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METHODS FOR DETERMINING
AZOTOBACTER VINELANDII IN SOILS
By Walter N. Goniok

INTRODUCTION

The study of Azotobacter as a non-symbiotic,
aerobic, nitrogen-fixing organism has aroused consider-
able interest both from academic and practical points of
view. The mechanism of nitrogen fixation possessed by
this organism has been a subject of intense research
since the organism was first isolated by Beijerinck
(L & 2), yet the appsrent ease with which this organism
assimilates free nitrogen into an organic form still re-
mains to be solved. Azotobaoter is just as much an e-
nigma in the realm of practical value as it is in the
academic field. How much nitrogen Azotobacter is sable
to fix under natural conditions still is not known. How-
ever, depending on the individual viewpoint, answers may
range from none or very little to 10 to 40 pounds of ni-
trogen per aocre per year (28). Waksman (43) claims that

« + « there is one point not yet

settled, namely, whether these or-
ganisms (Azotobacter) really fix

(L & 2) Reference by number (in parenthesis) is to
"Bivliography."



nitrogen in the so0il under field
conditions. This has been empha-
8ized by the fact that avallable
energy is not supplied in the soil
in the form of mannitol or dextrose
universally used in the study of
pure cultures . . ., but rather as
¢ellulose and other complex carbo-
hydrates, which these organisms are
quite unable to use as a source of
energy.

Winogradsky (43) ies of the same opinion, for he states
that " . . . 8ll research work from Beijerinck's time to
1930 has falled to mske the role of Azotobacter in the
soil any better understood."

Compared with the foregoing complexities much
progress has been made in the study of distridbution of

Azotobacter, particularly the species chroococcum.

Thig is not at all surprising for Az. ghroococcum is the

most common specles of the genus, and its appearance in
nitrogen-free mannite or glucose media, or on the sgar

or silica plates of the same composition, is easily re-
cognized. However, studies upon the distribution of the

species vinelandii are relatively unknown in scientifioc

literature. This can be explained, perhaps, by the fact

that Az. vinelandii is not as ubiquitous ss Az. chroe-

orococum, although its nitrogen-fixing ability in the
laboratory is much greater than that of the latter (23,

24). Those who have isoleted Az. vinelandii from soils

or waters have done so while investigating Az. chroo-

goccum or Az. agile.



It would seem, therefore, that becausze of the

apparent scarcity of Az, vinelandii in nature a method

would have to be developed which would facilitate the
study of ecological distridbution of this orgenism. A
method that would grestly stimulate the development of
this speocies but not that of others would be most desir-
able. An approach to this problem has been made by

Reuszer (37) who found thet in soils Az. vinelandii 1is

" ., . . better able to develop in the presence of large

amounts of benzoic esoid compounds than is Az. chroocoo-

oum." This observastion wae confirmed by the fsot that
Az. vinelendii 1e able to withstand higher concentra-
tions of sodium benzoate in ertificial media than Az.
ochroococoum (36). It therefore seems evident thst ir
benzostes ocan be made to stimulate the development of

Az. vinelandii in soils to such a degree as to :ake pos-

gible its isoletion, even if it was originslly present
in very small quantities, then the ecologicsl distribu-
tion of thias species in nsture may be readily studied.

To work out and test a method or methods bas-
ed on the principle of stimulasting the growth of Az.
vinelandiil while inhibiting the growth of other species,
particularly Az. shroocooecum, is the purpose of the pre-
sent undertaking. In this connection it is proposed to
investigate:

1) The value of various non-nitrogenous or-

ganioc compounds, including benzoic scid



and some of its salts, for demonstrating

the presence of Az. vinelandii in solls;

and

2) the distribution of Az. vinelandii in some

Colorado soils and waters.
REVIEW OF LITERATURE

In 1901 Beijerniock (1,2) succeeded in 1solat-
ing a group of large serobic, nitrogen-fixing bacilli to
which he gave the generic name of Azotobacter. To the
organism isolated from garden soll he gave the specles

name chroococcum and to the organism isolated from ocanal

weter he applied the species name sgilis. He separated
the two species on the basis of morphology, ecology, and
physiology. Since then numerous organisms have been 1i-
dentified (23,25,29,40) for which the suthors have claim-
ed the generioc name of Azotobacter and a species name of
their own choosing. However, many of these species have
been discarded because of their rareness or perhaps be-
cause of their poor description. The position of the re-
maining species has been hotly contested by the workers
in the fileld of soil microblology.

AZ. vinelandil is one of the strains whose

qualifications to the title of & separate species have
been widely questioned. Isolated by Lipman (24) in 1903

from a soil in the locality of Vineland, New Jersey, Az.



vinelandil snswers to the following description: Four-

days-old colonies on mannite agar about 4mm. in diameter,
round, raised, semitransparent, concentric in structure,
with denser whitish centers; mannite culture forms range'
from large rods with rounded ends to spherical organisms
(2,0 to 3.0 by 3.0 to 6.0 microns); in most cases pro-
gressive or rotary notility is evident; yellow to yel-
lowish-red pigment occurs on mannite agar plates or in
solution and in 014 cultures diffuses throughout the
medium.

There appears to be among some workers a pre-

vailing opinlon that Az. vinelandii is very closely re-

lated to Az. agilis snd shculd be classsified as s var-
iety of the latter. LShnis and Smith (87) after a study
with 30 strains of Azotobacter concluded that two species

of this organism may be recognized: Az. chroococcum and

Az, egilis. They consider Az. vinelandil a synonym for
Az, agllis.

Prazmowski (34) 1s of the opinion that the var-
ious species described are merely races of one great var-
iable species Azotobacter. He reached this conclusion

by observing ochanges of the dark brown Az. Chroococcum

into & colorless race similar to Az. vinelandii and Az,

agilis and a yellow race similar to Az. beijerinckii.

His work was upheld by Omeliansky (33) who found that the
pigment formation of Azotobacter is dependent entirely on

the ocomposition of the medium.



Smith (39) in his studies concerning the util-
ization of carbon by various Azotobacter species found

that Az, vinelandil and Az. agilis, obtained from var-

ious lasboratories, utilized dextrose, sucrose, mannitol,
eand glycerine but could not use lactose, starch, and dex-
trin. He concludes that " . . . this lack of variation
in their carbon requirements probably means that these
cultures had common origin."

Green (20) analyzed bacterial growth of Az.

vinelandii and Az. agilis which were grown on nitrogen-

free mannitol agar for four days and found them to be
very similer not only in composition but alsc in nitro-

gene-fixing ablility. Az. chroococcum, however, under

the same conditions gave different results.

Weksman (42), however, commenting upon the
work of Omelliansky, states that there is no sufficient
reason to deny altogether the existence of the various
species since the genus itself is extremely variable.

Winogradsky (49) recognizes Az. vinelandii as

a separate species from Az. agilis. ‘“orking with a num-

ber of specimens from each species, he found differences
not only in motility, size, and form but also in the oy-

cle of development. In case of Az. vinelandii he found

a definite stage of oyst formation which was not present

in the specimens of Az. agills examined. The young forms

of Az, vinelandii were small, short, mobile rods, and the




edult forms were round and diminutive. The adult stage
gives rise to cyst formation which eventually is follow-
ed by coccoid forms and therefore the repetition of the
cycle. In case of Az, agilis there was no succession of
generation, the old cells being distinguished from the
young by the presence of oll droplets and by an increase
in size.

From his observetions ¥inogradsky concludes
that the most important difference between the two spe-
cies is the presence of a resting stage in Az. vine-
landii and its absence in Az. agilis. Since the resting
stage is a characteristic tommon to &all three of the

best known species of Azotobeoter (chroococcum, beijer-

inckii, end vinelandii), then cyst formation must be
oonsidered as a ocharacteristic of the genus Azotobacter.
Hence, in order to avoid confusion, ¥inogradsky proposes

that Az. agllis be given & new genus name Azomonas.

Energy Sources

Azotobacter depends upon complex organic som-
pounds as sources of energy and carbon. Lohnis and
Pillei (26) list the following compounds in the order of
their preference by Azotobaoter: Mannitol, xyclose, lao-
tose, lsevulose, dextrose, starch, sodium tartrate, glyc-
erine, sodium succinate, calcium lactate, sodium citrste,
sodium propionate, potassium oxalate, calclum butyrate,

and humus. Winogradsky (47,49), in addition to some of



the foregoing compounds, adds the following: Sodium
acetate, sodium benzoate, ethsnol, and butsasnol.

There are numerous compounds that have been
tested and found toxic to Azotobacter even in small
quantities. The following compounds are listed (17,35)
as unsuited for Azotobacter: Caffein, alloxan, betaine,
trimethylamine, legumin, cinnamic acid, aspartic acid,
asparagine, hippuric acid, oreatin, creatinine, xanthine,
and hypozanthine. Esoculin, vanillin, daphnetine, cumar-
in, heliotropin, arbutin, resorcinol, pyrogallol, phlo-
rogluocine, hydroquinone, salicylic sldehyde, and oxalic
aoid do not stimulate in any concentration and sre not
toxic until large quantities have been added. Urea,
glycerol, and formamide likewise produce depressing ef-
fects on Azotobacter (35). Difficulty is also exper-
ienced with sodium formate, sodium oleate, methyl alco-
hol, phencl, and sodium salicylate (47).

Various strains of Azotobscter may react 4dif-
ferently to the same source of carbon. Gainey (13)
found that some cultures are rather limited in their
ability to use fatty acids while others can sssimilste
a wide variety of these compounds. He concludes that
the cation with which the acid is combined and the mole-
oular welight of the acid are important in determining
the ability of the orgsnism to use the acide. Smith (39)

found that not all strains of Azotobscter chroococcum




{solated by him were able to use mannitol, although all
were able to utilize dextrose and sucrose.
Lipmen (24) in studying the value of varlous

orgenic compounds as sources of energy for Az, vinelandil

found that msnnite was more favorable than glycerine,
sodium propionate; sodium succinate, or ethyl aloohol.
Sodium citrate wasz not used and sodium succinate only
slightly. He sums up the result by stating that

« o o A, vinelandil like A,
chroogcococum can make use of a
great variety of orgsnic com-
pounds for its development.

These include not only higher
alcohols and mono saccharldes

but also the salts of the simpler
organic aclds of the paraffin
gseries and of the lower alchhols.

Results of Smith (39) show that Az. vine-
landii is able to use dextrose, sucrése, mannitol, and
glycerine but not lactose, stareh, and dextrin. Wino;
gradsky (49) states that ethanol, butanol, celcium ace-
tate, calcium butyrete, and caleium benzoate cause no
deviation from the regular oycle possessed by this bao-
terium; while the normel evolution is deranged by glu-

cose and mannite,  Az. agilis, however, favors ethanel,

but not benzoate and mannite

The use of benzoate compounds &8s a means of
isolating Azotobaoter from soil has been strongly reconm-
mended by Winogradsky (48). The silioa-gel plate method
with caleium or sodium benzoate as a source of carbon

has been found more efficient in producing pure cultures



of the orgenism than has the same method with glucose or
mannite. Reuszer (37) found that additions of benzoate
compounds to soill may stimulate the development of Az,

vinelandii to such sn extent as to inhibit entirely the

growth of Az. ohroococoum. The addition of 1.0, 2.5, and

and 5.0 percent of calcium benzoate, and benzolc acid to
soil which was not suspected of conteining Az. vine-

landii, yielded only Az. ghrooecccum at first. After

five weeks, however, Az. chroogoccum was replaced en-

tirely by a green-pigmented form (Az. vinelandii) in

treatments containing 2.5 and 5.0 percent calclium ben-
zoate and benzoic acid.

Katznelson (22), studying the survival of
Azotobacter in soils, found that additions of one per-
cent of ethyl alcohol, butyl slgohol, and c¢alcium ben-
zoate to soil suppressed Azotobacter growth. The same
compounds in quantities of one-half percent acted favor-
ably. Large increases in numbers occured only in the
presence of reasdily avaellable sources of energy such as
mannite or glucose.

Although numerous organic compounds cannot
serve as sources of carbon for Azotobascter in pure cul-
tures, it is possible that in soil they mey be converted
into compounds readily available to Azotobaoter. That
the 80il contains organisms capable of actirg upon ben-

zin ring compounds has been established by Sghngen (38)



and by Gray and Thornton (15). Organisms were isolated
from the soll which were capable of utilizing phenol,'
meta-cresol, naphthalene, ortho-eresol, para-cresol,

phloroglucinol, resorcinol, and toluol.

Distribution

The distribution of Az. chroococcum in soils

has been studied successfully by meny investigators.
This has been facilitated by the fact that the organ-
ism grows readily in nitrogen-free media containing
readily availsble sources of energy such as glucose, su-
erose, or mannite. Lipman and Burgess (23) in examin-
ing scils from all parts of the world found that about
one-third of them conteilned Azotobacter. Other workers
(2,4,12,21,50), both in this country and abroad testi-
fy to the common occurrence o this organism in soils.
Studies upon the distribution of Az, Vine-
landil, however, have been discouraged by the fact that
this beoterium does not appear to be as commonly dis-

tributed in soils as is Az, ghroosoccum. Lipmsn (25),

who first 1solated the organism, states that Az. Vine-
lendii " . . . 1s widely distributed in the arable soils
of the State (New Jersey), especislly in the red shale
area of Middlesex County." Burgess (4), studying the

distribution of Azotobacter in Hawaiian soils, isolated

and identified Az. vinelandii and several strains which

appeared similasr to it. Lipmsrn end Burgess (23) found



Az. vinelandii in a =oil from Smyrna.

Yamagata and Itano (50) examined 300 soils
from Japan and found that out of forty-three belonging

on an alkall group, three contained Az. vinelandii.

winogradsky (49) isolated Az. vinelandii from

the soil of Brie but econtendes thaet this organism is
rare in soils and rather eommon in water, its natural
habitat. He recommends exeminstion of clear waters for

Az. vinelsndii and muddy water and soils for Az. chroo-

goeceum.

3ome Environmental Factors

Of the many factors capable of influencing
Azotobacter development, soll reaction has received con-
giderable attention. This appears to be Justifiable
since 1t has been definitely established that Azoto-
bacter does not develop in so0lls whose reaction is below
that of pH 6. Gainey (14) from his numerous observations
oconoluded that the presence or absence of Azotobacter in
soils is very closely associated if not dependent upon
the absolute reaction of the soll solution. However,
Starkey and De (40) have recently isoleted an organism,

Az. indicum, which will grow under more acid condition

than any of the species of Azotobacter recognized at
present.
Investigation has revealed that in solution

cultures the limiting pH appears to be between 5.9 and



6.1 (11). Yamagete and Itano (50) found that the opti-

mum pH for Az. chrooccccum was between 7.45 and 7.60,

while the limiting pH was 5.80. For Az. vinelandii, how-

ever, the optimum pH was between 7.50 and 7.70 and the
limiting pH was 5.90.

