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The results are glven of an exumination of 128
different soils from 30 different logalities of cultivat-
ed and virgin land of Hanitoba, made duving the months
of October, 1933 to June, 1934. ‘

The results are based upon the migrossorpie ohf
servations of the 128 soils snd of cultures of them,dur-
ing s period of t%wo months easch; also upon chemigal tests
of tiese soils.

An attempt has veen made, firstly to determine
whicgh species constitute the protozoan fauna of Manitoba
soils, and the exteut to which varlatious in soil type
and soil texture cause chau es in this fauna; secondly,
to detect the influence of such factors as hydrogen ion
concentration, soil depth and varistions im amount of
precipltatioh upon the sind and abundauce of protozoa;
thirdly to determine the effects of various natural aund
artifliclal fertilizers a: plied to soils on Hanitoba
Agricultural College farm plots.

Thirty species of protozoa were identified.
lone of the ictinopoda, Testaceous Hhizopoda, Cryptonion-
adinse nor Hdetero- and Oligo-triechs were found, Iq
every =o0il tested the nydrogen lon coungentration de-
.¥'I;¢ﬂ wlﬁh ingrease in depth, ailso the protozoan '
population decressed with lacrease in depth znd =as ab-
seat at 36 inches,

The technique is deseoribed under Methods and

Discussion.

-
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Investigators of that branch of solence wmhich desls
with the migroscopiec life af the soil have, during the last
twenty years, learned to recoguize the fact that misro-organ~
isme other than bacteriz are of great importauge ;n soil
progesses. Indeed they are of such importance that they form
entirely separate fields for biological studies.

The beglunning of this realizatlion was marked by the
first researches of sussell and Hutghinson (1) at Zothamsted
in 1909 on the effect of partial sterilization of soil. They
gained evidence strongly indicating the presence of s fagtor
in their soils, which was inimicsl %o bacterla, «nd this was
more of a biolozical nature than ghemicsl or physical. The
presence or sbseanse of this limiting factor coincided with
with the presence or sbsence of protozoa. It mas from this
that the protozoa theory of partial sterilization developed.,

Other investizators were quigi to follow this line
of research. Cunningham snd Loanis (Z) 1914 gave the theory
further support. Neanwhile workers at .othamsted ascoumulated
more and more data,--goufirming the correctuess of the pioneer
wWOrK.

Fersuassive proof thst protozoa are present in
uwormal soil, not ouly in the engysted state, was produced by
Hartin and Lewln (3) 1915 when they discovered a method for
demonstrating the preseuce of active forms; while Cutler (4)
1220 divised & method for estimating the numbers of active

and inactive (encysted) forms, Such a mass of data had been
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brought forward from sothamsted and other places, that the
protozoa theory furnished, for some types of soil at least,
the most probable explanation of the koown facts.

Some comparatively recent observatioms of Cutler,
Crump snd Sandon (5) 1922 indicate a balasuce between certain
groups of protozoa and bacteria such that ilnverse rhythamle
variations in the respective numbers sre determinable by both
seasonal and {expressly) dsily observations. The exast role
of protozoas im soils is yet obscure. 4. G. Loehhead of the
Ottawa Experimental Station has found the protozoa of Csnadian
soils to occur snd behave decidedly different from those of
smeriesn solls in U, S. A. Vskemsn and Starkey (6) 1923
suspect.the behaviour of fungi sud actinomycetes, and the
changes in nsture of the bacterial foed supply, following
partial sterilization, to limit bacterial growth, commonly
credited to the presence of protozos.

During the last decade much progress has been

made in systemstic study of both agquatic and Sterrestrial
forme of protozoa. ©valkins (7) 1926 worked om the biology
of the protozoa, while Schaeffer (&) 1926 classified some
two-score ameba. A second advanced work was put forth by
Doffein (2) 1927-29 and snother by <ude (10) 1331. Then,
to facilitate research, come investigators, like Wsksman (11)
1932 selected and assembled useful and practical esseutlials
of earlier writings and dsta. #ith all this information st
hend, the expert of to-day is eunsbled %o progru;s in this

field of research from an sdvanced vantage-ground of facis.
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Effects of Heat,eto. on Soil as the Farliest Suggestion
of the irotozoa Theory of Fertility.
Fraok (1888) foumd that heating of soil esused
80 igcrease of soluble matter in soil. Heated moor-solils
sontained more than twice as much ss ordimary soil, =nd sandy
soils not quite twice ss much. This was considered in
acgounting for incressed productiveness.

Semmoeger found that from soils heated © 1409--160° ¢
in ac sutoclave for several hours, he could extrsct with 1z,
HC1 almost as much phosphate as from ash of s0il; snd wuch
more than could be obtaimed in the same way from ushested soll.

Liebscher concluded that steaming also caused oﬁe
portion of nitrogen to escape and further made snother portion
of nitrogen more available for plant zrowth,

IFfeiffer snd Fraanke steasmed soil 3 hours and on it
produced a orop of greater dry weizht snd higher nitrogen
content than on unheated soil, even wheun sterile soil was
inoculsted with some fresh soll; showiag increase in
assimilsble nitrogen.

Hussell and Hutchiuson made partial sterilizstion
by (1) heating to 98° C or (2) vy adding 45 toluene which
-at the end of three days was allowed to evaporate by spread-
ind. In these soils they found increased ammonia; due to
migro-organisms, they believed, since the production curve
was typlcal of bacteria (mot of s chemical resection), A4ilso
singe in soils heated to 126° C (lethal to all microorsauisms)
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there ic= g sudden large production of ammonia snd theun pone.
If toluene be left in the solil there is only slow production
of ammonia due to ensymes. 4 rapld period sets in ouly when
soil is sufficiently moist,

Thus Partial Sterilization causes:--

{1) Incressed ammonia.
{2) Cessation of liitrifying process.

Why?! because the inertness of bacteria in untreated soils is
due to the fact that "The untreated soll contains a factor
not bacterial, limiting the development of bacteris, this
factor being put out of action by heating or by toluene,”
Por example, 1f a filtered soil extraet (bacterial) of uﬁw
treated soll is sdded to toluene =oil, there ies lincrease in
the rate of smmonis production and in nmmber of bacteris,
Agaio, 1f untreated soil is added to tolueme coil there is

no increase, but s reduction.

{a) The factor is not toxin, for it does not affect
nitrification cacterias: Dbarley seedlings grown im agueous
extracts of untreated snd tolueued soils, showed no difference
in zrowth over a perlod of four weeis.

(b) The factor is probably blolozisal for when un~-
triated s0il is added to toluened soll the reduction in the
rate of ammonis pro&uétion is not st ouce operative,

{a) It is also a large organism since it was oot found
in filtrate extracts.

{d) Examination of treated and untreated soils showed
basteria in the first, and bacteris and protozoa ete.,in the

second,
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(e) Direct evidence was furnished by inoculsting
toluened soil or extract with cultures of large organisms;
the result was depression in the rate of ammonia formation.
‘( Hdussell and Hutehinsom (1) ). Hence-=-

"The micro-organiec flora of the ordinary arable
s0il includes a wide variety of organisms performing very
different fuanctions, which may be divided roughly into
two classes:-"

(1) Saprophytes t;nding to increase the fertility
of the soil, €e.g8.,producing ammonia, fixing
nitrogen, etec.

(2) TFPhagoeytes and large organisms, inimieal, or
unfavorable to bacteria, which limit fertility.

" Between these two classes of arganisms there is an
equilibrium under natural conditions, but when partial steril-
ization takes place the phagocytes are killed but bacterial
spores sre not; and subsequently the latter develop with great
rapidity, since they are freed from the attack of their enem-
ies, and there is an increase not only in amnmonia but like-

wise in erop production.”
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nesearcnes: Some coufirming snd others oprosing the
Frotozoa Theory of Soll Fertility.

ILS; ==

SE AGE-SICK OO

dussell, Golding and Petherbridge (12) amd (13)
exsmining Sewage-Sigk Soils, found two distinot causes at

(a) Fhysical sauses that lead to retarded percolation.

(b) 4 factor detrimental to bseteria, which is an sb-
normal development of the factor im every respect similar %o
that shown by Kussell and dutechinson to exist im ordimary
solls $0 a lesser extent because of less moitsure and less
organic matter. ‘

This "Soll-Cigkness” occurs commonly in glass-house
gsoils, At is remedied best by heating soll to asbove 140° P
but not exceeding £12° P. The orgauisms harmful to bacteria
multiply more slowly under normal soll counditions, and
possess a lower power of resistaunce to heut and anticeptliss,
Because of these orgsnisms the number of bacteris im the soil
at any time depends as much on the differeunce lm asctivity
between bacteria snd detrimental organisme, as (it depends)
on temperature, moisture or any other condition.
degarding this "Soil-Sickness” or "Fatigue”, a

phenomenon which Russell and Hutchinson explain as partly due
to the presence of protozoa, Loew and Yawcett found that with
some sick sdils, vhere conditions are the workst, protozoa
are completely sbsent. Samples of these soils were dis-
infected with hes¥y application of 082, but from the results
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of the study it appears that auy benefit derived from
the disinfection of the soils, canuot be attributed to the
distruction of protozoa.

| Lyon and Bizzell found that steaming soil, reduces
the nitrates to nitrites and sumonis, but that most of the
amsonis was formed from orgenic nitrogen, After standing
uncropped the steamed soil ateadily decreased in its coﬁ-
tent of soluble matter and both smmonification and anitrifi-
cation were stopped, ~ecovery varies with produstiveuness;
recovery from the iajurlous substances produced Ly steaming
is hastened by the growth of plants (wheat). 4un infusioan of
unsterilized soil added to steamed s0ll increased the germin-
ation of the seeds and early growth, but retarded later growth.
It further hastened decrease of total water soluble mattor
yet d41d not increase ammonification or nitrification. ileunce
we counclude that toxie matter controls the productivity im
gtcamed soile gnd thst the conditiouns of the orgauniu matter
bvefore steaming influences toxicity. That the soil was un-
able to rid itself of toxie materisl formed by steaming, in-
dicates that a similar condition causes sterility in the field,
3D SO1L~-FERTILITY; -~

It i= strikimg that with few exceptions most in-
vestigators fail to make any direct exanimation of soil
protozoa in their attempts to affirm or deny the valldity of
dussell snd Hutehinson's IFrotozoa Theory of Fertility. iost
conclusions were based oun indirect results obtained by steril-
ization of soils, extrscts, ete. The evidence thus obtalued
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goes to explasin the meortaht role that baeterla play, rather
than that of protoza.

dussell and Hutechinson's conelusion that the ab-
seuge of protozoa (by treatment with Toluene) was responsible
for inereased produstion of ammonia, was tested by Fred (14)
who used ether instead of toluene, He subjected a series of
soils to 100° C moist heat for several hours, and another
series unheated as s check., 4ll soils then regeived £5F asmmoun~-
ium sulphste, some flasks received £ aud 54 ether, and so
as to obtain vigorous mitrifection 170 cc. of amoecba-free
extracts was inoculated into all the flasks, prepared by
leaching £ ig. of gompost soil plus 4 litres sterile water,
and filtering Shrough filter paper, Hiigroscopic examination
revealing no amoeba. Analysis for nitrate nitrogen were made
at the begioning and end of experiment, sussell showed that
heating soll to remove amoebae was not beneficlal to unitrate
formation,(ocontrary to Hussell and Hutchinson's coselusion)--
yet sddition of small amount of ether increased nitrification
in flasks coataining amoeba, ani desressed this process in
flasks (soils) containing no amoeba. This, Fred believed
was due to stimulating effect uponm nitrifying baeteria since
heated soil, not treasted with ether showed no such inerease.

