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INTRODUGCTION

Some substances ip soil inhibit the growth of miero-
ofganisms. Aclds are produeed as products of the growth |
of many kinds of miero-organisms (3, 4, 18, 19), Under
'certain'eoﬁditions;~these¥aeids:~producefan'unfavourable
h@drogenﬂion'coneeatraticn;'Which*according*to Webb (25)
retards spore~formationv&nd"aecerding“tD”Meacham>(14)
supprésses vegetative development, Toxins are produced;
by certain fungi and bacteria. These toxins inhibit the
.development of other organisms, nThis is considered to be
the basis of the aptagonism of eeftain-spore-forming
bagteria to Rhizecten;‘solani (22).

On the other hand, certain substances in soil favour
the development of specifie groups of miero-organisms,
Fof example, sulphur is essentiél for sulphur bacteria
(22) and cellulose is necessary for eellulose-decOmpesing'
- fungi (20),

In the light of the above facts, it is probable that
small'amounts of soil added to a nutrient medium in the
proeess of plating contain some-prineiple that affects

the pumbers of'certain"orgaaismS{developing~£a:it; The-

present study was undertaken to obtain information on this

probability, It was divided into four parts as follows:-
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{1) the effect of soil in & medium on organisms that
develop in it;

(2) the effect of soil on the rate of growth and
sporulation of Helminthosporium sativum;

(3) the effect of soil in a medium on the pH of the
- medium;

(4) the effect of cultures of certain organisms on the
x pH of a medium containing soil.

. HISTORICAL

Although a vast-literaturemonvmierobial antagonism has
aecumulated;’onlyéa*few‘refereneeS“that"appear to bear on
the subjeet will be presented,’

4s early as 1907, Russell and Hutchinson (16) observed
tﬁat soll, which had been partially sterilized, showed first
a decrease and then an increase'in numbers of baeteria, The

"authors attributed this phenomem@@ té the presence of
something active in untreated soils rather than the lack of
some prineciple,

The search for toxic substances in soil probably began
after Potter (15), im 1908, found that Pseﬁdomonas
destructans pﬁodﬁced a potent toxin which not only caused
a disease, turnip-rot, but also destfoyed the pathogen,

In a study of fungi isolated from Manitoba, 8isby,
James'and Timonin (1) found tgat TriohodermaAlignbrum
?layed an important bart'in=s&ppreSsingwtheevirulence'of

Fusarium culmorum and Helminthosporium setivum on wheat,
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Later, Weindling found the lethal principle of this fungus

to be pfesent in a filtrate from the culture (24). |
Greaney and Machacek (8) suggested that the antagonistiec

action of ggggg;gﬁggg;gg_gggggg againét gg;g;gggggggglgg

sativum was due to a toxic substance which inhibited spere

development,

__Vandecaveye-and-Kétznelsén'(17) demonstrated that diff-
erent soil types supported different populations. One type
sépported-lgytimes as many bacteria and 200 times as many
fuégi asféncther type; thereby indicating that certain
fagtors in thé'soils were responsible for the differences
in pumbers, _

Certain investigators studied the effeect of soil extraects
on’ the survivel and growth of miero-organisms, Greig Smith (10)
introduced Baeillus prodigiosus into sterile saline extracts
of different soils, He invariably found that the reduction
in numbers of ceells was greater than in the cheek medium, which
Was'merely sterile saline, This was presented as evidence of
the existence of baeterio~toﬁins in soil.

Hutchinson and Thayson (10) broceeded further salong this
line of study. In addition to Q, rodi iesus, they used
B. fluorescens liguefaciens, which they comsidered to be one
6f the commonest soil forms, These  investigators found that
extraets from various soils differed in.their suitability for
bacterial growth, In some instances- vigerous growth of |
B, prédigi@sus occurred; in others the numbers of introduced
_ 6rgan18ms fell to a minimum, Extraets of the two soils that

rated poorest for the growth of B, prodigiosus produced
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excellent growth of B. fluoresgens liguefaciens., They

accepted this as faiiure to indiecate the'presence 6f toxins

in the soil extraets,

Waksman and Woodruff (21) showed that an ether-soluble
fraetion of‘soil'had:manke&wiahibition uponyBaeillus subtilis

and Sareina lutea but not upon Escherichia céli. These

authers'peintedwegtythatwsoil»extnacts%uaedwinsmanﬁ-eultural

media for growth. containedugrowthaimhibiﬁingfsubstanees as

well as g:owth—prométing*substancesz

Fipally, Campbell (2) adding soil to Czapek's medium.

demonstrated thet pumbers of a saltant of'Helmipihesporiqg
sativum were lower than in the contrel.  The suppression

was signirficant in the 12 samples of soil‘studied.
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EXPERIMENTAL

The Effect of S0il in a Medium on Organisms
developing in it

A preliminary experiment was carried out to ascertain

the amount of diluting necessary to give a countable number

of colonies om a plate-with a given eulture, 4 spore

suspeusien was- prepared py 1atrodue1ng sterlle water into the

‘culture bottle and seraping the: ‘spores -from the culture

gently with a leop" The-numbervof'sparesfinvthe-suspeﬁsion
was determined by thevHeubauerjhaemeeytometerﬁmethcd.- Then; 
the suspension was diluted serially and the 0,01, 0.001,
0.0002 and 9;00@1‘coneentrations were plated in Czapek's
agar, By9the above procedure it was determined that a spore
suspension, eontaining from 600,000 to 1,000,000 spores,

when diluted tqﬁ;:sobo, wuld yield the_désired nﬁmber of
colonies per plate, ?@ﬁﬁ%xﬁ&gle, a spore suspension of

700,000 *E*Eusarium.gfaminearum. Gorda produced 7 %o 10

'éelonies per pléte. Evidently, not all spores counted by

the dlrect count grew on the agar medium,
The Neubauer haemocytometer method was not*applieable
to the estimetion of numbers of Serratia marcescens Bizio,

& species of baecterisa, 4ccordipgly, the following smear -

'techaique was used, 4 4Qday nutrient broth culture was

diluted in sterile water to 1:100vanﬁ shaken vigorously, ‘ene

ml., of this suspession was pipetted into 9 ml, gelatin (0;05«
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per cent) in water, A4fter vigorous shaking, 0,01 ml. was
spread e&enly over a Square_centimetre of a clean slide,
The smear was dried quickly by heating in an oven at 15f@b.

for about half & minute, It was stained with a 1 per cent

aqueous solution of rose béngal, which was allowed té aet
from 2 to 3 minutes, ,

Counts of the bacteria were made on 25 random fields
and the average count was multiplied by the appropriate

Tactor, 4 procedure Similar to that followed with the fungi

ﬁas used to ascertain the relation between the microscopiec
céunt thus ebtaiped and the plate count and to determine
the degree of dilutingwnecessanysferwa~givenosuspension’to
providewcouﬁtahlewnumbersmef*e@lenieswperwplate«oaunutrient’
- agar. Fcr“examgle;sa~ba¢teriai~suspeﬂsionvof;1,262 million
cells. diluted'te'lzl,éeo,ooo-pnodueed“platewaith‘aboutH50
surface cclonies'per~plate; Surface-celqniés'only were
counted because of the diffieculty in distinguishing between
particles of -soil in mediumvand subsurface'colonies,

