
Soil Germs— 
Their Role In Composts 
and Special Fertilizers 

By L. M. TURK* 
Michigan State College 

P R O D U C T I V I T Y of our soils is directly 
affected by the activities of the innum-

erable soil organisms. Many of these or-
ganisms cannot be seen with the naked 
eye, yet they take part in a great variety 
of fundamenta l activities. They perform 
an indispensable service in keeping cer-
tain plant nutr ient elements in circulation. 
In the absence of these germs, the sur-
face of soils under na tu ra l conditions 
would soon become covered with a great 
mass of undecomposed plant and animal 
residues; l i fe would soon cease because 
the essential elements would quickly be-
come exhausted. 

The original concept of the soil popula-
tion as being predominately bacterial has 
been modified in recent years to include 
also numerous groups of fung i , actinom-
yces, protozoa, algae, and many small 
animals. A general knowledge of the na-
ture of soil organisms is of considerable 
interest and of extreme importance be-
cause it is to these t iny living th ings we 
owe the continued development of higher 
plants. 

Bacteria a r e usually regarded as the 
simplest and smallest fo rms of l ife known. 
The numbers of bacteria presen t in soils 
are extremely variable since so many con-
ditions affect their growth and since they 
can mult iply in numbers with such ex-
t reme rapidi ty . A new individual may 
be formed in less than 20 minutes , thus 
permit t ing sudden fluctuations in numbers 
with the ever-changing environment. I t 
has been found t ha t the numbers may 
range f rom 1 to 4 billion per g r a m of soil 
and i t is not unlikely t h a t the total 
live weight of bacterial substance, per 
acre-seven-inches of soil, exceeds 1,000 
lbs. in good soils. 

Soil bac ter ia may be divided broadly 
into two la rge groups based on their 
food and energy requi rements : (1) those 
which can obtain their energy f r o m the 
oxidation of inorganic elements, their 

*GSA Convention Address. 

•cc us wt o r f c i 

THE ORIGINAL CLUB BATH SLIPPERS 



carbon from carbon dioxide, and their 
nitrogen and other minerals f rom inor-
ganic compounds; (2) those which obtain 
their energy and carbon f rom organic 
substances. 

Those bacteria which obtain their energy 
and carbon from organic substances may 
be subdivided into two groups: (1) the 
nitrogen fixing bacteria (those tha t gather 
atmospheric nitrogen), and (2) those that 
require fixed nitrogen. There are two 
groups of nitrogen fixing bacteria; the 
members of one group grow and function 
in the association with legume plants, 
and members of the other group a re able 
to gather and fix nitrogen in soils in 
the absence of higher plants. 

Fungi are all devoid of chlorophyl and 
obtain their food and energy f rom the soil 
organic mat ter or from other forms of 
life with which they may be associated. 
They respond especially well to aeration 
and can make extensive growth only 
under aerobic conditions. They make 
a vigorous growth in either acid, neutral 
or alkaline soils; many fungi are favored 
by the more acid soil conditions. 

The number of fungi ordinarily found 
per gram of soil is usually between 8,000 
and over 1,000,000. This would probably 
be the equivalent of from 1,000 to 1,500 
lbs. per acre (7 inches deep) of living 
substance. It is observed, therefore, that 
fungi may be out-numbered by bacteria 
but the fungi present a much greater 
mass of growth per unit volume of soil, 
due, of course, to their much grea te r size. 

Actinomyces may be looked upon as 
occupying a position, from the morpholog-
ical point of view, between tha t of the bac-
teria and fungi . They resemble bacteria 
in that they are unicellular and a re about 
the same size in cross section. They 
resemble the filamentous fungi in that 
they produce a very extensive, unicellu-
lar and profusely branched filamentous 
network. 

Sensitive to Acidity Changes 
For the most part , actinomyces are 

aerobic and in comparison to most soil 
organisms they are more sensitive to 
changes in soil acidity. They function 
best in soils a t about the neutral point 
as f a r as soil acidity is concerned. They 
perform a very important function in 
soils by breaking down organic matter 
and setting f ree the nutrients it contains. 