Fred did not consider im ms«<ing his protozoa free
extracts that the oysts of protozos do pass through several
thickness of high grade filter paper.

Other ilovestigators who, in testing the validity
of kussell and Hutchinson's comclusions, failed to do so were



Laidlow and Frice. In their time attention was pald to
their conclusions that : (a) Increased fertility of partially
sterilized soils was due to the pew bacterlial flors belng
a more aotive decomposing agent thau the origimal one gaus~
ing an inerease in ammonia. A more correct conslusion of
theirs was,(b) Frotozoa that were killed off by treatment
served as food for the new bacterial flora, as well as food
for the plant in the form of ammonla; and as some of these
large organisms devoured bacteria thelr destrustion allowed
rapid development of the new bacterial growth to Sake place.
less supporting of the lrotozoa Theory of Fertil-
ization, than Laidlow and Frice's were the comslusions of
Greig-Smith (16). From experiments he concluded that
protozoa had little or no setion im limitimg the number of
soil bacteria, He found however, that the larger clliates
such =s Colpoda gugullus, were not destroyed when compar-
tivelf larze amouants of volatile disinfectant were added to
the soil. Upon adding suspeaaioas of protozoa there was
no evidence of any limitstions in the numbers of bacteria,
Any enhanced effeot was due to the addition of bacteria
contained im the suspension. Any phagocytic tendencies that
soil protozoa possessed, G.-Smith found to have no influence
in limiting the oumber of bacteria in the soil.

Lipman, Blair, Owen and Molean (16) used soil steril-
ized at 1.5 atmospheres in the autoclave and found that
pasteurization does pot imorease the ammonifying power of the
soil infusion, but sterilization decreases the ammonifying



power of the soll.

Many another indireot evidence for or agaiust the
Frotozoa Theory of Soil Fertility could be gited.. For in;
stance Jamieson (17) found that increased productiveness
following heating of soil or treatment with substances

inimieal to plant life is “due simply %o the riddance of
yarious forms of snimel life im soll that prey on plants.”
and not on sny iufluence of bacterial asctivity in the soil.
Yet all these gonclusions did not constitute proof of the
validity of the theory. Iven at the time that the esrlier
experiments were made loore (18) in his "Misro-orgsunisms of
the Soil” doubts the various results, ide stated that "he
sould show, as the results of tests over a wide field, that
the number of protozoa, insluding flagellate:s, ciliastes, and
rhizopods existing in the soll three days after treatment
with various per cemts of toluol, earbom bisulphide, ete.,
may equal or even exgeed the number originally present.” .
"liihat seemed well established was that the tempor—
ary removal (from the soil) of the protosga, had 1ittle bear-
ing on the problem --_Sterilization.”
At this time, the strongest suprort to the Irotozoa

theory of Fertilization was given by Cunaninghsm and Lohuis (Z)
1914 by their studies om soll protozoa, and by the workers

at Hothamsted,,Harpenden, England, However, it was realized
that the subjeet of research required a more direct method
of investigation when Hartin and Lewin (3) 1915 demonstgated
thhe presence of trophic, as well as encysted protozoa in
Bormal solls,
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DISECT STUDY OF THE 1SDIVIDUAL S01L GaG4H18ME |
ASD THEL: HELATIORSHIFPE TUWALD FalH OTHER.

The sbove pazes on Soll Sterlliszation sountain s
brief revie: of the suormous amount of wori that has been
done on this subject. Ilopcloff, Lint =nd Coleman (18) have :
oompiled a great deal of detailed iufomation om Soll Sterile
isation. “ith thelr publication of 1916, it seems that the
ardor for the study of soil processes along the lines of _
soll sterlilization subsided and assumed the nature of ourios~
ity in the flelds of soll Sgetericlogy and Soll Protosoologye.
Even Zopeloff, Lint and Coleman notliced this, for they
remaried that " oll Frotosoology was then in its infanoey as
& solence”,

Direct study of individusl groups of ‘rotoszes
lesd to the discovery that certalnm of the olillates and
anoebae actually injested soil bau%ri.a. used them as food
exslusively, Cuanniagham (20}, I‘nﬁy and mntflelé {£1)
1818, Cutler and Crump (22) lﬂﬁﬂ. h:y macing eounts,( at
dally intervals) of smoeba and baoteris it hes Leen found
that an inverse rhythmicsl relastlouship, as to velative
abundasnge, exists between tiwse two groups of organisus,

For exsnple, Sutler, im 1920, prepared pure gultures of

‘ snd s flagellste, Cep=
gomonss grogsigaunda. Of each of these he ap lied au exset
oumber,( sbout 20,000) to ome gram of steril soil esch in
separate letri diskes., ¢ then added 11 to 13 millions of
bagterlia to easoh., 4ifter 10 days he found 9 times as mauy
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amoeba, and 11 times as many flagellates. Tue bacteria

in the dish containing amoeba had first reached a maxi-
mum of 178 millione on the third day and then a miuimum

of 72 millions on the fifteenth day, (59 » decrease. The
bacteria with the flagellates increased first to 103
millions on the seventh day, then dropped to 88 millions
in 15 days, (14.5% decrease), whereas a pure culture of
only bacteris rose from 10 to 214 millions in 6 days, then
dropped to 169 millions in 15 days. Thus in case a mutual
and zymbiotiec relativity.

Goodey has pointed out that smoeba lirnax ean
lead an active existence in the soil and exert a depress-
ing effect upon bascterial numbers., He believes that first
a certain high opumber of about 30,000 per gram soil must
be reached by amoebs before depression of bacteria sets in.

Hot all protozoa need to have bacterisa. Some
live in the absence of bacteria (1ll) and play an import-
ant role in the decomposition of plant constituents of
the soil with production of ammonia. (23) Some of the
most commppolitan protozoa,viz. Colpodas sp.(%?), are be-
lieved to be such. This was observed very early, and
Goodey, Hussell and Hutechinson, Hhumbler and many others
have made exhaustive study of the composition of the ecto
and endocysts of this organism, as well as detailed study
of its physiologieal behaviour. It aeeﬁs to be one of
the hardiest and most generally occurring protoZoa that

exists.
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Many protozoa are credited with being saprophy-
tic ani capable of obtaining their food by sbsorption,
and possibly soll flagellates have this same gharacter-
istic (sccording to Thornton and ilexelev.)

For better information the author would suggest
(and refer to) Wazsman (11) snd s number of other more
original works than e¢zu be here repeated.

It is of great experimental value that Cutler
(£) succeeded to devise a falrly sccurate method for
estimating the numbers of estive sud inmactive protozoea
and other organisms. The metinod is of such lmportance
that it will be discussed uander separate heading.

At Hothamsted, Fungland it had slready been
found that protozoa ogeur in far greatcr numbers in the
. soil than was formerly believed. iHdence alllson {(24)
applied Cutler's dilation.nntkéa in maiing counts of
protozoa of some Amerigan soils, He found only low
numbers. In 1927 Sandon (£6) repeated his work. He
nade‘a detailed examination of the orgzamisms of various
American solls, s0 as to determine the uumber and Kind'
of protozoa present, aud compare them with those of Lng-
land, (Some of these counting results are givean under
"Sumbers of Frotozeoa im Soil"). Through these researches
(2&). {g), (24), (86), ete., it became evideut that a
fluoctuating equilibrium is maintaipned between bacteria
and protozoa; and that, howe¥er cosmopolitan a number
of protozoa and bacteria may be, the protozoa of couatries
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of different latitudes may differ considersbly ian num-
ber, kind snd physiclogy. Loehhesad (26), who made migro=-
biological studies of soils of Canada at OUttawa, record-
ed a depression in protozosl numbers during freeziang;
different from Sandon's dissoveries im imeriga. Such
dissimilarity, it is suggested, may be due to additional
severity and length of the Canadian «inter. 4ilso Loch-
head did not obtain any inorease in the numbers of actin-
omycetes, and showed that their optimun témperature was
higher than that of the majority of soll Bacteria.

These results corroboracve ‘aisman and Starkey's
(4), who surmise that vehaviour of fuugl znd actinomy-
getes and physical and chemicsl changes of the soil limit
bacterial growth., This was the standing of the knowledge
in Soil Frotozoelogy im the year 1924, |

It would be futile to attempt even ounly a brief
survey of the progress made in the systematic study of
protozoa, dur.ng the last 10 years. Let it suffige to
"ssy that, among the authors who had contributed to the
sdvancement of this subject are Calkins (7), 1926,
Schaeffer,(8), 1926, Joflein (9), 1987-1929, Ludo (10),
1931, and Waksman (11) 1932,

In regard to the Frotozoa Theory of Soil Fertil-
ity it is stated at present that, although protozoa are
eapable of reducing the number of bacteris im soil, due
to their phagocytic sction, there is very little evidence
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that their influense upou the actlivities of solil micro-
orgsnisms, and upon soil progesses in general is imjurious,
The relationship seems to be of nntunl benefit to bacteria,
protozoa, and fungi, ete., snd soil fertility. Sacteria
may benefit from the smmonia liberated. Frotozoa may and
do feed on bacteris. The bslanced condition iu general
appears to Bo a negessity to normal soil conditions and

blologisal processes. (11)
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Sandon (26) exsmining soils from the iew vJersey
Experimental Statiou, counted protozoa by Cutler's dilutiom
method, and bacteria ete., by the plate method recommended
by Fred and aaxs&nn {£7). Sandon found wide differouées to
ogssur inm the pumbers of all the orgsuisms at different
times of the year in imeriean Soils; just like Cutler and
Crump found them varying at sothamsted, Englsnd,

Sandon's results were as follows:--

LaBLE 1
QRGAHISEE FE4 GHAAK OF SOLL FROM SLIGHTLY JLPPERESTLY TuBaTID
Pl

OTS OF HEW JEWSEY EXi FulsmFal STaTIOH.