Several speeies of fungi and one of bacteria were

used in this portion of the study to determine whether soil
in a medium has the same effect ‘on their- development as has

" been observed with a saltant of Helminthosggrign sSativeam

P.K, and B, (12)., Three of these fungi were isolated from
wheat seeds accérdibg to the method of James, Wilson, and
Stark (11), They were identified as Penicillium viride~

dorsum Biourgé, Pepieillium Melinii Thom and Asgergillus
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fﬁmigatus Eresenius; The remaining eultures were procured
from the Domibion'iaberatory of Plant Pathology located on
this campus, These follow:-

Fusarium avenaceum (Fries) Saccarde,

Fusarium ramineaium,‘

Helminthosporium sativum, and a -

saltant of HelmzuthosBOrlum sativum (7)%
'These fungi were cultured at 25°C in 6 oz. medicine bottles
on Czapek's agar until sufficient spores developed, Serratia
marcescens was the only type of bacteries used, It was cultured
in nutrient broth at 25 C. for 4 days prior to use., Each
culture was plated as in the preliminary experiménts in 4 _
replicate plates without soil, and in addition in 4 replicates
with soil. Nine soils. ranging in texture-from elay to fine
sand’ﬁere used, The equivalent of 0,1 gm. soil was added to
each plate, This amount was»ebtained»byvtransferring 1 ml, of
" a sterilized,'predetermined.eoneéntration of éeil in water,
Ten ml, of Czapek's agar for fungi, or nutrient agar for
bacteria, were»pipéttedpinteﬁe§ehmplatEfto'ensure~uniformity
in concentration of soil in medimm., A4ll plates were |
ihcubated at 25°G‘/until they were-¢ountable, The results are
4 presented in,the'appeudiz(ﬁgaﬁopnd in summarized_forﬁ'in

Table 1, Five of the species grew better in'platés containing

SOil then in control plates. ‘“the saltant of ~-Helminthosporium
- saltivum was depressed by soil'ia every case, The results opn

Aspergillus fumigatus were not consistent; as was the case
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also with Serratia marcescens, exeept for soils 8 and 9.

Howevér, the effect of a given soil on pumbers was not the
seme with different species, For example, numbers of

Fusarium graminearum were largér in plates containing soil 9

than in the control plates; whereaé*the'opposite was true in

the case of Serratia marcescens in the same soil, Likewise

Fusarium avensceum was stimulated by soil 8 while Serratia .

marcescens was depressed by this soil.

The differences betweeﬁ soils with a given species and

the differences between species with a given soil did not
appear to be marked and in some cases. ;acked‘eonsistency
from replication to repliéation,v.ln order to present the
fipdings in another way, the data ﬁere>submitted to the ¢
test (6).‘ The t values are.piéseated graphieally in.Fig. 1.
The computed replicate t values:for each ofganism-arewre—
presented by a group of lines of certain‘lengtﬁs;~‘In'the;
majority of'eases,'the lengths of these lines are'léss than-
the lines representing significance, The lines representing

t values for each species do not'indieéte ahy consistent

relationship between species and soils,




Change in numbers of organisms developing on a

%

Table 1,
: nutrient medium produced by the additiom of 0,1 gm,
sterile soil to 10 ml, of the medium,
(Average of 3 trials for 4 counts per trial).
Fungi
Soil i 2 3 4 5 6 7 - 8
Con- 10,25 14.50 13.42 36,33 21.42 7,00 10.25 29;75,
trel :
1 11,08 16.58 13.08 48,17 20.92 8,50 7,00 35,42
2 9.50 17.08 14.85 43,58 21,00 11,00 7,50 33%,83
3 11,00 16,08 14,928 44,33 21.50 10.75 6,50 38,33
4 11.42 19.08 15,33 42,50 22.75 10.38 8,85 88,85
5 11,08 18,33 14.58 42,00 20.83 9,25 8,00 38,17
6 11,08 19,13 16,58 39,67 80,33 9,63 8,00 31,08
7 11.85 16,50 20,83 39,17 2l.42 11,00 6,75 31,12
8 11,58 16.58 16.42 39.25 22,50 10.25 8,50 22.83
9 11,75 16.42 15.25 44,67 21,92 9.00 8,85 20.42
T Gulture Medium
1, Pusarium avenaeeum -Gzapek' agar
2. Fusarium graminearum -Gzapek's ager
3, fenieillium viride-dorsum ~Czapek's agar
4, Penieillium Melipii -Czapek's agar
9. Aspergillus fumigabtus - -Czapek's agar
6, Helminthosporium sativum- -Uzapek's agar
7. @ saltant of Helminthosporium satlvum ~-Czapek'!s agar
_ sputrient agar

8.

&erratla marcescens
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Effect of soil on Rate of Growth an and bporulation
of Helminthosgorium sativam

While making counts of Helminthosporium sativum, it was
noted that the rate of growth apd sporulation of this fubgus
was ephanced. by the soil in Czapek's medium,  In order to .
study this phenomenon - a new set of plates was prepared and
-examined daily for 13 days. vThe experiment was -earried out-
on esch of the 9 soils used in the study, 4t 4 days, colofies
were observed in nearly all plates céntéinibg seil, whereas:
very few celoaiés were present in'the eontrol-plates. Like-~
wise in the same incubation period, there was a greater number
of colonies in plates containing SOllS 5 to 9 than 1 to 4.

_ Later,gamblack—green pigmentation, characteristic of spore

produetion, was noted in the plates containing soil, This

was quite marked at é deys., The mycelia of these e@lébies

intertwined to produce a maté' In eontrast, the colonies

in the control plates were lacking_in pigmentation and were
very small, However, after 9 day's incubabion, meny of

the colonies in the control plateé were also sporulating,

as is showmn in Fig, &2.
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Fig. 2. The stimulating effect of soll on the growth and
sporulation of Helminthosporium sativum.

Left - Colonies of Helminthosporium sativum after
: 9 day's incubation in Czapek's medium,

Right - Colonies of Helminthosporium‘sétivum after
9 day's incubation in Czapek's medium con-
taining soil.
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ihe Effect of Soil ipn a Medium opn the
o - pH of the Medium.

The previeus pdrtion of the study revealed that
some faetor associated with soill in nutrient agar or in
Czapek's medium was affecting the growth of certain
organisms. It is conceivable that this factor was pH.
In order to study this point, soill was added to a variety
6f media of different buffer capacities'and pH determin-
ations were carried out, 2411 media except soil-extract
agar (13) were prepared according to the directions in
Fred énd’Waksman (5)s The pH of each medium was tested
in'duplieéte by«a“célemén pH meter, Reddings were made
oﬁ the'séme medium containing 0,02, 0.01, 0,001, and
0.0@01 gms,, respectively, of each of the 9 soils studied;
The detailed results are presented in the appendix,iggmsﬁand in
addition those that pertain to the largest amount’ofgsoil ‘
ﬁsed are shown in Table 2, The pH of two of the test media
| was Aot changed by'any of thé concentrations of seil used.
These were nutrient agar and asparagin mannitol agar. In
no case did the asmount of soil added change the pH sufficient-
ly to haée muéh effeet on the growth of organisms, For |
example, the maximum change in pH was 0,41 in Czapek*s agar,
while in media containing 0,001 gm; soil or less, thé PH wes
not appreciably different from that of the medium witheut

the soil (See appendix, page 51).




