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THE EFFECT OF SEASONAL CONDITIONS AND
SOIL TREATMENT ON BACTERIA AND
MOLDS IN THE SOIL

By P. E. Brown and W. V. Halversen

The study of the microorganic population of the soil has re-
vealed many interesting facts but none more significant nor
of more far-reaching importance than the discovery that molds
occur in soils and perform various functions which directly
or indirectly exert considerable influence on soil fertility.

The occurrence and aectivities of bacteria in the soil has
been the subject of extepsive inquiry and much knowledge
along this line has been aceumulated. These organisms have
been found to occur in large numbers in practically all soils
and to play a prominent part in the reactions which must nee-
essarily take place in soils in order that plant food shall be
made available and crops properly nourished. In short, it has
been definitely proven that bacterial activities bear a direet
relation to soil fertility and to crop production and that per-
manent agriculture is very largely influenced by the presence
and action of these microorganisms.

THE IMPORTANCE OF MOLDS IN SOIL

It appears from recent work, however, that bacteria are not
the only living organisms which find a natural habitat in the
soil and which affect erop growth because of their action on
plant food constituents. Molds, protozoa, and algae have been
found in many soils and new fields of study have been opened
up in connection with each of these groups, More attention
has been paid to molds and it appears probable now that
they are of more importance than protozoa and algae and sec-
ond only to the bacteria. Further study may possibly change
this view, but the rank of molds among the soil organisms is
really of secondary importance. It is more necessary now to
study and attempt to solve some of the various fundamental
problems involved in mold growth and action in the soil.

This work has only begun and while the investigations of
the last few years have yielded much valuable information,
they are far from complete. Years of investigation of bacteria
in soil have been required in order to reach our present, still
far from complete, knowledge of the relation of bacteria to
soil fertility and there is no reason to hope for a short cut to
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knowledge regarding molds. In faet, altho some information
has been accumulated regarding bacteria which may apply to
molds and some methods of study have been devised which
may be employed to advantage, in general, molds differ so
much from bacteria in many particulars that their study pre-
sents an entirely new problem involving certain new difficulties.
It must be clearly understood, therefore, that much of our so-
called knowledge of molds is, in reality, in need of confirma-
tion and the evidence along many lines is insufficient to per-
mit of definite conclusions,

A few facts, however, have been rather definitely proven
and may be taken as the basis for further investigations. In
the first place, it has been definitely established that molds
commonly oceur in soils and comprise an important group of
soil organisms. Many species from a wide variety of soils have
been isolated and deseribed and an attempt has been made to
show their common occurrence.

DIFFICULTIES ENCOUNTERED IN COUNTING MOCLDS

In determining the actual number of molds present in soils,
a difficulty has been encountered which has been deemed to
vitiate seriously any accuracy which might pertain to the plate
method. This difficulty arises because the plate counts show
development not only of the active mycelia from the soil, but
also of the spores. It is thus impossible to distinguish between
the active and inactive mold forms in the soil. In faet, it has
been claimed that molds probably oceur in soil only in the form
of spores and hence are unimportant. Waksman (16) suggested
a method, however, by which it can be shown that molds live
and produce myecelia in the soil. Conn (6) was unable to find
mycelia present when he used his direct microscopic method
of examination, but the writers (3), ehecking both methods,
found active mycelia present in all the soils tested, even when
using the smaller quantities of soil which Conn employed.

It has been deemed necessary to ascertain whether the molds
are present in an active form in the soil, for it is elaimed that
the number of spores present means nothing inasmuch as the
active forms are necessary if any influence on soil fertility is to
result. This is, of course, very true, but the fact seems to be
overlooked that the presence of mold spores in a soil not only
shows the previous occurrence of active forms but, what is more
important, it shows the future growth of mycelial forms. It
is very easy under laboratory conditions to bring about the devel-
opment of mycelia from spores and it seems reasonable to eon-
clude that many spores in field soils will develop into active
forms when the conditions for such development are provided.
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Little is known of the specific conditions for individual organ-
isms, but again it seems reasonable to conclude that if the con-
ditions were once satisfactory in the field at some past time,
they might be so again in the future. It has been claimed that
the presence of mold spores in the soil does not necessarily mean
the past occurrence of active forms, but may be due to dust
infection. This suggestion does not seem reasonable, however,
and it is not generally accepted.

It is believed that the number of molds in the soil is of great
importance and while the active forms, of course, are most sig-
nificant, the number of spores present may also give some idea
of the future changes to be expected in the soil tested. While,
therefore, the plate method does not distinguish between these
two forms, it shows the total or potential mold content of the
soil and may give results of considerable value.

The difficulties attendant upon the plate method are well
known and it is unnecessary to discuss them here. In spite of
these difficulties, however, the plate method is the only Teason-
able method yet devised for determining numbers of soil or-
ganisms. The direct microscopic method may possibly be so
modified in the future that it will be utilizable, but at present
Conn (8) himself admits its very grave limitations and points
out the difficulties which attend its use. As employed to deter-
mine the number of spores and hyphae of molds in soil, the
method is apparently quite as inaccurate as the plate method
and indeed from Conn’s own figures appears more so.

PURPOSE OF THESE INVESTIGATIONS

It was the purpose of the work reported here to study the
relative numbers of bacteria and molds in variously treated soils,
thruout an entire season and thus throw some light on the oe-
currence of molds in soil at different times of year and espec-
ially on the effect of temperature on mold growth. No attempt
wag made to distinguish between the aetive mold forms and the
number of spores, and the plate method with all its limitations
and uneertainties was used. Hence the results secured must not
be interpreted too broadly nor the figures given eonsidered en-
tirely satisfactory. The relations established, however, may un-
doubtedly be considered rather definite and any influence of
temperature shown, may be said to indicate quite distinctly the
effeet of seasonal conditions in the field on mold growth.

The effeet of seasonal conditions on bacteria has been studied
to some extent in the last few years, but the results secured
have been somewhat conflicting. The results here reported
should give some further information on the problem of bacteria
in frozen soils and the relative effect of moisture and tempera-
ture on baecterial activities.
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HISTORICAL

It is unnecessary to consider here the literature on the oe-
currence and action of molds in soils, as recent publications
contain very complete bibliographies along this line (5, 18, 19),
particularly the work of Waksman (19) which gives a thoro
resume of the subject.

INVESTIGATIONS ON INFLUENCE OF TEMPERATURE ON
MOLDS

Attention should be called, however, to the work on the in-
fluence of temperature on mold growth. Bartram (1) studied
the effect of low temperature on certain fungi and baecteria and
found that some fungi and baecteria are able to withstand ex-
treme cold while others suceumb to it. The temperatures used
ranged down to —32° C. He found also that various organisms
withstood exposure better in a dry condition than when food
and moisture were present., Wolff (21) showedthat certain fungi
remained present and alive in Nebraska orchards thruout the
winter. Severin- (13) studied the microorganic population of
soils from the far north (near the city of Obdorsk and on the
Yamal peninsula) and found the soils rich in molds. Hagen
(10) found that fungi live at as low a temperature as 6° to 8°
C. Many developed at 12° to 15° C but the optlmum tempera-
ture was 20° to 25°,

Traaen (14) studied the temperature requirements of some
of the soil fungi, measuring the growth of the organisms on agar
plates under various temperatures. The organisms studied varied
somewhat in temperature resistance, but the optimum was about
20° C. Coleman (5) studied the effeet of temperature on five
organisms using five temperatures: 6° to 8°; 15° to 17°;
22°, 30° and 38° C. He found that the fungi had a narrow
temperature range. No activity as measured by ammonia acecu-
mulation was found at 6° to 8°., The minimum temperature
seemed to be between 8° and 15° C. and the maximum was be-
tween 30° and 38° C. Zygorhynchus Vuillemini gave the great-
est activity at 15° to 17°. Rhizopus iritica was most active at
22° to 25°. Aspergilius mniger was most active at
30° and also at 38°, and it was the only organism remaining
inactive at 15° to 17°. The other organisms studied besides
those mentioned were a Penicillium and Trichoderma_ Koningi.
Coleman eoncludes that the soil may be a determining factor in
influencing the heat relations of soil fungi.