-
3 t

Bacteria: Aetines'flaaellates Amsebas cilistes

Lad

sionth: pd ; H
: 3 $iHillion:&illion: 3 3 ]
:-...036...:.l‘ll.t..‘....QQ.O.QC‘.O‘...OC..O.'&.b..."".':
:Septas: 7.0: Gk 1 3.3 @ 196: ZEZ: Oz
:0gt. : 6.8: 4.7 : 2.7 : 770: 2386: £b:
1HOV. § ===1 1E.3 : 3.6 : <115000: <C£&8770: CEETT0:
i1dafe : 6e9: 4.4 : 8.1 : «600: 13600: 136:
tdaroh: b.E: 13.0 : B.4 £20000:> L20000: 160:
tAPrils: ==-: 3648 : 10.4 : 4796: 81496: £63:

issvssiocselosenvscnincescssslissccennsanslisnenseciosnconnnsl

iln Lovember even the hichest dilutions contalued
all three types of protoioa; they exceeded the uumbers ziven.
Further, according to these data, protozoa more
than double or evem triple themselves with the advent of
winter frost isee Oot. to liov.), and bacteria rose from
4.7% to 12.3° while fungl inoressed from 17300 to 44800.
(“ata not given on Table). The sounts for “arch were made

of thawed soll, znd s.ow emgrmous increase for Flagellates



and Amoeba. Hence, it appears that severe frosts do uot
reduge the protozosl pupulation, smd subsegucalb thawing
agts as & stimulus to multipligation.

Seil of widely differing eavironment and a
distant part of U, 5. 4, was that from the Experimental
Station at Logan, Utah, In this Sandou found protozoas,
ete., as followsi--

TABLE 11
OEGANISKS PER GitAd OF DIFFELENTLY TubaTED SOLLE FROM WEAR
LOGAN, UTAH EXPERIMENTAL STATIOH.

3 : : 3 3 : : : 3
:Flot:Crop and : pid:Bacteria: sotimos: Flagell: amoebage:Ciliates:
: Ho.:Treatment: sdillions:dillion: =ates 3 2 2
3 : of soll : 3 2 3 : 3 $
:....:......o..:...:........:......o:..‘....:.......:.u.....:
4 : Bects H b 2 - g - -
: 1 :irrigated: 3 3 s 3 H H
3 sManured :7.7: - : 1.7 : 14380 : 28770 : 114. :
: £ iStubble~ : - H : H 3 H
H sfallow 3 H : 3 3 - 4
3 v dry $1T7.6: 18,92 : LB ¢ 450 : 16000 : 36 3
: 3 :alkaline : 3 3 : 3 $ H
$ :skFasture :7.7: Beb : L1 220 : 14380 : 56.
H H H : 3 : $ 3 :
: 4 :aAlksliue : 3 $ H H 4 H
3 :Pasture :8.9: 10.4 : 6.0 : 226 : 1798 : E6 3
s b :Algaline : 3 : $ : H s
s : plowed : 3 H H : 3 H
3 ;pasture :8.9: 12,8 : 1.0 : 57 200 : T :
3 : ) : 3 3 : 3 3
1 6 :Algsline : 3 3 3 3 ¢ :
: :potash : : H : : : H
H :soil,plus: 4 : : : 3 :
4 :clos‘lt :8.-0: ?ol : Dol H 16 : S : B4z
2 | 3 - H 3 : H H
: 7 :ilkasline : : 3 3 H :
$ spot : H H : : : :
: :soil,plus: : 3 : s 3 H
3 So‘ salt :18.06: 8.6 : O 3 12.5 28D Sedk:
:ocooznco‘c.oocotooﬁoo..oooo'oooonooz.oooo..%oc.‘ooozooooooobz



- )} -

Soll lic. 1 receiving annually 30 tons manure per
asore contained considersbly more proto:zoa than the unmsour-
ed soils. Yet heavier applicatioa of manure (40 tons anaoually)
seemed to have a lowering effect on the number of protozoa.

Dry farm soil lio. £ was rich in amoebae, and poor
in flazellates and ciliastes,

in most slkaline soils 4,5,6,aud 7 th total number
of protozoa was extremely reduced, despite the fact that the ‘
nitrogen content ipm most of these soils was very high, suggest-
inz much organic matier,

Table I iilustrates seasonal variation of numbers
of orzanisms, snd Table II shows numerical difference due to
difference in chemical nature of food supply.

Comparing these results from American soils with
those of Inglish solls it was found that,with the exception
of counts made Just after ¥arch thaw, 2ll figures were con-
siderably lower than those found im corresponding plots at
fothamsted, Harpenden, England, by Cutler's method.
ORGANISMS FEA GiAM OF AuABLE SOIL PuOM EXPERIMFNTAL STATIOHN,

HoxESDES, ENGLAID, (See (£8))

- - -

:Bagteria: Algae;Flagellntes:Aaoebaf:Olliate-
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Having received the impetus of .ussell and
Hutehinson's work to awaken it to active life, this new
branch of soil blology may rightly be regarded as an out-
growth of the investigations on partial sterilization and
aoil fertility.

Frotoszsoa have long held an important place in
human zud snimal pathozenesis. The morphology and physio=-
logy of the forms councerned have been studied very closely,
There are, however, a few other fields, as we have seen,
where protozos play a part, viz. in water and in soil.

Protozoa are unicellular orgenisms containing
chromatio or nuclear substance readlily visible from the
protoplasmic body, which is either naked at the surface or
englosed by a cell membrane. Vrgaas for locometion, capture
and assimilation of food are usually present although they
may be sbsent entirely. 4deprodustion is effected by some
form of fission to form new individuals, or to form gemm
cells {gzgametes). Fission and germ cell proeduction en~-
volves the vhole organism, snd occurs in the vast majority
of protozoa. A process of coanjugationm or synsamy ogcurs
at some period in the life syele, the essentiasl feature of
the process being fusion of puclear matter from distinet
individuals, The protoplasm of the body is never differ-
entiated into tissues, nor does 1t exhibit cellular struct-
ure, {Exceptional are forms like sotifers, some of vhich are

grouped with protozoa for the sake of convenience). Under
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adverse gonditions protozos are capable of encysting, a
state analogous to spore formation of bacteria. The e¢to-
ayst may be of calecarious or even siliceous charnaﬁer.
Among nuclel we may distinguish a macronucleus goucgerned
with vegetative funetions and a sexusl divisioa, and micro-
auclei for sexual proﬁnctloﬁ. The number of misrounuclei
present in sn individusl is of wvalue in elaseifying protozoa.
The size of protozoa may be from a few migrous to 4 centi-
metcrs, idow these are the characters and structures of all
protozoa in genersl.

Spil Protozoa are all of a small and hardy type,
able to withstand the adverse gounditions of their environ-
ment., The great majority (with only few exceptions) are
microscopie, most of the common ones are not greater tham
160 migrons and the majority being less than 50u. Their
gontragtile vacuoles and food vacuoles are coaspicuous
in the ciliates,

This small size of soil protozoa im general
suggests that the reducing effect by chemical substances
desoribed by Joflein (¢) msy be a coatinuous and perpetual
factor im the eavironment of soil protésoa. for example,
Doflein states that "the motility of protozoa is affected
by chemigal substances in solution, salts, alkalis and acids, .
{all of which are often guite concentrated im soils), cause
a decrease in the strface of the pseudopodia, z2nd inerease
the motility of the clliates,

For general and detalled study ome may turn to the
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treatises on protozoa, by Butschli (£2), also to (9),
(8), (10), and Minehim (30), slso to Conn,i,%, Fdmondson,
C.d, (38) Lofold (31), Mast,5.0, and a number of others,

| From the follow. ng two paragraphs it will be
seen that it was imperative thet certain standard methods
of solil protozoology were fillowed.

Fhernberg and Dujardin (1841) thought of the
soil protozoa as being active, but in 18786 Stein discover-
ed the cyst forms and due to this the idea grew that they
ogcurred in soll only sccidentally as :ysts. investigat-
ions were orianized at Sothamsted to ascertain whether taere
was an active protozoan fauna in the soil, Goodey indicat-
ed in 1911 that clliates occur iu the soil ouly a= oysts.
Then in 1914-15 Martin and Lewin, by unoteworthy methods of
separation showed that a trophic population of amoebae and
flagellates exists in solls, and that it differs from the
population developing in hay infusions., Cutler, Crump and
Sandon also found an setive or trophic population in the
soil, 1920, : ‘
Various methods for the detection and differ-

entiation of trophic and oystic forms were used by Fred and
Waksman, dartin snd Lewin, "hiting end others, and Fellers
and Allison devised a kind of standard by which to msze a
rapid direct examination of soil for trophic forms, These
methods will be deseribed later,
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KETHOUS 1N S01L Fa0TOL00LOGY:

IE,d. aussell states that at sothamsted the methods
developed for stuiying proto:oa are:~-

(1) The orgenisms iu the soil are counSed by a
dilution method, each soil ssmple being tested,(s) im its
original fresh state, (b) after treatment with dilute acid
to kill trophic forms and leave only eysts.

(2) Cultures are set up for the isolation and
study of different organisms.

G METIONE FOn PROTOZOA.

Some of the earlier and more crude methods, which
most likely developred into Cutler's dilution method, were
‘as Zollcws:;-

. {a) Direct counting of protozos in ome drop by
means of a microsoope.

{b) Counting ageurately by means of a Slutior-
perzaehl apparat,

{(¢) &khan's dilution: one ge. of solution was
plaged im sterile medis and diluted 1:10, 1:100, 1:1000,
3:10,000, and thus determining the dilution above which the
protozoa sre not found by examinétion at periodic iutervals,
and below which they do uot exist,

{d) Agar-plasting methods used by iiller azud
others. The difficulty here is to differentiate the proto-
zoa from bacterias and organie matter.

{e) By counting per standard loop,luller’'s method.

{£) Cutler's dilution method, whleh ls deseribed

in dets3il, -following.
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QUTLE4'S DILUPION METHOD AFPLLED TQ THE COUNTING
OF BROTOLOA.

FProgedure as follows:-- 10 grams of scoil sre suspend-
ed in 125 ce. of sterile wa'er; this is shaken vigsorously for
three minutes; 30 ¢e. of this suspeusion is then trasusfered to
30 ec. of sterile water (- first dilutiom 1:26). This is
shaken vigorously and sgain 30 cc. are trausfered to 30 goc. sterf

153

ile water,(whigh makes the second dilution 1:50), ete.

lst dil- 2nd dil- JSrd dil- 4th dil- bHth dil-
ution = wution = ution = ution = utiou =
1:26 1:60 1:100 1:200 1:400

Thus the 15th dilution will equal _1:409,600 . The presence
of one organism in the 15th dilution indicates 10,000 organ-
isms per gram of soil. Small couieal flasks of 125 cc. ocap~
acity, are most suitable for this work.

