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A Study of the Fixation of Nitrogen by the Azotobacter.
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The problem of the Nitrogen supply has begem one that has received
a great deal of attention from the scientisbsi The chemists long
ago knew that there was very little combined Ilitrogen dound in rocks

not nearly enough to supply the needs of plants. When it was found \

Sl

that the atmosphere wacs comnosed of a mixture that was four fifths

e
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nitrogen it was concluded that the problem was solved. Ilothing

could be easier than that the plants took their supply directly from

ct

he air. This idea was held for some time wrtil it was demonstrated
that the plants could not make use of nitrogen unless it was supplied
in the combined form from the soil. A number of theories were soon
advanced to account for the supply that was present in the soil.

Liebig brought forth the ammonia theory and this was accepted for
some time. His theory was that ammonia was the important source of
nitrogen for the plants. Liebig said that the natural supply of
ammonia wags sufficient for the plants and that in cases where the fert-
ility of land had gone down it was caused by lack of other mineral
1

ingredi@nts. It was shown then that the amount of ammonia brought

<

down to the soil by the rain and snow amounted to but a few pounds

per acre. Liebig immediately maintainped that the plants were sapable
of absorbing the ammonia from the air. It was finally established
that the amount of ammonia in the air could not supply the amount

of nitrogen needed by the green plants, and so the theory had to be

discarded.

Between 1860 and 1€70 it was generally believed that the nitrogen

for plant food came only from $he soil. It was known that plants
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annually removed large quantities of nitratg from the soil and that

drainage water carried away as much more and thus the source of all

L
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this nitrogen had to be found. The nitrategtheory then advanced was

* thet not only could ammonia and nitrates be formed from the decay of

humus but that the oxygen and nitrogen in the soil could combéme by
chemical action and form nitrates.
In 1877 Schloesing and Muntz (1) first established the fact that

e

= :
nitrification was a baeteriological process. In this process however it

N

was necessary for the baeteria to have nitrogenous organic matter to
J & 5

form these nitrates. Considering the small amount of nitric acid
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brought down by the rains and the great losses sustainel by the soil;
it was plainly seen that the great question as to how the combined
nitrogen supply was maintained was 8till unsolved. In 1886 this was
answered to & great extent by Hellriegel and Wilfarth's work (2) show-

ing that some plants, the legures,when-alded by bacteria, could use
the free nitrogen of the air. But it was known that fields allowed to
run wild wonld increase in nitrogen content even without the presence
of legumes. This then seemed to indicate that there was still another
force acting.

Even before Vilfarth and Hellriegel's work on leguminous plants,
Berthelot (3)had Been carrying on some investigations as to the aetion
of free nitrogen on uncroppred soil., He took 00 Kg. of air dried
s0il kept it in a vessel exposed to rain and air for seven months;
which after correeting for combined nitrogen brought down by rain,

showed that the mitrogen content had inereased 43%. The following

are Berthelot'sg figures:
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Kruger and Schneidewing (7) got no fixation when th%;experirented

with pure cultures of Chlorophyceae. These experiments showed

that the algae could not of themselves assimi%g;e free nitrogen
but in connection with softl tacteria nitrogenmuas fixed. It is
possible that the algae produce the carbohydrates which furnish
the energy for the bacteria.

In 1894 Winogradsky (8) isolated a bacterium which he called
Glostridiam gesteurianum, This fi:ed nitrogen while growing as
pure -culture in nitrogen free solution containing dextrose. This
orgenism is an anaerobe and is one of the butyric acid group of
bacteria. In pure cultures for every gram of dextrose consumed
two milligrams of nitrogen were fixed. Although the organism
is an anaerobe it will grow in the presence of air provided other

was
kinds‘of bacteria are present. ThisAfBund guite plentiful and
widely distributed. But this organism was an anaerobe and it had
often been observed that the fixation of nitrogen was strongest
in soil that wee well sereated so it seemed probable that a more
powerful nitrogen fixer wes still undiscovered.

In 1901 Beijerinck published & report on two new nitrogen
fimzers. He had found that when he inoculated media containing
dextrose with earth that he would get the Clostridium Pastorianum,
but thst when he substituted mannit or Ca or Na propionate for
the glucose that he got a heavy growth of a large organism that
he called Azotobaeter Chroococcum. He found this plentiful and
widely distributed., He discovered these could be easily isolated
and grown on mannite agar.