It waes originally believed that Azotobacter
was ocommon in soils which were well supplied with cal-
olum carbonate. Because of this it was suggested that
the organism be used ss an index of lime requirement of
the soil. Martin and Brown (30) in their studies with
Iows soils found that the addition of lime was essen-
tial for the prolonged growth of Azstobacter and that
other treatments, organic and inorganic, with the ex-
ception of ocat straw were not essential. Gainey (14)
wrote that the addition of calecium carbonaste or magne-~
slum carbonate sufficient to raise the pH of an acid
soil to 6.0 rendered it fit for Azotobaoter. He was not
able to isolate Azotobaoter from soil known to contain
the organism before i1ts reaction was lowered below pH
8.0.

It appears that the presence of carbonates in
large quantities does not necessarily mean the presence
of Azotobacter., The value of carbonates is found in
thelr abllity to neutralize aocids snd raise the pH to
6.0, thus making the soil s favorable medium for nitro-

gen-Tixers.



It seems that not all investigators agree on
the factors influencing the development of Azotobacter
in soil. ™ilson (46) stated that he was able to induce
the growth of microscopis colonies of Azotobacter upon
the surface of soil plaques containing proper salts and
carbohydretes regardless of acldity.

Nicklas et al. (32) attribute the fallure to
rind Azotobacter in some soils with favorable reaction
and high lime content to lack of phoaphoric scid. Mar-
tin and Walker (31) are of the opinion that other fac-
tors than pH and phosphorus content limited the growth
of Azotobacter in some of the soils examined by them.

A complete disappearsnce of Azotobacter from
soils because of some unknown cause has been observed by
several workers. Vandecavey (41) observed that Berk-
feld filtrates from soils which had lost their Azoto-
bacter population had an inhibiting effect when added to
Azotobacter solution cultures. Christensen (7) wrote
that the disappearance of Azotobacter from soil is usu-
ally associated with the absence of besic substances and
not with the presence of toxic ones. |

The optimum temperature for the acti§ities of
Azotobacter lies at 28° C. and the extreme limits are be-

tween 9° C, and 33° C. (29). Recent work of Greene (19),

however, plaeces the optimum temperature at 32.5° C,



The resistance of Azotcbaoter to drying has
been attested by Lipman and Burgess (23). They found
thet many =o0ils containing Azotobacter showed a vigor-
ous nitrogen-~-fixing power even after being allowed to
remein in museum Jara from five to twenty yeafs, How-
ever, the activities of Azotobacter in the soil appear
to be optimum at 20 percent moisture (44). Greaves
(16) states that the moisture content for maximum nitro-
gen fixation lies between 15 and 22 percent.

The topography of the land from which the soil
samples are taken seems to have some influence on the
development of Azotobacter. In comparing samples taken
from depressed areas with those taken from elevated
ereag, it was found thst & much greater percentage of

the former contained Azotobaoter (9,31).



METHODS AND PROCEDURE FOR PART 1

Experiments desoribed in Part 1 were ocarried
out with the intention of determining the value of var-
ious organic ocompounds in stimulating the growth of Az.

vinelandii in soil. Compounds used here fall into two

general groups: Those that present & readily avallable
source of carbon without undergoing any further change,
and those thet do not appear, according to the litera-

ture, to be beneficisl to Az. vinelandii dbut which may

undergo changes in the soll snd eventuslly present an
available source of carbon for thle orgsnism.

The soil came from the Colorado Agricultural
Experiment Station farm at Fort Collins. In the labo-
ratory the soil was partly eir dried, passed through a
ten-mesh sieve, and then thoroughly mixed. Its mois-
ture content was determined Just befores use. Two hun-
dred-gram samples were then placed in a 40 by 100 mm.
Petri dish snd treated in the following manner:

Series l--methyl, ethyl, n-propyl, amyl, and
hexyl alecohols and mannite and glyocerol in quantities
of 1.0, 3.0, and 5.0 percent.

Series 2--glucose, galactose, mannose, fruoc-

tose, raffinose, suocrose, maltose, lactose, inulin,



starch, and dextrin in qusantities of 1.0 and 2.5 per-
cent.

Series 3-~phenol, thymol, resorcincl, quinol,
pyrogallol, phloroglucinol, benzene, and toluene in
quantities of 1.0 and 2.5 percent.

Series 4¢--salioylic aeid, gallic acid, tannic
aocld, potassium hydrogen phthalete, and cinniamio acid
in quantities of 1.0 and 2.5 percent; sodium benzoate,
caleium benzoate, end benzoic acid in quantities of 2.0,
3.0, and 5.0 percent.

Series 5--celcium and potassium citrate, cal-
cium and potessium lactate, celecium and potassium tar-
trate, potassium oxalate, and potassium malate in quan-
tities of 1.C and 2.5 peroent.

Series 6--calcium and potassium propionate,
calcium and potessium palmitate, ealcium snd potassium
butyrate, and potassium acetate in quantities of 1.0 and
2.5 percent.

Seriee 7--oinnamic acid, 0.5 percent and glu-
cose, 1.5 percent.

All treatments were duplicated and each set of
treated solls was acoompanied by untreated samples in du-
plicate, designated as "check".

The treated and untreated soils were then in-

covlated with one milliliter of water solution contain-

ing Az, yvinelandii which was grown on sucrose agar for



48 hours. The oulture of Az. vinelandii was previously

isolated in this lsboratory. The moisture content of
all treatments was kept at 20 percent, with slight var-
iation in either direction, by weekly check on the
welght of the individual container.

The treatments were incubated at 28° C. in a
constant-temperature room.

On the first day and at the end of the fourth day
each treatment was thoroughly mixed to insure a homo-

geneous distribution of chemical and Az. vinelandii. At

the end of 1, 2, 4, 6, 8, and in some cases 10 weeks the
soll was examined for Azotobacter, other bacteria and
Actinomyces, molds, and soil reaction. Ten-gram samples
were taken for the determination of miercorganisms and
one-gram samples for pH determination.

Counts of the organisms were made by the agar-
Plate method. Azotobacter counts were made on modified

Wenzl's medium;

Ko HPO4 0.75 &T .
MgS04. 7Hg0 0.30 gr.
NaCl 0.20 gr.
Alp(S04)3 0.20 gr.
NagMoO4. 2Hg20 0.00025 gr.
Sucrose 20.0 gr.
CaCOz 5.0 gr.
Ager 12,0 gr.

Water (tap) 1,000 ml.



Agar plates were poured 24 to 48 hours before
being used, to permit some evaporation. They were then
inoculated by pouring one milliliter of the desired di-
lution and distributing it over the surface of the plate.
The plates were then allowed to stand in the upright po-
sition for about'one hour, after which time they were in-
verted and incubated at 28° C. Preliminary work showed
that this method was more smtiefactory than the one pre-
viously used in this leboratory where the plates were
uncovered and the excess molsture allowed to evaporate.
Possibility of Azotobacter contamination was avoided by
the improved method.

Azotobacter counts were made after five to

seven days. Az, yvinelandiil was distinguished from Az.

shroococcum by its brilliant greenish-yellow to yellow-

ish-green pigment. Az, ohroococoum produces s growth

which is at first milky in appearasnce and which with age
becomes brown to dark-brown.

Baoteria and Actinomyces were grown on sodium
albuminate agar, and molds were grown on peptone-glu-
cose acld agar.

Just before plating, the soil reaction was de-
termined with the aid of a Beokman pH meter, using one
part of soll to two parts of distilled water.

Because of the biological factors involved and

because of the insufficient number of determinations, it



was found impractical to anelyze the results statistic-

ally.

METHODS AND PROCEDURE FOR PART 2

The second part of this work was devoted to

the study of the distribution of Az. vinelandii in some

Colorado soils and waters and to the identification of
the strains isolated from these sources.
The methods used in studying the distribution

of Az. vinelandii were worked out and tested in the pre-

liminary investigations and are as follows: The plete-
culture method, the enrichment-culture method, and the
soil-enrichment method. The plate method is based on

the fact that Az. vinelandil develops readily on agar

in presence of sn available source of carbon. In this
connection sodium benzoate in place of suorose was ocom~
monly used in modified Wenzl's medium, already given.

The method is rapid but it is useful only if Az. vine-
landii orgenisms are present in lerge enough quantities
to enable their isolation from 0.l gram of soil or 1
milliliter of water. The plates were prepared in the
menner previously desoribed, incubated at 28° C., and ex-
amined after five to seven days for greenish-yellow col-

onies.



The enrichment culture method is based on the

supposition that at least one or more Az. vinelsndii

cells are present in s definite amount of soil used,
which was from & to 10 grams. The soil ig added to a
flesk containing 40 to 80 milliliters of sterile modirfi-
ed Wenzl's liquid medium and inocubated at 28° C. from
five to seven days. As a source of energy calcium ben-
zoate or sodlum benzoate was used in place of sucrose,
and the pH was adjusted to approximestely 7.6 before
sterllization. If sodium benzoate is used, the trested
g0il saemple should not be incubated for more than five
days because of the highly alkeline condition that de-
velops after that time. After the incubation period,
agar plates are preparéd in the usuel manner and final-
ly examined for the greenish-yellow colonies. By this

treatment Az. vinelandii, if present in the soil, is

stimuleted in its development, thus making its isolation
possible.

If the number of Az. vinelandii cells in the

801l is less then one organism per ten grams of soil,
then a larger quantity of soil must be used, snd for that
purpose the goll enrichment method is employed. The
method, in prineciple, is the same as desoribed in Part

1 for stimulating the development of Az, vinelandii in

the soll by the addition of various chemicals. 1In this

oase, however, soil of unknown Az. vinelandil content




was used and as a source of ecarbon one or more of the
following ocompounds was added: Glucose, caleium buty-
rate, cinnamic acid, and benzoate compounds. The treat-
mentaAwere prepsred in duplicate, incubated for a period
of six weeks or more, and examined periodically for Az.

vinelandii in the usual menner by the agar-plate method.

All soil samples were collected in sterile
cana. The flrst several inches of the surface soil
were removed with & trowel end the next four to eight
inches were sampled. Where possible, several samples
were taken from the same field. In the laboratory the
80ils were mixed in the can with a sterile spatula and
the pH and Azotobacter population were determined in the
usual manner. After that the solls were subjected to
éne, two, or all three of the afore-mentioned methods

to determine the presence of Az. vinelandii.

The water samples were collected in sterile
flasks from lakes, irrigation ditches, and rivers. In
the laboratory the pH, and in some cases the Azoto~
bacter population were determined, the‘latter being as-
certained by the agar-plate method.

Following the preliminary determinations, all
water samples were treated in duplicate by the addition
of the following medis:

a. Wenzl's modified with 2 percent suocrose gg g

souroce of carbon.



b. Wenzl's modified with 0.05 percent sodium
benzoate as sourgce of ocarbon.
¢. Winogradsky's medium with G.5 percent ethyl
alcoliol as a source of carbon.
One hundred millileters of the water sample were added
to 250 ml. flasks, each flask containing one of the
afore-mentioned medis in concentrated form. In this
manner culture media were obtained whose final diluticn
wés epproximetely the same as prescribed ty formula.
Ethyl sleohol, however, was sterillized separstely and
was added to the medium after the water cample. The
treatments were then incubated for from five to ten

days and examined for Az. vinelandii by the agar-plate

method, using thg same source of carbon as was used in
the original treatment.

The identification of the isclated strains was
performed with the aid of the method recommended by Wino-
gradsky (49), which is based on the fact that Az. vine-

lendii forms oysts while Az. agilis does not. Az. vine-

landii was distingulshed from Az. chroogcoccum on the ba=-

sis of pigmentation, the former developing a greenish-
yellow pigment and the latter s yellowish-brown to dark-
brown pigment. No sttempt was made to distinguish Az,

ghroococoum from Az. beijernickii.

To establish the identity of the organisms sus-

pected of being Az. vinelandii, the cultures were grown

in Winogredsky's liquid medium in tubes and on agar



PN
v

slants of the same composition. Periodic examinations
for oyst formation were-madc over a period of eighteen
deye., Six different medis were prepared using the fol-
lowing compounds as sources of energy: 0.5 percent
‘ethyl elcohol, 0.3 n. butyl aloohol, 0.3 percent caloium
butyrate, 0.3 percent calocium benzoate, 0.3 percent glu-

cose, and 0.3 percent mannite.



PART 1

Series 1

' The purpose of experiments in series 1 was to
determine the effect of methyl alecohol, ethyl alcohol,
n-propyl alcohol, amyl alcchol, hexyl alcohol, glycerol,

and mennite on the distribution of Az. vinelandii in the

soil. The effect of these compounds on Az. chroococcum,

other bacteria and Actinomyoes, molds, and soil reaction
was also recorded. It was felt that although many of
the compounds added were not suiteble as sources of en-

ergy for Az. vinelandii in pure culture, in the soll the

decomposition of these compounds by autochthonous soil
flors might result in the production of substances that
would have the desired stimulating effect on Az, vine-
landii.

The experiments releting to the compounds Just
mentioned were set up'and carried as outlined under
Methods eand Procedure.

From the figures in Tables 1 and 2 snd the sum-
mary in Table 14, the effect of the afore-mentioned al-
cohols on the distribution of Azotobacter is clearly ev-
ident. Methyl, ethyl, hexyl, amyl, and n-propyl alcohols
were not only non-stimulating to the development of Az.

vinelandii but actuelly appeared injurious. In all cases
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the pH was favorable for Azotobacter activity, as shown
in Figures 7 and 8. In none of the mentioned treatments

was Az, vinelandil recovered from the soil at any time

during the incubation period, while in the untreated
soil its presence was clearly evident. Az. chroococoum
was present, however, in 1.0 end 3.0 percent methyl and
ethyl aloohol treated soils.

Fevorable results were obtained with mannite

and glyocerol treatments. High Az. vinelandil counts
were‘recorded in 3.0 and 5.0 percent mannite treatments
and still higher counts with 3.0 percent glycerol. The
5.0 percent glycerol treated soll proved unfavorable for
the development of Azotobaocter.