1t is very iuportaant that the dilutions are =ll
made at once, i.e,,0one after the other as quisckly as possible,
say within an hour. This is necessary beosuse many proto:zoa
are gapable of underzoing fission in a few minutes when their
eavironment is suddenly changed., The author has observed
Oxytricha pelionella to undergo fission within five minutes
due oanly to the additionm of cold water, Aiany protozoa start
multiplication very soon after they are ta.«en into liguid
media. |
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ifter the dilutions are made to the desired extent,
say the 156th dilution, rapid multiplicetion rather facilitites

than retards operations, This gan be iilustrated grapniecally

thus:-—-
1000 i @8 the orizinal number of proto-
. i zos present st the time of
Lumber 'y ' dilution,
100 . i
of X ' Qne organism at Sth dilut-
80| ¥ ion, pone st 6th and Tth.
Protozoa "t 1 B
80| '! X M 2223 - Product of multi-
present - o He plication {in Geo-
70| ,, ' - matrical Irogression
: i it :, with ratio of approx-
60 | 1 ;; iy imately 2 )
r: ) 'y after several days,
50 ! ! |t L
T3 | Pt LI
40 3: 'y :|
(]
' Lo
20 v ! ; ' '
L] i '
“O o : :
10 b
)
0 I Ai;;' io_protozgs preseut
Uilutions -- lst, £Znd. 3rd. 4th. bth., 6&ta, 7th.

Sterile

It is obvious that thus it is easier to detect at
wirich dilution there has uLeen at least one orgaulsm present
originally, and at which there is uome, if the dilutioms are
left to stand a few days; siunge time would confirm the ster-
ility as regards protozoa in the sixth dilutiom (graph). Alse
in the mext step of the procedure, where 1 oo, of suspension
medium out of the 60 ec. is removed %o the petri dish, the
changes are vastly greater that one orgsucism will be with-



drawa inte the plpette,

Prom each of the last (13 say) dilutlions of = series
prepared as avove, one ¢e., of suspeusion is put iato esoh of
teo petrli dishes containing sterile nutrieut agar, -0 00
sterile water is added and the plst«s incubsted, Thus 26
plates (petri dlshes) would be iaovolved, These are then ex-
snined microscopleally and the sumber of sterile plates
noted,{ See risher's tsble of saloulationse.from such tables
the number of protozos per gram scil san be read directly by
poting the number of =terile plutes, (See next page.i

Lpowinsg the number of sterile plates in a staadard
series of dilutlions, say H0::204,800, £nd eolumn, ensbles us
to resd the uumber of protozoa; for example ulne sterile
plates would indlicate spproximestely 7400 protozos per gram of
original sample., The sumber of exganims per gram of moist
soil is then couverted to its equivelent value for dey mater~
ial sccording to the moisture content of the origimal sample.
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FISCHER'S TABLE OF CALCULATIONS,

The Lumber of Jegative or Sterile I'lates lndicating
Sumber of frotozoa per uram of Soil.

{vilution {Dilution {Pilution
Series 1,(25:102400 :Series £,(50:£204800 :Series 3,(50:408600 :
D - T T T L T T

dumber of: Frotozoa :Humber of: Frotozoa :idumber of: Frotozos :

B b B8 g s

sterile: jer gram : sterile : per gram : sterile : per gram :
: rlates: : plates : : plates : -
$ 1 : 110,000 : 1 i 220,000 ; 1 i 420,000
3 - : 36,000 3 - 72,000 : > : 140,000
3 1) : 16,000 : o : 8£,000 : 3 i 64,000
: 7 : 7,600 : 7 H 16,200 : 7 i 30,000
3 ) H 3,700 : 9 $ 7,400 : @ : 16,000
3 1l : 1,800 1l : 3.600 : 11 3 7,300 :
: 16 H 480 : ) ¥ : 200 : 16 3 1,800
: 17 3 230 17 : 460 : 19 $ 460
H 18 3 110 : 18 : 3 £l : £80 :
3 £l 3 56 : £l 5 : 28 g :
s &3 : H &3 : H 25 3 :
1 b4 3 6.8: b H 13.6 27 H 4 .

sssccsesslocecarsesaloncessessliosecsscssnlossescscelscescansssl
Fischer's complete table however contzins all the
0dd snd the evean numbers of plates add their corresponding
numbers for protozoa.
EOSSIBILITY OF ExROAS #dFN UC. UG CUPLFA‘s AND FUSCHEA'S COULT-
LIEG METHODS.

(1) The error becomes greater towards either end
of the series; and commonly = a-plate differeuce is ignored
being often insigniflcant. Eee,? nvegative plates {(Znd column)
equal 7400 organisms per gram; not significantly different
from 7--11 negutive results,

(£) The method of removal of the 1 cc. culture
(for the agar plate) may be faulty. Texing 1 ce. out of 30 ce.
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the worker stands one ghange in tairty that the pipette will
draw the one orgaunism present in the 30 ces. of the sritiesl
dilution, (say the Bth.)
(3) PFailure to agitate the mixture sufficliently
thorouzhly to mae s homogeneous suspension, in each in-

stance, may lead to gZreat irregularity in the mumbers of

protozoa ocgurriug.

Fellers and Allison divised s simple stsadard
method by which to maze a raplid direct examination of soil
for tropuiec protozoaj;. They dampened the soil with water
on a slide, examined thls for five minutes microscoplcally,
then, if no living cgells were detected in that time, the
sample was called negative., Of over 356 samples of soil
collected oanly two samples were positive, l.e., coantalned
trophic or actively feeding forms.

Allison employed another method whereby oystic
forms were counted directly, and the active forms thus de-
termined by difference between total and gystic nhnbers.
Cystic forms were oultured and counted by the above dil-
ution method after first treating the soil sample with
£5 hydrochlorie acid, (sp.gr. 1.16) over night. #ith soils
high in lime it is necgessary to determine, first, the ear-
bonate present so that the aclid may be added in such ex~-
gess that the [inal strength w=ill be sufficient to accom~
plish the desired effects, This treatment wae found effect-
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ive in destroying all active forms without injuring the cysts,

Fred and Waksman employed the above method in s
much simplified way.

Lewin apd Martin developed a direct method of de-
tecting proteozoa im the soil. They stirred s0il into a sol-
ution of pieric mcid and picked up the organisms floating on
the surfsceé. The method is tedious and was later improved by
Zoffman (32 Y), who vigorously stirred soll and water to-
gether in a thin ﬁaste. The supernatant liquid was then ex-
amined microscopically.

#hiting (33) placed solil in an evaporating dish,
and added throuzh a fuanel with neck-opening at the bottom
of the soil mass, enough pieriec scid or corrosive sublimate
to completely cover the soil., after thorough shakiong, a
gover slip,marked to ilndiicate film side, was plsced {flonted)
on the surface to obtain the film., This is an efficient
method for fixing snd mopating,.

These elavorations are necessary since (as Cutler
showed in 19820) the organisms rigiily sdhere to the soil part-
igles from which they can be dislodged only with difficulty.
Pixation by seids, dilution with water and vigorous sheging
removes the protozos which are then buoyed to the sufface of
the 1icuid, sometimes only after ceatrifuging.



Unlike higher organisms of the soll such as the
delminthes, ete, it is impossible to make exhaustive study
of soil protozoa in a mounted, preserved or other dead con-
dition., Im order to have protozoa avesilable for observation
and experimentation im the living condition, it i8 necessary
for certain investigations of soil protozoa, to remove them
from their natural eavironment and culture them im suitable
media, liquid or solid., Fred snd VWaksman (£7) have recommend-
ed media 1 to 4.

Medium (1) Hutrient or Beef Ixtract Agar.

ABBY cocssssssscscssesessslbal grams,

Beef Extract scececcccscssss 30 "

FPEPLOBE cseccscssosessssessllel "

Sodium Chloride seseessees 5.0 7

Dist., 7Bter ceeescsese 1000.0 oo,

Hydrogen ion conce PHesceesTel

In the preparation of this medium the suthor used
Oxo cubes,( in place of commercial beef rIxtract), with good
results, aAfter sterilizationm for two hours, the pH was
ad justed by means of caléulated guantities of HCl ana
xa‘oa and a Quinhydrone elegtrode apparatus. pH is more
generally adjusted by a colorimetric method. The agar medium
was then ;oured while hot into £0 cc. test tubes so as %o
make slants. The soil water suspension was then asdded to

the cool medium, This allows free movement of active organ-

isms in the water and s large feeding surfsce on the agar slant,
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Although this is en unusual manner of using the medium,it
was found to serve extraordimarily for ciliates, and not
so vell for smoeba and flagellates, The main objection
%o this medium is that, due t: the organiec nature of the
beef extvact and the proteolytic enzyme of the peptone,

decomposition sets in usually after a couple of weexs.

MEDiUE (2). HAY ISFUSIOH,

leadow hay (finely choiped)esesesess 50.0 grams,

Tap watere.cscccssccessssssssssccss 1000.0 oo,

Boiling for € -urs,

standing and cooling over night,

Piltering.

Investigators of 1900-1912 use a2 oune per ceunt hay
infusion quite widely., Zopeloff und Coleman found 10): very
desirable, whereas my own cultures yielded best resu.ts with
a 40% solution. One per cent was found to be decidedly
too weak. This medium is very resdily infested with hay
bacilus, perhaps from adherling spores which are hard to
kill., Goodey (34) made the infusion slightly alkalime %o
litmus and added egg albumen snd 0,76k HaCl, Laobitzer,
Fine and #oodruff, sussell and Hutchimsom, =2ll employed
this medium.

MEDIUM (3) HAY 2Gaa WUTKIEAT,.

HaYeosseesee 40 grams, iaeei...... 1000 cec.

This is boiled for 30 minutes and is then filtered,

15 grems agar and a little mest extract are then

added and the liguid left to solldify.



HEDIUK (4). u&ﬁﬁifﬁ; S501L EXTHACT,
S%0ock Soll Extractececesss 100.0 co.
Hannitolesesesecossscseses 10,0 grams,
Tap watereceesccsencssecss 900.0 00,
Prancolis Perey, J. (1925) ebtained good results
and hizh couats im Prance, using 5o0il Extract.

MEDIUM (5). HOXSE DUSG EXTAACT

S lumps of horse dung.

500 ecce. of water are boiled for 1! hours,

filtered through very fime cloth.

