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SOME FACTORE INFLUENCING THE ACTIVITY
OF AZOTOBACTER IN SOILS
by Lynn L. Gee

INTRODUCTION

The problem of non-symbiotic nitrogen-fixation
has received a vast amount of study in an attempt to de-
termine the role this unique microbiological process plays
in the maintenance of soil fertility. It is known that
there are living free in the soil various types of microe
organisms that have the power to utilize the vast supply
of atmospheric nitrogen in their protein synthesis,
Through this mechanlism there is added to the soil, from a
practically inexhaustible source, that highly important
plant nutrient, nitregen. It is only natursl,then, that
this problem should receive a large amount of study in an
attempt to more thoroughly understand the mechanism so
that 1t might be utilized more profitably in practical
agriculture.

Lohnis (45)}in pointing out the economic value
of bacterial nitrogen,states that experiments show that
- leguminous becteries may fix 50 to 100 or more pounds of
nitrogen per acre per year, while those 1iving free in

the so0il may store in their bodies 10 to 40 pounds per

1. Reference by number (in parenthesis) is to "Literature
Cited.' '
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acre per year., But the lower efficiency of these non-
symbiotic organisms 1s more than counter«balanced by their
general distribution. There are in round numbers about
375 million scres in the United States planted annually to
narvested cropsj leguaminous plants are grown on about 10
percent of the toteal area, If it is assumed that 60
pounds of nitrogen per acre per year are added under
legumes and only 10 pounds of nitrogen per acre per year
are added under non-legumes, the annual total effect would
be 1 million tons of nitrogen fixed annually by the
root-nodule bacteria and 1 1/2 million tons of nitrogen
fixed by the non-symbiotic soill bacteria, making a total
of 2 1/¢ million tons of nitrogen which are added to the
soil snnually through the agency of baecteria, When it is
considered that not much more than 200,000 tons of come
bined nitrogen are put into the soil by commercial fertil-
izers, the importance of bacterial nitrogen fixation at
once vecomes evident, It would seem, then, that any step
forward in the study of bacterisl nitrogen-fixation ig en
approach to the control of this important mechanism and
{its more economic utilization in the maintenance of goil
fertility.

It is generally belleved that the Azotobacter are
the most important organisms concerned in the non-
symblotic fixation of nitrogen under agronomic conditions,

hence the present study 1is confined to factors influencing
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the activity of this species of organism in the soil,
The factors which zre to be studied in this paper sres
1. Energy sources, such =28 stresw, msnnitol
and sodium benzoate.
2. Inorganic nutrients, such =& phosphorus,
potagsium, iron, and molybdenum.
3. The pregence of combined nitrogen and the
carbon-nitrogen ratio,
Review of Literature
The first indication that this process of fixe
ation of atmospheric nitrogen by free living organisms
was going on in the soll was probably mesde by Boussingault
(8) in the middle of the ninteenth century when he noted
that soll kept molst, by the addition of nitrogen-free
water, for & period of three months showed an increase
in total nitrogen and a decrease in total carbon. Then,
later, in 1883, Berthelot undertook the study and was the
first to show that gains in combined nitrogen in bare une
sterilized soil was due to microscopic organisms.
This introductory work attracted the attention of
S. Winogradsky, who in the year 1895 (65) discovered in
the soll an organism which was capable of living in
nitrogen-iree medium and of essimilating the free nitrogen
of the air. To this organism hs gave the name Clostridium

pastorisnunm,



08-

The next important step in the problem of the
non-symbiotic fixation of nitrogen was made by Beijerinck
(4) in 1801 when he described a group of large aeroblc
baclilli which were capable of utilizing atmospheric nitro-
gen in their metabolic process., To thls group he gave the
generic name Azotobacter, of which he ilsolated two
speciess Azotobacter chroococcum, isolated from garden
soil, and Azotobacter aglilis which was isclated from
canal water.

Other species of Azotobacter have been isolated
by various investigators and may be listed as followss
pzotobacter vinelandii - Lipman 1903 (38); Azotobacter
beijerinckil - Lipman 1804 (39)} snd Azotobacter vitreum
- Lohnis and Westermam 1208 (4Z). Lohnis end Smith (44)
recognized only two species of Azotobacter isolated so
fart Azotobacter chroococcum and Azotobascter agile
~Beijerinck (Synonym Azotobacter vinelandil - J. G. Lip=~
man). Azotobacter beljerinckii ~ Lipmsn - was looked
upon as a variety of Azotobacter agile.

The first attempt to utilize the process of
non=-symbiotic nitrogen-fixation artificially in agrie
culture came &8 a regult of Caron's studies with Bacillus
 ellenbachensis. He found that soils inoculated with
bouillon cultures of this organism gave higher yields
than soils receiving the sterile bouillen only, This
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diacovery led to the use of his cultures commercially in
an atitempt to use this method of nitrogen~fixation to
supply the s0il with this zuch needed nutrient. One of
the most puoliclzed snd most studled of thnese culiures wes
the ®alinlt?, wnich wag found to arvs & g£light nitrogen-
Fixing power, but neediess to say tnls attempt to supply
tne soll witnh nitrogen soon met with failurs, tat the
subject had received & vast amount of publicity and
sclentists n8 well a8 the furmer were interested to xnow
the sctual role this process was playing in mainteining
the fertility of the soll, mad to determing whether or not
the process could be modified in such & wey &3 t0 furnish
this mueh needed nutrient to the soll in sufficient
gusntitics to supply that needed to support plent zrowth,.
A great amount of work has been done to determine
whaet factors influence this form of nitrogensfixstion and
in determining 1ts capabilities und limiitations. The
mejority of this work has bsen csrried out under conditions
wiiich depart wldely from those in nature and taough this
is an approsch to the subject it must be remexvered thst
a1l orgunic beings react to their environment and whst 1is
founi to be true under ons set of conditicns muy be little
indicution w8 to whet may happen in another environmant,
hence certain changes which huave been cerefully studled

in the leboratory may fail completely to hnve & counters
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part in their natural habitat. It must not be assumed,
however, that this vzst amount of worx carried out under
artificiel conditions is vslueless becsuse it is only
through this approaeh that it is possible to determine the
capabllities and limitations of these organisms, 7This
round-about approach also allows us to bulld up certain
technics which may serve as a short cut in determining
their true role in the soil,

_ It must not be considered that Azotobacter is
the only organism that has the power to fix atmospheric
nitrogen. Emerson (18) has shown that a soil which he
examined contailned 2,400,000 organisms capable of develop-
ing on nitrogen-free medium, this number of organisms
constituting at least four distinct groups. The reason
hzotobacter 1is most commonly referred to as the free-living
nitrogen-fixer is because it is the most important
nitrogen~fixer that has yet been described, hence the
term "nitrogen-fixer®, unless otherwise designated, will
refer to the Azotobacter group.