Mold counts are presented graphically in Fig-
ures 1, 2, and 3, One percent of ethyl alcohol was
suitable for mold development, but the 2.0 and 5.0 per-
cent concentrations did not sxceed the check until the
sixth week (Fig. 1). Amyl and hexyl alcohols showed de-
pressing effect in &ll oconcentrations used. Methyl al-
cohol (1.0 percent), however, was utilized effectively
(Fig. 2), while n-propyl aleohol did not exceed the check
until the eighth week. High concentrations of these two
alcohols depressed the mold growth. Unlike glycerol,
which appeared to be a poor source of carbon for molds,
mannite greatly stimulated mold growth.:

Figures 4, 5, and 6 illustrate the distribution
of bacteria snd Actinomyces in treated soils. It is



evident from Figure 4 that with methyl alcohol the 3.0
percent treatment presented the most favorable source of
carbon for bacteria and Actinomycez, while with ethyl
aleohol the 1.0 percent treatment proved most effective.
Hexyl alcohol was depressing in all concentrations used,
and amylvalcohol appeared to be of 1little importance.
Figures 7 and 8 show that 1n all cases the

soll reaction was above pH 6.0, the limiting pH value

for Azotobacter development.

Series 2

The experiments in this series were carfied
out in order to determine the effect of certain carbo-
hydretes on the distribution of Azotobacter in solil.
Counts of other bacteris and Actinomyces, and molds, as
weli as s80ill reaction, were also determined. The carbo-
hydrates used were: Glucose, galactose, mannose, fruc-
tose, raffinose, lactose, inulin, sucrose, starch, dex-
trin, and maltose. The experiments were set up snd car-
ried out as outlined under Methods and Procedurs.

Azotobacter counts are presented in Tables 3,
4, and 5 end are summarized in Tables 14 and 15. The

results indicate that for Az. vinelandii, in the major-

ity of cases, carbohydrates in quantities of 2.4 perocent
were more efficient than in quantities of 1.0 percent.
Glucose, galactose, and raffinose gave the best results

and are steted in the order of decreasing Az. vinelandii
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oounts. Dextrose and starch were poor stimulants, while
the remaining carbohydrates fell in the intermediate

class. However, in almost every case, Az. chrooecoccum

ocounts were higher than those of Az. vinelandii. This

indicates that carbohydrates like glucose, galactose,
and raffinose were just as good, if not better, sources

of carbon for Az. ochroococcum as for Az. vinelandii.

Mold counts are presented graphically in Fig-
ures 9, 10, 11, and 12. Of all the carbohydrates used,
glucose end galactose gave the greatest incresse in mold
counts. JFrom Figure 9 it i1s evident that the 1.0 and
2.5 percent ocurves of the two sugars are very similar.
Only 4in 2 few instances d4id the mold counte in untreated
solls exceed those of treated soils. As s rule, greater
inorgase in molds was noted in 2.5 percent trestments
then in 1.0 percent treatments. In case of inulin, how-
ever, a slightly greater inorease waz noted in 1.0 per-
cent than in 2.5 percent trestments,

The effect of the carbohydrates studied on the
distribution of bacteria and Actinomyces is shown graph-
ically in Mgures 13, 14, 15, mand 16. It is evident from
these graphs that 2.5 percent treatments were more favor-
able for the‘development of these orgamisms than 1.0 per-
cent treatments. Also the treated soils gave larger

counts than the untreated sbils.



Changes in soil reaction during the entire
incubatiocn period are given in Figures 17 and 18. It is
seen that all pH fluctuastions were within the limits

permitting favorable Azotobacter development.

Series 3

In this series the effect of quinol, benzene,
toluene, phenol, resorcinol, pyrogellel, phloglucinol,
and thymol upon the distribution of Azotobacter in the
soil was investigated. Routine determinations for other
bacteria and Actinomyces, molds, and soil reaction were
likewise made. The experiments were set up and carried
out as outlined previously.

Tables 6, 7, and 156 illustrate the distribu-
tion of Azotobacter in treated and untreated scils. It
1s evident that the chemicals, in the concentrations
used, were not favorable for the development of Az, vine-

landii and Az. ohroococoum. That this inhibiting effect

was due entirely to the chemicals themselves and not to
the soil reaction brought about by these chemicals is
seen from Figures 824 and 25. The pH values in all ocases
but one, 2.5 pyrogallol, were above 6.0 and therefore
were favorable for Azotobacter development. The iso-
lation of Azotobacter from untreated soils met with no
difficulty, as is shown in Tables 6 and 7.

Phenol, thymol, benzene, and quinol depressed

mold development during the entire incubation period
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(Pig. 19). The 2.5 percent quinol treatment, however,
proved stimulating after eight weeks. Pnloroglucinol
and 2.5 percent pyrogallol were very effective in in-
creasing the mcld counts (Fig. 20). Toluene showed ben-
eficial results after eight weeks and 1.0 percent reéor-
oinol after slx weeks. The 2.5 percent resorcinol treat-
ment, however, proved depressing throughout the entire
incubation period.

The distribution of bvacterla and Actinomyces
is given graphically in Figures 21, 22, and 23. Quinol,
pyrogallol, and toluene treatments (Fig. 21) depressed
the development of bacteria and Actinomyces at first but
increased their numbérs over the check later in the in-
oubation period. Phenol, thymol, snd resorcinol were
injurious to the development of these organisms (Fig.22).
The phloroglucinol treatment was more effective at 1.0
percent than at 2.5 percent. The benzene treatment show-
ed some increase over the untreated soil sfter several

weeks of incubation (Flg. 23).

Series 4

In series 4 solls were treated with saliecylic
aoid, gallic acid, tannio acid potessium hydrogen phthal-
ate, cinnamic soid, sodium benzoate, calecium benzoate,
end benzoic acid. The experiments were carried out as

outlined under Methods and Procedure.



s i I

&

]

in Thou

Hunmber

LEGEID

1800 check A
—1.0% tannic acid .1
——— 2.5% tannic zcid /
—0—1.,0% mallic acid / \
c —.__2.5% gallic acld ! 3
1000 - __f__l.Oﬂ salicylic acid / X
——2.57% s2licylic acid K l
/ \
1400 |- /* \
: x
/ \
A x
1200 |- / \£
/ \
1000 */ \
/ |
/ \
800 - / \
/
600 /
)./* /
7 ,
LOOL_ / ,
i‘/“ / g
/ T = —_
*f // /ﬁ/;/_/;<f'
200__ yd e _//"4/0\0\ ~
/*A N ‘//_/’-yé&/o o~ o~
LTS
s T 0 Pa
./////o Ve ~ .
0 === S s s e e
T T S TN R SR N SR SR
1 2 3 4 5 6 7 8 9 10

Time (weeks)

12

1%

.
187
&

. 26 Variation in Number of olds in Treated Zoil.

Series 4



. LEGEND
1350} .
‘check
——1.0% cinnaric acid i
e _-2.57 cinnaric acid |
—.—1.0% K.i. phthalate
12001 — .._2.5% K.H. phthalate I’_
/
‘ . ' /
1050} I
/
]
- /
A 900l I
© /
A3 [
5 i
« 50 }
o {
= [
C\j l\
& ;
600} /
o 1
o
jo I
. , .
g asol I /
3 /
'
v/
o //\k }
q) — ——
= "’/7//% N T —
3 / Ve ~
= 150 ;7 ~. . !
L .
Lo
O__ == ey .=
] | | ] 1 ] ] | ] {
1 2 3 4 5 6 7 8 9 10
Time (weeks)

Flg. 27 Variation in Numbers of }olds in Treated 3oil.
Series 4



LEGEND
check
900 ——1% calcium benzoate
——__3% calciur benzoate
—.—5% calcium benzoate
— o —1% sodium bsnzoate
» —+ —3% sodiur Dsnzcate
800 |- —w 57 sodium benzoate o
—_——— penzolic acld o
4 ',7 o T ) ,a/
(1,3,5% average .
.
., 700 | TN,
o ! o AN
e} / R ‘T\
w2 /xo/ _\
+ ¢ d -r\
5 600 L ! “
9 [/ :
3 % o
3 /1
/]
5 500 L fe
: /]
/1
o X o
2, /!
w
o 400 - //
o o
- 2
n /1
= x 0 /’\
g 300 J! O\
= i 7~ // E
o ndg ’ / ~ \
® {/ 0/ / /\ ~ "
Sl ;/ 7 /&' \ \
5 200 X /o/ Y / /»3' \ *\
o
@ x ' ; \ \
8 //a / /‘\A\\ *
= [ o / ‘/’\x\‘}< [. \\_‘\— ___\‘\_’___
2 100 | b N - T T Tl N
v +
% s e <
'// /*/ /// . \
[ ST T
ol e - I
| i | { | § i | i {
1 2 3 & 5 & 7 8 9 10
Tine (weeks)
Flg. 28 Variation in Numbers of Nclds in Treatsi Scil.

Series 4



1L=GEXD
checX
_ 1.C% cinnzmic 2cid
= s et A opt A
288 ‘———'2'36 cinnazlc zcia
— . — 1.0 zallic =zcid
AN —. —2.57 zgllic acid
i\ — o —1.0% tannlic =zcid
i —y —2.57 t2nnic acid
256 / \
/ \ 7
/ \ i
/ \ S :
/ \ 7
224 / \ //
\ /
/ \ /
. / VT
.ro_l 192 / \ // . \
f.] / \\ /// ; A
+ ; Ve
0] / : \ s
—t / / \ “/
& 160 / i e
/ /\ a\
ty /
o / \ / #/ \
- ! \
B i / 7 \
: / ! | ‘
- 128 | / \ : /}
. L
| / \ S
g J
o I 4 .
C)j ~ ! / \ */ :/
o) 90 ! . / ;
i L/ ]
- / NN
= 7 / >/ \ ;
, -
o 64 ! / / R \ /
oy ! /5 \o -\.' P P
S ! / a ‘/( \ /\ ~ 7 N
9.\? ! / 1/ o i _/'\ —~ AN
2 ;//?/' ‘7><f . \\
ooy . o °
= 32 N4 e T N
== /o » e / T~ \.
//L ~ — o\o\\
7 P N
1’//7 - — N
0 T T -
) | 1 ] l | ] 1 1 |
1 2 3 4 5 5 7 8 Q 10
Tine (weslks)
Fiz. 29 Variation in Numbers of Bacteriz ani Actincmycates

in Treated Soil.

e
R
oorl

3 4

[



810

720

540

Soil

Gram of Moist

360

270

in ¥Millions per

180

Nuwuper

90

LZGEND

check _

——1.0% K.H. rhthalate [

-——--2.5% K.H. pnthalate i

—.—1.0% salicylic acid

—..-2.57 salicylic acid
A /
I /

3 4 5 6 7 8 g 10

Time (weeks)

Fig. 30 Variation in Numbers of Bacteria and Actinonycetes

in Treated So0il. Series 4



LEGELD .
135
B check
/\ 1% Na benzoate
/ \ —__3% Ha benzoate
—.—5% Na benzoate
120~ / \ —.._1% benzcic acid
/ \ — 0-3% penzoic acid
—+_5% benzolc acid
/ \ —....1% Ca bsnzoate
105 / —00—3% Ca benzcate
/ \—#+—5% Ca bdenzoate
. / \
. / \
& 0T / \
o .
| \
=75 /
b / \
E j \
8
S 64 / \
; / \
jon \
" N\
§ a9 / \
A / \
. \
=3 / \
g 34
:5);
=
E 14
oL
i | ] I i ] I L ]
1 2 3 4 .5 & 7 8 9 10
Time (weeks)

Fig. 31 Variation in Nuumbers of Bacteria and Actlnomycetes

in Treated 3So0il.

Series 4



pH

6.40

5.80]

——1.07
—-2.5%
—.—1.0%
—_———2.57
—0—1.07
— 1 —2.57

3alicylic azcid
sallicylic =zcid
Zaillc acid
sallic acid
tannic acild
tannic acid

LEGEND
EGEN

chechk

e
— 1.,0% K

D ol

: I
———— S e L

H pnthslate
vhti:alate

cinnaric acid

1<

Fliz. 32

Variation in pH values in

— -—2.5% cinnaric acid

! | | I ] {

4 5 &7 3 9
Time (we=ks)

Treated 3o0ils.

series

i



pH

LEGILD

check

——1% sodiur oznzoats
—__37 sodiuL benzoats
— .57 sodiun binzcats
—..-17 venzoic acid
—o — 3% benzoic acid
— 3+ 5% bznzoic acid
—.=17 czlciunm banzcats
—vo —3% czlciun benzcat=
—++—57 calciuz benzcat=
'ﬁ\.\
B e ——
S i

—— T O
— — — o
. o —@ L J—) _._o_o__o\o\
ok Ky a o
IS E————p—x X —p ==

£y
[
(Y
W
<
O]
3
'I_J-
&
e
O
=
s
=
'
jas]
<
o)
i
-
&)
)]
e
—
w3
(0]
Ay}
ct
)
£y
C
O
-
-
%]
C

"

prl
pote

Ui
e

W



&

BUOTITTW U] SJISQWNN ,,

SpuBsSNOy) Uy SIOQWON o

«8° 8 «0°Y k(8 «0°23 «0°C 004 WNoo0900IYP
£9°38 *8°3 L £8°9  48°3 £0°¢ 008 JIpUBTOUTA ¥29yo
0 0 0 0 0 0 WNS00000JD
eS8 T  443°0 +£0°09% 4 T°CG%  ,,1°9 +0°068 TTPUSTSUTA PTOB OTWBUULD %G°T
0 0 0 0 0 0 ENO250000IYD _
*x8° 1 4.9°¥ +x0°0128  .4I°B +2¥° 3 +0°03¢8 IjpusTeulA PIO8 OTWGUUID %0°T
0 0 0 0 0 0 wWno90000Igo .
0 Q 0 0 0 0 TIPUBTOUTA PTO® 011682 %5°3
0s 0T 0T 01 0 0T WNOO0000IYD
0 0 0 0 0 0 jipusTeula pios 01168 %0° 1
06O Q1 0 0 0 0 WNO90900.I40
o 0 0 0 0 0 TTPUBTIUTA PJo® OoTTLoTTe8 ¥G° g
09 ov1 0971 oeT oy 0 und9o00000IYyd o _
0% 01 01 0 0 0 17PUBTRUTA pIoe o7TLoTI8s %0°1
+L°Q x6°2 «¥°8T +3°2 «2° 1 0LT WNI00D00IYD
00T 49°T «2° 3T 004 009 08 TIpUSTaUTA e18T8UIUd H X 462
«L'4 «¥°8 «7°9 +«0°6 «8°1 09T WNOO0000IYD
£8°8 - ,.4°8 £8°4 $1°F 20°¢ og TIDUSTOUTA 93978u3ud H ¥ %0°1
«0°038 4,2°1 *%8°23T «0°09%  L,0°80T +0°8 Wnod09001Yy8 ,
«0°0%8  L0°04T 40°0028°T ,0°0T2  4°92 «I°T TIPUBTSUTA p1o8 OTUBE] ¥G°2
008 4°1 +0°¥ x6°3 2°2 0z2¢ WNOO0000IYD
002 048 0£9 009 019 09 1IPUBTRUTA pIo8 ojuuel %0°T
o1 8 9 4 2 1 J8308Q030ZY TuSWl BoI],

