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Ï¡TTRODUCTIOT$

S ome substances ln soll inþiblt the growth of miero-

organisms. åeids are produeed as prod.uets of the growth

of many kind.s of'miero-orgenlsms qã, 4, IB, 1g). Under

eertain eond.ftio¡¡sr thes-e.,aeld,s . produae an unfavourable

h'i.¡drogeu-.1on, ooneentratlon; sh,ieh,' a.ecording to Webb ( eO¡

retards spole-formatlon, and aeeoriling,to Meaehan (l4l
suBpresses vegetatlve development. Toxins, are producecl

by eertain fungi and, bacterla, These toxlns inhlblt the

development of other organisms. Thts ls eonsidered to be

the basie of the antagonism of ."=tulo spore-forming

baeteria to Ahlzootont solani iAA).

0n the other hand, certaln subetanees la soll favour

the development of sBeelfle groups of miero=organlsms.

For example¡ sulphur ls essential for sulBhur baeteria
(ae¡ andl eellulose is necessary for eellulose-deeomposlng

fungl (e0).

In the llght of the above facts, 1t is probable that

small amounts of soil added to a nr¡trlent medlum in the

prosess of platlng ooutain some prineiple that affeets

the numbers of certain orgaa'isns deverlop,tn'8-'{o. lt. I.he

present etud.y was und.ertakee to oþtaio lnformation on thls
Brobabillty. It was divlded into for¡r parts a$ fo.lls¡ts¡-
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tl) the effeet of soil in a meillum on orgatrisms that
develop ln lti

(e) the effect of soil on the rate of growth ancr.sporulatlon of Helminthosporium satlfi¡ni
t 3) the effeet of soil in a medium on the pti of the

meilium;

(4) the effeet of eultures of oertaln orgaalsms oB thepE of a medi.um eontaining soil.

HISTORIOAL

Álthough a va,st riterature or¡. mierobtal antagoni.sm. has,

aeeumulated, only' a.f ew, refer-enees' that. appear to bear oB

the subjeet wÍlI be presenteil.

early as lgOZ, RusseII and Hutehinson (10) observed
that so11, which had been partialry sterlll zed., showed flrst
a deerease and then an lncrease in nurnbers of baoteris. ,r,he

authors attrlbuted this pb.enomenog tO the presenee of
something aative in untrea'bed soirs rather than the lack sf
some prJ.nelple.

The seareh for toxic substances ln soil probably began

after Potter (tS¡, ia 1909, found that pseuelomonas

ilest,ruetans produeed. a potent toxln r¡hieh not oury caused

a disease, turnip-rsf, but also destroyed the pathogen. ,

rn a etudy of fungi isorated from rf,anitoba, Brsby,
James and Iimonin (l) found. that Trichoderna lignorum

-

played an lm¡rortant part l¡,:suppr.eeslng, tbe vlruleace of
Fr,rsqrlum ç¡rLnoruq and Hetm.isthospori¡¡m gatlvum on wheat*

:
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Later, ü[eJ.ndllng found the lethal Brinciple of thls fungus

to be present ln a filtrate from the eulture ( ¿4).
' Greaney and, i\[achaoek (8] suggested that the antagonistlc

astion of ügpharotheeium roseun agalnst äerminthoepgrium 
,r,,g@gs fias dr¡e to a toxle substanee which inhiblted spgxe '.:',::

clevelopment.

. Vaneteeaveye and Katznelson (171 denonstrated that d,lff,
). '..

erent solr typee supported dlfferent popuïatloos. gne type 'i,:,,:l-

supported l9"tfmes as naay baeter"la and å0O tlmee as maay 
,,,i..,.,,

futigi asl another type; thereby lndlcating that certals r:::1.:l

faotors ln the soils were res¡ronsible for the ilifferenees
ln numbers.

' (iertaln inrrestlgators stuäied the effeet of soil extraetE 
i

i

on'the su¡vlvar and. growth of miero-orgaaisms. Greig snlth (lo) 
l

f.ntrod.uceil Baclllus pr'odieigEus lnto sterlle sallne extraets ;

of dlfferent solls. He invarlably found that the reduotion 
i

ln numbers of eells was greater than in the cheek medlum, whlch 
i

was merely sterile saline. This uas presented as evidence of ::,,:.

.',-.t,,'the existenee of bacterio-toûins in soi1.
Hutchinsoa and Thayson (Iû) proeeed,ed furthe¡ aloeg thls ':'':)

line of study. IE addition to !. , they used

E. fluoreseenb llouefaelens, w,hi,eh they csssldered. to be one 
,.,i.:.gf the eonmonest'so1l' forms. These," investigator.s fo¡¡nd. that i,,,,

extraets from various soils dlfferect in.their suitabillty for
baeter1a1.growth¡Insome1netanses.vtgoti.ous.8rowthof

E. prodlelosuE oectrileci; in others the numbers of lntroclueed^ ,

'organlsns felI to a nlnimr¡u. Extraete of the two solls.that 
i1,,',,,

rated Boorest for tþe growth of S. p,rodlglosus Brocluced i "'
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exeellent gronth of g. fluoreseens llquefaeieas. They

aaceptecl thls as fallr.rre to ind,leate the presenee of toxinE

ln the soil extraets.

Waksman and, Woodruff (41¡ sho$ed. that an etherrsoluble

fraetion of soil had roetked. lBhibition upon Baolllr¡s subtllis
and g.æ!gE lutea but not'upon Escherisbia eoli. Ihese

autb,ore polnted, out,.,.t6¿ü' gotl, ettra,etgi.us.ed,,Ln many eultural
neitla for growtþ soatal'n€ë growth-lnhlbttlng substanees as

well as growth-promotisg guo'stanees.

Flnally, üannpbell (e) add,ing soll to CzaBekrs medium,

demonstratecl that numbers of a saltant of EelmluthoEporlur,

l_allvrrn were lower than ln the eontrel. The suppression

nas signlficant la the LP samples of soll stud.led.
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Ð(PERTIIIIEITÂI,

A prellninary erperimeqt was caruled. out to asçertain
the amowlt of dllutlng necessary to glve a eountabre number

of eolonies oB a plate with a giren eulture. Á spore

suspensioE lÍas preparedrÞy intrsduelrg sterile water lnts the
culture bottle aa¿ scraping the. spores fron the ot¡.lture
gently wlth a looB. The numb'er, of spores lE the suspensisn

Ías detenn¡.tned by the' I$eub:auer. ha.emoeSrtonetet',,E0ethod. Then,

the suspenslon was dlluted sertally and the 0i0l¡ 0.ooL,
0.000e and 0.0001 eonoentratlons werie pl.ated tn Gzapekis

agar. Ey: the aoove Broced,ure it ças riletermined tþat a spore
suspensioa, eoataleing from 6001000 to rro00r0oo spores,
when diluted to,110000, m:ürd. yleld the.deslred number of
eol0ales per plate. Føn'',a6q¡@1s, a spore suspensioa of
?oerooo ".' {-t¡sarlum e3amfu-regrun. corda produeed 7 to l0
eolonles per plate. EvidentLy, not a1l spores gounted by
the direct count grew on the agar mecllu,n.

The Neubquer haemooytomete¡ methocl was notrapBlioable
to the estlnatioa of aumbers of seqratia pareescens Blzlo,
a speeles of baeteria. âoeord.is€ly, the foll0niag sEear
teehalqt¡e $ås used. a 4-day nutrteat broth culture was

dlluted ln sterr.re water to 1¡ro0, and shaken. vigorously. One

ml. of thlE suspegsioa nss piBetted into g E:1. gelatin (0.O5
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per eent) in $ater. åfter vlgorous ehaking, 0.Ol ml¡ Eas

spread evenry over a square oentlmetre of a clean sllclen

?he snear was dried qureny by heatrng in an oven at lg@0.
for about half a mlnute. rt rlas stalnecl wlth a I per cent

aqueous solution of rose bengal, whieh was allowecl to aet

fromåtsSminutee.
êounts of, the baete¡rla were mad.e on ?b randon fietd.s

and the ayerage eount was multipfled by the approprlate

factor. å procedure sinilar to that followect wlth the fungl
was used. to ascertaln the r,elatioa betueen the microsoopie

eou,nt thr¡s obtained and, the plate .eount and, ts determine

the degree sf, dilutlng neeres,saæJ,,for a glven,susBension to
provid.e eou.etEbtre, numbeæE,. of eolontres pêr: plate,, oB. nutrlent-
agar. For exemBle, a bacùer$a.l susl¡eng{os,of. Irê6Ê ¡¡tlllen
eel.Ls. dlluted to llrroooro00 pro-dusefl:,prates..rn,ith about 50

surfaee eoloniee per Blate. surfaee eolonies oul.y were

eounted o-eeause of the diffleulty ln distlngulehlng betneen
partleres of-solr in qediun and subsurfaee corouies.

