Microbiological Studies of Some
Typical Iowa Soil Profiles

By P. E. Beown AND T. H. BENTON

AGRICULTURAL EXPERIMENT STATION
IOWA STATE COLLEGE OF AGRICULTURE
AND MECHANIC ARTS

C. F. Curtiss, Director

AGRONOMY SECTION
SOILS

RESEARCH BULLETIN NO. 132
JUNE, 1930
AMES, IOWA



June, 1930 Research Bulletin No. 132

Microbiological Studies of Some
Typical Iowa Soil Profiles

By P. E. Brown Axp T. H. BENTON

AGRICULTURAL EXPERIMENT STATION
IOWA STATE COLLEGE OF AGRICULTURE
MECHANIC ARTS

C. F. Curtiss, Director

AGRONOMY SECTION
SOILS

AMES, TOWA




CONTENTS

Page

Summary and coneclusions 363
Introduection 367
Historical 367
Experimental 369
Neries | 369
Results of microbiological studies 37T
Depth 377
Moisture 385
Season IR6
Cultivation 387

Soil types 388
Series 11 JRR
Results of microbiological studies 2395
Depth 395
Moisture 404
Season 405

Soil type . 406
Series 111 407
Results of mierobiological studies 415
Depth 415
Moisture 416
Neason 417

Soil types 418

Literature ecited 419




SUMMARY AND CONCLUSIONS

The determination of the numbers of bacteria, actinomycetes
and molds in various horizons of typical profiles of some lowa
soils was made during two seasons and the results compared with
careful deseriptions of the soil profiles by horizons. The Car-
rington loam was sampled in typical profiles several times thru
the season of 1926 in Buchanan County. The Lindley sandy loam
was also sampled at different dates. In 1927 the Carrington
loam, the Clyde silty clay loam and the Dickinson fine sandy
loam were sampled in the same county at several dates during
the early part of the season. In the same season the Marshall
silt loam and the Knox silt loam were sampled at several different
dates in typieal profiles in Crawford county.

It is apparent from the results as a whole that the content of
microorganisms decreased from the surface to the lower horizons
in typieal soil profiles of the various soil types. The largest num-
bers of bacteria appeared in either the A, or the A, horizon, and
the largest numbers of actinomycetes likewise appeared in one or
the other of these horizons. In the case of the molds, the largest
numbers sometimes oceurred in the third surface horizon. In all
the soils, however, the most striking decreases oceurred from the
A, to the B horizon. Further decreases occurred from the B, to
the B, horizon, from the B, to the (', horizon and from the C,
to the C, horizon, but these decreases were relatively smaller. In
the case of the molds the decreases in the lower soil horizons were
usually relatively insignificant. The total deerease in numbers of
molds from the surface soils to the lowest depths was relatively
smaller than in the case of the bacteria and actinomycetes.

In some instances the variations in numbers of mieroorganisms
in the three surface, or A horizons, were relatively small. In
other cases, considerable decreases oceurred from the A, to the A,
or from the A, to the A, horizon.

The variations in the moisture content of the different soil lay-
ers in the samples studied seemed to have no definite relationship
to the numbers of bacteria, actinomycetes or molds. In some
cases, decereases in numbers of microorganisms oceurred between
layers in which the moisture content was very much the same. In-
ereases in numbers of microorganisms frequently occurred along
with deereases in moisture. Hence, while in a number of cases
decreases in numbers corresponded with decreases in moisture,
apparently the decreases were occasioned largely by other econ-
ditions in the soil.

The variations in moisture content seemed to be of the least
significance in the lower soil layers, the numbers decreasing with-
out regard to the variations in moisture content. In the surface
soils there was sometimes an indication of a relation between the
moisture content and the numbers of bacteria and actinomycetes.
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With the higher moisture content there was sometimes a higher
content of bacteria. This was not uniform, however, and the
ceneral eonelusion must be drawn that the variations in numbers
oceur with little or no regard to slight variation in moisture con-
ditions. It should be emphasized that the differences in moisture
conditions in the various soils compared were not very large and
probably other factors were of greater significance. With ex-
tremes of moisture, either a high content or a low content, the
effect would undoubtedly have been more significant.

There were some indications of seasonal effect upon the num-
bers of microorganisms in the different soils studied, especially
in Series I. The largest numbers of microorganisms, in general,
seemed to oceur in the early spring samplings and again in the
early fall samplings. Low counts ordinarily appeared in the
samples late in the fall. Indications of similar seasonal effects were
noted in the soils studied in Series 11 and Series 11, altho the
samplings in these two eases were not carried over the entire sea-
son. The results, in general, do seem to confirm previous obser-
vations which have indicated larger numbers of mieroorganisms
in the June and September samplings than in the samplings
taken during the summer.

It should be noted further that variations in numbers of or-
ganisms, as affected by seasonal eonditions, occurred only in the
surface layers and were chiefly confined to the A,, A, and A,
horizons. No definite effect could be noted in the B or C horizon
from seasonal variations. The seasonal effect appeared to be
similar on the bacteria and actinomyecetes, but there was little in-
fluence upon the mold content. It is quite possible that more ex-
treme seasonal conditions than those whieh prevailed while these
experiments were under way would have had a muech larger in-
fluence on the numbers of mieroorganisms.

The soil type differences were reflected in some cases in the con-
tent of microorganisms in the various soil layers. Apparently the
characteristic of the most siegnificance was the content of organie
matter or the color of the soil. Obviously, however, the texture
of the soil was also of very large importance. Topography, the
character of the subsoil and all other charaecteristies which serve
to distinguish the soil type may play a part. The most
striking relationship between the numbers of organisms pres-
ent and the soil types studied was found in Series 1I. The
Dickinson fine sandy loam, which 1s lighter in color than the
(Carrington loam and the (lyde silty clay loam, showed a lower
content of mieroorganisms, especially bacteria and aetinomycetes
Undoubtedly this was due in large part to the lower organie mat-
ter content of the soil. In Series ITI, the Knox silt loam was, In
egeneral, lower in numbers of baeteria and actinomyeetes than
the Marshall silt loam, again a difference which is probably due
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in large part to the variation in content of organie matter. Other
factors. however, may be of quite as large significance in individ-
ual cases. Heavy-textured types, such as the Clyde silty clay
loam, may actually be lower in content of microorganisms even
tho they are blacker in color than soils which are not so heavy
in texture. This was noted in the case of some of the compari-
sons between the Clyde silty elay loam and the Carrington loam.
When the texture is very heavy, aeration undoubtedly is limited.
The development of microorganisms may be hampered because of
a lack of air, while the content of organic matter and the color of
the soil may be such that a large number of microorganisms would
be expected to be present.

The differences in content of mieroorganisms in the surface
soil, as influenced by the type characteristics may or may not con-
tinue into the lower soil layers. In general there seemed to be
little relationship between the variations in conditions in the sub-
soil and the content of microoreanisms. The coarse textured sub-
soil of the Dickinson fine sandy loam had a larger content of mi-
erooreanisms than did the Clyde silty clay loam or the Carring-
ton loam, which have much larger numbers in the surtace soils.
Larger numbers of microorganisms were noted in some cases In
the lower layers of the Knox silt loam, while the surface soil was
lower in content of microorganisms than the surface soil of the
Marshall silt loam.

(‘omparing the numbers of organisms in the subsoils of the loess
types, the Marshall silt loam and the Knox silt loam, there seemed
to be many more bacteria and actinomycetes than in the case of
the soils of drift origin, the Carrington loam, the Clyde silty clay
loam. the Dickinson fine sandy loam and the Lindley sandy loam.
The earlier studies on numbers of bacteria in the Missouri loess
soils, compared with those in Wisconsin drift soils, are lareely
confirmed by these data. The difference is undoubtedly due to
differences in the physieal conditions of the subsoils of the loess
types and of the drift types, which are ordinarily very heavy and
even impervious in texture There is a possibility that the differ-
ence in the lime content of the drift soils may also be of sig-
nificance. altho no definite evidence along this line is indicated by
these results. This may be one reason for the higher content of
microorganisms in the lower layers of the Knox silt loam as
compared with the Marshall silt loam.

Only one comparison gives any information regarding the ef-
feet of treatment on the numbers of microorganisms in the dif-
ferent soil layers. In Series I it appears that the cultivation of
the Carrington loam had increased the numbers of mieroorgan-
isms in the different layers to a considerable extent. The soil in
virgin sod was found to be much lower in numbers of microor-
oanisms thru the A horizon, and even down into the B and C hori-
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zons. At the lower depths, however, the effect of eultivation was
not shown very distinetly. It is quite probable that differences
in the characteristics of the lower soil layers would have more
effect upon the content of microorganisms than the treatment
of the surface soil. Extremes of soil treatment. such as appliea-
tions of large amounts of farm manure, would undoubtedly very
materially affeet the content of microorganisms in the surface
layers, and this difference might extend even down into the B
horizon. Probably the texture of the soil would he of particular
significance in determining the rapidity with which the lower soil
layers are influenced by the treatment of the surface soil.

The relationships between the nmumbers of bacteria and the
numbers of actinomyecetes and molds were usually very similar in
the different soils. The numbers of actinomyeetes seemed to be
affected in a very similar way to the numbers of bacteria, but in
many instances the numbers of molds were affected in quite the
opposite direction. Large inereases in numbers of bacteria and
actinomyecetes occurred when deereases in the number of molds
were found. The mold content of the soils was very low and
the differences in mold count were often hardly large enough
to be significant. Large numbers of actinomyeetes were found in
all the soils, but the total numbers were very much smaller than
the total numbers of bacteria, In general, the deereases in the
lower layers from the surface layers. were relatively less in the
case of the actinomyecetes and muech less in the case of the molds
than was true of the bacteria. which confirms earlier results.

In general, the results show strikine deereases in the numbers of
bacteria in the lower soil layers over those present in the sur-
face soils. Variations in the decreases occeurring between differ-
ent horizons were often quite large, and they generally occurred
without reference to differences in moisture. There is some evi-
dence of seasonal effeets, and there is some indication of an in-
fluence from long continuous soil treatment, but the chief factor
which 1s probably responsible for these variations is the natural
difference in the physical and chemiecal characteristics of the
lower soil layers, Probably the most important is the difference
in the organic matter content, which is reflected in the color of
the soil. The texture, however, is also undoubtedly of large sig-
nificance, particularly when fine textured types are compared
with coarse textured soils. Probably all the characteristies which
serve to distinguish the individual soil types have an influence
on the content of mieroorganisms in the various soil layers. At
least in two cases definite relationships between the soil tvpes
studied and the content of microorganisms are shown.

i
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Microbiological Studies of Some Typical
Iowa Soil Profiles

By P. E. Bkowx Axp T. H. BENTON

The methods for the classification of soils, first suggested by
the Russian pedologists and now, with certain modifications, be-
ing followed in all the soil survey work in this country, involve
a consideration of the characteristies of the various horizons of
soil profiles. It is becoming evident, however, that it is not suffi-
cient merely to examine the profiles physically and in a rough
chemical way, such as is done to provide the necessary data for
the naming of the soils by series and types. Complete informa-
tion is needed regarding the physical, chemical and biologiecal
characteristics of the different horizons of typical profiles of at
least the more extensive types.

As Joffe (12) has pointed out, a number of investigations have
been conducted in which studies have been made of the physiecal
characteristics and the chemical composition of the various layers
in certain soil profiles, but praectically nothing has been done from
a biologieal standpoint. Tt appears that a microbiological study
of the horizons of typical profiles may throw considerable light
on the problems involved in the nomeneclature and eclassifieation
of soils. It may also provide valuable information regarding the
fertility requirements of soils and may explain the causes of cer-
tain oceurrences which hitherto have not been understood.

It was the purpose of the work reported in the following pages
to study the numbers of microorganisms in the various horizons
of the profiles of some typical Towa soils. Later, investigations
will be made of the relationship of the microorganisms present to
the characteristiecs of the various soil layers and chemical and
physical studies will be carried out, with the biological. For the
present, and somewhat as a preliminary to the rather complete
study of soil profiles as planned, the data secured on numbers will
be presented.

HISTORICAL

No investigations are reported in the literature which are di-
rectly comparable with the work given here. Many studies have
been carried out on the numbers of mieroorganisms in soils at
various depths, and some general conclusions have been drawn.
A brief review of the more important work along this line will
he given.
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Roeh (15) in 1881 first noted that the numbers of baeteria in
uuilr-; d!"l'!“l‘.‘l:ﬂ_*il ll'jfi] 1{&*]4]!. ]’]‘nwi{;llll‘l' (20 ) ;1]111 Hpumm- (1]
also noted decreases. Frankel (7), in a more careful study of
numbers, found sudden and irregular changes at various depths
down 1o two and one-half meters, sharp decreases sometimes oc-
curring from one depth to the next. Fulles (8) concluded that
two meters marked the depth to which most bacterial life ex-
tended. Others, however, have found numerous organisms pres-
ent at mueh IIH.‘I.‘I['I' 11{‘;”!11-;, ."‘IH_L’.'*,-_.'IIHI'}I (18). Hl"hﬂl_'l'ﬂ r‘gl:}.
Houston (11), Caron (3), Stoklasa and Ernest (23). Kebrehl
(13), Chester (4), King and Doryland (14), Waite and Squires
(24), Eberbach (5), Miquel (19), Eisenhut (6), Greaves (9).
Brown (2), Waksman (25), Lipman (16, 17). Greaves and Car-
ter (10), and Snow (22) have all reported on the numbers of
bacteria at different depths in soils. In most cases, however, the
soll type was not known or at least was not specified in the work,
and in some ecases the soil conditions are not very clearly de-
seribed. Likewise, the media used by the various investigators
were different and, hence, the results secured cannot be com-
pared.