(S)oom) awyg

(T¥0s 318TOR Jo wetn Jed squno) aFeteay)
¥ SEI¥ES ‘TI0S QELVIML NI ¥ALOVAOLOZY--8 TI4Vl



G

SUOTTTIW U BISQUNN .4
gpuesnoy] U] 8JoqEny ,

ogs 008 0086 004 069 03¢ WNo00000JIYD
02y  OGY Q48 09% _08¢ 049 1JPUBTOUTA ¥ooyo
0 0 0 0 0 0 WN900000440
0 0 0 0 0 0 TipueTeUTA piow otozueq ¥0°S
0 0 0 0 0 0 WNOoO0000IYD
0 0 0 0 0 0 Tipuseuta pjoe ojozueq %0°¢
0 0 0 0 0 0 WNOO0000IYD
0 0 0 0 0 0 jypusIeuyA pIoe o102Usq %0°2
0 0 0 0 0 0 WNO0000040
0 0 0 0 0 0 TIpuBTeUTA 9780ZU2Q WOTPOS %0°S
0 0 0 0 ] 0 unoo0000IYL
o 0 0 0 0 0 JIpusTeulA @1802ZUdq WNTIPOS $0° €
0 0 0 0 (4] 0 WNOV0000IYO ‘ _
0 0 0 0 0 0 TIPUBTOUTA 9750ZUaq WNIPOs %40%2
0 0 0 «0° T +0°' T @t WH000000140
x7° T »x0°08Y «9°38 x0T © «0°T «0°T TIpPUBTOUTA $760ZUSQ WNIOI6O %0°Q
x1°G 43°8 «0°808 «0°064 +0° el «0*1 WNOO0000IYD
#6°G8  40°¥T «2°0%T  0°049 (O°¥ +0°T 1IPUSTOUTA  9980ZUeQ WNIOTED ¥0°¢C
#0°06 40°0ZT «0°082  40°086 40°08 ,0°0T WNo20900IYO
. x0°5028,0° 0S8 x0°084  4x1T°T £0°€¥  40°0T 1IPUSTSUTA  ©380ZUAQ WNTOTE0 %0°2
o1 8 9 b 4 2 T I9398Q0%02ZY Uewq B8],

t%muoclv et 71

(1106 38TOR Jo wWaIp Jed 8IUNOYH edsaoAY)
Y SHINAS II0S QEIVIEL NI YZLOVEOLOZY~--6 ZTEVY



The distribution of Azotobacter is presented
in Tables 8 and 9 and is summsrized in Tsbles 15 and 186.
The changes in soil reasction are given graphically in
Filgures 32 end 33. It iz evident from Teble 15 that 2.5
percent of tannic scid produced a more favorable effect
on the Azotobacter development than 1.0 percent. The
PH values in both ceses were above 6.0. the 1.0 percent
potassium hydrogen phthalate treatment proved to be s

better stimulant for Az. vinelendii than for Az. chroo-

coccum. However, the 1.0 percent treatment gave just
the opposite results. In both cases the counts were lgw
(Teble 15). Salieylic acid was even a poorer stimulant
for Azotobacter than was potassium hydrogen phthalate.
The pH for the 2.5 percent treatment was well below 6.0

during the first four weeks, yet Az. chroococcum appear-

ed in the s0il after eight and ten weeks (Table 8 and
Fig. 32): This was possibly due to the survivsl of the
organisme until the conditions were more favorable for
its development or perhaps due to reinoculation by con-

temination. Az. virelandii was not found in this trest-

ment.,

Treatments containing 2.5 percent of gallic
acid gave a reaction below pH of 6.0 after the first
week but remained above 6.0 for the remsinder of the in-
oubation period (Fig. 32). Both the 1,0 and 2.5 percent

additions of this acid were injurious to Azotobacter

(Table 8). A remarkable increase in. Az. vinelandii num-

o



bers was noted in cinnemic acid treated golls (Table

15). In this ocase Az. ohrooccoccum was entirely absent

and the soll reaction remained favorable for the growth
of Azotobacter throughout the experiment (Fig. 32). The

greatest increase in Az. vinelandii numbers took place

after the sixth week.

Sodium benzoate and benzoio acid were injur-
jous to Azotobaoter in the concentrations used (Table
8). At no time during the entire incubation perlod was

it possible to isolate Az. ghroococcum or Az. vine-

landil from the treated soils. The influence of soil
reaction was undoubtedly important here. Figure 33
shows that in the case of benzolc acid the pH values
were below 8.0 in all the treatments during the entire
inoubation period. In ocase of sodium benzoate, however,
the pH values were high, ranging from 815 to 10.18. JFor
the caloium benzoate treastments the pH readings were
within the limits for the maximum development of Azoto-

baoter, In this case both Az, vinelendil and Az. chroo-

cocounm increased substantially over the untreated soil.
Variations in mold counts are shown in Fig-
ures 26, 27, and 28. Mold counts for tannio, gallie,
and salioylic acid are above those for the untreated
8011, with greatest incresse in the 2.5 percent gallic
aocid treatment (Fig. 26). The greatest incresse for

80ils receiving cinnamic acid takes place after the



eighth week, the 2.5 percent treatment resulting in
higher counts than the 1.0 percent treatment (Fig. 27).
Additions of benzolo acid to the soil resulted
in lower oounts than in the case of untreated soils
(Fig. 28). The additions of sodium and calcium benzoate
to the soil enhanced greatly the development of molds,
especially the 3.0 and 5.0 percent treatments.
Variations in bacteris snd Actinomyces are
presented graphicelly in Figures 29, .30, and 31. A
rapid development of bacterias and Actinomyces was evi-
dent during the first four weeks in oase of cinnsmic
acid treatments (Fig.29). For the same acid, however,
the mold counts began to incresse rapidly only after the
first eight weeks (Fig.27) and it was previously noted

that Az. vinelandii reached the maximhm development at

the end of the sixth week (Table 8). It therefore ap-
pears that bacteris and Actinomyces were more instru-
mental in the decomposing oinnasmic acid into a compound

or compounds highly sultable for Az. vinelandii than for

molds.

A rapid development of bacteris and Actinom-
yoes was apparent in the 2.5 percent potassium hydrogen
phthalate and 2.5 percent salioylic acid treatments af-
ter the first six weeks (Fig.30). With the benzoate
compounds the greatest inorease in the number of these

organisms was noted in the case of the 2.5 percent sod-

[N



fum benzoate treatment, The greatest depressing ef-

fect was found in benzole apid treated soils (Fig.31).

Series 5

In series 5 the soils were treated with calel-
um and potassium citrate, calcium and potassium lactate,
caloium and potassium tartrate, potassium oxalate, and
potassium malate. The experiments were performed in
the manner outlined under Methods and Procedure, and
the usual determinstions were made. |

The distribution of Azotobacter in treated
and untreated soils is shown in Tables 10, 11, and 16,
and the varistion in pH velues in Figures 40 and 41. 1In
two cases did Az. vinelandii ocounts exceed a million:
In the 2.5 percent caloium lactate treasted soil and in
the 2,5 percent calcium tartrate treated soil. On the
basis of counts obtalned, calcium tartrate was more
suitable for Azotobaoter development than potassium tar-
trate. A concentration of 2.5 percent of the last-named
salt was more detrimental than a 1.0 percent concentra-
tion., This was probably due t0 the high pH values ob-
tained (Fig.4l). Possibly for the same reason the 1.0
percent potassium malate treatment is somewhat better
than the 2.5 percent treatment (Fig.40). The 2.5 per-
cent potassium oxalate treatment also showed a higher
pH value than the 1.0 percent treatment, but in this

case even the lower amount of this chemicasl was not a
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gsuiteble source of energy for Azotobacter (Fig.40 and
Table 16) .

Of the citrates used, the celeium salt is =
better source of carbon for Azotobacter than is that of

potassium. Az. chroococcum, however, develops more fav-

orebly then Az. vinelandii in the presence of these
salts (Table 16), |

Mold counts are presented graphically ip Fig-
ures 34, 35, end 36. In this series the highest mold
ocounts were obtained with 2.5 percent potassium lactate
(Mg.34). Potassium malate and potassium citrate prov-
ed to be more stimulating in the 2.5 percént concentra-
tion than in 1.0 percent concentration (Fig.36) while
potassium oxalate‘showed depressing effects in the 2.5
percent concentration (Fig.35).

Variations in bacteria and Actinomyoces are
shown in Figures 37, 38, end 39. In caloium oitrate,
calcium lactate, and calcium tartrate trestments the
counte increased in the first two to four weeks asnd fall
off rather rapidly after that (Fig.37). In cese of cal-
cium‘oitrate a decrease in numbers was noted after the
first week. The potassium salts of oxalic acid, oitrioc
acid, and laotlie acid, 1n quantities of 2.5 percent,
greatly stimulated the development of bacteris and Act-
inomyces during the first four weeks (Fig.3¢). At the

end of ten weeks, however, these counts approached those



of the untreated soil indicating the exhaustion of en-
ergy supply or esccumulation of toxic substances. Simi-
lar results were noted in this series as well as in some

of the previous series.

Series 6

In séries 6 the effects of calcium and potas-
sium salts of various fatty acids on the distribution of
Azotobaocter in soil were studied. The salts included in
this series were calcium end potassium propionate, cal-
cium and potsssium palmitaté, ocaloium and potassium bu~
tyrate, and potassium scetate. The usual determinations
were made according to directions given under Methods
and Procedure.

The distribution of Azotobacter in treated and
untreated soils is shown iﬁ Tables 12, 13, and 16, Var-
iations in soil reactions are given graphically in Fig-
ures 41 and 48. Of the salts tested calocium butyrate
appeared to be most favorsble for the development of Az.

vinelandii and Az. ohroococcum. One percent of caleocium

butyrate gave somewhat higher Az. vinelandii counts than

1.0 percent of cinnamic acid. However, the 2.5 percent
cinnamic acid treatment gave the highest count obtained
in all six series (Teble 15). Potassium butyrate was
less effective than the caleium salt of the same scid.
Calcium and potassium propionate appeared to

be next best in this series in stimulating Az. vine-
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landii (Table 16). Potessium propionate in 1.0 percent
concentration was more desirable than calcium propionate
in 2.5 percent concentration. However, the 2.5 peroent
potassium propionate treatment brought about a soil re-

action detrimental to Az. vinelendii (Fig.48). It is

evident from Table 13 and Fig. 48 that as the soil re-
action beoceme more akaline, the development of Azoto-
bacter retarded more and more until finslly Azotobaoter
disappeared entirely from the soil. At the end of six
weeks when the pH was 9.78 there were still 200 Az.

chroococcum oells per gram of soil but no Az. vinelandii

oells,

The distribution of molds is illustrated
graphically in Figures 42, 43, and 44. In this series
potassium butyrate was most effective in increasing the
mold counts in the s0il (Fig.44). Two and five-tenths
percent of this salt was more effective than 1.0 percent,
but the opposite was true in oase of potassium pelmitate
(Flg.42). Molds appeared to be able to withstand high
alkaline reaction more than Azétobaoter since they de-
veloped readily in the potassium‘prOpionate treated
soil (Pig.43).

Figures 45, 46, and 47 show that bacteria and
Aotinomyoces were stimulated fo develop far above the num-
bers present in the untreated goil in the presence of the

majority of chemicals used in this series. There was



TABLE 14--AVERAGES OF AZTOBACTER CCUNTS
PER GRAM OP MOIST SCIL

Gain or Loss During Incubation

Treatment AZ. vipelandii Az. chroogcoccum

1.0% mannite 6,983 80,114
3.0% mannite 1,029,858 981,114
$.0% mannite 1,261,498 43,114
1.0% glyocerol 710,998 342,214
3.0% glyocerol 3,301,952 913,628
5.0% glycerol ~136 -280
1.0% methyl aloohol 0 574
3.04 methyl alcohol 0 ~-282
5.0 thyl alcohol 0 0
1. ethyl alcohol 0 -28
3.0% ethyl alebhol 0 -280
5, ethyl alcohol e 0
1.0% hexyl alcohol 0 0
3.0% hexyl alcchol 0 0
S. hexyl alcohol 0 0
n-propyl aleohol I 0
3.0% n-propyl alcohol 0 0
5.0% n-propyl alcohol 0o 0
. amyl alocohol 0 0
3.0% amyl alcohol 0 0
$.0% emyl alcohol 0 __00_
1.0% glucose 7e,793 2,009,350
2.5 lucose 3,568,018 11, 758 1,017
.0% gailactose -228 1,471,350
£.5% gelactose 8,715,000 5, 1329 1883
I.ﬁé mannose 14,150 6,650
2.5§ mennose 85,516 188,017
. ructose 879,133 1,883,017
2.5% fructose 5544000 2,483,017
1.0% raffinose 60,966 1,083,017
2.5% raffinose 1,434,633 2,879,683
.0% lactose 0 -1,444
2.5% lactose 800 16,936
1.0% inulin -335 -380
inulin 7,427 666,453

1.0% suorose 2,083 9,603
2.5% suorose 188,287 378.786

Cheok for Az. vinelandil and Az. chroococoum
mannite to amyl alochol - 142, 2886,

gluocose to raffinose - 367, 3 650,

lactose to sucross - 440, 1 547



TABLE 15--AVERAGES OF AZTOBACTER COUNTS

PER GRAM OF MCIST SOIL

s

e

Oain of Loss During Incubstion

Trestment* Az. vinelandii Az. chroococoum
1.0% maltose 1,413 8,053
2.5% maltose 258,727 343,453
. dextrin 120 12,586
£.5% dextrin 15,572 24,153
.0% starch -165 -1,000
2.5% starch -433 5,570
1.0% quinol 0 0
2.5% quinol 0 0
0% benzene 0 0
2.5% benzene 0 0
0% toluene 0 0
2.5% toluene 0 0
1.0% phenol 0 0
2.5% phenol 0 [¢]
.0% Pesoroinol 0 0
£.5% resorcinol 0 0
0% pyrogallol 0 0
2.8 ogellol 0 0
.0% phloroglucinol 0 o]
2.5; phloroglucinol 0 0
. thymol 0 o]
2.5% thymol __0 0
1.0% tannic ecid -2,358 -1,480
2.5% tennic scid 321,783 2,529,284
. KH phthalate 2,538 427
2.5% KH phthalate -287 1,845
I.Og salfbylio aoid -21843 -3,295
£.5% salicylic secid 0 -3,223
1. gallic acid 0 =3,375
2.5% gallic acid _ 0 0
1.0% cinnamic acid 37,867,150 0
2.5% cinnsmic acid 86,828,650 0
*Check for Az. vinelendii end Az. ghroococoum;

maltose to starch- 440,
quinol to thymol- 2,633,

1,547,
5,017,

tennlc scid to cinnamic acid- 2,850, 3,383,



TABLE 16--AVERAGES OF AZTOBACTER COUNTS
PER GRAM OF MOIST SCIL

Gain or Loss During Incubation

Treatment Az. vinelandii Az. chroococcum

2.04 sodium benzoate 0 0
3.0% aodium benzoate 0 0
5.0% sodium benzoate 0 0
2.0% benzolc aocid 0 0
3.0% venzolc acid ) 0
5.8% benzoic acid R 0
2. calcium benzoate 389,956 242,883
3.0% calcium benzoate 136,472 169,900
5.0% calcium benzoate 245,023 4,350

