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80IL ORGANISMS IN A NATURAIL FOREST AND IN A
PLANTATION FOREST

| Introduction

.Enrevandvmﬂre the forester is thinking of the forest in
terms of & living, dynemiec association of piants and animals.
There was g time, early in the history of forestry in this
eountry, when little scientific emphasis was given to the
organisms beneath the foreast floor and their influence upon
vegetative growth. In the new age of systematie research,
the silvieulturist, the forest manager, the patholegist, and
hqsts of soil technologists have discovered their studies
were not entities within themselves. Students of the éeil
have found that in endeavoring to encompass the span of the
soils researeh already accomplished, they were unable to
isolate fields of learning wifhcut borrowing frem other soil
coneepts. This generality might be epplied to any field ef
Vendeaver, but especisally is it true in a soils study where
g0 many and varied lines of research cross and recross.
Though many an individual researcher has sensed g delight in
creating his own sphere of knowledge, he has unmistakgblj
confronted a situation where he demands a broader conecept of

forest soils. In certain instances he has altered his

approaeh of study to warrant his needs, while other
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researchers have clung te their narrow spheres. Fortunate-
ly, there is no individual forester who possesses the over-
&ll insight to peruse all aspects of the soil, every time he
wants to plant, te eut, or estimate a stand of timber. This
minuté study is left te the research seientist; the forester
éeeks & genersl knowledge that intimetely affects his work
in terms of the results ef a forest enterprise. He seeks &
practical and workable approach in conjunction with his
needs, so that when confronted with a particular situation
he will be versatile enough to recognize how the soil
possibilities of an area fit into his plans. For example,
the techniques and practices used in logging affeet the soil
and the regenerstion on it; the siivieulturist with his '
thinning must visualize his cuts in relation to soil factorss
nurserymen need te know soil characteristies and fertilizer
values, while the pathologist thihks in terms of species and )
their resistance to disesse, all of which are a site
charascteristic. PForest managers desire s knowledge of soil
capacities in eorder te evaluate stands more clesely.

This study is concerned with the soil as a~maaé of
livingidéﬂgié) ineluding certain bacteria, actinomycetes,
fungi, ;;;;;‘and protozoa. These living microbes are not a
eomplete list of the soil floréyéﬁdwféhhﬁ. However, they
exert a profound influence upon the genetical development of

gcil profiles as well as an effect upon forest vegetation.

There are other organisms such as nematodes, earthworms,



ar&ehnidé, insects and mammals, all of which have a relation-

ship te soil processes. Their influence, however, iz not seo

\\\J

‘prefound as regards biological transformations which are
brought about in a large degree by the bacteria, fungi, and
actinomycetes in ferest soils.

No attempt has been made to enable the reader to analyze
the results of these eiperimenﬁs by a striet fermula reaction
that will hold true in all cases. Nevertheless, the results
are a& function of two independent bodies, the soil snd the
foreat, both of whieh are integrated parts of the same
dynamie system. In all comparative studies eertain varigbles
and ineidental factors enter ;n; no direct correlation be-
tween the soil and the forest sténds deseribed can be expect-
ed to hold true in all situations. Sinece no identieal -
studies like the one here presented, have been made, intergret-
ation of data are only indiecative of principles and not o
absolute processes. The writer is fully aware of the limit-
ations o¢f z specific case study and yet certain principles
and relationships have been investigated. Inm many instances
the study has revealed similarities that elosely approach the
results of other investigators who have made studies nét

necessarily of the type here presented.

Objectives
This paper has the fellowing objectivest
(1) Po present quantitative data eoncerning certain

s0il organisms in two individual forest stands of

e



Red Oak'(Quergus borealis var. maxima)l, ene a native uneven-
aged stand and the ;;her an even:;ge& plantation stand.

(2) To interpret quantitative differences in the soil
popnlation between the two stands involved, by
noting presence or absence of certain organisms
and to give eonsiderations for these differences.

(3) To present in & minor qualitative way, certain
of the genera represented in the tweo soils at
varying horizens.

(4) To illustrate some indirect relationship be-

| tween the age of the forest and the appearanee'u
of soil organisms in regard to comparable depths.

(5) To deseribe briefly the teehnique used in the |
iselatien of eertain organisms frem the soil, so-

that this procedure may be applicable and easy _

reference to seil sampling for similar studies.

Bescriﬁtion of Sampling Areas Involved in the Study

1 In order for the reader to visualize the soil conditions
and site charscteristics of the twe areas involved, it be-
comes necessary to give in a general way some of the seoil
type and series éharaeteristics of each area in orienting the
approach. This enables the reader to eorrelate the results
‘with the possible conclusion econsiderations. In additien to
references cited for the soil type of the area in general, &

representative profile of each area has been dug and horizons

T
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meagured in eaeh forest in order to be more speecifie when
various horizons are mentioned in the results. The soil
profiles should be used as continual reference and kept in

mind when soil organisms and their numbers are cited.

Eber White Woeds

Location: Thig tract of forest land in which samples were
taken has a total area of 41.2 acres containing ten
compartments of 4.2 acres each. It is located one-
half mile west of the ecity limits of Ann Arbor,
Miehigan. The plot in which the soil samples were
'collected is indicated by location as ene acre within
Bloek No. 6 shown on the accompanying map of the areu.

?bpegréphy: The tepography of the entire Woods is general-
ly regular, with slight rolling ereas in the southern
pait, but sloping off rather steeply towards the nerth- -
west. Bloek No. 6, where the samples were taken, has
good drainage and level terrain,

Scil Type: Por a general consideration of the scil type

~ which is representative of the sampling area, soil
origin is here considered. The entire region around
Ann Arbor is a glacigl terminal moraine underlain by
Coldwster shale and Berea sandstone (6). The soil is
primarily Mismi silt loam described as follows: "The
cultivated soil econsists of éhe following layers:
1. & gray brown silt leam to plow depth

2. A layer of 2 to 6 inches of light gray or



grayish yellow silt loam which is floury or pulverulent when _
dry.