Table 2,

144

‘CGhange in pH of medium produced by the addition
of sterile soil to the medium (0.08 gm. soil per 10 ml,),

Y. nputrient agar
3, potato dextrose agar:

4, asparagin mannitol agar“~

5, sodium albuminate  agar—

6. soil-extraet agar (soil 7}
7. soil-extraect agar (soil 9)

Media

Soil i § P 3 4 5 6 7
Con- ~ ‘

trol 6.80 5.60 5,60 7.29 7,50 7.35 7.50
1 6.80 5.728  5.60 7.30  7.50

2 6+78 5,61 5,61 V.aé 7.50

3 6,80 5.61 5.60 7.29 7.50

4 6,77 5;64 5,61 7.29 7.50

5 6.77 5;60 5.61 7.29 7.50 7,18 7,51'

6 6.80 5,62 5.60 7,30 7.50

7 6,80 5,63 5,57 7.29 7,53 7420 751
8 6;81 5.85 5.70 7.29 7,50
9 6;81 6.01  5.97 7,30 7,71 7.45 7.58
Medium .
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IThe Bffect of Cultures of CQrtalg Orgapismg
on_the pH of a Medium Containing Soil.

As was observed in the previous seetion, the change
in the pH of a medium was'only slight when soil was added
to it. This}study was carried out to ascertain to what
‘extent*the PH of a medium was changed by cultures of certain
fungi or bacteria. The experiment was, therefore, carried
out on the same suspe581ons of organisms as were used in
the plate counts reported in the previous section,
Dupliéate control plates containing soil but no organisms
were prepared. The experiment was replicated three times on
each of the 9 soil;sampies. In order to have a uniform

emount of medium and thereby é uniform concentration of

s80il in the medium a pipette was used to transfer 10 ml., medium

to each plate. After incubation at 25° C. for the perlods
shown ‘in Tables 3 to 9, the contents of each plate were
transferred to a small dish (similar to a cruelble) and the
pH determined.

" The indlvidual results from each organism are presented
-in the Appendix (page 57). They are presented in summerized
form in Tables 3 to 9 and-graphically in Fig, 3, It may
be observed that all cultures did not change the PH of the
,medium containlng s0il to the same extent. ror example,
Penicillium Melinii produced a smaller change in pPE in media -
containing soils 4 to I (same as 1 to 9 in Table 1 and 2)

than did any other test organisms, while on the other hand
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the change in any of the other soils was smaller in not
more than 2 other Speoies. In contrast; the change in

pH'was greatest with Helminthosporium sativum in 8 of

9 soilsg.

Table 3. The effect of a culture of Fusarium avenaéeum
on the pH of Czapek's medium containing soil - 25°C.
for 7 days. o :

m—

|

Soil . With- o With pH | |
: FggZi* Fungi** Difference g
A 6.01 | 7.06 1.05 %
B 6.00 6.93 ' 0.93 -
¢ 5. 99 6.98 0.99 - )
D 5.98.  7.04 1,06 | ?
B 5.79 - 7.06 | 1.27
F 5.99 - 7.04 1,09
G 5,71 9,14 143
H 6.00 7.08 1.08
I

6.22 7.61 ' 1.39

*  Average of 6 pH readings

**  Average of 12 pH readings
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Table 4. The effect of a culture of Fusarium graminearum

on the pH of Czapek's medium containing soil - 25°C. for

7 days.

v . S . PH ’ pH v

Soil Without fungi ™ With fungi **  Difference
5.99 7;68 | 1.69
5.96 ' 7-75 1.79

c 5.95 7.67 1.72

D 5.94  9.74 1.80

E 5.78 A 1.99

F '5.94 7.6 .82

¢ 5.75 7.9 2.05

H 6.04 7,83 1.79

I ' 6.23 7.88 ‘ 1.65 -

* Average of 6 pH readings
¥ Average of 12 pH readings

Table 5. The effect of a culture of Penicillium Melinii

v on the pH of Czapek's medium containing soil - 25°C. for ;
é 8 days. ’
Soil | Without fungi® # With fungi** Diffgf;née
A . B.99 6.59 0.62
5.95 6. 46 0.51
c 5.96 6.60 | 0.64
D 5.97 7.26 1.29
B 5. 76 6.56 0.80
F '5.99 642 0.43
G 5069 7.05 1.36
H 6.01 7.25 1.24
I o 6.23 - 6.61 0.38

* Average of 6 pH readings
** Average of 12 pH readings
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Table 6. The effect of a culture of Peniecillium viride-dorsum
on the pH of Czapek's medium containing soil - 250 G. for
8 days. =
' ‘===================g&2=a==;§=================r“ T
Soil Without fungi* With fungi ** Difference
A 5.96 5.28 0.68
B 5.95 5.09 0. 86
c 5.94 5.08 0.86
D 5.94 4.95 0.99
E 5.72 5,12 0.60
F A5.92 4.94 0.98
G 5.72 4.68 1.04
H 6.01 4.64 1.37
T 1 6.25 | 54 00 1.25

*

Average of 6 pH readings

** Average of 12 pH readings

Table 7.

The effect of a culture of Aspergillus Fumigatus
on the pH of Czapek's medium containing soil - 25° C.
for 8 days.

pH : ' pH
Soil Without fungi® With fungi** Difference
A 5.97 7.38 1.41
B 6.00 7. 49 1.49
¢ 5.95 70 43 1,49
D 5.95 7. 43 1.48
i 5.69 7. 46 1.77
¥ 5.98 7.48 1,50 -
@ 5,67 70 42 - 1.75
H 6.07 7+ 39 1.32
1 6.21 7.50 1.29

%

*3%

Average of 6 pH readings
Average of 12 pH readings
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Table 8. The effect of a culture of Helminthosporium

sativum on the pH of Czapek's medium containing soil
- 259 ¢. for 13 days. :

Soil Without fungi*pa With fungi** Diffgfence'
A 6.01 8.30 2.29
B 6.00 7.96 1.96 i
c 5. 96 8. 43 2. 47
D 5.96 8.34 2,38
B 5. 75 8.32 2.57 -
7 6.01 7.21 | 1,20
G 5.74 8.32 2.58
H 6.11 8.24 2.13
I 6,29 8.30 2.01

1? A&erage of 4 pH readings
**  Average of 8 pH readings

Table 9. The effect of a culture of Serratia marcescens
' ‘on the pH of nutrient agar - 25 °C. for 8 days.