0% caloium lactate 0 1,445,483
2.5% osloium lactate 1,566,547 4,883,567
1.0% potasaium lactate 239,547 2,773,834
8.5% potassium lactate 13,870 941,400
1.0% calcium tartrate 49,703 1,661,617
8.5§ calcium tartrate 1,06€,037 1,885,234
1. potassium tartrate 203,803 496,950
£.5% potagsium tertrate 1,500 18,300
1.0% potassium malate 142,320 653,734
£.5% potassium msalate 473 3,887
T.0% celoium oitrate 17,670 845,567
2.,8% celcium citrate 71,886 1,850,534
1.0% potassium citrate 75,103 592,950
2,5% potassium citrate 0 -1,310

0% potassium oxalate =103 -1,2%8
2.5% potassium oxalate 0 0
1.0% caloium palmitate -25 ‘8,125
2.5% calcium pelmitate 2,436 15,537
1,0% potassium paimitate 376 833
2.5% potassium pelmitete -477 -1,798

.0% calclum propionate 1,833,333 709,550
2. caleium propionate 2,917,666 927,788
1.0% potesslum propionate 4,870,500 1,490,884
2.5% potassium proplonete -£215 o -660
1.0% cslecium butyrate 44,385,850 3,540,050
2.5% oalcium butyrate 6,620,983 1,540,050
1.0% potassium butyrate 2,130,983 1,399,400
2.5% potassium butyrate 1,805,833 459,917
1.0% potassium acetete 69,488 965,084
2.5% potassium scetate -850 30,817

*Check for Az. vinelsndii snd Az. chroococoum;

benzoates-~ 577,

650,

Ca lactate to K oxealate- 130,

1,433,
Ce palmitete to K ascetate- 1,017,

3,

283.



however, after s period of stimulation a decline in bac-
terisl numbers. In some cases the bscterial counts
dropped even below those of the check, as in the case

of calcium and potassium propionate (1.0 percent), Fig-

ure 45, end potessium acetate (2.5 percent), Figure 47.

Serles 7

The experiments in series 7 were performed
with the intention of determining the number of Az. vine-
landiil cells that must be present in untreasted and treat-
ed soil in order that they may be isolated by means of
the agar-plate method.

As a source of carbon 1.0 percent sucrose and
0.5 percent ocinnamlic acid were employed. A prepared' di-
lution of a 48-hour agar-slant culturé of Az. vine-
landii, containing 318 organisms per milliliter ag de-
termined by the agar-plate method, was added in quan-
tities of one milliliter to solls of the following
weights: 50, 100, 300, 800, 1,000, 2,000, and 4,000
grams. In this manner soils containing different num-

bers of Az. vinelandii per gram of soil were prepsred.

All treatments were duplicated and asrranged in the fol-
lowing manner:
Table 17 - treatment 1. 1.5%4 sucrose.
- treatment 2. 1.5% sucrose and Az.

vinelendii




TABLE 17--AZOTOBACTER IN TREATED SOIL SERIES 7
(Average Counts per Gram of Moist Soil)

Treatment 1. 1. 5? sugrose

Grams of Time (weeka)
Soil Trested Azotobacter 1 2 3
50 vinelandii 0 0 0
chrooecoccum 1.5%* 12.4** 8.6**
100 vinelandii 0 o 0
ehroococcoum l.6*%* 8.8%* 9.7**
300 vinelandii Cc 0 0
ohroococcum 1,7%* 6 .8** 1.1%*
800 vinelandii 0 0 0
chroococounm 1.8%* 6.0** B.7%*
1,000 vinelandii 0
shroococoum l.6%* B.g** 5.2%*
2,000 vinelandii 0 0 0
chroococcum  810.0* Z.1%% 6.8**
4,000 vinelandii 0 o 0
chroococeum 980.0* 7.5%% 8.,1%*
Treatmsent £. 1.5% sucrose and Az. vinelandiil
50 vinelandii 1106.0 1.5 1.2
chroococeum  900.0* 9.1** 14.6**
100 vinelandii 470.0* 3.0** 1.5*%*
chroocoocum 1.3** 12.4** 18.3%*
300 vinelsndit 190.0* 1.2%% 1.8%*
chroococeum  980.0* 2.9%* . 7%
600 vinelandii 800.0* 1.5** 1.2%*
chrooecoccum 1.2%* J.6%* 12.4*%
1,000 vinelandii 700.0* 400.0% 1.0%*
chroococeum 1.9%% 1.8** 11.9**
2,000 vinelsndii 600.0* 1.0** 1.0%%
chroococcum 1.7%%* 22Q0%%* 31.6*%
4,000 vinelandii 480.0* 1.1** 1.0**
_chroococcum 1.1%** 4.,5%* 18.9*%*
“Treatment 3. AZ. vineland~1=—_
50 vinelandii ) 0 0
chrooococoun l.2* 380 830
100 vinelandil 0 #] 0
chroococoum 600 260 700
300 vinelandii 0 0 0
chrooococcum 740 220 640
600 vinelandii 30 0 0
chroococoum 6680 440 550
1,00C vinelandii 20 0 o]
c¢hroocoocun 280 370 4¢0
2,000 vinelendil 0 0 0
ehroococcum 480 480 450
4,000 vinelandii 0 0 0
ehroogocoum 450 350 400

“*Numbere in thousands
**Numbers in millions



TABLE 18--AZQTOBACTER IN TREATED SCIL SERIES 7 ‘
(Average Counts per Gram of Moist Soil);

Treatment 1. 0.5% Cinnamic Acid

Grams of Time (weeks)
Soil Treated Azotobacter 1 2 3
50 vinelandii 0 0 0
chroococcum T.1** 4.9** 5.8%*
100 vinelandii 0 0 0
chroococcum 3.6%* 7.2%% 7.,1**
300 vinelendil 0 o 0
chroococcum 2.,2%* 5.9*%* 8 .2**
600 vinelandiil 4] 0 0
chroococoum 2.8%* 4.1** 4.9%*
1,000 vinelandii 0 0 0
ochroococeum 2.5%* 3.6%* 5.5%%
2,000 vinelandii C o 0
chroocoecum J7*X 6.2%* 8.3*%
4,000 vinelandii 0 0 (0]
_ chroococcum 2.o** 5.5** 4.0**
Treatment 2. 0,.5% Cinnsmic Acid and Az. vinelandil
80 vinelandil 3.8%% 2.2%%  200.0°
chrooococeum 3.3%* 4.0*%* 2.8%*
100 vinelandii 4.0** 3.1*%* 1.3**
chroococoum £.6*%* J.1%* 7.2%%
300 Vinglandii 209** 3 .6** 105?‘
chroococoum 2.2%* 4.2** 7.1%*
800 vinelandii 2.6%* 2.7 % 780.0*
chroococoum 3.7%* 7.0** 5.3**
1,000 vinelandil 3.4** 4.,7%* 900.0*
chroccocoum 2.4%* 1.0%% 4.7%*
2,000 vinelendii l.8%* 1.1%* 200.0*
chroocooccum 2,.6*% 3.7%* 2.9%%
4,0C0 vinelandii 450.0* 2.5%* 240.0%*
_ohroococoum 8.8%* 1.4%* 2.6**
Treatment 3. Az. vinelsndii
50 vinelandii D 0 0
chroococcum 1.2* 380 830
100 vinelandil 0 o] 0
ohroogsoccum 800 290 700
300 vinelendii 0 0 0
chroococcum 740 220 €40
600 vinelandii 30 0 0
chroococcum €680 440 580
1,000 vinelandii 20 ¢ (o]
chrooccoccum 280 370 490
2,000 vinelandil 0 0 0
chroococeum 480 480 450
4,000 vinelandii 0 0 0
ghroococeum 450 350 400

¥Numbers in thousands
**Numbers in millions



Table 18 - treatment 1. 0.5% cinnsmlc acid
- treatment 2. 0.5% cinnamic ascid end
Az. vinelandi}l

- treatment 3. Az. vinelsndil

The experiments were carried out as directed under Meth-
ods and Procedure. The determinsticns for Az. vine-
lsndii end Az. chroocoocum were made once a week for &
period of three weeks.

In trestment 1 (Table 17) only sucrose was
added to the soil in order to have & check on treatment
2 whiech received both suorosé th Az, virelandii. It
was felt if Az. vinelendil were present in the soil and
17 it were possible to isolste it by sucrose treatment,
then the error which might creep into treatment 2, be-
cause of this, might be eliminated. However, 28 shown
in Table 17, Az. vinelsadii d4id not appear in treaiment
1.

Preatment £ (Teble 17), in which 1.5 percent

suorose snd Az. vineland;;,were added to the soil, show

'definitely that this organism may be isolsted from soil
oonteining from one orgsnism for every 0.16 grams of
goil to one organism for every 12.5 grams of soil.
Treatment 3, to which only Az. vinelandii was
added, 1llustrates clearly the difficulties involved in
is30lating this organism from the untreated soll even if
it is origlnally present in quentities as high as six

organisms per gram of sdil. Only in two instances from



fosw
e

the 600 and 1,000-gram treatments was 1t possible to

isolate Az. vinelandii st the end of the first week.

The duplicate trestments for the same soils d4id not shaw

the presence of Az. vinelsndii. Az. chroococcum, which

was originally present in the soil, appeared in ell sub-
treatments of trestment 3.

Treatment 1 (Table 18), in which the soil re-
ceived only cinnemie acid (0.5 perocent), was used as a
check on treatment 2. It i8 evident from treatment 1

that Az. vinelandii was not present in the originsl

soil or, if it was present, it was in such small num-
bers as to make its isolatlion impossible.
Treatment £ (Table 18), in which cinnsmie acid

(0.5 percent) snd Az. vinelandii were added to the soil,

{llustrates the value of this chemical in stimulating
the growth of this organism end in making its isolation
possible, even if the organism is present in the scil in
quantities as low as one organlism for every 12.5 grams
of soil.

Although the amount of sucrose used was three
times as great as that of oinnamie acid, the average Az.

vinelandil counts were greater in the case of oinnamic

a0ld treatment then in the case of sucrose treatment

(Table 19).



Table 19--Averages of Az. vinelandii Counts. Series 7,

Treatment 2

Az. vinelandii

bt

Treatment Ain millions

0.5% oinnamio acid ‘ , 8.065
1.5% suorose 0.907
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PART 2

Series 1
It was the purpose in Part 2 of this paper
to atudy the distribution of Az. vinelandil in some

Colorado soils and waters. The methods of determination
were based on the results obtained from Part 1 of this

paper and on the previous work on this subject (37). In
all cases the object was to stimulate the development of

Az. vinelandlil to such an extent as to make the isola-

tion of this organism possible by the agar-plate method.

The solls in series 1 were collected in the
vicinity of Fort Collins in the fall of 1939. The pH
and the Azotobaoter content 0f these so0ils were deter-
mined in the manner desoribed under Methods and Proced-
ure.

After the preliminary determinations the soils
were subjected to the agar-plate and the enrichment-cul-
ture methods, previously desoribed, for the isolation of

Az, vinelendii. In both cases sodium benzoate (0.2 per-

cent) was used as the source of carbon. In the first
method a one to ten dilution of soll was used, and in
the second method ten grams of soil were placed in

eighty milliliters of medis.



Hegative results were obtained with the two
methods in all but two cases, Mos. 11 and 12, Table 22,
The experiments for these two scils were repeated a
month later with the same results. This time, however,
only the agar-plate method was used with the following
concentrations of sodium benzoate: 0.0082, 0.02, 0.05,
0.3, 0.5, and 1.0 percent. After seven days of incuba-

tion, Az. vinelandii colonies were found on the plates

containing the following concentrations of sodium ben-
zoate: 0.02, 0.1, 0.3, and 0.5 psrcent. Sodium ben-
zoate in quentities of 1.0 peroent appears to be too
high, and 0.002 percent too low.

Isolation of Az. vinelandil from soils Nos.

11 and 12 by the use of the agsr-plate method and ths
enrichment-culture method was attempted again in Marech
of 1940 but with negative results. Negative results

were @also obtained in the summer of 1940.



TABLE 22-~DISTRIBUTICN OF AZOTOBACTER* IN SOILS SAMPLED
IN THE VICINITY OF FORT COLLINS

W
»

Soil Az. per gram
No. Soil Type pH Land Uses of moliet soil
1 larimer loam 6.95 Virgin pesture ¢
2 Larimer loam 7.58 Orchard 50
3 Forv Collins

loam 7.20 Bugar beet field 140
4 Fort Collins
eclay loem 7.58 Wheat fleld 90
5 Weld loam 7.830 Sugsr beet fleld 120
6 Cass olay loem 7.80 OCorn fleld 40
7 Weld fine sandy _
loam 7.82 Wheat field 110
8 Cass silt loem 7.55 Corn field 30
9 Greeley fine
sandy loam 7.58 Corn field 10
10 Casm fine sandy
loam 7.58 Corn field 50
11  Port Collins

loam (Ag. Exp.
Sta. Farm) 7.63 Wheat fleld 280
Fort Collins
loam (Lawn,
College Campus)
7.20 Lawn 110

()
o

*Determinations by agar-plete method with sucrose as
source of carbon.

Series 2

The s0lls in series 2 were collected from ver-
ious parts of eastern Coloredo in Mey of 1940. After
the preliminary determinstions, given in Tables 23 sand
24, the solls were trested by the enrichment-culture
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method and the soll-enrichment method ag described under
Methods and Procedure.

The dats on the general Azotobacter popula-
tion , determined by the agsr-plste method with sucroce
as the source of carbon, show that out of 55 pgoiles test-
ed only 25 contained Azotobacter. The pH, however, was
favorable for Azotobmzcter development in a2ll soils but
one, No. 87 (Table 24). From Table 24 it is evident
that several of the soile from the San Luis Valley had
high Azotobacter counts. These soils are alkaline in
nature with high pH values. Because of the small num-
ber of samples collected it would be hazardous to msake
any predictions concerning the factors that may influ-
enoce Azotobacter distribution., It is of interest to
note that Azotobacter was found in the pdozolie soil and
in the organie so&l of the Black Forest (Tsbles 23 and
24).