One of the reasons the Azotobacter has assumed
such importsnce in the field of nitrogen-fixation and one
of the reasons it is assumed to play such an important
role in maintaining the nitrogen supply in the soil is

1ts extensive distribution in the soil. Lipman and
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Burgess (41) have shown thzt in 46 soils gathered from all
parts of the world about one-third showed the presence of
Azotobacter and though all agricultural soils studied were
capable of fixing nitrogen, those in which Azotobacter
makesup part of the soil flora are capable of fixing more
nitrogen than those in which Azotobacter is lacking.
Source of Energy

Lohnis and Pillai (42),working with this,have
gshown the following as scting as a source of carbong
Mannitol, xylose, lasctose, lasevulose, 1ﬁulin, galactose,
maltose, arabinose, dextrin, sucrose, dextrose, starch,
sodium tartrate, glycerine, sodium succinate, ealcium
lactate, sodium citrate, sodium propionate, potassium
oxalate, calcium butyrate, and humus. The order in which
they are listed ié the order of effectiveness recognized
by most of the workers. Diehm (18) has shown that mixed
cultures of soll microorgenisms are capable of utilizing
mannan, galactan, and xylan as sources of energy for
nitrogen~fixation snd that these hemicelluloses may not be
utilized significantly by pure cultures of Azotobacter,
Fuller and Rettger (20) in determining the influence of
combined nitrogen on the growth and fixation of nitrogen
nhave shown that Azotobacter are capable of utilizing such
nitrogenous substances as glutamic acid, aspartic acid,
cysteine hydrochloride, and glycocoll., They conclude by

saying, "The simpler organic substances including the
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lower amino acids, and the inorganic compounds seem to be
utilized by Azotobacter with the result that growtn is
increaged and nitrogen fixation either relatively or
actually depressed,"

The probable role of cellulose in the supply of
carbon for nitrogen-fixation has been of interest to the
investigator for it wes early recognized by Beijerinck
that certzin decompositions of cellulcse can serve as a
source of energy for Azotobacter. However, according to
Tourila (80) Azotobacter cannot use cellulose as a source
of energy when in puyre culture, but derives energy from
this source only when mixed with other cultures, It is
unknown just how far cellulose decomposition must proceed
before the decomposition products ere available to the
Azotobacter, but cellobiose cannot be used by Azotobacter
as a source of energy (37). It is pointed out by Sanborn
end Hamilton (55) that & metabiotic relationship may exist
petween the cellulose decomposers end the Azotobacter, the
levorotatory gum produced by the latter aiding the action
of the cellulose destroyers., This relationship has also
been noted by others (13), (48), (48), (47). The
Azotobacter organisms are apt to derive more utilizable
carbonaceous msterial 1f the cellulose is decomposed by
erude cultures (132).

Doryland (17), studying the possibility of
obtaining nitrogenous fertilizers by utilizing weste
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materials for the fixation of nitrogen by nitrogen fixing
bacterisa, has shown that molasses, orange julce, grapes
fruit juice, wheat, oat, barley, rye, or flax straw are
materisls that may. serve as & source of energy for the
nitrogen fixers. They also state that waste paper, wood
wastes, grass resldues, and beet and cane sugar residues
will probably serve in the same way.

Hutchinson {38) noted that additional sugars to
s0oll was followed by an increase in the soll nitrogen as
wag the addition to the soll of plant residues,

McBetn (48) has shown that green manures furnish
& valuable source of energy for the nonesymbiotic fixation
of nitrogen and when added to the soil tend to increzse
the total amount of nitrogen therein. Desai {15) also
points out that fixation of nitrogen does teke plsce when
green manures, farmyard manures, straw or any other
organic materlisl is added to the soll under favorable
conditions of temperature and moisture. He also shows
that noneleguminous plants are much better than legumss
for energy source in the non-symbiotic fixation of nitroe
gen. This was eerlier pointed out by Fulmer (21) who
believed the effect to be due to the nature of the carboe
hydrate content of the non-legume.,

Greaves (£8), who conducted a similar experiment
on W%estern dry farm soil, however, found thzt the

leguminous plants when added to the soil caused much more
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nitrogen to be fixed than did the addition of non-legumes,
the lstter in some caseg actually causing a loss in
nitrogen.

More recently Salter (54), studying the relation
of carbon-nitrogen ratio to the accumulation of organic
matter in the soils, points out that regardless of the
source of carbon the quantitles present at the end of the
year fall within 2 narrow range and that the more carbone
aceous materials show the greatest increase in nifrogen,
but that the nitrogen thus fixed may not become available
to the plants until the carbon-nitrogen ratio 1s reduced.
The addition of highly carbonaceous materlal causes & pro-
nounced depression in the nitrate nitrogen of the soil,
hence any addition must be done at a time when the plants
and microorganisms will not be competing for the soil
nitrogen. The matter of the amount of carbonaceocus
material to be added for most efficient fixation of nitroe
gen is also of importance because, as is pointed out by
Murray (B0) in working with straw as = source of energy
for the nitrogen fixers, the smount of fixation is not de-
pendent upon the amount of straw applied., To get the
maximum benefit from addition of sﬁrsw, then, the amount
to apply would have to be determined for & given cone
dition,

Greaves has done considerzble work with nitrogene

fixation in the soil and states (23) that the yearly
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application of 5 tons of manure to fallow lsnd per sacre
over a period of 1l years very materlally increased the
nitrogen-fixing power of the s0il. This application ine
creased the nitrogen contesnt by 1370 pounds. This is 486
pounde greater than the nitrogen applied in the manure,
hence it may be assumed the manure furnished a source of
energy for nitrogen fixers and they were responsible for
the sdditional nitrogen. This figure closely approxie
mates that of Bear (3) who estimates that under conditions
favoring the Azotohacter they msy add as much as 40 pounds
of nitrogen per acre per year. 7Thls fizure is sccepted
by most investigators as the best estimate of the amocunt
of nitrogen added to the soil by the nitrogen-fixing
organismg of the non-symbiotic type.
| Inorganic Nutrients

The role played by inorganic nutrients in the
fixation of nitrogen by non-symblotic fixers has been
studied closely by 2 large number of investigators.
Phosphorus is probably one of the most important of the
inorganic nutrients for these organisms, (51), (62),
(14), (1) bveing used by the organism in the building up of
phospho-proteins and nucleo-proteing in which their bodies
are very rich. 80 important is phosphorus in the
nutrition of these organisms that their growth on soil
plaques has been used for determination of available

phesphorus in the soil (53), (68).
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The presence of nitrogen plays an important
part in the fixation of atmospheric nitrogen, According
to Brown and Hert (10 small quantities of nitrogen ine
creased the nitrogen fixing power of Azotobacter
cnroococcun, vinelandii, and pveijerinckii, in culitural
solutions, The inorganic forms proved 1o be more stimue
lating than the organic forms. Burk and Lineweaver (11)
have shown that the amount of readily avalilabl:c fixed
nitrogen in culture medium required to inhibit nitrogen-
fixation by Azolobacter is 0.5 mg. per 100 cce In soil
the toxicity of various salts was determined by Greaves,
Carter and Lund (87) by the tumbler method. It was found
that concentrations of Kall0g at 460 p.p.m., Ca(NOz)g at
400 p.pe.m. and wmanganese nitraete at 550 p.p.m. were not
detrimental to nitrogen-fixation. Hence, it is concluded
that the common soil alkalies would have to be present in
gquantities large enough to greatly reterd plant growih bee
fore nitrogen«fixation would pe retsrded, It was earlier
shown by Lipman (41) thet in solution culture-50 pP.p.R.
KNOE, or 100 p.p.m. of peptone depressed nitrogen-fixe
ation by Az. vinelandil.