3. & layer of 18 te 24 inches af‘yellowish.brcwn,
firm, more elayey material which is plastiec and
impervious when moist and jointed and granular
when dry.

4. Parent material of massive, ecompact, moderately
gritty and steny, but a comparatively impervious
bluishfgray clgy whieh eontinues to a depth of
several feet.

- The content of erganic matter is not high but the supply
ts fairly durgble. The average content of moisture is
comparatively high as both the subsurface layer and substraztum
are rather impervious and highly retentive of moisture. Inn‘
general, the surface so0il of the virgin soil is slightly aeid
er neutrai, the seeond layer is medium or strongly acid, and' -
acidity decreases with depth, until an alkaline reaction is
cbtained at a depth of 24 te 36 inches. The.crganic layers of
the virgin soil are very thin, containing undecomposed woedy
matter.® (6}

Along with this general survey of the soils concerning
the vicinity in question, & more specific idea of the soil and
its profile within the forest area, was deemed adrisghle.
Profiles were dug in three scattered locations within each
forest stand; data concerning depth of horizon and scil type

wes eombined and averaged into a representative profile.



The representative profile of the sampling area in Eber White

Woods was found as follewss

REPRESENTATIVE PROFILE OF BLOCK NO.6 (EBER WHITE WOODS)

Ft. Profile Bepth Horizon

23

€n.g"

1%-2%

18%-24%

24% up

&,

Ly

Baw humus, loose leaf litter,
and undecomposed organic
debris.

Incorperated humus, mineral
matter mixed with humus, and
dark brown in color.

Not present as a continuous
horizon.

Enrieched layer, accumulated,
yellowish brown, eclayey
material, plastic and imp-
ervious when wet.

Pgrent material, moderately

gritty and stony, ecomparative-
ly impervious.

B8ince the activity of micrcorganisms has a distinct

relationship te the chemical and physical properties of the

soil, a table showing the various percentage constituents at

differing horizons is here presented: (6}



- TABLE I
CHEMICAL AMALYSIS OF MIAMI SILT LOAM, WASHTENAW COUNTY,
MICHIGAN
*9 & &* 0-3* ?114 10.6 2.55 105 &90 ‘17

Ag 3-8% 79,2 10.6 2.80 1.2 .84 07
B 8-32" 66.8 1l1l.2 3.75 1.00 1.68 .08

S8pecies, Age and Diameter of Trees on the Sample Plots

The dominant species represented on the sample plot
is Red Oak (Quercus boreaslis var. maxima) with an under-
story of reproduction leas than ten feet high consisting
of White Ash ( Fraxinus americana), Sugar Maple (Acer
saceharum), Basawood (Tilia americana)}, and some Black
Cherry (Prunus serotina). Little reproduction of red oak -
has oceurred., A dense mat of wildflowers is a part of the
forest floor during the spring and summer months. The
stand is uneven-aged and a proper distribution of age
classes has not been accomplished.

Some appreciation of the diameter clasas and age
distribution by classes, can be learned from the following
tables(10) Compartments 6 to 10 are representative of the
‘area on which the samples forAthe study were taken. The

age of the stand will be close to 160 yeamrs.

-
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TABLE IT
COMPARTMENTS 6 TO 10 INCLUSIVE OF EBER WHITE WOODS(ALL SPECIES}

Dig. Breast High Total Basal Area Per Acre Board Foot Content

in Inches in Square Feet (1942-43) (1942-43)
1-3% 6.925 .
47w 7.01
g-11" 12.03 453
12-22% 37.04 3817.0
23" up 1220 _1713.0
75.23 5983.0

Saginaw Forest

Locations This tract of planted forest land in which
samples were taken has a total area of 80 acres with
various sized compartments. It is located west of the
city limits of Ann Arhor, Michigan and appreximately
14 miles from Eber White Woods. The plot in which the
soil samples were.collected is indicated by loecation -
ag the B} of Lot No. 3A in Bloek No. 4 and is shown on
the accompanying map of Saginaw Porest. The sample
area is one acre.

Popographys The topography of the entire Forest is
generglly regular excepting a swamp area and lake nesar
the ecenter ef the tract from which the topography
rises slightly to the north and south. Lot No. 34,
where the samples were taken, has good drainage and a

regular terrgin.

So0il Typet As in Eber White Woods the same genersal
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elassification and origin of soil may be aseribed to Saginaw
Forest. It is primarily Mismi silt loam and is a deep, fresh,
elay loam with little orgénic matter (10}, This was the
condition of the soil in 1907 prior to planting and was at
that time an agriecultural land. The table ef chemiecal
analysis applicable to the previous forest soil will also be
indieative for this ares. 8pecifically, the profile of the
sample plot used differed in some respects from the Eber

White profile. The plantation profile is as followss

'~ REPRESENTATIVE PROFILE OF E} LOT 3A BLOCK NO.4 (SAGINAW FOREST)

Ft. Profile Depth Horizon

P A Ag Baw humus, loose leaf litter,

undecomposed organie debris.

%4 &, Incorporated humus, dark-
brown loam high in erganie

R » matter,goed tilth,  earth-

TS worms, and mineral matter

PR mixed with humus.

e Te.8% A; Partially leached layer,
i T light brown silty loam.

12#_94% B Enriched layer, sccumulated,
yellowish brewn, clayey
mgterigl, plastic and imp-
ervious when wet.

36* yp C Parent material, moderately
gritty and steny, and comp-
aratively impervious.
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Species, Age and Diameter of Trees on the Sample Plot:

Data comparable to that presented for Eber White Woods
is now tabulated for the Saginaw Forest. The dominant
species represented on the sample plot is Red Ogk (Qnereus,
borealis var. maxima) with little reproduction growing in
the stand. There is ne dense mat of wild flowers here and
very little herbaeeoﬁs understory. The stand is even-aged.
From the f&llcwing table which is ecomparable toc Table II,
an idea of size and diameter is learned. This plot is 42

years of age.
TABLE III (10}
Bt of Lot No. 3& in Block No. 4 (SAGINAW FOREST) One Species
Iéar Diameter Breast High Total Basal Area Per Acre

in Inches in Square Feet

1943 5.6* (avg.) 84,55

Intermediate Summary

Before approaching & more deteiled pracedure for the
isolation of organisms in these two forest stands it is
appropriate te recognize at this point the mere pertinent
facts concerning the data thus far presented. &n gttempl has
been made te minimize extreme variables and to select

certain uniformities before proceeding furthers
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Significant Uniformities

1.