These organisms are present in great 
abundance in soil; the numbers may run 
as high as 36 million per gram of soil. 
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NOVEL BALL SALES STUNT 
H A N G S - U P PRO SALES 
RECORDS COUNTRYWIDE 
NORTH BRITISH has been w o r k i n g closely w i th p r o s 
t h r o u g h o u t t h e coun t ry , 
p r o m o t i n g a un ique club 
t r o p h y s t u n t t h a t real ly 
moves balls . N-B dona tes 
t h e s i lver cup f r e e of 
c h a r g e a n d even has it 
su i tab ly e n g r a v e d wi th 
club a n d p r o names . All 
t he p r o mus t do is s tage 
t he even t a n d m a k e t h e 
mos t of i t . Sugges t you 
ge t in on t h i s of fer and 
win t h e t h a n k s of your 
m e m b e r s f o r g iv ing t h e m 
a g r e a t e v e n t . W r i t e 
N o r t h Br i t i sh , 22 P a r k 
Place , N e w York, f o r de-
ta i ls . 

Despite 'hell and high water' 

North British produces this fine 
new b a l l . . . and gets it across/ 
k l O R T H BR IT I SH , greatest of the old Scottish 
' ^ ball-makers is delivering the best ball 
they 've ever built. Brand new from core to 
cover, stepped-up in tension, click and distance 
— y o u ' l l spot its greatness instantly. 

Your members will want to see and play the 
only and leading 75c ball coming out of Britain 
today. 

Headquarters for 
imported and domestic golf items 

22 P A R K P L A C E • N E W Y O R K 
Lytton Bldq. • Chicago 

1855 Industrial St. • Los Angeles 
60 South St. • Boston 

4554 University Way • Seattle 
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THINKING OF MOVING? 
If you're in the golf business , and are not satisf ied with your present 

loeation, why not investigate what 'Golf Headquarters' has to o f f e r — 
which means , o f course, the 

L Y T T O N B U I L D I N G 
Golf manufacturers , wholesalers, publishers, and others who serve 

the gol f trade f ind that it pays in dollars and cents , to locate tlieir off ices 
and display rooms in the LYTTON BUILDING . . . a modern 18-story 
structure located at State Street and Jackson Boulevard, in the heart 
of Chicago's loop. 

A list o f LYTTON BUILDING tenants looks like "Who's W h o in 
Golf" because here you will find names f a m o u s wherever go l f is played 
. . . P. G. A. . . . NATIONAL GOLF FOUNDATION . . . WILSON 
. . . B U R K E . . . KROYDON . . . YOUNG . . . ATLANTIC P R O D U C T S 
. . . JACKMAN SPORTSWEAR . . . and many others who are "cashing 
in" on the extra drawing power and the extra business vo lume result ing 
from this strategic location 

The LYTTON BUILDING is one of the finest office bui ld ings in 
Chicago's retail shopping district. Standards of occupancy and bui ld ing 
maintenance are of the highest . A l imited a m o u n t of desirable space 
is available o n the upper floors . . . with unobstructed light and air . . . 
at a rental that is except ional ly attractive. 

The L Y T T O N B U I L D I N G 
Golfs Most Famous Address 

14 EAST JACKSON B O U L E V A R D CHICAGO, ILLINOIS 

; In actual weight of live substance per 
" acre they excel bacteria but as a rule 

will not equal tha t of fungi tissue. 
The chlorophyl-bearing microscopic 

plants are called algae. They are uni-
versally distributed in the surface layers 
of soil wherever moisture and light are 
available. Algae obtain nitrogen and 
minerals f rom the soil while carbon is 
derived from CO* of the atmosphere. They 
utilize the energy of the sun so long as 
they have f ree access to light. Below the 
soil surface, in the absence of light, they 
act in a manner similar to fungi in tha t 
they live at the expense of the soil organic 
matter . Algae may thus live and func-
tion much like higher plants or they may 
perform like the lower forms of plant life. 

Algae are most abundant in the upper 
soil horizons where environmental con-
ditions are most favorable for their de-
velopment. The number may run as high 
as 10,000 or more per gram of soil with 
a total live weight of perhaps 800 lbs. per 
acre-7-inches of soil. 