The early work on bacteria in frozen soils is discussed in the
report of Brown and Smith (4) and need not be considered
here. Since that report was made, Kossowitz (12) found smaller
bacterial numbers in winter in some soils studied than in sum-
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mer. He does not state whether or not the soil was frozen
when tested. Weber (20) kept seven soils at temperatures of
-10° to -20° C. for 14 days and found that low temperatures
greatly increased numbers of bacteria. Given and Wills (9)
found the lowest counts in the latter part of September when
the soil was very cold, but not frozen. Fairly high ecounts
were obtained when the soil was frozen, but nof the largest of
the year,

Harder (11) concludes that ordinary soil bacteria withstand
cold to a marked degree, even to a temperature as low as 40° C.
or more below zero. The increase in numbers seems to be due to
mechanical transportation by moisture coming up from below
during heavy frost, and where such transportation is not pos-
sible there is an actual retardation in growth as compared with
that in unfrozen soils. This conclusion is directly contrary to
that of Conn (7). '

Waksman (17) found a high bacterial content in frozen soils,
but not the largest thru the year. This may have been due to
the faet that the soils under study were never frozen for a
longer period than 8 to 10 days. The time of maximum bacterial
development during the year varied with different soils. No
two soils showed the maximum bacterial content at any one sam-
pling. The lowest temperature studied was -2° C. Vanderleck
(15) investigated frozen soils in Quebec and found that bacteria
increased rapidly in January in all soils where there was raw
material available for decomposition whether the soils were
frozen or unfrozen. In March a moderate increase, equal to 2
to 4 times the original numbers, cecurred. Severe frost checked
bacterial development in frozen soils. A high water content
counteracted frost action and a low water content assisted in
depressing bacterial development. As soon as the soil thawed
there occurred a decrease in bacteria. The second season’s
work confirmed the coneclusions previously drawn and showed
that severe frost checked bacterial development, the decrease
being parallel to the depression in temperature. He found that
slightly frozen conditions allowed of baeterial development, but
his general conclusion was that in Canada no change took place
in plant and crop remains during the winter as the tempera-
ture of the soil goes too low. This conclusion is in accord
with the theory advanced by Brown and Smith (4) in their
work. They believed that a temperature very much below zero
would be necessary before the hygroscopic moisture would freeze
and until that occurred a development of bacteria might be
expected.
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CONCLUSIONS FROM PREVIOUS WORK

From these experiments as a whole the conclusion seems war-
ranted that bacteria may remain and be active in frozen soils,
provided the temperature does not drop much below zero, and
in some soils larger numbers may oeccur when the soil is frozen
than after it has thawed. Apart from the studies of Brown and
Smith (4) little is known as yet regarding the importance of
these so-called ‘‘winter’” bacteria from the fertility standpoint,
or regarding their relation to the ‘‘summer’’ species. The
quantity of plant food made available during the winter months
is, therefore, also a matter of theory. Further work along this
line is quite desirable. The resulis secured in the present work
were incidental and for comparative purposes mainly, but they
serve to show some interesting facts regarding the number of
bacteria in frozen soils. They do not shed any light, however,
on the action of ‘‘winter’’ and ‘‘summer’’ bacteria.

EXPERIMENTAL

Before taking up the main investigation, the purpose of
which has already been mentioned, some preliminary studies
were made of mold growth in the soil.

Waksman (16) in his tests of the occurrence of mold hyphae
in the soil used portions of soil, 1 em. in diameter, Conn (6)
claimed that this amount of soil was too large. He found
mycelia developing just as rapidly from conidia as from 10 mg,
quantities of soil, altho when he used the same amount of soil
as Waksman employed, active mold mycelia were apparently
present. Conn also was unable to find myecelia present in soil by
his direct microscopic method except where large quantities of
organic matter were present.

PRELIMINARY TEST

The work of both these investigators was repeated, using the
same quantities of soil which they employed. Agar plates were
inoculated with soil and at the same time other plates were in-
oculated with spores and with portions of growing colonies
from agar plates. After twelve hours incubation, fine mycelia
were seen growing out from the particles of soil. At the end of
seventeen hours these mycelia were very pronounced and at
this time no growth had oceurred from the spores. Even a great-
er growth occurred from the soil than from the portions of
growing colonies. Smaller quantities of soil, than 10 mgs. were
then employed and in every case mycelial development oec-
curred more quickly than spores would germinate, The tests
were not confined to soils particularly high in organic matter.
It seems evident that molds oceurred in an active form in all
the soils tested.
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A SECOND TEST

A second preliminary test was made to determine, if possible,
the relative number of active molds and of spores in the soil.
Soil was secured from one of the humus plots which is in con-
tinuous timothy meadow and contained 32.2 pet. moisture. Sev-
en 100 g. portions of fresh soil were placed in 500 ¢. ¢. Erlen-
meyer flasks eontaining 200 c. e. of sterile water, After shaking,
the first infusion was plated on Cook’s No. II medium, The
other infusions were heated for varying lengths of time in boil-
ing water and then plated. The actual temperatures of the in-
fusions were ascertained by thermometers inserted thru the
stoppers and extending into the infusions. The results secured
are shown below.

- Time Boiled | Bacteria Molds |T. of Infusion

Check ,...civeueieeninacannnorsrrnonnas -..| 5,068,000 109,000

10 MIN, L oivirrrniirnsensnusissaasrannanees 381,000 27,000 88" C.

20 min, ..... Feredsasansienasrataassanasnan 65,000 | L....v.. 26° C.
T+ T [ 96.5° C.
40 min. ... . i i i iiisiraterennenen] wrensner | erinnees 96.6° C.
L - P R ETTPTPI T I 96.56° C.
L T T T . 96.6° C.

It appears that about 92 pet. of the bacteriawerekilled by heat-
ing for ten minutes. The hyphae of molds are no more re-
sistant than bacteria and a similar effect might be expected.
Only 75 pet. of the mould were killed, indicating that a
considerable percentage of mold colonies on the plates came
from spores. But as the 92 pet. of the bacteria killed in this
heating serve as an index of the number of living baeteria in
the soil, the 75 pet. of molds may be considered an index to
the number of actaive molds in the soil. It is interesting to note
that some of the bacteria withstood a greater period of boiling
than the molds. No definite conclusions can be drawn from this
test but it does serve to indicate that a rather large proportion
of the colonies of molds developing on plates ~may represent
active mycelial growth in the soil:

THE SOILS STUDIED

The soils studied in this work were taken from the humus
plots of the station. The soil on these plots is classified as Car-
rington loam and the special treatments of the plots which have
been followed sinee 1909 are as follows:

Plot 101—Continuous timothy meadow.

Plot 102—2.8 tons peat annually.

Plot 103—8 tons manure, once every four years (1909, 1913),
Plot 104—8 tons clover once every four years (1909, 1913).
Plot 106—2 tons timothy annually.

-Plot 107—Check.

These plots are kept fallow and free from weeds except the
timothy meadow plot, where the crop is cut and allowed to re-
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main on the land. Samples were drawn from these plots with
the usual precautions against contamination, the method de-
scribed by Brown (2) being followed. When the ground was
frozen a pick was used in place of a trowel. Samples were not
taken for several days after a storm. Plates were prepared by
the usual dilution method, Infusions were prepared by shaking
100 grams of soil with 200 ¢. ¢. of sterile water. One e. ¢. por-
tions were transferred to 99 e. e. portions of sterile water (a);
ten e¢. e. portions of (a) were transferred to 90 c. c. portions of
water (b) ; ten e. ¢- of (b) into 90 c. c. portions (¢) and ten e. .
(c¢) into 90 e. ¢. portions (d). One ¢. c. portions of the (e) and
(d) dilutions were used to inoculate the Petri dishes. Two sam-
ples were drawn from each plot and triplicate plates were
prepared from each sample.

THE MEDIA EMPLOYED

Three media were employed, Cook’s No. I, Brown’s albumen
agar and Lipman and Brown’s modified synthetiec agar. The
composition of these media is as follows:

1 Modified
Cook’s No. II| Albumen Synthetic
Distilled water ......ccviicierninsarresnns 1000ce | 1000 c.c. 1000 e.c.
Dextrmme . .ouiienuusrinsasionsarransssennns 20.0 gms. 10.0 gms. 10.0 gms.
Peptone vuvecccunomeaanrssasansnsarsrnnes 10.0gms. | ........ 0.5 gm
RKoHPO . iiriiiieuessonunernsnsasaasrannnsrs 0.26 gm 0.6 gm 0.5 gm,
L 0.26 gm 0.2 gm 0.2 gm
Egg Albumen .......ccvcevcicvnccansrensarl secnvnne 0.16gm. | ........
Fes(800)3.. ciivicerisiionncncesnarasancsnns]l vuvsnnss Trace Trace
ABBY tiiniiivrirrarrarateresarararasannnaa | 15.0 gms 16.0 gms. 15.0 gms

Cook’s No, IT is essentially a mold medium while the other

two media allow the development of both bacteria and molds.
The plates of Cook’s No. IT were ineubated 4 days, while those of
the other two media were inecubated 12 days. In preparing the
albumen agar the albumen wag first mixed with a little water
and to this a drop of NaOH was added, which caused the albu-
men to go entirely into solution. This was added to the medium
after boiling and just before it was tubed.
. Samples were drawn from the plots thruout the entire year
at ten to twelve-day intervals, altho sometimes on aceount of
storm the sampling was delayed several days. Twenty-six sam-
plings in all were made.

The winter was eold and open and only during a small part
of the time was the ground covered with snow. On December
11 the soil was frozen to a depth of about 134 inches, and all
samples from then to March 5 were taken from frozen soil.

Cook’s No, IT medium quite frequently gave a radically
different count of bacteria than was obtained either on the al-
bumen or the synthetie agar- This is due to the fact that this
medium is especially adapted to the growth of molds, particular-
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ly the mucors, and many of the molds grow so rapidly that they
prevent the development of baecteria and other molds. Some-
times one-third of the plates were grown full of Rhizopus ni.
gricans in two days. A longer incubation period would ordinarily
be required for the molds than for the bacteria, especially if
the former oceurred only as spores. The count on Cook’s No. II
agar, therefore, after such a short incubation period, probably
more nearly represents the.actual numbers of living forms in
the soil. At any rate the more active forms are represented,
among them representatives of nearly all species. The mucors
seem to be especially predominant,

CLIMATIC CONDITIONS

The climatic conditions thruout the year are shown in table
I, which gives the air temperatures on each day of sampling, the
rainfall for the month and the soil temperature in each plot. It
will be seen that the soil temperature gradually dropped until
January 16 when it reached —5.0 to —7.1° C. Ariseintempera-
ture occurred January 29, but this was followed by a drop on
February 12 to -5.5° to -6.2°C and the temperature remained
very low until March 5, after which it rose rapidly. The maxi-
mum was reached on August 6, 21.0° to 22.7° C. after which a
drop occurred.