Ëeverar speeles of, *oo*r ;"; 
";" ;;-;";;";;;-;"r"

used. ln this portion of the study to d,etermine whether sofr
tu a mecliun haE tþe same effeet-on,their,.d.evelopnent as has

been observed wlth a saltant of Helmlnthosooriqm satiw¡rn
P.K. anil B. (14). Three of these fungi Ìgere lsolatecl fron
nheat seeilg aeeoreling to the methodl of James, t{ilson, anil
stark (rt). lbey were identlfied aE penlellrium vi.ride-
dlorsum -Biourge, lenleirritrm 4{el1n11 Thom and Áspereillus

il +¡ì:t.:.ir¡
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. Íumieatus' .Eresenllts. The æema,inJ.eg eulturee vcere proeured

fron the Ðomlnlon Laboratory of plant pathotogy loeated. on

thls oâm.pusi These followt-
q\¡Farlun pv:engceurh (rrtes) Sacoardo,

tr\rsarium gramln earum,

Felnlnthosporiun f;,atlvun, and a :ì

saltant of Helnint4osuorluln Fativum (Z).
,

These ftLngi wqre eultureå qt e5:e 1n 6 oz. nedlej.ne bottles
otl czapek!s agar untir sufflclent spores deveroped¡ $erqatiE
mareeseeEg was ùhe only type'of baeterla useil, It was eultured
ln nutrlent broth at e5oc. for 4 days prlor to use. Baeh

oulture was plated as 1n the preli,ninary experlments Ln 4
reptloate Blates wlthout so1l, and ln addltlon ln 4 replicates
with soll¡ Nine solls. rangtng 1o texture fron el"ay to flne
sand. nere qsed¡ îhe equlvalent of 0,r gE. soll nas qdded. to
each plate. Tbls amount was obtai.ned by transferrlng 1 r¡l, of
q stertrltzed, predetermieeô eoneent¡aülon of soll. in water
T96 m] . sf czapekt s agar for. fungl, or nut,rient agal f or

baeterlar Eere piBetted. lnto eeeh ptate.to. ensur,e'uelfolr¡lty
la eonoeatratton of solr ln meilrum¡ all plates.were

lncubated at a5oC. untlL they were.,eount,able. The results ar:e

presenteil in the appendlr(Ég;Egþna ln summarlzed form tn
TabLe l¡ FI.ve of the "p."i"" grew bettel ln plates eontalning
soll than ln control plates. 'l'he saltant of -Eelnlnthosporlun

slËEg¡q nas clepressed by soil ln every ease. 'r,he resurts oE

Åsperglllus fr¡mleatus were not conslstent; as !Ías the osse
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arso lrith $eqratla mareeseen.s, exeept for soirs g and 9.

However, the effeot of a glven soLr oE numbers was not the

same wlth different speeles. For example, numbers of,

!-lrsarlun s+amlnearr¡m $ere targer in plates eontainlng solt g

than ln the"eontrol, platee; whereas the opposlte was true ln
the ease of sprratia mareescens ln the same soll. r.fkewise

rþFarium avetraeeum was stlmurated by soll I whire sematla
gggggsl lras depressed by thls soll.

The dlfferenees betrryeen solls with a given sBeoies and.

the dlffereaees between speeies wj.th a given EolI dld not

appear to be marked and ln $ome eases. lacked. eonEisteney

fron replication to replication. In ord.e¡ to present the

fledings ln another wa¡¡, the data were su.bmltted, to the t
test (01. fhe t valu:es are BrËsented grapbleally in Fig. l.
rhe computed rep1lcat'e, t values for eaeh orgar¡lEm ar€ rê-
presented by a grouB of llnes of certaln lengt.hs,. In the

maJorlty of eases, the lengths of these rlnes are l-ess thÊn

the llnes reBresenting slgnifteance. The llnee ïepresentlpg
t varues for each speeles do not indlcate any eonslstent
relatlonshlp between specles and Eolls.
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lable 1. Change in numbers of organismg äevefoplng on a
qr¡.t¡ient medium produoed by the addltlon of 0,1 gm.
stenile soll to 1O ml. of the medium.
(sverage of 5 trtals for 4 counts per trlaL).
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While makln:g eounts of' 4elmin.t;hosrorlun sstivum, lt nas

noted. thaü the rate of growth as,d, spoturl ation. of thls fungus

was enhanøed,.by the golt i.p Cuapekls med.lum. In order to

study thls phenomenoa 'a 'nere,'set', of' plat'ee was. preparecl anil

examlned dally for 15 clays. Th.e experiment-r¡as",earr,têd out

on eaeh of the 9 solls uEed in the studly¡ åt 4 daya, Goloåles

wexe observeil ln nearly all plates eontalnlng solI, whereas

very few oslonies nere present ln the eontrol plates. Llke-

wlse ln the same lncubation period,, there nas a greater number

of eolonles ln plates eontalnlng soils 5 to 9 than I to 4,

Laterr. :.a", blaek-gf e€B Blgmentatton, eharacteristie of epore

prodluetlön, $as noted in the plates eontainlng soll, ThiE

was qulte marked at 6 days. The myeella of these oolonieE

intertwlned to proiluee a mat! In eontrast, tde colonies

ln the oontrol Blates were lacking ln pigurentation and were

very snall¡ However, after I d.ayrs lncubati,oe, nany of
the oolsnieç in the oontrol plates $¡ere al,so sporulatingr

as is shown ln ltig. A.
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Flg, 2" The stimulatÍng effeot of soll on ühe growth and
sporulatlon of He}niathosporlun satlvuü"

Left Colonles of Tlelnlgtherulllg Ee!ig!![ after
9 clay u s incuffi effidl-t¡a.

Right Col-onies of EeUqlnthosporium sativym after
I day0s ínou5ãti-bn ln Czapekrs meiliuo corl*
taining sofl,
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?he prevlouE portion of the study revealed that

some faetor assooiated with soll in nutrient agar or in
Czapekrs nedlun was affeetlng the growth of certaln

organisms. It ls eonceivable that thls faetor ças pH.

&r ord.er to study thls polnt, eoll was added to a vartety

of med.ia of dlfferent buffer eapacltles and pH determln-

atlons were earulecl out. All nedla exeept soil-extract

egar (ff¡ ïlexe prepared. aceording to the directions in

Fred ànd Waksnan (g). The pH of each rredlum was testeil

ln dupllcate by a Coles.an pH meter. ReÊd.lngs Eere made

oR the eame medium oontainlng 0.08, 0.01, 0.001, and

0.0001 gns., respectlvely, of eaeh of, the I EollE stuelled.

The detall.ed results are preseuteel 1n the append.lxr(,pg..ql)and ln

addltlon those that pertaln to the largest amount of soil
usêd are ehown in Table A. lhe pH sf tno of the test med.ia

was aot changed. by any of the ooneentrations of Eoil used..

These !Íere nutrlent agar and asparagln mannitol agar. In

no sase did the amount sf soll added change the pH suffielent-

ly to have nu.eh effeet o$ the growth of otganlsms. For

example, the maxlmum ehange in BE was. 0.41 1n Gzapekrs agar,

whlle 1n medla eontaining 0.001 gm. so1l or less, the pH was

not appreeiably elifferent from that of the mecllum wlthout

the soil (See appendlrr pagê 5tJ.

'i' ,:.a

Medlum¡
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Eable ?,. Ghange in pH of meôlum prod,uced by the adcliÈion
of süerile soil to the mecllum (O,.OA elu., soil per 10 m1,).

Medlla

$oilleg+567

Cog-
trol 6.80 '5. 60 5. 60 'l .&9 7 ,5O 7. A5 ?. ã0

L 6?qO 5.7¿ 5,60 7.90 7e5O

2 6¡79 5,61 5.61 7.Ag 7.50

g 6.90 5.61 5.60 ?.3g ?.50

4 6?'17 5.64 5. 61 7 .Ag 7.50

5 6,7t1 5. 60 5.61 ? .eg ?¡ 50 ?.18 7 .gL

6 6!gt 5.6å 5.60 7 .gA ?.50

7 6Ç90 5f 69 615? ? .Ag 7 .ã6 ?. eo ?r 5I

g 6.81 5.95 6.70 7.Ag 7.50
'

9 6.81 6.01, õ¡97 7 ag} 7.7L ?.+ö '1.ã8

f. nutrient agar
2. Czapekts agar
6, potato ilextrose. agar,
4t asparagtn' uannttot' agar"
5. soellun albumtnate., agar'
6. soil-extraet agar (soil ,t,
V. soll-extraet agar (sof.l gl
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"as was observed. i-n 'the previ.ous seetion, the ehange

1n the pH of a meclium was only srlght when soll lras added

to lt' Thls study was earriecl out to ascertaln to what

extent the PII of a meilium was ehanged by eultures of certaln
fungi or bacteria. The experlment wås, therefore, earried
out oE the same suspensions of organlsms as lrere used 1n

the plate eounts reported in the prevlous section.
Duprlcate eontrol plates eontalning solJ- but no organisms
flere pre¡rereil. 'rhe experlment was replicated three tlmes oE

eaeh of the g soil. samples. In order to have a unlform.
amount of medlum and thereby a unlforn concentration of
ssil ln the med'1'u.m a pipette !Ías usèd, to transfer 10. ml. medium

to eaeh prete. Áfter lncubatlon at e6o c. for the period,s

shoun ln Tabres g to 9, the eontents of eaeþ prate were
transferred to a smarr dlsh (sinilar to a cruclble) and the
pH determined.