The development of algae in the soil re-
sults in increasing the supply of organic 
mat te r and in t ransforming, temporarily, 
soluble forms of nitrogen and mineral 
elements into organic or insoluble forms. 
Furthermore, they may aid in the decom-

position of organic material and they ex-
ert a solvent action on rocks and minerals. 

The protozoa are generally accepted 
as being the simplest form of life be-
longing to the animal group. They are 
all microscopic in size and unicellular but 
larger than bacteria and more complex 
in their activities. Soils may contain 
up to 1,000,000 or more of these or-
ganisms per gram of soil with a total 
live weight of two or three hundred 
pounds per acre. 

Protozoa depend on the organic mat-
ter as a source of food; certain groups 
may feed on bacteria. Grant ing tha t they 
may feed on bacteria then their effect will 
be either beneficial or harmful depending 
upon whether they consume beneficial or 
pathogenic bacteria. 

Nematodes are sometimes called eel 
worms; they are round or spindle-shaped 
and usually with a pointed posterior end. 
Most of them are microscopic in size, sel-
dom large enough to be readily seen with 
the naked eye. Billions of them are 
found in each acre of soil. Some of them 
feed on decaying organic mat ter , some 
feed on earthworms, bacteria, protozoa, 
etc., and others infest the roots of higher 
plants, passing a part of their life cycle 
imbedded therein, causing a great deal 
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of damage to certain crops, especially the 
vegetable crops. 

The activities of all mematodes are not 
harmful to the growth of higher plants. 
They aid in bringing about an intimate 
mixture of the mineral and organic mat-
ter and in breaking down organic matter . 
They may improve soil aeration in heavy 
soils. 

Perhaps the most important group of 
the larger animals inhabiting the soil 
is the common earthworm. They prefer 
a moist environment with an abundance of 
organic mat ter and a plentiful supply of 
available calcium. They are found only 
sparingly in acid sandy soils low in or-
ganic matter . Obviously, figures indi-
cating numbers are merely suggestive. 
The numbers per acre-plowed-layer may 
range from a few hundred or even less to 
more than a million. It has been esti-
mated that between 200 and 1,000 lbs. of 
earthworms are present in an acre of 
soil. 

It is believed tha t in some soils these 
organisms may pass several tons of soil 
through their bodies annually and in so 
doing bring about an increased avail-
ability of plant nutrients. Considerable 
soil mixing is accomplished as a result 
of their action. Holes lef t in the soil 
aid in increasing soil aeration and drain-
age. Frequently earthworms bring con-
siderable quantities of soil f rom the lower 
soil layers to the surface which is very 
objectionable in the soil of golf greens. 
This frequently occurs where such soils 
have received heavy applications of or-
ganic fertilizers. 

Other groups of the larger animals in-
habit the soil, namely: rodents, ants, 
snails, spiders, mites, millipedes and centi-
pedes. Some of these organisms may 
spend all and others only a par t of their 
life cycle in the soil. Although soils 
may be directly benefited by their activi-
ties, it is obvious that they may prove 
unfavorable under certain conditions. 

Soil organisms, in general, have the 
same nutritional requirements as higher 
forms of life. For their growth and 
synthesis they all require supplies of 
energy in addition to the several essen-
tial elements including carbon, hydro-
gen, oxygen, nitrogen, phosphorus, potas-
sium, sulphur, calcium and others. With 
the exception of algae all the important 
soil microbes a re devoid of chlorophyl and 
must obtain their energy either f rom the 
oxidation of simple inorganic substances 
or f rom complex organic substances as is 

W H I T E G R U B C O N T R O L 
White grubs, or the larvae of the May 
or June beetle, are a menace to fine 
turf. Grubs of the green June beetle 
do damage too, but are more difficult 
to control because they work deeper 
in the soil. In eastern regions, grubs 
of the Oriental, Garden, Asiatic, and 
Japanese beetle do similar damage. 
All can be controlled by applying acid 
lead arsenate, commonly called lead 
arsenate. 

When any of these beetles occur in 
sufficient numbers, resulting grubs will 
damage grass, unless enough lead ar-
senate is applied to kill the young 
grubs. On new seedings lead ar-
senate should be applied and worked 
into soil before seeding. This treat-
ment may retard, but will not prevent 
germination. Apply at 5 to 10 pounds 
per 1,000 square feet, which is 200 to 
400 pounds per acre. 