The rainfall deereased gradually from 1.81 inches in October
to 0.26 in February. This was followed by an increase to 1.71

TABLE I--CLIMATIC CONDITIONS DURING PERIOD OF SAMPLING

Date of Air Temp. on Rain- 80il Temperature

Sampling | D®YofSampl'g fall for| —p1—plor  Plot  Plot Plot  Plot
Max. | Min, j<heMo.f 401 102 108 104 1068 107

1916 g °C | Inches] °C *C *C ] °C | *C C
Oct. 17 weveeeend) L7 | 22 [ 181 62 | 87 | 70 | 65 | 67 | 80
Oct. 28 178 206 | 181| 9.0 | 9.0 | 9.0 | 897 | 971 | o7
Nov. ) 33 | 112 7.6 [ 8¢ | 85 | b2 | 9.2 | 0.8
Dee 5 | -B.3 94| 16 | 1.2 | 1.0 | 0.8 | 14 | 08
. 40 | 11z2| 27 | 25 | 26 | 25 | 1.0 | 1.0

. 44 | 132| 82 | 32 | 80 | 32 | 80 | 2o

5 | -8.3 84 15 | 1.2 | 10 | 090 | L4 | 05

6 J.18.9 04| -15 1-27 | -8.0 | -8.0 | -4.0 |-3.7T

3 {-15.6 o4 |-12 [-20 (-22 |-25 |-27 |-8.0

5.0 |-10.5 71| 285 |27 |27 ]-25 ]-20 |-25

93 |-206 a1 50 |70 | -7 | -7 | -1 |71

0.0 | -68 |21 |22 | .27 |-20 [-20 | -21

39 |-183 26| -65 | -6.0 | -0 | -60 [-g0 | .62

7.9 |-18.7 26) .36 | -45 | -0 | -87 |47 | -2

0.0 (178 | 17| -40 | 67 | -60 | -62 | -5.0 | -6.0

183 [ -01 § 171y 10 [ 17 [ 25 | 2¢ [ 26 | 20

128 | -01 | 5.0 | 45 | 50 | 60 | 60 | 60 | 60

de7r tes | 4on) 76 | 10 | 77 | 72 | 87 | &6

217 | 83 | 401|126 | 160 | 167 | 160 | 1560 | 16.0

26,1 |[10.0 | 8598 1656 |182 [10.0 ]187 | 192 | 190

37.2 | 183 | 889 | 187 | 220 | 223 | 223 ] 220 | 222

294 |128 | 2193|2097 [260 |256 |250 |27.0 |28.0

261 | 12.8 | 266 | 210 | 220 | 226 |225 | 220 | 227

250 |[15.6 | 1.83 [ 182 | 210 [210 |207 |z10 |21

200 | 67 | 1.88|16.0 [18.0 |80 J170 |170 |17.0

1383 | -5.0 68145 | 132 | 180 {132 |13.0 | 18.0
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inches in Mareh, 5.0 inches in April, 4.01 inches in May, and 8.59
inches in June. After this date a decrease in precipitation
occurred. The minimum for the year occurred in February and
the maximum in June.

The moisture content of the soil in each plot was determined
at each sampling and the tables and charts give these results.
The results for Plot 101 may be taken as representative of all
the plots, altho the differences are less marked in the other
plots. From chart I, showing the results for plot 101, it appears
that the moisture content varied very little until December 18,
after which it increased until January 29, when a marked de-
erease was noted, altho the soil was frozen to a considerable
depth. The high moisture content in January may be attributed
to the fact that altho the precipitation was small both in De-
cember and January, the moisture was all held in the surface
soil, being wunable to penetrate the frozen soil. In February,
however, the very light precipitation was insufficient to keep
up the moisture content. From February to May 3, the moisture
in the soil was fairly constant, but after the latter date a de-
crease occurred, due to accelerated evaporation and utilization
by crops.

While the results seecured with the other plots vary somewhat
from these, in general the moisture eurves agree very closely.
They need not be considered further here, as they will be dis-
cussed in connection with the bacteria and mold data.

The moisture conditions on this series of plots while perhaps
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not exactly the same as would be found any other season, repre-
sent quite satisfactorily average field conditions and they may
be considered of some value as a basis for general conclusions.
The bacterial and mold growth during the particular season
may, in other words, be taken as indicating what may oceur
under average seasonzl conditions.

THE GROWTH OF MOLDS IN RELATION TO BACTERIA,
MOISTURE AND TEMPERATURE

The results obtained in this work are given in tables II, III
and IV, which show respectively the numbers of bacteria and
molds growing on albumen agar, modified synthetic agar, and
Cook’s No- IT agar thruout the year, twenty-six samplings in
all being made. The moisture and temperature at each sampling
are also shown in the tables. Charts are prepared for each plot
and the results as plotted on these appear much more distinetly
than in the tables. Curves for the numbers of bacteria and
molds on each medium are given. The tables need not be dis-
cussed separately, therefore, but attention may be centered on
the charts.

Considering the results on the continuous timothy plot as
shown on chart I, it appears that the mold content was very
little influenced by either moisture or temperature. QOceasion-
ally a high count was obtained as on January 6 on the albumen
agar, but it is possible that some mold particularly adapted to
growth on the albumen agar had fruited in the sample. In
general, there seemed to be no effect from low temperatures in
decreasing the number of molds. In fact, there was a gradual
inerease in numbers from the first sampling thru the time of
lowest temperature and the highest eount on all three media
occurred when the highest temperature was reecorded. At this
time the lowest moisture content was found.

The general fluctuations in mold content did not seem to
follow the variations in moisture content during any season of
the year. This was true of all three media. Qccasionally a higher
or lower count on one medium seemed to agree with a higher or
lower moisture econtent than at the previous date, but the re-

. sults were so variable that any coneclusion as to an effect of
moisture would not be warranted. In fact, the variation in num-
bers of molds was not definite enough to permit of coneclusions
regarding the effect of any or all seasonal conditions. It might
even be conecluded that the number of molds fluctuates in soils
without regard to moisture or temperatures—such fluetuations
might be due to some other factor or to some condition connected
with the obtaining of the counts or with the life cycle of the
organisms.
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TABLE II. ALBUMEN AGAR
October 17 1T October 28
| Sou | | Seil | .
Piot | Temp.[| Hy0 | Bacterin Molds | Temp.| H:0 | Bacteria Molds

19 j_per | oW [pet | | __
101 6.26 | 28.6 | 2,698,000 78,100 || 9.0 | 29.0° | 8,995,000 | 82,750
102 6.756 | 28.6 2,209,500 89,760 || 9.0 82.65 | ZM2,5(H 61,460
103 7.0 31.0 Z,811,000 102,800 9.0 29.95 | 2,086.500 34,360
104 6.6 36.5 3,040,000 32,200 | 9,76 | 20.3 5,865,000 37,400
106 b5.16 | 23.85 | 1,688,600 41,060 9.756 | 26,056 | 4,006,600 46,200
107 6.0 | 22.46 | 1,776,000 12,200 ” 9.75 | 23.6 751,600 l 71,900
Ave. | 6.37 | 28,33 | 2,354,000 57,700 || 9.57 | 28.52 | 3,045,000 | 47,000

November 4 Il November 11
101 7.5 29.46 | 2,809,000 42,700 5.5 32.05 | 3,726,000 60,700
102 8.0 31.4 2,940,000 60,750 6.0 82.356 | 2,247,500 61,660
108 8.5 31.86 | 4,600,000 119,660 5.25 | 3L.0 3,128,600 52,260
104 6.256 | 29.3 6,380,000 59,450 5.0 29.2 4,672,600 85,360
106 9.26 | 24.3 3,800,000 48,400 |j B.76 ) 26.7 4,162,600 658,260
107 9.6 22.8 2,647,600 72,350 6.26 | 26.26 | 1,029,760 67,600
Ave, 8.9 28,16 | 8,606,800 67,200 [ 6.3 29.42 }1142'600 _ 60,870

November 20 1l November 28
101 2.76 | 30.05 | 1,919,000 46,950 3.26 | 30.55 | 8,746,000 69,360
102 2.5 31.7 1,873,600 29,750 3.26 | 29.8 2,691,600 97,400
103 2.6 80.456 | 2,425,000 64,600 3.0 27.8 3,068,500 102,100
104 2.5 29.3 5,395,000 72,450 3.26 | 26.15 | 4,886,000 100,800
106 1.0 24.25 | 4,480,000 50,660 3.0 24.2 3,732,600 99,760
107 1.0 27.0 1,827,000 41,700 3.0 23.6 2,209,000 44,670
Ave. | 2.4 | 28.8 | 2,986,600 49,310 || 812 | 27.0_| 8,374,100 86,666

December 11 December 18
101 1.6 30.35 | 4,675,000 €0,100 1.6 80.76 | 6,350,000 69,300
102 1.26 | 32.0 3,360,000 43,650 -2,76 | 31.26 | 8,637,600 61,200
108 1.0 30.3 2,728,000 24,350 -3 28.66 | 4,018,600 41,160
104 BT | 26.656 | 8,067,600 32,400 -3 29.45 | 3,861,000 76,360
106 1.37 | 24.35 | 8,630,000 81,050 -4 26.6 3,385,000 101,900
107 5 240 1,660,000 563,400 -3.75 | 229 1,900,000 45,400
Ave, 1.08 | 27,77 | 8,167,600 50,810 -3.0 | 28.23 | 3,868,700 64,220