S — ~ S— ——
Soil Without bacteria™ With bacteria** Difference
A - 6.61 8.10 . 1. 49
B 6.43 7.95 1.52
c 6.32 | 8.12 1.80
D 6.32 . 8.09 .77
B - 6.51" 8.08 ' 1.57
by 6.84 8.14 1.30
G 6.52 8. 09 1.57
H 6.68 7497 1.29

I 6.82 8. 04 1,22

*  Average of 6 pH readings
Average of 12 pH readings
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DISCUSSION

The reason for the different effects produced by
differeﬁt soilé on the vaiidus.species studied is not
appérént. It is known that some soil organisms produce
certain metabolic products which are toxic to themselves
or to other brgénisms,‘ Thése same substances may not be
inhibitory to other orgahisms and ﬁay even serve as food
fpf them. Weindling (25) pointed out that simple products
are produced. from the‘breakdown of carbohydrates by one or
more associated orgenisms in cultural media. These meta-
bolic products of one of the associated organisms may serve
as food for the other'or may ageumulate in a medium to &
poisonoué concentration for the associate, |

| Sterilization may change the chemical nature of the
-soil,‘making certain subétances soluble and causing disiﬁ-
tegré£i§n of microbial cells and théreby releasing nutrients
for organisms. Undoubtedly some of these substances could
bring aﬁout better growth of a given species or inhibit it.
The work of Greavés (9) supportsithis contention.l This
author found that certain salts known to be necessary for
higher life Were»essential for lower life as well. However,
‘if these'salts were in too great concentration, they.became
toxic. He further pbinted out that salts of nitrat@S;weﬁe
the most toxic and‘that salts such as calcium chloride were
stimulating'for ammonifying bacteria., The toxic concentra-
tion of these salts differed with each'salﬁ and was not the

same for all species. -
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The breakdown ofvmigrobial'eell'substance mé& release
into éoil certain trace eiéments and vitamins not normaily
present in the seil‘in‘abpreciable Quantities. These sub-
gtances may enhaneé“the grewth.of gertain speeieé._ It has
been'sugéésted by Weindling (25) that stimulation of spor9
ulatioa af‘fungivariSes:in-cﬁltﬁre from pnapentiohately a

- greater ratio of accessory substances toe food materials in

" the early stage of gréwth; The presence of these substanees'
in a medium. m&raccount, in part for the: rapid- grewth and
sporulation of Helminthosporium sativum im plates |
containing soil, |

Undauh%e&iy*enegof'the~threetheaemenahreferredﬁta~

above or a- combination of*twofer*mere*fothemﬁmay4be“ressn
péhsible.for fhe findings“reporﬁed”inuTableVl'that~the*
'addition of gsome seoils to a medium inereased: numbers of
certain specles of organisms growing in it, whllst the numbers
of other species were reduced. | |

The small change in pH resulting from the presenee of -
-soil 1n media observed in the seeond study could scarcely
be respomsible for: the different - ;numbens .}of the various
species found in the media'containing soils In thé actual
plating of soil frdm a‘field, this effeect would be mnéh
less, sineé a plafe'at 0,001 dilutionm would contain only
O;Ol times as much SQil as was used in these tests,

¥inally, from the’iasf section, it may be noted that
a culture of one species im a medium containing one soil

produeed a greater change in the pH in the medium thag did
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a culture of another species in the medium with the same
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 medium might affect the final pH produced by

a culture, whereas that ingredient might be lacking in

another soil.
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SUMMARY

Eight species, 7 of fungi and 1 of bacteria were
tested for the effect of soil in a medium on pum-
bers developing in it. For this purpose, 9 soils

were used.

With fiﬁe‘of*tne¢eight,specieé;*ahlargerfnumber'of'

_ergaaisms*eccurred*inaplateS«ceatainingwseilf$han:“

in control plates. Two of the speeiles gave ineon=

'Sistent'results,'while"withvanother all soils

depressed growth,

In addition, ome of the species, Helminthosporium

Sativum,-appeared to grow more rapidly and sporulated
earlier in a medium containing soil than in the
control. This was found to be the case with all
soils tested, although the effect was more marked

with certain sails,'

' Soil in a medium was found to change the pH to such

a small extent that the change ipn pH scarcely could
account for the lower pumber of fungi found in media

containing soil,.

The pH of a medium was found to change -with- develope:
ment of a culture, “Thiswchangevwag not the same for

egll the cultures tested.
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Trial 1.

APPENDIX

305

The effect of sterile soil in Czapek's
medium on numbers of Fusarium avenaceum.

Average

Repliéaté

‘Soil : t

Counts Count.. Value
A4, B. cC. D
Control 14 1I 13 11 12,25

1 11 14 13 15 13.25  0.88
2 & 12 10 13 10.75  -1.12
3 15 16 13 11 13,75  1.12
2 15 13 12 14 13,50 1.26
5 16 15 13 11 13,75  1.12
6 14 12 12 17 13,75 1.07
7 11 11 15 13 12.50 0.21
8 16 13 14 13 14,00 1.70
9 12 11 13 15 12.75  0.44
£.05 = 2.45
.01 = B3.71




Trial 2.

31,

P ‘

I

Soil Repli cate Average t

Counts ’ Count Value
A.  B. ¢. D.
Control 12 8 7. 9 9.00

1 9 9 8 10 9.00 0.00
2 6 7 7 10 7.50 -1.09
3 9 9 10 10 9.50 0.45
4 9 1 8 12 10.00 0.66
5 10 9 12 8 9.75 0.54
6 11 12 10 9 10.50 - 1.19
7 10 1 8 13 10.25 0.90
8 9 10 @ 14 9 10.50 0.93
o 12 10 9 12 © 10.75 1.353
£.05 2,45
.01 3.71
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W

-Replicaté

Soil

-Average t

Counts Count Value
Ae B. C. D
Comtrol 11 9 1.0 8 9.50

1 10 12 13 9 11.00 1.34
2 9 10 12 10 10.25 - 0.83
3 e 10 9. 1 9.75 0.3l
4 9 11 11 12 10.75 1.39
5 10 9 9 11 9.75 0.31
6 9 10 9 8 9,00  -0.85
7 10 12 13 9 11.00 1.34
8 9 1 8 13 10.25 0.59
9 14 10 10 13 11.75 1.85
t.05 2.45

t.01 3.71
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TIrial Y. The effect of sterile soil in Czapek's

medium. on numbers of Fusarium graminearum.

Soil

Replicaté

W - . .

Averagé t
Counts Count Value
A B. C. D
Gontrol 11 16 15 15 14.25

1 14 21 20 18 18.25 1.81
2 15 17 17 23 18.00 1.82
3 13 18 16 13 15200 0.45
4 20 - 19 17 14 17.50 1.88
5 16 22 18 13 17.25 1.37
6 21 18 15 12 16.75 0.11
7 17 1 26 18 18,00 1.15
8 13 19 20 14 16.50 1.80
9 19 20 16 20 18.75 3.08%
t.05 = 2.45

t.01 = 3.71
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Trial 2,
Soil  Replicate Average t
Counts Count Value
A. B. C. D -
Control 14 14 16 17 15.25
1 18 14 18 18 17.00 1.40
2 13 .14 18 21 16.50 0.63
5 3 16 15 15 19 16.25 0.83
| 4 20 18 25 26 22.25 3,38 *
s 21 22 16 19 19.50  2.78 *
6 21 17 24 24 21.50 Bu44 *
7 15 14 17 . 18 16.00 0.64
8 17 18 19 1% 16.75 0.99
9 17 14 - 15 19 16.25 0.75
.05 2.45
3.71

.01
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Soil Average t

Count Value

A. B, €. D. ‘

Control 13 15 16 14 14.00
1 15 135 14 16 14.50 0.52
2 17 17 19 14 16.75 2.20
3 15 19 22 12 17.00 1.30
4 19 23 16 12 17.50 1.50
5 18 20 15 20 18.25 1.59
6 23 0
7 16 17 14 15 15.50 1.57
8 18 14 16 18 16.50 2.10
9 13 16 14 14 14,25 0.26
£.05 2.45
£.01 3.71
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The effect of sterile soil in'Czapek's medium

36,

on numbers of Penicillium viride-dorsum.