In the enrichment-culture method sodium ben-
zoate (0.2 percent) and sucrose (2.0 percent) were used
as the sources of carbon. The latter was used as a
check on the former. In both cases ten grams of sgoil
were added to sixty milliliters of media. Examinsation
of the treatments by the agar-plate method showed that

AZz. vinelandii was not present.

The goil culture method likewise proved un-
successful. In thls case both benzoic acid (2.0 percent)

and calcium ocarbonate (2.0 percent) were added to the



soil, the latter to keep the soil from becoming too
acid. Several soils were slso treeted only with benzoio

acid. Determinsticns for Az. vinelandii, once every two

weeks for a period of six weeks showed that where ben~
zoie acid and caleium carbonate were used the pH remsin-
ed above 7.0 throughout the entire incubation period.
However, where benzoic ascid alone was used, the pH drop-
ped below 6.0 except in a few instances where the soils
were alkaline (Nos. 40, 41, 43, 44, 45, and 46, Table

24). Az. ohroococcum multiplied rapidly in treated

solls, except where the soil resction became tco ecid.
In thet case the organism disappeared entirely. Az.

vinelandil wass not isolated from soil under any of these

treatments.

Series 3

Soils numbered 68 to 174 inclusive, Tables
25, 26, and 27, were oolleoted from various rotation
plots located at the Experiment Staticn at Akron, Colo-
rado. The rotation program for each plot is listed, the
first-named crop being that raised in 1939, the second-
named crop belng that raised in 1940, and so on. The
pH and the Azotobacter oounts determined by the agar-
plate method with sucrose as the source of carbon are
also given.

It 18 evident from the tables that the scil

reaction was sufficlently high in all cases for Azoto-



TABLE 25-~DISTRIBUTICH OF AZOTOBACTER IN SCILS FRO¥ THE
EXPERIMENT STATION AT AKRON

e sttt —
oo -

Azotobaoter

Soil Plot per Gram of

No. No. pE . Moist Soil 1939 Crop

68 568 A 7.5¢ <10 Summer wheat

éo 568 B 6.62 <10 Fallow

70 568 C .75 <10 ¥inter wheat
71 267 A 7.23 <10 Fallow

72 267 B 7.70 <10 ¥inter wheat

73 268 A 7.90 10 Fallow, manured

74 268 B 7.18 <10 "inter wheat

75 252 A 7.05 <10 #inter wheat

76 258 B 6.96 0 _Corn

77 281 A 7.05 0 Yinter wheat

78 251 B 7.88 10 Corn, manured
) 593 A 6.68 <10 Summer fallow

80 593 B 7.7% <10 ®{nter wheat
81 42 A 7.85 20 Alfalfa

82 42 B 7.30 35 Alfalfs

83 42 C 7.05 <10 Alfalfa

84 42 D 6.95 <10 - Qats

85 42 ¥ 7.02 <10 Corn

86 42 P 7.08 <10 Spring whest
a7 81 A 6.65 0  %inter wheat

88 8l B 7.75 <10 Fallow

89 8l C 6.92 0 Oats

g0 8l D 7.00 <10 Corn

o1 31 A 7.52 <10 “Wheat

92 31 B 7.00 0 Sweet clover

93 31 C 6.95 <10 Qats

94 31 D 7.15 0 Corn_
95 32 A 7 .23 <10 Oats

98 32 B 7.20 <10 Sweet clover

X4 32 C 7.02 0 Spring wheat

g8 32 D 7.18 <10 Corn

09 88 A 6.92 0 Oats
100 58 B 7.18 <10 Spring wheast
101 58 C 6.61 20 Sorghum

*Determined by ager-plate method and enrichment
odlture method with sucrose as source of carbon.



TABLE 26--DISTRIBUTION OF AZOTOBACTER IN SOILS FROM THE
EXPERIMENT STATION AT AKRON

Azotobacter”

Soil Plot per Gram of
RNo. No. 0)=4 Moist Soil 1938 Crop

g A 7.08 10 Winter wheaty continuous
103 B 6.20 <10 ¥inter wheat, continuous
104 c 6.82 <10 Summer fallow
106 D 7.11 0 ¥inter wheat
106 E 7.01 <10 Winter wheat, continuous
167 F 7.00 <10 Winter whest, continuous
108 20 A 7.15 <10 Oate
109 20 B 6.72 <10 Winter.rye
110 20 C 6.55 <10 ¥inter whest
111 20D 7.30 <10 Corn
11z A% §.90 30 Berley, continuous
113 B 6.65 10 Bsrley, continuous
114 c 7.10 <10 Summer fallow
115 D 6.95 0 Barley
116 E 7.35 0 Barley, continuous
117 F 6,35 10 Barley, continuous
118 26 A 7.00 <10 ¥inter whest
119 26 B 6 .88 0 ¥inter rye
120 26 C 8.12 <10 Oats
121 26 D 7.05 0. Corn
122 97 A €.30 0 ¥inter whest
123 97 B 6.82 .0 Peas
124 97 C 6.30 <10 Oats
125 97 D 6.90 0 Corn
126 AFFFRG 49 <10 Oate, continuous
127 B 8.92 10 Oats, continuous
128 c 6 .90 <10 Summer fallow
129 D 7.12 <10 Oats
130 E 6.82 0 Oats, continuous
131 F 7.30 0 Oats, ocontinuous
132 28 A 7.22 0 Oats
133 28 B 7.12 <10 Fallow
134 28 C 7.00 <10 Winter wheat
135 28 D 8.73 <10 Corn

*Determined by agar-plate method and enrichment
culture method with suorose ss source of carbon,
**winter wheat serie

***Barley series
****0ats series



TABLE 27--DISTRIBUTION OF AZOTOBACTER IN SCILS FROM THE
EXPERIMENT STATION AT AKRON

, Azotobaoter™

Soil Plot per Gram of

No. Xo. _PH  Moist Soil 1939 Crop
13¢ 4A g.72 <10 Oats
137 4B 6.85 <10 Spring wheat
138 4CC 7.25 <10 Corn

.39 A 7.40 20 Spring wheat, continuous
140 B 6 .80 10 Spring whest, continuous
141 c 7.45 10 Summer fallow
142 D 7.42 0 Spring whest
143 E 7 .45 10 Spring whest, oontinuous
144 ¥ 6.98 <10 Spring whest, continuous
145 G 7.92 <10 Spring wheat, continuous
14¢ A¥¥¥ € 60 <10 Sorghum, continuous
147 __B 7.10 <10 Sorghum, continuous
148 95 A 6.28 0 Oats
149 ¢S5 B 6 .82 <10 Peas
150 5 C 6.98 <10 ¥inter wheat
151 95 D 6.86 0 Sorgo
152 92 A 7 .30 <10 Barley
153 $2 B 7.02 <10 Pess
154 92 C 7.68 <10 *inter whest
165 92 D 7.00 <10 Corn
1%e 5 A .52 0 ¥inter wheat
157 5B é.65 <10 Oats
158 5 C 8.12 10 Fallow
159 8 A 8.05 <10 Oata
160 8B 7.25 <10 Wheat
161 8 C 7.75 <10 Fallow
162 51 A 7.12 <10 Barley
183 51 B 7.10 <10 ¥inter rye
lé4 81 C 7.26 30 ¥inter wheat
166 51 D 7.28 30 Corn
186 Corn A 6.80 <10 Corn, continuous
167 Corn B 6.92 20 Corn, continuous
168 Corn C 6.72 <10 Summer fallow
169 Corn D 6.62 0 Corn
170 Corn E 6.42 ¢] Corn, oontinuous
17k Corn F 7.30 <10 Corn, continuous
172 Corn G 6.92 <10 Corn, continuous

73 A 6.75 0 Kafir corn
174 B 6.42 <10 Kafir corn

*Determinea by Agar-plate method and enrichment cul-
ture method with suorose as source of carbon.
**Spring wheat series
***Sorghum series
***4Kafir ocorn series
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bacter growth. However, out of 107 samples examined 8l
contained Azotobacter and 2€ were negative. In all
cases Azotobacter counts were small, the highest being
35 organlisms per gram of goil.

The soils were examined for Az. vinelandii

by the enrichment-culture method and the soil-enriechment
method. In the first case ten grams of soll were used,
0.2 percent of sodium.benzoate serving as the source of
carbon. In the second case 2.0 percent of benzois acid
and 2.0 percent of caleium carbonate were added to 180
grems of soil, instead of the usual 200, and were incu~
bated for a periocd of six weeks. Examination for Az.

vinelandii was made at regular intervals by the uéual

methods. Neither method resulted in the isoclation of

Az. vinelandil from these soils.

Series 4
The soils in series 4 were collected in Oct-
ober of 1940 from various plots on the Agronomy farm of

the Experiment Station at Fort Collins. The soils were

treated for Az. vinelandil by the following three methods
previously deseribed: Agar-plate method, solution-ocul-
ture method, and soil-enrichment method. In all cases
four sources of energy were used: Glucose, sodium ben-
zoate or c¢aleium benzoate, calcium butyrate, and ein-

nemic acid.



s

TABLE 28--DISTRIBUTION OF AZOTOBACTER IN SCILS FROM THE
EXPERIMENT STATION AT FT. COLLINS

Azotobsoter* per Grasm 6?7Mb1g£18011

Soil GIucose 0.2% Bodium 0.1% Caleium Cinnamic
IEQ. __DPE. i8.0% benzoate butyrate acid, 0.1%
75 7.40 900 360 530 20
176 7.80 100 230 130 10
177 7.60 160 130 150 15
178 7.72 600 1,200 1,600 200
179 7.83 23 ' 10 20 0
180 7.79 70 65 95 10
181 7.82 . 40 40 66 20
182 7.72 20 20 25 0
183 7.90 40 50 83 13
184 7.93 80 40 62 0
185 7.68 20 .- 10 18 0
188 7.70 33 30 185 27
187 7.65 10 10 20 0
188 7.48 <10 0 0 0
189 7.67 20 . <10 13 0
190 7.82 <10 <10 <10 0
191 7.72 <10 0 13 0
192 7.04 25 23 53 0
193 6.82 <10 0 10 0
194 7.51 710" .0 10 ‘0
195 7.55 10 10 13 0
198 7.62 20 0 40 0
197 7.45 20 0 30 0
198 &.70 <10 0 20 0
19¢ 7.48 10 0 10 0
200 6.58 60 130 80 0
201 6.88 0. 120 ‘ 0 0
202 7.43 0 20 0 0
803 7.00 200 220 190 0
204 7.72 180 140 600 0
205 7.61 10 20 25 0
206 7.48 150 110 130 0
2807 7.42 300 180 220 0
208 7.45 30 40 50 0
209 7.16 20 30 40 0
210 7.75 50 40 35 C
211 7.40 50 30 <10 0
212 7.62 0 0 0 0
213 7.52 100 100 120 0
2la 7.45 0 0 0 0
215 7.40 10 10 10 0
8l6 7.48 10 0 0 0
217 7.60 30 0 014 0
218 7.40 80 30 40 0
219 7.25 20 <10 156 0
220 7.00 40 25 35 0

¥Determinations by agar-plate method.
The figures given are for Az. chroococcum.
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TABLE 29-~DISTRIBUTION OF AZOTOBACTER IN SOILS FROM THE
EXPERIMENT STATION AT PT. COLLINS

Azotobaoter® per Gram of Moist Soil

Z
Soil Glucose 0.2% sSodium 0.1% Celolium OCinnesmic

No. pH 2.06 _ denzoate butyrate asoid, 0.1%
221 7.12 85 80 100 0
222 7.18 10 0 <10 0
223 7.12 70 65 120 co
224 7.40 20 C &) 0
285 6.%0 75 80 40 0
226 6.92 <10 -0 <10 0
227 6.95 60 400 385 0
228 6.92 40 40 30 0
229 7.08 30 10 0 0
230 7.30 30 0 &5 0
231 7.22 20 <10 0 o
a32 7.9 20 10 0~ 0
233 8.05 600 800 1,300 0
As4 8.01 110 130 180 0
235 7.80 20 50 60 0
236 7.88 60 120 300 C
2837 7.55 0 0 ¢ 0
838 7.20 <10 <10 50 0
839 7.80 280 800 950 0
240 8.0%5 0 $0 10 0
41 7.95 <10 0 0 0
£42 6.04 30 0 0 0
£43 7.80 40 30 70 0
244 7.53 30 40 20 0
245 7.52 1,600 310 1,100 0
246 7.78 20 20 10 0
247 8.20 10 0 10 0
248 8.42 0 0 10 0
249 7.80 60 20 40 0
BSC 7.48 40 10 20 0
251 7.65 10 10 20 0
258 7.50 30 20 120 0
253 7.58 10 20 10 ¢
254 7.47 20 0 10 0
255 7.55 110 eo 60 G
266 7.52 40 <10 10 0
287 7.63 600 270 380 0
268 7.58 50 55 70 0
&5¢ 8.30 0 o) 0 0
260 7.60 10 <10 <10 0
861 7.52 <10 <10 <10 0
262 7.88 20 <10 0 0
263 7.95 10 10 30 0
264 7.60 20 20 30 0
265 7.3% <10 0 20 V]
266 7.68 <10 <10 <10 )

¥PDeterminations by agar-plate method
The figures given are for Az. chrooococcum.



In the agar-plate method the compourds Just
mentioned were used in the following quantities: Glucose
2.0 percent, sodium benzoate, 0.2 percent, calcium buty-
rate, 0.1 percent, and clnnamic acid, 0.1 percent, The
pH of the media were adjusted to 7.6 before steriliza-
tion. Thirty-two plates were prepared for each s0il,
elght plates for each medium, using one to ten and one
to one hundred diluticns. The results obtained are pre-
sented in Tables 28 and 29. Since colonies of Az. vine-

landil were not obtained, only Az. chroococcum and pos-

sidbly some Az, beijerinckil are listed under "Azotcbac-

ter"”. OFf the 92 samples tested Azotobacter asppeared 84
times on glucose-agar, 68 times on sodium benzoate-agar,
77 times on calcium butyrate-ager, and only 8 times on
cinnamic acid-agar. In many instances, however, Azoto-
baoter counts were greater on sodium benzoste-agar and
calcium butyrate-agar then on glucose-agsr.

After seven days the colonies on glucose-agar
were from four to twenty millimeters in dismeter, watery
end milky in sppearasnce, and in some cases brown in color.
The colonies on sodium benzoate and calcium butyrate-
agar were one to gix millimeters in diameter and dark
brown to black in color. No pigment formation was evi-
dent in case of colonies on cinnamic acid-mgar. These
colonlies were two to ten millimeters}in'diametar and

slightly milky in appsarance.