The suthor found this medium most satisfactory
of all; the development of proto:sos wae enormous, asnd it
does not develop mould at the surface as easily acs hay
infusion. Hartin end Lewin added 6 grams agar to the above
and a little water to the culture plates, to get strong
growthe &, Waksman (11) recommends s more elsbvorafe prepar-
ation of <this kind,

MEDIUK (6). SALT SOLUTION. (iaCl),

This has been found satisfactory for the preser-
vation of protozos during a few dajs or & week, Its merit
lies in the fact that it is clear, uot readily contamin-
ated and free of obuoxious odors. Doflein (%) states that
distilled water kills protozoa, whereas salt iucreases the
motility of ciliates,

The above media are used for all classes and types
of protozoa together, More elaborate media, prepared with
the inteation of meeting precisely the needs of ?ertlculnr
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individusl generas of organisms were employed by some investi-

£ators, €. 8o~
BUTKLENT M olUK 702 EUGLYHA Os FLAGELLATES,

Doflein (2) ami Ziller, asecording to Coleman
and Zopeloff, found the following medium espeeially sdapt-
ed for the growth of Fuglens,

FeptonCecceascccccesscsee 0ud grams.

Grape SUSBTeessescsssces Uub "
Citric Acidececssscscssse 0u2 ™

38-304o7320..o.o.o...... 0.02 -

Aaxpoiooooo.-oo.coco.o.a Ce086

Hat@levssssessnsssessnsllDO0 DG,

This is the "Lumstein" solution for Flagellates,
SUPAIENT MEDLIUM FOa AMOEBAE,

Celli and Fioea in 1884 were the first to
make pure cultures of amoeba from a 6 water solution of
Fucus orispus with and without addition of bouillom on
slkaline potato ete. Other workers on this were Killer,
Behla, Schardinger, etc.

Turtox Hews, Octobcr 1933, published by the
Biolozical Supply House, Chisago, contained a table of
sultures snd culturing comditions for protozoa, which are
very simple and practigal. #ith other information this

table is as follows:--



Type of
FEOTOLUA Yontalper,
Shallow
tlinger—;
ASOFBA bowl
dish,eto.

FALAKQECIUM . Battery

Jar.
Battery
EUGLERA Jar
Battery
VASTICELLA Jar.
Battery
Jar or
STEHRTOx Aquarium
Tank
Battery
MIXED dar or
FAOT0L04 agusrium
tank

{1) Optimum
Temperature
Type of (&) ~ight
Redla, 18) Life of Culture.
{a) Boiled tim=-, OCool,6e% - 20°C.
othy hay )
{b) uay of }  Pull ligat
wneat )
ie) Fond weeds £=~6 weess

— . p——
[~ -]
St Wt N

— —
oo
S

—
e
W e

fa)

(a)
{b)

Boiled wheat)
Hay infusion)
fond weeds |

Boiled rice )
Fond weeds )

Hay infusion)
Pond weeds )

average 656-76°F
Aversge
£~4 weeis,

Averaze 65-80°F
Bright (iu sum light)
veveral months,

Averace 65-756°F

Bright (uwot in direct
{sun 1ight)

2 days to Z weeks,

Yond weeds )ivera e 86-750F

iiving is )
gclear =ater )

Hay infusion)

Brl&h‘;
Several months,
intermitteatly

iverage 65-80°F

] Average light

Fond Debris ;

Juration is many
months,

FPorus change,

Some disappear,

others arise,
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DUKATION OF LIFE OF THE CULIULE.

Some of the peptone and beef extract media are
extremely particular as to conditions, if the guality of
the nutrient is to be preserved. They decompose very read-
ily. 4gsiun, hay infusion and dung extract seem to be much
more stable in composition--in reteantion of their originsl
composition. Turtox Live Material Lavorastory reports one
oulture of Faramoecium aurelia which is over a year old
and is still in g00d condition. *his wes orizinally s
hay infusion, and was fed every few weeks with a few Zer-
nels of wheat amd u few small pieces of timothy. Amother
hay lnrfusion contained ruglena for six months asnd then
gave way to rotifers, '

Generally, in cultures containing soll and its
organisms, either the life (protosoan seguence) or the
putrient quality of the culture seems to be exhausted
after one to two and a half momths, uuless the medium is
fed by the additiom of'freah material, Ffellers and Allison,
however, found some forms of protozoa im =o0il extract

medium after two years incubation.
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SETHQRS,

in a preliminary survey of the protozos of Hani-
toba soils samples were obtained from localities stated on
tasbles 1 to 7. liinety-six samples of soll were cultured
in duplicste and examined during 1} to £ mouths, OSixteen
of these samples were repeated thrice; once in each of
3?€:§L:?::gp?3&:1:;;)samples were taken in fall (October,1933)>
and sgaln in spriog (May 1934), so as %o note seasonal changes
in fauna. OSurface samples were taken at a depth of from
one to six ineches, snd where possible cultures were made
while ssmples were still moist, However, samples sent in
from distant places were dry, being put up im paper bags.
Deep samples were taken either by the pit or by the suger
method (desoribed separately several pages om) and differ-
ent levels one insh to forty-two deep. Of this kind 80
samples were obtained from 16 different places. No sample
was tszken where there was oﬁnndlng water or a stream in
glose proximity, except when study was made of water bottom
fauna, The degree of acidity or basieity of all these
soils was compared by the Lulnhydrone Electrometric method,
{desgribed subseguently). '

Three gram portioms of the soil sample uader con~
sideration were rlaced iato 20 ce. test tubes sontaibing
10 ee. of nutrient media, The Erleamyer flasks commonly
used for this purpose were found to be too large snd bullky
for such s large number of samples. The duplicate cultures

were made one of hay infusion and the other of horse dung



- 36 -

or Beef extract-agar as nutrient material., The test tubes
were plugged with cotton batiing so as to maintain atmos-
pherie pressure within, snd good seration of the media sur-
face. These cultures were then incubated at room temper-
ature (£200-219 C), in speeially built incubator oveuns with
sutomatic thermostatic ad justment, and also quite success-
fully in en open room where the temperature varied consider-
sble. Ixsminations were msde every second day for the first
three weeks, then bi-weekly for a period of 1 months. .aifter
this period not a single nmew species of any class of proto-
zoa was found, Henmce it is feasible that all the protozoa
existing in the soil as cysts or spores excyst withim
30 days.

ln preparing a soil culture #“hitlng recommends
three minutes of thorough and vigorous shaking, but duriag
ingubation and examination of cultures care must be exer-
cised pot to agitdte *he soil to a suspenslion as this is
lisble to kill the trophic organisms in the upper liguid.
Organisms msy exhibit preference in the liguid levels, €.8.,
Vertigella miorostomata was invariably found attached to
the surfsce film or soum. Colpod,cucuilus, O, striatum,
¢, sapropiils and other ciliates are @ommounly found im-
mediately under the surfasce liguid, sheress many other forms,
partigularly fhizopods, prefer the area just sbove the soll-
surface., The culture solution was withdrswn for examin-
ation by means of & fime specislly made eye dropper. iide

plain glass slides are very suitable for routine obser-



vations, with or without sover slips., Ordiparily, cllist-
ed orgunisms are satisfactorily seen with £50-500 magnifi-
cation, This also is suitable for rhizopods, but for the
small flagelistes and for ataihed preparations 1200 magnifi-
cation is often found negessary.

Good fixing and staining of protozoa on glass
slides is diffiocult and requires patience and skill. Dxa;
tortion of the Lody of the orgauisms is slmost unsvoidable.
Bacteriological stasins used with the dry or flame method
of fixing are spplicable only to minute flasgellates and
even here good results are not common, SElow killing was
found to result in distortion and shrinkimg, whereas too
fast killing often brings sbout disorgsnization of the
structure. Corrosive Sublimste was most commonly employ-
ed although Osmic vapor (organism being subjected to its
action by loverting the slide, om which it is in a drop,
over the acid surface), or a 2 solution of Usmic scid is
very satisfactory. Slmilarly Z1l,Fotassium lodide, msay be
used. Intra vitanine staining vith dilute solutions of
methyl zgreen, methylene blue, or conge red zive good
results, Cilia are brought out visibly by tannic seid,
whereas nuclel show dark with Irom Haematoxin.

Very active organisms had to be retarded for
observation. This was effected by placing a few strands
of cotton on the slide under the cover slép to trap the
larger ciliates, Dilute agar solution was very difficult

to ad just to the correct fluldity, heuse it was uansatis-
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fasetory in tuis caese. The most effective retarding agent
waes found to be "extraction of heat". The slide contain=-
ing the organism in a drop- of water was lsaid, drop up~
waris, on met=1 (sheet or plate) lying on suow or ice,
The metal serves se s conductor of heat =nd further also
prevents the bo$tom side of the slide from gettiog wet.
Active ecilistes comnonly become entirely static. ,Smne.
assume a spheriesl form as if in the process of engyst-
ing.

Direct examination of soils for protozoa was
" found to be entirely futile in the soils gathered in fall
and winter. Likewise the dry soils taken in spring
seemed free of ¢ rophle forms,

SAMPLLIEG OF SOLLS,

{1} Sampling at Different Depthsi--

{a) By the Open Pit iethod--i'its,? feet wide
and 4 feet long were dug 4 to 5 feet deep. On ome of the
lonz walls two solusns (a b) of soll were removed as
as to leave about & inches of s0il exposed on three sides
s 8 middle column { x ). The samples were taken from thls
‘middle column by means of a lomg znife, the handle held in

P Rl b R Y

one hand in the open space (a) and : P o, * T ity \
[ {a) itx}.' (b)

the tip of the knife with the other v - ~y
hand i@ l;nce {b). The soil (x) .

eould thus be conveniently taken |

out by cutting down. This verti- 4 - b £t. )

eal column of soil was removed in Top view of hole



parte at polnts gorresponding with obvious chunges in the appear-
asuge of soll compocsition, i.e.,the different borisouns, A,B,and O
Sioee A, the uppermost layer or horizom, is removed first it is
not contamioated, Thea by clicing the sides of the B horizon
all contamination from i is removed, and mext B gan be Sazen
out and s0 one

The éiteh method desorived by WHausman (1l) serves
equally well,

{b) By the iuger Sethod. --Three to five vorings
were naie, 4 psces apart on each plot, The sugers were
marzed 6", 128", £4", 356", 48" alonz their shafts, =ud all
the J~-0 borings at O--6" were nmixed to make up ohe repres-
eatative composite sample, OSimilurly all 6%- 12" made oue
sample, eto., 0 that { samples at successive depths re-
sulted. Thesc arbitrary depths seldom or uever :sgree with
horisong, anid coantamination of a lower sample with an upper
ie almost unavoldable,
{£) Campling the Surface Solls.

s+ small smouat of soil (4" deep) is scraped away
from the surface. The exposed soil can theun be ssmpled.
This soil of oune-quarter ineh dowu to six inches deep is
generally called surface socil.

QOBTALSEES

The best contaloers are such == do pot allow
gsomplete decsiontion, uor staznatlion by alr-tight sesling.
¥rotozoa are dependent on atmospheric oxygen, and prdlounged
sealing seemed to £ill them.