It seems evident from the data available that the ereatest num-
bers of bacteria oecur near the surface of the soil. Waksman
(29) tound the greatest numbers one inech below the surface in
shaded soil, while in garden soil the ereatest numbers were four
mehes below the surface. Brown (2) seeured the laregest num-
bers at a depth of four inches in Carrington loam and also in
Marshall silt loam, the areas in bhoth eases being in cultivated
crops. The greatest decreases oceurred in the first eight or first
12 inches. Waksman noted a rather regular decrease from one
or four inches to a depth of 30 inches, the greatest decrease oecur-
ring between the first and fourth or fourth and eichth inches.
Lipman (16, 17) noted that baeteria penetrate deeper in arid
solls than m humid soils, and he found that baeterial activities
may be greater at 24 inches than at six inches in some cases.
Snow (22) found the greatest numbers at 12 inches in a wind-
blown soil. Greaves (9) reports the largest numbers at two feet
m 1rrigated soils.

In general it appears that while baeterial numbers nusually de-
erease 1n soils at greater depths, the horizon showine the largest
numbers and the decreases from horizon to horizon in any profile
may vary widely. It seems probable, therefore, that the num-
bers of microorganisms in the various soil layers of a type pro-
file may reflect more or less definitely the characteristies of the
horizons and, henee, of the entire profile.
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EXPERIMENTAL

The work reported in the following pages was carried out on
some typical Towa soils oceurring in Buchanan and Crawford
counties. Samples were drawn from the various horizons with
the nsual precautions, pits having been dug in each case and the
samples taken at the proper depths from the vertical walls. The
samples were taken to temporary laboratories, which were set up
in each county, and infusions, dilutions and platings made in the
usual way. The plates were incubated at room temperature and
the numbers of molds, actinomycetes and bacteria counted. The
moisture content of the soils was determined and the numbers
present were calculated on an air-dry basis.

The media used included Brown's egg albumen agar for the
bacteria and actinomycetes and Waksman’s synthetic acid mold
medium for the molds. The composition of these media was as
follows:

Ece ALBUMEN AGAR:

LT s e S N T S s GRS WY e 10.0 gms.
T e e e T s N et o g S R o 0.5 EIl.
MO e me e ————— 0.2 gm.
T T I e TSl e o trace
TR T T e S e S e T SRS, S S 0.25 gm.
ot rad ok 1y W TR O T . LSS SR N S 1000 ce.
Reaction adjusted to pH 7.0.
P S O e T I e SRR LR R P L 15.0 gms.
Sy~NTHETIC ACcip MoLp MeEptuMm:
i T G e S L e W il A I I i Py | e 10.0 gms.
e i PR R L = S e S eSS 5.0 gms.
T LT v e ey e e o 2 PRI G P L SR 1.0 gm.
T S D T el T T T T 0.5 gm.
L I e e e e e = 1000 ce.
Reaction adjusted to pH 3.6.
T L R e S ST L S | 25.0 gms.

The results secured in 1926 in Buchanan County are given
in Series I, in Buchanan County in 1927 in Series II, and in
Crawford County in 1927 in Series III.

SERIES 1.

During the first season samplings were made of typical profiles
of Carrington loam in cultivated areas on June 20, June 25, July
23, Aug. 25, Sept. 20, Oct. 21, and Nov. 11, of a typieal virgin
Carrington loam on June 20, and of profiles of Lindley sandy
loam on Sept. 20, Oct. 21, and Nov. 11.

At each sampling careful descriptions were made of the pro-
files studied. Figure 1 shows three of these profiles in graphiec
form, the cultivated Carrington loam, the virgin Carrington loam
and the Lindley sandy loam. The complete descriptions are
given below :
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A,| Dark grayisk brown rroate loam] Al Dark greyeh be fokan Brats rasia A;] Laght greaymnk Grown sandy loam p
bl - .
.
Ayl Light groyvab browm lsiable sendy boom
A Daria grayiak Broun mellow lpam s=——h
] ¥ fi I &
2 atructure finely grana lae Viiry Sach grinioh Brous Nk siei
lﬂ diripbie -Tinely grermuiar Strecluce
— T Ay Light Brows sandy loam contaning
morg sl §clay sfruchure less
Transihen tone chanmges fo o 14
“1 moderately dark graysh brown
lpam algkily heavier in leslure ﬁ,“ Brown heavy loam discolared by
= pegamit (Eliltratigns - Ny graselar
1.3 — 1.}
(L]
Heavy qroity 500y Chay © Trght
Brows light silly clay laam B Almost emilorm brown 1:u, chay ] Broim - [rrsaiies arandias
B | somewhet discolored by mfiitre Isam - prachcally structureiess wiruihure ahghily moltied
Viorg - dndelinibe struclure 4 ik
Fi ]
Hrnv’ plantic ity Clay loghkt
Yellowsh brown gnifly clay lsam (L] | e ARATY YEqnRay it e
o8 cecavional leoal iram alains 4 abowe  irregularly granular
qray moltlings Yelipwnh brows ailly cley loam Slrutture
corlging muth coarae sand dded]
- C maleriaby - some larnl gray maill-
L1 limgn i iran slains - Ak
wellowish brown clay leam ¢ Yol lowigh browe uilly clay =
E' coarag dril) mdleriala mare r et ied qraw i veligw - canlaine
sbundant Some gray molthngs =l b gl f pumeroun ron shaoimy
and iron alains
a0 50 0
CAamBIiNGTOMN Loam CapEincToM LOAM LisnDuLEy SDawoy Loas
(Cultivatadl [(Virgin sod) (Caltivated]

Fig. 1. Typical profiles of cultivated Carrington loam, virgin Carrington loam and
Lindley =andy loam.

Carrington loam, No. 1, (Cultivated).

A; (0-2")—Very dark grayish-brown friable loam, containing consider-
able fine sand. When wet, the soil appears very dark brown to
almost black. The structure is finely granular.

A:s (2-12")—Very dark grayish-brown mellow loam. The color seems
uniform. The soil has a high percent of silt and a fine granular
structure,

A: (12-18")—Transition zone. The color changes from a very dark
grayish-brown to a moderately dark grayish-brown. The soil is
somewhat heavier in texture and almost a silty clay loam. It
is friable and granular in structure.

B (18-26")—Brown light silty clay loam, friable, and discolored some-
what by organic infiltrations, The structure approaches finely
granular.

Ci (26-36")—Yellowish-brown gritty clay loam, not as heavy as the layer
above; seems more friable and erumbly. A few faint organic in-
filtrations are present. Iron stains occur but are faint. Pieces
of small gravel are found infrequently with considerable coarse
and fine sand, which forms only a small percentage of the total
soil layer. Faint gray mottlings are noticeable.

C: (36-50") — Yellowish-brown clay loam, quite gritty, with gray
splotches and abundant iron stains. Coarse drift material is
more abundant in this layer. Much like the layer above in color
except that more iron stains are present.
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Carrington loam, No. 2 (virgin).

A; (0-2")—Very dark grayish-brown smooth friable loam, filled with a
dense mass of grass roots. When wet the soil appears dark
brown to almost black. It has a medium granular structure, the
granules clinging to the grass roots.

A: (2-14")—Very dark grayish-brown mellow loam, smooth and friable,
indicating a considerable amount of silt and very fine sand.
Grains of coarse sand occur with an occasional piece of small
glacial gravel. Organic infiltrations give the soil an almost black
appearance when wet. When dry the soil is grayish-brown in
color.

Ae (14-19")—Brown heavy loam to light silty clay loam, but so affected
by organic matter that it has the appearance of a dark grayish-
brown. Some light colored soil has been brought up thru worm
burrows. The structure is finely granular to 16 inches and then
becomes looser.

B (19-24”)—The soil is more uniformly brown in color than above. The
texture is a silty clay loam, discolored considerably by infiltra-
tions of organic matter. A few grass roots are present. Almost
structureless, tending to be finely granular, very pulverulent,

C (24-50”)—Yellowish-brown silty clay loam, practically structureless
but tending to be finely granular. The color is almost solid.
Some organic infiltrations occur, faint gray mottlings and iron
stains, gradually becoming more pronounced with depth. The
layer is quite gritty, containing considerable coarse sand and
some gravel, Rotten greenstone, small black coarse sand de-
posits and other drift materials, with an occasional small boulder
are found. Below 50 inches the mottling becomes very pro-
nounced with gray splotches and many orange-brown iron stains.

The soil was in virgin sod and had apparently never been cul-
tivated.

Carrington loam, No. 3 (cultivated).

A (0-2")—Dark to moderately dark grayish-brown coarse loam.

A. (2-6”)—Dark grayish-brown, friable loam, containing considerable
coarse sand. Granular in structure,

As (6-16”)—Dark grayish-brown friable loam. A shade lighter than
the surface six or seven inches.

B (16-25”)—Transition zone. Brown friable heavy loam or silty clay
loam. Organic infiltrations have changed the color of the basic

soil horizon. Crushed between the fingers, the soil shows the true
basie color—brown.

C

Pl

(25-32")—Dull vellowish-brown silty clay loam. Structureless; breaks
up into irregular pieces, one-eighth to one-half of an inch in size.

Quite gritty. More coarse material in the soil than ordinary, but
it is very sticky.

C: (32-50”)—Yellowish-brown silty clay loam slightly lighter in color
than the horizon above. Contains much coarse drift material.
Occasionally small granite boulders are found.
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Carrington loam, No. 4 (cultivated).

A: (0-2”)—Dark grayish-brown friable loam, finely granular in struec-
ture,

A: (2-6")—Dark grayish-brown friable loam, containing much silt and
fine sand.

As (6-14”)—Dark grayish-brown friable loam with a high percent of
silt.

B (14-24”)—Transition zone. Brown silty clay loam, having a dark ap-
pearance due to infiltrations of organic matter. Color not solid,
Friable, tends to form coarse irregular granules. Structure not
well defined.

C

(24-33")—Dull yellowish-brown silty clay containing the usual coarse
sand, occasional rock fragments and drift materials. Structure-
less.

C: (33-50”)—Yellowish-brown silty clay loam to silty clay. A faint
shade lighter than the horizon above. Drift material more abun-
dant than above. Structureless.

Carrington loam, No. 5 (cultivated).

A: (0-2”)—Dark to moderately dark grayish-brown loam, containing
considerable fine sand. Finely granular in structure.

A: (2-6”)—Very dark grayish-brown friable loam, high in silt. Seems
somewhat heavy.

As (6-14")—Very dark brown friable loam containing a high percent-
age of silt and clay.

B (14-20”)—Transition zone. Dark brown light silty clay loam. A
minimum amount of fine and coarse sand present. No structure.
Organic infiltrations.

C: (20-34")—Dull yellowish-brown silty clay loam to silty clay. Color

uniform. An occasional trace of organic infiltration is seen.

-

C: (34-50”)—Dull yellowish-brown silty eclay, sticky and plastic. Some
increase in content of drift material, at the lower depths. In
some small spots, one to three inches in diameter there are gritty
drift accumulations of coarse sand and rock particles.

Carrington loam, No. 6 (cultivated),

A, (0-27)—Dark grayish-brown to grayish-brown loam.

A: (2-6”)—Dark grayish-brown friable loam, containing considerable
silt and sand. Granular.

As (6-12")—Dark grayish-brown uniform loam, containing a high per-
centage of silt and fine sand. Coarse sand and an occasional
pebble are found.

B (12-19”)—Moderately dark grayish-brown heavy loam with the usual
drift constituents. Some organic infiltrations from above. No
structure.
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Cy (19-32")—Dull yellowish-brown gritty silty clay loam. Some organic
infiltrations. Color uniform.

Cs (32-50”)—Yellowish brown silty clay loam to silty clay. Slightly

heavier than the horizon above. Drift materials rather uniformly
distributed thru the two layers.

Carrington loam, No. 7 (cultivated).

A: (0-2")—Moderately dark grayish-brown loam, finely granular in
structure, Considerable coarse sand at the surface,

As (2-6”)—Moderately dark grayish-brown friable loam, finely granular
in structure. '

As (6-15")—Moderately dark grayish-brown loam, containing consider-
able grit, uniformly distributed.

B (15-26”)—Brown light clay loam. Friable. Darkened with much
organic infiltration. Color not solid. Granulation irregular.

C: (26-35”)—Yellowish-brown gritty silty clay loam. Contains a few
faint mottlings of gray. Structureless.

Cs (35-50”")—Yellowish-brown gritty silty clay loam. Contains much
coarse and fine sand and occasional glacial pebbles. Small gran-
ite boulders occur infrequently.

Carrington loam, No. 8 (cultivated).
A: (0-2")—Dark grayish-brown loam, finely granular,

A: (2-6”")—Dark grayish-brown loam, friable with granular structure,
High in organic matter.

As (6-18")—Dark grayish-brown heavy loam, friable, granular in struec-
ture, High in organic matter.

B (18-28”)—Brown silty clay loam. Organic infiltrations give a dark
appearance.

Cy (28-38”)—Yellowish-brown silty clay loam to silty clay. Uniform in
texture and color. Drift materials occur uniformly distributed.
Small pieces of gravel occur.

C: (38-50")—Yellowish-brown gritty silty clay, slightly heavier than

horizon above. Faint gray mottlings occur infrequently. Some
iron stains are found.

Carrington loam, No. 9 (cultivated).

A; (0-2”)—Moderately dark brown or dark grayish-brown loam, finely
granular in structure,

As (2-6”)—Moderately dark grayish-brown loam, friable, finely granular
in structure.

As (6-16")—Moderately dark grayish-brown friable loam. Structure
finely granular to granular.