The ln'divrduar- resurts fron eaeh organ.ism are presented
in the Áppendir (page 5zl. They are presented ln summarized
fo'm ln Tabres 5 to g and.graphlearry fn Flg. g. rt nay
be observed that atl eurtures did not ehange the BH of the
medlum eontalnlng soil to the same extent. -uor example,
Peoiçi1l-iun lúerlnil prod,ueed. a smaller change ln pH J.n media
eontaining soirs å to r (sane as I to g ln rable I and ¿)
than dld any other test orgaÉlsms, whlre on the other hand

l.:,:.,i-:l
¡.
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the change 1n any of the other soile was smaller ln no

more than 2 oþher speeles. In eontrast, the change in

pE was greatest with ÏIe_1m¿q!þgepEf,igg s,a_L.1vum 1n I of

9 soils"

tabl-e J" l?¡e effect of a culture of I'q¡¡ariuq aTenac€gm
on ihe pIi of czapekrs med.ium contaffiffiiF@.
for f days,

pH
SoiL with-

out
tr'ungf" 

x

wlth
x'ungi.**

pïI
Ðlfferenee

A

3

c

D

E

F

G

E

I

6"oi.

6, oo

,, gg

l. 98

l.79

l.g?
l.7L
6, oo

6 "zz

?. 06

6,93

6 .98

7.04

?,06

7.04

7,L4

7" 08

?"6t

L" t5

0" 93

0" 99

t, ø6

L.27

1.07

1" 43

1. 08

1.39

*

*x
Average

Average

of 6 pH reaèlngs

of 12 pll read.ings
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llabl,e 4. The effeet of a eulture of I'usarium
on the plf of Czapekts medium eontaiffi'lt
I da,yø.

lthout fungt'* 
PH 

with fungi ** ¡imËf"nceSo il Ìf

? "68

7"7,

?:6r

7.74

7,77

?.?6

7.'./g

v"83

7" 88

A

B

c

D

E

x'

I.j'

H

?

I "gg

,.e6

l,gl
l. g+

,"78

I .94

,"75
6.04

6"23

L.69

L"79

L.72

r..80

L" 99

1.82

2. Ol

L,79

L"6,

a¡ninearum
24.Q. for

,r
** Average

Average
of 6 pIT readings
of 12 pH readlngs

The effect sf a euLture of Penicillium Meliniilab1e !"
on the BE of Czapekrs mediu.m eontainíng 6otl - zloï. for
I days.-

So11 wlrh Diff erenceT[íthout fungl *

A

3

c

D

E

$

tt

E

Å

,.gT

,.9,
,.96

l"g7

,"76

,.gg

5"69

6.0r.

6"23

6,rg
6.46

6,60

? "26
6,16

6.42

7,05

?" 25

6"6L

0,62

o,rL

o"64

L,29

o. Bo

0.43

1" 36

1.24

0" 38
t(
** .Average

Average
oî 6 pH read.íngs
af L2 pïf reailings



TabLe 6" The
on the pI{
B d.ays, 

-
effect of

of CzapeÈt s

rg"

a culture of Peniclllii¡m virÍde-d.orsum
med it¡.m c ont affiIï- -am.Tõt

5"96

,.9,
l. g+

l.g+
,.72

,"92

l.Tz
6, cl
6.2,

l,zB

l"og

5. oB

4,91

,,L2
4'" j4
4,68

4,64

l.oo

0.68

0.86

0.86

0.99

o.60

0,98

),.04

L.37

r.2,

pH t¡H ---
SoiL W:ithout fungi * With fungi ** Ðifference
A

3

D

E

3

L'

If

I
i Average
'F'F Average

lab1e f, Th-e effect of a culture of Aspergillgg
on the pII of Czapekrs med.ium contaì.-ning soff -for E days.

of6
of L2

pÏf read.iirgs
pïI read.ings

5,97

6. oo

5,9'
,.9,
l.69

,.98

5.6?

6" o?

6.2r

7"38

7,49

7, +3

7.43

7.ú
7. +8

7" +2

7,39

7.rO

1.4r

L,49

L. +9

L" 48

t.77
t.r0
L"7l

].'32

L,29

so n qllhout runerÍ 
pH 

witr¡ rlne-fl 
- 

.q¡rlåfqgeg
A

3

ta

D

E

3

(t

H

I
*
** Average

Average
of 6 pH read.ings
of 1.2 pH read.ings



Table L
i Êlativum

19"

a culture of Helm_in!þosporiurl
Cza,pe1r.f s meclium containing soil

lire effect of
on ihe pH of

2lo C. for lJ days.

So il
nH

T[ithout fungi f With fungi *+
PIT

Ðif f erence
A

B

D

E

3

tt

H

I

6.oL

ó, oo

5.96

,.96

5.71

6. o1

l.T+
6.11

6. zg

8.30

7.g6

8.43

8,34

8" 32

? "21
8.32

8.24

8.30

2.29

L,96

2,47

2" 38

2" r7

1" 20

2.58

2. L3

2.0L

** of
of

.Average
Average

pII readíngs
pïI read.ings

4
I

lable 9. The effect of a culture of
on the pH of nutrient agar - 2l o

Serratía marcescens
cîîõF-8-o.ãiEl

So iL
pE

l[ithout bacteria* with bacter ia**
pïï

Ðif ference

A

3

D

E

3'

G

Tf

T

6 "6t
6.43

6.32

6.32

6"91

6 ,94

6,lz
6"69

6.82

8. Lo

7.9,
8.Lz

8.09

8" 08

8,14

8:09

7.97

8.04

1.49

t, 12

1" 80

L"77

L"r7

1" 30

l,r7
1.29

L,22
** Avera8e

/\Verage
of
of

6 pII readings
12 pII readings
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I
))a

Soil H, F.

ß)
()
Ë
c)
t'{o

1.96

I,n4'l

0,98

Q,49

GN

1" F.2. F.
5r Þn

ORTA1{TSI!1S

4r-
Evp
6,

narcgsc€nsæ

P. vlride-dorsum
1.ffiãuil
--ÆE'l sa'tf Vì:¡¡i

Sr

Bffect of cu.ltuTes of orsanisiris nn f,he pH of
riteñi.s. conteininq soiJ *

I.

F, 9.,. 3 o
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ÐTSCUSSION

The reason for the different effects produced by

ilifferenË soj-ls on the varj.ous species studieil is not

apparent. It is known that some soil organisms produce

certain metabolic products which are toxic to themselves

or to other organisms. These sane substances may not be

inhibltory to other orgaúf-sms and roay even serve as foocl

for them. llleindling; (25) pointed ouü that simple products

are produced from the breakilown of carbohydrates by one or

more associated organirus in oult'ural meclia. These meta-

bolic products of one of the associated organim,s may serve

as food for th.e oúher or may accrrmulate in a medir¡m to a

poÍ.sonous coneentration for the associate.

Sterilization may change the chemical nature of the

soil, making eertain substances soluble and causing disin-
1

tegration of microbial cells and thereby releasing nutrients

for organlsns. Undoubteilly some of these substances coril,d

bring about betÈer growth of a given speci.es or inhiblt it.