Bei jerinck isolated two forms of this ; form one, the azoko-

bacter chroococcum isoleted from garden earth,  but few individwals




of which '~ were motile by reason of a single cilia.
The second form, azotobacter agilis which he isolated from canal
water at Delft; this was very motile having bupdles of polar cilia.
Beijerinek obtained fixation in impure cul rés up to 7 mg. per
gram. of mannite. In pure culture he got a very little fixation.
In & second work with Van Deldenm (10) he changed his opinion as
to the fixation powers of pure cultures of azotobacter. His
conclusions in this layter publication were that the azotobacter
%

could not fix nitrogen P pure culture, but thet a symbiosis with
other baeteria such as Granulobacters, Raddobacters and Aerobacter
was necessary., His experiments in mixed cultures showed that with
these he got fixation up to 5.9 mg. nitrogen per gram. mannite.

Even before Beijerinck's second paper had been published Vogel
and Gerlach (11) had ohtained good fixation of nitrogen on culture
media inoculated with pure cultures of Azotobater Chroococcum,
Later Freudenreich, (12) Koeh (13) and Krober established * ,
beyond doubt: that the pure culture would fix free nitrogen.

Lipman (14) isolated three different azotobacter species of
which the most powerful nitrogen fixer was an organism which he
called azotobacter vinelandii. He found that although he got
good fixations in pure culture, he got better fixation when the
azotobaeter was grown in symbiocsis with another organism even
though the second organism did not have the power %o fix nitrogen
by iteelf.

In late years Azotobater have been isolated from many different
soils in practically every country. Different species have been
found which fix nitrogen with varying degrees of effectiveness.
One feature of their distribution has been that they are always

Fammad 2w ashitnRonns 4w astla hoavine a wicarnng orawkEh AT
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Blue Green algae.Stoklasa(19) =nd Stransk, (26) both reported
this phenoménon. Keutner (30) says that the azotobacter are
widely distributed in the ocean occuring on algée and plankton
orgenisms. He found that they had the power gf fixing nitrogen
in an eight per cent solution of salt. Keutner also found the
organisme present in fresh water. Bemecke (31) reported their p
presence in the Bay of Naples. Stoklasa said that the only soils
in which he wee umable to find them were in samples of the high
lying soils of the Alps.

The fact that these bacteria might have a great deal bo do
with maintaining the fertility of the soil has caused much study
t0 be made of their requirements. © The. Azotobacters are very
gsensitive to the amount of @eration. They are highly aerobic, and
Krainskdi(15) says that the amount of water in the soil will
affect the development of the bacteria by the exclusion of the
gir by the moisture. He found that the fixation in large
gquantities of culture media was small on account of the lack of
seration. According to other investicators, no fixation of mitro-

0
gen in artificial cultures was found at temperatures below &5 C or

o

: o 3 0 R
above 50 C. Their optimum temperature is between 18 and 31 C.
Azotobacter are very sensitive to changes in their food

supplies in faet so much so that Chrgstensen (16) has tried to

’

o

work out & biological method for determining the available plant

food in a soil by wsing azotobacter. He 414 this by inoculating
the soils into culture die containing different amounts of plant

food and then noticinc the difference in development of the azoto-

bacter.
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In fixing nitrogen the azotobacter are dependent for energy
on Some fermentable carbohydrate. In artificial media sugaré
are generally used, as mennite seems to be th@qmost efficient,
1t 1is most often used. Hoffmen and Hammer (1) tested out a number
of sugars. In impure culture they got the highest fixation from
lactose while mannite was almost as good. In pure cultures they
got fixation from practically all the sugars dbut the highest
from manrite. In the pure culture the lactose was very much
poorer as a source of energy. Heinze (18) found that the pectin
and pentosan substances were not as efficient sources of energy
as tre sugar. Stoklase (19) sgys thet in the soil the furfuroids
make: the best food for the azotobacter. Krainskiil (16) states
that for every 1 part of nitrogen fixed 90 paerts of C are used.
There has been some discussion as to whether the azotobacter can
use cellulose to furnish energy. Lipman (20) in experiments in
which he addel different amounts of filter paper to pure cultures
found that up to 8 certain amount he got an increas d fization
of nitrogen. But that when he added a large amount of filter
paper, it seemed to inhibit the action. Warmbold (32) found
thet humus favored fixation. It has been noted by others that

soile containing humus are stronger in fixing nitrogen than others

ct

hat have less, so it seems probable that the cellulose cen be
used to a certain extent as a source of energy.

