henigwelralir=iPhyto~hydro-ipH-«6,49 111 days
H iirsng- i1ie “Yhernozem : morphie : $

! sition : H :
:tﬂﬁi&ﬁ:ﬁ!‘ﬁb'@:Qﬁﬂﬁhﬁﬁﬁiﬁﬂti:@"Cﬁ%ﬁn'h’bl‘¥:=Q._'i§l3$zi"bﬂi"ﬁ
53 o : : , H

i 6} 10e-«i" ;Horthern sHydromorphic: pH-~646 124 days
H 3 i“hernozem i {leeally ): :

: : : Hesdow ¢ {mumid 1 :
-;Q.utﬁ#:lnﬁﬁiﬂ!:titnwﬂiﬂaﬁ&ui;knpctﬁaluinﬂ3&:&*&0!‘36*0&#'#c
3 $ 3 : : H

i 69 23777 Mesdow~Podzoli¥ydromorphic:pH-~6,8 118 daye
3 H *(&%gr&ﬁaa 3 3 H

H H :%sx%hﬁrﬁ H H H

$ H iVhernages § 3 H H
394;.,4.,.i‘sgtﬁgnii:«gn!uci:qaﬁewaﬁﬁ»cpiaewunté»’&gcubtr;%tvanwﬁtq

1/ "ohe Apsociate” (13 )~~determined by relisf snd looal
environment), Associnte~~the "soil typee™ found in sssociae

tion on a gliven payent material,
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fanples froa Riding Moontaln were taken in feptember,

1932; those from Brunkild, Horden and Hanitou in June, 1532,
Phe oultivated esriss were cultursl on Janunry 23rd, 1935,
Hoore'e nutrient golution beling ueed, the firet annearance
of aleel growth being ?i&iﬁl@ in the culbures sfteyr 17 days.
Thoge of the uncultivated series, (Nos. 46, 48, and 48), were
gultured on February 20%h, 1933, snd showed no visible eipms
af growth until Marech 13th. 2 glance at Table & 2 % ghowe
the culbtiveted series of soile o be alkaline in resction,
while the wnoultivated golls sre more or legs “seid™, This
confirme the point brought sub by early vorkers that soil
algse thrive much more vigorously in & somswhaid al&&iiﬁa ned -
jume This would zleo secount for the belief that the prege
ence of algae in the eoil hee something to do with the fere
tility of the Boile. althouzh no definite procf! has been as
yet established, 1t is belilsved, (Evesowiteh), (15}, that the
%i@mé in thelr gelatinows sheathe, provide eseily avallsble
carbohydrates, frﬁm-wﬁiah the baoberia derive the energy
essentinl %o thelr work, and that ﬁiﬁ?@g%ﬁ*fﬁﬁ%ﬁi@ﬁ in not=-
are is 4due Yo the combined workinz of & nunber of different
| orzanisns rather than %o the individusl sction of 2 single
&geaia&. Thue 1t wae interegling %o note the presence of
MOBE ﬁr@%am¢m$g in aspociation with the ¢ ig%@ in sample 38,
gince it hos been demonetrated by ¢ ﬁ??@%iﬂ?, %an Ubiseh, (29)
Ra@himégggﬁ othere that the protonemse of some wosses can

wake uee o7 certain organie substances especially the cugars,
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and grow vigerocusly in the dark. It has besn chown however,
that further development of the mose muet take place in the
presence of sunlizht. (5)

Hutrition of Algse:

Hany workers have shown that the nubrition ol the
higher algae 1le essentially that of the green land plants.
The surface layer of soil is o habigal naviﬁg all the phye~
jclogioal conditione neceseary for algal growth, and it ie
- not surprising to find that these ﬁrg&ﬁ%&mﬁ have & fairly
wide digtribution in this habitat, The introduction of
bacteriolosical technigue 1o nalgal cunlbures led such worke-
%f&vﬁ%.ﬁﬁijﬁrﬁiééz Artarf}%hﬁéaél%ﬁd %ri&talnﬁﬁ%eé5g59%h@
introduction of hacterinlogieal %@ahﬁiga& to algal culbtures,
thie led to the investizations of the physiolo-icsl hehaviouy
of some of the lower slgse in the hope of underptending come
of tue fﬁ%&&mﬁﬁﬁﬁl probleae n-derlying the nuirition o7 ore
ganisme containing chlorophyll in their protoplset. Microe
biolozical studiee have shown that cerbaln Other uvicellule
ar and aulticsllalar aleroeorganicne such ae Yaglens viridis,
and woes protonemse, eteo., are related o the ulpse by vire
tue of thelr posceseion of chlorophylls Jfable 4, adopted
from Bristol-Roach (D), zives & brief classification of the

chlorophylli~bearing mic o=organisme found in the soil:
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: : H § H
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H : H H :

H H sBueterokontoe iyellow=iChlorophylle
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: H $ H 3

3 i2s%aciliarialesiMosbly Tennstoe i :

H t H and H H

§ s {Diatoms les) iBnviculaidas iyellow tomrotin

: I H : or iChlorophyll
H H : tzoldaneg :

: ! H tbroen  xanthroohyll
: H t jehroma- g

: } H tbophoares

H H H i :

$ idu0yxophyeene  HMoetly Tilsment=: Phyeoeyanin
2 H 5 oue t blue~ ighloro §&g11
5 s {(Cyanovhyesae) 0seillntorine- 5 :