B (16-24")—Dark brown silty clay loam, colored by organic infiltrations.
Transition zone., No structure,

C: (24-35")—Yellowish-brown gritty clay loam. Much drift material
thruout horizon.
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C: (35-50")—Yellowish-brown gritty clay loam, similar to the laver
above but having more grit and a few faint gray mottlings, No
structure,.

Lindley sandy loam, No. 10 (cultivated).

A: (0-2")—Light grayish-brown sandy loam containing a high percent-
age of fine sand and some small gravel scattered over the sur-
face. Single grain structure,

A: (2-6”)—Light grayish-brown friable sandy loam, containing some
brown and dark brown organic coloration in occasional fine
streaks or thread-like lines, but very faint.

A: (6-18")—Light brown sandy loam, containing more silt and clay
than the upper horizons. Structureless. Streaks of gray and
brown—not true mottling.

B (18-24")—Heavy gritty silty clay. Light brown in color with a few

gray and brown mottlings. Irregular granular structure.

C; (24-36”)—Heavy plastic silty clay. Light brown in color, containing
a few gray and brown mottlings. Considerable coarse sand and
fine rock particles, Some iron stains. Irregular granular strue-
ture.

C: (36-50")—Yellowish-brown silty clay or clay, mottled with gray and
vellow. Contains much grit, coarse sand and gravel. Numerous
iron stains. Irregular granules and plates show indefinite struc-
ture.

Carrington loam, No. 11 (cultivated).

A (0-2")—Dark grayish-brown loam.
A: (2-6")—Dark grayish-brown loam, much like surface horizon.

As (6-14”)—Dark grayish-brown loam. These three horizons contain
considerable coarse sand, fine sand and a few pieces of small rock
and gravel.

B (14-21”)—Transition zone. Brown to dark brown heavy loam to silty
clay loam, Color not solid. Some organic infiltrations,

C; (21-27")—Brown light elay loam, slightly heavier than horizon above,
Discolored somewhat by organic infiltrations.

Cs (27-50")—Yellowish-brown silty clay loam, containing much grit,
coarse and fine sand and small glacial gravel. Small glacial
boulders frequently occur. Faint gray mottlings.

Lindley sandy loam, No. 12 (cultivated).
A: (0-2")—Light grayish-brown or gray sandy loam. Structureless.

A: (2-6”)—Light brown or grayish-brown sandy loam, containing con-
siderable silt. Single grain structure.

As (6-14”)—Light brown sandy loam, containing a high percentage of
silt. Structureless. Fairly uniform in texture. Some coarse
sand and glacial gravel scattered thru the horizon.
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B (14-21")—Transition zone. Light brown or vellowish-brown gritty
heavy silty clay loam, containing considerable silt. Faint gray
mottlings occur. Coarsely granular in structure.

C: (21-27")—Heavy plastic silty clay, yellowish-brown in color, contain-
ing much grit, coarse sand and fine sand and a few gravel par-
ticles. Brown and gray mottlings. Structure indefinite. Tends
to form platey and irregular granules.

C. (27-50”")—Yellowish-brown, gritty clay highly mottled with gray,
vellow and brown. Some iron stains. Contains an abundance of
coarse sand, fine sand and gravel.

Carrington loam, No. 13 (cultivated).

A: (0-2")—Dark grayish-brown friable loam, containing much coarse
sand. Finely granular in structure.

A: (2-6”)—Dark grayish-brown friable loam.

As (6-15”)—Dark grayish-brown loam, slightly heavier in texture than
horizons above and contains more silt. Finely granular in struc-
ture.

B (15-18”)—Grayish-brown loam to silty clay loam, friable, granular
structure. Transition zone. Colored strongly with organic in-
filtrations.

C, (18-32”)—Dull yellowish-brown silty clay loam. Contains consider-
able grit. Color uniform and solid.

(', (32-50”")—Yellowish-brown gritty silty clay loam to silty clay. Light-
er in color than horizon above. More grit present. A few faint
gray mottlings.

Lindley sandy loam, No. 14 (cultivated).

A: (0-2”)—Grayish-brown sandy loam, containing much fine sand and
silt. Single grain structure,

A: (2-6”)—Yellowish-brown or grayish-brown sandy loam, containing
much fine sand and silt. Single grain structure.

As (6-15”)—Yellowish-brown sandy loam, containing much fine sand
and silt. Uniform in texture and structure.

B (15-18”)—Transition zone. Yellowish-brown gritty loam, containing

a high percent of silt and clay. Structure irregular and coarsely
granular.

C:' (18-32”)—Yellowish-brown gritty clay loam. Coarsely granular,
granulation irregular and somewhat indefinite.

€

W

(32-50”)—Very tough gritty silty clay, occasional gray mottlings and
streaks. A few iron stains or streaks with numerous iron nod-
ules oceur, Much grit and glacial gravel are present,
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MICROORGANISMS IN SOME SOIL PROFILES IN IOWA

Soil type and date
sampled

Depth soil horizon

Carrington loam
Number 1

(cultivated)
June 20, 1926

Carrington loam
Number 2

(virgin sod)

June 20, 1926

Carrington loam
Number 3

(eultivated)

June 25, 1926

Carrington loam
Number 4

(eultivated)

June 25, 1926

Carrington loam
Number 5
oultivated)
uly 23, 1926

Carrington loam
Number 6
3cultivatedl
uly 23, 1026

Carrington loam
Number 7
it:ultivat&i)
ug. 25, 1026

Carrington loam
Number 8§

(cultivated)

Aug. 25, 1928

Carrington loam
Number 9

(cultivated)

Sept. 20, 1926

Lindley sandy loam
Number 10

('u::uh,nra.mdl

Sept. 20, 1926

A1(0-27)

A.'I 211.12”']
A(12°°-18")
B (18"-26")
Glizﬁ“'aﬁ”l}
C'{auar-mai}

A 1&0—2"}

Ax(2"-14"")

Aa(14"-19"")
B[ 19" 2_4u}
C (2*" n

A (D-2")
AI{E”"&H}
AB"-16"")
B (16"- 25”;
Ci(25'-32""
C1(327-50"")

A(0-2")
A:EE”-ﬁ"}
AB"-14 }
14"-24")
C: 24”-33”}

C1(33"-50"")

A:?ﬂ-?"]

ﬁ! 2”-5”}
Al(ﬁ"'l'i”]
B (14"-20")
Ci(20"-34"")
C‘(a !f_ml‘l‘}

A.‘I.[D' J-F)
A! 2!'_5.!1?
Aa(6-12"")
B (12"-19")
Cjclgli_azu}
01(32”"&]"‘}

A1(0-2")

A (27-6"")
Aa(67-15")
B (15-26")
Ci1(26'-35"")
C2(35"-50"")

A (0-2")
AI[EH‘E”}
Aa(67-18")
B (18'-28'")
Ci1(28""-38")
C1(38"-50"")

A t({]"2"}
A![E lr-ﬂi r}
J‘.l{ﬁ-”'l EJ‘J}
B (16"-24"")
Ci(24"-35")
C‘ (35“_50! r]

A1(0-2")
ﬁl{zu‘ﬁnj
AI{EJ-_IE”}
B (IB*"M”}
Ci(24 "36")
C:(36"-50")

Bacteria per Actino- Moalds per
Percent | gram n.ir-gry mycetes per | gram air-
H:D soil gram air-dry | dry soil

soil

8.0 8,630,000 770 000 17,100
18.0 5,710,000 710,000 17,300
15.0 3,650,000 700,000 15,500
14.0 372,000 40,000 5680
13.0 42,900 32,000 520
14.0 4,380 53

8.0 3,636,000 425,000 11,700

B.0O 4,565,000 652,000 10,300

9.0 3,510,000 582,000 9,450
10.0 730,000 44,000 2,610
11.0 4,300 33 190

7.0 4,190,000 1,070,000 21,500
10.0 a9, 000,000 900,000 16,600
12.0 4,660,000 680,000 13,800
14.0 837,000 93,000 1,390
16.0 37,000 5,000 470
17.0 7.100 540 72

0.0 4,725,000 OR8, 000 17,600
11.0 4,740,000 =09 ,000 17,900
11.0 4,440,000 a60,000 11,700
17.0 614,000 84,000 2,160
18.0 36,500 6,000 720

7.0 7.710 730 48
12.0 3,300,000 909,000 29,500
16.0 3,900,000 1,070.000 28,500
17.0 | 3,700,000 500,000 16,800
17.0 687,000 204,000 2,000
16.0 26,500 4,760 1,900
15.0 5,000 705 204
10.0 3,550,000 660,000 21,100
11.0 4,720,000 500,000 18,800
12.0 4,900,000 610,000 16,000
13.0 356,000 . 69,000 1,700
16.0 17,800 5,400 590
17.0 2,860 1,370 250
11.0 3, 146,000 S60,000 26,900
15.0 2,059,000 529,000 25,800
16.0 2,500,000 476,000 18,900
18.0 414,000 134,000 2,300
19.0 24,600 3,700 RBO
19.0 2,300 240 220
15.0 4,101,000 T4, 000 23,500
17.0 waa 7,000 GO0, 000 21,600
20.0 3,625,000 560,000 17,500
10.0 -t"'lﬂmﬂ 148,000 1,480
18.0 72,500 4,260 1,460
18.0 6,500 850 207
10.0 4,330,000 K80,000 25,500
12.0 4,880,000 780,000 22,700
15.0 4,000,000 580,000 IT.ﬁBD
16.0 Eﬂﬂ',ﬂl} 35,000 1,900
17.0 38,500 4,800 | 32!]
17.0 7,600 830 3256

5.0 3,580,000 631,000 16,800

B.0O 3,910,000 543,000 22,700
10.0 3,440,000 550,000 13,300
10.0 466,000 22,200 2,000
16.0 33,700 4,650 1,620
15.0 0,500 580 130
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TABLE I—Continued

Bacteria per Actino- Molds per
Soil type and date | Depth soil horizon | Percent | gram air-dry | mycetes per | gram air-
sampled H: soil gram a_ilr-d:y dry soil
soi

Carrington loam A1(0-2") 11.0 3,370,000 560,000 19,100
Number 11 Asx(27-8") 12.0 3,630,000 569,000 18,100
cultivated) As(b''-14") 16.0 3,330,000 410,000 11,900
ct. 21, 1926 B (14''-21") 14.0 510,000 116,000 1,390
Ch(21'-27") 16.0 57,000 5,900 470

C:(27"-50"") 15.0 6,230 235 153

Lindley sandy loam A(C-2") 8.0 3,600,000 430,000 15,200
Number 12 A:{E”—ﬁ”} 9.0 3,840,000 656,000 17,500
g.u]t:iva.ted] Aa6' -14"") 11.0 3,480,000 449,000 17,400
ct. 21, 1926 B (14-21"") 12.0 545,000 79,500 2,100
Ci(21""-27") 17.0 47,000 7,200 720

C1(27"-50"") 15.0 7,000 350 200

Carrington loam A(0-2") 16.0 5,119,000 950,000 23,800
Number 13 Ai(2-6") 19.0 5,000,000 1,110,000 25,900
(cultivated) As(B-15") 20.0 4,125,000 1,000,000 13,700
Nov. 11, 1926 B (15"°-18"") 17.0 237,000 151,000 1,920
C;(IB”-EE"; 13.0 59,800 10,000 2,520

Ci(32"-50" 12.0 2,100 1,930 204

Lindley sandy loam A(0-2) 7.0 5,270,000 1,180,000 12,900
Number 14 Ax(2'-6") 9.0 4,830,000 990,000 25,200
(cultivated) A:Eﬁ"-lﬁ”} 10.0 4,060,000 660,000 40 000
Nov 11 1926 B (15"-18"") 10.0 751,000 110,000 3,110
Ci(18""-32"") 18.0 60,000 6,800 2,920

C:(32""-50"") 15.0 12,000 1,130 236

Results of Microbiological Studies

The results of the microbiological studies on these soils are
given in table I. The data are also shown graphically in Figs. 2
and 3 for the baeteria, 4 and 5 for the actinomycetes and 6 and
7 for the molds.

DEPTH

When the results given in the table and the graphs shown mn
the figures are studied, the striking decreases in numbers of bac-
teria, actinomycetes and molds from the surface to the lower
depths in the various soil samples are very definitely shown. In
general the decreases were rapid from the surface soil down to
the depth of 50 inches or thru the ', horizon. In some of the Car-
rington loam samples, the numbers of bacteria were greater at the
second depth or A, horizon than in the surface two inches or A,
horizon. In the case of No. 1, sampled on June 20, 1926, there
was a very much larger number of bacteria in the surface horizon.
In No. 7, sampled on Aug. 25, the highest content of bacteria oc-
curred in the surface horizon, and in No. 13, sampled on Nov.
11, there was a slightly greater number in the A, horizon. In
general it appears, therefore, that the largest numbers ot organ-
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isms In the Carrington loam soil oceurred either in the A, or A,
horizons. In practically all cases there was a [‘ﬂl‘lhlilt‘l"rlhlb de-
crease In numbers of baecteria from the A, to the A, horizon.
There were two exeeptions where there were slight inereases from
the A, to the A, horizon.

The most striking decrease in numbers of baeteria occurred
between the A, and the B horizon and in a number of cases less
than one-tenth as many baeteria were found m the B horizon as
in the A,. Another striking decrease occurred between the B
and the C, horizon and in most instances, only one-tenth as many
organisms were present in the (', horizon as in the layer above.
A still further large decrease occurred between the (¢, and the
C, horizon, the numbers at this depth in the Carrington loam
ranging from 2,100 organisms per gram of soil, up to 7,710.

The variation in numbers of bacteria in the samples of Lindley
sandy loam was much the same as in the Carrington loam sam-
ples, except for the fact that the numbers in the A,, A, and A,
horizons were very similar in all cases. In two of the samples the
largest numbers of organisms were tnumi in the A, horizon, while
in the third sample the largest number was found at the surface.
Striking decreases oceurred with this soil type from the A, to the
B horizon, and again from the B to the C, and from the C, to the
', horizon. In general, however, the differences were not so
large as in the case of the Carrington loam.