Replicate

- Soil Average t
Counts Count Value
A, B. Ce. D.
Control 12 16 21 15 16.00
1 14 18 11 15 14,50 ~0.64
2 18 16“ 20 18 18.00 0.98
3 11 21 17 20 17.25 - 0.43
4 26 19 12 18 18.75 1.13
5 18 24 15 15 18.00 0.71
6 23 16 26 22 21.75 2.40
7 22 19 . 80.50 2.29
8 19 18 18 12 16,75 0.32
9 20 18 19 18 18.75 1.42
£.,05 = 2.45
£.01 3.71




frial-g2,. 7. 7.

~ Replicate

3%

Soil Average t
Counts count Value
A. B. C. D.

Control 18 13 19 i4 16,00 .
1 18 12 15 15 15.00 0.52
2 13 19 21 13 16.50 0.20
3 14 20 15 21 17.50 0.66

4 23 19 14 10 16,50 0.16
5 12 18 16 14 15,00 0.51
8 18 13 23 15 17.25 0.48
7 28 27 33 36  31.00 5. 8l
8 26. 14 27 27 23,50 2.14

9 15 17 16 . 14 15.50 0.51

t.05 = 2,45
= 3.71
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Soil ;Repli cate Average t
o Counts Count Value
A.  B. CG. D
Control 11 8 9 5 8.25
1 9 13 9 8 9.75  0.90
2 8 & 7 10 1 8.25  0.00
3 12 8 ¢ 11 10,00  1.13
4 10 & 14 11 10,75 1,41
5 14 12 8 9 10.75  0.51
6 1 7 14 11 10,75  1.05
7 8 11 12 13 11.00  3,48%
8 7 5 13 11 9.00 0,34
9 17 8 10 11 11,50 1.41
£.05 = 2,45
$.01 = 3.71
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The effect of sterile soil in Gzapek's medium
on numbers of Pepicillium Melipnii.

Replicate

Soil Average t

Counts Count  Value
4, B, G, D.
Control 4 sl 33 26 32,75

1 40 49 30 39 $9.50 1.36
p2 28 44 50 49 42,75 1.68
3 40 38 B4 53 41,25 1,65
4 49 42 43 36 42,50 2.38
5 29 44 32, 49 38450 1,01
6 44 29 32 49 38.50 1.01
7 33 31 33 36 . 34.50 0450
8 29 30 34 47 35,00 | 0.43
9 35 45 43 41 40,75 2.13
.05 8,45
$.01 3,71
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Seil Replicate - Average t
" Counts Counts  Value
A, B. C. D.
Control 46 38 36 41 40.25

1 44 52 B9 49 46.00  1.60

2 44 38 42 45 42.25  0.75

3 41 54 46 50 47.95 2,13

4 Bl 43 45 48 41.75  0.35
5 | 48 47 50 44 47.25 2,83

6 51 45 40 49 36.25  1.84

7 56 46 33 49 46.50 1,11

‘8 45 44 39 46 43,50  1.22
9 43 49 48 51 47.75 2,72 %

£.05 = 2.45

£.01 = 3.71
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.........

"Replicate

Soil | Average t
~ Counts Count Value
A. B. C. D | é
Control 32 42 35 35 36,00 |
1 51 38 44 43 44,00 2,34
2 49 46 43 45 45,75 3,960
3 43 35 54 44 44.00 1.80
4 44 47 34 48 43,25 1.89
5 3l 49 46 35 40,25 0.86
6 4 38 49 49 44.25 2.34
7 28 36 48 43 38,75 0.57
8 4 37 38 4 39.25 1.38
9 45 42 54 a4 45,50 2,61
.05 = 2.45
$.01 = 3,71




Trial 1.

The effect of sterile soil in Czapek's medlum

42,

on numbers of Aspergillus fumigatug,

Replicate

Soil Average t
Counts Count Value
A. B. G. D |
Control 256 23 20 22 22.50

1 23 26 20 19 22,00 -0.26

2 20 28 17 24 22.25 -0.10

3 26 21 29 26 25.50 ©  1.53

4 21 24 29 22 24, oov, 0.73

5 25 23 22 1¢ 22.25  -0.16

6 22" 25 21 25 25.25 0.51
7 19 29 22 28 24,50 0.77

8 26 27 25 15 23.25 0.25
9 23 3 27 29 27.50  2.50

£.05 = @ 2.45

£.01 = B.71




Trial 2.

43

Replicate

_Average

Soil t
Counts Count Value
A. B. C. D.
Control 26 18 25 22 22,75

1 19 11 21 20 17.75  -1.72

2 15 11 28 35 19.75  -0.68

5 27 13 27 16 20,75 -0.49
4 21 24 20 22 £4.00 0.49
5 20 21 16 17 18.50  -1.97
6 17 13 85 27 20.50  -0.60

7 27 18 19 21 21.25 -0.56

8 24 26 22 26 24.50 0.86

9 22 21 14 14 17.75  =1.35
£.05 = 2.45

$.01 = 3.71
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Trial 3, ... .

~ soil - Replicate Average t
R Counts Count Value

A, B. C. D.

Control 19 11 29 17 19,00

1 18 25 27 22 23,00 0,95
2 13 23 23 85 21,00  0.43
3 11 22 18 22  18.25 =0.16
4 20 16 23 22 20.25  0.31
5 19 27 21 20  21.75  0.56
6 17 21 15 16 17.25  0.44
7 16 17 22 19 18.50 ~-0.13
8 13 19 29 18 19,756  0.15 i
9 ‘20 22 24 16 20,50  9.36
£.05 = 2.45
$.01 = 3.71
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The effect of sterile soil in Czapek's
agar on numbers of Helminthosporum sativum.

Replicate

Average

Soil by to
Counts Count Value Value
A, B. C. D | |
Control 1 9 10 5 8 8,00
| 2 8 5 12 9 8450
1 12 8 7 9 9.00  0.66 0.28
2 14 13 15 12 13.50  4.38%% 3,16*
3 13 12 11 17 13.25  B3.09% 2,43
4 14 10 17 7 12.00  1.63 1.33
5 10 11 18 12 12.75  2.27  1.85
6 16 15 13 10 13,50  3.22%  2.56
7 12 s 15 16 12.75  2.27  1.85
8 11 9 18 15 12.75  2.41  1.94
9 18 4 10 9 10.25 0.75  0.54
£.05 = 2.45
t.01 = 3.71
i Control 1 used in calculating t1
. Control 2 used in calculating s |

-
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Trial .
Soil | Replicate Average 1 tof
Counts Count  Value Value
A. B. CG. D.
Control 1 é S5 4 7 ’ 5.50
2 5 7 4 8 6.00
1 79 5 10 8.00  2.24 1,55
2 8 7 8 11 8.50  2.78%  1.99
3 7 6 8 12 8.25 1.88 1.41
4 6 5 6 6 8,75 0.36.  0.26
5 5 6 8 4 5.75 0.21  0.20
6 13 9 10 5 5.75  2.12 1,72
7 7 8 9 11 9.25 3.08  2.20
8 9 4 8 10 7.75 1.54  1.09
9 9 4 10 8 7.75 1.54  1.09
£.05 = 2.45
t.01 =

# Control 1 used in calculating t.

## Control 2 used in calculating tz.‘

3.71
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Trial 1. The effect of sterile soil in Czapek's agar
on numbers of a saltant of Helminthosporium sativum