The work of Greaves (9i supports this contentj.on. This

author forrnd that certain salts lcroïì¡n to be necessary for

higher life were essential for lolver ]ife as well. Holvever,

if these salts were in too great concentration, they became

toxi.c. Ele fr¡rther pointed out that salts of nitrat€sr.$e¡e

the most toxic and that salts such as calcirs chloride Ere¡'e

stimulatiag for amrnonifying bacteria. The toxic concentra-

tion of these saLts dlffered wlth each salt and was not the

sane for all speei.es.

i.:
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The breakd.own of misrobial cell Eubstance may release

lato soll eertaia traee elements and vitanins not norno.ally

present tn the sol1 in'appreeiable quantltlee. rheee eub-

gtanees may en.haaee the growth sf sertafn speeles. rt has

been suggested by YteindlÍng (aS) that stimulatloa of sBor-

ulation of fuagl arises in eulture from proportionately a

greater. ratlo of aeeessory Êubstances to food, materlals in
the early stage of growth, lhe presenCIo of these substsn€a
Ln a medi¡¡m nây aecount, in partr, for' the,.rapid..g.rowth and,

sBorulatlon of Eelmtnthosoorlutn satirrng in _olates

aontalning soilr
Unclo¡rb€eÈfy'one,' of the 1¡rg.sr,',phen,onena, referred to

above or a eombinatioa of two or more'of them-may be res-.
ponsl,ble for the ftndlngr' re¡¡orted.- fs table I that the,

adttrtion of some solls to a med,ium Lncreaseil numþere of
certaln speoles of organisms growlng in it, whilst the nu¡&bers

of other speeles were redueed.

The Emarr change in pH resultlng from the presenee of
soil in med.tra observed in the seeond study could. seareely

be responslble fo¡ the clifferer¡t ,numbe¡s of the varloue

specles fsunil Ln the meitia aontaining soili rn the actual
plating of soll from a fleld, thls effeet would be much

lees, sinee a plate at 0?001 dilutlon would aontsin only

0.01 tlnes as much soil as rvgs used, ln these tests.
.E'inafly, from the last seetioo, 1t may be noted that

a culture of one speeies, iB a meelium oontaining one eoil

Brodueed a greater ehange in tbe pH in the medium than ðld
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a culture of another species in the medium with the seme

soil. The change in pH must be accepted as merely the

final result of metabolic processes of the cuLture. It may

result from the acid or base produced from some ingredient

in the medium. It is conceivable that an ingredient from

one soil in a medirrm might affect the final pH produced by

a culture, whereas that ingredient might be laoking in
another soil.

l.-..
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SÏ]MT[.åRY

Ëight speeies, ? of fungi and 1 of bacteria $ere

tested. for the effect of soil in a medlum oE Íltlttr-

bers developing in it. For this purpose, 9 soils

WeIe USed..

'{flth five of tbe.'eigbt specles¡" a"Iar.BeF o}¡nber of

or gall 1, sns'' oiccnrr ed., in plat es corbË.ainl,n g'. so'1.1, .than,

in eoptrol pfates. Tws of th.e'' speetes 'gare"itreon-

ststent results, uhtte''wf'th,. another all soils
depressed gæowth.

In additionr oF of the specles, HêImlBtþosporiu.ur

sativum, .appeared to grolr nore raBidly and sporulated

earlier in a medium eontainlng soil than in the

eontrol. This $as found to be the case with all
soX1s testeil, atrthough the effeet was nore marked

wtth eertaln solls.

So11 in a mediqE. was found. to ehange the pH to sueh-

a sma1l extent that the change in pH searcely eould

account for the lower sumber of fungi fÞ.und in med.ia

containing soil.

Th-e pH of a medtun w,as four¡d. to, ehag,gq'-.w'itb.deverlop-

ment of a eulture. This,chan'ge',,$'a.s not the same for
all the eultures teetedl.

tz

1.

&.

+.
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Trial 1. [he effeot
mediun on nrsbers

p0l

APPEIÎÐIX

of sterlle soLl in Czapekts
of Fusarirun avenaoeuqr.

So11 Repllcate
Counts

B. C. D.

Average t
Count Val,ue

A.

Control

t
a

5

4

5

o

,l

I
I

t4

11

I
15
.lF

16

L4

I1
16

L2

1T

14

LZ

16

I5
I5
LZ

11

15

11

1S

Lg

10

1ã

L2

L3

L2

15

L4

15

I1

15

15

L1

L4

LL

l7
L5

15

15

Ie.a5

Lg.z5

10.75

15.?5

1,5.50

r5".75

Iõ.75

I¿.50

14.00

L2.75

0.88

-I.1¿
r.1å

1.¿6

1.12

1.07

0. el

1.70

o.44

t.05
t.01

2.45
5.7Lt
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T¡taI 8¿ .:

SotI ReBIloate
Counts

A. B. C. D.

Average t
Count Va1ue

ControlLZ8799.00
1998109.000.00
2 6 ? 7 10 '1.50 -1.09

I 10 10 9.50 0.45

4 I t-l I LZ L0.00 0.66

5 10 g 1¿ g 9.7ã 0.54

6 1l- L2 10 I Lo.5o 1.19

7 10 11 E} L2 IO.A5 0.90

I 10 L4 9 10.50 0.9ã

I ta lg I Lz 10.?5 L.5g

t.05 ¡ 4.45
t.01 s 5.7L
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Trial 5".

So11 Repli.oate
0ounts

Average
Count

t
Value

A. B. D.C.

Control

I
2

5

4

5

6

7

I
I

1-r

IO

o

I
o

10

o

IO

I
L4

o

L2

10

10

11

I
IO

LZ

l_t

L0

10

Ig

LZ

I
t1
I
o

1s

I

IO

I

I
L0

LL

l2
1l
I
o

15

Iã

9. 50

11.00

10. e5

9. 75

10. ?5

9.7õ

9.00

IL.00

10'.85

Lr.75

L.64

0.8ã

0.51-

L.5g

0.51,

-0 .65

L.g4

0.59

1.85

t.05 r
t.Ol tÊ

2.45g.7l
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T¡laX I- The
nediun on

effect of storlle soil ln Czapekrs
numbers of Fusarlum graminearum.

SolL Replicate
Counts

B. C.

.åverage
Count

t
Value

Ð.A.

Control,

I
2

.

3

4

5

6

7

o

11

L4

1,5

1ã

zo

16

ZL

L7

L5

l9

16

2L

LtÌ

18

19

22

19

11

19

z0

15

¿0

Lrl

16

Ltl

18

15

?,6

z0

16

15

18

ag

15

14

1g

LZ

I8
L+

zo

L4.25

18.95

L8.o0

15¡O0

17.50

L?.2õ

16.75

I8.00

16.50

L8.75

1.91

1.8¿.

0..45

1,89

L,.ã'.|

0.1.1

I.I5
1.80

5.08*

t.05
ù.01

| 2.4õ
= g.7L
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lPrf,nI" 2.

Soil Replleate
Counts

A. B. C. D.

Average t
Count Value

Control 14 1,4 L6 LT 15.e5 .',j,',,
i" '

r L8 14 18 Ig 17.00 1.40 
:

z l-5 14 l-8 ZL 16.50 0.6g

g 16 15 L5 19 L6.A5 0.85

4 e0 1g 25 26 ãj¡-.25 5.6g -:+ 
:

5 2L ZZ 16 19 19.50 2.78 r, :

I

6 2L L? 24 24 ¿1. 50 9.44 +t
:

7 15 L4 L7 18 16.00 0.64 
,

8 L7 18 19 15 L6.?5 o.9g i

9 L? L4 l-5 19 1,6.45 O .?5 i'i,.":

ü..05 ¡. 2.45
t.01, ! g.?L

1.',.i-:'.
Ìì ::-:'
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ÎrlaL 5.

Es11 Average t
Count Value

l'

t'

:

A. D.Q.B.

Gontrol

L

z

5

4

5

o

7

I
o

Lg

15

L7

15

L9

18

zg

I6

18

1õ

L:g

15

Lrl

19

26

?,o

16

L4

19

zz

L6

1,5

L4

16

l4
LA

LA

zo

15

1e

14

L7 L4

t4 16

t6 14

14.00

14.50

16.75

17.00

L7.50

18.e5

15.50

16.50

L4,45

0"5e

2-.ZO

L.50

1.50

1.59

0

1.5?

a. Io

0. e6

t.05 E

t.OL =

2,45
3.7L
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Triàl I. The effect, of sterll"e soltr in Czapekrs mediun
oB nwrbors of Penlclllium virlde-dorsr¡m.

Soil Replloate
0or¡ets

A. B. C. D.

Average t
0ount Talue

Oontrol L2. 16 2L 15 16.00

1 L4 18 11 15 14.50 -O.64

2 18 16 ZO L8 L8.OO 0.98
g Ll 2l L? e0 !,î .25 0.46

4 26 L9 l2 18 18,75 L.Ig
5 18 24 15 15 18.00 O.7L

6 29 16 26 22 ZL.?5 2.4Q

? 22 tg 40.50 z.zg

8 19 18 le L2 1'6.?5 0.32

g za 18 L9 18 18. ?5 L.+Z

t.05 - 2.4õ
t.Ol = g.?L



6I¡

Triàl e. ''

SolL ReBlloate
Counts

B. C.

Average t
Oount Value

D.A.