DETEREINATION OF SYDLOGEN 108 |
A8 THE S01LE,
The p.i. value, which techunleally is the logarithm

of the reciproesl hydrogen iom conceutration, was determined
electrometrically by means of the ‘uimhydirone elegtrode,
fully deseribed vy Billman Tovborg Jensen (36). About

10 grams soil passed through ! mm, sieve vere shakeu with

20 ce, of distilled water uutil the mars was homogenecus,
Three electrometric determipations were then made, lsi, immed-
iately after shaking, Znd £ minutes later, and the 3Jrd at
equilibrium, The resistance resdings f rom the apparatus
were then substituted inm the formulas, (See Jeusen aud Billmau)
and the p.d, galoulated for the ize soile, 4lso the temper-
ature of the mixtures was unoted,

Other factors important in the developmeut of
protozoa of the soil, s moisture content and Orzsalc Katter.

HOISTURE EQUIVALINT (M Eg.)

The methods of Briggs sud liclane (357) were follow=
ed:-- Centrifuge boxes lined with blotting paper and filled
with ! mm, sieved soil to a depth of 1 om, were set in water
for one hour. T .ey were then removed to a contaiver, cover-
ed with moist cloth and left to stana over uight. BRext day
they were centrifuged at 2440 revolutioms per minute for
forty minmtes, then weighed in the weighed containers, dried
in an oven at 106°- 108° C over night. The third day cooled
and weighed and the negessary ealculations made, The mois-
ture lost was calculated in per ceunt of dry soil. The per
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cent loss being egual to the {(M.Eq.). As &8s obvious the
method is tedious amd of several days duration. Only fresh-
ly sampled, or air tight sealed soils can be determined,
Lengthy sealinz is vot permissalle, e.Z.,Samples sent in
from distant plases, Hence the writer could not complete

these determinations,



The following species iere identified by their
form,size, activity and habits, and later from stained
preparations which revealed cilia,uuclel and micronuclei.
Measurements were made by a graduated glass disk, used on
the diaphragm of the ocular, These measurements were later
chegked by means of tracings made with a special lLeits
“"Zelchenogular".

Classification is chlefly according to Waksmsn {11)
and partly after Edmondson (36) and several others,

CLASS - Screodins

Sub-class - HZhizopoda. gpaenggi}:ié.:tzl?hom axial

aAmoebes {naked withoult tests)

Amoebida | nzced-pseudopoda blunt or
zpointed, k;ut pever filament-
ous

1, THyalodiscus (amoeba) limax (Dvj.) ++
£e Hyalodiscus (amoeba) gutulla (vj.]+++
3. aAmoeba radiosa (Ehrbg.) +
4. Amoeba proteus (Ehrbg.) (rare)
e 4 form very similar to

Amoebs cucunis (Martin end Lewie) (rare)

SLasSS - Kastizo .
Sub-glass - I idia.
yroup - Fantos inase. (naked,-colorless,-

{food injested, often
{amoebolid, 1 or more
(flagella)

1. Cercomonas crassicsuda (Uvj.) +++
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Group - _‘rotomastiginse, (Small flagell, usually

z.
Se
da

Group -~

ba
Ce

Ee

Group -

e
10.

Group -

11,

CLASS - lafuseria
Sub-class

Froup -

{more or less amoebold,
ihaving a fine periplast,
{no echromatophores, pseudo~
{podia, when present, never
iserving for locomotion)

Boio ovatus. (S.L.) ++
Bodo zlovosus (Stein) +
Pleuromonas jaculaus |(Feviy)+

Chyysomoundipae, (Small flagellates;
{ thin cuticle geuerally

{ present, yet they are
{gapable or amoebold
(movement, 1 or £ fiagella,
{eysts endogenous)

Olgomonas sp.{?) (Zent) ++
Monas gutulla (Ehrbg.) ++
Honas termo (Ehrbg.) +
fhysomouss elongata (Stokes)++

Fuglinidae. | 4 complex vacuole sgstem
{snteriorly, green chromato-

{ spheres, enclosed in s mem~-
({brane, 1 or & flagella)

Yuzlens sp.(¥) (rare)
Heteronems scus. (ERrog.) +

thytomonadinge. (Zolitary,euslosed in cellul-
{ose wall chlorophyll and
{stizma preseant, contract,
{ vavuole anterior, 2 flag-

(ella )
Folytoma uvella { Fdmondszon) +
- Ciliats
Holotrigha. (Sody uniformly covered with

{eilis, sometimes slightly
{lengthened sbout the mouth;
{no adoral spiral gzoue )

Holophrys sp. (7) (Conn) ++
Holophrya sp.(?) (Edmondson) +
Urotricha farota (Edmondson) (rare)
Frorodom teres (?) (Zhrbg.) +
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dUroup - Holotrigha, {Continued)

5. Loxophyllum flexilis (Stokes) +
6. Trichodas pura (“hrbg.) +
7. “olpldium striatum (Stokes) ++++
8. volpodium gedpoda (Stein) ++
¢, Colpods campyla (=dmondson)+
10, Colpoda saprophila (Stokes)+++
11. Colpodes sucullus (Stein) ++
12. GColpoda steinii (Uoodey) +
13, Cyelidium glauwcona (Ehrbg.) (rare)

Group - Hypotrigha. (Body flattened dorso-veut-
(rally, eilia often fused %o
{form cirri on ventral sur-
{ face. Adoral zone of membran-
{ellae, comparatively large.)

l4. Oxytrigha pelionella (iull) +
15. Oxytricha sp.(?).+

Group - Feritrichs, (Body cup-like, staliked =nd
{ sedentary when full grown,
(cilia mostly limited to ador-
{al zone, membranellae lead-:
{ing down to vestibule inte
(which phraymx aad coutractile
{vacuoles open., Young often
{(with posterior riug of cilia
{free swimming.)
16. Vortiecells microstomata (Earbg.) +
A pumber of species of both Flagellates and
Ciliates, which I was umable to identify were observed, If
more of the existing literature on classification cad ldentir
fication had been avsilable, I believe they could have been
identified as previously listed and numed orgaunisms, for they
oscur quite combonly. Some of these are illustrated on the
plate and desoribed with it,

The occurrence of species is indicated as follows:-

+ Common 44

—

fare =-=-- (rare). Oceasional

Abtndant
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DIECUSS 10N,

Thus it seems that ciliates stand highest in
nusber of specics, followed by the flagellates, rhizopods
being least. Yet in actusl numbers of individuals in the
soil flagellates rang first, followed by ciliates and rhizo-
pods, This is not so obvious due to the large size and acti-
vity of the ciliatés, lMany of the flagellates approach the
size of bacteria and sre confusing for that reasoun,

Kow, sroupismz those species whigh have been found
abucdant in the soils of Manitoba, we find that there are
14 eciliastes, 10 flagellstes, and 3 rhizopods, The number
of species of flagellates is much greater than stated, but
owing to their minuteness, identification was impossible.
Several nematodes and also insect larvae were found in
vaerious solils.

Purther, it was found that most agustiec or fresh
water forms were missing in the Ksnitovau Soils sampled in
January. <or example, Vorticella microstomats and Par-
amoegium were found only ;n samples taken in sumer, Ailso
in winter the spegcies of flagellates were fewer than in
suamer, #ounss zuttilla and Bodo ovatus, etg., being appat~
ently «bsent in winter, kost remarkable was the large
number of Colpidium striatum both in winter and sumer,

This species was found to dominate every other protozoa inm
all the soil cultures, iext to this in abundance was
Colpoda saprophila, and this was strongest in fsll and winter.
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Comparing the Manitobs protozoa with those obtain~-
ed by Fellers and Allison in New Jersey solls we find strong
similarity. They found 17 cliliates, 6 flagellates, 1 rhizo-
pod end 1 slzse to comnstitute the commoner speclies, Over
a wide range of territory mauy more species vere identified
but the above numbers comprise the abuudant ones,

Considerably different results were obtained by
Eofoid (31) 19208 in his study of Flaukton im the Illimois
Hivere., Of these aquatic forms he found 66 eiliates,

62 mastigophora, 30 rhisopods, 4 heliozoa sud § suctoria

in the Illinois uiver, Besaring in ind that these were fresh
water forms one still finds fsir semblance in specles-number
between so0il mierofauna and that of fresh water. The ab-
sence of rotifers and suctoria from soil faupa is note-
worthy.

Aquatic fauaa seems to be much more varied than
solil fsuna.

So0il mieroorganisms have been found %o be in the
following general propeortions:

Algae 1l:, Frotozos 4:, Fungi 40:, sotiuos 80, Bacteria 200,
(Pred and Wakeman (27) ). No wonder Starzey suspects the
influence of Fungl and sctinos upon protozoa to Le pronoun~
ced.,

In =il taken f rom adjacent fields, andi physieally
rractically ideatieal, iseresse in alkalinity appesars to

cause degrease in number of protozoa. (See Tables 3,4,5,6)
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TABLE 1 (CuaT*.)

:Loaality from : Soil : p.d, :Flagell-:0ili- .ahlso— Total 3
:which soll was ::texture:values: ates : ates : pods :aumber of
: taken : 3 H $ H : species
T I I T T I I T T I T T T T T T O T TITOOTOTTTTTITTTEOIEOTTTTTITTOETETY
:Brought forward : 3 3 48& H 76 : 30 3 164
:Winanipeg Bush  :Plne : 3 H : : :
- . Soil : sandy : : : : : H
2 : loam : 7.56 : 4 H 4 : g : 10 :
: Winnipeg Prairie'Sllty : H H H 3 :
s Seil : Clay : 7.70 : g : b : 1: H
:Brandon Exp.?arm*ﬁaudy 3 3 3 t : 3
: Loam : 8.7b : 1 H d: 0: 4 :
:Hainstock Olay t : : 2 : :
: : Loam : 7.60 : 2 H 4 : i 3 -
:Thunderhill :Clay : : 3 H :
3 : Loam : $ H t : ]
H sdichly : : : H : 3
H :Organie: 7.20 : i H 6 : g : ?
:Minitonas ::Sandy : s 3 H H
:(lorth of ) : Loam : 6.90 : g 4 : 1: T
:Bowsman 1811t H - 4 3 H 3
3 : Loam : 7.90 @ 2 g b: 0: T 3
tdltona :Clay H 3 : 2 : S
3 : Loam : 7.50 : 4 3 6 : b X 3
:aoland sHdeavy : : : 2 $ :
: : Silty : : : : : :
H T Clay : 8.109 : 5 4 : £ 3 il 3
:Swan Hdiver :Sandy : $ 3 3 H :
3 : Loam : 7.60 : b H S 3 3: ? 3
iWinnipeg,Tuxedo : _ - 3 H H s : H
: Fark - S:nd : 8.45 : 1 H 4 : 0: b
HE T I I mmm T T T T T T OO T T'TT"T""TTTYT'T'TTYTY]TYS™T™TST
:Totals in Hanitoba Soils - : 76 : 124 : 43 : 243 :
zavorag: numbers of species 3 : : H :
: per soil - 3 Ze0 ¢ . 1.3: 8 :
s R e PR ee 00ROt tRo st ettenatoestaes 000 asNosteesstsosscssicsosnsanss
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QF PrOTO404A LN VALIOUS SULLS