———

——

|

—

Soil Replicate Average  tyf g
Counts Count. Value Value
A. B. C. D.
dontrol 1l 9 9.v 9 10 9.25
2 14 10 11 10 11.25
1 4 8 7 9 7.00 =2.03 2,96+
2 8 9 7 6 7.50 ~2.53% 2,28
3 7 3 8 8 6.50 -2.26  -3,12%
4 8 8 10 7 8,85 =1.48  -2.64%
5 9 6 9 8 8.00 =1.67  =1,75
6 8 7 10 7 8,00 -1.67  =1.75
7 8 5 8 6 6.75 -3.16*% -2.73*
8 o 11 7 9 8.50 -0.76  -1.04
9 13 7 7 6 8.25 =0.62  =1.61
t.05 = 2.45
t.01 = 3,71

#  Control 1 used in calculating t.

# Gontrol 2 used in caloﬁlating to.
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The effect of sterile soil in nutrient
agar on numbers of Serratia marcescens

Replicate

Soil Average t
S ) Counts Count Value
A. B. C. D. |
Control 36 39 40 56 42,75
1 45 47 39 45 44.00 0.26
2 42 30 45 48 41.25 -0.25
3 0 48 40 70 49.50 0.80
4 31 40 44 48  40.75 -0.46
5 39 43 45 65 48,00 0.72
6 52 49 39 33 43.25 0.08
7 46 54 37 - B4 42.75 10,00
8 27 34 49 32 B35.50 -1.11
9 27 25 21 34 26,75 ~B3.03
t.05 = 2.45
$.01 = B.71




Trial 2.,
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Soil

Replicate Average t.
Counts Count Valu
A, B, C. D
Comtrol 27 22 '23 26 24.50
1 30 36 34 30 132.50 4,18 s
2 36 35 5L 26 31.50 2,90 *
3 38 29 29 37 35,25 B.20
4 23 21. 22 27 23.25 -0.71
5 41 36 34 28 . B4.,75 3.49 *
6 30 29 28 24 | 27.75 1.83
7 22 31 20 24 2650 0.83
8 18 14 22 17 17.75 ~3.32
9 g3 22 18 11 18.50 ~2.02
£,05 = 2.45
= 3.71

t.01
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Trial 3. .
Soil “ Replicate Average t
Counts Co_unts Value
A, B.. C. D
Control 26 25 20 19 22.00
1 28 31 27 33  29.75 3,58
2 33 - 30 22 30 28.75 2.38
3 40 29 25 35 52.25  2.82 *
4 20 18 21 24 20,75 ~1.36
5 38 3% 31 25 31.75 8.1 *
6 29 26 25 21 22.25 0.10
7 20 20 26 21 24.10 0.76
8 12 11 9 29 15.256  -2.21
9 21 19 10 14 16,00  <1.62
. £.05 = 3.45
$.,01 = B3.71
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The effect of soil on the pH of nutrient agar.

Soil concentrations per 10 ml.of agar-

- Soil
0.00 0.02 0.01 0.001  0.0001
- 6480 6.79 6.74 6.80 6.80
1. S |
6.80 6.80 6.80  6.81 6.79
6.80 6.79 6.75 . . 6,79 6.79
2. : ]
6,80 6.76 6.79 6.81 6.80
6.80 6.81  6.79 6.79 6,80
3. |
6.80 6.79 6.81 6.80 6.80
- 6.80 6.80 6.79 6.74 6.76
4,
6.80 6.74 6.80 6.81 6.80
6.80 6.79 6.81 6.80 6.74
5. ' |
6.80 6.74 6.80 6.80 6.79
6.80 6.79 6474 6.80 6.79
6. |
| 6.80 6.80 6.75 6.61 6.80
7.
6.80 6.80 6.79 6.80 6.80
6.80 6.81 6.81 6.80 6.80
8. -
6.80 6.80 6479 6.80 6.80
6.80 6.80 6.80 6.8l  6.80
9. |
6.80 6.81 6.81 6.79 6.80
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. The effect of soil on the pH of Czapek's agar

Soil concentrations per 10 ml. of agar

Soil . :
0,00 0.02 0.01 0.001 0.0001
A 5,60 5.75  5.65 = 5,65 5,60
1. ,
‘ B. 5,60 5.69 5.70 5,60 5,61
20 : .
5.60 5.61 5.59. 5,60 5,60
: A 5.60 5,61 5,61 5.61 5.60
3. :
5.60 5,60 ' 5.60 5.61 5.60
5,59 = 5.64 5,60 5,61 5.60
4, .
5.60 - 5.64 5,60 - 5.65 5,60
B A 5.60 5.60 5.60 5.60 5.59
5.
5.60 5.60 5,60 5.60 5,60
A 5,60 5,60 5.60 5.60 5.50
6. :
5.60 5,64 5.64 5,60 . 5,59
A 5.60 5,65 5,60 5,65 5,60
7. '
5.60 5.60 5.61 5.60 5.60
A 5,59 5.85 5.95 5.65 5.61
8.
5,59 5,84 5.84 5.65 5.61
A 5.60 6.00 5,85 5.74 - 5.74
9.

5.60 6.01 5.84 5.75 5.70
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The effect of soil on the pH of potato dextrbse agar.

g
=

Soil

‘Soil.boncentratibhs per 10 ml., of dextrose ager

0.01

S.64

0.00 0.02 0,001  0.0001
A 5.60 5.60 5460 5,50 5.59
) 5.60 5.59 5.59 5,60 5460
5,60 5.60 5,60 5460 5.60
2.
: 5.60 5.61 5.61 5,60 5,60
5,60 5.60" 5.60°  5.60 5.60
50 h .
5.61 5460 5,61 5,61 5.60
5. 60 5.61 5,61 5.60 5.60"
4, |
5,60 5,61 5.61 5460 5,60
e -
5.60 5460 5.61 5..60 5.60
o 5.60 5.60 5,61 5. 60 5,60
6. .
5.60 5.60 5,60 5,60 5.60
5,60 5.55 . 5,60 5.60 5.60
7.
5,61 5.59 5.60 5,60 5.59
5.60 5.70 5,65 5,60 5.60
8.
5.60 5.71 5.61 560 5.61
5,60 5.99 5.80 5.61 5,60
9. :
5,60 5.94 5.81 5,65