The numbers of actinomyecetes in the surface soil of the Car-
rington loam were very much lower than the numbers of bacteria.
Decreases occurred, however, at the various depths, the differ-
ences being much less striking than with the bacteria. In other
words, 1n all cases it d[)]h(‘ilt{l that the numbers of bacteria de-
ereased mueh more rapidly with depth than the numbers of acti-
nomycetes. Henee, there is a larger proportion of the aetinomy-
cetes to baecteria in the lower soil layers than at the surface. In
some of the samples the difference in numbers of actinomycetes
was not great in the three surface or A horizons. In other ecases,
however, considerable decreases occurred, and in practiecally all
of the samples a smaller number of these organisms occurred in
the A, than in the two upper horizons. In general, as in the case
of the bacteria, the most striking decrease occurred between the
A, and the B horizons. The decrease, however, was not nearly
so large as in the case of the bacteria. In some of the samples a
large deerease occurred between the B and the C horizons, but in
other instances the differences were not so great. The number of
actinomyeetes present in the C, horizon was very low, however,
amounting to only a few humlr[-d per gram, In most cases.

The numbers of actinomycetes in the samples of the Lindley
sandy loam were very similar to those present in the Carrington
loam, the largest number oceurring either in the A, horizon or in




385

the A, horizon. There was a decrease in every case to the A,
horizon. As in the case of the Carrington loam, large decreases
appeared between the A, and the B horizons, the most striking
drop in numbers occurring between these depths. Large de-
ereases also occurred from the B to the C horizon and in the C,
horizon again only a few hundred actinomycetes were found per
gram of soil.

The numbers of molds present in the various samples of the
Carrington loam were very small in comparison with the num-
bers of bacteria and actinomycetes per gram of soil. Consider-
able decreases in the numbers oceurred, however, and in the C,
horizon only a few usually were present. As with the bacteria
and the actinomycetes, the largest decrease appeared between the
A, and the B horizons in practically all cases. The decreases be-
tween the B and C horizons was not nearly so pronounced in the
case of the molds. Usually the decreases from the A, to the A,
and A, horizons were small, and in one instance the largest num-
bers of molds appeared in the A, horizon. In all other cases,
however, the largest numbers were present in the surface or A,
horizon. The decreases in the numbers of molds were not nearly
so great in proportion to the total numbers present, as in the case
of the actinomycetes or the bacteria. Hence, it appears that in
the lower depths, there is a narrower ratio between the molds and
baeteria and also between the molds and actinomyecetes than in
the surface layers.

In the Lindley sandy loam the numbers of molds were very
similar to those secured in the Carrington loam samples and the
decreases were likewise similar. In all three samples, however,
the largest numbers of molds oceurred in the A, or A; horizon
rather than in the surface or A, horizon. The greatest decrease
oceurred from the A, to the B horizon. Further decreases oc-
curred at lower depths, but were not so pronounced, the lowest
numbers of molds oceurring in all cases in the CC, horizon.

MOISTURE

The variations in the moisture content of the different layers
of the soil types sampled on the various dates thru 1926 show no
relationship to the content of bacteria, actinomycetes or molds.
In all cases the moisture inereased from the A, to the A, horizons
and this in the majority of cases was accompanied by an increase
in numbers of bacteria. In some cases the numbers of actinomy-
cetes and molds also increased. In a few cases the numbers of
bacteria decreased from the A, to the A, horizon altho there was
an inereased moisture content. In many of the samples, increases
in moisture occurred from the A, to the A, horizon, and these
were accompanied in practically all cases by decreases in numbers
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of bacteria. In some cases the decreases were not very large, but
in other instances pronounced decreases oceurred.

The differences were small in the moisture content of the soils
in the A, and the B horizons in the various samples, slight in-
creases oceurring in some instances in the B horizon, and in
other cases there were definite decreases. In all the samples the
numbers of bacteria, actinomycetes and molds decreased to a very
large extent from the A, to the B horizon. There is certainly no
evidence of any moisture effect in this decrease. Similarly in the
case of the CC, and C, horizons, small decreases in moisture some-
times occurred, but in other instances slight inereases were noted.
In all cases, however, large decreases in numbers of bacteria,
actinomycetes and molds were found in the (', and (', horizons.
Again there is no evidence of a moisture relationship.

While in some instances certain relationships between the mois-
ture content of the soil and the content of bacteria, actinomycetes
and molds may be noted, in general the numbers of these organ-
isms decreased from the surface to the lower depth without re-
gard to moisture differences. In one or two instances the larger
numbers of organisms in the surface soils in the case of the Car-
rington loam seem to be correlated with a higher moisture con-
tent, but in general the numbers, even in the surface layers of the
same types, varied without regard to the differences in moisture
conditions. It may safely be said that moisture differences are
of little significance in relationship to the numbers of mieroor-
ganisms in the lower soil layers and apparently have no great
mfluence, at least within certain limits, such as prevailed in this
work, upon the number of mieroorganisms in the surface soil. Ex-
tremes of moisture conditions would undoubtedly have a pro-
nounced effect on the numbers of microorganisms. From the
data given in this work, however, it appears that other factors
may be of more significance, nunder more or less normal condi-
tions.

SEASON

Since typical samples of Carrington loam were studied from
June to November, and all were taken from cultivated areas, the
results of the mierobiological studies might be expected to indi-
cate certain seasonal differences. The results did show some sea-
sonal effects. Thus the largest numbers of baeteria in the surface
layer of the cultivated Carrington loam were found at the first
sampling on June 20, and a second maximum occurred at the last
sampling on Nov. 11. The minimum number was found on Aug.
25. The numbers fluctuated some at the samplings between these
extremes, but the variations were not very great. The most strik-
ing differences oceurred tfrom the first to the second sampling and
from the third to the fourth sampling. The most striking in-




erease oceurred from the ninth to the tenth or last sampling. The
differences in numbers of baecteria as brought about by seasonal
conditions seemed to persist thruout the three surface horizons,
or down to the B horizon, smaller numbers occurring in the A,
horizon at the Aug. 25 sampling and larger numbers at the first
and last samplings. In the B and C horizons, however, the sea-
sonal effects were negligible, In fact no relationships were ap-
parent.

Variations in seasonal conditions seemed to affect the numbers
of bacteria in the Carrington loam, the largest numbers oceurring
in the surface layers in the A,, A, and A, horizons in the spring
and in the fall. The smallest numbers oceurred in the three sur-
face horizons in August. These results confirm earlier observa-
tions, which pointed out the fact that there were two maxima
in the year for numbers of bacteria in the soil.

No conclusions are possible regarding the seasonal effect on
the organisms in the Lindley sandy loam inasmuch as this soil
was sampled only in the fall.

There were, likewise, little evidences of seasonal effects on the
numbers of actinomycetes and molds in the soil, altho in the case
of the actinomyeetes there did seem to be two maxima, one in the
early part of the season and the other later in the season. The
maximum numbers of actinomyecetes oceurred in the surface soil
on June 25 and in the A, horizon of the Carrington loam on July
923. The second maximum occurred in this soil on Nov. 11. Two
minima were found on Aug. 256 and Oect. 21. No relationships
were apparent in the case of the mold counts, altho larger num-
bers might be expected on those dates when smaller numbers of
bacteria and actinomyeetes occurred. There were some indica-
tions that smaller numbers of molds actually occurred when the
highest numbers of bacteria were present, and vice versa, but in
general the results are not definite enough to permit of conclu-
sions.

CULTIVATICN

The effect of cultivation of the soil on the numbers of microor-
ganisms is indicated by a eomparison of the results secured on
the eultivated Carrington loam on June 20 (No. 1), and on the
virgin' Carrington loam on the same date (No. 2). The numbers
of bacteria were very much greater in the surface or A, horizon
of the eultivated soil, larger in the A, horizon and slightly greater
in the A, horizon. In the virgin Carrington a greater number of
bacteria was in the B horizon than in the culvitated Carrington.
The numbers in the (' horizon were similar.

In the case of the actinomycetes the numbers were much great-
er in the cultivated Carrington, and the larger numbers contin-
ued thru the A, and the A, horizons. Only slight differences oc-
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curred in the case of the B and (' horizons. With the molds there
was a lareer number in the three surface horizons and, as in the
case of the bacteria, a larger number in the B horizon in the vir-
gin Carrington than in the cultivated Carrington. No differences
were apparent in the (' horizon.

The data serve to indicate the fact that eultivation inereases
the number of microorganisms in the surface soil to a consider-
able extent, and the difference may extend down thru the A,
horizon. Not only are the numbers of bacteria increased, but
there are greater numbers of actinomycetes and greater numbers
of molds. The inereases are probably due mainly to the better
food conditions which are brought about as a result of eultiva-
tion and also to the better aeration. Below the surface horizons,
however, the numbers of organisms may even be somewhat great-
er in a virgin soil than in a cultivated soil. This seems to be es-
pecially true in this experiment in the case of the B horizon, but
mieht not always oceur. It would seem from these results that
the largest differences in numbers of mieroorganisms due to eul-
tivation occur in the surface layers.

SOIL TYPES

The relationship of the soil type to content of mieroorganisms
is indicated by a comparison of the results secured on the Car-
rington loam and the Lindley sandy loam on the three later
dates of sampling. On Sept. 20 the Carrington loam seemed to
contain the largest number of organisms in the surface soil, but
on Oct. 21 and Nov. 11, the Lindley sandy loam contained
slightly greater numbers. There were variations at the different
depths, but, in general, no distinet difference between the two
soil types was evidenced. The Lindley sandy loam 1s slightly
lighter in color at the surface than the Carrington loam and econ-
tains a sufficiently larger quantity of sand to be classified as a
sandy loam. It might be expected, therefore, that the numbers
of mieroorganisms would be somewhat greater in the Carrington
loam than in the Lindley, due to its darker color and somewhat
heavier texture. This does not seem to be the case, however, and
apparently other factors are of more significance than the slight
differences in color and texture whieh oceur in the case of these
two types. In general it may be said that there is no evidence of
type effect nor of any definite influence from the slight differ-
ences in color and texture in the case of the two soils studied In
this particular series.

SERIES IL

In 1927, the Carrington loam, the Clyde silty clay loam and
the Dickinson fine sandy loam were sampled on April 25, May 4,

|
I
|
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May 15, May 29 and June 18, typical profiles being selected in
all cases. Pits were dug in each type and samples drawn as in
the previous season. The numbers of bacteria, actinomycetes and
molds were determined by the methods previously employed.

Ca

A

Carrington Loam, No. 15

Careful deseriptions of all the soils were made as follows:

(0-2”)—Dark grayish-brown loam, granular in structure.

(2-6”)—Dark grayish-brown

loam,

Granular in structure,

(6-18”)—Dark grayish-brown loam, granular.

containing

considerable silt.

(18-24")—Dark brown silty clay loam. Organic infiltrations occur.
Transition zone.

Structureless.

(24-31”)—Yellowish-brown silty clay loam to silty clay, containing
some coarse sand and fine sand and occasional bits of gravel.

Structureless.

(31-50”)—Yellowish-brown silty clay loam to silty clay, containing a
higher percentage of coarse sand and grit than the layer above.
Lighter in color than horizon above.

Clyde Silty Clay Loam, No. 16

(0-2”)—Black or almost black sticky silty clay loam. No definite

structure.
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Fig. 8. Typical profiles of Carrington loam, Clyde silty loam and Dickinson
fice sandy loam.
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(2-6")—Almost black to black silty clay loam.
(6-17")—Almost black tenacious clay loam.

(17-26")—Moderately dark grayvish-brown clay loam to silty clay,
stained with organic infiltrations. Transition zone.

(26-34")—Dull gray silty clay, mottled faintly with lighter gray and
brown and a few iron stains. Considerable glacial grit present,
mostly coarse sand and fine sand.

(34-50”)—Gray silty elay highly mottled with gray and brown. Iron
stains abundant. Contains much grit. Very heavy and plastic.
Lighter in color than layer above,

Dickinson Fine Sandy Loam, No. 17

(0-2")—Moderately dark gravish-brown fine sandy loam. Single
grain structure,

(2-6”)—Moderately dark gravish-brown fine sandy loam, similar to
layer above,

(6-16")—Fine sandy loam, similar to lavers above except slightly
lighter in color. Uniform texture,

(16-24")—Transition zone, but not definite. Light brown to brown
fine sandy loam, darkened slightly by organic infiltrations.

(24-30")—Yellowish-brown to brown fine sandy loam, uniform In
texture,

(30-50")—Light vellowish-brown fine sand becoming slightly coarser
with depth.

Carrington Loam, No. 18

(0-2”")y—Dark grayish-brown loam, finely granular,

(2-6”)—Dark grayish-brown to almost black loam, very high in silt.
Finely granular in structure. Contains a minimum amount of
fine sand and no coarse material.

(6-20")—Dark grayish-brown to almost black mellow loam, very high
in silt and elay. Granular.

(20-25")—Transition zone. Brown silty clay loam colored with or-
ganic infiltrations to almost a dark brown. Color not solid.
Granular.

(25-36")—Light yellowish-brown or light brown silty clay, contain-
ing some coarse sand, but mostly fine sand, and rarely any glacial
gravel., Color solid. Structureless,

(36-50")—Light yellowish-brown silty clay containing much grit,
principally fine sand. Occasional bits of glacial gravel occur.

Clyde Silty Clay Loam, No. 19

(0-2”)—Very dark grayvish-brown to black silty clay loam, contain-
ing many particles of coarse sand, Coarsely granular.