2.

S.

5.

Total basal ares per scre as noted from the tables
is approximately the same for both stands as of
1943, This, of course, indicates tetal basal area
per sere for gll species en the ﬁlots; ne
differentiation as te species in relation te bassal
area has been attempted.

Both stands cited are dominantly Red Oak (Quercus
borealis var. maxima).

The size of each sample plot is the same (1 zere)
for both stands, having scil of the sasme genersl
erigin, soil type, generzl chemiecal analysis, and
similar topography.

Collecting dates for each soil horizon have heen
constant; celleeting proecedures and sampling N
methods used are eamparsble for both plots.,

The stends are in eleose proximity to each other

80 that elimatic facters such as weather and

~ temperature are fairly comparable.

6.

7.

Moisture contents between the two forest soils did
not differ more than 3% hetween any two horizons
and no moisture content exceeded 5% at any horizon.
Laboratory procedures, pH of the media and other

culturing techniques were carried cut uniformly.
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Significant Differences

1. The Eber White Woods plot is an uneven-aged étand
with diameters as high as 23 inchesy the Saginaw plot
is an even-aged pure stand with an average dismeter
of 5.,6% (1943} and no diameter exceeds 7 inches.

2. Acidities, oi pH values, vary within horizons for
.each stand and also vary between stands at the same
herizens.

S Trees on the Eber White plot have been estimated up
to 160 years of age and over, while the Saginaw plot
is a stand only 42 years of age. The age differential

is thus approximately 4 te 1 between the sample plots.

Cultural Procedure \ i

Field Technigue R
The’samples were collected in the autumn af‘1946‘an¢

extractions were taken from all horizons within the peried
September 20, 1946 to October 5, 1946. In erder for the
sempling method to be uniform, 10 gram samples were
collected from’twenty different spots within-each 1 acre
oak stand. These twenty spot s&mplesvwere taken at
approximately thirty feet apart in one direction and
forty feet in the opposite direction. Samples for only
one hoerizen were collected in a day, making & total ef

20-10 gram samples from each tract from cne herizon in
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ene day. 8Similarly, the remsining horizens were extracted
en other days. The 20 samples were then cambined inte ene
composite sample for each horizen on each tract, thus
assuring a representative sampling. Prior to removing the
individual samples, the paper containers used for collect-
ing were sterilized to kill &ll organismsi the trowel used
for extracting was eleaned and sterilized by ignition ef

" alcohol each time & sample was taken. This was done in

erder to be certain of ne centamination from other horizons.

ILahoratory Technique
The laboratery procedure used in iseclating the desired
orgenisms from each seil and from each other divides it-
self into twe parts:
1. 8cil dilutions ef each camposite5soil were
dispensed and prepared as follows:
The addition of 50 grams ef soil to 500 ecc.
af sterile distilled water giving a dilutien
of 1:10. A&fter the coarse perticles had settled
cut after shaking, 10 ecc. ef the 1:10 dilution
was pipetted inte 90 ce. of sterile distilled
uatei. Successive transfers were made result-
ing in & series of dilutions. These were 1:10,
1:100, 1:1000, 110,000, 2:50,000, 1:1200,000 and
1:1,000,000. A1l work was done aseptically.
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2. Selection of media and culturing proceduret
Por bacteria, actinomycetes and fungis
Prom the sbove dilutiens 1 eec. of each was
dispensed by sterile pipettes inte & selective
media and peured sseptieally inte sterile petri
dishes, This mixture of agar and soil dilution
was allowed to harden and the cultures were
placed in the culture room at 289 ¢, The baet-
erié were permitted te grow one week before ob-
servations were made and the fungi were gllow-
ed feur days before chserving. The medium used
for bacteria was Nutrose agar; for fungi a |
Peptone-glucose scid agar was used of pH between
. 3.8 and 4.0 so that bacteria would not develop.
(See 1ist of media used).
For pretozoas |
In the case of isolating protozoa the medium
was poured first inte petri dishes and allowed to
harden and the soil suspensions were added slong
with & smsll quantity of boiled and cooled tap
water. Observations were made in twelve days
after culturing at 28° €; the medium used was
Ashby's.
For algaet
Soil suspensions of each dilution were added

to flasks containing 90 ee. of sterilized
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Betmer's medium. These flasks were placed in
the greenhouse and examined every twn.days through-
out the course cf the study.

Humber of replicates runt

In all eases where inoculations were made, glass-
ware was theroughly sterilized and the medis used
was auteeclaved prior to each soil "run* in<order to
prevent contamination.

8ix replicates of eseh dilution were run for the
bacteria and fungi in addition to controls. With
protozeoa three replicates were run for each dilutien
- plus controls and the algae were run singly with &
eontrol. Replicates were run to assure uniformity
of procedures snd results.

Moisture eentents

Moisture contents were obtained for each herizon
Immediately before the isolations were made. This
was done by heating the samples at 909 €. until all
‘water was lest; the percentage figures obtained
‘were indicative of the smount eof water lost in esch
sample.

Acidity (pH) of the samples:

The relative acidities for eaech horizon were

obtained by ecoloremetric -tests.
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Media Used in Culturing Organisms (See laboratory procedure}

Fungi - Peptone gluceose acid agar

Agax

EHaPOg
'W&'?ﬁzﬁ
Peptone
Glucose
Distilled Water
Reaction pH

25,0 gms.

1.0 gm.

6.5 gm.

5.0 gms.

10.0 gns.