TABLE 2,
BUSH SOIL (Winnipeg, Fort Garry)
;Depth, Soil Hori- :
: zon and p.H, Organisms : Spegies of Frotozoa

iessscsssevescsssses e

:0-23" Horizon Ao
Brown leaf mat
Porous and dumi-

fied
ﬂeutral. p.ﬂ.7.5

I B L d

% B0 % g4 BE se 4 8P wF 88w

3:-8" Horizon A

Grey leached
clay

Friable, granular
Slightly alkaline
Pe.HBe 7.7

B B4 aé B S 68 B8 B6 B4 B SR 46 B8 S SR 84 B8 A BE S0 B0 W0 Be ar B

'EEEERNEREEEEEEREEZE BN e

83-18" Horizom B
Black clay
Tough, nutty,

‘Aeid p.ﬂ.. 6 .4

" OSSOSO INGIERLOININSEBROELT S

1

B4 00 S5 B8 B85 Ee BE A% ST 4" 6 26 68 BE 48 B BE 60 ew

4 % SF B% sE 0% B0 es 4 36 9 &% ob

LR B R R R R EE R E R E R Q LE R N R E R EEEE EEE R RN

Aquatic cillates, (1) Tachelophyllum
tachellastum
(2) Faramoecium ete.,
Larger So0il Cil- :
iates :({1) Colpid striatum
:(2) Colpods sapro-
phila
Ho flagellates
No Hhizopods

SO OSSO0 0008 s seBes I EE R R EEEENEEEREREEZRERJE R

sone of Soil
ciliates (abund-
ant )

(1) Holophrya

:(2) Colpid striatum
(3) Colpoda sapro-

2 (4 philla

(4) Colpods cucullus

(1) Lionss termo
:(£) Physomonss elong
-ata
(3) Bodo
(4) Arcomonas crass-
icanda

woue of Soil
Mlagellates

Zone of Soil 3
Rhizopods

IE TR EREE SR EE B S BN J

(1) Amoebsa gutrells
(2) Amoeba climsax

® 00068 PN EO NS e 0e
Ho Frotozoa (7)

(Soil Pacteria )
( present )

22 00000V B 0P CCELNVI BN RRRNOOROSRONINIBATTY

S B% S0 BE G4 G BE A SR BF SR B 04 G4 N EF 80 U BN BE er BV 4T B4 e 00 e

(Continued)

e .l 8. SR B4 98 B3 90 P S SF SF SV B 6 BE w7 Bk BE B9 e S5 8% 80 w®

B B8 B9 BT ME Y B0 s BE SF B4 oe 0
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TABLE g

(Continued)

Depth,S50il Hori-
zon and pei. 3 Vrganisms

.....'ﬁ“..‘.‘..‘.g..”...‘.."ﬂ..‘..

183-30" Horizon B,

e we
. an e

Spesies of iFrotoszos

LA R RS B R R R SRR TR T

LA L )

.
-
-
-

Ho Frotozoa

Olive grey clay
Cloddy,waxy and
stalined,
acid to Feutral
Peile 646

LA A R E SR R R E RS REREEERER]

30:-48" dorizom C

Jrab clay over
parent material,
i"..

“geustrive clay
ifeutral to slzal- :
H ine,p.li, 7.8 3

LA A A S R S A R E RS ERER SN : saee SBessssansLRar e

Some bBacteria

LR R R B R E S EEREREEENEN N LA R R L 2 R R E RS REEREEREEEFNE B

SR A% B B B AR BE B Bk 8e

Ho irotozoa

BE OBE S A% A8 S0 B BF S8 B 0 wé
..

LA L LR L L T L L T T T T T

LA 2

BE WR A B AP S R O BE e N R B B HE 8E B 8 ws LR L T

-
»
-
-
-
-
-
-
-
-
-
-
-
-
*
-

SsasssssSrsceRRRRsBs RS

Table £, Bush soil, and Teble 3, Frairie soil, were
sampled by the pit method; heuce depths are geparated by
horizons, i.e.,changes8 in composition of soil. But Table 4
was sampled by augers; hence the depths are arvitrary (not by
horisous) and standard that is 6", 7", 12", 24",36". Table 4
is vepreseutative of 1f others,series of samples taken after a

ginilasr manuer,
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TABLE 3o

PRAIKIE SOI1L (%ionipes, St.lorbert)
:Depth, Soil dori— 3 : :
: zom and p.d. : Organisms : Speglies of Yrotozos :
..............-....:........-.........:.................-...:
:0-11" Horizom &_ :(1) Frotococous sp.l¥)
: % . Soil algae :{2) Hostoc spel?) :
: Black soil sod mat :(2) Anaboeaa 3
: with Slue Grass : H
: roots : sguatic Ciliates :(1) Vorticella 3
s s :(2) Faramoeten 3
: : Few Soil viliates:{1) Colpoda sapro- :
: Heutral to : : phila :
: Alkaline : :(£) Colpodium s
3 Pelds 7.6 H $ striatum :
: : Ho Flagellstes, : 3
: H eto. 3 :
:..00..9‘0.‘......':....'..‘......GI.Q:..QDQ..I...C.O..‘O...:
:1%'-5" Horizou A : Few small soil :(1) Colpoda sspro -
3 3 cilistes 3 phils $
: : :{£) Colpoda striatum :
: “lack elay,sran=- 3 3 3
: ular, frdsble : Many shizopods of--sp., Amoeba gutulla
: Alkaline : Few Flagellates :(1) Lionas %
3 PeBe 7aT 3 :({2) Cercomonas crass-:
: : _ : icanda :
: : Boil Basgteria : 3
AR 4 TP Y T L e
:5.-6" Horizon Bl : ome of Soil :{1) Colpoda striatum :
: 3 Ciliates :(2) Colpods cucullus::
: Grey brown clay : :1{3) Colpoda sapropiila
$ $ :(4) Holophays :
: #ragmental plas- : :{o) Common (qudenti—.
H tic. : 3 fied) :
: : 4ome of Soil :(1) Monas gutulls :
3 : Flagellates :(£) Physomonas elougats
: slkaline, p.H.7.9: ' :(3) Many Bods. $
: :+ Few HZhizopods : (4e gutulla) H
H : So0il Pacteris H s
:..Oi..co.oo‘.’c.o.‘....o’...00‘.!0...3votn..otoq.oooo.oi..o:

{ Continued)



{ Continued

Jepth, Soll Hdori-
zon, and p.i.

LA E R R R R R R R R

BE B0 A0 s

-

8 -186" Horizon B,
“Yreyish Jrab clay
"Effervescing”

vith carboaate
agoumulation
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Table 4 is typieal of fourteen depth-investi-
gations made on different plots at the Manitoba Agricultur-
al College and several points in South vestern Manitoba,
(see Tables 5 and 6).

it is notiotthy that the larger ciliates, €. Z.,
Oxytrich (various sp.) sud forms like Trachylopyllu-
tashyblastum were found to ocour only im surface soils.
Smaller ciliates like volpidium saprophila were found at
s depth of 24 inches asnd more ia Manitoba. (Different from
#aksman's report on other soils). Kinute flagellates were
commonly found deeper than any other protozoa. (See Taules
5 and 6).

The pit method of sampling ls by far the most
agocurate. Hdere contaminstion of soll by uprer horizouns
is quite avoidable, whereas the auger ethod has tihis
fault almost lnevitablys

In Tables & and & (following) an attempt has
been made to show a2 possible correlation between Frotozoa,
depth and Hydrozen lon councentration of 50 different

samples of prairie soil., (Over)
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P. indicates preseunce of Flagellates, O, “iliates, &,dhizo-
pods and ¢, no Frotozoa.

TA v
WINHIPYG, MAE, (Hanitoba Agrigultural College Farm)

Pregipitation for 1982 was 19 inches, Soil from Bloek 3,
sZapge 24, ilots 1l=--H ,

Pt Sl

L]

sUepth : Flot 1.: Floet £ : Flot 3 : lot 4 ; Flot b
- ..‘.‘..’........-.‘..'...........‘;."’..l‘..d’........0".;
: in :p.diFroto-:pl.iiFroto-:p.diFroto-:p.diFrotos:p.difroto-:
: inghes: : 208 ° : 208 I £Z0a : : zoa : » Z0a
leetssstaestssssnstensiesennsiossinsssselencsioscsssiessinssenses
10==6" 17,63 FC  :17.7: FC 17,60 FOKL :7.,9: FOA :7.7: FCR 3
$7-1E" :8.1: ¥C 18,17 FCR :17.9: #COX :8.0: ¥ :8.1: KR
$13-24":8.8: F 1826 F 1831 FH :848: FO  :18.2: P :
:E6=36"18,18 0 118,17 7 168440 O 38481 (T)H :18,3: 7 :
:37-46":8,556 O 1886 0 18440 U 18.3: O 18.04 0O 3
lessess.sscessassssaloncasnassslissnssssssenissnsenssssincsnsscenns
:Humber of 3

:Speclies of 4 : 8 15 2 10 7
:Frotozoa : :

1 8 80P 8885000000008 et iestsstsiosesesssstisnsdssssnssssssccsanes

TaSLE VI
SOUTH YESTEAN MANITOBA. {South of Hartney, Lsuder, Eto.)

LA 2

~

a0 W

-
-
-
-
-
.

Frecipitation for 1933 was 10 inches, Depth samples from five
different loealities.