Hills (38), (83), also shows that small
 quantities of nitrates stimulate Azotobacter growth and
that more atmospheric nitrogen 1s sssimilated in the

presence of small amounis of nitrate than in its absences.
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Th{s stimulatory effect continues to increase the numbers
of Azotohacter up to a certain limitf,z2fter which 2an {ne
crease in nitrate concentration causeg a retardation in
growth and a concentration limit is reached st which
Azotobacter growth ceases entirely.

Fuller and Rettger (20), studying the effects of
& large number of nitrogenous compounds of the fixation of
nitrogen by Azotobacter, noted that most of the non-toxie
compounds did not influence the nitrogen fixation to any
marxed extent. Certain compounds, such as aspartic acid,
cysteine hydrochloride, glycocoll, creatine, creatinine,
end ures, almost inhibited the fixetion of nitrogen.

Greeaves (28) found that soils compzretively rich
in combined nitrogen fixed more nitrcgen than those poorer
in organic nitrogen.

| Brown =nd Allison (9), studying the effect of
msnure and various plant residues, found thst the carbone
nitrogen ratios of the meterizls used were of little value
in indicsting their effects on nitrogen-{fixation,

Thompson {59) has shown that the nitrates of
sodium and potassium, urea, and the amide nitrogen of
asparagin were readily attacked by Azotobscter with the
production of emmoniz, which was then utilized by the
organisms, These compounds inhibited nitrogen-fixation
almost entirely, and in some cases there was a loas of

ammonia. 3dany of the complex nitrogenous compounds tested
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vwere not utilized except to a small extent by Azotobacter
vinelandiil, and nitrogen-fixation was usually not affected
or was stimulated,

Thompson (58) in another paper shows that the
initial addition of straw greatly reduces the nitrate
content of the soil, hut finally this content 1is practie
cally the same ag that of the untreated soil., This de=
pressing effect may be overcome somewhat by the addition of
sodium nitrate. Soils lowest in nitrate nitrogen gener-
ally made greatest gains in total nltrogen and, in genersl,
these soils contained the smallest numbers of Xzotobacter,
These orgsnisms seem £o utilize fixed nitrogen in prefer=
ence to free nitrogen, but will use the latter when there
is 2 deficiency of the former,

Horner and Burk (34) found that the concen=
trations of Mg, Ca, and Fe required for the maximum growth
of Azotobacter in free nitrogen were 0.05 - 0.1 milli-
molal, 0.1 =~ 0.2 millimolal, and 0.,0004 - 0,001 millimolal,
respectively. The requirement for P appeared to be 0.1
millimolal, and for §, X, Mo, and V equal to or less thsn
that for Fe, Bortels (5) earlier found that the growth of
Azotobacter chroococcum in & nitrogen-free nutrient
sclution was stimulated by the addition of 00,0005 percent
of Na Mo0,.THg0. He also noted (6), (7) that both
zolybdenum and vanadium increase nitrogen fization as much

as one hundred fold. 3Burk,and Horner (12) state the
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acceleration of growth of Azotobzcter may be used zs an
extremely dellicete test for molybdenum and vansdium,
Bajer (2) indicates that the stimulating effect of sewage
and humic acild on the growth of Azotobzcter mey be due to
the addition of trsces of Fe, ¥o, 21, Zn, Cu, snd &,
Greaves (30) has foumd that in addition to ¥n and Fett,
{odine s8lso enhsnces Azotobacter growth in 1liguid culture.
heaction, Temperature and Aserstion
Winogradsky (85) in his origin=zl work on the
ixation of nitrogen a2dded to his nutrient medium zn excess

of celcium carbdonste to neutrelize the acids forred., It
was Stoklasa (58), however, who produced the necessary
evidence for & correct understanding of the function of
calcium carbonate in nitrogen-fixation experiments by
demonstrating quantitatively the formstion of organic acids
in cultures of Azotobacter.

Gziney (g4), (£2), (23) has shown tuat in soils
e pH below 6 will not support Azotobescter. He concludes
that the presence or absence of Azotobacter in natural
solls 1s very closely associsted with, if not dependent
upon, the absolute reaction of the .soil solution. In
solution culture Gainey (25) found the limiting pH for the
Azotobacter cultures employed to be between 5,9 and 6.1 and
that the optimum pd for nitrogen fixatlon is apparently
gsomewhat higher than the optimum pH for growth,.

Yamagata and Wilson (66) found that for the
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greatest increase in the number of Azoitobacter cells for
the three types of izotobacter the following pH values were
bestt Azotobacter beiljerinckii - 6.8, Azotobacter
chroococcum -~ 8.8, and Azotobacter vinelandii - 7,.0.
Yamagate and Itano (67), by more refined methods, deter-
mined the following pH values for growth of Azotobacters
Azotobacter chroococcums Optimum = 7.45 - 7.60,
Limiting = 5.80
Azotobacter beijerinckiis Optimum = 6,65 - 6,75,
Limiting

5.80

Azotobacter vinelandiis Optimum & 7.50 - 7.70.

Limiting = 5.90.

It has been determined by Panganiben (52) that
nitrogen-fixation proceeds between 15°C. and 40°C, with an
optimum temperature between 25°C, and 30°C. Greene (31)
found the optimum temperature for nitrogen-fixation to he
32,5°C, and the maximum temperature st which nitrogen-
fixation could take place to be 40°C.

Desal (15) believes seration to be & main factor
in nitrogen?fixation by organisms. 7The importance of
seration in stimulating the growth of Azotobacter has also
been shown by Hunter (35), working with solution cultures,
and Turk (61) who states that the nitrogen-fixing capacity

of solls 1is favored by welle-aerated conditions.,
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EXPERIMENTAL

The experiments described below were conducted
to determine the effect of various environmentzl con~
ditions on the growth and fixation of nitrogen by Azoto-
bacter. The Azotobacter vinelandii used was secured from
the New Jersey Agricultural Experiment Station. All other
Azotobacter strains used were crude cultures isolated from
soll taken from the Colorado Agricultural Experiment
Station farm located just east of Fort Collins. The
cellulose decomposing organism used has been designated as
cellulose decomposer number 1l8.