The effect of soil on

- 94,

the pH of asparagin manpitol

agar,’
o | N
S0il concentrations per 10 ml., of agar
doil 0.00 0.02 0,01 0,001 0.0001
1. |
7.29 7089~ 7.29 - 7.30 7,29
A o
- 7,89 - 7,29 7,89 7.29 7.9
7,29 7489 .30 7,29  7.89
3o ' ' 5
7.29 . 7,89 7,89 7,29 7.29
4, .
’ 7,30 7.20  7.30 7,289 7,29
o 7,29 7.89 7,30 7.29 7,29
5
' 7,30 7,29 7,20 7,30 7,89
6 | ‘
- 7.29. 7,30  7.30 7,29  7.30
7,29 7,29 7,29 7,29 7,29
7, . _
. 7429 7,29 7.29 7.29 7,29
729 7,29 7.30 7,89 7.29
8. | , :
' 7,29 7,29 7,29 730 7.29
7,29 7430 7,29 - 7.30 7,29
9. s
7.29 7,89 - 7.89 7,29 7.89"
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The effect of soil on the pH of sodium albuminate

agar

55,

Soil Soil concentrations per 10 ml. of agar
0.00 0.02 0.01 0.001 0.0001
7 .50 7,51 7.50 7,50 7.50
1.
7.50 7,49 7.50 7.50 7 .50
| 7.50  7.50 7.50  7.50 7,49
2. | o |
7.51 7 .50 7.51 7.51 7 .50
7 .50 7,50 7,51 7449 7 .50
5 » ‘
7 49 7 50 7.50 7.50 7.50
7.51 7 .50 7.51 7 .50 7 .49
4, _
7.51 7.50 7«50 7.50 7 .50
7,50 7.50 7.50 7.50  7.50"
5. _
7,49 7450 7.50 7o 49 7,49
- 7.50 7.50 7.55 750 7.51
G . |
7,49 7.50 7.50 7.49 7 .50
_ 7450 7.55 7..50 ' 7.51 7 .50
7, -
7 .50 7.50 7.50 750 7 49
| 7.50 7.50  7.50 7450 7045
8. - '
7 .50 7 .50 749 7 .50 7 .50
- 7.50 7.71 7.71 7.71 7 .64
9.
7 .50 7.70 7.71 7.71

7«64




56,

The effect of soil on the pH of soil-extraet agar (Soil 7).

Soil concentrations per 10 ml. agar

7.54

7449

Soil _
0.00 0,02 0.01 0.001 0.0001
7,85 7,15  7.20 7225 7,20
5. ’
7.24 720 7 .24 7.21 7.8
7.85 - 7.l 7.84 7.1 7.2L
7.
7.85  7.45  7.24 7,29 7,29
9, ) .
7.84 744 7621 7.85 7.84
The effect of soil on the pH of soil-extract agar (Soil 9).
' Soil concentrations per 10 ml; agar
Soil v _ , _ . .
0,00 0,08 0.01 . 0,001  0.0001
. 750 7.3L 7.30 7,50  7.45
| 7.54 7,31 7.29  7.50 7449
7.50 7« 50 7.49 7.51 7.51
6, '
7.51  7.51 7.50  7.50 7.49
7 .50 7.51 7,49 7 « 5% 7,54
g.




PH of Media Containing Different Soils

97.

Fusarium avenaceum

Repli- Without fungi With fungi
cation Soil replicates replicates
AQ B. A. B. C. DO‘
1. A 5.99 6.00 7.25 7.54 7.47 7,30
: B 5.99 6.00 7.01 7.25 7.40 7.01
c 6.01" 5.99 7.31 6,90 6.85 7.01
D 6.00 5.96 7.01 7.3l 7.29 7.40
B 7.74 7.75 7.40 7.20 6.99 7.01
F 6.92 6.95 7.00 6.99 6,95 6.75
G 5.70 5.74 7.81 7.49 7,44 7.01
H 5,96 5.99 7.49 7.15 7.20 7.15
I 6.25 6.24 7.80 7,61 7.40 7.79
2. A 6.01 5.99 6.89 6.65 6,90 7.01
B 6.01 6.05 6.70 6.75 6,90 6.75
C 6.00 6.01 6.75 6.85 6.90 7.14
D 5,99 6.00 6.85 6,85 7,01 6.71
E 5.80 5.84 6,81 6.75 6.89 7.04
F 5.99 5.99 6.95 7.20 7.1¢ 7.30
G 5.69 5.75 7.01 7.04 %7.20 6.99
H 6.00 5.99 7.01 7.11 6.90 6.99
I 6.21 6 .24 8.20 7.70 7.40 7.70
5. A 6'00 6.00 6.90 6085 7.01 7.00
B 6.00 5.96 6.70 6,90 6.89 6.90
. C 5.94 6.00 6.90 6.95 7.20 7.00
D 5.95 6 .00 6.95 7.01 7.04 %.01
B 5.80 5.81 6.99 7.20 7,21 7.20
F 6.00 5.99 6.99 7,00 6.99 7.14
G 5.71 5.69 7.00 6.99 7.11 6.85
H 6.00 6.04 6.99 7.20 6.75 6.99
I 6.00 6.04 744 7.70 6.99

7.54




pH of Media Containing Different Soils

58,

Fusarium graminearum

Repli- Without. fungi - With fungi
cation Soil replicates replicates

' A B. A. B. Ce. D.
B 5.95 5.94 7.76 7.91 7.75 7.61
C 5.96 5.95 7.50 7.60 7.75 7.79
E 5,79 5.75 775 7.70 7.66 7.74
F 5.90 5.93 7.70 7.81L 7.65
G 5.76 5.79 7.64 7.55 7.80 7.69
H 5,99 6.00 7.71 7.90 7.90 7.79
I 6.20 6.21 8.00 8.10 7.81 8.15

2 - A 5.99 5.96 7.70 7.65 7.61 7.69
B 5.94 ' 7.74 7.79 7.90 7.61
C 5.91 . 5.96 7.69 7.70 8.01 7.59
D 9.95 5,94 7.80 8,01 7.61 7.59
E 5.75 5.79 7.79 7.90 7.69 7,94
¥ 5.94 5.90 7.50 SR
G 7.76 5.69 7.79 7.90 7.70 7.81

H 6.00 6.04 7.91 7.60 7.79 8,00

Se A 5,99 6.01 7.65 7.60 7.75 7.70
B 6.00 5.99 7.60 7.59 7.79 97.91
c 0.94 5.97 7.50 7.50 7.54 7.80
D 5.91 5.94 7.80 7.71 7.70 7.84
E " 5.81 5.79 7.75 7.91 7.60 7.75
F 5.94 5.97% 7.75 7.80 7.90 7.99
G 5.70 5.75 7.74 7,80 8,00 8,01
H 6.00 5.99 7.81 97.84 8.04 7.69
I 6.26 6.20 7.70 7.72 7.95

7.91




59,

PH of Media Containing Different Soils

Peniciliium Melinii

——

Without fungi With fungi

Repli-
cation ~ Soil replicates . replicates
Al B. A B. Ce. - D.

1. A 5.90 5.95 6.50 7.285 6.25 6,01
B 5.91 5.95 5.65 5.45 5.70 6,00
c 5.99 6.00 7.61 5.80 5,94 7.04
D 5.94 5,99 7.2l 6.94 7.74 7.05
E 5.75 5.70 7.01 7.45 5,90 6.41
F 5.99 6.01 5.01 7.41 5,99 6.21
G 5.65 5.71 7.40 6.94 7.50 7.55
H 6.05 6.24 . 7.40 5.99 6.61 7.41
I 6.20 6.24 7.40 5.99 6.61 7.41

2 A 5.99 6.00 5.85  6.80 6.99 7.41
B 5.94 5.95 6.99 7.44 7.71 7.01
c 5.90 - 5.95 7.264 6.30 6.29 6.40
F 5.99 5.95 7.30 6.55 6.71 6,30
G 5.75 5.69 6.80 7.01 7.21 6.85"
H 6.05 6,09 6.75 7.00 7.20 7.65
I 6.21 6.25 6.89 6.60 6.80 6,39

Se A 5.95 5.99 6.65 6.60 6.81 5,90
B 5.99 5.95 5.70 7.35 5.45 6.90
C 5.95 5.99 6.50 7.01 6.41 6,70
D 5.95 - 5.99 7.64 7,14 7.06 7,51
E 5.75 5.79 5.5 7.45 5,70
F 6.00 6.00 6.50 6.10 6,50 '6.41
G - 5.69 5.65 6.90 6.95 6.50 6,95
H 6.09 6.10 7.01 7.00 7.41. 7.50
I.