Oontrol

1

z

g

4

5

o

7

I
o

18

t8

15

L4

zg

L2

L8

¿8

P,6,

15

l-5

L¿

L9

zo

19

18

l,õ

z?

14

L7

19

L5

ZL

15

L4

16

26

3g

z7

16

L4

I5

I5
ZL

10

14

15

36

z7

l4

16.00

15.00

16.50

17.50

16.50

15.00

L'l.zõ

5l-.oo

25.50

15.50

0. õe

0.P0

0.66

0.16

0.5L

0.48

5.8Ltorç

z.L4

0.5r

t.05
t.01

- âr45
= g|ZL



ã9.

Trlal 5.

Sol].

Ð.A.

Replioate
Counts

B. C.

Average t
Count Value

Csntrol

t
z

3

4

5

o

7

I
o

11

I
I

L2

10

L4

1I

I
7

LI

I
L5

I
I
a

1e

7

11

5

I

o

I
?

I
L4

I
l4
la
1ã

L0

5

I
10

I1

11

I
1t

Ls

11

11

8.25

9.75

8.2õ

I0¡00

I0.75

10.75

10.75

1r.00

9.00

11.50

0. go

0.00

1.1õ

1.41

0.51

L.05

5.48*

0.54

1.41

t.05
t.01

. 2.4õ
E 5.7L

lri1, rir.:r'r!.a

':.;
i

l



gg.

lrlal lç The effeet of sterile eoil fa 0zapekrs medium
on numbers of Peplellllrln &leljnli.

Soil Repllcate Average t
üounts 0ount 'îIalue

¿. B, 0. Ð.

Control 4L õI 55 e6 6e.7õ

I 40 49 50 59 59.50 1,.56

e e8 4+ 50 49 4e.75 1.68

3 40 'g8 g+ 55 4I.å5 1.65

4 49 +A 46 56 4e.50 e.58

5 &9 44 ge 49 õ8.50 1.01

6 44 e9 6e 49 98.50 1.01

? g8 sl g6 56 54.50 0.50

8 a9 5o 6+ 47 55.00 O.45

9 55 +í 42 +L +O.75 4.1õ

t.05 E &.4ã
t.0l = 6rïL



4O.

Trial Ê.

Sofl RepJ-leate
Counts

B. 0.

Average t
Counts Value

A. D.

Csntrol

I
z

6

4

5

o

7

.8

I

46

44

44

4L

g1

48

51

58

45

+8

58

62

58

54

43

4l
45

46

44

49

56

g9

42

+6

45

5o

40

tz,z

g9

4e

4L

49

45

50

4A

44

AO

49

46

51

40.25

46.00

4?..26

47.7õ

4L,.?5

47.25

g6.25

46.50

4õ.50

4'1.?5

1.60

0. 75

z.Lg

0.55

8.9&:e

L.8+

1. 11,

L.ZZ

2.72 +t

I

t.05 ¡Í
t.01 ?

2.4õ
3.71



Atr¿

TrlÞl 5.,

So11

A.

Replleate
Counts

B. C' D.

Average ù
Gouat Value

Gonfrol

I
z

g

4

5

6

7

I
o

g2

51

+9

43

44

õ1

4L

2A

41

45

42

g8

46

g5

47

49

õ8

g6

67

42

55

++

4g

54

g4

46

LO

{a

58

54

55

49

45

&
48

55

49

4g

4L

41.

õ6.00

44.OA

45.7ã

44.00

49.25

40.2ã

44.2õ

g'8.7õ

'59.26

45.50

z.g4
g.9e^.-)$

1.90

l.89
0.86

e.54

o.57

1.õg

2.61x t\

t.o5
t.01

ffiY\Á+' Á/-tt -. æ dì 6- Ê-' þt

tu{ * -#l-rri .^YX, \-/é
.-,W //¡t

ll ¡,



4A.

Trial L" The effect of sterlle soil Ln Qzapekts mediu&
on numbers of Asperglllus firmlgatus.

Soil

A.

Replleate
Counts

B. 0. D.

.Average t
Count Valle

Confrol

l-

z

g

4

5

6

7

I
o

zõ

26

¿0

26

ZL

2q

z2

19

z6

zg

z3

z6

2A

2L

24

zg

?'ã

29

27

51

e0

¿0

L7

29

29

22

ZL

z2

2õ

z?

22

19

z4

z6

22

19

zâ

a8

15

z9

22.50

ze.o0

e2.25

25.50

Ê,4.00

22.25

zg.z5

24.50

2,9.25

27.50

-0.e6

-0.l-0

1.55

o.73

-0.1,6

0.51

O,7?

0. e5

2.5O ¡+

t.0ã -t.01 ¡
2.45
3.'lL



46.

Trial 2. i

So11 Replloate
Countg

A. B. O. E.

Average t
Count Value

Control Z6 18 2õ ZZ ?z^.75

L 19 11 ZL Aø L7.7õ -!.?2
z 15 1L Z8 25 19.?5 -0.68
g 2,1 19 27 16 ZO.'15 -0.4g

4 ZL 24 Zg ZZ Z4.OO 0.4g

5 ?,O 2L 16 l? 1g.50 -1.g?

6 L? L5 Zõ 2,? e0.50 -0.60

7 2? 1S 1,9 Zl Z!.2â -0.56
8 2+ 26 22 e6 FJ4,50 0.86

9 2Z 2L 14 14 L?.75 -I.ã5

t.05 = 2.45
ü.01, = 3.7L

i .i, i,

Ì i r:::
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44.

Trial 5.

So11 Repllcate
Cor¡¡rtg

B. 0.

Average t
Count Value

A. D.

Control

1

z

g

4

5

Þ

7

t:8

I

19

18

15

11

20

19

L'T

L6

15

zo

1L

z5

za

lr6

16

z7

zt
L7

19

z2

29

z7

2g

18

zg

ZL

15

zz

29

z4

LI

za

LA5

z2

22

?'O

16

19

18

16

L9.00

e5.00

eI.00

I8.e5

20.2õ

21.?õ

L7.26

r8.50

1,9 .75

40.50

0.95

0.45

-o.16

o.5l-

0.56

0.4+

-0.1ã
0.15

9.96

t.05 =t.Ol ,o

2.46g.?I



4'5.

The effect of sterile soilT¡lal 1*
agar on numbers of Eelniathosporum

ln Czapekts
satlvr¡m.

Soll Repllcate
Counts

B. C.

Average
Count

rz##
Value

¡Uþ1 'r¡-.

Valüe

D.A.

Control

1

.2
qt
a)

4

5

o

?

I
o

I
z

o

I
L2

L4

1g

L4

L0

16

12

1L

18

1o

5

I
15

LZ

10

L1

15

I
9

4

5

LZ

7

1õ

11

17

18

1ã

15

I6

10

I
o

o

1A

L7

?

LE

10

16

15

o

8.00

8.50

9.00

L5.50

15.e5

12.00

LZ.7ã

1ã,50

LZ.7ã

I2.75

10. eã

0.66

4. ã8.:3-F

5.09v

1.65

z.2l
3.?,t*

2.2?

2.4L

a.7g

0.eg

5.ltF
2.43

l.g5
1.85

e.56

1.95

1.94

0.54

t.05 =t.OI =

2.45
6.71

ji.
t'-

##

Control

Oontrol

used

used

L

2

t1

t2

i,n

1n

calculatlng

caleuJ.atlng



46¿

Trlal 8.

SolL Replicate
Counts

A. B. C. Ð.

tr# rr.fÈlf
VaLue VaÏue

Average
Count

Csntrol

t

z

5

4

5

o

7

I
I

1

2

o

5

.7

I
7

Þ

5

L3

7

I
I

5

,t

o

T

6

5

6

o

I
4

4

4

4

o

I
I
6

I
10

o

I
10

7.

I
t0

11

lz
6

4

5

11

IO

I

5.50

6.00

8.00

9.50

8:25

8.?5

5¡ 75

5.7ã

g.e5

7;15

7.'.15

z.z4 I . 55

2.rlgx I.gg

1.gg 1.41

0'. Þ6 0. e6

o.¿r o.ao

z.Lz I.72
5.0s! 2.AO

1,54 1.Og

1.54 1.09

t.05
t.01

2.45
g.7L

t¡.
tz.

in
in

I
2

#

##

Control

Control

caleulatfng

aalculatlng

used

used



Average tr"#
Count VaÏue

h##

4?"

g¡ial-L fhe effeet of sterlle soil in Czapokrs agar
o¡r numbers of a saLtant of Helminthosporh.u sativun

SolI Replloate
Counts

B. C.

Value

A. D.

Control

I
z

5

4

5

6

7

I
o

1

2

I
L4

4

I
?'