The food constituentss that seems to have the most noticeadble
effect on the occursnce of azotobacter is lime. Christensen (16)
says thet their distrihutdon is determined by the basicity or

Ca CO, content of the soil. Severin and Helene Krzemdeniewski (21)

found the azobobacter much more numerous in limed soils and also muédh
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whether the soil had been fertilized with nitrogen or not. The
limed soils showed fixation in ten days of 16.,17---18.39 mg. while
unlimed showed 6.,83--7.47 mg. They found the nitrogen content

L =

in general always greater in the limed soil. 48Wby (22) found

1
.

the same results in the Rothamsted soils.

Bottomley (23) took limed garden soil and unlimed garden soil
sterilized in an autoclave; inoculated both in the same manner
with azotobacter and Pseundomonas radicicola, and in the limed soil
there was an increase of 35 mg. as against 25 in the unlimed.
Gerlach and Vogel (11) made up media without lime, Po0p and
K and got no growth. They inoculated flasks where neither X
nor soda were added and here got a limited amount of growth,

It may be that in the latter case traces of X and soda were
taken from the glass of the container.

The beneficial aetion of the lime seems to be in its alksali-
nity and chemical aetion on the other constituents. Christensen
(16) states that Po0p and lime are essential to the decomposition
of mannit., In an experiment he used soil from a plat which had
been fertilized for 12 years with Nali0g without liming, and found
the P05 exhausted. When this soil was used to inoculate a culbure
solution of mannite, Ca €Oz and K ¢ L, no reduction followed,

Krainskii (15) found that Na COx wes more favorable to azotobacter

growth than Ca €Oz , indicating that the benicicisl action of lime was
due simply to its alkalinity. Bipman (24) sgys that the calcium

carbonzte increased the amount of nitrogen fixed
either directly by stimnlating growth or indtreetly by making
more P S or Mg, available.

The value of inoculating fields wish nitrogen fixiﬁg bacteria
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for the sske of the fertilizing value is some what

(25) inoeculated potes of soil which had been ad®&gna
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oth for and against.

tely

problematical.

supplie
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mannite or dextrose and lime, The number of drganisms were

inereased and the yield and quality of the crop

4

tried it on

{30 ot
Stranak ( O

oats, beets and potatoes.

on
indéreased yield of oats, potatoes etec.

expertmented with pots of sand supplied with phosph

and lime and planted to oats. These gave a

Pseudomonas Radicicola. In field experiments

- o e L by - . - e

seeds were treated with this mized eulture.

gave a 15,6 % greater yield than

higher incfeases in root plants. He found 'that Ca

present in all cases to get

\

Lapman (27) in field experiments could

in erop yields. Heinze (18)

was able to get an increase in nitrogen without

inoculation.

The plats

the untreated. He

in field experiments dn

improved. He

) reported an
Bk oo i (253

Lotvtomiey )

1ates, potash

6% larger yield where

the plants were treated with a nrixed culture of azotobacter and

with barley the

thus treated
got still

CO. must be
</

effective work from the baeteria.

‘6t no appreciable increase

fallow soil

inoculation, by

areful attention to thorough cultivation, aeration, addition of
hunius, lime and phosphates. This later is rather the moot prac-
tical methad,
The purpose of this thesis is to make a study of the occur-

ance, biological features of

off Ldaho So0ils:

The method of determining the occurance and fi
of the agzotobacters wae by growing ther in culture

a sample of soil was to be tested;

samples were weighéd out and

the agzotobaecter

zation powers
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mannite medisz recommended by Ashby (22). It wes of the following

composition: -~

Mannite 20 o,
llonopotassium Phosphate Q.2 g1 o

A

(Neutralize this first in solution and ﬁgen add to other ingred-
jents in solutionm).

Mg. SO 4 0.2 gms.

Ha Cl1 e "

ca S04 5

Ca COg BuO -*

Dist. Water 1000 CC

To make agar 1.5 % agar was added to the above.

of the four samples two were immedietely sterilized either by

steaning in the autoclave at 120°C for ten minutes or by edding gecc

of formalin. The remeining two were kept at 289, They were
allowed to grow about three weeks or until the mannit had all

disappeared. Mieroscopic examinations were made every few days

to ddtermine the presence of mannit. This could be determined by

-

the presence of the characteristic needle like or rhomboid crystals
of mannit:; Examination also was made here for preseence of the

bescter. At the end of the incubation period the cultures were

ct
o

Z0

V]

A

terilized either by autoclaving at 120 O for ten minutes or by

. . % 1 3 8
the zddition of %ce of formalin. The contents £ the flasks were

i~

o

then analysed for total nitrogen by the Kjeldahl method. The

nitrogen analyses were made by Mr. Fishburn of the Agricultural

mI 49 4

1 Al mdineny T R T \ . - | " 2 . A PR ¥ s 1
Chemistry Department. The method usecd for the determination o

R,

the nitrogen was Gunnings modified method found on page 7 .of Bul,.