+ (2.6")+-Black silty clay leam, containing a few coarse partieles

Structureless,
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As (6-14”)—Black silty clay loam containing some coarse sand, slightly
heavier than layer above. Increases in heaviness with depth.

B (14-20”)—Dark grayish-brown clay loam to silty elay, slightly lighter
in color than the layer above.

C: (20-28”)—Transition zone. Grayish-brown silty clay containing some
coarse sand. Faintly mottled with gray and shows a few iron
stains. Structureless,

C: (28-50")—Grayish-brown silty clay or clay with a few gray and yel-
lowish-brown mottlings. Frequent iron stains present. Struc-
tureless.

Dickinson Fine Sandy Loam, No. 20

A: (0-2")—Moderately dark grayish-brown fine sandy loam, single grain
structure.

A: (2-6”)—Moderately dark grayish-brown fine sandy loam, uniform in
texture.

As (6-18”)—Dark grayish-brown fine sandy loam, somewhat lighter in
color than layer above.

B: (18-25”)—Grayish-brown or brown fine sandy loam, stained with
organic infiltrations. Color not solid. Transition zone,

B: (25-35”)—Brown to yellowish-brown fine sandy loam, uniform in
color and texture.

C (35-50”")—Light yellowish-brown fine sandy loam or fine sand uni-
form in color and texture.

Carrington Loam, No. 21
A: (0-2”)—Dark grayish-brown friable loam, granular in structure.
A: (2-6”)—Very dark grayish-brown friable loam, granular.

A: (6-18”)—Very dark grayish-brown heavy but friable loam, contain-
ing a very high percentage of silt.

B (18-25”)—Transition zone. Dark brown silty clay loam, highly col-
ored with organic infiltrations.
C, (25-30”)—Yellowish-brown silty clay, containing a moderate amount
of grit, with much fine sand. No coarse material. A few faint
iron stains present.

C: (30-50”)—Yellowish-brown silty clay, faintly mottled with gray,
especially in the lower depths. Plastic. Occasional iron stains.
No pebbles nor rock fragments present. Fine sand predominates.

Dickinson Fine Sandy Loam, No. 22

A, (0-2”)—Moderately dark grayish-brown uniform fine sandy loam or
sandy loam. Single grain structure.

-

A: (2-6”)—Dark grayish-brown fine sandy loam. Single grain structure.

As (6-22”")—Dark grayish-brown fine sandy loam, slightly lighter in
color than layer above.
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B: (22-27")—Transition zone. Brown fine sandy loam or loamy fine
sand, stained with organic inflitrations. An almost solid color.

Bs (27-37")—Light brown uniform loamy fine sand. No coarse pebbles,
rock nor rock fragments occur,

C (37-50")—Light yellowish-brown sand, uniform in texture and ecolor.
Single grain structure,

Clyde Silty Clay Loam, No. 23

A: (0-2")—Very dark brown friable silty clay loam.

As (2-6”)—Very dark brown to black silty clay loam, containing a small
amount of fine sand,

As (6-16”")—Very dark brown to black heavy silty clay loam to clay
loam. Small amount of fine sand present.

B (16-22")—Transition zone. Dark grayish-brown plastic silty clay.

C: (22-34")—Gray silty clay, plastie and containing a small amount of
fine sand.

Cs (34-50")—Gray silty clay mottled faintly with brown and a few iron
stalns. Considerable fine and coarse sand present. Large rocks
and boulders frequently found below 40 inches. Soil very tena-
cious and plastic.

Carrington Loam, No. 24

A (0-2")—Dark grayvish-brown friable loam.
A: (2-6")—Grayish-brown friable silt loam.

As (6-20")—Dark brown silt loam, containing much silt.

B (20-28")—Transition zone. Brown silty clay loam, colored with or-
ganic infiltrations.

C, (28-35")—Yellowish-brown silty clay loam containing some fine grit

C: (35-50")—Yellowish-brown silty clay loam with considerable fine
grit and sand. More friable than layer above,

Dickinson Fine Sandy Loam, No. 25

Ay (0-2")—Dark grayish-brown uniform fine sandy loam.
A: (2-6")—Dark grayish-brown fine sandy loam.
As (6-14")—Grayish-brown fine sandy loam.

B: (14-18”)—Fine sandy loam, slightly lighter in color than layer above
and less loamy.

B: (18-29")—Brown loamy fine sand,

C (29-50")—Lighter brown or yvellowish-brown sand or fine sand. Uni-
form texture. No coarse materials oceur,
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Clyde Silty Clay Loam, No. 26

(0-2")—Very dark brown silty clay loam, with some fine sand.
(2-6”)—Almost black silty clay loam, very heavy and sticky.
( 6-16”)—Dark grayish-brown to almost black heavy silty clay loam.

(16-24”)—Transition zone. Dark grayish-brown to grayish-brown
silty clay, containing a small amount of fine grit. Much organic
infiltration,

(24-32")—Dull grayish silty clay, very plastic.

(32-50”)—Drab or gray silty clay faintly mottled with gray and
brown. Some coarse materials present; grit and fine sand occur
and occasional small granite boulders.

Carrington Loam, No. 27

(0-2”")—Dark grayish-brown friable loam.
(2-6”)—Grayish-brown friable loam.
(6-14"”)—Grayish-brown loam, containing considerable fine sand.

(14-24”)—Transition zone. Dark grayish-brown to grayish-brown
silty clay loam, highly colored with organic infiltrations. Color
appears solid.

(24-32")—Yellowish-brown silty clay loam, containing some fine grit.
(32-50”)—Yellowish-brown sticky plastic silty clay loam, faintly mot-
tled with gray. Very little grit occurs.

Dickinson Fine Sandy Loam, No. 28

(0-2”)—Moderately dark grayish-brown fine sandy loam.
(2-6”)—Dark grayish-brown fine sandy loam.
(6-18”)—Fine sandy loam slightly lighter in color than above,

(18-26”)—Brown fine sandy loam, with some organic infiltrations.
Transition zone,

(26-40”)—Light brown fine sand.

(40-50")—Pale yellowish-brown sand or fine sand. TUniform in tex-
ture,

Clyde Silty Clay Loam, No. 29
(0-2”)—Dark grayish-brown to black silty clay loam.
(2-6”)—Black heavy silty clay loam.

( 6-21”)—Very dark grayish-brown to black plastic silty clay loam
to clay loam.

(21-25")—Transition zone. Grayish-brown silty clay, faintly mot-
tled with gray.




TABLE II. MICROORGANISMS IN SOME S0OIL PROFI1I

Sgil type and date
sampled

Carrington loam
NMumber 15
April 25, 1927

Clyde silty clay loam
Number 16
April 25, 1927

Dickinson fine sandy
lonm
Number 17

April 25, 1927

Carrington loam
Number 158
May 4, 1927

Clyde silty clay loam
Number 19
May 4, 1927

Dickinson f{ine sandy
J,u.“.!ll
Number 20

May 4, 1927

Carrington loam
Number 21
May 15, 1927

Dickinson fine sandy|
loam '
Number 22

May 15, 1927

Clvde slty clav loam
Number 23
?'rln.j. 15, 1927

Carrington loam
Number 24
May 209, 192

Depth soil honzon

:‘.1 ':”"._’.“I
_1-.[:”.-':1! ) |
As(B-18"")
B (18"-24")
Ci(24"'-31"")
Ca(317°-507)

AlD-2")

A (27-6"")
Aax(B"-17"")
B (17''-28"")
Chi(24-34"")
Cz(34"'-50"")

A |'.”-'..'“_F
As(2'-6")
As(B-16"")
Bi(16°-24"")
Bs:(24''-30"")
C (30"-50"")

A(0=2"")
Ar(27-6"")
AalB'"-20")
B (207-25"")
Ch(25"-36"")
C:(36"°-50"")

A(0=2'")
Ax(2''-8")
As(B'=-14"")
B (14"-20")
C{207-28")
'l..i;l.ﬂﬁ"-.'_rll”]

"a. |l.“—'3'.l
As(277-6"")
A6 -18")
Bl Ih"-ﬁ._f'r
B:(25"-35"")
C (35"-50"")

A(0=2")
As(2'-6")
Ag(B"'=18"")
B (18"°-25"")
Ci(25'-30"")
C:(30°"-50"")

Ay (0-27)
As(27-8")
As(f'-22"")
B(227-27")
Bs(27 =37 )
C (37"-50")

A ||”"':.,1”?
Af(27-6"")
As(B7-16")
B (18-22")
Ci(227-34")
Ca(34"°-50"")

A1 (0-2")
Agl27°-8"")
Alg7-20)
R (20'°-28")
Ci1(28'"-35"")
Ca(35'"-00")
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Bacteria per
gram air-dry
a0l

5,001,000
4 000, OO
2. 5000, OO
4 500,000
HENLLE
14,200

3, 500, 000
2 000 U0
R, (OO0
441,080
549, 000)
10, D00

1,550,000
674,000
445,000
250,000

47,000
15,860

4 680,000
2,375,000
110,000
O 000
15,600

6,590,000

5,060,000
1,570,000
3500, 0000
529,000
79,000
13,000

1,280,000
790 000
S, OO
313,000
118,000

22.200

4,640,000
5,180,000
1,180 ,({}M)
s (0
260,000
a3, 400

1,730,000
2 030,000
073,000
107,000
258 000
62,300

3,870,000
6,170,000
2 970,000
607,000
421,000
81,600

4,140,000
4 810,000
2 R0 ()
S06 000
_ERHLLY
34,500

Actino-
myceres per
gram air-dry
!“Hll.

1,020,000
SO0 (D0
620,00

ol OO0
7,300
1,190

1,140,080
o790
205,000

73,000
4 W)
G=i)

333,000
112,000

$5.000
13,504
1,140

1,390,000
1,510,004)
o255, 000
b B
13, 000
1,590

1,340,004
430,000
160 (M0
100, 000

6, M)
1,650

234, 0i0)
17,000
173,000
64,000
200, S0
2.240

-

SRE O
R, 000
250,000
120,000
57 ,0(0)

1,104)

473,004}
S65, (00
216, (M
75,000
53 .00
7,000

606, U0
G0y, (M)
560,000
65,800
35,5600
2,300

487,000
617,000
506,000

12,000

JES IN IOWA

Molds per
gram air-
dry soil

2,100
35,100
7,500
B75
480
140

5,570
2. 890
2,650

£, 580
6, 580
4. 750
Uil
SU0
200

12,100
6,100
1,600

444
Lt 1)
20

6.370
fi,300
7.810
648
L]
118

5,8K0
11,700
Ba50
590
2000
170

8,000
0,400
3,400
320
450
1640

6,300
9,400
13,700
K20
370

71

3,000
3,700
2,500
490
240
3
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TABLE II—Continued

Bacteria per Actino- Molds per
Soil type and date | Depth soil horizon | Percent | gram air-dry | mycetes per | gram air-
sampled H.0 soil gram a.jlr-clry dry soil
soi

Dickinson fine sandy| A(0-2") 9.0 1,570,000 430,000 7,600
loam mEz”-ﬁ":. 10.0 | 1,330,000 380,000 8 800
Number 25 A(6-14"") 12.0 710,000 220,000 2 800
May 29, 1927 Bi(14'-18"") 12.0 530,000 56,000 560
Ba(187-29") 13.0 200,000 55,000 550

C (29'-50") 11.5 61,000 1,020 68

Clyde silty clay loam A1(0-2) 28.0 5,600,000 550,000 6,200
umber 26 Ai:(2"-6") 30.0 6,500,000 280,000 8,500
May 29, 1927 As(67-16"") 31.0 4,050,000 210,000 9,400
B (16"-24") 26.0 610,000 81,000 405

Ci(24'-32"") 24.0 310,000 39,000 130

C2:(32°-50"") 26.0 47,000 1,300 54

Carrington loam Aq(0-2") 20.0 5,500,000 1,100,000 7,500
Number 27 Aa(27-6"") 20.0 5,000,000 870,000 5,000
June 18, 1927 As(B-14") 22.0 3,400,000 530,000 8,400
B (14"-24") 20.0 630,000 3,700 375

C1(24'"-32") 16.0 220,000 110

Ca(32"-50"") 15.5 46,400 1,100 11

Dickinson fine sandy| A1(0-2") 7.0 1,830,000 320,000 5,300
loam As(2"-6"") 9.0 2,190,000 650,000 0,200
Number 28 Ai(6"-18"") 10,0 1,270,000 440,000 4,700
June 18, 1027 Bi(187-26"") 12.0 556,000 74,000 790
B:(26"-40") 9.0 340,000 60,400 o800

C (40"-50"") 6.0 45,700 1,200 110

Clyde gilty clay loam | A.(0-2") 22.0 8,700,000 705,000 7,800
Number 29 Ai(2"-6"") 25.0 7,800,000 800,000 6,800
June 18, 1927 AxB'-21'") 26.0 4,400,000 470,000 2,700
B (21'"-25") 24 .0 500,000 52,000 460

Ci1(25""-38"") 19.0 230,000 18,000 240

C:(38"°-50") 17.0 34,000 1,200 a6

C: (25-38”)—Drab or dull gray heavy sticky silty clay, containing much
fine grit.

C: (38-50”)—Gray silty clay mottled with gray and brown with a few
iron stains.
Typical profiles of the Carrington loam, the Clyde silty clay
loam and Dickinson fine sandy loam are shown in fig. 8.

Results of Microbiological Studies

The results of the microbiological studies are presented in table
11. and the counts of bacteria, actinomycetes and molds are shown
graphically in figs. 9 and 10 for the bacteria, in 11 and 12 for the
actinomycetes and in 13 and 14 for the molds.