1.0 liter

3.8 to 4.0 (adjusted)

Bacteria and actinoemyecetes - Hutrose agar

Protozoa - Ashby's media

Algae -~

Agar
Nutrose
Glucose

K HPO,
MgS80,4 .1320
Fel0, o?H26
Tap Water
Reaction pH

EplPOg
MgS04 «7HgO
Ra€l

CaCOg3

CaS04 +2H,0
Mannitol
Agar - agar
Tap Water

Detmer's media

12.5 gms.
2.0 gms.
1.0 gm.
.2 gm.
0.2 gm.
trace

1.0 liter
6.8 (no adjustment)

gn.

gme

gnm.
gms.
gn.
agms.
20 gms.
liter

e o 9 0
OFRON NN

L

I
HOOQUWO O
*

.
(o ] |

1.0 fouii 98

0.25 gnm.
¢.25 gm.
0025 gnh

trace
3.0 liters



Kpproach to Interpretation of Results

Fungit The results presented are primarily quantitative.
For each dilution the numbers shown in the tables
represent the number of colonies in each sample.
Asguming that each colony developed from a single
spore or hyphae, the number per gram can be
computed by multiplying the number on the plate
by the dilution. Aﬁjustment with feference to
moisture eontent must be made so that the number
of organisms present are based on dry weight of
the soil.

The fungus identification results are & minor
qualitative result éene in order to arrive at
some idea of the genera represented in each

_ herizon.

Bacterias The results are entirely quantitative since
no effort ié made to identify the eolonies. &Act-
inomycete numbers sre computed per gram based
upon dry weight in identically the same way as

. the bacterial ané.fungal numbers.,

Protozoat A&n effort is made at identification so as to
arrive at the presence or absence of protozoa.
Their numbers per gram do nat show any real
correlation to results since their numbers

fluctuate over short periods of time. Ident-

ifieation reveals ghe groups represented.

20
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Klgae: The results pertray abundance in particular
horizons with regard to presence or sbsence of
algae; also identification shows what genera

are represented.

 Fellowing the tables ef fungus results iz a photograph
ef the 121000 dilution which demonstrates how numbers of
fungi vaty'with the two soils studied. Graphs supplement .
the data and shew the results of average numbers pletted
over horizon depth fer each stand. Graphs have been
made for fungi, bacteria and actinomycetes to revesal

comparable trends and differences between the two stands.

Interpretation of Results

In order to show a relationship between the soil organ-
isma of these twe red oak forests, an explanation of the_
roele of fungi in reference te what they do, is necessary.
A relationship exists hetween the soil and f;rest growth
and is quite variable and complex. The part that each
group of organisms play in the study involved is presented,

following & brief descriptien ef their role in generzl.

~ Kunbers of Fungi in Forest Soils

Pungi are free of chlorophyll and derive their energy
from the dgccmpositien,af dead or living matter, organie in
character., %heir prevelence in the soil is closely tied up

with the presence er absence ef decomposing organie matter.

=
i ot s il e



They oceur in soil either as free molds or as symbiotie

fungi forming mycorrhizae with the roots of higher plants (8).
The forms with which the present atudy is eoncerned are the
erdinary filementous fungi (Phycomycetes, Ascomycetes and the
Pungi Imperfeeti) which occur as free molds. PFungi eccur
‘abundantly in the soil, particularly in soils of high organic
content where the acidity is high. This means that the

fungi can withstand greater acidities than the bacteria and
aetinomycétes. It is rather difficult to estimate their
abundance; it is even‘less possible to find a basis for
comparing the relative gbundance of fungi and bacterie in

the 80il and their capacity for eausing a certain amount of
transformation in the soil. Numbers of fungi will incresase

. wiihvmoisture content provided there is g good aeration, and
a supply of organic matter with proper soil reaction (7).
The greatest numbers of fungi are found in the upper few
inches of so0il but will ececur to a depth eof at least four
~er five feet. It is evident that the role of fungi in

ferest soils cannot be over-emphasized. TFungi are largely
responsible for the decomposition of proteins, eellulese,
hemic#llulose and most of the other carbohydrates (2).

~ The compesitien of the fungus flora of the soil énéngee

with a change in the nature of the soil, both quantitatively
and qualitatively (7). It is important to note that although
'numerically, as determined by the number of single cells,

the fungi are fewer in the soil than the bacteria, although



" their actusl abundance, as measured by the asmount of cell

substanée preduced, may be eonsiderably greater than thsat
of bacteriasl growth. This residue of mycelia adds to the
nitrogenous content of the soil complex. 4s a rule, most
fungi grow under gerchic conditions where most of the cell

substanece is preduced.

Rumbers snd Geners ef 80il Pungi in a Natursl vs. Planted
' Red Ogk Stand
8ignificant results (Refer to graph, photographs and
numerical data)

1. The relative number of fungi oceuiring-in both
forest soils was markedly the same.in all horizens
studied, except in the A - Surface horizon, where
the greatest number was feund in the natural stand. .
This similarity can be seen by reference to the
graphs and photeographs illustrating the 1:1000
dilutien,

2. The greatest number of fungi per gram of soil for
bath forest stands ocecurred in the Xy~ 2Z" horizon,
where the number of colenies rises te 118,560 per
gram based on dry weight of the soil. This number
ef fungi represents the most reliable date eof the
dilutiens made, and gives some idea of the numerieal
abundence of fungi.

3. The number of genera of fungl represented are

similar in both stands at the surface level, A, ,
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where the greatest difference in number of fungi
' eccurs. The number of colonies in each genus was
greatest in the natural forest stand.

4. Acidities at the & - 2" horizons differ consider-
sbly between the twe stands,yet the numbers of fungi
per gram are approximately equal at this depth.