107, Bureaun of Chemistry.

()
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An experiment was made to determine whe
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respectively 6.18 and

soil

o0llows
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and is subject ot overflows from the creek. A large compost
heap stBod within 10 rods and on higher sround than the place
where samples were taken., The field ig in pasture and has been
for years, odamples vere taken at four Cifferc;f“*ihes, Feb, 28.
1
( llar. 1f pril 5 end lay 24th. The soil was taken from & depth

weather had been
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ation as in the first sample.

&)

Th

(2]

third sample was taken April 3; the weather had been
cold and rainy for a week or two. The moisture content of the

a2

: e . I
soil was 15% and the temperature 9 (., :

3rd. Betermination Nitrogen Fixation of Creek lleadow.
Before After.
4.42 mg 9.76 ng
Sy e ; e
The fixation at this determination was the lowest re-
corded altho not differing much from those made tefore.
The fourth sample was taken on May 24th. The weather had
been warms
4th Determination of litrogen Fixation in Creek lieadow.
Before After.
0T e, 2.42 mg,
ey 2770

The fixation in this determination was 9.05 and 9.33

..

respectively, This was the highest fixation recorded for Creek

A
{

Meadow. This high fixation resuwlted probably because the

o

e

meather wes warm and had raised the temperature of the soil,
thus approaching the optimum temperature of the azotobacter.
The azotobacter than probably became more active and greater
numbers resulted, thus givihg a greater fixation.
Boise Valley Brown Spot Soil.
S50il was received from Boise. The soil had been taken from
& S0 called brown spot; these brown spots would not support

growth of ¥Yegetation.

Determination of llitrogen Pixation.
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Before After
1.89 mg. 10,18 mg.
1.9 . ¢ 10,956 "

.
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The nitrogen content in the first place was very low but

»

4. % . )
n o i a o phay
w2 bNllE 18 .8 O Ca L

racteristic of the Boise Valley soils it is not

: L% ¥ . L - .
unusual. The bacterip-in thic soil were very viggrous as in

8ix days a strong growth eand heavy scum was evident; In ten
deys all the mannit had been used up. The fixation was larger

8.29 and 0,06. It 1s evident tha the cause oif" {ts wunproductiveness

L}

not ™ its lack of fixetive power.
poise Valley Island Soil.
4.1

This soil was taken from an island in the Roise river; the

4 ds

is 2 sandy one,containing & good deal of organic matter. The

organic matter is to & great extent undecomposed.
Determination of Hitrogen Fixation in Island Soil.
After.
15.44 mg.
&,60 "
Kgma Soil.
his s0il was received from Kima, Idaho; The soil is from sarce

bfush land that had never been cropped., It was a fine volcaniec

dust soil, 1ight in color.

“®

Before After

Caldwell Plats.

S0ils for this experiment were taken from the plats at

ye )

the substation in Caldwell Idaho. The soils were of three var-
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soils. Light in color and low in nitrog

slick were

- 2o o 2
f fertile

en. Thos

south
e labeled

0V

taken from light colored spots wherg,yegetation either

will not grow or do so very poorly. That labdledwBlack alkaliyp

ey - el Py Ay o A3 de T
was vthered from along & ditch.

o
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etation and after application of w
surface.

Three samples all labeled "Ordinary lst.

>

the scum appearing in a few days an

£

appearing in 14 days. The cultures were then

ter a black
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yted in the usual manner for nitrogen f

This so0il does not support veg-

inerustation appears

ft." were
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d the mannr
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m3

"he aection
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Determination Nitrogen Fixation Caldwell Ordinary lst. Ft.

Before

4.

The fixation varied from 7.64 to

r '1—
e e

Three samples all labeled "Qrdinar

et
a

and nitrogen fixation test made, The action i
but not as strong and rapid as in the first fo
14 days, other after 20. days.

Determination Nitrogén Fization Caldwell

Refa
berore

0 7o o
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The fixation in this varies from 4.84 to
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is undoubtedly caused by the
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action in the 2nd. fbot.