DEPTH

The data given in the tables and presented graphically in the
figures show the very striking decreases in numbers of microor-
ganisms from the surface down thru the C horizon, or to a depth
of 50 inches. In the case of the Carrington loam, the largest
number of bacteria per gram of soil was found in the A, horizon
in three of the samples, and a decrease oceurred from the A, to
the A, horizon. This decrease, however, was not very great. In
two of the samples a slightly larger number of bacteria was found
in the A, horizon than at the surface. In all cases there was a large




NUMBERS PERFR GRAM AIF DY S0OIL

&A00C 000
6 400000
6 000 000
560000
520 000
480000
440000
400000
160 000
A20o 000
280000
240000
200 DOO
10 000
i20 0OO
80 DOO
40 000

o

BacTERIAL COUNTS

Ay Az AaB G C;
CarmincTON Loan
(C ultivated)
No. |15

APRIL 24 - jaz27

IN SoiL PrOFILES

T = | - l T A
Ay Az A B C, Cp A, A AaB G C; A Az A3 B C C; A, Az Ay B B; C A A;A,B G C; A A A B B, C
Cuyoe Sity Cuay Dicrinson Fine CareincTon Loarn  Curoe Siuty Cuayr  Dickinson Fine CaeRinGTON Loam
Loar (Cultivated) Sanpy Loam(Culh) (Cultivated) Loam (Cultivated) Sanpy Loam (Culti) {Cultivated)
No. 16 No I7 No. 18 No 19 No.20 No 21|
APRIL 2% - 1927 APERIL 25 - 1927 F AT 4 - |AZT HMAY 4 . Fdir M AY 4 - jag27 HMAY IS - 1927
Fig. 9. Bacterial counts in soil profiles—series [1.

96€




8000000
7600000
7 200000

500000
2200000
4 800 000
4 AQD 000
4 000000
3600 000
3200000
2800000
2400000
2000000
| @00 000
| 200000

NUMBERS PEE GBAM AIE DR

800000
400000

Q

BAacTERIAL C OUNTS

IN SoiL PROFILES

Az B G Ce A.m,ba

A Az Ay BB, C
CAPRINGTON

DickinsON FiNE

Sanpy Loam
(Cultivated)

Dicrinson FINE

Cultivated]

CLYDE SiILTY
CiLay Loam Loam
(Cultivated) (Cultivated)

0.25
29 - 1927

HAY 29 - 1[E7 JUKME i&-IiN2T

Bacterial counts in soil profiles—series II. (Cont.)

A A,A,_al_c:\?, A B A B G C2

A, Az Ay C A Ay Ay B Ci Ce
CLYDE 3SILTY CARRINGTON DickinsoN Fine CLYDE SiLTy
CLaY Loam Loam Sanoy Loam CLay Loam
{Cultivated) (Cultivated) (Cultivated) (Cultivated)
No.26 No27T No.28 No.29

JUNE I8 I%ET JUNE I8~ I192T

L6E




NUMBERS PER GRAM AIR DRY SOIL

| 500000
| DODO000
950000
qoo o000
850 000
800 Q00
T50000
Toooo00
®50 000
&00 000
550000
500000
450 000
400000
A50 000
A0O D00
250000
200000
150000
100000
50000

o

£

ACTINOMYCETES IN SoiL PrROFILES [
=
— _1 rjfj-. —-—— -]-1_‘
hi AI_A‘B CJ CI‘_ AI ALA]E CC C,[ A| A[h}ﬁ cl C: .ﬂu_ h!A!bCNC[ Aq- n:A!E BgC J&i AtA}bC.C: -ln; A;ﬂ,ﬂ C;Cr_

CAERINGTON L?aﬂ
(Culbivaled

ol5
AP!‘I[JZE- « g7

CLYDE SiLTY
CLAY Loam
(Cultivatad)

ol6
APEIL ES - 1927

Fig. 1L

Dickinson FinE
Sambdy Loam

[f_' ul * rfﬂt‘d‘

No.|7
AFEIL E5- 1927

CarrinGTON LOoan
(Culbivated!)

No 18
MAY 4 1927

CLYDOE SiLTY
Cray Loam
(Cultivated)

No I9
Yy @

A LTS

Actinomycetes in soil profiles—series 11.

Dicminson Fime
SANDY LoAm
(Cultivated)
No2O

HMAY 4 IYZ7

CAaRpINCTON LOAM

(Cullivated)
No 21
MaY 15~ 92T

86E




ACTINOMYCETES I SalE PROFILES
Frooo000 i

450000
900 000
&50000
- aoo ooo =

Q
N 750000 .

3. 700000
5 650000 e

. 600000 —-d i
L

E 200000 ] '-'|

¥ 450 000 =
IJ —c

W 400000 =,

TN

g 350000
300000

0

ﬁj 250000

gamnﬂo Wl = P

=] IS0 000D

Z 100 000

e LT LT L e AN N

.Inl A!A! B.b C hl AlA!BCl cz AI A:A}E C| 'c-l_ ﬁ‘Atnlh|E C AI A:A;hc; C': .Ai Arg:‘,ﬁ CJ 'Cz AI AIA‘&E{ C- A. h! A!ﬁ C, Cﬁ!‘_

550 000 = = —

I
66E

Diekinson Fine CLYDE DTy CareiNCTON Dickinson Fine CLYDE Sty CARRINGTON Dickinson Fine CLYpE SiLTY
Sanpy Loam CLay Loam Loarm Sanpy Loam Cray Loam Loam Sanoy Loam {CLAY Lmd-;
(Cultivated) (Cultivaled) (Culbtivaled) (Cullivated) (Culhivated) (Cultivated) (Cultivated) Cultivate
Ne No. 23 NocZ2d NoZ25 NocZ6 No27 NoZ8 No 29
MAY I5- 1927 -1 AY 1S 92T HMAY 2Z29- IMET HAY £9- I"ET Ay 29- 1927 JUNE 18- |27 JUNE |18-I9ET JUNE [I8-19Z7

Fig. 12. Actinomycetes in soil profiles—series II. (Cont.)




|2 000
I 500
i1 000
10500
$000 MoLDS IN SOIL PROFILES
q 500 [ |
q 000
Aas00 — =
&000
7500 =1
TO000

& 500

¢ 000 um
5 500 —
5000

00%

4500

MBERS PER GRAM AIR DRY S0IL
e w B
g § 8

MU
N
g &
i

1 500

1 D00

U e 1 T Ui

A.MA‘EC;CE Ay AlA"B CEC' Aihzhﬂ El C[ A ﬁ:ﬂ‘b ':-.-'El A.Agh,ﬂ CT CI. AI &;A‘EC C;- A AEA,HGCI
CARRINGTON CLvoe SiLTY Dickidaon FiNe AECINGCTON CLYDE STy ICminBon FINE AFPINGTON
Loam CLavy Loarm AMDY Loam Loam CLaY Loam 5 anovy Loarm Loam
{cﬁ’éu?;qu (Cultivaled) Cultivated) (Cullivaled) (Culhivaled) (Cultivated) (Cultivaled)

s .
AFRIL EBS- 9P APRIL 25 19F7 APEHOEI'; g H.l.vND.q INET LAY ”z_qnng

No 21
Ay 4 19r7 AAY I8 - ingY

Fig. 13. Molds in soil profiles—series 11,




NMUMBERS PER GEAM AIE DRY SOIL

10 500
10 00D
9 500
9 000
a 500
8000
TS500
TQ00
@500
© 000

S500
S 000
4 500
4 D00
3500
3000
2500
£ 000
1500
1 000

S00

12700 [

11,

3

=2

MoLDS

B

IN SoiL PROFILES

AEE

[

i

_I_L

==

A, A A B B C
Dicrinson FinE
Sanpy Loar
(Cultivaled)

No 22
MAY I15=I192°7T

A Az AsB Ci Ce
CLYDE SILTY
CLav Laam
(Cultivated)
Noz23

MAY IS5- 1927

Fig. 14.

A. A:Agﬂ l:; Cz_
CARRIMGTOM

LoAam
(Cultivaled)

A Az AB B C
DicHiNEDH FIinME
Samoy Loam
(Cultivaled)

No2s
HMAY 29 -1927

Molds in soil profiles—series II.

A A:Ax B C,C;
CLYDE SiLTY
LAY Loam
Cultivated)

No 26
MAY Ea-i927

{Cont.)

A, Az A3 B C: C;
AERIWNCTON
Loam
‘.C ultivated)

No. 27
JUWUMNE a-a27T

AI I&lnj B| ﬂa{:
Dicxirison Fing
SanDy Loam

LCullivated)
NocZ8
JUMNE 1&8-iq27T

lﬁ-l h‘.’_‘ A!E? CI ’Cz
CLYDE 2ILTY
CLay Loam
(Cultivaled)

Nao
JLUME &= 1927

0¥




402

decrease from the A, to the A, horizon. From the A, to the B
horizon much the largest decrease in numbers occurred between
any two depths. From the B to the C horizon a further decrease
oceurred, but it was not quite so large relatively. The numbers
present in the C, horizon were rather low.

In the case nt the actinomycetes the largest numbers were
found in the Carrington loam either in the A, or the A, horizon.
There were small differences usually in the numbers at these two
depths. A large decrease occurred from the A, to the A, horizon,
hut in most cases the deerease was not nearly so pmnnum*ﬁl as in
the case of the bacteria. The largest decrease between any two
depths was found between the A, and the B horizons. Further
decreases occurred thru the C, and (', horizons.

With the molds ﬂw largest number was found in the (‘arring-
ton loam in the A. horizon in three of the munplmﬂ'a In one

«ase the largest numhf: was in the A. horizon and in one sample
the largest number was present at the surface. The content of
molds in this soil varied slightly in the three surface horizons. In
general, however, a larger Tumber seemed to oceur in the lower
surface layers than was the case with the bacteria and actinomy-
cetes. The largest deerease in the number of molds oceurred be-
tween the A, and B horizons, as noted in the case of the bacteria
.ind ac llnnnnwiu Decreases from the B to the C and from the

. to the C, horizon were not of significance.

"With the ( Iyde silty elay loam, the largest numbers of bacteria
appeared in the A lml izon in two of the mtm]‘.-lmtm In the other
three cases the | :IIUL‘NI numbers were found in the A, horizon. In
most instances the difference was not large between the two sur-
face horizons. In tlu- ase of No. 19, there was a very unusual
decrease from the A, to the A, Imt'iznn. ln all the samples the
depression was large from the A, to the A, horizon. This de-
crease was very much greater gnnpmtnnmmlx to the numbers
present above than in the case of the Carrington samples. The
decrease from the A, to the B horizon was large but not so great
relatively as was 1iw case with the samples of the Carrington
loam. Likewise the decrease from the B to the (7, horizon was
pronouncd, but not so great as in the case of the Carrington loam.
Decreases from the C, to the U, horizon were also noted.

The largest number of actinomycetes were present in the A, or
the A, horizon of the Clyde silty clay loam, just as was noted
the case of the Carrington loam. In two instances the larger
numbers were found in the A, horizon. In the other cases the
oreatest numbers oceurred in the A, horizon. In all mstances
there was a large decrease from the A, to the A; horizon. As
was noted in the case of the bacteria, the decrease from the A, to
the A, horizon was much more pronounced with the actimomy-
cetes in the Clyde silty elay loam than in the Carrington loam.
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The decrease from the A, to the B horizon was pronounced, and
there were also very pronounced decreases from the B to the C,
horizon. In general, however, the largest relative decrease oec-
curred between the A, and the A, horizons. The numbers present
in the C, horizon of this type were very low.

With the molds the largest numbers were found in the A, or
surface horizon of three of the samples. In two cases the largest
numbers were present in the A, horizon. It would seem, there-
fore, that there may be some variation in the number of molds
in this soil in the three surface layers, and in some instances the
largest numbers may be present in the lowest part of the surface
or A horizon. The largest decrease in numbers of molds oe-
curred between the A, and B horizons as in the case of the Car-
rington loam. Decreases from the B to the C; and to the C, hori-
zon were small and relatively unimportant.

The numbers of bacteria in the Dickinson fine sandy loam were
the largest in the A, or the A, horizons. In three instances the
greatest numbers oceurred in the A, horizon. In the other two
samples the largest numbers were found in the A, horizons. The
differences, however, were not very pronounced in these cases.

There was a large deerease from the A, to the A, horizon in all
of the samples. A further decrease from the A, to the B, hori-
zon was noted, but in most instances this decrease was not rela-
tively so large. A decrease from the B, to the B, horizon was
noted in all the samples, but this deerease too was not pro-
nounced. A large deerease occurred between the B, and the C
horizons.

With the actinomycetes the largest numbers were found either
in the A, or the A, horizon, in some cases the A, horizon showing
slightly greater numbers, while in other instances the A, horizon
was the highest in numbers of these organisms. Decreases oc-
curred from the A, to the A, horizon in all instances. These,
however, were not relatively large. Large decreases occurred be-
tween the A, and the B, horizons. Generally the largest decrease
was found between these two horizons. Small decreases occurred
between the B, and the B, horizons. A further decrease, which
was rather pronounced, occurred between the B, and the C hori-
ZOns,

With the molds, the largest numbers in the Dickinson fine
sandy loam occurred irregularly in the A,, the A, or the A; hori-
zons. In one instance the largest numbers were found in the A,
horizon. In the majority of cases the largest numbers occurred
in the A, horizon. The most striking decreases were found from
the A, to the B, horizon. Decreases from the B, to the B, hori-
zon and from the B, to the C horizon were small and relatively
unimportant. _

It appears from these data that the decreases are large in the
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numbers of the various groups of microorganisms from the sur-
face to the lower soil layers of the three soil types studied. The
numbers dropped from several million bacteria per gram of soil
in the surface horizon, to a few thousand per gram in the C hori-
zon. A few thousand actinomycetes were found at these lower
depths, and only a very few molds occurred. The numbers of
molds were relatively low, amounting to only a few thousand per
oram of soil in comparison with several hundred thousand to
over a million actinomycetes and to several million baecteria per
gram of soil.