8. Koiztm'_e contents were nearly equal for both forest

gcils and very low. |

€onclusions regarding fungus results:
B8ince there is neo useful method yet devised to deter-

_mine how much of the fungus material exists in the soil as

mycelium er as speres by this isclation methed, there is no
way of determining what perecentage ef the celonies are due
te spores and what percentage is due to pieces of mycelium.
With this limitation in mind, the fact remains that the
greatest number of fungi (spores and myeelium) were found
kt the &y~ 2* horizon in both forest stands. Thus, no
direct correlation between these numbers and the potential
activity of the herizon can be made, unless it can be
determined what percentage of these colonies are spores and
mycelium respectively. The decompositional activity and
exchange reaetioné of the particular horizon will depend
upon the percentage of viable cells not actually entering
into the reaction, and upon their functions .as viasble cells
instead of mycelia. However, indicatiens point te the fact

that grestest activity cceurs in the A3~ 2% horizon in both
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stands insofar as the statistical results are ecorrect. Two
other facts help to bear out this conclusion. The pH values
differ for both stands at this level yet the numbers remain
comparatively the same; alsoc the moisture contents are equal
at this horizon. Thus, the quantitative difference must be
attributed te some other factor than those of acidity eor
content of moisture. Here azgain, numbers glone cannot
verify the entiré process but are merely aids td indications.

S8ince seil fungi ere sctive in the deeampositien ef
proteins and various complex earbohydrates such as cellulose
and hemicelluleses, their numbers at the Aj- 2% level may be
greeter due to these substances being present in more
available forms. In additien, the results indiecate that the
quantitative differences at the surface horizon, &, , are
greater in the natural stand where the age differential is
4 to 1, thus allowing a Iﬁngeﬁ periadvafftime for more . -
complete decompositien. Similarly, as with the Ay~ 2%
horizon , the moisture content and pH values do not differ
appreciably. 8upporting this contention is the fact that the
results simw thet in the horizons below the A;- 2" depth, the
numbers of fungi fall off in both stands with'depfh, thus
indicating less organie activity at the lower levels,

The genera represented in both stands at the A,- Surface
horizon de net vary eonsiderably. .In both instances (natural
and planted stands) there were only three genera représented,

Mucor, Zygerhynchus and Penicillium. The latter genus had

e
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the greatest relatiré number in both staﬁds at this horizon,
the greatest number of eolenies cceurring in the‘natural
forest stand. At the A,-2* level two more genera were
present, Sporqtriehnm-and Aspergillus, in additien te the
above three genersa. 7

To date, more than sixty genera of fungi have been re-
ported te be feund in the soil and.proﬁahly'many mere
could be demonstrated execept that the methods are not
sufficiently deteleped as yet to isolate and identify

- eertain erganisms; In interpreting the results found here

& more thorough diseussion af the physiclogy of these
fungi weuld‘be needed in erder to make a more detailed
earrelation between their presence and their numbers. The
presence of a certain erganism in large numbers does not
necessarily indicate its great abﬁndance in the soil, but
mey be a result ef lecal déveIOpment fra& abundant spore
fermation. & physiologieal study of each organism in
relétien to its energy requirements would give a better
idea of the specifiecity of the organism, but even then
many variables would be present. Before any claim could
be made as to the reason for a particular genus of fungus
being ﬁreaent at one horizon and absent in another, a

study would have to be repeated many times under differing

conditionsy even then the results would be limited.

However, in light of the results ebtained it is

apparent that the great differenee in numbers of organisme
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in the A,- Surface horizon between both stands cannot be
attributed entirely to a physiological difference in the
genera repreasented sinece the genera are the same in both
forest stands. This is, nevertheless, & possibility since
fungi‘are more resistant te aecidity than the other groups
of organisms studied; but since the pH values gt the surface
de net vary apprecisbly in the case study, there is &
pasaibility_thgt the generas represented are a result of
same.othef factor. Ko direet cerrelation ean be made be-
tween the genera represented and the numbers found at
carresponding horizens in this study.

Thus, from the experimental results cbtained, indieat-
ions are to the effect that differences in numbers of soil
fungi between a natural and a planted red ogk forest stand,
are more related to the availability ef éxygen gnd orgmnic )
matter as & result of decemposition processes than ta & pH  ~
or meisture content relationship. First, this number
difference may be attributed te the sge differential of the
stands involved since the moisture contents and pH values
were faiily econstant far hoth stands at the levels indieated.
This is not to infer that the number difference is a direct
result of the pH value, sinee fungi occecur in a range of
aciditiesy the range in the case study differ ceconsiderably,
yYet the numbers sre nearly equal. Seecondly, the number eof

colonies is related te the amount of organiec matter (high in

this study) and te the soil transformations and avaiiability



ef energizing ergeniec materisls. Thirdly, the numbers of
fungi fall off with depth in hoth stands which is closely
tied up with the amount and availebility of nitrogencus and
nen-nitregencus organie mtter and oxygen.

It can be stated from the study invelved, that the
greatest numbers of fungi in both & natural and a planted
red ocak ferest stand, occcurred in the Ky~ 2% horizon. A4lse,
the greatest difference in numbers of seil fungi -‘betweezn a
natural and a planted red ocak forest stand, cecurred in the
&,- SBurface horizon, where the larger number was found in
the natural stand.

Rumbers alone fail te reveal the role of miercorganisms
in regard te forest growthi &s suech, numerical results used
in eonjunetion with certain constants, sre indiestors of
soil seti\f;ty insefar as chemiecal, physieal and biclogical
chenges are eencerned. From the results ohtained it is
spparent that the fungus flors and fauna of the soil will
vary with a change in the nature of the seil, beth

guantitatively and qualitatively.
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Kumbers of Baeteria and Actinomycetes in Forest Soils

Bacteria as & group are_the most abundant organisms in
the soil. In their activities and numbers they exceed all
other soil organisms except in the bulk of organic cell
substance found in the soil as living and dead microbes. It
is not exceptional teo find hundreds of millions of bacterial
cells in a gram of soil, particularly where the organic
substances are present (8}). |

In this study the bacteria were isolated with the
actinomycetes and it is appropriste to present them together
gince mic:oscopically'the spores of the actinomycetes appear
like ﬁgcterial cells. However, as a group, they may be
considered distinet because tﬁey have charscteristics that
resemble both fungi and bacteria. The bacteria are divided
into two main groups based upon their method of deriving “
energy. These two main divisions are the autotrophic and the
heterotrophic bacteria; the first named group derive their
energy.fram the oxidation of simple organic substances and
the latter derive their energy from complex organie sub-
stances. In the general subdivision of the soil bacterisa
the basis for classification is either upon their physiclogic-
al activity or upon their morphological relationships. This
study is not conecerned with a specific study of these
characteristiecs; no attempt hés been made to segregate
individual bacteria as to physiology and‘morphology; the

relative numbers of bacteria and ackinomyeetes at different
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horizons is the chief concern of the study. It is sufficient
to say that studies in nitrogen fixation , autotrophic and
heteretrophic bacteria, transformations of energy by bacterig,
decemposition by bacterial activity and reduction processes
are studies within themselves. Most of the bacteria develop-
ing on the plate method &re heterotrophie, requiring combined
nitrogen slthough still larger numbers may &évelop slowly or
not at all.