Afber,
10,26

12.78

re being



-l 9=

S0il from this
rowing was tested for nitrogen T
posited for this. One analysed

Determination of HNitrogen

Alfalfe Soil" 1st, I't.

‘-

Before.

4,70 mg.
The tion varies from
the so0il cropped with alfelfa was
uncropped. The
of nitrogen.

The Pseudomonas Radicicola
fixgtion as it has been found
these bacteria will fix

The second foot was tested
after 20 days growth.

Determination of
2nd ft.
Before
Z.37 mg,
DeoQ ™

The fixation wags from 2.

8lick Soils.

Two samples labeled "Slick
tested for fixation, The action
in the other. They

same ordinary soil but on wl

Fixation in CaldWell

6.25"”7. 92 .
soil from tHe cropped plats hed a
may
by G. B. Gage (28) and

some nitrogen

in the same manner

Ist.

after 14 days, other after 20 days.

rdinary
- L

After

12482 ng,

10,986 "
The amount of fixation in

the fixstion the

lower than

igher per cent

y the

Y

&) s

others, thet

when grown in pure cultures.

sed

= s A . - -
and analy

litrogen Fixaetion in "Caldwell Ordinary Alfalfa”

After
7,16 mg.
.11 "

foot", were composited and

in one flask seemed stronger than

were analysed after 20 days growth.
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Determination of Hitrogen

2.88 mg,
5,09 1
FPixation varied from 5,4

Determination of Nitrogen

Before
8,99 mg
b3 "
Pixation varied from 4.77
The fixation in the slick
materially from that of the oz

o TTa

Determination of

foata"

H
(@]

Before

S
i__]
o

Yo
il

2468 "

The fixation in

This was lower than

sult as noted in the

was

fization. The liquid of the

g80il from plats which were cropped with alfalfa
c

Nitrogen Fixation in

this soil varied from 1.23 to

the

Deternination of Iitrogen Fixation in Caldwell

et hye ! T 113
ABNDYS ™ 8soluv

Fixation in "Caldwell Slick lst. Foot"
After.
11,51 mg.

805 ﬁ"

SN

10 875,

Fixation in Caldwell "8lick 2nd, f£t."
After.
780 mg.
Lost in Chemists Analysis.
to 4.91,

differ
slick
were also tested.

aldwell "Slick Alfalfs

After
7.86 me.

4.84 "
This

ancropped.
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"Blaek AXksli."
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The sample labeled "Black Alkaeli" was tested for nitrogen

ons in the flasks was
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There was & strong action in these pots, the surface becoming covered
cx

with bubbles and scum within six deys. Thege were analysed after 20 day®

Determination of Nitrogen Fixation in Caldwell "Black Alkali.”

Before , After ."‘MC’

6.18 mg lO.u?lM&

6. 58" Lost in Chenists Analyses.
These determinations showed a high initial content of nitrogen.

This content is much higher than that generally found in soils from
Southern Idaho. The very best garden soils of the Palouse Country have
about the same amount. The fixation of 4.36 to 4.49 is not especi-
ally high. Headden (2909 in his studies of the so called"Black

Alkale" spots in Colorado has found them very high in mnitrates

in fact so much so that it killed the vegekation. Ieadden(29)

found as high as 6,54% of Sodivm Litrate in these spots. He has

4

attributed this

u)

to the action of azotobaeter. In this experi-

ment we do find an especially high nitrogen content for that section
of the country, bubt not high enough to cause the death of the plants.
Also the azotobacter in these samples were not especially vigor-

ous, Llore work on this is necessary to ascertain whether or not

the cause in this cage is the same as thet in Colorado.
Gooding Soils.

S0il samples were taken from depths of 1' 2' 4' and 6' from
plat 19 of the Gooding substation experiment farms. This plat had
been very heavily irrigated, receiving for the growing season
2% feet of water. The samples were handled in the usual manner.

-

After sixteen days the flasks were analysed. At

4.7

this time

the flasks of the first foot showed evolution of gas and formation

of scum. The second foot showed a few bublbles but no scum. Uo

action was noticeable in the flasks inoculated with the soils of
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of the other depths.

en dn the .Gooding Plat 19.

Before After
St 08
yat. £ S.72 mg 1278

D an A L4

snd, f6. 2.81 " z.5

(] "

~e L

4th, @€t. 1.40 "

3 Arp nN
4o &

1.0 " 1.26

The sterile soils show a decrease of n

fixed in the flask
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9,06 mg.; in the next foot, one

” (O W o oe L i " AT 4- 1y ot v 2l » n
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no i1ncrease Nl1s saowed vnat Tihe az20uobhactce are pre
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cally only t foot. Inm other soils tested i

found that although the greatest arount of fixation was
first foot, some was also found in the second. In this
the plat had received excessive irrigstion and it may Y
the azotoiacter could only get sufficient caeration for
4.
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The following table is a summary of all the samples tested for
nitrogen fixation.