At the lowest depths studied, 50 inches, there were variations
in numbers of microorganisms in the case of the different soil
types, but the differences were not nearly so great at the lower
depths as at the surface. Usnally the greatest decrease in num-
bers of bacteria occurred between the A, and the B horizons.
Large decreases also oecurred from the B to the € horizons. Simi-
dll\ in the case of thv actinomycetes, the largest decrease oc-
curred between the A, and B horizons mm two uf the soils. In
the Clyde silty clay ](}.lm however, the largest decrease was us-
ually found between the A, and the A, horizons, or even between
the A, and the A, horizons. The number of actinomycetes in this
type dropped much more rapidly than in the other soils. In the

ase of the molds the largest deerease occurred between the A,
and B horizons. Below that point, there were very minor dtﬁ'er-
ences in numbers of molds. The largest numbers of molds in
many cases occurred in the lower part of the surface layer, the A,
horizon. In the case of bacteria and actinomyecetes, however, the
largest numbers were always found either in the A, or A,
horizon. In most instances the relationship between the nmum-
bers of bacteria and the numbers of molds was very much nar-
rower in the lower soil layvers than at the surface. The numbers
of bacteria and actinomyeetes usually decreased very much more
rapidly than did the molds.

MOISTURE

The variations in the moisture content of the various layers of
the soils studied were without definite relation to the numbers
of bacteria, actinomycetes and molds. In several instances the
moisture content decreased from the surface soil to the lower
layers, and the numbers of the various groups of microorganisms
also deereased. In other instances, however, very slight differ-
ences, or even no differences, in the moisture conditions oceurred
between various layers in the soils, while large differences in the
numbers of bacteria, actinomycetes and molds were found. In a
considerable number of instances there were decreases in num-
hers of the various groups of microorganisms, while increases in
moisture oceurred between the same soil layers. It seems appa-
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rent, therefore, that the numbers of microorganisms decrease in
the various soil types from layer to layer without regard to the
variations in moisture. Probably in cases of extreme differences
in moisture conditions, there might be some relationship to the
numbers of microorganisms in the different layers, but in the soils
studied the moisture conditions were not extreme either in the
direction of high content or low content.

When the moisture content and the numbers of bacteria in the
surface or A, horizons of the various soil types are compared,
some evidence of a moisture relationship appears. The Dickinson
fine sandy loam in every case showed a very much lower per-
centage of moisture in the A, horizon than the Carrington loam
or the Clyde silty elay loam, and the numbers of microorganisms
in that surface layer were in all cases very much lower. The
same conditions pertain to the A, and A, horizons. In the B and
(! horizons, however, the numbers were sometimes higher in the
Dickinson fine sandy loam than in the other soil types, while the
moisture content was ordinarily lower. The Dickinson fine sandy
loam, however, varies to such a large extent in general charac-
teristies in the surface layer from the Carrington loam and the
Clvde silty clay loam that the difference in numbers of bacteria
and the lower content also of actinomycetes are probably due to
other factors, as well as to the difference in moisture content.
The most that can be said in this connection is that the lower
moisture econtent of the Dickinson fine sandy loam, along with
other factors, led to a lower content of bacteria and actinomy-
cetes in the surface layer when compared with the Carrington
loam and the Clyde silty elay loam.

SEASON

The soils studied in this series were sampled only in the three
spring months, April, May and June, and, henece, no definite in-
dications of seasonal relationships are apparent. There were
some fluctuations, however, at the different samplings. In the
Carrington loam there was a decrease from the sampling on April
25 to the sampling on May 29, which was followed by an inerease
and the maximum count in the surface soil was obtained for this
soil on June 18. In the case of the Clyde silty clay loam, a de-
crease occurred from the first sampling, but the minimum num-
bers were secured at the sampling on May 15. This was followed
by an inerease and the largest number of organisms in this soil
type was found in this surface layer on June 18. Variations in
numbers of bacteria in the surface soil of the Dickinson fine
sandy loam were hardly large enough to be significant. There
was a decrease on May 4, which was followed by an inerease on
May 15, a decrease on May 29 and an inerease on June 18.

The numbers of actinomyecetes varied in much the same way
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as the numbers of bacteria, the lowest count being obtained in
the surface layers of the Carrington loam and the Clyde silty
clay loam at the sampling on May 15. The lowest numbers for
the Dickinson fine sandy loam occurred on May 4. While definite
conclusions eannot be drawn regarding seasonal effects, 1t seems
that seasonal variations oceur in numbers of microorganisms in
the different soil types, depending upon the particular conditions.

SOIL TYPE

The three soil types compared in this series were quite different
in general characteristics, and these differences are reflected to
a certain extent in the numbers of baeteria and actinomycetes
present in the surface soil. There are indications that the differ-
ences in texture and color of the various soils are significant.
Thus the Dickinson fine sandy loam, which is lighter in color than
the Carrington loam and the Clyde silty clay loam, was lower in
numbers of bacteria and in numbers of actinomycetes in the sur-
face lavers. The Dickinson fine sandy loam is also much more
sandy in texture than the other two types, which would also un-
doubtedly tend to reduce the numbers of microorganisms. The
Clyde silty clay loam is heavier in texture than the Carrington
loam and the numbers of mieroorganisms were usually lower in
the surface layer. Exceptions to this, however, were found particu-
larly in the case of the samples taken on June 18 when the num-
bers present in the Clyde silty clay loam were higher than those
present in the Carrington loam. The Clyde silty clay loam is black-
er in color than the Carrington loam and might be expected, there-
fore, to be higher in numbers of microorganisms. It is heavier in
texture, however, and aeration is undoubtedly poorer, hence, the
numbers were actually sometimes lower. The heavier texture of
the Clvde silty clay loam may tend to inerease the numbers of
microorganisms in some instanees, but in general it would reduce
the numbers of microorganisms because of interference with aera-
tion conditions. The variations in counts obtained for these two
types, must, therefore, be considered to reflect the influence of all
the characterisies of the soil types, some of which normally oper-
ate to increase miscroorganisms, while others cause a decrease In
numbers. It is quite possible that these different factors may
operate differently at various times during the seasons, depending
upon climatic and seasonal conditions. Late in the spring, the
numbers of bacteria and actinomycetes seemed to be somewhat
oreater in the Clyde silty elay loam than in the Carrington loam,
which may be due to the later warming up of this soil. It is
naturally a later, eolder soil and it is quite possible that the tem-
perature differences would be of considerable significance. Varia-
tions in moisture will not explain the differences in the bacterial
content of these two soil types. Apparently, therefore, it is some
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other factor or group of factors, and probably temperature is
important.

The differences in the subsoil conditions in the various types
do not seem to be of large significance in connection with a deter-
mination of the numbers of bacteria and actinomycetes present
in the lower laver. The Dickinson fine sandy loam, which is much
coarser in texture in the subsoil and substratum, contained quite
as large numbers of bacteria and actinomycetes in the lower soil
layers, and in some cases showed even a higher content in the
lowest horizons studied. The Clyde silty elay loam is particularly
impervious in the lower soil layers, probably more so in general
than the Carrington loam. There were no definite differences in
the content of microorganisms in the lower horizons of these two
types. With the Dickinson fine sandy loam it might be expected
that there would be a lower content of microorganisms at the
lower depths because of the lower plant food content and a more
open, porous condition. The microorganisms, however, may be
carried down from the surface in greater numbers because of the
greater percolation of water in the coarse-textured Dickinson
soil. Then, too, the aeration is better in the subsoil of the Dick-
mmson fine sandy loam. In the Clyde silty elay loam and the Car-
rington loam subsoils, probably the chief reasons for the lower
content of mieroorganisms, at least for the faet that there is no
higher content of microorganisms, is the lack of aeration and the
impervious nature of the subsoil material.

SERIES III

In the third series of tests the numbers of mieroorganisms were
counted in samples of typical Marshall silt loam and Knox silt
loam taken from profiles in Crawford County. Samples were
drawn from these soils on July 29, Aug. 28, Sept. 23, Oect. 12 and
Nov. 23, 1927, pits being dug and the samples taken from the
various profiles as in the other series. The counts of bacteria,
actinomyecetes and molds were made according to the same tech-
nique followed in the earlier tests.

The profiles were carefully deseribed, as in the case of the other
soil types, and the descriptions are given below. Typical pro-
files of the Marshall silt loam and the Knox silt loam are shown
egraphically in fig. 15.

Marshall Silt Loam, No. 30

A; (0-2")—Dark brown smooth silt loam, finely granular.
A: (2-6”")—Dark brown smooth silt loam, finely granular.

As (6-12")—Dark brown smooth silt loam, granular, uniform in color
and texture,
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B: (12-20”)—Brown to dark brown heavy silt loam highly stained with
organic infiltrations. Transition zone. Finely granular struc-
ture, compact but friable,

B: (20-35")—Light yellowish-brown silty clay loam, finely granular, a
few faint gray mottlings and rusty brown iron stains.

C (35-50")—Light yellowish-brown silty clay loam, slightly lighter in
color than above and more friable, Often a pale yellow in color.
Texture smooth and floury. Iron stains fairly numerous. No

definite structure. Highly calcareous,

Knox Silt Loam, No, 31

A (0-27)—Grayish-brown or brown silt loam.

A: (2-6")—Grayish-brown or brown silt loam, thin dark thread-like
streaks present, from organic matter.

As (6-16”)—Light yellowish-brown smooth silt loam, faint granular
structure. Thread-like streaks of dark colored organic matter
occur: color almost solid. Caleareous,

B (16-30")—Pale yellowish floury silt loam, a few faint gravish streaks
or mottlings. Highly calcareous. No granulation.

¢ (30-50”)—Pale yellowish floury silt loam, occasional light gray lines,
thin streaks or splotches, more floury than layer above. Highly
caleareous. No granulation.

A, | Dork brown smooth sill loam . &, Graoymh brown smoolk sill loem
Z 4
'B‘f Dark browsn amoslk sill loam A Grayish brown smoolh st |oam
finely gqranulor .
& e
Dark brown smoolh Sil) foam
"l granulor wmiform ip Yevlure 4
toler Light yulliogwisk brows ameslk il
" Ay leam calcarrous
B' Brown lo dark brown heovy sil?
leam colored by orgamic infif L
tration Transihon zsone
20
B Pole yeliowinbk floury mil loam

fainl grevah slreaks hwighly
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gray mellhings d iron slaind an

3y
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Fig. 15. Typleal profiles of Marshall silt loam and Knox silt loam.
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Marshall Silt Loam, No. 32

(0-2”)y—Dark grayish-brown silt loam.
(2-6”)—Dark grayish-brown silt loam, finely granular, friable and
smooth.

(6-16")—Dark grayish-brown silt loam, finely granular, friable and
smooth.

(16-26”)—Brown heavy silt loam stained with organic infiltrations.
Transition zone. Granular structure,.

(26-50”)—Light yellowish-brown silty clay loam. Color solid. Slight
granulation in the upper part of the layer. The lower part of
the layer is soft and structureless. Non-calcareous.

Knox Silt Loam, No. 33

(0-2")—Grayish-brown silt loam, containing lime concretions at the
surface.

(2-6”)—Grayish-brown friable silt loam, finely granular.

(6-15”)—Light vyellowish-brown smooth silt loam, breaks into ir-
regular granules. Caleareous. E

(15-28”)—Pale yellowish-brown velvety loose silt loam. No strue-
ture. Highly calcareous,

(28-50”)—Pale yellowish-brown silt loam, floury and pulverulent. A
few faint gray streaks. No structure. When moist is soft and
crumbly, when dry tends to break into plates.

Marshall Silt Loam, No. 34
(0-2")—Dark grayish-brown silt loam.
(2-6”)—Dark grayish-brown silt loam, granular and friable.

(6-18”)—Dark grayish-brown silt loam, granular, compact in places,
but friable.

(18-22”)—Transition zone. Brown heavy silt loam. Some organic
infiltrations. Distinctly granular.

(22-34”)—Yellowish-brown silty clay loam, irregular granules.

(34-50”")—I.ighter yellowish-brown silty clay loam. Irregular gran-
ules, tendency to break into irregular-shaped clods. Non-cal-
careous.

Knox Silt Loam, No. 35

(0-2”)—Grayish-brown silt loam, smooth to floury.
(2-6”)—Yellowish or grayish-brown silt loam, finely granular.
(6-14”)—Yellowish or grayish-brown silt loam, finely granular,

(14-34”)—Yellowish-brown heavy silt loam, tends to be finely granu-
lar., Smoth silt loam but compact. Non-calcareous.

(34-50")—Pale yellowish-brown floury friable silt loam, highly cal-
careous. Loose, soft and structureless.
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Marshall Silt Loam, No. 36

(0-2”)—Dark grayish-brown silt loam.

. (2-6”)—Dark grayish-brown silt loam, finely granular.

(6-16”)—Dark grayish-brown silt loam, to brown gilt loam, finely
granular in structure. Colored with organic infiltrations, finely
granular, almost solid in color.

(16-27")—Yellowish-brown heavy silt loam. Faint traces of organic
infiltrations. Finely granular.

(27-37”)—Yellowish-brown heavy silt loam or light silty clay loam,
faintly granular. Color solid except for a few faint gray
splotches. Calcareous, very irrgular in content of calcareous ma-
terial.

. (87-50”")—Pale yellowish-brown or grayish-yellow silt loam, exceed-

ingly pulverulent, fine, floury. Highly calcareous. Has many
faint gray streaks.