Lonis came to the conclusion that a determination of
bacterial numbers in the soil is worthless as an attempt in
interpreting soil phenomena (4). However, when the results
are considered critically and compared carefully, it is
found that the information ebtained from the studies of
numbeis of mierocorganisms gives net only an interesting ine
sight inta the microbiological population of the soil, but -
also throws light on soil fertility (7).

Rumbers ef seil bacteria as detérmined by the plate meth-
od may vafy with the soil type, season ef the year, depth,
moisture content and various environmental conditions. Soils
from the same locality must be cempared en the basis of know-
ledge‘concerning the physical and chemical econdition of the
soil, its origin and treatment. In comparing numbers of bact-
eria no single variable sueh as season of the year, can be
considered alone without referenée to moisture content, acidity

and other factors (7). Most of the Eacteria in the seoil
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develop best at remactiens of acidity elése to neutral (pH 7.0).
fhevameunt ef free air with possible acecess to bacteriz may
determine the type of heterotrophie bacteria that develep,
either aerobie or anaerobiec. Temperazture close te 20°- 30°¢C
is faversble te growth of most bacteris of the soil though
many forme will develop at higher temperatures. Ks far as
&eisfuré»caﬁtent is concerned, all bacteria require a consid-
ersble supply'éf water for sctive development and is often a
limiting factar in numbers as well as kinds produced. These
ibave-mentiened optimum conditions should be kept in mind in
any comparative study; in numbers eomputatien it is impcrtaﬁf
teo knew not only what the bacteris will do, but slso under
whgt eonditiens they are transforming organic and inerganic
matter.

fhe media upeﬁ whieh the bacteria will-grow is also well
adapted for the growth of setinomycetes and their numbers are
computed in cemparison with the bacterial count.’ Sinee the
actinemycetes are next te the bacteria in number of forms
developing on the plate method they are*impertant in the
addition of mycelia to the soil, as are the fungi. Here again,
large numbers do net necessarily indicate more abundant growth,
but & result of & larger sbundance of conidia (7). Actino-
mycetes sre gbundant in ferest soils and the pereentége of
them in relatien te the number of bacteria is important in-
sofar as decomposition of organiec matter in the soil is con-

cerned. It is important to note that ‘with an inerease in

© e
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depth the gctinamyeetés~&eerease in number, but they inecresse
in proportien to the other microorganisms. They are very
sensitive to acidity and to an excess of moisture and the
numbers decrease in scils devoid of decompased material, in
comparison with the bacteria. A&s a general rule, the less
geid the seil, the higher is the relative gbundance ef act-
inomycetes. Most of the setinomycetes are serchic and as &
rule are more sensitive to ehanges in reaection and live over

& narrower range of ageidity and alkalinity than the baeteris (8).

Numbera of Bacterias and Actinomycetes in a Natural vs. Planted
Red Czk Stand

SBignificant results (Refer to graphs and numerical data)

}. The numbers of bacteria per gram of seoil is very lew
in &ll horizons of hoth forest soils. T

2. The numbérs ef;bacteria.in both stands for all herizons
is strikingly similar except at the B~12" horizon.

3. Sumbérs of bacteria per gram decrease with depth in
both forest secils; using the most religble dilution
as ebserved data it was fOuné.thaﬁ the greatest
numbers of bacteria are found at the &, - Surface
horizon in both seils.

4. The number of actinemycetes per gram of soil is

greatest in the natural stand in all horizons except

the B-12% heorizon.
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5. In the natural forest stand actinomycete numbers
are significantly great at the &,- 2" and Ao~ 6%
horizonsg, ©Gf these two horizons the greatest number
cecurs at the &;- 2" level.

6. In the plentation fareét s0il the number of actino-
mycetes falls off gradgally'with an increase in depth
for all heorizens. ’

T. The percentage of actinemycetes in relation to the
numbér of Bacteria is very high in beth forest soils.
This percentage ratio difference increases with deptp
for the natural stand but for the plantation stand it

is highest at the 2% and 6®* levels.

Conclusions regarding bacteria and actinomycete resultss.
The relative numbers of bacteria in comparasble forest
soils may be altefed hy'ﬁsny variables. Certain consider-
ations for number differences are given in reference to the
variables present. For example, the season of the year is &
factor in variation of bacterial numbers at the same depths.
In the specifiec case studied the numbers of bacteria are very
low in both stands. As the soils were collected at a time
of th§ year (autumn) when the numbers of microbes are often
highest, thevlau bacterigl counts were not anticipated. It
is not possible te isolate this factor as a single varisble

so it is econsidered in light of moisture content, acidity and

other faetors. The so0il moisture cantents for gll horizens

~3



were very low at this period ef the year. In considering
moisture content as & factor, the numbers of bacteria may be
lower as a.r&sult ef the actinomyeete number being high
ginece it is known that actinomycetes tolérate drier seoils
than do most bacteria. Few bacteriz may be found in the
goil at the‘eﬁd ef & leng dry perieds; the soils cellected
did net eicee&.in any herizon, more than ﬁifﬁeisture eontent.
In addition to this, the soils of acidity elosest to
neutrglity will eften give highest numbers of bacteria; the
range ef scidities in the results studied reveal that
acidities ranged from pH 7.0 to 5.0, with enly two herizons

shawing>neutrality. These two factors, moisture content and

acidity probably play the most important role in the result-

ing low bacterial eount.