Since lead arsenate is an exceedingly fluffy, 
fine powder, a carrier is needed to insure even 
distribution. Besides being the best carrier 
for applying lead arsenate, Milorganite is the 
ideal source of nitrogen for new seedings. 
Use 30 to 50 pounds per 1,000 square feet. 
(1,200 to 2,000 pounds per acre) . Simply mix 
the lead arsenate with it and scatter evenly 
over the area. Then apply 20% grade super-
phosphate at 10 pounds per 1,000 square feet 
(400 pounds per acre) ; scratch all three into 
surface and sow seed. The Milorganite and 
phosphate insure quick development of uniform 
turf. 

Milorganite is the ideal carrier for applying 
lead arsenate to established turf, also. From 
3 to 5 pounds Milorganite are needed for each 
pound lead arsenate used. Where infestation 
is light, 5 pounds lead arsenate per 1,000 
square feet (200 pounds per acre) is enough; 
but from 10 to 15 pounds (400 to 600 pounds 
per acre) is needed for heavy infestation. 

While lead arsenate may be applied at anv 
time when there is no frost in the ground, 
early August treatments seem most etfecti'"" 
for killing newly hatched grubs, particularly 
in the Japanese beetle belt. I t gets the small 
grubs before they appreciably injure the turf. 

T e l l u s a b o u t y o u r T u r f P r o b l e m s . W r i t e : 

Turf Service Bureau 

THE SEWERAGE COMM ISS ION 
D e p t . B - 7 . Milwaukee, Wisconsin 

MILORGANITE 
for BETTER TURF 
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Your Club Needs 

MELFLEX 
PROTECTION 
for 2 reasons 

1 M E L F L E X tex tur ized rubber run-
' * ners and m a t s p r e v e n t slip accidents 

on steps, in locker and showers . . . . They 
assure a firm foo t ing w e t or dry. . . . 
And that is vital ly impor tan t to your 
members . 

O T h e y protect all floor surfaces be-
cause they are tough , resilient and 

res i s tan t to the c u t t i n g action of cleats . 
. . . Th i s means economy for the c lub as 
well as the ma in t enance of i ts good 
appearance. 

There are types of M E L F L E X Mats and 
runne r s for every c lub need. . . . B y 
dropping us a card or let ter we will 
send you complete in format ion and 
cata log. 

MELFLEX PRODUCTS COMPANY 
L. E. War fo rd , Pres. 

415 Wheeler Lane • Akron, Ohio 

Coif is a 

GRIN 
BUSINESS 

T h a t GRIN y o u s e e w h e n a customer h i ts a n 
LL-Penfold-75 m e a n s y o u ' v e m a d e a fr iend 
for life. He ' l l be back t o y o u for more of these 
f amous long dis tance balls because Penfold 
Golf Balls a re sold exclusively th rough pro-
fessionals. P lay a Penfold yourself . S tack i t u p 
aga ins t any o the r golf ba l l m a d e and you' l l 
gr in too . And the re ' s a Penfo ld Golf Ball 
i n every price range, f r o m t h e Penfold-35 
a t t h r e e for a dollar t o t h e deluxe Penfold 

Autograph, golf ' s luxury ball . 

fatr*-
PtNroio 

PENFOLD 
World's Premier Golf Balls 

LL-Penfold-75 . .75* Penfold-50 50* 
LT-Penfold-75 . .75* Penfold-35. .3 for $1 

Penfold Autograph. . . .$1 

S O L D E X C L U S I V E L Y T H R O U G H P R O F E S S I O N A L S 

the case with most bacteria, all the fungi, 
and protozoa. 

Certain groups of bacteria have the 
ability to utilize the f ree nitrogen of the 
air and build it into their protoplasm, 
thereby increasing the soil's supply of 
combined nitrogen. Other soil organisms 
must get their nitrogen from complex or-
ganic substances or from simple inorganic 
compounds. They obtain their other neces-
sary mineral elements f rom the soil 
minerals. 

The environmental conditions, including 
the physical and chemical composition of 
the soil, determine the na ture of the 
microbial population at any given time 
in the soil. In general, the fer t i le heavy 
soils rich in organic mat ter contain many 
more microbes than light soils poor in 
organic matter . 