All sterilization of soil was sasccomplished by
autoclaving at 15 pounds pressure for two hours on each
of three successive deys. This procedure was adopted
since the customary two to three hours at 15 pounds
pressure leaves some question as to the sterility of the
soil.

Nitrogen analyses of the samples were made be-
fore and after incubation. The ammonia nitrogen and
nitrate nitrogen were determined on the same XCl sextract,
The nitrate nitrogen was determined by the Devardal's alloy
reduction method. Total nitrogen was determined by the
Kjeldahl method modified to include nitrates by the sal-
icylic acid method. Copper sulfate was used as the cataw

lyst., Acid and alkali .07142 N were used in all nitrogen
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determinations.

The incubation was carried out in the 28° C.
constant temperature room.

The carbon dloxide evoclution by decomposing
organlic metter was determined by its neutralizetion of
standard alkali (0.1666 ¥ sodium hydroxide). The flasks
were zerated for 5 hours dsily, and the carbon dioxide
determined daily.

The medium in making Azotobacter counts was
Wenzl's medium (84 ) to which sodium molybdate was added.

The composition of the medium was as followst

Agar 10,00 gm.,
Kanniteol 20,00 gm.
MgB04.TH,0 0.36 gm.
K BPO, 0.75 gm.
NaCl 0.80 gm.
Fe804.7H20 0.02 gm.
Al5(80,4) 2 0.02 gm.
Nagnoo4.EH20 0.00025 gm.
CaCOz 5.00 gm.
Water 1000, cc.

The numbers of Azotobacter in the soll at the
beginning and at the end of the incubation period were
determined by plating out on the above medium, The agar
was allowed to solidify in the petrl dishes and was then

Inoculated by pouring 1 cc. of the final dilution on the
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surface of the agsr and tipping the plete in order to
distribute the inoculum over the entire surface of the
plate, The lids were removed from the plates, which were
allowed to remain uncovered in the 28° constant tempere
sture room'until the inoculum had evaporated., Care was
taken to see that the agar did not dry. This method of
plate inoculation wes adopted because it gave higher
counts than did the more usual procedure of pouring the
cooled agar into plates to which the inoculum had
previously been added. Check plates poured in conjunction
with the dilution plates fazlled consistently tc show the
development of any bacterial colonies,

Though many minute colonies appear on the
dilution plates, the Azotobacter colonles are readily dis-
tinguishable by their luxuriant growth. In the experience
of the author there has begen but one organism sppearing on
s0il dilution plates that could be confused with Azotow
bacter. This organism could, however, be distinguished by
its capitate colony formation and absolute lack of pige
mentation regardless of age, while the Azotobecter colo=
nies tend to spread over the surface and teke on a milky
color.

¥here possible all results were anslyzed stse
tistically by one or more of the following methodst
(4) the analysis of variance (18), (B) "Students" method
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2 percent mannitol. Unsterilized.

Flasks Nos. 9-12 -~ 100 gms. soil containing
1.365 percent sodium benzoate. Sterilized and inoculated
with Azotobacter vinelandili.

Flagsks Nos. 13«18 - 100 gms. soil containing
1.385 percent sodium benzoate. Unsterilized.

Flasks Nos, 17-20 - 100 gms. soil. Untreated.
Sterilized and inoculated with Azotobacter vinelandii.

Flasks NosS. £l-24 -~ 100 gms. soll containing
2 percent wheat straw. Unsterilized.

Flasks Nos. 25-28 -~ 100 gms. soil containing
5 percent wheat straw, Unsterilized,

Flaaks Nos. 28«32 - 100 gms. soil containing
10 percent wheat straw. Unsterilized.

Flasks Nos. 33-36 - 100 gms. soil. Untreated.
Unsterilized.

By adding 2 percent mannitol and 1,365 percent
sodium benzoate the amount of carbon added to the soil by
the two treatments is the same., The carbon content of the
straw, a&s determined by the wet combustion method, was
40,27 percent.

The flasks were fitted to the carbon dioxide
apparatus in the 28° C, constent temperature room and the
carbon dioxide evolved was determined daily for 20 days.
Thus it was possible to follow the general trend of de-

composition of the organic material added to the soil,
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The average daily evolution of carbon as carbon dioxide is
given in Tsble I and shown graphically in Figs. 2 and 3,
From these figures 1t will be seen that the
straw treated s0ils show very much the same genersal trend
in carbon dioxide evolution, and that the mannitol and
sodium benzoate have similar decomposition curves. An
analysis of variance on the three straw treatments, the
unsterilized mannitol treatment, the unsterilized sodium
benzoate treatment, and the unsterilized check using aver-
age daily evolution of carbon as the index figure (Table
II), shows that the straw treatments differ significantly
from each other and that the msnnitol and sodium benzoate
treatments differ significantly from the straw treatmentis
ocecupying & position between the § percent and the 10 pers
cent straw treatment, All fivse treatments ere much higher
than the check. There is, however, no significant vari=-
ation in the average daily evolution between the mannitol
and the sodium benzoate treatments. This would indicate
that the decomposition of the two had proceeded to
approximetely the same point by the end of the 20 days in-

cubation period.
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TABLE I

tvorages® of Carbon Dioxide Evolved (in mg.)
20il Treatment | Tims in days s ;
1 2 3 4 5 6 7 8 9 10 n 12 13 1k 15 | 16| 17 is 19 | 20

1. 2% mannitol-sterilized-
Inoculated w:tg Az.z;melmw. 0.76 0.45 o.u1 | o0.285 c.43 0.95 | o.54 | o0.49 0.55 | 0.56 | 0.43 o1 | o.38| 0.30| o0.31] 0.36| 0.96| o.11 9.33 0.36|

o, 2} mannitol-unsterilized

wninoculated 7.80 | 21.38 | 34.13 | 36,20 | 32.63 | 30.61 | 26,45 | 22.48 | 25.65 | 18.85 | 19.51 | 14.31 | 14.20 | 13.26 | 12.20| 11,42 | 10.62 | 10.91 {10.58 | 9.791
3 itz?‘il.izz?ii\:mkzl?m:::z;andii 0.68 0.36 0.43 0.28 0.46 | o.70 c.ug | o6} 0.31| 0.51 0.33 0.33 0.32 c 30 0.37‘ 0.37 9,10 0.35| 0.30| 0.31
. 1.356% sodium benzoate ‘ ' ' : : : :

mgzezi.;:z:gm* uitgf;m:lated 5.59 | 15.16 | 21.6) | 28.54 | 26.65 | 23.85 | 23.11 | 24,00 | 28.78 | 21.86 | 21.97 | 17.31 | 15.25 | 16.59 | 16.00 | 15.62 | 14,06 | 14.K6 ;3.91 13 22|
. Soi erilized~I lated ‘ ’ ‘ ' ‘ ' ( ' : : : - : : , ,
5 wgt;i:'rﬂ;;:ng:cu ate 0,65 | 0,46 0.72 | o.72 0,92 | 1,01 i,08| 0,66 ©0,76| 0,TO| 0,52 0.72| 0.15| 0,60 | 0,8/ 0.50| 0.96| 0.60| 0.70| ©.69|
6. 2% straw-unsterilized 25,85 | 24.86 | 18,08 | 1594 [ 829 | 9,00 | 7,55 | 7.50 | 6.06| 5.72| 5M1| 5M | 55| 549 | 5.62f 5.45] 519] 5.96| 5.51| 5.%9
1. 5 straw-unsterilized 33,46 | 32.9% | 27.75 | 27.82 | 19.31 | 20.04 | 14,99 | 15.28 | 11.74 |11.88 | 10,70 | 10,50 | 30.59 | 10,81 | 9.88| 9.85| 9.66 |10.08 | 7.45| 7,31