Pable of Nitrogen Fixation in Soils Analysed.

s,

Soil Pefore Afterﬁ; " imt, Tized,
Station plats Fert.

Plat 1 N 10.81 mg. 12.856 mg 2.04 mg.

w8 P 10,18 ® 12,07 © 1.89 *
| A SN ¢ 9.76 " 11.65 " 1.89 "
™ 4 Lime 10,26 " 13,87." 3,02 "
" 5 Check 9.69 " 10.95 ® 1,26 "
"  N&K 9,69 " 11.44 " 1,75
& 8 P&k 10,53 " 11.65 " 1.12 "
#.89 N§¥PK 10,81 " 14,74 " 3.93 "
W 11 LNPK 9,76 " 11.58" 1.82-"

Creek lMeadowv TFeb. 28 4,00 " 10,3167 6+,184%
" " " 4,00 " 10.50 ™ 6.50'"
Creck w Mar., 15 5.79" Lost.
" Mar., 15, 3,79 " 9,19 " 6.40 "
» Apr. 3 9.76 " 5.51 "
o Apr., 3 4.265 " 9,901 5.65 "
g May 24, 3,57 ¥ 12.42 9,05 "
P P May 24, .37 " 1270 " 9.53 ™
- Boise Walley Brown Spot 1.89 ¥ 10.18 ™ 8.29 "
2 o . 1.89 10.95 " 9,06 ™
e Island 24" 15,44 Bl
e 3 8.24 " 14.60 ™ 6.36 "
L4 Kuna 4,02 " 8,49 " 4,47--9,97 mg
n n

2. 0% " 2.84 "
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These anslyses show that the azotobacter are well distributed

in a large variety of soils. All the solls except those

from depths of

L

4 and 6 feet showed some fixa??&ﬁ? The analyses
1“‘.‘.: 5

also show that the action of the azotobagter is confined to the

Tirst two feet of Sodl. Even in this the action is guite weak

in the second foot.

STUDIES OF RIOLOGICAL FEATURES, ¥ PURE CULTURE.
llethod B¢ Isolation.
The method used to isolate and obtain a pure culture of
azotobacter was ae follows; A five gram sample of the soil from
which the asotobaeter was to be isolated was inoculated into a

+H

flegk containing 50ee C of the Ashbys'

solution. This was allowed

to grow until scum appeared on the surfgce of the solution. A

=

piece of this scum was then pick
needle and shaken up in a tube of melted Ashbys agar at 42 (.,
Trangfers were then made to other tubes of Ashbys' agar and the

contents plated. After growing for ceveral deys the colonies

0 2 ! e - r.o 4. - ot £ A T Timren 1 \ o ~
of azotobacter could be picked off énto slopes of ABnhys ' AgaX.
™ 2 b b o | A e s 0 23 A e 1 ” wr evmanvhl 4 . 4%

Phis method was ueed and an organism closely resembling the

3 R < S - 7o “anlat A Loarnmra = ! } 1Tap
azobtobaeter chroococeum (Beijerinck), was isolated from the Dolse
o , e - o q s J .1 R
Valley Brown Spot goil. This organism was msed in all the pure
—

culture work.

Description of Colonies.

1

(&)

The appecrance of the colonies of azotobacter on the Ashby

rowine for several
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~2B~
ays in ¢ i ut few colonies they attain a size
of oven rth of h in diameter, ey seem TO Sron
ut I3 ¢ rings. e colonies are milky white insappeur-
suce sud 8 clear trensparent spaece forms arogfththem due to the

dissolving of
e \ j Ule ..:r.'t;

4.7

to dry the co

hlack. The i
dark. When

these colonies are picked off onto Ashbys! apa

i S 1.
":_.. a wJl

time longer s

lonies finally turn dsrk brovn o:

a

t I

(=

llustration F1 shows cotonies which have bturned

T

abundang . growth appears in ®wenty-four hours at roonr temperature.
At firset this gpowth ics white &nd . glistening; later on it gets
older an the streak darkens and finally! turns black.
Plate 111 showg three cultures of different ages on Aslbys agar
slopes. A is & §oung culture, B 18 nine or ten dayes odder, while
C is about & month old.
Morphology of the Organism.