The optimum temperatures for most 
soil microbes are considerably higher, as 
a rule, than those which prevail in the 
soil, even in summer. Consequently it 
may be assumed that micro-organisms 
never reach their highest level of activity 
in soil and they thus utilize only a part of 
the potential energy sources. For the ma-
jority of the soil organisms the optimum 
temperature is about 35° C. Within a 
rather narrow range the rate of biological 

ZxuuiPnotttL 
for Pn OS: 

"2>oOd>>£rlQoef 
Your players will appreciate DR. E-Z G O L F . Here are some 
of (he many advantages: C O O L C O M F O R T — B E T T E R 
C L U B C O N T R O L — LESS P E R S P I R A T I O N — N O 
S O R E H A N D S . It is tailored from especially prepared, 
light weight leather. 

r so* 
. . . » nominal price to any golfer 
and a BIG PROFIT FOR YOU. 
Packaged with complete instructions 
In cellophane envelope, mounted one 
dozen to an attractive counter display 
card. This attractive display card 
actually sella them for you. 
Write for details on this attractive, 
big profit offer. Please give club 
connection, as Dr. E-Z is sold only 
at golf courses. 

"2>o<m£ZQoef 
J C F F C R I O N ( I T T , M I S S O U R I 



How well this ball will 
travel depends a great 
deal on how it is hit... 

reactions increases two to three times for 
each increase in temperature of 10° C. up 
to their optimum temperature. 

The optimum amount of water for most 
soil organisms is between 50 and 70% 
of the water-holding-capacity of the soil 
or about the same as for most higher 
plants. Growth will take place at higher 
and lower moisture contents than the 
values given; they have the ability to with-
stand rather wide extremes in both soil 
moisture and temperature, thus insuring 
their wide distribution in soils in spite 
of periodic changes in the environment. 

The degree of acidity or alkalinity of 
the soil is of particular importance in in-
fluencing the activities and relative abun-
dance of the different groups of soil or-
ganisms. In general, the optimum range 
in acidity for the majority of the soil 
population is essentially the same as for 
most higher plants. 

The development and activities of soil 
organisms are greatly affected by the con-
centration and rate of supply of gases 
(particularly oxygen, carbon dioxide, and 
nitrogen) in the soil environment. A well 
aerated soil is usually in a good sanitary 
condition while a poorly aerated soil favors 
undesirable biological and chemical reac-
tions. Soil aeration is to a large extent 
governed by fluctuations in soil moisture. 

The addition of mineral elements to the 
soil may influence the soil population in 
several ways. They may stimulate the 
growth of higher plants, giving greater 
plant residues, thereby increasing the 
available supply, resulting in increased 
microbial activities. In a general way, 
soil micro-organisms respond favorably to 
the applications of ordinary fertilizer 
salts. However, the action of the various 
mineral salts depends on the nature of the 
salt, type of soil, and the nature of the 
organism concerned. Salts of copper, mer-
cury, lead, arsenic are very toxic to most 
beneficial biological soil reactions. 

Direct sunlight is highly injurious to 
most forms of soil micro-organisms; many 
are instantly killed when exposed directly 
to the sun. Diffused daylight appears to 
have an inhibiting effect on most bacterial 
processes although having little effect on 
the growth of fungi. The growth of 
algae, however, is stimulated by the pres-
ence of diffused daylight but direct sun-
light appears to be detrimental. 

Of the various factors affecting soil 
organisms in humid regions the influence 
of organic mat ter is one of the most im-
portant. Since- organic mat ter is the 

Similarly how well your greens 
fare depends on how well they are 
protected. 

For maximum turf protection at 
minimum cost, many greenkeepers 
prefer MERCK 2 - 1 MIXTURE. 
It is effective, dependable, econom-
ical. It can be applied by either wet 
or dry application. It is of special 
fineness ensuring thorough and even 
distribution. 

GUi&i MeAck PioducU ^ 

^ pyi the Qteenkeep&i 

T U R F C A L O M E L —A complete turf fungi-
cide t h a t is unusually popular with many 
practical greenkeepers. 