8, 10% straw-unsterilized b5,31 | .52 | 39.80 | 40.28 | 34.55 | 33.36 | 27.52 | 27.19 | 25.86 | 21.94 | 21,09 | 15.30 | 17.62 | 14,86 | 16.38| 13.58 | 13.62 {18.15 {13.76 | 13,32

. i;’;i’;?ﬁ;::;m .60 | 231 | 1.5 | L76| 1M | 1.55| 1.55| 1Mo | 1.36) 1.55 | 1.M5| 128 131 | 135 | 1L.17| L24] 1.29) 1.36 | 1.40| 1.39

*ach figure given is the aversge of the four replicates.
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TABLE 1IX

Analysis of Variznce of Average Dslly Carbon

Dioxide Zvolution in

telation to Treziment

Variance

Eums of | Dsgrees

due to squares lof Freedom| Varisnce ¥ 0
Treatmsnt 1,358,2362 5 £71.6500 |788,305
Replication 0.1833 3 C.0611 0.177
Error 5.1688| 1B 0.5448 0.587
Total 1,562, 5884| 23

Gz = 0.ED35 G, = 0.4150 Level of significance

(5 percent) = 0.8843

TABLE III

Averasge Dally Fvolution of Carbon as Carbon Dioxide

~ Treatment AVErage QELLY evolution % acded Caroon
L 4 , of C 83 C | recovered as COg
£.0€ mannitol 18.14 44,74
1.365% sodium
benzoate 18.86 44.04
£2.0% straw 8.18 38,24
58.08 straw 15.58 14.01
10,08 straw £4.57 11.48
LCheelk 346

The total amount of carbon recoverad from the

sodium benzoale and mannitol treatments was 44.04 psrcent

and 44.74 percent respectively, indicsting thaet decompoe

sition has proceeded neerly to completion,

The percentage

racovery from the straw treatments falls off rapidly as



the percentege of straw increases indlcesting, muchk as to
be expected, tiat under these conditlons the efliclency
of decomposition decresses w3 the perceuntsge ¢l straw ine
creases.,

t will be noted from Flg. 2 that the curve for
the mannitol treatment was nigher than the sodium benzoate
curve for the first 7 days, after wihich the positions vwere
reversed, It seemed desirsble to znow whether or not this
variation the first 7 days presented s real difference,
This was determined by applying Btudents® method of paired
comparisons (Table IV).

TABLE IV

Comparison of Carbon Dioxide Evolution of ¥annitol and
Sodium Benzoate During the Firet 7 Days ef Iacubstion(zgm.)

I T 27773 e T 5 T & T°%
6.59 | 15.16 | 21.61 | 26,54 | 26.85 | 23,85 | 23,11
7.80 | 21,38 | 34.13 | 36.20 | 32,63 | 30.6) | 28,45
pLEsELL G BE] AB,DR [ 7,86 | 05.98] 0,76 | 5,34

Mean difference = 6.384 ¢ = 3,078 G = 1.8856
new o 5,088 0

%ith the sbove analysis giving the highly significant "t?

value of 5.088 one may conclude that mannitol presents a
source of cerbon which 18 readily avellable and is
initielly decomposed more rapldly than 18 the sodium bene
zoate but that the latter becomes svailable more slowly or
{5 attascked by & more specific group of orgsnlsms but thst
the effect at the end of the 20 days is prectically the



«BE=

same.

The earbon dioxide curves of the three straw treat-
ments were 80 similar in trend that it was considered
worthwhile to run a coefficient of correlation on the
percentage of straw present vs the average daily evolution
of carbon dioxide. The average daily evolution of carbon
dioxide from the check plot was subtracted from each of
the strsw treatments so the figures given present the
variation in carbon due to the straw treatments alone.
(Table V).

TABLE V

Coefficient of Correlation
Percent Straw in the Soil vs Average Daily COep Evolution
4 straw Aversage daiiy

in goil COp evolved Ha3
2 7.724 r = 0.9997
B 13.964 r #or signifiecance = 00,9970
10 23,234

This correlation is seen to be significant, Although
the correlation is high the number of determinations is so
small that it would be rather hazardous to make any
definite predictions from these data. They indicate,
however, that between the limits of £ percent and 10 per-
cenﬁ straw there is a relationship between the amount of
straw present in the soll and the average daily evolution

of carbon dioxide.
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It 18 seen from Fig. 2 that the soils which were
sterilized and inoculated with Azotobacter vinelandil
failed to show any development of the organism, The
organism could not be recovered from the soil after in-
agapation even though the soil wes heavily inoculated twice
during the 20-day incubation period. It seems possible
that asg a result of 1its belng carried on artificiel medium
for o econsiderable length of time, the physiological
characteristics of the organism have been so altered as to
render it incapable of living in the soil. It is also
posslible that sterilization has s0 altered the soil cone
ditions as to make it unfavorable for the growth of this
partiecular organism.

The Azotobacter counts (Table VI and Figs. 5-7)
were analyzed statistically., The straw treaiments and une-
sterilized check being analyzed by the variance method
and the mannitol treatment and the sodium benzoate treate
ment by the method of paired comparisons. The treatments
were divided in this manner because the mannitol and
sodium benzoate treatmentis differed so greatly from the
straw treatments in the number of Azotobacter present that
‘ths ungrouped data were not of sufficient homogenisty

to be treated in one snalysis.
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TABLE VI

Averages of Agzotobacter Counts per gm. Boil

Gein During
ncubatio

+ Az. vinelandii 0 3] 0

2, 24 mannitol o
~unsterilized 300 5,967,000 5,866,700

3. 1.365% Na-benzoate
-gterile + Az.