Knox Silt Loam, No. 37

(0-2”)—Yellowish-brown silt loam. A few calcareous nodules.

(€-6”)—Yellowish-brown silt loam, smooth, friable, floury. Tends to
be finely granular.

(6-14”)—Lighter vyellowish-brown pulverulent, fine granular silt
loam.

(14-34”)—Light vellowish-brown silt loam, with occasional faint
iron stains and faint streaks of gray. Becomes only very slightly
granular in structure in the lower parts of the horizon.

(34-50”)—Lighter pale vellow or grayish-yellow velvety silt loam,
highly calcareous. Structureless.

Marshall Silt Loam, No. 38

(0-2”)—Dark grayvish-brown silt loam.
(2-6”)—Dark grayish-brown silt loam, granular.

(6-14”)—Dark gravish-brown silt loam, very floury, mellow, faint
and almost indistinet granulation.

(14-28”)—Brown light silty clay loam. Some organic infiltrations.
No granulation, Non-calcareous.

(28-50")—Yellowish-brown silty clay loam, friable. Has a few faint
grayvish-yellow streaks and occasional splotches. No granulation.
Calcareous—the lime usually occurring in streaks and spots.

Knox Silt Loam, No. 39

(0-2")—Grayish-brown floury silt loam.

As (2-6”)—Gravish or yellowish-brown friable silt loam, finely granular.

(6-12”)—Gravish or vellowish-brown friable silt loam, finely granu-
lar, tending to become poorly granular.

(12-30”)—Yellowish-brown floury fine silt loam, friable and smooth,
tends to break into soft clods. Highly calcareous.

(30-50")—Pale yellowish-brown or grayish-brown silt loam. No
granulation. Highly calcareous.
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TABLE III. MICROORGANISMS IN SOME SOIL PROFILES IN IOWA

e — . .

Soil type and date
sampled

e —————

Marshall silt loam

Number 30
July 29, 1927

Knox silt loam
Number 31
July 29, 1927

Marshall silt loam
Number 32
August 28, 1927

Knox silt loam
Number 33
August 28, 1927

Marsghall silt loam
Number 34
September 23, 1927

Knox #ilt loam
Number 35
September 23, 1927

Marshall silt loam
Number 36
Oectober 12, 1927

Kunox silt loam
Number 37 _
October 12, 1927

Marshall silt loam
Number 38
November 23, 1927

Knox silt loam
Number 39
November 23, 1927

Depth soil horizon

A1(0-2")
Ax(27-6")
As(8-12")
Bi(12"-20")
B:(20""-35"")
C (35-50")

A{0-2'7)
As(27-6"")
Az("-16"")
B l_lﬂ”-ﬂﬂ" r}
C (307-50"")

A1(0-2)

.& =l'sz-ﬂffj
As(B-18")
B (167-26")
C (26-50"")

A1(0-2")
Az(27-8")
Ax(B7-15")
B (15-28")
C (28"-50"")

A (0-27)
Ar(27-8")
Ax(6"-15")
B (18'-22")
Ci(227-34")
Cs(34'°-50")

A1(0-2")
As:(2"-8")

A 1{&"'1*”]
B (14"-34")
C (341 l-E{JJJJ

Aq(0-2'7)
A=(2"-8"")
AaB'"-16")
B (16°°-27")
Cu(27"-37"")
Ca(37"'-60"")

A(0-2")
As(2"-8")
A3(67-14")
B (14"'-34"")
C (347-50")

A1(0-2")
Ap(27-8"")
Aa(6'-14"")
B (147-28")
C (28-50"")

Ai(0-2")

As(27-6")
A3(67-12")

| B (12-30"")
r C {3{].”_5{]”;

Bacteria per Actino-
Percent | gram air-dry | mycetes per
H+O) soil gram air-dry
soil

16.0 4,280,000 540,000
15.0 4,470,000 920,000
16.0 3,690,000 500,000
15.5 510,000 2,000
14.0 410,000 46,000
13.5 658,000 5,700
14.0 3,950,000 580,000
16.0 4,160,000 720,000
15.0 3,370,000 480,000
14.0 300,000 69, 000
12.0 125,000 56,000
14.0 3,600,000 608,000
11.5 1,920,000 511,000
7.0 1,879,000 361,000
16.5 179,000 64,900
16.0 107,000 86,900
11.0 2,470,000 426,000
10.5 2,301,000 670,000
13.5 2,080,000 506,000
12.0 272,000 46,0040
10.5 156,000 24,000
12.0 4,772,000 795,000
14.0 5,681,000 697,000
15.0 4,589,000 352,000
12.0 750,000 125,
11.0 348,000 56,000
11.0 55,000 7,860

.0 3,040,000 326,000
10.0 3,660,000 222,000
12.0 1,818,000 227,000
10.0 266,000 77,000

7.0 96,000 43,000
14.0 5,110,000 581,000
19.5 4,340,000 911,000
18. 5 4,171,000 492,000
18,3 305,000 73,000
17.5 108,000 48,000
11.5 42,900 4,200
16.0 3,570,000 K30,000
17.0 4,086,000 G860, 000
17.5 2,780,000 350,000
14.0 204,000 a5, 0000
11.0 59, (00 33,000
156.0 3,520,000 HES, D00
14.5 3,390,004 729,000
14.5 2,540,000 608,000
11.0 277,000 44,000
10.5 136,000 10,000
12.0 3,060,000 454,000
15.0 3,640,000 705,000
15.0 2,000,000 470,000
14.0 150,000 58,000
13.0 80,000 34,000

Molds per
gram air-
dry sail

950
1,290
1,660

820

93
23

810
1,070
1,204

162

68

6095
1,350
1,200

119

83

1,120
670
57

45
24

1,931
1,041
135

44
11

1,300
1,100
90
100
43

1,650
1,810
1,630

110

22

2,850
1,560
104
69

26

1,240
1,930
67

11

21
1,700
2.470
120

11
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Results of Microbiological Studies

The results of the mierobiological studies are given in table
III. They are also shown graphically in figs. 16, 17 and 18 for
the bacteria, actinomycetes and molds, respectively.

DEPTH

The numbers of mieroorganisms in the Marshall silt loam and
the Knox silt loam, as given in table I1I and shown graphieally
in the figures, decreased from the surface or A, horizon to the C
or C, horizon in a very definite way. With the Marshall silt
loam, the largest numbers were found either in the A, or the A,
horizon. In some cases the greatest numbers appeared in the
surface 2 inches while in other cases larger numbers were found
between 2 inches and 6 inches, the A, horizon. The differences n
general were not very great between these two horizons. In one
case, however, a considerable decrease oceurred between the A,
and the A, horizons. A decrease occurred in all instances in
numbers of bacteria in this soil between the A, and the A; hori-
zons. The largest decrease in bacterial eount occurred from the
A, to the B, horizon. Further decreases, which were not so sig-
nificant, occurred between the B, and the B, horizons, and addi-
tional decreases were found between the B, and the C horizons.

The number of actinomyecetes were the highest in either the
A, or the A, horizon, just as was noted in the ease of the bacteria.
In three of the samples the largest content occurred at the A,
depth, while in the two remaining samples the largest numbers
were found in the A, horizon. Decreases occurred in every in-
stance from the A, to the A, horizon, but in some of the samples
the differences were not very great. The largest decrease oc-
curred from the A, to the B horizon. Further decreases between
the B, and the B, horizons, between the B, and the C, horizons,
and between the (U, and the €, horizons, were noted in a number
of cases, but they were not so large nor significant.

The numbers of molds in the Marshall silt loam decreased con-
siderably from the surface to the lower depths. The deecreases
were not nearly so large relatively as in the case of the bacteria
and actinomycetes. The largest numbers of molds were found
in some ecases in the A, horizon. In all instances, however, the
largest numbers occurred in one of the three surface horizons,
sometimes appearing at the surface, sometimes in the A, horizon
and sometimes in the A, horizon. The largest decrease appeared
from the A, to the B horizon. Further decreases from the B to
the C horizon were of less significance.

The numbers of bacteria in the Knox silt loam were the largest
either in the A, or the A, horizon. In four instances the greatest
numbers were secured in the A, horizon. Deereases usually, not
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large, oceurred from the A, to the A, horizon. Very large de-
creases occurred from the A, to the B horizon, sometimes less
than a tenth as many bacteria oecurring in the B horizon as in
the layer above. Further decreases from the B to the C horizon
were found, but they were relatively not so large.

The largest numbers of actinomycetes in the Knox silt loam
were generally found in the A, horizon, just as in the case of the
bacteria. The greatest counts were always obtained either in the
A, or the A, horizon. In other cases, the decreases between these
two horizons were not pronounced. In every instance the largest
decrease in numbers of actinomycetes occurred between the A,
and the B, horizons. Further decreases from the B to the C
horizon were noted, but in general they were relatively small.

The numbers of molds were the greatest in the surface of the
Knox silt loam, either in the A,, the A, or the A, horizon. There
seemed to be wide diserepancies in the numbers of organisms of
this group in the various layers of the Knox silt loam. In some
instances large decreases oceurred from the A, to the A, horizons,
and the deereases below that depth were insignificant. In other
instances the largest decreases occurred from the A; to the B
horizon, and in one case a very large decrease oceurred between
the A, and the A, horizons. As has been noted in the previous
discussion of other soil types, the numbers of molds do not de-
erease as rapidly in the lower soil layers as do the numbers of
hacteria and of actinomyecetes.

MOISTURE

No definite relationship between the moisture content of the
various soil layers and the content of mieroorganisms is indicated.
In some of the samples, decreases in moisture occurred from the
surface to the lower soil layers, corresponding with decreases in
numbers of baeteria, actinomyecetes and molds. It might seem in
such instances that the moisture content played a part in bring-
ing about the decrease in numbers. In other instances, however,
deereases in numbers of microorganisms oceurred, sometimes ex-
tremely large decreases, while increases in moisture were found.
In a few cases increases in numbers of bacteria occurred while
decreases in moisture were found. These, however, were excep-
tional.

The Knox silt loam usually showed a lower moisture content
in the surface soil and a lower content of microorganisms, espe-
cially bacteria and actinomycetes, than the Marshall silt loam.
[t might seem, therefore, that the moisture content of the surface
soil would be of significance in relationship to the numbers of
mieroorganisms. Other factors, however, are probably involved
in determining the differences in numbers of microorganisms in
these two soil types. The difference in moisture may be a contrib-
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uting factor. It is probably not the most significant and certain-
ly not the only factor to be taken into account. In the lower soil
layers the differences in moisture content certainly had no rela-
tionship to the variations in numbers of bacteria and actinomy-
cetes. The numbers of molds at the lower depths were so small
that the results are of little significance.

In some instances larger numbers of microorganisms were found
in the lower horizons of the Knox silt loam than in the lower lay-
ers of the Marshall silt loam. The moisture content was generally
lower, and, hence, there is no correlation. It is recognized, how-
ever, that in most of the samples studied in this series, there were
no extreme differences in moisture content, either in the various
soil layers or in the various soil samples, and consequently, 1t
would not be expected that differences in numbers of mieroor-
ganisms could be attributed to variations in moisture. Other
factors undoubtedly were of more significance. With extremes
of moisture, such as a very high content or a very low content,
the moisture effect would undoubtedly be more definite.

SEASON

There were differences in the content of mieroorganisms in the
two soils studied at the different dates, but there is no definite
evidence of a relationship to season. In the Marshall silt loam
there was a decrease from July 29 to Aug. 28, an increase on
Sept. 23, a further inecrease on Oet. 12 and a decrease on Nov.
23 in numbers of bacteria in the surface soil. There were similar
fluetuations in the numbers of actinomyeetes. The largest num-
ber of organisms in the Marshall silt loam oecurred in the surface
soil on Oect. 12. This may represent the second peak for numbers
of organisms in this soil, the earlier peak possibly occurred pre-
ceding July 29.

In the ease of the Knox silt loam, the numbers of bacteria in
the surface soil decreased from July 29 to Aug. 28, increased on
Sept. 23, increased still further on Oect. 12 and decreased on Nov.
23. Again these fluctuations may have some relationship to the
season, but they are not very definite and the differences in sea-
sonal conditions are certainly not entirely IPH]}UHHI}]!{‘ for the
variations noted. The numbers of actinomyeetes in the surface
lavers of the Knox silt loam varied in much the same way as
did the baecteria. The variations in mold count, both in the
Marshall silt loam and the Knox silt loam, were too slight to be
significant.

No definite evidence of seasonal effects upon the content of
bacteria, actinomycetes and molds is shown by these data obtained
on the Marshall silt loam and the Knox silt loam between July
29 and Nov. 23. Had the determinations been carried on thruout
the entire season, defintte evidences of seasonal effects might have
been secured. The most that can be said is that the content of
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microorganisms appeared to be somewhat larger in the surface
layers of both the types late in the season, either in October or
November. The largest numbers usually appeared in Oectober
and a decrease occurred to November. Decreases occurred be-
tween July and August, and increases ordinarily followed a low
content of mieroorganisms in August.

SOIL TYPES

In ecomparing the Marshall silt loam and Knox silt loam, it
appears that the latter soil was usually lower in numbers of bac-
teria and actinomycetes thruout the surface layers. This may
be due, in part, to the lighter color of the Knox silt loam, indi-
cating as it does a lower content of organic matter and, hence, a
lower potential plant food or baecterial food supply. There 1s
probably a definite relationship between the color of the soil or
the organic matter content and the numbers of microorganisms
in these two soils. The soils are of the same texture so no com-
parisons as to textural effects can be made. Textural conditions
in the lower soil layers are the same in the case of both types of
soil, and, hence, the differences observed there cannot be attrib-
uted to textural changes. The results as a whole may be consid-
ered to indicate a relationship of color of the soil type to content
of mieroorganisms.
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