ihe-similarity in numbers of bacteria in all herizons -
for both forest stands is striking, except at the B-12" hor-
izon., This fact igs even more significant sinece the age
differential between the two stands is quite iarge. The
similarity in numbers between the two forest seils is thus
intimetely relasted te cemparable moisture eontents and
acidities within similar herizons.
| Both soils indicate highest numbers of bacteria at the
surface horizon with a gradual decrease in numbers with in-
ere;sed depth. 8eils under shade (forest) have the highest
numbers ef bacteria at a depth ef éne inch, then the numbers

deerease with depth (7). This fact is definitely indicated

47
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in the results; the 2 inches of ferest litter is undoubtedly
a facter, slong with the canopy ef the tree crowns, in pre-
venting'the-germicidal effect of the sun's rays from evapor-
ating meisture directly at the surface. In more arid soils
witheut suech a protective lsyer, the numbers of bacteria at
the surface would be less, due to desiceation effects. Thus,
the results show that greatest bacterial activity is at or
close to the surface in both red oak forest stands. In more
arid Q%ils the bacterial activity would penetrate muech deeper
into the subsecil. ‘

In regards te the actinomycetes, the grestest numbers
are found in the natural forest stand at zll horizons except
the B-12" level. Hiltner and Stormer observed an increase
in the numbers of actinemycetes in the autumm, relative to
the other groups of micreorganisms, due to the increase of _
the céntent in undecomposed organic matter in the soil (3).
Investigators have shown that there is @ higher percentage
of actinomycetes in the fall e%er other mierobes developing
on plates. In forest soils such as the ones here observed,
the percentage of actinemycetes in relation to bacteria is
extremely high. Since the moisture contents and pH values
do not vary considerably between the two soils at comparable
depths, the larger number of actinomycetes found in the
nstutalvstand may be due te a richer acegmulation of undecomp-

osed erganic matter available at corresponding horizons.

Similarly, the fungi and bacteria showed some inerease in
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numbers in the natural forest soil but perhaps these organ-
tems could not utilize the organic debris because of the arid
eonditions.
| The number of actinomycetes in the plantation stand fall
off rapidly with increased depth in all horizons in cecontrast
to the natural stand where numbers inerease with depth up to
Ay - S* level. & lack of undecomposed organic matter in the
planﬁatien stand is an important econsideration here; this
planted f@rest was begun on once cultivated land and the age
or maturity of the forest is not far enough advanced to ereate
a mature organie horizen. &Actinomycetes are closely related
to fungi and produce myeelia that require organie remains fqr
energy requirements; the plantation stand is not far enough
along in age organically te provide an abundance of ﬁrganie .
mattér as in the hatural, mere aged forest. o~
As depth inereases the number of actinomycetes increases
in proportion to the numbers of bacteria, in the natural
forest seil. It is not known whether this is due to the wash-
ing down of the eonidia, te the greater resistance of these
organisms to the lack of exygen, or to seme other cause (7).
In the results obtained in this study consideratien is being
given te the fact that there is less organic undecompeosed
matter in the plantation forest. The results show a greater
incresse proportionately in the natural stand than in the
plantation stand; it is the author's contention that the
greater proportionate inerease is due to a greater amount of

available oxygen and erganic matter.

L
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Bumbers of Piotozeg in Forest Soils

The greatest amount of biologiegl transformations are
brought about by the baeteria, fungi and actinomycetes.

There are certain instanees under particuler socil comditioms
when the lower animal life, protozoea heing most sbundant,
bring about certain proeesses in connection with soil trans-—
fermations. It appears that conditiens favoripg the develop-
ment of baeteria also favor the growth of protozoa. This is
apparent when the fact is considered that bacteria are an |
important part of the protozoan diet (8).

Soils rich in organie matter and>relative1y high in
Jncisture content generally produce the greatest abundance of
protozea. Of this fauna, the smaller flagellates and amoebae
are more numerous than the larger eiliates. Optimum develépw
ment oceurs at slightly alksline resctions though the proto-
zoga appegr te be as tolerant to acidity as the bacterisa.
There are protezoan forms existing as cysts and as active
ocrganisms,. Under unfavorable conditions the soil protozea
encyst oﬁly to become active again under more favorable
conditions., It is probable that the active stage is more
cormon in the moister soils. As most forms of protozos are
larger than the bacteria they cccur in soils in much smagller
numbers, but ceccupy considerably more space. Greatest
numbers of pretozoa occur near thé surfaece as with most ether
s0il microorganisms.

Three main groups of protozoa are found abundantly in
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the seil, the ciliates, flagellates and amecebze. Their
’chemical behaviors vary considerably and still is g matter
of controversy. Some, at least, are capable of utilizing
dead organiec and inerganic substances from solution and from
solid paertiecles (8). A&s stated previously, many of them can
ingeat baecteris and use them gs feed. HMuch controversy has
been made concerning soil fertility in regard to the relation.
of protezoa to bacteria; it would net be safe to sssume that
gll protozoe depend &pan bacteria for nutrition. It is true
that they limit the baeterial populatien, but in what manner
of complex relationship is still net confirmed.

A fairly scecurate count for protozoa can be made by
nsrrowing the dilutioﬁs so as to give a greater degree and
range of securaey. For example, if preotozea accur in & 1310
dilutien and do not sppear in 1:100, there are between 10 and -
100 protozosa in & gram cof socil. The numbers of protozoa and
bacteria are found to vary from day to day (1). Thus,numbers
alone dec not indicate actual relationships; the presence or
absence of protozoa in relatien to other microbes is often
helpful as an indication of relative moisture content. The
pretezéa.beccme active in the g0il whenever there is excessive
moisture present for a period of several hours (7). B8ince
bacteria are chiefly used by protezoa as food the preéence
of bacteria in rich fertils seils will show sbundant protozos
as well as bacteria, provided scil moisture is favorable.

Greatest numbers of‘protezoa are caoncentrated in the



teop fouf-er~six inches of =z0il, where the bacteris are alse
at & meximum, while below twelve inches the seil is practiec-
ally free from protozeoa (2). Investigatiens have shown that
protozoa may exist as ecysts at very great depths.