vinelandii o o 0
4, 1.,3685% Na-benzoate -

~unsterilized 300 2,500,000 2,499,700
5., S8oil sterilized +

Az. vinelandii o ¢ 0
8. 8% straw-unsterilize 300 8,0001 7,700
7. 5% straw-unsterilize 300 45,250+ 44,700
8.10% straw-unsterilize 300 5,5501 5,200
9. so’.l”\mtr@&ted"m" ) l
_.sterilized f 300 §QQ 0 |

la’- 2149, (,= 1519, Level of significance (5 per-

G'= 1074.5 cent) = 3435

20‘ 2 500,000 ( = 352,800 "t" a 9.688

Thus it is seen that the increase in Azotobacter
due to treatment represents & significant increase in all
cases and that the 5 percent straw treatment shows
significantly higher counts than does either the £ percent
or the 10 percent treatment. The £ percent straw treate
ment does not, however, show significsntly higher counts

than the 10 percent treatment. The mannitol treatment



&l

shows significaently higher counts thun the benzoate treste
ment, These variations in Azotobacter counts indicsate that
for the multiplication of Azotobacter,mannitol provides a
such better source of energy than dosg sodium denzoste and
that both of these present a much betier source thsn does
the decomposing straw in sny of the concentrastions tried.
4 straw concentruation of 5 percent provided a betier ene
vironment for the multiplicetion of Azotobecter than &id
& concentration very far above or very far below this pers
cent, It is shown that the application of straw to the
soil introduces a source of energy that is utilired by
Agotobacter, znd results in & pronounced incresse in the
Agotobscter flors,

Tne coaefficlent of correlation was deterained for
tire average dally evolution of carbon dioxide vs the
logyp of the Azotobscter counts at the end of the inocue
bation period to determine whether or not this experiment
showed any relationship between the rate of decomposition
as measured by carbon dioxide evolution end the growth of
Azotobacter (Table VII).



TABLE VII
Coefficient of Correlation

Ag Average Daily CO; Evolution vs
Loglo of Azotoba&ter Numbers

Treat~ 2% 1.365% 4 4 10%

iment Mannitol |Na-benzoate| Strew]| Straw | Straw | Check
A 19,148 18.877 9.198 [15.852 |24.700 | 1.4665
B 8.7787 6.3979 3.8031| 4.6538| 3.740368| £.4712

r = .5315 r for significance =z ,811

There 1s no significant correlation shown to
exlst between the average daily evolution of carbon
dloxide and the loglo of the 4Lzotobacter numbers. The
actual number of Azotobacter was also used to determine
whether or not any relstionship could be shown between
these two factors. This test, however, gave an r value
of only .3517. This experiment, then,faills to show any
significant relstionship between rete of decomposition of
organic matter and numbers of Azotobacter cells,

All of the soils, both treated and untreated,
were analyzed for nitrogen at the beginning snd at the
end of the incubation period to determine what changes
had resulted due to the various trestments. These

analyses are given in Table VIII,
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The change in total nitrogen during incubation
wa$ analyzed by the esnalysis of varlance and gave the
followings:

() = 28,77 (3 = 14.38 G, = 20,38

Level of significance (5 percent) = 41,96

From the table it is seen that there has been
a significant amount of nitrogen fixed in a2ll flasks ex=
cept those treated with Az, vinelandii., In each case
where nitrogen fixation has taken place both the ammonia
nitrogen and nitrate nitrogen has been reduced to zero.
It i3 also to be noted that there has been a significant
amount of nitrogen fixed due to treatment in only two
cases, i.e. the £ percent mannitol treatment and the 10
percent straw treatment, with a fixation of 129 p.p.m.
and 164 p.p.m. of nitrogen respectively. Since these two
treatments represent the extremes in Agotobacter numbers
and highest values in average daily carbon dioxide evoe
Jution, correlation coefficients were run to show the re-

lationship between these three factors (Table IX).



T4BLE 1X

Correletion Coefficients Sstween Azotobzeter
Number, Amount of HNitrogen Fixed, and
Average Daily COg Evolution

Correlation
Necessary for
‘ Fagtors by at gignificange
[Azotobacter numbers vs
Ritrogen fixed «£483 811
€0p evolution »3517 811
toglo Azotobaocter nunbers
s
Nitrogen fixed «1485 .811
COE svolution . 8918 . 811
ftrogen fixed vs
EW_ <1330 2811

It is readily seen from the table that there is
no significant corrslation between any of the factors
tested, It may be concluded thsn thst.the rate of dew
composaition of organic matter as measured by csroon
dtoxide evolution bears no significant relationship to the
growth of Azotobecter., Incresse in thse nuabers of Azotoe
preter in the so0il was not sccompenisd by 3 correaponding
increage in the amount of nitrogen fixed., In fact, the
largest amount of nitrogen fixed (10 perceat straw) was
sccompanied by the smallest increasse in the number of
Agotobacter., It does not seem likely that the nitrate
nitrogen present has exsrted any pronounced variation 4in
the results obtained, for in the case of the 10 percent
straw treatment the nitrate nitrogen is present in the

greatest initial quantity and nitrogen fixation was



greatest, but this relationship does not exist in the
other straw treatments., In the case of the 2 percent
mannitol where nitrogen fixation is seecond highest the
nitrate nitrogen is present in a very small amount. It
would seem, therefore, that the nitrate nitrogen present
has introduced no corresponding variation in nitrogen
fixation,.

It i3 entirely possible that the Azotobacter
count at the end of the 20-day incubation period does not
give a true picture of the Azotobecter activity during
incubation, but it 1s doubtful thnat this final count
departs far enough from the actual condition to account
for the discrepancies that exist between Azotobacter

numbers and the smount of nitrogen fixed.
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This series of tests wag run to determine whether or
not the Azotobacter of & soil, normally containing this
bacterium, could be stimulated to greater activity by the
application of certaln sslts known to exert a stimulatory
effect on their development in artificial media. It has
been shown in the previous series that the addition of 5
percent straw to this soil brings sbout & large increase
in Azotobacter numbers. Thlis series was also designed to
determine what influence inorganic nutrients in combine
ation with 5 percent straw might exert on the Azotobacter
numbers,

One hundred grams of Agronomy Ferm soil were placed
in 500 ce. Erlenmeyer flasks and the variocus inorganie
nutrients were added to this soil in the water which was
added to bring the molsture content up to 25 percent. The
flasks were treated as followss

Nos. 1-4 0.2 pe.p.m. Mo a3 NagMoO4.R2HpO.

Nos. 5-8 500 p.p.m. P as Ca(HgPO4)p.Hp0.

Nos, 9=-18 BOO p.p.m. K as KCl.

Nos.13«16 40 p.p.m. Fe as FeS04.7THpO.

Nos.1l7-280 Check -~ 100 gms. soill untreated,

Nos.Rl~24 Same &3 Nos. l-4 + 5 percent wheat straw,

Nos .25-28 Same ag Nos. 5~8 + § percent wheat straw,

NOos.20«32 Same a8 Nos. 8-12 + 5 percent wheat straw,



Nos. 32«38 Baume s Hos, 13~16 + 5 percent wheat straw,

Hos., 3740 Hzme &3 Nos. 17-20 + § percent wheat strew,

The flzsks were plugged with cotton end placed in the
£28° ¢, constant temperature room where they were allowed
to incubate for four weeks, The molsture content was
maintained at 25 percent by kKeeping the flzsks =t &
constant weight by the sddition of distilled water. The
number of Azotobacter cells per gram of s0il wag detere
mined by pouring dilution pletes at the beginning of the
experiment and at the end of 1 week, 3 weeks and 4 veeks,
Pour plates were poured froz each flask, making & total of
18 platea for each treatment., 7The rversge nusmber of
Azotobreter cells per tresatment for the different periods
of incubation i{s givea in Table X and shown graphicelly in
Fig. 7.