The same four sources of carbcn were used in
the enrichment culture method: Glucose, 2.0.percent,
godium benzoste, 0.4 percent, calcium butyrate, 0.3 per-
cent, and cinnamle acid, 0.2 percent. Thirty millili- .
ters of medin, with pH adjusted to 7.6 before 1ncﬁbation,
end five grams of soil were used in all cases. After
gix days of incubation the treated solls were examined

for Az. vinelandii by the usual suerose-agar plate meth-

od. All trestments gave negative results.

The s0il culture method was carried out as
desoribed under Methods and Proocedure. In place of the
usual 200 grams of soil only 150 grams were used and the
following compounds added: Glucose, 2.0 percent, cal-
oium benzoate, 1.5 percent, calcium butyrate, 1.5 per-
cent, and einnamic acid, 1.5 percent. The treated soils

were examined for Az. vinelandil over a period of six

weeks but without positive results.

Series 5

The soile in series § were collected from var-
ious parts of southern and western Colorado in Septem-
ber of 1940. After the usual pH aﬁd Azotobacter oontent
determinations (Table 30) the soils were tresated by the

soil-enrichment method for Az. vinelandii.

In this case the source of carbon was cinnamic
acid (2.0 percent). Because the samples were small, it

was not possible to duplicate the treatments as in pre-



vicus osses. Az, vinelandil was not 1:solated from these

solls.
It is evident from Table 30 that out of 17

g0ll samples examined only ¢ contsined Azotobscter.

TABLE 30--DISTRIBUTION OF AZOTOBACTER* IN SOILS SAMPLED
IN SOUTHERN ARD WESTERN COLORADO. SERIES 5

St ettt
——— ———— ——

H

e ]

Soil Az, per gram
No. Location Land Use pE  of molst =0il
267 West of Alamosa Idle land 6 .88 0
268 West of Alamoss Idle land 7.5 200
269 VYeat of Alamosa Idle land 7.70 800
270 West of Alamosa Alksli brush
land 9.62 0
271 West of Alamosa Alkali brush
\ land 9.87 -0
272 Wegt of Alamosa Sandy brueh
land 8.72 <10
273 West of Alamosa Idle land £.90 0
274 West of Alamosa Idle land 9.58 <10
2875 MNonte Vista Potato field 8.2¢ <10
276 Monte Viste Potato field 7.82 700
877 North of Monte  Artesian pas-
Vists = ture 8.54 300
2878 Bouth of Apkman Cultivated 7.00 800
2879 South of Aokman Cedar Torest 7.25 0
280 North of Dolores Aspen forest 6.52 0
281 South of Steam-
boat Springs Cultivated 6.10 <10
882 North of Craig Cultivated 6.12 0
283 North of Creig Cultiveted 6.10 C

*Determinations by sgsr-plate method

Series 6
Because the distribution of Az. vinelandii in

soils proved to be so disappointing, it was deemed ad-



visable to examine some Colorado waters in the hope of

finding Az. vinelandii there. As described under Methods
and Prooedure, three medias were uéed: (a) The modified
Wenzl's sucrose medium, (b) the modified Wenzl's sodium
benzoate medium, and (e¢), the Winogrsdsky's ethanol med-
ium.

From Table 31 it is evident that the reaction of
the original water samples was favorable for the growth
of Azotobaocter in all cases but one. The beaver pond
sample had a pH of 5.72. However, there were many sam-
ples whose reaction was well above the limiting pH value
for Azotobacter but did not show Azotobacter development.

In some cases quantitative distribution of Azoto-
bacter is given. This was Qetermined by the agar-plate
method with Buerose as the source of carbon. A zerc in
such cases indicates (Table 31) that there is less then
one Azotobacter 6ell per milliliter of water, since that
was the lowest Ailution used. However, the organism was
present in the water samples Nos. 19 and 23 as illustrat-
ed by the faot phaﬁ one hundred milliliter tresatments

gave positive results (Teble 31).

Series 7
The ldentity of Azotobacter strains isolated from
80ils snd waters was established by the use of the method

proposed by Winogradsky (49). Since this work was con-

cerned primarily with Az. vinelendiil, little attention



wag given to the identification of Az. bel jernickii

which is listed in meny cases as Az. chroococcum.

It is seen in Teble 31 that it was not possible to

{solate Az. vinelsndil from waters which had received

sodium benzoate as 8 source of carbon. ™ith ethyl sl-

cohol, however, Az. vinelsndii was isolated in seven

instences ané with sucrose in four instancee. The pH
of the treatments before isolation showed that they were

ell sbove 65.0.
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DISCUSSION

The isoclation of Az. vinelandii is dependent

upon the presence of this organism in soils and waters
regardless of its quantitative distribution in the two
natural media mentioned. It is evident that if this or-
ganism is found in the soils eand waters in large numbers,
then its isolation becomes not too difficult a problem.
However, if the organism is rare, then the probability
of 1ts isolation by ordinary means is lessened, The
scarcer the organism is, the more difficult becomes the
problem and the less significant the result, for under
suoh conditions more and more soil has to be used in
order to isolate the organiem. And under such condi-
tions of scarcity arises the question as to the practioc-

al value of Az. vinelandii to its habitat and of the im-

pertance of its relationship to the more abundant organ-
isms in soils and waters. If the organism is found in
the soll only occasionally, then one is left in doubt as
to the real haebitat of this orgeaniem. -

For the isolation of Azotobaoter from soils
numerous media have been proposed (1,25,45). The under=-
lying prinoipie in all these media is the absence of
nitrogen ocompounds, the presence of source of available

oarbon, and the presence of certain other essentlial ele-



ments, of which phosphorus is the most important. Under
such conditions the isolation of Azotobacter is not at
all difficult if the organism is present in quantities
of one cell per ten grams of soil. However, difficult-
les increase when the organism is present only in quean-
tities of one cell per one hundred grams of soil. When
the organism is present in quentities of one cell per
thousand or ten thousand grams of soil, then working out
the problem becomes impractical and the value of the or-
g€anism doubtful.

Az, ¢hroococoum is widely distributed in soils
and its isolation may be made from a limited quantity
of soil. As is evident from the literature (4,23,49,

50), Az, vinelandii has been isolated only in sgeversl

instances. It was felt that if Az. vinelendii 1is pre-

sent in the s0il in quantities of at least one cell per
one hundred grams of soil, then its isolation might be

sccomplished by stimulating its development in the soil
to such an extent that it might finally appear on agar

plates.

The use of benzoates by Az. vinelandii was

shown by "inogradsky (48). Later it was demonstrated

that benzoates may be used in i1solating Az. vinelandii

from solils by growth stimulation (37). In this paper
the value of various organic non-nitrogenous compounds

as growth stimulants for this organism was determined.



The value of monohydric alecohols, ethyl,
methyl, n-propyl, amyl, and hexyi, in stimulating Asz.

vinelandii growth in soils does not appear promising.

Not only do these compounds depress Az. vinelandii
growth but that of Az. ehroocoocum aleo, as is evident
from Tables 1 and 2. Winogradsky has shown that ethyl
alcohol is readily used by pure cultures of Az. vine-
landii (49). Katznelson (22) found thst 0.5 percent
ethyl alcohol acted favorsble on Azotobacter develop-
meﬁt in the soil but that 1.0 percent supressed the
growth of this organism.

That ethyl aleohol is valuable in the isola-

tion of Az. vinelandii from waters is evident from Table

3l. 1In this case only 0.5 percent of ethyl alcohol was
used. The possibility exists that 1.0 percent of ethyl
aloohol for scil treatments was too high. The lowest
quentities of other monohydric alcohols used (1.0 per-
oent) were possibly also too high for, with the exception
of methyl asleohol, they did not act favorably on mold de-
velopment (Migs. 1, 2, and 3). Amyl, n-propyl, and
hexyl alcohols were likewise poor sources of carbon for
bacteria and Actinomyces, while ethyl elecohol (1.0 per-
cent) and methyl aloohol (3.0 percent) were stimulating.
(FMgs. 4, 5, and 6).

In contrast to this,the trihydric alcohol

g&lycerol end the hexahydriec alcohol mannite showed un-

&



ugsual capabilities for stimulating growth. In stimula-

ting Az. vinelandil development mannite became more ef-

fective with increasing concentration. The 5.0 percent
treatment gave higher counts than the 1.0 percent or the
3.0 percent treatment (Table 14). Glyocerol, however, in
concentration of 3.0 percent was more effective than man-
nite in 5.0 percent concentration. The slow development

of Az. vinelandii (Table 1) seems to indicate that this

organism does not utilize glycerol directly to any great
extend but possibly depends on the decomposition pro-
ducts of this compound. The organism responsible for
glycerol decomposition seem to be bacteria, Aetinomyces,
and to some extent molds (Figs. 2 and 5). An interest-
ing fact was observed with molds in the case of 1.0 per-
cent glyoerol treatment where the highest mold ecounts
were found after one week,sfter which time they begin to
decrease until the eighth week when they show the upwatd
trend agein. This was Just the opposite of the effect
produced by 1.0 percent glyoerol treatment on Az. vine-
landii oounte in which cesse the highest counts were
found after six weeks (Table 1).

In the goil it sppears that glyocerol (3.0 per-~
cent) was more effective than mannite (5.0 percent) in

stimulating Az. vinelandii growth although Lohnis and

Pillal (26) plsce mannite before glyocerol ss a source of

carton for pure culture of Azotobacter. For pure cultur-



es this 1s probably true, but in scils the decomposition
products obtained from glycerol appear t0 be more ef-
fective than mennite.

The majority of the ocarbohydrates used proved
effeotive in stimulsting Azotobacter development. They
may be divided into three general groups: The most ef-
fective group (glucose, galaotose, and raffincse), the
intermediste group (mennose, fructose, sucrose, maltose,
and dextrin), and the least effective group (starch,
lactose, and inulin). In almost all instsnces oarbo-
hydrates in higher ooncentration (2.5 percent) gave bet-
ter results than in lower concentration (1.0 percent).

However, the increese of Az. ehroococcum wes slightly

better than for Az. vinelsndii (Teble 14). This indi-

cates that carbohydrates such as glucose, galactose, and
raffinose were Jjust as good sources of carbon for Az.

chroococeum as for Az. vinelandii. Although these sug-

ars may well be used to stimulate Az. vinelsndii devel-

opment in solls, the ideal source of carbon would be a

compound which stimulates Az. vinelandii but not Az.

‘shroococoum.

The use of phenol, thymol, resorcinol, pyro-
gallol, phloroglucinol, benzene, and toluene can not be
considered beneficlal in any way to Azotobecter. The
fsct appears to be that these chemicals were injurious

to Agotobacter, bringing about the elimination of this

Ryt
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organism at the very start (Table 15). However, thie
may not meen that the decomposition products sre not ef-

fective. Had Az. vinelandii been asdded after the molds,

bacteria, and Actinomyoces had sufficient time to bring
about the decomposition of these compounds, the results
might have been different. That many of these compounds
bring about ﬁ eondition.in the 801l known as "partial
sterilization" of the soil, iz evident from the figures
illustrating the distribution of molds and bacteria and
Actinomyoes in treated soils (Figs. 19, 20, and 21).
Quinol (2.5 percent), toluene (1.0 percent, 2.5 percent),
and resoroinol (1.0 percent) depressed mold development
at first but were stimulating later in the incubastion
period. Quinol (1.0 percent, 2.5 percent), pyrogallol
(1.0 percent, 2.5 percent), Toluene (1.0 percent, 2.5
percent ), benzene (1.0 percent, 2.5 percent), and phlo-
roglucinol (1.0 percent) had the same effect on bacter-
1al development. ™hile further studies with these chem-
icals may result in some interesting facts, at present
it may bé said that they are of no value in Azotobacter
isolation.

Of the aromatic acids tested the hydroxy ocar-
boxyllie acida, salioylic and gallie, were found to be of
no velue, while tannioc acit (2.5 percent) was more stimu-

lating to Az. ohroococoum than to Az. vinelandii (Table

15). Of the arematic oerboxylio acide tested the potas-



sium salt of phthalic acid 414 not serve the purpose,
while the caleclium salt of benzoie aecid proved stimulet-
ing.

It is of interest to note that Azotobacter was
completely absent in benzoic acid and sodium treated
soils (Table 18). The reason for this is, perhaps, to
be found in soil reaction. It seems that the benzoic
acild treatment resulted in too low & pH and sodium.ben-
zoate treatment in too high s pH for Azotobacter growth.
The calelum benzoate treatment, on the other hand, gave
a pH value which was favorable for Azotobacter (Table
33). The results obtained by Reuszer (37) are just the

opposite. Az. vinelandii was isolated from sodium ben-

zoate and benzoioc acid treatments, but not from calcium
benzoate treated soils. It is possible that the alksli
content of the soils used prevented the pH value in the
benzoie acid (2.5 percent, 5.0 percent) treatments from
going below 6.0,

That benzoic acid brings about an acid eon-
dition in the soll is further illustrated in Part 2,
Series 2 (p.28). All soils in that series were being
tested for Az. vinelandii{ by the soil-enrichment method,

which included the addition of benzoic acid (2.0 per-
cent) and caloium oarbonate (2.0 percent). Some soils
were treated only with benzole acid in sddition to the

treatment just mentioned. Although Az. vinelsndii was



not found in any of the soils in this series, neverthe-
less the soils which had received two chemicals showed

a pH above 6.0 and the presence of Az. chroococoum. The

soils treated ohly with benzoic acid were extremely acid

in reaction and completely free of Az. chroococcum, eX=-

tept in a few cases where the soll was sufficiently al-
kaline to overcome the acidity resulting from benzolc
aoid.

The most favorable compound to Az. vinelandii

growth stimulation appears to be cinnamioc acid. It is
apparrent from Table 15 that if cinnamic acid in concen-
trations of 1.0 percent or 2.0 percent is used, the or-
ganism develops to such an extent as to make its isolas~
tion possible on agar plates without any interference

from Az. shroococoum. However, it is possible to iso-

late both Az. vinelandii and Az. chroococcum from agar

plates if the soil is treated with only 0.5 percent ocin-
namic acid, as is shown in Table 18. Apparently high

concentrations are more sulted for Az. vinelandil then

for Az. ohroocgcocdoume.