I
o

I
I
I

l_3

o

10

I
o

g

I

o

7

5

11

?

o

1L

7

I
I

10

I
10

I
7

7

10

10

o

þ

8

T

I
7

6

7

o

9. e5

11. e5

7.00

7.50

6. 50

8.e5

8.00

8¡00

6.75

8.50

9.2õ

-Z .Og -A.96-:+

-3.5&7,- -2.29

-8.?6 -5.I¿åç

-I.49 -2,64r'

-1.67 -1.75

-f,.67 -I.75
-9.I6+i -Z.Tgt(

-0.76 -1.04

-0.6e -1.61

t.05
t.0I

2.45
3.71

ttr

1n

#

##

Gontrol-

0ontrol

I usecl

? used

caleulatlng

calculatlng
t1.
t,z.



48¡

TrläI tr, The effecü of steriLe soil ln nutrient
agar on nt¡¡nbers of Seffatla marcesoens

So11 Beplicate Average t
Counts Count Value

A. B. C. D.

ControL S6 59 " 40 56 4?-.?5
¡

1 45 4l 99 45 44.00 0.46

z 4a õ0 45 48 +L;25 -0.45
g 40 48 40 q,0 49.50 0.80

4 51 40 4 48 40.75 -0.46

5 59 45 45 65 48.00 A.72

6 õZ 4Ê 59 5g 4g.25 o.O8

7 46 ã4 g? g4 4i,.75 o.0o

I 2? g4 49 5Z Þ5.59 -I.lI
9 21 Zõ ZL 64 26.? 5 -5.05 *-x

t.O5 = A.45
t.Ol = 3.'lL



49o

Trial 2.

Sotl Replleate
Cor.¡nts

A. B. C. D.

Average t:
Count Talue

Control, 27 22 2g 26 24.50

1 50 g6 g4 50 62.50 4,18 -:ç"*

z 56 3g 5I 26 61.50 e.go åp

g 5g 29 zg 5? 63.25 5. go 43

4 Z5 ZL, 2,2 27 ?9.25 -0. 7I

5 +L 56 64 ?,g 64,7ã 6.49 'K

6 5O Zg 2,8 24 2?;75 I.85
? 22 51, 29 A4 26.50 o.g5

8 le L4 eZ L7 l?.?,5 -Í..52 *
9 2g ZZ IS 11 18.50 ¿Z.Az

t.05 = A.45
t.01 Ê g.?L



50.

Trfal 5.

Sol].

A.

Replicate
Counts

B. 0. Ð.

Average t
0ounts Value

Control

L

z

g

A"

5

6

7

I
I

26

2e

gg

+o

zo

38

2t

20

LZ

2L

z3

51

ã0

z9

18

g6

z6

29

11

19

zo

27

áa

26

et

51

2õ

z6

I
IO

19

55

5o

55

24

25

zt
ZL

z9

14

z2.oo

?-9.'75

?,9.75

s2.25

zo.?5

51.?5

P-2.26

P,4,LO

L5.e5

L6.00

g.5g

z.3g

2.ge

-l-.56

$.15

0.1-0

0.76

-2.2L
-¡1.6¿

t¿

' t.O5
t.01

z.+5
g.7L



51.

The effeot of soll on the pH of nutrient agar.

SoiI Soll. conoe¡rtrattons per 10 ml. of agar
0.00 0.0e 0.01 0.001 0.0001

A

B
1.

6.80

6.80

6.80

6.80

6.80

6.80

6.80

6.80

6.80

6.80

6.80

6.80

6.80

6,80

6.80

6.80

6.80

6.80

6.r?.9

6.80

6.79

6.76

6.gr

6.79

6.80

6.?4

6.79

6.',l4

6.79

6.80

6.80

6.80

6.81

6.80

6.80

6.91

6.74

6.90

6.',l5

6.'.19

6.79

6.91

6.?g

6.80

6.81

6.80

6.?4

6.79

6. ?5

6.79

6.91

6.79

6.go

6.91

6.80

6.81

6.79

6.gl

6.79

6.80

6.?4

6.91

6.80

6.80

6.90

6.81

6.91

6.80

6.80

6.80

6.91

6.79

6.80

6.7g

6.79

6.80

6.80

6.80

6.76

6.90

6.74

6.?g

6.79

6.89

6.80

6.80

6.80

6.80

6.80

6.80

?.

3.

A

B

.A

B

A

B

A

B

A

B

A

B

A

B

A

B

4.

V.

6.

,l .

8.

9.



5?''

. the effeot of soll on the pE of Czapekts agar

So11
So11 ooacentratlons per 10 m1. of agar

0.00 0.0¿ 0.01 0.001 0.0001

4.

ar.

6.

1.

2.

6.

7.

8.

A 5.60 5.75 5.65 5.6Ð 5.60

B - 5.60 5.69 5.?O 5.60 5.61

A 5.60 5.61 5.60 5.61 5.60

B 5.60 5.61 5.5g 5.60 5.60

A 5.60 5.6L 5.61- 5.6L 5.60

B 5.60 5.60 5.60 5.61 5.60

A 5.59 5.64 5.60 5.61 5.60

B 5.60 5.64 5.60 5.65 5.60

A 5.60 5.60 5.60 5.60 5.59

B 5.60 5.60 5.60 5.60 5.60

a õ.60 5.60 5.60 5.60 5.5g

B 5.60 5.64 5.64 5.60 5.59

a 5.60 5.65 5.60 5.65 5.60

B 5.60 5.60 5.61 5.60 5.60

A 5.59 5.85 5.95 5.65 5.6I

B 5.59 5,94 5.84 5.65 5.61

A 5.60 6.00 5.85 5.74 5.74

B 5.60 6.01 5.84 5.75 5.70
9.



59.

" The effeet of soll on the pE of Botato dextrose agar.

"r|it-,l

SolL soncentratlsns per 10 mI. of dextrose agtr
So11 0.00 0.02 0.01 0.001 0.0001

A
1.

B

A
Ð

B

A
3"

B

A
4.

B

A
5.

B

A
6.

B

A
7.

B

A
8.

B

A
o

B

5.60 Ð.60 5.60 5.59 5.59

5.60 5.ãg 5.59 5.60 5.60

5.60

5.60

5.60

5.61-

5.60

5.60

5.60

5.60

5.60

5.60

5.60

5.61

5.60

5.60

5.60

5.60

5.60

5.61

5.60

5.60

5.61

5.60

5.61

5.60

5.60

5.60

5.55

5.59

5. ?0

5.lL

5.99

5.94

5.60

5.61

5;60

5.61

5.6r

5.61

5.61

5.61

5.61

5,60

5.60

5.60

5.65

5.61

5,90

5.81

5;60

5.'60

5.60

5.6I

5.60

5.60

5.60

5.-60

5.60

5.60

5.60

5.60

5.60

5.60

5.6L

5.64

5.60

5.60

5.60

5.60

5.60

5.60

5.60

5.60

5.60

5.60

5.60

5.59

5.60

5.61

5.60

5.65
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54t

T.he effect of soil on 
åååri" 

of asparasin nannttsl

Soil
öo11 eoneentratlons per "10 pl. of agar

0.oo 0.0e 0.oI Q.ool 0.0o0L

?*.
Ì

ì: -.;. .-.

.t

B

A

B

¿

B

¿

B

"å

À
.El

.A

B

å

B

A

.ts

å

E

L.

4'a).

4¡

U.

6r

l.

8.

7.e9

7. e9

7 r?g

7.Ag

|,Eg

?. å9

7 çAg

'l t6a

1,&9

T rgù

T,go

7.Ag

?. a9

7,Ê9

7.29

7.eg

v aag

?.?.9

7.49

7 ?6t

7 râ9

7.Ag

,7.89

7. &9

nI ¿â9

7. eg

7.?,9

rî rag

7 ,eg

'l rg,g

V rag

?.29

?i Ag

7rg9

7¡õ0

7. Ag

7.50

l.e9

7.49
'..

7' &9

7.go

7. å9

7 i?'9'
''

7,50

7,5;A

7. ¿9

v.2g

I ?gA

'/ .29

7.eg

I ?go
rI.zg

?. å9

7. e9'

7.29

7.Ag

7.50

7.Ag

'1.&9

7 aag

?'?a9'

T r?g

V.29

7. 50

7.A9

7.e9

7a8g

7.A9

7. Ag

7.6Q

?;3t

7'rà9

7 ç?tg

7 Çeg

7 )29

7.89

7. A9

,l r?,9

7 r&g

T reg

7.49

9.89

?! 5CI

7.59

?.ag

7.Zg

'I ,Zg

7,eg

7 r2?

l'.?.9"
9.