An analysis of varisnce was applied to the data,
The skeleton and pertinent informetion derived from this
analysis is given in Tables XI and XII. (Sub-treatments in

this analysis refer to straw and no straw).



Averages*of Azotobacter Counts per gm. Soil

i Ben

TABLE X

Treatment
Sub- Mo, P, | K. | Fe** | Check |Average
treatment O Veeks
No straw | 180 | 180 | =20 | =ze5 | 210 | =213
[Straw 145 120 140 115 100 124
laverage 16g.5 | 155,01 180.0 ) 190.0| 155.0| 168.5
1 VWeek
No Straw £85 125 180 180 230 196
Straw 465 330 780 420 300 4994
verage 275,0 | 327.5] 480.0 | 280,0| 265.,0] 347,58
3 Weeks
No Straw 185 150 110 25 220 152
Straw 155 165 180 140 160 158
Average 170,0 | 152.8{ 145,0 | 117.5( 190 158
4 Weeks
No Straw 265 130 1585 210 215 195
Straw 280 585 386 208 158 326
Average 2.5 | 362,51 270 207.5 1 185,0| £260,5]
Average
over month 946 | 249 | mea | so1 | 108
Generzl Average for Sub-treatments.
No straw = 180 Level of significance = 83,2
Straw = 275

®* Lach figure represents the average of 4 plates poured

from each of the 4 replicstions.
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TABLE XI

Analysis of Varlance of Azotobacter Numbers

nteractio

Mo = Sube-treatments

P <« Bubwtreatments
K « Bubetreatments
Fe - Sub-trestments

Degrees of ¢
Variance duse tog Freedom ) <
Replicates . 0.35
Time 3 20.22""
[Bub-treatments 1 19.35"*
Treatments 4 2.02
freatments x time 12 1.52
Treatments X sub-treatments é 6.00™"
Treatments x time
X subetreatments 12 1.98
Time x sub-treatments 3 18,16""
[Erroy 437 AE6,4
Total
Gk - 22.35 G, = 31.8 Level of significance

(5 percent) = 83,2

#¢ Exceeds 1 percent point.

TABLE XII
reatments and Sub=tresatmen
Cross Difference Congtants
78 G = 28,8
%
£260 G;o' 56.4
ozs%
Level of significance
78 cent 1

Notet

Cross differences greater than the level of

significance are significant.
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It will be seen from thex date that the inorganic
nutrients have brought sbout no significant variation in
the number of Azotobacter in the soil., There is, on the
other hand, a significant variation in the Azotobacter
numvers with regard to time, There has been a significant
inerease in the Azotgbacter numbers at the end of one
weakts incubation. At the end of three weeks the numbers
have fallen off until there is practically the same count
a8 at the beginning of the experiment. At the end of four
weeks the count has again increased to & level significant-
ly above the original count, This variation in numbers is
probably due to the logarithmic growth and death cycles
which occur &g utilizable carbonaceous material is made
available. When the organic matter hes been broken down t
2 point where it may be used &s s source of energy by the
Azotobacter, there 1s a rapid growth of Azotobscter. This
period is followed by & period of rapid decresse in
numbers due to the rapid utilizetion of the available
carbonaceous mater;al. This depression in numbers of
Azotobacter is followed by 2 second increase &3 more
energy materisal is mede avallable by the decomposition of

the organic matter present in the soil, This second ine
.erease is not ms great as the first and 1t is entirely
possible that thie cyclic fluctuation would continue, each

peak being lower than the preceding one, until available



organlc matter sgain becomes the limiting factor,

The sub-treatment, or the 5 percent straw, also
brought about a significant increase in the number of
Azotobzeter present over the treastmenis in which no straw
was added.

It will also be noted from Table XI that there was
g significant interaction between the treatments and the
5 percent straw treatment., The intersctions of molybden=
um, phosphorus, potassium, and ferrous iron with straw
were tested separstely to determine wiherein the signifie
cant interaction took place. An analysis of these inter-
actions 1s shown in Table XII. It will be seen from this
analysis that the molybdenum snd the iron drought sbout no
gslgnificant interazction, Both the phoéphorus and the
potessium, on the other hand, interacted with the strawe
treated soils s2nd brought about a significant increase in
the Azotobacter count., This means that both phesphorus
and potasgsium, in the presence of the straw treatment,
brought sbout a greater increase in the Agotobacter
population, than any of the three treatments alcne., It
would seem, then, that a limiting fsctor in the growth of
Agotobacter in this soil is available carbonaceous
material and that phosphorus and potassium are only of
secondary importance, Iron and molybdenum cause no
measureable alteration in the development of Azotobacter,

either in the presence or the absence of the carbonaceous
material used,



»50=
gerles &

This series of tests was run on virgin dryland soil,
Xnown to be extremely low 1n Azotobacter cells. It was
sought to determine what factors were limiting for the
development of this organism. It is known that certain
inorganic salts act as nutrients for Azotobacter. The
application of these salts to the soil should, in case
they are limiting factors, allow the Azotobacter to de-
velop. The sample was obtzined by seraping off the surface
vegetation and taking the first four inches of soil. This
soll ssmple was brought into the laboratory where it was
dryed, thoroughly mixed, and screened through a ten mesh
screen,

The experiment was set up by placing 200 grszms of the
80il in 500 cec. Erlenmeyer flasks. These flasks were

treated as followss

Part 1
Nos. 1~4 02 p.p.m. Ho as HaQHoOQ.EHQO
Hose 5-8 500 PesPelie P as Ca(HEPO¢)g.HQO

Nos, B8-1l% 500 p.p.res K ag KC1L

Nog. 13«18 40 p.p.m. Fe as FeB04.THO

Nos. 17-20 Check

Nos., 21-24 1% mannitol

The moisture content of the soll was maintained at 20
percent by keeping flasks at a constant welght by the
addition of distilled water. The flasks of soil were
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incubsted in the £28° C, constant temperature room for four
weeks. The number of Azotobacter cells in the soil was
determined at weekly intervals by plating out on Wenzl's
mocified medium. The counts are given in Table XIII, The
soil was tested for the presence of Azotobacter at the be=-
ginning of the experiment by plating out on Wenzi's medium
in a dilution of 1«10 and also by sprinkling s welighed
amount of the soll directly on the surface of the medium,
Hone of these plates showed Azotobacter development,
though in the case of the sprinkled plates &s much as 0.18
gm. of g0ll was added to the plates.