¢ : 1 gene H H

H ! iand Moetosacene | sreen 3
:ﬁnﬁagéstﬁﬁﬁiﬁiﬁﬂdtﬁﬂztk&#ﬁ&#ﬂwty&«wwpzbiﬁwﬁﬁu:&&;»w»*&soane
H : H i $
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"8pil slgue® therefore, Hristol-Roach stetes, &), are,
ithoge micro-organisme of the goll wihich have the power, un«
der suitsble conditions, %9 produce chlorophyll”, and further
ghe believes that thie definition is wide enocupgh %2 include
other chlorovhyllebsaring micro~organisme 5 the 81l «nd suge~
geete that the name "ghlorophyll-bearing ?fﬁﬁﬁgﬁyﬁ&“ be given
o %&iﬁ whole sronpe

The gtudy of poil algne has heen appromchsd from two
very different view~pointe nocording %o the environmental
gonditions under which the @fg&mi&m& miy be living. Accords
ing to the first, the soil ig merely a speclal oange of &
such wider olass of habiltats; Including the surface of rooks,
@ali%gﬁ, trees, roofe and walls of bulldings, ete. 4lzse
growing in these habliats have besn n med "ferrestrialy by
Fritech (14}, and are directly subjeeted to climatlic condit~
iong: redin, dew, wind and chenges in temperaturs., Algale
ppiste tuking thie poing of view emphasize the iaportancs
of water supply Vor thelr growih. Those taking the gegond
point of view, on the cunivary, regard true soll nlzue ak
regular inbhubitents of the epoll iltself, capsble of growth
both on ths surface nd below the ground. On the surfscs
gxpoged to sunlizht the 2lgse are eupable of fizing the one
ergy of the gunlight, snd of speinilating carbon Aloxide by
meane of thelr ochloronhyll, producing evmplex arganic matter,
In this eapaoity the algne éagylg'%ﬁ@rgg materinl %o the

goils Eelow the moil, in the abeence of light, photorynthesis
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CRALEs, even thouszhk chiorophyll ia present in thrs protoplast,
the organieans obtain thelr energy and carbon from sre~formed
srzanic matter, (humus, dung, exereta, ete.), in the soil,
and go live gsagrophytiesily. Here molsture supply ig not eo
iaportant & factor ag curbon nulrition in the abgence of
light. Dr. Brietol-Rosch's experimente {6} have revenled
the faot that eoil algae slwaye rebain ﬁﬁi% property of sgple
milating eomplex organic matter, oven when Li¥img in lizht,
aB on the surface of the poil, in which case the chlorophyll
apparatus ie regarded ae gupplementary, only coming into
play in the preesnce of light. %he goil therefore, ng a
gultables culturs mediuvm for the ﬁ@?&%&?&%ﬁ% of algm@ is an
‘iagawtﬁmﬁ factor in considering the ogcurrence snd digtrie
bution of these organiess in it and aecounts for theiyr sppape
ent sbund .nes in ege fypes of soil 885 comparel o sthers,.
Egmarch, (1910}, (51, in his investizations obeerved that in
sultivated soils, the slgse were not confined to Yhe purw
fase but sgeurred ot lower depthe, thic he ascribed t9 the
nresence of resbing spoves carried down by w2il eultivation
and seepage af‘ﬁurfa@@ water, earthworme, and other 8oil ore
ganigas, since gamples from ﬁﬁ@ﬂlﬁiv&ﬁ&& s0ile abt the pane
depth were unproductive., He ales observed thet in general
gultivated goile contsined s gremter number of hluewgresn
algae than uneulitiveted soile. From his observations he
concluded that the two chief factors gpoverning distribubtion

2f algae on the purface of the soil were molsture, and the
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TABLE &; RESULTS OF CULTURAL RIPERIMERTC.
;Sample:Locationzﬁate cul-: Yate of : Epecies found
¢ HNo. ¢ tured : growth
:p,ﬁ.‘h;.o..gpoo:QQQBOQQannoyo‘Q.OQ;anooooatttoocaloooocﬂ
H H : } ) :
t L M. Ae C.:flay 23/32:June 6/32: Phormidium sutumnale
: H $ : : Chlorococecum humicola
: : : : : Nostoe sp. (1)
H H : H : Phormidium tenue
3 H ' : $
; 2 M.As Co May ﬁ}/BZ%Juna 6/32: Wostoe commune
3 5 B H 1+ Chlorococeum humicola
$ : H 3 : Phormidium autumnale
: : H H s Osgillatoriacecas BD.
H : H H ¢ Phormidium tenue
H H : ! H
; 3 M, A. CeiMay 23/32:June 9/32: Chlorococeum humicola
H H s : : Hantzgchia amphioxys
H H H $ s Phormidium sutumnsle
H : H H s Phormidium tenue
$ $ H : : Naviculae mutics
H - 4 : H
; 4 Qm. As Cy:iMay 23/32$Junem16¢ 1 Bostoc commune
H H H ;1852 3+ Chlorocooewsn humicola
: H : H + Phormidiun tenus
: 5 ;Ecrth iMay 23/32:June 12 : Chloroecoceum humicola
: : : ; - : Fostoc sp.
: iWinnipeg: i 1952 ;ldactylococous bicaundatus
H H ! s - ¢ Phormidium autumnale
H : H : ¢ Phormidium tenue
3 6 :North :May ﬁB/EE:Jane 16 : Chlorocoeeumn humicola
: : ; & : 1 Hostoo sp.
H tWinnipeg: ¢ 1932 i Stichococcus bacillaris
H H H H : Microthamnion strictissimum
: 7 18t,Vital:Nov.18/32: 1 Gongrosira terrocola
H : 3 $ : Chlorococeoum humicola :
H 3 H : : Microthamnion strictissimum
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Ulothrix subtilis
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Yiothrix subtilis
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