December 27 ’ January 6
101 -1.26 | 35.56 | 65,611,000 144,000 -2.5 40.05 | 6,372,600 186,900
162 =20 32,46 | 2,202,600 89,060 -2.76 | 44.3 2,266,000 67,400
108 -2.25 | 36.76 | 2,227,500 62,160 -2.76 | 41,65 | 8,110,000 102,600
104 ~2.5 36.5 2,885,000 67,000 -2.6 28.26 | 5,395,000 63,600
106 -2.76 | 42.2 3,066,000 50,850 ~2.0 26.8 2,651,000 78,850
107 3.0 322 8,905,000 47,560 2.6 25.1 1,794,000 49,800
Ave, -2.3 36.92 | 3,299,600 68,430 -2.6 | 36.02 | 3,429,700 91,690

January 16 January 2%
101 —b 37.2 3,665,000 “90,360 -2,13 | 52.96 | 2,925,000 75,860
102 -7 41.06 | 4,697,600 74,360 =2.25 | 421 2,242,500 51,300
103 —6.76 | 39.0 3,900,000 73,160 -2.76 | 87.0 2,766,000 41,900
104 -6.76 | 36.956 | 6,775,000 68,600 ~2.0 42,9 2,860,000 47,060
106 -7.13 | 86.0 4,272,600 72,900 —2.0 33.0 3,333,000 44,100
107 -7.13 1 32.8 2,011,000 64,850 -2.13 [ 356.56 | 1,670,600 44,160
Ave. | -6.63 | 37.3_ | 4,203,600 76,080 || 2.6 [ 40.6 [ 2,620,600 | 60,640

February 12 i February 22
101 =5.6 82.26 | 6,970,000 96,270 -3.5 37.15 | 5,806,000 93,760
102 -6 49.46 | 3,825,500 17,700 -4.6 46.06 | 4,242,600 58,400
103 ] 38.9 3,843,000 36,650 -b 85.06 | 4,015,000 57,060
104 -6 36.5 5,600,600 50,450 -3.76 | 41.36 | 5,466,000 99,500
106 -6 3z.2 5,416,000 74,000 -4.76 | 27.25 { 4,670,000 71,200
107 =6.26 | 38,05 | 1,974,000 87,250 —4.26 | 84.656 | 1,648,600 106,000
Ave, -6.0 37.06 | 4,688,000 61,700 —4.3 36.9 4,289,300 81,060

March & March 24

101 —4 34.4 5,416,000 72,100 1 88.2 2,790,000 96,600
102 -6.76 | 41.6 4,670,000 47,660 1.8 429 3.510,000 103,600
1038 —6 28.85 | 3,990,000 49,660 2.6 87.1 3,806,000 90,000
104 -5.26 | 35.26 | 5,012,600 81,600 2.0 36.4 5,910,000 93,300
106 -5 20.8 4,662,600 84,970 2.5 31.6 5,286,000 118,000
107 -6.0 28.86 | 2,867,000 61,900 2.0 27.9 8,630,000 98,000
Ave =67 | 33.12 | 4,417,800 61,290 2 85.6 | 4,156,200 99,000
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ALBUMEN AGAR (Continued)