C O R R O S I V E S U B L I M A T E —Conforms 
t o U.S .P . requirements. I t is quick-acting. 
I t is highly efficient as a remedy and pre-
vent ive for large brown pa tch . 

C A L O M E L —Preferred when long protec-
tion is desirable and rapidi ty not essential. 

MERCK & CO. Inc. RAHWAY, N.J. 
Manu^aduuncj, Gkzwu&U 

N E W YORK P H I L A D E L P H I A ST. LOUIS 
In Canada: Merck It Co. Ltd., Montreal and Toronto 



ELIMINATE THE DANGER OF 

SCALDING 
IN SHOWER BATHS 

STOP unexpected 
changes in the 
water temperature 

No more s l i p p i n g on 
soapy wet f l oo r whi le 
try ing to dodge a " s h o t " 
of icy cold or s c a l d i n g 
water 
When you use a shower bath 

regulated by a Powers safety 

shower mixer the temperature 

remains right where you want 

it. You can really enjoy the 

thrill of a comfortable shower 

in absolute safety • • • 

Powers mixers cost more — 

They're worth more. Wr i te 
fo r c i rcu la r 2 1 4 5 . The 

Powers Regulator Co., 2746 

Greenv iew Ave., Ch icago— 

231 E. 46th St., New York — 

Offices in 47 Cities—See your 

phone directory. a 

LEXOL 
for 

L E A T H E R 
In the Pro Shop LEXOL makes 

more than 10 to 1 profit. A gallon 
($2.40) reconditions 25 or more 
leather hags at $1.00 fee. 

Ixjeker r o o m boys get bigger 
smiles from members whose shoes, 
both sport and street, have been 
treated with LEXOL , then polished 
with any good shoe cream. 

(Hub stewards and managers use 
L E X O L to preserve leather up-
holstery and book bindings. 

Get LEXOL from nearest Wilson 
branch, your wholesaler or write ns 
direct. 

THE M A R T I N D E N N I S C O . 
859 Summer Avenue, Newark, N. J . 

source of food and energy for the ma-
jority of soil organisms, obviously those 
soils well supplied with organic matter 
are capable of supporting a more dense 
population than those low in organic mat-
ter. Organic matter may exert indirect 
effects on the nature of the soil popula-
tion through its effect on the physical 
and chemical condition of the soil. 
(To be concluded in August GOLFDOM) 

Hoare Takes I n Open 

From Wheel-Chair 

\xrILLIE HOARE got a great kick out of 
a nev/spaper error at Fort Worth dur-

ing the Open. Willie was identified in an 
item as a "former British Open Cham-
pion." 

Willie motored to Fort Worth from 
Chicago, with his pal Chick Jansky, who 
is conducting special golf promotion work 
for Wilson Sporting Goods Co., at the 
wheel. 

Although compelled to go the rounds in 
a wheel chair there wasn't much Willie 
missed at this Open. He continues to have 
a livelier interest in golf affairs after sev-
eral years of invalidism than many of the 
boys who are in A-l physical condition. 

Kyder Cup Squad to Play 

J o n e s ' C h a l l e n g e Team 

nnHE Ryder Cup team, which never got 
to play against a British team, due to 

the war, will cross clubs with a team 
captained and selected by Bob Jones on 
August 22 and 23 at the Detroit Golf club. 
Proceeds of the matches will go to the 
USO. Sponsor of the event is the PGA. 

The Ryder Cup squad is, of course, al-
ready formally in existence. Walter Hagen 
is honorary captain; the team members are 
Picard, Nelson, Runyan, Snead, Horton 
Smith, Metz, Hines, Guldahl, McSpaden 
and Ghezzi. 

Bob Jones is captain of the challenging 
team of Wood, Little, Sarazen, Heafner, 
Bulla, Demaret, Dudley, Hogan, and Shute. 

KLENZIP 
R E M A R K A B L E NEW 

CLEANER FOR GOLF BALLS • 
Newest chemical for removing dirt, grime 

and stains. Colorless, odorless. Does not get 
rancid, foul, or slimy. No injury to hands or 
clothing. No soap, alkali or acid. Write for 
literature and free testing sample. 

McClAIN BROTHERS COMPANY, Canton,Qhlo| 