In the soil, however, the deocomposition pro-
ducts of cinnamic scld were probably used by Azotobac-
ter as the source of carbon. Baoteria and Actinomyces
appeared to be more instrumental in decomposing this
compound into products sulitable for Azotobacter than

were molds. The molds developed slowly at first, in-



creasing rapidly after the eighth week (Fig. 27). Bac-
teria and Actinomyces developed rapidly during the first
four weeks, indicating rapid decomposition of einnamic

acid (Fig. 29). Az. vinelandii numbers increased slow-

ly at first, reashing their maximum at the beginning of
the sixth week when the bacterial numbers begin to fall
off (Table 8). Under such conditions the value of the
miorobiel population of the soil becomes evident. Suoch
results could not have been obtained with sterile soils.
Of the various aliphatic acid tested several
proved promiging. The calcium sslte of lactic and tar-
taric ascid (2.5 peroent) weré highly stimulating to Az.

vinelandli and Az. chroocoocum (Table 16). The potas-

slum salt of malic acis and the caleium asnd potassium
salts of ecitric ecid, although of some value, were not
a8 effective as the first two compounds mentioned. The
potassium salt of oxalic acid was entirely unsatisfact-
ory (Table 18).

Of the fatty acids tested the calcium salt of
butyric acid wes highly efficient (Table 16). In com-
parison with cinnemic acid, the 1.0 perocent calcium
butyrate treatment gave higher Az. vipelandii count thsn
the 1.0 percent cinnamio aoid treatment. The 2.5 per-
cent caelolum butyrate treatment gave a lower Az. vine-
l1endii ocount than either the 1.0 percent calcium buty-

Trate or the 2.5 percent cinnamioc aocid treatment. How-



ever, there was one difference of importance between the
two eources of cerbon. From the ocsloium butyrate trest-

ment both Az. chroococcum end Az. vinelandii were isolat-

6d, while from oinnamic scid treatment only Az. vine-
lendii were secured. Other treatments which showed high

Az, vinelandii counts were caloium and potessium pro-

plonste, and céloium butyrate. Potsssium acetate and
potaessium end caleium pslmitete were of little import-
ance.

An interesting faoct is brought out in treat-
ments containing the potsssium sslts of alipheatic acias.
48 a rule the 2.5 percent concentrestions of potassium

salts gave lower Az. vinelandii counts than the 1.0 per-

cent ooncentrations. The difference was possibly due to
increased slkalinity in these soils becsuse of the high-
er potagsium content (Table 16). In all cases potassium
salts in quantities of 2.5 percent gave much higher soil
reaction than in quentities of 1.0 percent (Pigs. 40,
41, and 48).

The question as to whether the potassium or
the caloium salt is preferred by Azotobacter seems to
be largely dependent on the acid used, ™ith csloium

lactate Az. vinelandii was absent in 1.0 percent trest-

ment but the total gain in the 2.5 percent treatment was
over a million and a half organizms (Table l6). Potes-

sium lactate geve Az. vinelandii oounts which ran only




into thousends. With potassium tertrate the 1.0 percent
treatment gave much higher counts than the 2.5 percent
treatment. The opposite is true with celcium tartrate.
¥ith citric aold the calecium salt, 2.5 percent, gave

Just as high Az. vinelandil counte as the 1.0 percent

potessium salt treatment, while with the propioniec acid
the 1.0 percent potassium salt gave higher counts than
did the 2.5 percent calcium salt treatment. Potassium
butyrate waes more effective than calcium butyrate.

An lnteresting contrast in bacterial activity
is afforded by some aromstic and aliphatic compounds.
The salts of such aliphatic ascids as propionie, acetic,
palmitic, butyric, oxalio, eitric, melic, tartaric, end
lactic offer in most instances s readily availsble source
of carbon for the general soil flora. In those cases
the bacterisl population rises rapldly and begins to de-
¢line wheh the compounds are exhausted. The effect of
such aromatic compounds as gallie acid, salicylic aoid,
quinole, toluene, phloroglucinol, and benzene on the bac-
terial population of the so0il is somewhat different. The
bacterial population is at first depressed becsuse of
the toxic effect of the compounds themselves. After s
time a stimulating effect is evident, resulting partly
from evaporation of the volatile compounds and partly
from the decomposition of these compounds by the limited

soll flora capable of acting on them. Some compounds re-



mained depressing throughout the incubation period
(Pigs. 22, 23, 31). For such treatments the incubation
period should be extended.

It is evident from the examination of the var-
jous orgenio groups used that certain compounds are more
effective than others. The aliphatic monohydriec al-
cohols tested were of no value, while the trihydric al-
cohol glycerocl and the hexahydric alcohol mennite prov-
ed effective. Of the various carbohydrates tested glu-
cose, galactose, and raffinose were promising. Of the
various aromatio compounds used cinnamic scld appeared

to be the best. Also effective in Az, vinelandil growth

stimulation were the caleium salt of butyric acid, the
oalcium salts of lactiec end tartaric acid, and the ecal-
ecium and potassium salts of propionic acid.

In comparing the effectiveness of various
chemicals used certain factors must be taken into con-
gideration which may be helpful in understsnding the
limitations of the results obtained. The length of the
incubation period is of considerable importance. Better
results would have besn obtained had the incubation per-
iod been extended to twenty or more weeks and the deter-
minations mmade weekly. Dsts obtsined in such msnner
would have been more suitable for statistiecal snalysis
then the data on hand. However, becsuse of the equip-

ment and time involved, such an undertsking was not pos-



givle.

There i2 one fact which must not be overlooked
when comparing Azotobacter counts for aleohol treatments
with other sources of carbon used. The incubation period
for alcohol treatments was only eight weeks while for
treatments with other compounds, ten weeks. Alsoc of im-
portance is the fact that not all the series were inocu-

lated with exactly the same number of Az. vinelandii

cells, as is shown by check treatments (Tables 14, 15,
end 16).

The differences in checks between series may
also be due, in part, to the soil itself. The soils for
each series were not sampled at the same time or st the
same place, although they were from the same field. Dif-
ferences in soil heterogeneity were probably of little
effect in treatments which proved depressing to Az, vine-
landiil for the effeet of the treatments was probably
sufficiently severe to overcome any advantages that may
have been gained through more favorable soil conditions
or through the presence of larger numbers of Az. vine-
landii. Howevef, these differences were of some import-
ance where the treatment was favorable for Azotobacter
development.

0f importance also is the competition between

Az. chroococcum and Az. vinelandii for the source of car-

bon. Although Az. ohroogoocum was not added to the soils




undergcling trestments, 1t nevertheless vesries somewhst
in numbers from szeries to series as is ehown in Tsbles

14, 15, and 1€. In all series the Az. chroococuum con-

tent, as gversged for the entire incubation perlod, is

greater than Az. vinelandil content. It would be expect-

ed that in the presence of sources of readily available
carbon the organlsm present in largest numbers would de-
velop most rapidly.

The number of Az. vinelandii cells that must
be present in the soil before the soil-enrichment method
¢an be effective is of prime importence. An answer to
this question was attempted here. The rasults indiosate
(Tables 17, 18) that it is very difficult to isolate Az.

vinelandii from untreated soil by meens of the agar-

plate method, even if the organism wss originally pre-
sent in quantities of six cells for every gram of =soil.

The 1szolation of Az. vinelsndii from soils, however, may

be accomplished with ease if an avaeilable source of
avallable carbon such as sucrose or cinnemioc acid is

added to the soil. In that case Az. vinelandii mey be

isolated from soil in which it wes originally present 1in
Quantities of from one cell for every O.18 grams of soil
to one cell for every l2.5 grams of soil. The value of
the scill-enrichment method, therefore, beé&mys evident,
If the method succeeds for one Az. vinelandii cell for
every 12.5 grams of soll, then there is a strong proba-

bility thet it will succeed where there is only one cell



for every one hundred or two hundred grams of soll.

The esce with which Az. vinelandii is isolated

from trested solls snd the difficulties met in isolating
1t from untreated soils clearly illustrste the advantage
of the treated soll over the untreated. The value of
the soil-enrichment method and of the two simliler methods
agar-plate method end enrichment-oulture method, was
tested by the examinstion of varlous solls for Az. vine-
landii.
Of the 283 soils exsmined 210 contalned Az.

chrooscecum and only two contslned Az. vinelandii. Ex-

pressed on a percentage basis the figures are 74 percent
and 0.7 percent respectively. Of 29 watser samples ex-

amined, 19 or 85.5 percent, contsined Az. shroococcum

and 9, or 31 percent, contained Az. vinelsndii. It

therefore appears from the limited number of samples

examined that Az. vinelandii is more commonly distribdbut-

ed in waters than in solils. Winogrsdsky (49) has empha-

sized the fsct that Az. vinslsndii is a water organism

end that search for it should be msde in olear waters.
Muddy waters and soils, in his opinion, should be exem-

ined for Az. chroogocoum.

Studies relating to Az, vinelendii distridution

in waters appear to be absent in sclentific litersture.
It therefore becomes evident from the results obtsined

thet & more thorough investigation of waters is needed
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in order to determine the extent of Az. vinelandii dis-

tribution in nsture. In such determinations the value
of ethyl aleohol as a source of carbon has been demon-
strated.

Under such conditions of limited distribution

of Az, vinelandii in soils examined, it no longer be-

oomes negessary to evaluate the importance of this organ-
ism in the nitrogen economy of the soil. There exists

the possibility that in some soils Az. vinelandii may be

eommon . Lipmén (85), although he gives no figures,

states that Az. vinelandil ie widely distributed in the

arable soils of New Jersey.



SUMMARY

The investigation was undertaken to determine
the value of various non-nitrogenous organic compounds
added to unsterilized soils ags stimulants for Azoto-

baoter vinelandii, and to obtain a method or methods

which might be used for demonstrating the presence of

Az, vinelandii in soils. It was also the purpose of

this work to investigate the presence of Az. vinelandii

and Az. chroocogccum in some Colorado soils asnd waters.

The ocompounds tested for Az. vinelandii stimu-

lation were:

1. Aliphatic alcohols--methyl alcohol, ethyl
aloohol, hexyl alcohol, amyl alcohol, n-propyl alecohol,
mannite, and glyoerol.

E. Oarbohydrates--glucose, galactose, mannose,
rruétose, lactose, inulin, sucrose, maltose, dextrin,
and starch.

3. Aromatic compounds--quinol, benzene, tolu-
ene, phenol, resorcinol,.pyrogallol, phloroglucinol, thy-
mol, tannic acid, potassium hydrogen phthlate, salicylic
acid, gallic acid, oinnemic acid, sodium benzoate, cal-
oium benzoate, and benzoic acid.

4. Salts of sliphatic acids--Calcium lactate,

potassium lectate, caleium tartrate, potassium malate,



caloium citrate, potassium citrate, potassium oxalate,
calcium palmitéte, potessium pslmitate, osloium propion-
ate, potassium propionate, calocium butyrete, potassium
butyrate, end potassium scetate.

The effects of these treatments on Az. vine-

lendil, Az. chroococcum, molds, bacteris and Actinomyces,

and s0il resction were determined periodically.
For the purpose of studying the distridbution

of Az. vinelandii and Az. chroocococum, soil and water

samples were collected from various parts of Colorado.

In determining the distribution of Az. vinelandii in

soils, one or more of the following three methods were
employed: Ager-plate method, enrichment-culture method,
and soil-enrichment method. Glucose, benzoic ascid, cal-
cium benzoate, socdium benzoate, ocalcium butyrate, or
oinnemic acid was used as a source of carbon. In test-
ing water samples the enrichment-culture method wss em-
ployed with suorose, sodium benzoate, and ethyl slcohol
a8 sources of carbon. |

The isolated Az. yinelandii streins were iden-
tified by examining the cultures for cyst formation as
proposed by %inogradsky.

ek



CONCLUSIONS

1. Of the aliphatic alcohols tested mannite
and glycerol appear to be best sulted ss stimulants for

Az. vinelandii and Az. c¢hroococcum in unsterilized soils.

Methyl aleohol, ethyl alcohol, hexyl alecohol, amyl alco-
hol, and n-propyl alcohol, within the limits of the con-
.oentrations used, were of no value,

2, Of the carbohydrates tested, the highest

increase in Az. vinelandii numbers was obtsined with 2.5

percent glucose. Galactose (2.5 percent) was next in im-
portance, followed by raffinose (2.5 percent). Mannose,
fruetose, sucrose, maltose, and dextrin fsll in the in-

termediate group as Az. vinelandii stimulants in soil,

while lactose, inulin, and starch were of little import-
ance,

3. Of the aromatic compounds quinol, benzene,
toluene, phenol, resorcinol, pyrogallol, phloroglucinol,
thymol, potassium hydrogen phthléte, sslicylic acid, and
gellic a0ild in concentrations of 1.0 percent and 2.5 per-
oent were of little or no value as stimulants of Az. vine-

landii or Az. chroococcum in the soil. Tannie acid and

calcium benzoate were better than any of these, but sod-
ium benzoate and benzoic acid were ineffective, probably

because of soil reaction. Cinnamic acld, however, proved



to be very effective; the 2.5 percent treatment gave the
highest count of all the treatments.
4. High Az. vinelandii counts were obtained

with caleium lactate and calcium tartrate. The compounds
belonging to this group which were also effective are
potassium lactste, potassium tartrate, potaseium malate,
caloium oltrate, and potassium citrate. Potassium oxa-

late proved ineffective as a stimulant of Az. vinelandii

in soil.

5, Of the fatty acids tested the caloium salt
of butyrio acid (1.0 percent) gave the greatest lncreacse
in Az. vinelandii numbers. Other salts which were high-
ly effective are caloium propionate, potassium propionate,
and potassium pelmitate and potassium acetste.

6. It is possible to isolate Az. vinelandii

from soil by means of & soil-enrichment method when there
is at least one cell for every 12.5 grams cf soil.

7. As a general rule the bacterial population
of the soil was more stimulated by the presence of avail-
able sources of carbon, such as carbohydrates, than by
the presence of such compounds as quinol, benzene, tol-
uene, phloroglucinol, and benzene depressed bactorial de-
velopment at first but produced a stimulating effect lat-
er in the incubation period. In such cages conditions

approaching "partial sterilization™ of the 501l were ob-



served.

8. Of the 283 solls examined, 210, or 74 per-

cent, contained Az. ehroocoecum and only two, or 0.7 per-

cent contained Az. vinelandii. Of the 107 soilas examined

from the Experiment Station at Akron, 81, or 75.7 per-

oent, contained Az. ohroocoeccum, while of the $3 soils

examined from the Experiment Station at Fort Colline, 85,

or 91.4 percent, contained Az. chroococcum and one, or

1.1 percent, contained Az. vinelsndii.

$. Of 290 water samples examined, 19, or 85.5

percent, contained Az. chroococcum and ¢, or 31 percent,

sontalined Az, vinelandii.

10. Ethyl alcohol (0.5 percent) seems to be
better suited as a source of carbon then sucrose or sod-

ium benzoate in the isclation of Az. vinelsndii from wat-

er.
1l. From the limited number of soils tested
in the State of Colorado it seems that the soil is not

the natural habitat of Az. vinelandii.
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