TABLE 1I.
April 17 1] May 3
Soil Seil
Plot | Temp.] H.O | Bacteria Molds Temp.| H.O [ Bacteria Molds
0°C. | pet. 0°C. | pct.
101 4.5 34.1 8,220,000 96,000 7.5 30.4 7,120,000 162,000
102 B 80.8 5,195,000 86,600 7.0 39.0 3,340,000 123,500
103 6 31.3 3,687,600 87,000 7.8 34.2 8,600,000 98,400
104 6 30 4,707,600 120,600 7.3 3.4 6,266,000 114,500
106 ] 26 4,060,000 116,800 6.8 | 28.9 6,260,000 52,600
107 4 23.1 3,310,000 87.000 6.5 24.9 2,637,600 74,100
Ave, 5.2 29.2 4,845,000 98,800 7 33.3 4,858,700 110,800
May 20 June 19
101 12.6 24.2 7,060,000 82,000 16.5 20.9 6,808,000 176,300
102 18 21.6 5,625,000 187,000 18.8 7.6 5,060,000 78,600
103 15.8 26.1 4,785,000 58,500 19 25.8 7,000,000 50,300
104 16 25 6,166,000 57,600 18.8 25.6 9,315,000 58,700
106 16 23.1 6,010,600 44,600 19.8 28.5 6,810,000 108,000
107 16 20.7 3,132,000 62,600 19 21.1 2,870,000 67,300
Ave, 15 24.4 5,462,900 82,000 18.5 23.9 6,308,000 79,000
June 30 July 18
101 18.8 19.7 5,256,000 81,400 20.8 221 6,742,500 88,000
102 22 25.4 4,290,000 83,400 26 25.9 4,367,600 76,600
103 224 25.6 4,665,000 75,400 26.5 26.6 5,325,000 50,600
104 224 24.6 6,042,600 50,800 26 356.6 6,965,000 57.800
106 22 22.1 5,365.000 56,000 27 22.9 5,706,000 72,700
107 22.3 18.9 1,760,000 102,200 26 20.9 3,425,000 * 55900
Ave, 21.6 22.6 4,479,600 74,700 24.9 23.9 5,421,700 86,800
August 6 September 3
101 21 24.4 5.450.000 181,500 18.8 264 4,985,000 78,700
102 22 24.9 3.937,600 99,000 21 26.6 3.416,000 87,000
103 22.56 24.1 3,490,000 85,500 21 25.2 4,230,000 57.600
104 22.6 23.5 6.305,000 97,600 70.8 24 5,281,000 77,000
108 22 21.8 4,252,600 101,600 21 21,1 5,045,000 123,600
107 22.8 19.3 2,262,000 68.000 21 18.6 1,645,000 64,700
Ave. 22 23 4,283,000 104,700 20.5 23.4 4,088,700 79,700
September 29 November 2
101 15 24.4 6,375,000 156,800 14.5 28.7 8,812,500 102,900
102 18 -26.1 6.746,000 104,500 13.3 28.0 6,885,000 46,000
103 18 26.3 6,165,000 86,700 13 26.9 6,867,500 98,400
104 17 24.3 6,625,000 82,100 13.3 24.6 6,640,000 57,800
106 17 21.3 5,360,000 71,500 13 22.2 8,412,600 84,700
107 17 19.6 2,964,000 86,700 13 20.6 8,235,000 43,300
Ave. 16.8 23.6 5,522,000 98,000 13.3 25.1 6,378,800 71,800
TABLE III. MODIFIED SYNTHETIC AGAR
October 17 Il October 28
Soil l l Soil I |]
Plot | Temp.| H.0 | Bacteria Molds Temn.| H-O | Bacteria Molds
0°C. |_pet. _ II_0°C, | _pet -] _ _
101 6.256 | 28.6 2,266,600 103,200 9.0 1 29.6 4,855,000 18,250
102 6.75 | 28.8 1,250,000 135,260 9.0 82.66 4.030.000 44,2650
103 7.0 31.0 1,968,600 61,400 8.0 29.95 | 1,409,000 50.850
104 8.6 35.5 2.786.000 70,200 9.76 | 29.3 5.447,5600 24,500
106 B.75 | 23.85 | 1,964,000 116,600 9.756 | 26,06 | 4,242,500 40,360
107 6.0 22.45 | 1,262,000 142.000 9.76 | 23.6 2,419,000 40,600
Ave. 6.37 | 28.33 | 1,922,800 104,770 .37 | 28.562 | 3,738,800 47,970
November 4 ”I November 11
101 7.5 | 29.46 | 4.136.600 72,760 5.6 | 82.06 | 4.797,600 30,300
102 8.0 21.4 2.725,000 96,100 5.0 a42.36 | 2.381,000 30,600
103 8.5 31.85 | 8.842.500 87.260 5.25 | 31.0 1.961,000 74,850
104 9.26 | 29.3 3.242.500 103,450 5.0 29.2 5,030,000 67,500
106 925 | 243 2,321,500 88,250 5.75 | 26.7 8.592,600 B83.600
107 9.6 22.6 1,462,500 81,000 5.256 | 25.26 | 1,601,000 33,400
Ave, 8.7 28.15 | 8.964.900 88,130 5.3 29,42 | 3,218,800 51,620
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TABLE 1II. MODIFIED SYNTHETIC AGAR (Continued)
November 20 11 . November 28
Soil Soil |
Plot | Temp.| H:0 | Bacteria Molds Temp.| H:0'| Bacteria | Molds
| 0°C. | pet. Q°C. | pet
101 2.75 | 30.05 | 2,242,600 84,850 3.26 | 30.65 | 8,095,000 86,600
102 2.6 81.7 1,930,000 89,600 3.26 | 29.8 2,142,500 62,800
103 2.5 80.45 | 2,840,000 97,600 3. g 3,314,500 46,050
104 256 | 293 | 5830000 63,450 3.26 | 26.16 | 4,520,000 130,300
106 1.0 | 24.25 | 4,022,500 52,400 3.0 | 242 | 3227800 110,050
107 1.0 27.0- | 1,178,000 58,700 3.0 23.56 1,464,500 85,750
Ave, 24 28.8 2,673,800 67,760 3.12 | 27.0 2.962,100 86,910
December 11 December 18
101 1.5 30.35 | 3,645,000 66,000 =1.5 30,76 | 3,931,000 99,350
102 1.25 | 82.0 3,350,000 39,660 -2.76 | 81.26 | 3,667,500 74,250
108 1.0 30.3 8,106,000 34.000 -3 28.66 | 2,601,000 59,160
104 .87 | 25.66 | 3,302,500 112,600 -3 29.45 | 8,308,600 59,600
106 1.37 | 24.36 | 2,865,000 44,760 ~q 26.5 3,195,000 70,600
107 .5 24.0 2.661,000 87,100 —3.76 | 22.9 2,630,000 52,5660
Ave, 1.08 | 27.77 | 3,159,900 58,820 -3 28.23 | 8,187,200 69,250
December 27 January 6
101 -1.25 | 36.55 | 8,625,000 85,450 -2.6 40.06 | 4,916,600 78,200
102 -2 32.45 | 2,311,000 87,150 275 | 448 2,445,000 56,050
108 -2.26 | 85.76 | 2,981,500 58,200 —2.76 | 41.65 | 2,201,600 54,300
104 -2.5 36.5 8,667,600 44,860 -2.5 38.26 | 5,303,500 77,360
106 -276 | 42.2 4,141,000 72,000 =2.0 26.8 3,482,600 49,600
107 -3.0 32.2 2,168,500 70,100 -2.6 26.1 1,227,600 50,160
Ave. —2.8 85.92 | 8,132,400 69,620 2.5 36.02 | 3,262,700 60,940
January 16 1 January 29 .
101 -6 37.2 3,490,000 75,300 -Z,18 | 62.96 | 6 492,500 100,660
102 =7 41.06 | 1,165,000 107,060 -2.25 | 42.1 2,190,000 47,060
108 —6.75 | 39.0 2,583,000 68,2650 ~2.76 | 37.0 2 152,600 49,900
104 -6.76 | 36.95 | 5.266,000 90,600 -2.0 42.9 6 455,000 B7.1560
106 -7.13 | 36.0 8.762,600 89,6560 -2.0 33.0 4,247,600 97.750
107 -7.13 | 32.8 1,677.600 65,900 -2.13 | 35.566 | 1,847,600 81,850
Ave. -6.63 | 37.38 2,968,800 81,110 -2.6 40.6 3.897,600 65,710
February 12 | February 22
101 -6.B 32,26 | 6,492,600 100,660 -3.5 37.15 | 5 910.000 167,500
102 -6 49.45 | 4,586,000 76,360 -4.6 46.05 | 3.760,000 62.6560
103 -6 38.9 3.867,000 67,760 -B 35.05 | 4,780.000 66.400
104 -8 38.6 5,476,000 63,800 -3.76 | 41.35 | 4.952.600 51,060
106 -8 322 3,777,600 74,000 -4.76 | 27.26 | 4.3567,600 49.450
107 -6.25 | 38.06 | 1,882.000 50,600 -4,26 | 34.56 | 1,832,000 150.650
Ave, —8.0 87.06 | 4,346,700 72,010 -4.3 36.9 4,263,700 89.600
March 5 Marech 24
101 —4 84.4 6,636,000 80,250 1 38.2 3.780 000 63,600
102 -6.75 | 41.6 3.645.000 62,760 18 42.9 2 820.000 110,000
103 -6 28.86 | 8,817,600 34,900 2.5 87.1 4,677.500 72,800
104 -6.25 | 86.26 | 4,141.500 67,660 2.0 35.7 £.470.000 71 800
106 -5 29.8 4,876,000 52.000 2.6 3156 4.985.000 77,300
107 ] 28.85 | 2,675.000 43.000 2.0 27.9 B 315 000 66,600
Ave. ~5.7 33.12 | 4.264.800 56.740 2 36.6 4,491 800 71,000
April 12 Mav 3
101 4.5 34.1 8.400,000 88.600 7.5 394 6.680,000 120 900
102 5 30.8 | 4,420,060 60,300 7.0 { 39.0 | 4,645.000 147,000
108 6 31.3 4.410,000 93.600 7.8 34.2 4.326.000 96,800
104 -] 30 4.675,000 59.600 7.3 33.4 6,620 000 69,700
106 [ 26 4,350,000 115.000 6.8 28.9 5.446.000 79 500
107 5 23.1 2,645,000 50,000 6.5 24,9 2.570.000 61.800
Ave. 5.2 | 20.2 | 4,800,000 717,800 7 33.3° | 5030.800 95,800
May 29 June 19
101 12,6 24.2 7,295,000 131,600 16.5 20.9 5,936 000 116.300
102 18 27.6 4.900,000 80,600 18.3 27.6 4,815.000 38 200
108 15.8 26.1 4.250,000 683,400 19 258 8.666.000 46.400
104 16 25 6,166,000 86.400 18.8 | 26.6 | 7 886.000 56.500
106 -16 281 6.466,000 81,600 19.3 23.6 8.165.000 93.200
107 15 20.7 2,703,000 79,500 19 | 211 2.742.500 64,500
Ave, 15 24.4 5.296.300 87.100 18.6 23.9 6,274.600 69.400
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TABLE III. MODIFIED SYNTHETIC AGAR (Continued)
June 30 July 18
Soil i | Soil
Plot | Temp.| H.0 | Bacteria Molds Temp.| H.Q f Busteria Molda
0°C. | pct. 0°C. | pet.
101 18.8 19.7 4,932,600 95,800 20.8 22.1 5,230,000 72,000
102 22 25.4 | 4,896,000 82,000 25 26.9 | 3,770,000 58,000
108 22.4 26.5 5,880,000 41,400 25.6 26.6 8,765.000 45,600
104 22.4 24.5 3.662,5600 77,400 25 36.6 5,375,000 66,600
106 |22 221 | 3,860,000 56,600 || 27 229 | 5.447.500 81,200
107 223 18.9 2,264,000 60,800 26 20.9 1,548,500 64,400
Ave. 21.6 22.6 3,807,000 69,000 24.9 23.9 4,188,300 64,600
August 6 September 3
101 21 244 |.evienenaas 140,800 18.3 25.4 3,004,000 121,000
102 22 249 |.iiviannns 77,600 21 26.6 2,063,600 67,200
108 22,6 241 lo.viieenn .e 127,900 21 26.2 1,798,000 56,400
104 22.6 235 [veeens - 161,800 20.8 24 8.966,000 57.200
106 22 21.8 cerrsrnnas 146,600 21 211 2,830,000 72,700
107 228 188 Joivvennnn. 69,000 21 18.5 1,180,000 51,000
Ave, 22 28 |iisienaann. 120,600 20.5 23.4 2,473,600 70,800
September 29 November 2
101 15 24.4 4,395,000 168,600 14.5 28.7 4,380,000 79,100
102 18 26.1 4,676,000 91,900 13.3 28.0 1,879,000 93,300
103 18 263 4,407,600 120,600 13 26,9 2,093,000 76,200
104 17 243 4,920,000 190,000 13.3 24.8 4,025,000 113,900
108 17 21.8 8,667,600 141,000 13 222 3,104,000 98,300
107 17 16.6 2,082,000 91,200 13 20.5 1,180,000 19,300
Ave, 16.8 28.5 4,024,600 181.300 13.3 25.1 2,777.000 79.800
TABLE IV. COOK’S NO. II MEDIUM
October 17 1 October 28
Soil Soil
Plot | Temp.] H,O | Bacteria Molds Temp.| H.O [ Bacteria Molds
0°C. [ pet 0°C. | pet.
101 6.25 | 28.8 795,000 103,000 9.0 20.6 5.865,000 46,700
102 6.76 | 28.6 591,600 32,160 9.0 82.66 | 2,217,600 98.760
103 7.0 31.0 862,600 66,050 9.0 29,95 | 2,646,000 46,500
104 6.6 356.6 8,074,000 66,400 9.76 | 29.3 5.060,000 €6.950
106 5.76 { 23.85 866,000 86,400 9.76 | 26.06 | 8;270,000 83,400
107 6.0 22.45 737,000 128,800 || 9.75 | 28.6 2,327,600 78,450
Ave. 6.87 | 28.33 | 1,154.200 80130 I 9.37 | 28.52 | 8.564.200 70,190
November 4 “November 11
101 7.5 20.46 | 4,676,600 81,300 5.6 32.08 | $,661,000 78,000
102 8.0 31.4 3,200,000 20,860 5.0 82.35 | 1,963.500 20,460
103 B.5 31,86 | 7,787,500 104,450 5.26 | 81.0 2,207,600 47,160
14 9.25 | 20.3 5,774,000 64.900 5.0 202 4,160,000 33,600
106 9.26 | 24.8 3,324,500 82,060 5.76 | 26.7 4,245,600 96,260
107 2.6 22.8 2,012,200 59,700 5.26 | 25.28 540,600 53,000
Ave. 8.7 28.15 | 4,464,100 68,870 5.3 29.42 | 2,778,000 56,410
November 20 November 28
101 2.76 | 80.05 | 8,050,000 83,200 3.26 | 80.56 | 4,069,000 60,060
102 2.5 817 1,952,600 109,500 3.26 | 20.8 1,262,600 41,000
108 2.5 30.45 | 1,861,500 91,660 8.0 27.8 2,386,000 64,400
104 2.5 29.3 4,380,000 69,650 3.25 | 26.16 | 4.364,600 49,700
106 1.0 24.26 | 4,149.500 62,400 3.0 24.2 2,704,000 65,660
107 1.0 27.0 1,308,000 83,800 2.0 23.8 1,860,600 60,100
Ave, 2.4 28.8 2,774,400 81,660 3.12 | 270 2,774,400 56,820
December 11 December 18
101 1.6 30.36 | 4,600,000 52,400 -1.6 30.76 | 5,460,000 147,750
102 1.25 | 32.0 4,236.500 §0,800 -2.,76 | 81.25 | 2,761,500 38,060
103 1.0 80.3 2,437.600 50,660 -8 28.56 | 2,610,000 43,600
104 .87 | 25.65 | 3,740,000 128,600 -3 20.45 | 8,631.000 72,600
106 -| 1.87 | 24.36 | 8,628.500 138,760 —4 26.5 1,966,600 109,600
167 .0 24.0 2,020,500 44.400 -3.76 | 22.9 1.043,600 19,250
Ave. 1.08 1 27.97 | 8,445.500 78.430 -3.0 28.23 | 2.896.400 71,790
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TABLE IV, COOK'S NO. II MEDIUM (Continued)