:Depth : Flot 1 : Flot £ : TFlot 3 : Flet 4 : Ilot &
: il teescsssscsslessossnssciscssncssanssiecssesssssissascssscnas
$ I PeieF POtO~: PeilaF roto~: piFroto=~: petifroto-: p.d.Froto-
:inches: zoa : zoa @ zos Zzoa @ zZo.
Sednonsiasssstsnbelssssnssstsl sasnsesssalssassassseslisecsssnsas

10=-=6" 17,96 FOR 18,86 FCOR :7.6 FCO :8.,38 #¥0 :8,6 FCR
1T-=18%:18.,2 FO :7.9 FOR :8.00 ¥OR :18.,40 F :8.7 0O
:13-24":8.6 7 18,17 O 6841 ] 1863 g 1846 ¥
1B85=B36":8.66 0 18,0 0O 8.2 F 8.6 0O 1846 O
137=-48":18.5 0 :8.70 O 183 Qo 18.48 O 18.9 0

T esssseisesscsessalesssessssslsnstscesenlonsssasnsssRssssaRaRe
tilod of species : 3 $3 : )

1of Frotozoa 4 3 7 : b 3 : 3

BE BE B8 8% 80 6 BY ab B8 FH ew BF 56 0w




.'56-

Thus it appears that with the inerezse of slisi-
inity of the soil, the presenge of Frotozoas becomes less
prounounced; znd where the surface soils become alkaline, to
8 Peils 8.3 or more, (as shown in Table 6, column 4 and §),
the nunior of Frotozoa and thelr épeoiea becomes small.
Other chenical and physical factors varying with increase of
depth undoubtedly play an important part in the decrease of
Frotozos., The writer would like to refer to one of the
earliest experiments on Soil Sterilization (pararaph 1).
Prank 1888 pointed out the lsck of soluble matter and lsck
of productiveness of sandy soll., All the soils im Table 6,
were sandy soil. However it should be noted that the preci-
pitation during 1933 was about 9 to 10 inches lower for the
soils of Table 6, than those of Table 5, Winnipeg.
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Sy
(1) Different effe.ts of small variastions in hydro-
gen ion congeutration of various surface soils ajpear to be
either wanting or else obscured by the diversified combin-
stions of other chemieal and phyesigal properties of the
coil., (Table I.)
() The depth at wiich the greatest number of protozos
ogcur is £ to 6 inches. Hepresentatives of the three msjor
¢lasses are commonly found as deep as 1l lnches, <Caall
Plagellates often reach a depth of £4 ilanches, ln compact

so .1s, waigh are not drought-cracsed, protozoa are (;eléox /

found below 26 luches. (Table £ and 3). T Y
(3) tandy soils with low hydrogen ion conceatrstion }Vﬂwq
i il yasou =

gcontained the least number of protozoa, while cultivated

black soil was found to contaln the greatest. (Tables 1,5.,& 6).
(4) The effect of soil treatuent by mauure and various
chemécal fertilizers was not detectable in these investiga-
tions probably due to the fact that the plots were small

and therefore =1l in close proximity to each other,

(Tsble 1 amd §).

{B) The eomparatively hizh sumber of species found im
bush soll is partly agcounted for by the fact that the soil
samrle was tezen from an ares of "Wood-laund ilanvasion".(Table 2)¢
(6) Three common fresh water protozoa were found on )
dry land, ané here ouly in late spring asnd summer in the

upper three inches.
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(7) as far as counoclusioms are justifiable from these
brief iavestications, the oumber of species of protozoa in
Hanitoba coile is considersbly smsller than the number of
protozoa species found in soils farther south, iew Jersey,
U. 8. A. |

(8) Uf the proto:oa fouand iun Hanitoba, £6 have mgcord-
ing to reports, been found in U, .. 4. (&nericp). 16 in
Zussia, 13 in Sweden, ¢ in Germany, 7 in England, and 6 ia
South Africa. (See Table 7). |
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ILLUSTHATIONE OH IT'LATES.
e

The illustrations on the following plates were made
from both livinz organisms and fized, staiuned preparations
on microscope slides, All were drawn by mesus of the same
high power objective and a Leits Qetslar Leichen okular,.
They are therefore all of the same magnifieatioa, (except
one, Ho. 9,Flate 1), and their proportionate relatiom in
size is further shown by iundiscator liunes, For instauce, on
Plate I, oumber I is 30 u (mu) lomg, whereas number 12 A.
is 130 u long; the symbol mu u being the unit of measure-
.ncnt. Of these, 1000 u are egual to one millimeter, which
is equal to one sixteeunth of aa inch.

Comparison of the flagellates desgribed oun Flate
£ with the cliliates, Flate I, maZes obvious the fact that
soil flagellates are generally less than half the slze of
soil ecilistes,

{Over)



Plate 1.

Commonly

ocecurring

Ciliates.




Plate 2.

Commmnly oeccurring

mmm & Rhisepodl.




(1)

{3)

(4)

(5}

i6)

{7)

(8)

GilLlaThe.

Solpods sapropnils. (Stokes).

Group HGoloteicha, 30u, abundaut. Veatral Lorder
- anteriorly notohed, recurved pharyux, ulde
vealral zroove.

Urotrigha farots (Idmondson)

Group Holotricha, 40u, rare, Fosterior spriog-
ing halr, promineunt apical aperture oral.

Solpods gampyle (Edmoud.)

Sroup <olotrigha, 40u, ovoasicual. ‘*iila lensth-
ened clreumorally suteriorly, body pear-siaaped,
Pty srauulsr,.

Holophrya I(vgrioys spegies]. (Edmouni.eta.)

dolotricha. 30 u, common, shape eliptical or
oylindrieal, cilia short and uuiform, sucleus
geutrale

Colpidlum steistun (Stokes)

dolotrioha, 67u, abundaat,l dusleus gentral,
posterior coantract vaguole, pharynx veatral,
stria visible.

4bu, ooessiocnal, 6 resemvlin; Frorodom teres

but ls smeller, has ouly oue goutrastile

vaguole posterior. rouud in solilsf{plot 4=-32-2).
{plot 1-i9-8) _

6bu, common, very flexible, thin pellicle, mouth
spterior, long ceircumorsl eilli:, oval oen ral
auscleus, one posterior contractile vsouole. Found
in = ils from, plot (1-29-8), (4-33-1)

£6u to 50u (30u), sbundsat, smsll, elougated,
often flatteued and spiral, posterior contract
vacuole, pharynx veutral, stria visible., {over)



té) DUnidentified, uYroup Hypotrighs (Contiuued)

Found im soils from : plots (1-89-6) (3=-i4-4),
(a~33-1), Halustock, dav., Brandon, Han.,
Swan Ziver, ian., Thunder Hill,dan., South-
iesteru lauitoba.

{¢) Seme ss Ho. 8. Mgre Hagnifled.

to show long and cspsrse cilis, adoral zone of
membrauellse,elougated vody dorso-veutrally
compressed, spiral, single small nucleus,
movements steady and uuiform,

(10) _Uxytricha peliomella, {%dmound.)

Group Hypotricha, 80u, occasional, £ oval
nuclei, one contractlile vacuole, dorso-
ventrally flattened, auterior and anal ecilis
enlarged.

(11) Unidentified, Sroup Hypotrighs,

20 to 110w, ogeasional, resembles Uroleptus,
but is smaller snd has several contractile
vaguoles, single oval nucleus, uo styles, ‘
Found in soils: (plot A-33-13) sunli Thunder udill.

(12) DUoidentified.

90 to 130u, rare, ordimary form A and B resemi-
ling Trachylophylum tacheblastum out has s

broader flexible negk, broad posterior, traus-
parent, mouth snterior, cilia short and appareut-
ly loeal, sontractile vacuoles several, two
macro-usuclei, aud three or more microuyclei.

Fige. C. form assumed upon sooling to 3¥ C on

ice, note pseudopodia., (Flot A-33-13 la two differ-
ent samples)

(13) JVortigells migrostomats. (Stein)

droup Yeritricha. 60u, occasional, Lody sphericsl,
stalk very thio, eilis limited tQ adoral zoue,
vestibule 3/7 leugth of body, basal thickeuing,
where stalk and body conjoin,is prominent. iacro-
oueleus curved, :iabit sedentary, cliliary move-
ment extremely swift, Comtraction of stalk
instantaneous, ( see rig.l13,0.), relasxation slow,
Daughter orgasuism, product of longitudiual fission
gommonly seen attached at base, (See 13,y.)



(13) Vortigells microstomata (Continued)

reaches size of mother organism, and grovus a
temporary posterlor rimg of thiok slowly
undulating eilia, before it bresks free.

(14) Cyelidium glaucoms (Fhrbg.)

Group Holotricha, 30u, rare, traaspareut body
govered with long rigid oilie, hoodlike membrane
gsovers oral aperture,movements dartinog and ecoeut=-

rice.

(16) Colpods guoullus (Stein)

vrou: Holotricha, $5u, common, bucleus geatral
coutractile vacuole posterior mouth veatral,
noteh midways between sunterior aud posterior.



(1)

(2)

{3)

(4)

(5)

(6)

(7)

(8)
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FLAGELLIDIA ARD adlal:Oda

Cercomonas grassigaudas (Juj.)

uroup Fantostomatinse, 1l8u, abundaast, naked
solorless, often smoeboid, one flagellum at
either extremity.

Lodo ovatus (5. &.)

Group rrotomastiglinae, 1l4u, common, one flagell~-
um trailing, one propulsive, body oval.

Zodo glavosus (Stein)

Group Frotomastiginae. 9u, oceasional, small
almost spherieal, two long flsgella, oune trail-
ing. .

WM (Ferty)

Group I'rotomastiginse. ©6u, oceasional, small
oval to kidmey shaped, one side rivoginatéd, two
flazella arise from indenture. Often attached

by one.
Qlkomouss sp.?

Uroup “hrpsomonsdiinse. 1l4u, commou, thin cuticle
irrvegulsrly spherigal, grauular, one or two
flagella.

longs gutulls (Ehrbg.)

Uroup Vhrysomonadinse. 1lbu, commony lrregular
in form, uusleus and vaguole posterior.

Monas termo (Ehrbg.)

Chrysomon. 7u, occasiomal. <hape globular to
ovoid, changeavle, one figcellum,

ihysomonas elongzata (Stoses)

Chrysomon. 1l2u, commou, body generally twice as
long as broad. shape changesble, often attached
by posterior pedial.



(¢)

(10)

{11)

(1z)

{14)

(15)

Euzlens (sp.Y)

Uroup Fugliuidse, &%u, rare, body elongated,
posterior end pointed and dark, eye-spotpreseat,
one flasgellum in anterior noteh, greeanish in
eolor. ‘

Heteronema agus (Ehrbg.)

¥uglinidse, O65u, oceasional, body long narrow
plastie, longer flagellum trailing.

Folytome uvella (Edmond,)

Group Fhytomonadicae. 19u, occasional, one or

two contractile vacuoles near base of two flagells,
which eross each other charagteristieally im

fixed state, form solitary euclosed in cellulose
wall, shlorophyll and stigma preseat,

70u, common, stroogly resembling Haegleria -
gruberi, but is larger, and has a number of
gontractile vacuoles,

unidentified, uroup imoebida.

45-60u, rare, paked pseudopodis pointed, ecto-
sare strougly differentiated f rom coarsely
graoular laver cytoplasm. .esembling amoeba
gucuais (Martin and Lewin), but is smaller,

iyalodisgus |amoeba) gutulla. (uj.)

Amoeblida, 20u, very common, very minute rhizopod
usually elub shaped, endoplasm glear.

Amoebs radioss (Enhrbg.)

Amoebida, oseasional, coatracted J0u, spikes ex-
tended 70u, has generally five to six radia splkes
A, which, when disturbed contrast and change to
peseudopodia, 5. Co