55,

. The effect of soil on the pE of soillr:n albuminate -'

agar

Soil Soil eoneentrati-ons per I0 mI. of agar

0.00 0.0e 0.01 0.001 0.0001

l.
A 7.50 '7 .5L 7 .50 7.50 7. 50

B 7 .50 ',l .49 7. 50 7.50 7 .50

A ?.50 7.50 7.50 7.50 7.+g

?.5I ?.50 ?.5! 7.51 ?.50

A 7.50 ?.50 ?.5I ?.+g ?.50

B ?.+g ?.50 ?.50 ?,50 ?.50

A 7.51 7.50 l.5L 7.50 ?.49

B 7.5L ?.50 ?.50 7.50 7.50

A 7 .5Q. 7. 50 'l .50 ?.50 7. 50

B ?.49 ?.50 ?.50 ?.4g ?.+g

A 7.50 .7.50 7.55 7.50 7.5L

B ?.49 ?.50 ?.50 ?.49 7.õO

A 7.õO ?.55 ?.50 7.51 ?.50

B ?.50 ?.50 ?.50 7.50 ?.4g

A ? .59 ?. 50 ?.50 ?.50 7 .45

B 7.50 7.50 ?.+g 7.50 7.50

A 7.50 7 .7L 7 .7L 'l .'/L 7 .64

B ?.Þ0 7.79 7.7L ?.?! 1.64

a.

¡z
tJa

6.

4.

5.

l.

8.

o



l'he effect of soil on the pH of soil-extraet agar (soil 71.

So11 Soil concentratlons per l0 ml. agar
0.00 o.oa 0.01 0.001 0.0001

å

B
5.

7.

7.45

1.e4

l,e5
T rAL

7.45

7,&4

? rLã

?.ao

7.AL

7.19

7.45

7 r++

7.e0

7.44

7.e4

7,24

7.84

?.A!

'7t25

7 .2L

7.ålL

7.46

7,eg

? reã

7 ç20

7. åCì

7 .?,i-

7.AL

7.eg

l.a4
oJç

å

B

¿

B

lhe effeet of solI on the BH of soll-extraot agar (Soit g).

Sol.l-
So11 eoneeÐtratlons per lO nl. agqn

0¡00 0.0F 0.01 o.001 0.0001

A

B

Â

B

A

B

E

6.

7.50

7.õ4

7.50

7.51

7.50

'J.õ4

v.gf..

? .3L

7.5û

7.51

7.51

7.54

?.30

7.29

v.49

7.50

7,49

7,49

7.5t

7.50

7. 5l

7.50

7.5û

7 r49

7.45

7,49

7.51

7.49

'1.54

7.49

o
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67.

pH of h(edla Contalning Ðifferent Soils

Fusarium avenaceun

-r,"1:::l:--'

RepIi-
cation Soil

Without fungi
replieates

i¡ilith fungi
replicates

^4. B. A. Ð.Q.B.

1. A
B
c
D
E
F
G
E
I

5.99
5. gg
6.01
6.00
1.7+
6.9?
5.70
5.96
6.25

6.01
6¡01
6.OO
5. gg
5.90
õ.99
5¡ 69
6'. OO

6.ZL

6,00
6.00
5.94
5.95
5.90
6.00
5.71
6¡00
6.00

6.00
6.00
5. gg
5.96
7.rl5
6.95
5.?4
5.99
6 .24

7.2õ 7.54
7.01 7 .25
7.gL 6.90
7.0L 7.gL
'1.40 7.zo
7.00 6.gg
7.51 7.+g
7.49 7.L5
7.90 ?.6L

7.4',1 7.30
7.40 7.0L
6 .8õ 7 .01
7|Zg 7.4Q
6.99 7.01
6.95 6.75
7.4+ 7.01
'l .zQ 7.15
7 "40 7 ¿79

.:

z. A
B

Ð
E
F
e
E
I

5'.99
6',05
6.0I
6.00
5.94
5.99
5.75
5.99
6.24

6.89 6.65 6'. 90 7 ¡ 01
6'.7Q 6;75 6,.90 6.75
6.?5 6;85 6.90 7.L4
6;85 6¡85 7.01 6.?L
6.81 6 .7 5 6. gg ? .A4
6.95 7.2A ?.Lg 7,60
?.01 ?.o4 7.ZO 6.gg
7.01 7.11 6.90 6.gg
8.eo 7.70 7.40 '1.70

q, A
B
c
Ð
E
F
f.t
H
I

6.00
5.96
6,00
6.00
5.81
5.99
5'.69
6.04
6.04

6.90 6.95 ?.01 7.00
6.70 6.90 6.gg 6.90
6.90 6.95 ?.20 ?.00
6.95 7.01 7.O+ 7.01
6.99 7.ZQ l.2L 7.20
6.99 7"00 6.gg ?.L4
7.00 6. gg 7 .l-1 6.95
6.gg 7.20 6.75 6.gg
7.44 7.lA 6.gg 7.5+



pH of

58.

Media Containing Ðifferent Soils

Susarirm gnaminearum

RepJ.i-
cation Soil

ïiithout, fuagi
replicates

with fgggi
reXrlieaües

C.B.Â.B.A. Ð.

1. /i
B
c
D
3
F
ë
H
I

5,99
5.95
5.96
5.96
5.79
5.95
5.76
5.99
6.25

6.00
5.94
5.95
5.94
5.75
5.95
5.79
6,00
6.?l

5.96

5.96
5.94
5.79
5.90
5.69
6.04
o. áo

7.60 7.90
'l ¿76 7.9L
7.50 7.60
7 .6L ?.55
7 .75 7.70
7 .70 7. gl
7.6+ 7.55
7.7L ',l.gO
8.00 8.10

7.65 7.60
7.60 7.59
7.50 7.50
?.80 '1.?l7.75 7.gl
7.75 7.90
1.7+ 7.90
7.81 ',l .94
7 .gL 7.70

,1 .rl5 1.6A
,l .7õ ,l .6L
7 .75 7.79
7.89 7.75
7 .66 7.',|+
7.65
7.80 7.69
7.gQ '?.79
7.9L 9.15

2. A
B
c
D
3
T1

\.t
ËT

ï

õ.99
5.94
5.91
5.95
5.75
5.94
7.76
6.00
6.Zl

5.99
6.00
5.94
5.91
5.81
5.94
5.70
6.OO
6.8ö

6.01
5.99
5.97
5.94
5.79
5.97
5.75
5.99
6.20

7.70 'l .65 7.6L 7.69
1.7+ '1 .79 l.go ?.6L
7.69 7.7A 9.01 7.ãg
7.90 g.01 ?.6L 7.59
7 .79 7.gO l.69 ,l .g+
7.50
7.79 ?.90 7.70 7.91
7.91 7.60 7 .79 9.00
7.72 7.gQ 7.7+ l.7g

A
B
c
D
E
1t

G
H
I

tz 7.75 7.7Q
7.79 '1 .gL
7.54 7.90
7.70 I .æ
'1 .6Q 7.75
7 .90 7 .gg
8.00 g.0l
8.04 7.69
7 .72 7.95

t:

I



Þ9t

pE of Media Containing Dlfferent Soils

Penicillirro ,Mêtlnii

:.. .:.',;.-I.::.ri

Repli-
eation Soil

i[ithout firngi
replicates

Tfith firngi
replicates

A. B. C.B.A. Ð.

1.

,,

5.90
5.91
5.99
5.9+
5.75
5.99
5.65
6.05
6.ZO

5.gg
5.94
5.90
5.99
5.80
5. gg
5.75
6.05
6.21

5.95
5. gg
5.95
5.95
5.75
6.00
5.69
6,09
6. el

5.95
5.95
6.00
5.99
5.70
6"01
5.71
6.34
6.24

6.00
5.95
5.95
5.94
5.75
5.95
5.69
6.09
6.25

5. gg
5.95
5.99
5. gg
õ.79
6.00
5.65
6.10
6,25

A
B
c
Ð
E
F
G
H
ï

6. 50 ',l .25
5.65 5.45
7.61 5.90
?.zL 6.94
7 .OL '1 .45
5.01 7.4L
7.4A 6.94
7.40 5.gg
?.4Q 5.gg

5.85 6 
" 
g0

6.99 1.44
7.24 6,50
7 .6L 7 ¿L4
6.10 .6.+4
7 .3Q 6.55
6.90 7.01
6.75 7.00
6.89 6.60

6"25 6.01
5.70 6.00
5.94 7.O+
7.74 7.O5
5.90 6.41
5.99 6.21
7.50 7.55
6.6:1 7.+L
6.61 7.4L

6.99 7 .4L
7 .ll 7 .01
6.29 6.40
7.05 7 .?,Q
6.?+ '7.256.71 6.50
7.2L 6.95
7.20 7.65
6.90 6.39

A
E

D
E
F
G
H
ï

¡z
tJ¡ A

B
c
Ð
E
F
G.