Kost of the protazoa are aerobie and execessive heat will}
destroy them. The range of optimum aeidities favorable to
protozos was first believed toc be close to nmeutrality but
certain cilistes, flagellates and amoebae have been able teo

iive and reproduce in very acid and alkasline media.

Presence and Absence of Groups of Soil Protozoa in a Natural

vs. Planted Red Oak Stand

- 8ignifieant results (refer to numerieal data)

l. The abundance ef all forms of protozoa cbserved

61

decreased with depth of horizen in both ferest stands.

2. The greatest abundanee of agll forms was found at the
&,- 8urface horizen in both stands.

3. &moebae were found &t the surface in the plantatien
stand only.

4, Plagellates occurred in greatest abundance of the
three forms observed.

5. The number of protozea for zll herizens in both

forest stands was quite low.

Conclusions regarding protozoa resultst

.8ince the abundance of all forms of protozoz decreased
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with depth it is coneluded that conditions most favorable
for the growth ef protezoz was at the surface. This result
was related te the number of bacteria occurring at the
surface, which, in both s0ils, was high near the surface hor-
izon and decreasing with depth. The surface soil and the N
Ay~ 2% horizon are rather sbundant in organic matter and it
ig in these upper levels that the most protozeas oceur. 4&lso
more acid conditions are prevalent at greater depths and
though the moisture contents did not vary apprecisbly for
both soils, the greatest number ef forms is found in the
horizons closest to neutrslity. This ties in with the
relative amounts of organic material at the upper horizons .
in relation to a greater protozean fguna. )

A detailed account of physiologieal needs of each form
of protezeca would beran aid in trying te base & consideration -
for relative numbers and forms appearing and the possible
regsons for their oeccurrence.

Low moisture eontents in the results obtained is an
important factor in bhasing conclusiens for the relatively
low numbers of protozoa for the horizons studied. Few
gttempts have been made tec demonstrate whether protezos

actually injure important bieleogical soil processes (7).

Algae in Forest Seoils
The development of algae in the soil results in

inereasing the supply of eorganic matter and in temporarily

" b
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transforming*saluhlg forms of nitrogen and minersls into
organie or insoluble forms (8). There are three main groups
found in the seil, namely, the Cyanophyceae or blue-green
algae, the'Chlorophyceae or green algae, and the Diatomaceae
or distems. Of these three groups there is an abundance in
the soil, but usually less abundant than the bacteriz and
fungi. The algae contain chlorephyll and develop this sub-
stance independent of the seil when they have free access fo
light; at lower depths the algae act similar te fungi,
utilizing organic materials for energy. 4algae hasten the
solubility of minerals and in assceistion with fungi aid in
the weathering process. A&t lower levels.the number of species
represented is less, along with a decrease in numbers. They
.rarely,uceur in abundance in soils with a low moisture
content; their distributien below the surface is centrolle&\»
by factors similar to those which regulate the distribution
of other organisms (8). It is impossible te generalize

conecerning the role that algae may play in seil processes (7).

Presence and Absence of Groups of 8cil Algae in & Naturzl vs.

Planted Red Oazk Stand

Bignificant results (refer to numerical data)
l. & distinetly low number Ef algae ccecurs in both ferest
stands.

2. The number of groups ef algae represented is limited
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te the green algae (Chlerophyceae). Of this greup
only two genersz are represented in both forest soils.
3. There is sn absence of algae until the ‘!’ 2% hor-

. izen is reached in both stands.

Conclusiens regarding algal results:

B8inee algae rérely oceur in gbundanee in soils of low
water content, this fact may be a partial explanatien feor
the low number of algae present in both ferest soils. From
the results cbtained, the first twe inches of so0il appear
either tec dry fer development ef slgae or they may be
absent as a result of competitien by other seil ergapisma,

‘since the fungi, bacteria and actinemycetes are more abundant

T~

at this level. ‘ .

General Bummary Regarding Activity of the 8cil Organisms in &
Natural vs. Planted Red Oak Forest
fhe results as a whole indicate the complex biclogical

activity differences between a natural and a plantation
éorest stand. XNo complete analysis of chemieal and physical
setivities in relation to these stands biclogically, has
been presented. Resultis to detgrminé’the amounts of carbon
dioxide produced by bioclogieal activity would indicate more

aceurately than single determinations of a group of organ-

ismg , the amount and degree of biological activity. How-

70
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ever, the results thus obtained do show in an indieative
magnner, where the activity for producing earbon dioxide and
subsequent breakdown ef organie and ihorganic mgtter, may
ocecur in each of two different ogk stands. The study
indicates that since the two stands involved have not been
materially altered as regard to the soil, all the agencies
oef microbiological phenomena tend to become adjusted to the
envirommental conditions existing in the soil at any one
time. Seme appreciation with reference to "areas of greater
microbial activity" cen be derived from this study. ?his'
information may aid in supplementing the knowledge 1earn¢d
by comparing other stands of a similar nature. Each forest
has many variables and is a dynamic assoeciation. In a
general way, some correlation has been shown in,these-rggglts
and certain prineciples found that tend towards the verific-‘

ation of previous studies made by other investigators.
SUMMARY

1. The number of actinemycetes per gram of dry soil
ccecurring in a natur#lrand & plantatien red oak |
forest, is significantly greater in the natursgl
forest at the Ay- 2* and Ay~ 6* horizons.

2. The number of fungi per gfam of dry sail occur:ing
in a natural and a plantation red oak forest, is
greatest in the natural feorest soil. This difference

is not large except at the Ac- Surface horizon.
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3. Humbers of fungi, bacteria, protozoa and algae, per

grem éf dry seil in both & natural and a plantation
red oak forest, decrease with an increase in depth
of horizon. This indicates in both forest soils that
at the upper horizons there is a greater gmount of
evailable nitrogenous and non-nitrogenocus supply of
organic matter plus oxygen.

For organisms such as protozoa and algae that require
high moisture conténts in addition te erganic matter,
the low numbers found in both a natural and a plant-“
ation red oak forest seil, may be attributed mainly

te the low mcecisture content of these soils.
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