The azotobacter isolated was a large organism spherical
in shape and usually between two and three microns in diameter.
They, however, vary muite widely in sizé; one cover glass prepirs-
tion showing many different sizes. The orgenism is found
gingly and in pairs. The cell aprears to eontain fat glohules.
Bome trouble was experienced in making cover glass preparations
of this oz ] 1 they seemed %o integrate ifstrongly heated
when being fized. The best preparations were ohtained when the
film w fixed by holdi: ywer sbeam.

Physiological and turalCharscteristics,
The organism was grown in the warious media for the purpos

of fetem

AR e
a2 ll'l‘k
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¢ group numbercaccdrding £6 the m recommended
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The group number of this germ is 212 23333%*33 n the follow-
(%) : » indicates the physiological or morphologi-
.

ing chart the

cal characters of the germ.

TABLE 0. I.
A NULMERICAL SYSTEM OF RECORDING THE SALIENT CHARACTERS OF AN ORGANISM.

(Group Lumber)

5 2 o ook sk ok Sk ok sk ok Sk o dle ke e ko

100. Endospores produced
200. Endospores not produced *
10. Aerolic (Strict) %
20. Facultative anserobic
z0. Angerobic (Strict)
1. Geletin liquefied
2 Geletin not liquedied
0.1 Acid and gas from dextrose
Q.2 Acid without gzas from dextrose
0.5 Wo acid from dexbtrose
0.4 No growth with dextroce
+ 03 Acid and gas from lactose
4 R Aeid without gas from lactose
< 03 No acid from laetos
.04 No growth from lu,“ ose
001 Acid and® gas from saccharo
. 002 Acid without gas from sace h L r0se
. 003 No acid from saccharose
.004 o growth vith saccharos
. 0001 Hitrates reduced with evalutiox of gas
+ 0002 N*tratco not reduced
. 0003 Iitrates reduced without gas formation

.00001 Fluorescent
. 00002 Violet chromogens

. 00003 Llue b
. . 00004 Green 2
. 00005 Yellow .y
. 00006 Orange "
. e . 00007 Red "

. 00008 Browm 1
. 00009 Pink -
. . 00000 Non-chromogenic

. 000001 Diasta’ Ic action on potato starch, s g
i‘ . 000002 Diasta ic action on potato starch, feeble
. 000003 Diastaric action on potato starch, absent
. 0000001 Acid and gas from glycerine
. 0000002 Aeid without gas from glycerine
« 0000003 o aeid from glycerine

« 0000004 No growth with glycerine.
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In the fermentation tubes the best growth was obtained in
the dextrose bhouillon and the least in the saceharose. The

not be given beeause the color of

P

number for chromogenesis eoul
-

the streak at first is white and later becomed™¥iack. The 9
y W
",

organism is gram negative. Xts growth in bouillon produces turbidity

end sediment bubt no scum. The growth on plain naturient agar was
feirly abundant but not as heavy as on Ashby's agar; it was shining
and on aging the steeak did not become hlaeck a& on the Ashbys but
became brown. The eolonies on gelatin plates were irreguler in
shape, but not unusually large. In the gelatim stad there was sur-
face and needle growth., On potato media the growth was entirely
absent. The organism grew at 37° C. The only aetion it had on the
litmus milk, was to turn it intensely blue., The azotobaeter in
1itrate solution, gave reduetion, in Pact it acted as a denitrifier.
hen nitrates are present in quantity the azotobacter do not Tix
nitrogen, but instead they use the nitrates in the solution for
food., Stoklasa (19) and Btranak (26) found that nitrates and N Hy
were omvariably formed when la 0y was unsed in culture media. No
indol was formed in Dunhams solution. TFermentation tubes of

&shby' solution were prepared and inoculated; good growth resulted
but no gas, Cohn s and Uschenskys solutions and agars failed to

-

show any growth,
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Effect of Drying on Azotobacter.

For this experiment samples of the Boise Valley Brown Spot ﬁ
80il were used. This soil had been in the lahexatory at room \
&
temperature for one hundred and fourteen day' The soil . was

practically desdtoated. Four? five~zram czmples were teken; two
sterilized and theother t.o kept at room temperature. Growth started
in several days and in eight days the samples were analysed.

Before After

1.68 mg 10,53 ™

The fixation in one flask was 5.76 mg in the other 8.8E mg.