December 27 | January 6
Soil Soil
Plot | Temp.| H.O | Bacteria Molda Temp.| H:0 | Bacteria Molds
0°C, | pet 0°C, | pet.
101 -1.25 | 35.65 | 3,384,000 62,350 -2.6 40.06 | 1,436,000 123,600
162 -2 32.46 | 1,861,500 80,750 ~2.76 | 44.3 09,600 37,600
103 -2.25 | 35.756 960,500 12,300 -2.76 | 41.66 | 1,110,600 30,600
104 -2.6 | 36.6 | 1,709,500 21,950 -2.5 | 38.25 | 4,495,000 138,150
106 —-2.76 | 42.2 2,350,000 36,650 -2.0 26.8 3,365,000 70,800
107 -3.0 32.2 946,600 43,600 -2.6 26.1 1,898,000 32,800
Ave. -2.3 35.92 | 1,868,600 42,930 -2.6 36.02 | 2,151,600 72,220
Jannary 16 Januvary 29
101 -5 37.2 2,698,600 96,360 -2.18 | 52.96 | 2,852,000 44,100
102 =7 41,05 | 2,022,200 117,250 -2.26 | 42.1 2,682,000 47,060
103 —6.76 | 39.0 1,881,600 162,260 -6 | 37.0 2,732,000 68,8650
104 —8.76 | 86.96 | 2,830,000 136,900 -2.0 42.8 2,711,000 65,360
106 =7.13 | 86.0 2,876,600 102,950 -2.0 33.0 2,202,000 75,100
107 -7.13 | 32.8 1,954,000 87,000 —2.13 | 35,66 519,500 27,100
Ave. —6.63 | 37.3 2,343,800 115,450 =2.6 40.6 2,286,400 64,560
February 12 | February 22
101 =56.5 32.26 | 6,890,000 104,500 -3.6 37.16 | 1,077,600 115,060
102 -5 49,45 | 4,070,000 59,100 —4.5 46.06 176,000 23,250
103 -8 38.9 2,405,000 131,660 -5 36.05 712,600 81,600
104 -5 36.56 5,742,600 65,060 -3.76 | 41.36 | 8,782,000 145,000
106 -6 3z2.2 4,227,600 92,450 —4.76 | 27.25 | 2,973,600 117,350
107 -6.26 | 28.05 | 1,031,000 38,700 —4.26 | 34.65 457,100 261,100
Ave. —6.0 37.06 | 4,061.000 81,410 —4.3 36.9 1,629,600 123,890
March 5 March 24
101 —4 34.4 4,097,600 99,200 1 38.2 1,674,600 105,000
102 —6.76 | 41.6 3,137,600 70,100 1.8 42.9 1,325,000 28,700
103 —6 28.86 | 2,280,500 54,050 Z.5 371 1,432,500 990,000
104 -6.76 | 85.26 | 3,952,600 67,860 2.0 36.4 1,980,000 69,000
106 -5 29.8 2,960,000 43,150 2.5 316 1,789,000 78,500
107 —6.0 28.85 | 1,816,000 21,160 2.0 27.9 932,600 41,500
Ave. -b.7 33.12 | 8,040,500 59,260 2 35.5- | 1,605,600 59,000
April 12 May '3
101 4.6 341 3,456,000 128,000 1.5 30.4 7,120,000 115,600
102 ] 30.8 3,715,000 116,600 T0 39.0 3,430,000 50,000
103 -] 31.3 4,345,000 51,400 7.8 34.2 3,820,000 66,200
104 6 30 4,305,000 69.000 7.8 33.4 4,565,000 131,600
106 & 26 3,330,000 136,200 6.8 289 4,610,000 72,300
107 ] 23.1 2,017,600 57,000 6.5 24.9 | 1,845,000 41.200
Ave. 5.2 29.2 3,661,000 93,000 7 33.3 4,249,000 79,400
May 29 June 19
101 12.6 242 1,189,500 106,600 16.5 209 5.280,000 104,000
102 16 27.6 1,687,600 58,800 18.3 21.6 €,220,000 100,500
108 15.8 26.1 1,860,000 45.700 19 25.8 7,390,000 25,000
104 16 25 8,274,000 95,000 18.8 25.6 7,410,000 66,700
106 16 231 2,809,000 118,600 19.3 23.5 4,465,500 86,200
107 15 20.7 1.161,600 56,600 19 21.1 2,910,000 27,900
Ave. 15 24.4 1.986,000 80,000 18.56 23.9 5,612,600 68,300
June 30 July 18
101 18.8 | 19.7 | 8,685.000 118,700 20.8 1221 Jiveoraanrns 61,000
102 22 26.4 2,667,600 123,600 25 259 |- 69,400
163 22.4 25.5 2,790.000 53,800 256.5 28.5 149,300
104 22.4 24.5 8,880,000 82,200 25 36.6 120,500
106 22 221 8,400,000 96,600 27 229 111,000
107 223 18.9 2,225,000 66.500 28 20.9 90,300
Ave, 21.6 | 22.6 | 3,108,000 89,400 249 239 I|...... v....]  100,200]
August 6 September 8
101 21 24.4 5,950.000 171.400 18.3 25.4 6,210,000 70,700
102 22 24,9 3.676 600 90 000 21.0 26 6 4,460,000 100,200
103 22.5 24.1 8.631,000 56,700 21.0 25.2 4,745,000 « 45,200
104 22,6 25.6 B.645.000 96,700 20.8 24 6,946,000 81.900
106 22 21.8 4 536.000 56,300 21 21.1 5,876,000 76,300
107 22.8 19.8 2,771,600 95,600 21- 18.56 8,124,000 47,300
Ave. 22 23 4.336.000 94.400 20,5 23.4 6.225,000 70.300
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TABLE IV. COOK'S NO II MEDIUM (5)

September 29 1 “November 2
Soil Soil
Plot | Temp.] H.O | Bacteria Molds Temp.| H.O [ Bacteria Molds

. 0°C. | pet. | 0°C. | pet. ||

101 16 24.4 5,260,000 167,600 14.6 28.7 5.167, 500 62,900
102 18 26.1 4,865,000 126,000 13.3 28.0 4,937,500 57.100
103 18 25,3 4,726,000 90,400 13 26.9 5,310,000 70,800
104 17 24.3 5,200,000 82,000 13.3 24.6 7.205,000 99,700
106 17 213 5,620,000 76,200 13 22.2 5.960,000 85,800
107 11 19.6 2,991,600 83,600 13 20.5 8,223,000 56,600
Ave. [16.8 [ 235 [ 4.793.600 102,600 |l 18.3 J 25.1 | 5,300,500 71,900

THE RELATION BETWEEN BACTERIA AND MOLDS

Comparing the mold content with the bacterial numbers, it is
evident that there was no relation between the development of
these two groups of organisms. In general, the bacteria de-
creased with the lowering of the temperature until December
27, when the ground was well frozen, the moisture varying only
shghtly during that period. After that date an increase in
moisture oceurred which was accompanied by a decrease in
bacteria. On January 16, the first very low temperature was re-
corded and after that date the number of bacteria increased as
the temperature dropped. This suggests that undoubtedly a
change in the soil flora was taking place, The competing organ-
isms were probably eliminated by the low temperature, as Conn
suggests, and thus an abnormal increase was permitted of those
organisms which are able to grow at these low temperatures,
This, however, does not explain the increase in numbers of
baeteria with a lowering of the temperatures below zero. His
suggestion as to the crumbling action of frost on masses of bae-
teria does not offer an explanation, for this action would be quite
constant in frozen soils, regardless of temperature.

Neither e¢an it be explained by the eapillary action in the
soil, because at this period the soil was frozen several feet be-
low the point where the sample was taken and any capillary
moisture would be congealed on reaching this frozen soil and
further movement would be prevented. The retarding effect of
freezing on the development of protozoa would also be constant
in all-frozen soils and hence that effect would not be of signifi-
cance here. Only one explanation remains, and that is that
variations take place in the concentration of salts in the film
of hygroscopic moisture, which according to the theory of Brown
and Smith (4) is not frozen until the temperature goes very
much below zero. In this work the temperature was not low
enough to warrant the belief that the hygroscopie film was con-
gealed.