ÏT

I

6.65 6.60
5.70 7.35
6.50 7.01
7.64 7.14
5.55 1.+5
6.50 6.10
6.90 6.95
7.01 7.00
6.7L 6.50

6.81 5.gO
5.45 6 ".906,41 6.?0
7. 06 7. 51

5.70
6.50 6.41
6.50 6.95
7.4L. 7.50
5.50 6.51



60.

pH of Niedia tontaining Different Soils

Penicillirm viride-dorsum

Repli-
eation Soil

lÏlthout fungi
replicates

Íúith fungi
replÍ-cates

Ð.B.A.B.A.

1. A
B
e
D
E
F
G
H
I

5.9+
5.94
5.91
5.95
'5.75
5.90
5.7Q
6.00
6 "24

5, gg
5, 94
5.91
5.94
5.69
5.95
5.75
6.00
6.24

5.94
5.95
5.90
5.90
5"75
5.90
5.75
5.99
6.40

5.99
5.99
6.00
5.99
5.65
5.91
5.69
6.01
6.54

5.96
5.99
5.94
5.95
5.70
5 "915.75
6.05
6.30

5.40 5.51
5.5I 5.71
5,61 5.01
4.60 5.40
5.60 4.95
4.95 5.40
+.7L 4.70
4.44 5.04
5.15 4.gI

5.+L 5.21
5.09 õ.24
4.85 5 .44
5.60 5. 40
5.+6 5.49
4.90 5.2,O
4.99 5.0I
4.48 5.55
5.ã5 5.60

I A
B
c
Ð
E
F
l.jf

E
T

4.99 5.69
5.50 5.10
5"10 5.e0
4.50 4.85
5.00 5.10
5.09 +.go
+.'10 4.75
4"72 4.69
5..00 5.L0

4¡99 5.20
4.90 +.79
+.79 5.50
+.65 4.90
5.50 5.10
4.6Q 5. õ5
4.89 5.Q0
+.23 4.63
4.85 4.90

3. A
B
ît

D
E
F
G
H
I

5.91
5.90
5.91
5.91
5.79
5"95
5.69
6.00
6.?'6

4.85 5.69 4.gg 5.69
5.2,5 4.50 5.00 4.79.5.e0 +.?g 4.50 5.1õ
4.50 4.9+ 5.10 5.51
5.e5 4.61 4.55 4,91
5.01 4.4L 4,+5 5.05
4.+5 4.75 +.L4 4.01
4.67 4.gg 4.23 4.1"9
5.01 4.95 4.â5 5.01



:6I,¡

pH of Media Containing Ðifferent Soils

Asperglllus fr.uigatus

Repli-
cation Soil

Without fungi
replieates

With fungi
repli.eates

.å. B. c.B.l\. Ð.

1. A
B
a
D
E
F
lf

H
I

5.99
6.01
5.95
5.95
5.74
5.99
5.69
6.09
6.29

5.91
6.00
5.9+
5.95
5.65
6.00
5.65
6.01
6.10

6.00
6.00
5.95
5.90
5.70
5.99
5.65
6.10
6.å5

5.94
6.00
5.90
5.94
5.79
5.95
5.70
6.00
6.ZO

6.00
6.01.
5.gg
5. gg
5.71
5.99
5.69
6.09
6.10

5.95
5.94
5.90
5.95
5.59
5.95
5.65
6.15
6.Zg

7.Lg 7 .70
7.45 7.69
7 .69 ?.50
7.61 7.gL
7 .54 7.05
,l .gL ?.+L
7.4L 7.55
7.31 7.61
7.7L 7.5I

7.75 ?.ZA
7.59 7.60
7.45 7.35
7.45 7.55
7.6L 7.40
v.ag 7.69
7.54 7.4Q
7.51 7.4L
7.55 7.96

2, A
B
c
D
E
F
G
E
ï

7.50 7.46
7.59 7.60
7.65 l.5I
7.94 l.69
6.89 7.51
7.45 7.26

6.91
'1.34 7 .4L
7 .O5 ?.Zg

7.+O ?.75
7.60 7.+5
7.69 7.LO
7.4L 7.09
7.54 7.05
'1.7Q 7.50
7.40 7.60
7.30 7.60
7 .79 7.29

7.+4 6.91
7.6Q 7.01
7.55 7.36
6 .90 7 .L4
?.21 7.55
7 .4L 7 .35
7.4L 7.6L
7.Lg ?.ø0
7.54 7.+5

7 .ZO 7 .09
7.10 7.6Q
'1 .50 7.15
7 .40 7.50
? .aQ 7.60
7.40 7.10
7.30 7.45
7.50 7.ZQ
7.56 7.+I

tz.
cJo A

B
c
D
l!
F
l.f

E
I



62.,

pE of Uiedia Containing Different Soils

He Lm.inthosporium sativum

Repli- Vfithout fungi With fungi
replicateseati.on Soil repl-ieates

A. B. A. B. t. D.

1. A 6.01 6.10 8.70 8.50 8.ZL 8.00 l

B 6.05 6.00 8.e5 ?.4L 8.10 7.79 l

c 5.99 6 .00 8.4L 8. 75 8.45 8.50 :

' D 5.99 6. OO 8.55 8.60 8.7L g.7g
E 5.70 6.05 8.21 g.5I . g.?1 g.2g 

i

F 6.00 6.05 g.eo 9,40 9.61 7.4L
G 7.75 5.91 9.41 9.20 g,4L 9.60
H 6.09 6.10 g.?+ 9.50 7 .49 9,00
I 6.29 6.50 g,e5 9.45 9.00 8.01

2. A 5.94 5.gg 9.40 g.0I 9.50 9.51
B 6.00 5.95 9,00 g.e5 7.90 7.9+
c 5.90 5.95 8.41 7.90 9.60 9.40
Ð 5.95 5.90 g;41 g.o0 7.go ?.74
3 5. ?5 5.?g ? .?g 9.20 g. el g.õo
r' 6.00 5. gg e.ô4 7 .79 7 .go 7 .gg
G 5.79 5.71 9.01 9.50 ?.90 g.?L
H 6.15 6.25 9.41 9.55 9.51 g.4l
I 6.30 6.25 9,41 9.55 9.51 g.4L



6þ.

pH of Medla Contalnlng Dlfferent Soils

S. ÌäarcgËcons

RopIl-
catÍon So11

ll[lthout bacüonLa
roplicates

l[Ilth bacterla
repllcates

B. C.A. B. A. Ð.

f.. A
B
c
D
E
E|
G
H
ï

A
B
c
Ð
E
F
G
H
T

6.60
6.50
6.51
6,29
6.50
6 .89
6.49
6.65
6.81

6.65
6.51
6.29
6.50
6.55
6.80
6.51
6.69
6.80

6.61
6.55
6.30
6.35
6.50
6,85
6.45
6.61
6.80

6.55
6.46
6.55
6. õ5
6.46
6.91
6.55
6.70
6.85

6 .69
6.49
6.64
6.35
6.49
6.59
6.59
6.?I
6.95

6.54
6.49
6. õ1
6.50
6.55
6. BO
6 .50
6.70
6.91

8.01_
8.15
8.20
7.90
7.94
8.15
8. L5
?.91
8.04

8.00 8.15
8.10 8.OO
8.L4 g.L0
8.20 9.10
7,90 7.go
8.0L 8.L5
'l .90 7.99
?.91 g.OO
8.01 8.00

8.50 7.90
?. 56 7 .99
8.15 8.20
8.25 7.9L
8.01 8.00
8.20 '8.O5
8. Ql_ 8.14
8.IO 8.01
8.15 7.95

Ø't 8,15 8.55 7.95
?.90 7.99 7.96
8.õ5 ?.99 8.OO
7.9L 7.79 8.21
?.95 7.8O 9.318.20 8.15 8.21
8.20 8.15 9.21
?.99 8.OO 8.15
8.00 8.09 8.õ1

c)r A
B
c
Ð
'lÊl
J.,:¡

F
G
H
I

8.1,9 8.29
8,õ5 7.99
B.L4 8.10
8.l.0 8.25
7.90 9.51
?.91 8.00
8.14 ',|.79
7 .90 ',l .70
8.00 7.90

7.90 8.OL
7 .56 ?.91
8.05 8.06
8.01 8.45
?.90 8.40
B.01 8.45
8.45 8.00
7 .79 8.21
7.99 g.o1