This same soil had been tested for nitrogen fixetion when it was
first received into thelaboratory. At this time a fixation of

8,29 mg. and 9.06 mg had been obtainec, It is evident thet this

long continued drying had not affected the nitrogen fixing ability

of the bacteria. Ashby (22) found that after keening soil for & yeak
air dried in a bottle in the laboratory he still got a food growth

on inoculzting the soil intd’ the culbure média.Thig fack aids the
distribution of the azotobaeter as they can be earriéd Ey winds

long distances without being killed.

“

Growth in Sand Culture.

. -

Forty 5rams‘ of sand that had been washed and dried,dnd pagsed
through a 1 m m sieve was placed into each of seven 150c¢c flagks,b20cec
of 8shbys solutien, wes put into eaeh flack and the fiasks sterilized
in the autoclave at 15 1lbs. pressure for 10 minutes., A heavy
suspension of azotobacter was made in a water blank and a loop full
was8 inoculated into each of six flasks. The growth was very rapid

in these cultures appearing in 2 or & days.

n -r

Mans AP 2% a0 soanmB Al Smwma® Brssens Avarminad oPhasy mdeo Aatre ~



mannit was

slope had become covered with a glistening

Pindd at the

azotobhacter,

turned black.
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and analysed

—

Hh
G

A loop of azotobacter
and shaken up in‘a 9Ccwater 1

£2 L4 < - [ T o - S -~
ifteen minutes and then

were then incuiated at 30° C.

und; many bacteria were present. The surface of the

colorless slime. The .
foot of the glope had become a 5e1§;inous mass of

W

In & couple more days the glimelcovering the slope

After nineteen days two more were asnalysed; at this
face instead of leing black and glistening had begun

Before After
0.00 6 days 4,14 nmg. N.
0.00 " B39G- = =

19 days 4,49 % "

Milligram of nitrogen fixzed per gram of Mannite nused:

6 days 10:35 >
" 9 % 82 i "

9. 13,00 % o

Rate of Fixation in Pure Culture.

was picked from an Ashbys a~ar slope
blank. This was allowed to stand for
& loopful of the liquid was inoculéséd
ighteen flasks of fAshbys solution. he flasks
Flasks were taken out at intervals

for total nitrogen.
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Rate of Pixation.

Age of Culture. Total Nitrogen content.
Check 0. 0Q%sme o

2 days : 6.?2~ "

e 6468 ®

-, B yR2 « ¥

<, OB, "

S
@ ~3 (2]
-

(o
o

N B -
6 - 8.0:1‘ "
35" 31,08 "

a0 ™ 2393, %
a0 " 15,44 *©®
o W 16.44. ¥
i 4.4
B4 " 16,88 "

34’ p ;0.2)6 n
"
In pure cultures a heavy scum does not form over the surface

of the flask as it does in impure cultures.

e
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I. Azotohaeter were well distributed in all surface soils analysed.

o The activity of azotobacter increasec ag the temperature of
the soil .pises in the spring, ik

5 The action of azotohaecter in soil with alfalfa is
less than in uncropped soil.

4, The so0 called "Black Alkali" soil has higher initiasl content

of nitrogen than other Soils of the same region but fixstion of

13

nitrogen in these soils in Ashbys. solution was no higher than in

the: soils

- \ 2 e ~ Y are bpresent in sreat - o oy SNBSS
5 Active azotobacter, are present in greater numbers in the
e P TR Sy | 2 i £ P~ A = ey = . 2 PR W g e ok oy
first foot of soil; a few are present in the seeond foot and none
- o PR S oo B iy P v
are found below this depth down to sixz feet,
* 1 “€ 1 e e o 0N e q*r;'rv
6. oL )\LP lil‘.l’\. 18 £l e fdd0 OO
. T i soalie o o & S T O e o R s NP s N2 RBar ) |
8. The production of the dark pigment is hastene@ by the drying
£ L A4 v BWe Al +he 8 OO T S e 2 o e
of the media on which the organism is grown.

Pe Drying of the soil ceogtainin zotobacter does not adfect

(4]

their nitrogen fixing poviers.

10, In sand cultures the growth is much more rapid and

\ 1 ¢ ~ -2 ATy - - P - - A2
erc,’lw)O & 38 pae Detler aeratlolle.

9 pal £ - - - - 4 e ~ Y 4= A -
o o 0 nn.g,\_ 1_. | RA 4 Lo 01l manri ) U e = L a
% idhotoce ‘e = 4 aney 'R s deiia Yeere
pure culture growing in Ashbys solution.
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