After March 5, the soil thawed and was very muddy on March
24, which probably accounts for the low bacterial count on that
date The inerease in temperature continued until it reached its
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highest point on August 16, but the number of bacteria on this
plot (101) increased to a maxium on April 12 after which a de-
crease oceurred toward fall, altho the moisture content re-
mained almost constant and the temperature increased. On the
other plots in the series tested which were kept fallow, the maxi-
mum count was not obtained until June 19. Thus it appears that
seasonal variations in cropped and uncropped soils are essen-
tially different. There evidently must be some other condition
than moisture and temperature which exerts a controlling in-
fluence on the bacteria in plot 101 after April 12. Just what
ihis might be would, of course, be mere speculation, Itis proba-
bly mieroorganic in nature and may perhaps be protozoa.
Chemical conditions might account for the results, at least in
part.

VARIATION IN BACTERIA DURING SEASONS
r

These results show that bacteria in the soil, at least those
species which develop on the three media used here, may in-
crease or decrease with the temperature and moisture condi-
tions during the fall season or at least during the time when the
soil is not frozen. When the soil is frozen, but the temperature
does not go so low that the hygroscopic moisture freezes, the
bacteria may increase regardless of moisture or temperature
Similarly, during the summer the bacteria may be influenced
by some other factor and increase or decrease, regardless of
moisture and temperature. During the growing season, how-
ever, extremes both in moisture and temperature affect bacterial
development. Apparently the effect on bacteria is no indication
of any influence on molds and the latter organisms develop
under the control either of their own life cyele or of some condi-
tion as yet unrecognized.

The development of both the molds and bacteria was some-
what different on the three media but in the above discussion
the general tendencies on all three media have been considered.
In the case of molds, there is so little difference in the growth
that no general comparison can be made, The character of the
growth is quite different, however, especially on Cook’s No. II,
from that on the other two media. The albumen agar appears to
give somewhat lower results on the average than the other
media. It is apparent that accurate quantitative work with molds
will require the preparation of special media.

In the case of the bacteria the highest counts were obtained
on the albumen agar in practically all cases. The modified
synthetic agar medium gave the nexf largest count, while the
Cook’s No. IT was the lowest. This was expected, as the lat-
ter medium is especially designed for mold growth.
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THE NUMBER OF MOLDS IN SOILS

The actual number of molds in the soil as shown by these
results with the three media ranged from 12,000 to 261,000, The
average counts obtained on the three media from the samples
from all the plots ranged, however, from 42,000 to 131,000.
High individual counts may often be secured as pointed out
above and hence the average counts probably represent more
nearly the numbers of molds occurring in these soils under nor-
mal conditions, The previous investigations of numbers of fun-
gi in soils were reviewed by Waksman (18) and need not be
cited here. Waksman himself found 6.2 to 7.1 pet. of the
total mieroorganie flora of soil to be fungi which amounted to
400,000 to 1,100,000 per g. of soil at a depth of 1 inch and 7.9
to 11.7 pet. at a depth of four inches. In cultivated non-acid
soils the ratio of bacteria to fungi was 10 to 1, while in forest
soil it was 5 or 6 to 1. Some of the earlier investigators found a
ratio of 10 to 1 in some soils while the ratio widened or
narrowed according to the soil conditions and treatment.

It is hardly worth while to disecuss the ratio seeured in this
work except to say that it was much wider than found by
previous workers. On the average, the number of molds develop-
ing on the media used was much smaller in relation to the
bacteria than found by others. This may be due to the media
used, altho the ratio is not very different on the three widely
different media. The media may be better adapted to the growth
of bacteria permitting of larger counts, or the mold growth may
more nearly represent the active mold forms in the soil be-
cause of the method of study and partieularly the time of incu-
bation, altho the latter varied with the different media, The
ratio secured in this work for general average counts was about
40 or 50 to 1.

In spite of this comp ratively small number of molds in rela-
tion to baecteria it does not seem advisable to conelude that they
are unimportant. It is quite possible that a small number of
molds may be much more important than a very large number
of bacteria, if the molds are concerned in some process particu-
larly important from the soil fertility standpoint while the bac-
teria are not active or less active in such a process. Until more is
known about the species of molds and their action in the soil-
it is not wise to conclude even that they are less important than
bacteria and certainly not that they have no influence on soil
fertility. Altho direet microscopic examination of soils may not
show the presence of mold mycelia, a rather large number may
be present and their action may be very important. Neither
should toc much emphasis be placed upon mold oceurrence and
activities in the soil and this work serves to show that the num-
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ber of molds may be very much smaller in some soils, altho they
are rich in organic matter, than has previously been found.

The following charts, II, IIT, IV, V, VI, need not be discussed
at length, as ‘the general conclusions regarding mold growth
thruout the season are verified by the results seeured on
differently treated soils. Some differences are apparent and
these will be noted briefly, but in general the conclusions
reached with plot 101 are confirmed.

The results secured from the soil on plot 102, which receives
2.8 tons peat annually, are shown in chart II. This plot was
characterized by a uniformly low bacterial content which was
probably due to the peat application. The moisture content re-
mained practieally constant until after December 27, when it in-
ereased but this inerease was accompanied by a low bacterial
count. On February 12, the moisture was the highest and the
bacterial count was also the highest, but the temperature on
that date was very low and no definite conclusions regarding
the effects of moisture and temperature are possible. It is of in-
terest to note that not until after the temperature had reached
a minimum was there an increase in bacteria on all media. The
resulis in general confirm the previous ones. There again an in-
crease in bacteria occurred during the continuance of the freez-
ing period. As in the other plot, the number of molds seems to be
quite constant regardless of moisture and temperature. It
should be noted here that the low count of bacteria on the
synthetic agar on January 16 was probably due to the over-
growing with molds, as a high mold content was found on that
date. :

The results from plot 103, which receives 8 tons of manure
every four years (1909, 1913}, are shown in chart III. A very
high bacterial count was found on November 4 and there was
also an inerease in mold colonies on that date. This is praeti-
cally the only variation in the counts on this plot from those
secured on the other plots. It seems probable that there was an
abnormal amount of organic matter in the particular spot from
which the sample was drawn, The low count on the albumen
agar on that date was undoubtedly occasioned by a erowding out
of the bacterial colonies by molds.

The results in general confirm the previous conclusions. After
the minimum temperature was reached in the frozen soil, a rise
in temperature suppressed the bacterial count (see January
29) and a decrease in temperature caused a simultaneous in-
crease in the bacterial count (see February 12) regardless of
the moisture content. This is just what was noted in the results
from the other plots. Here again the number of molds was not
materially. affected by either temperature or moisture, but
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fluctuated somewhat regularly thruout the season, dependent
evidently upon some other factor or eondition peculiar to those
organisms.

In chart No. IV there are shown the results obtained on plot
104 which receives 8 tons of clover hay every four years (1909,
1913). It is of particular interest to note how the temperature
curve intersects those representing the bacterial count during
the frozen season as one decends the other ascends and vice
versa. As in the previous cases, a retarding effect on bacterial
numbers was brought about by a decrease in soil temperature
until the soil was frozen. After that, however, the numbers in-
creased with depressed temperatures and decreased with in-
creases in temperature regardless of the moisture. Again ag
noted in the other plots, the number of molds was not influenced
by moiswire cr temperature and did not seem to bear any rels
tion to bacterial numbers. The fluctuations in mold numbers was
likewise very much the same as observed in the other tests.

Chart No- V gives the results secured for plot 106 which re-
ceives 2 tons of timothy annually. The chief point to be noted
here is that {nere was no greai retarding effect ¢n numbcers of
becteria as the temperature dropped in the fall. This is probably
due {0 the plowing under of the application of tiwothy which
takes plaer at that time in the year. In all other resprcts the re-
sults confirm the observations previously noted. The number of
bacteria rose and fell with lower and higher soil temperatures
after the soil was frozen and showed no relation to the moisture
conditions. The mold growth again was not influenced by mois-
ture or temperature but flucutated thru the season as in the
other cases. ’

The results obtained on plot 107, which is a check plot, are
shown in chart VI. In this case there was no great increase in
bacterial numbers during the frozen period but a uniformly
high eount was found at the period of lowest temperature. The
failure of the plot to show a decided inrease in numbers of
bacteria while the soil was frozen was in direct contrast to the
results on the other plots. This being a check plot, higher
in topography and low in organic matter, it is possible that
the concentration of the soil water would be sufficiently weak
to permit of the freezing of much of the hygroscopic moisture.
This is in accord with the theory of Brown and Smith (4) and
might explain the variation in these results, The large count of
molds on February 22 is probably due to fructification of a mold
in the sample. Other than this the numbers of molds seem as
usual to be unaffected either by moisture or temperature.

THE EFFECTS OF SOIL TREATMENT

Comparing the results secured on all the plots, some interest-
ing facts are brought out. The greatest bacterial count was ob-
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Chart VI. Bacteria and molds in soil from check plot

tained on plot 104, which received 8 tons of clover hay every
four years. Altho nearly four years had elapsed sinee the lasi
application, a marked influenee could be seen. Plot 101, in con-
tinuous timothy meadow, ranked second. Slightly less than this
was plot 106, which receives 2 tons of timothy annually. Ivi-
dently the treatment of these two plots is of less significance
than the topography for it would be expected that the cultivated
plot receiving the treatment with timothy would be much
higher in bacteria than the timothy meadow plot. In topography,
however, plot 101 is lower than plot 106 and therefore it is not
oily naturally richer in organiec matter, but continues to be
enriched constanily- Some other factor than plant food content
or organic matter present might account for the high resuits
on plot 101 but no investigation of this point was earried out.