6.21 6.25  6.71 6,50 5,50 6.51




pH of Media Containing Different Soils

60.

Penicillium viride=dorsum

Without fungi

Repli=- With fungi
cation Soil replicates replicates
A B. A. B. Ce D.
1. A 5,94 5.99 5,40 5.31 5.41 5.21
B 5.94 5.99 981 5.71 5.03 5.24
D 5.95 5.99 4,60 5.40 5.60 5,40
E '3.75 5.65 O5.60 4,95 5.46 5.49
F ' 5.90  5.91  4.95 5.40 4.90 5.20
G 5.70 5.69 4.71 4.70 4.99 5.01
H 6.00 6.01 4.44 5.04 4.48 5.53
I 6.24 6.34 . 5,15 4.8l 5.35 5.60
2. A 5.99 5.96 4.99 5,69 4.9¢ 5.20
' B 5.94 9.99 5.30 5,10 4,90 4.79
c 5.91 5.94 5.10 5.20 4,79 5.30 .
D 5.94¢ = 5.95 4.30 4,85 4.65° 4,90
B 9.69 5.70 5.00 5.10 5.50 5.10°
& . 5.75 5.75 4,70 4.75 4.89 5.00
H 6.00 6.05 4.72 4.68 4.23 4.63
I 6.24 6.20 5.00 5.10 4.85 4.90
Se A 5.94  5.91 4.85 5.69 4.99 5.69
B 5.95 5.90 5.25 4.50 5.00 4.79
C 5.90 9.91 - 5.20 4.79 4.50 5.13
D 5.90 5.91 4.30 4.94 5.10. 5,31
E 5.75 5.79 5.26 4.61 4.55 4.81
F 9.90. 5.95 5.01 4.41 4.45 5.05
H 0.99 6.00 4,67 4.83 4.23 4.18

44,35




pH of Media Containing Different Soils

Bls

Aspergillus fumigatus

—

Repli- Without fungi With fungi
“cation  Soil replicates replicates
A, Be. A, Be. C. D.
1. A 5.99 5.94 7.19 7.70 7.75 7.20
: B 6.01 6.00 745 7.69 7.59 7.60
c 5.95 5.90 7.69 7.50 7.45 7.35
D 5.95 5.94 7.6l 7.8l 7.45 7.55
E 5.74 5.79 7.54 7.05 7.61 7.40
F 5.99 5.95 7.8L 7.41 7.29 7.69
G 5,69 5.70 7.4l 7.55 7.54 7.40
H 6.09 6.00 7.3L 7.61 7.51 7.41
I 6.29 6.20 7.71 7.51 7.55 7.86
2. A 5,91 6.00 7.50 7.46 7.44 6.91
B 6.00 6.01 - 7.59 7.60 7.60 7.01
C 5.94 5.89 7.65 %7.51 7.35 7.36
D 5.95 = 5.99 734 7.69 6.90 Y.1l4
B 5.65 S5.71 6.890 7.51 7,21 7.55
- F 6.00 5.99 7.45 7.26 7.41 7.35
G 5.65 5.69 6.91 7.41 7.61
H 6.01 6.09 7.34 7.41 7.19 7.30
I 6.10 6.10 7.05 7.29 7.54 7.45
Se A 6,00 5.95 7.40 7.75 7.20 7.09
B 6.00 5.94 7.60 7.45 7.10 7.60
c 9.95 5.90 7.69 7.10 7.30 7.15
D 5.90 5,95 7.41 7.09 7.40 7.50
E 5.70 5.59 7.54 7.05 7.20 7.60
F 5.99 5.95 7.70 7.50 7.40 7410
G 5.65 5.65 7,40 7.60 7,30 7,45 _
H 6.10 6.15 7.30 7.60 7.50 7.20 .
I 6.25 6.29 7.79 7.29 7.56 7.41




PE of Media Containing Different Soils

'62@

Helminthosporium sativum

Repli=- Without fungi With fungi
cation Soil replicates replicates
Ao Bo Ao B. Co Do L

1. A 6,01 6.10 8.70 8.50 8.,21 8.00
B 6.05 6.00 8.25 7.41 8.10 7.79
c 5.99 6.00 8.4 8,75 8.45 8,50
D 5.99 6.00 8,55 8.60 8.71 8.79
E 5.70 6.05 8.21 8.31. 8,71 8.29
r 6.00 6.05 8.20 8,40 8.61 7.41
G 7.75 5.81 8.41 8.20 8,41 8.60
H 6.09 6.10 8.74 8.50 7.49 8.00
I 6,29 6.30 8.25 8.45 8.00 8,01

2. A 5.94 5.99 8,40 8,01 8,30 8.31

‘ B 6.00 5.95 8,00 8.25 7.90 -7.94
c 5.90 5.95 8.41 7.90 8.60 8.40
D 5.95 5.90 8.41 8.00 7.90 7.74
B 5.75 5.79 7.79 8.20 8.21 8,30
F .6.00 5.99 8.34 7.79 7.90 7.99
G 5.79 5.71 8.01 8,30 7.90 8.71
H 6.15 6.25 8.41 8.55 8,31 8.41
I 6.30 6.25 8,41 8.55 8.31 8.




- 6D

pH of Media Contalning Different Soills

S. marcescens

Repli- , Without bacterie With bacteria
~cation Soil replicates replicates
Ao Bo Ao Bo Co Do
1. A 6.60 6.55 8.00 8.15 8.30 7.90
B 6450 6.46 8.10 8,00 7.56 7.99
C 6.31 6.35 8.14 8.10 8.15 8.20
D 6429 6.35 8.20 8.10 8.25 7.91
E 6.50 6.45 7.90 7.0 8.01 8,00
F 6.89 6.91 8.01 8.15 8.20 8.05
G 6,49 6.85 7.90 7.992 8,01 8,14
I 6 81 6.85 8 Ol 8.00 8.15 7.95
2. A 6465 6.69 8.01 8.15 8.35 7.95
B 6.51 6449 BelB 790 7.99 7.95
c 6.29 6.34 8.20 8.35 7.99 8.00
D 6430 6.35 7.90 7,91 7.79 8,21
B 6.58  6.40 7.94 7.95 7.80 8.3l
F 6.80 6.59 8.15 8.20 8.15 8.21
G 6.51 6.59 8.15 8.20 8.15 8.21
H 6.69 6,71 7.91 7.99 8.00 8,15
I 6.80 6.85 8.04 8,00 8.09 8,31
3. A " 6461 6.54 8.19 8.29 7.90 8.01
B 6455 6.49 Be35 Te99 466 7,01
C 6.30 6.31 8.14 8.10 8.05 8,06
D 6.35 €.30 8.10 8.25 8.01 8.45
E 6.50 - 6,55 7.90 8.31 7.90 8.40
B 6.85 6.80 7.91 8,00 8.01 8.45
G 6.4E 6.50 8.14 7.79 8.45 8.00
H €.61 6.70 7.90 7.70 7.72 8.21
I 6.80 6.81 8.00 7,290 7.99

8.01.