In plot 103, which receives 8 tons of manure once every four
years, it was quite unexpected to find the numbers very low in
comparison with plot 104, the highest in bacteria, where clover
was applied once in four years. The difference in topography
is not sufficiently great to warrant the variation in numbers
which oecurs, nor would it be expected that clover would in-
crease the bacteria more than manure. Of course, it is possible
‘that the effect of the clover persists for a longer period than
that of the manure. However, it seems that some factor nct
studied had more infhience on the bacteria in these plots than
the treatments to which they were subjected.

The low count on plot 102 is probably due mainly to the peat
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CHART 7 AVERAGE OF ALL PLOTS
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Chart VII. Average bacteria and molde from all plots

applied, altho the topography of the plot is such that water
‘tends to pond in the center and the physical conditions may be
the controlling factor in bacterial growth. The check plot (107)
is the lowest in bacteria of all the plots and this might lead to
some conelusion regarding treatment, but the topography of
that plot in undoubtedly an important faetor in bacterial
development. The plot is higher than the others and naturally
poorer in plant food and organic matter. In general, the effects
of soil freatment in these plots on the bacteria is apparently
subordinate to other factors and while some effects are noted,
general conclusions should not be drawn. Especially since the
results are so unusual it does not seem wise to make any broad
interpretations of the data.

The soil treatments did not seem to affect the growth of molds,
materially. The smallest numbers were found in plots 103 and
107 just as in the case of bacteria, and the highest count was
likewise in plot 101. The difference in the case of the molds
were not very great and it must be concluded that some other
factors than soil treatment were of more importance in mold
growth.

THE AVERAGE COUNTS ON ALL PLOTS

The average counts on all the plots for the three media are
shown in chart VII. Altho the depressing effect of decreasing
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temperature in the fall does not appear as clearly as the other
charts, the depression being obscured by the resultsonplots106
and 107, the chart shows elearly a great increase in numbers
after January 16. The increase was reduced by & rise in
soil temperatures and greatly increased by a drop in tempera-
ture, regardless of the moisture. Furthermore, the inerease in
bacterial numbers observed was greater than that found in un-
frozen soils. There was an increase in bacteria again following
the decrease and this increase occurred at the time of the
thawing of the soil. The highest count was obtained on dJune
19, after which a decrease occurred, altho the temperature con-
tinued to increase and the moisture remained constant. The two
maximum counts of the year were obtained on February 12 ana
on June 19, with periods of minimum counts intervening. These
results confirm the earlier work of Conn and Brown and
Smith already referred to, and show that bacteria are active in
frozen soils and also that there may exist groups of bacteria
especially adapted to grow under winter or summer conditions.
There may be such groups as ‘‘winter’” and ‘‘summer’’ bacteria.
No eonclusions can be drawn relative to the effeet of moisture
and temperature. In the frozen soil, neither seems to have any
effect while in unfrozen soils, temperature sometimes seems to
control (as in the fall) but at other times (as in the summer
and second fall) neither temperature nor moisture have any
apparent influence.

The number of molds, as indicated in all the charts, does not
seem to be influenced at all by seasonal conditions. The number
rises and falls irrespective of moisture and temperature and 1s
apparently dependent on some factor not studied. Neither is
there any relation between the bacterial growth and the mold
growth. They are apparently little related to each other and
not only proceed independently but are differently affected by
the influence of various factors.

SUMMARY

This study of bactrria and molds in the soilsofsix differently
treated plots thruout one year permits of the following conclu-
sions:

(1) The bacteria decreased in the late fall with a drop in tem-
perature until the soil became frozen.

(2) In frozen soil, the number of bacteria rose with decreasea.
temperatures and fell with higher temperatures, regardless
of the moisture content.

(3) TUpon the thawing of the soil, the number of bacteria de-
creased. With increasing temperature, however, an in-
crease in bacteria oceurred which reached a maximum on
June 19 in all the cultivated plots and on April 12 in the
continuous timothy plot:
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There were two maximum ecounts during the year—on
February 12 and June 19, with intervening minimum
counts.

During the summer and early fall, the bacteria did not
develop parallel with either moisture or temperature.

During much of the year other factors than moisture and
temperature or general seasonal conditions seem to con-
trol bacterial development.

The treatment of the plots led to some uoexpected effects
on the bacteria. Applications of peat depressed the bac-
teria. Manure and clover increased the number of bacteria.
The continuous timothy plot showed the largest number
of bacteria present but this may have been due in part at
least to the topography of the plot,

The number of molds present in the soils fluetuated from

" one sampling to the next but was apparently unaffected

(10)

(11)

(12)

by moisture, temperature or soil treatment. Some factor
as yet uninvestigated probably accounts for this fluetua-
tion.

The actual number of molds present in these soils was
much smaller than shown by previous iuvestigations,
ranging from 42,000 to 131,000 on the averagz for all the
plots. The number generally amounted to one-forticth to
one-fiftieth of the bacteria present, depending upon the
medium used. There was apparently no relation between
the bacteria and the molds present in the soii.

The small number of meolds in soil compared with bacteria
may not necessarily mean that they are less important and
certainly will not prove that they are unimportant.

With the three media used the albumen agar gave the
highest count of baecteria, the modified syntheti: agar was
second and Cook’s No. IT third. In the case of molds, the
albumen agar gave the lowest counts while the other two
were about the same.

Active mold growth has been shown in normally cultivated
soils by the development of mycelia from small portions of
soil when inoculated into agar plates. Development from
spores is very much slower than from active myeelial
forms- The presence of mold spores in the soil is believed
to be of importance from the fact that their oceurrence
presupposes the previous presence of active forms and
hence the future development of active mycelia may be ex-
pected if the soil conditions become satisfactory. There is
nothing yet to disprove the idea that molds go thru thei
regular life-eycle in the soil.



1.

9.

10.

11.

12,

13.

14.

15.

16.

17,

18,
19.

20.

21.

278

BIBLIOGRAPHY

BARTRAM, H. E. . .
1916. The Effect of Natural Low Temperatures on Certain Fungi and
Bacteria. (Vol. V.) Jnl. Ag. Res., 14:651.

BROWN, P. E.

1912, Bacteriological Studies of Field Soils, 1. Res. Bull. Towa Agr. Expt.
Sta. b.

BROWN, P. E.

1917. The Importance of Mold Action in Soils. (Vol. XLVI,) Science,
N. 8. 1182.

BROWN, P. E. AND SMITH, R.

"1912) Bacterial Activities in Frozen Soils. Res. Bull. Towa Agr. Expt.
Sta., 4.

COLEMAN, D.

1916. Enwronmental Factors Influencing the Activity of Soil Fungi. Vol. II,
Soil Science, 1:1.

CONN, H. J.

1516. Relative Importance of Fungi and Bacteria in Soil. Sclence, N. 8.,
44 :85T.

CONN, H. J.
éﬂu. Bacteria of Frozen Soil. Tech. Bull. New York State Agr. Expt.
ta. .
CONN, H. J.
1918. The Microseopic Study of Bacteria and Fungi in Soil. fech. Bull
New York State Agr. Expt. Sta 64.
GIVEN, G. C. AND WILLS,
1912. Bacteriology of the General Fertilizer Flots. Ann. Rept. Penn. Agr,
Expt. Sta. 1911-1912, 441.
HAGEM, 0.
1910. Neuve Untersuchungen Uber Norwegische Mucorinee II. Vidensk
Selsk. I. Math. Naturw. Klasse, Bd. 10. 4:1-152.
HARDER, E. C.
1916. The Occurrence of Bacteria in Frozen Soil. Botan. Gaz. 61, 6:507.
KOSSOWITZ, A.
1908. Monatsh, Landw. Wien, III. Jabrg, 112,
SEVERIN, S.
1909. Bacterial Population of Samples of Scils from the Far North (City
of Obdorsk and Yamal Peninsula). Vyestink. Bact. Aghron, Stantzil, ¥
K. Ferrein. 15:116, ref. in Centbl. Bakt. (etc.) 2 Abt., 25, 19-26:470.
TRAAEN, A,
1914. A Study of Sofl Fungi from Norway. Vol. 52 Nrt, Mag. Natur-
vidensk, 1-2:1%.
VANDERLECK, J.
1918. Bacteria of Frozen Soils in Quebee I and II. Series I, Vol. XI,
Trans. Royal Sce, Canada, Sect. IV, 15, and Vol. XII, Sect. LV, 1
WAKSMAN, S. A.
1916. Do Fungi Actually Live in the Soil and Produce Mycelium? Seience
N.S. 44:320.
WAKSMAN, S. A.
1916. Bacterial Numbers in Soils at Different Depths and in Different
Seasons of the Year. Vol. I Soil Science, 4:363.
WAKSMAN, 8. A.
1916. Soil Fungi and Their Activities, Vol II Soil Science, 2:103.
WAKSMAN, S. A,
1918, Importance of Mold Action in Soil. Vol. VI Soil Science 2:137.
WEBER, G. G. A.
1912. Die Einwirkung der Kalte auf die Microorganismen und fhre
Tatigkeit im Boden. Inaug. Diss. Univ. Jena, 88. Ref, in Centbl. Bakt.
{etc.} 2 abt. 37:118.
WOLFF, F. A,
The Prevalence of Certain Parasitic aml Saprophytic Funygi in Orchards as
Determined by Plate Cultures. Plant World Vol. 13. 7:164, and $:190.