TABLE XIII

Azotobacter Numbers in Dryland
Pasture Soil {per gm, Soil)

Original 1 e 3 4
reatment Boil week = weelkks weeks weegg

1. 0.2 p.p.n. Ko 0 0 0 G 0
2. 500 p.p.ms P 0 0 0 0 0
Se 500 pepeme K 0 0 0 0 0
4, 40 p.pe.m. Fe 0 0 0 0 0
8. 1% mannitol 0 1,830 9,125 12,000 13,550
6. Cheek 0 0 0 0 0

“t is seen from this table that the addition of the
- inorganic nutrients brought about no allteration in the
Azotobacter flora of this soil. The wannitol, on the
other hand, brought about a large increase in the number

of Azotobacter cells present. ©Since it is doubtful that
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this dryland soil is totally lacking in Azotobacter cells,
it may be assumed that an availeble source of energy is
the limiting factor for the growth of Azotobacter. Yhen
this energy materisl was supplied in the form of mannitol
there was an immediate and pronounced Jfncrease in the
number of Azotobacter cells present. The numoer of
orgonisms continued to increase during the entire four
weeks of incubation.
Part 2
With the apove results in mind it seemed desirable
to know whether or not an available source of carbon was
the only limiting factor for the development of Azoto=-
bacter in this soil, or if one or more of the inorganic
nutrients played : secondary role in the development of
this orgaunism. Thils was determined by cdding both
mannitol and the inorgrnic nutrisnts to the so0il 5nd ine
oculating with a crude culture of hizotobacter. The eXe
peviment was set up by placing 200 gms. of soil in frlene
neyer flusks aad treating as followss
Nos. 1-4 0.2 p.p.m. Mo as NaghMoO,.2Ho0 and 0,.5%
mannitol
Nos. 5«8 500 pe.p.m. P as Ca(32P04)2.320 end 0.,5%
mannitol
Nos. 9=12 500 p.p.m. X as KC1 znd 0,59 mannitol
Nos. 13-16 40 p.p.m. Fe ss FeSO4.VHEO and 0.,5%
mennitol
Nos. 17-20 0,5% mannitol

These flasks were inoculated with 1 cec. of 2 suse-

pension of Azotobacter isolated shortly bvefore from the
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Tne flusks were incubated under the

same conditions as temperature and moisture as those in

Part 1.

two and three weedLs.

Lzotobacter counts were made at the end of one,

These counts are given in Table XIV.

The statistical snalysis of the counts is given in Table

v,

TABLE XIV

Azotobacter Counts™in Inoculated
Dryland Soil {per gm.Soil)

# Fach figure is the average of two plates poured from eschl

of the four replicates.

_ Time

Soil Treatment 1 ¥eek 2 Weeks 3 Weeks Means
1-0.2 p.p.m. o+

0.5% mannitol [54,500,000|62,875,000|69,125,000| 62,166,000
2"500 pnp.E.P +

0.54 mannitol |42,625,000|25,1£5,000| 23,625,000/ 30,458,000
3"‘500 p.p.m.K +

0.5¢ mannitol |81,375,000|67,125,000| 61,750,000 70,082,000
4"40 popcmc Fe+

0.5¢ mannitol |65,125,000]61,500,000| 50,500,000 59,041,000
5~Check

0352 mannitol 148,125,000} 47,250,000 41,625,000]45,866, 000
Means 58,350,000| 52,775,000| 43,325,000
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TABLE XV

tnalysis of Variance of Azotobacter
Counts in Dryland Soil

Variasnce due tot Degrees of Freedom F Ga
Replicates 3 0.29
Treatments 4 24,35
Time 2 z.46%
Treatments
X time 8 1.96
{ __Error 42 [10,948,000
Tetal 58

G; for treatments « 3,160,500 (5 for tlme = 2,448,000
g, for treatments = 4,469,500 G, for time = 3,462,000

Level of aignificance =8,032,000 Level of significance
=. 6,986,000

# Exceed 5 percent point #* Exceeds 1 percent point

It will be seen from these data that the inorganic
nutrients added to the dryland soil in combination with
mannitol exerted a differentisl effect on the number of
Azotobacter cells which were added to the soll. The
molybdenum, potassium, and iron treatments all have a
significantly higher count than does the check, This may
be interpreted to mean that these three inorginic salts
uave had a stimulatory effect on tue Azotobacter flors,
The phosphorus treatment, on the other hand, brought zbout
a significant decrease in the Azotobacter cells in the
soil. The depressing effect of phosphorus under certain

conditions has been noted before but no adequate explane
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ation of the phenomenon is forthcoming.

It will also be noted from Table XIV that there was
a gradual decrease in mean Azotobacter count over tie
three weeks incubstion periocd., There are, however, cases
within individual treatments where the opposite is the
case, e.g. the molybdenum tfeatment.

It may be concluded, then, that this dryland soil
furnished very little energy material for Azotobacter
growth and as the mannitol supply 1s exhzusted there is a
gradual decrease in the Azotobacter count. This decrease
in count may be partly compensated for by the increased
development of the Azotobacter in the presence of the
inorganic nutrients.

Series 4

This series of experiments was set up to detefmine
the extent to which the decomposition products of cellu-
loge could act as a source of energy for Azotobacter,
This was tested with various concentrations of cellulose,
both in the absence of added nitrate nitrogen snd in the
presence of added nitrate nitrogen. Sterilized Agronomy
Farm soll was used in the test. One hundred grams of the
soil was placed in 280 cc. Florence flasks, The flasks
wers treated as followss

Hos. led 0% cellulose. No nitrate.

Nos. 5-8 1% cellulose. Ho nitrate,

Nos., 9«12 ' 5% cellulose, No nitrate.
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Nos. 13-16 10% cellulose. No nitrate.

Hos. 17-20 0% cellulose + 365 p.p.m. NaNOz

Hos. £1-24 1% cellulose + 365 p.p.m. NalOg

Nos. 25-28 5% cellulose + 365 p.p.m, NalOgz

Hos. 28-32 10% cellulose + 365 p.p.m. NalOg

Nos. 33-36 Check flasgks

The moisture content of the flasks was adjusted to 25
percent.v To each of these sterilized flasks was added
1 ce. of a suspension of a cellulose decomposing bacterium
designated in this laboratory &s cellulose decomposer
No. 128. The flasks were connected to the carbon dioxide
epparatus in the constant tempersature room and the carbon
dioxide evolved was determined daily for 16 days. At thne
end of this 16-day period the flasks were inoculated with
a crude culture of Azotobacter and the carbon dioxide
evolved was determined daily for the next 18 da;s. The
averages of the carbon dioxide evolved during the 32-day
incubation pericd are given in Table XVI and shown
graphically in Figs. 8 and 8. The carbon dioxide from the
check flasks was subtracted from that evolved by the treate
ed flasks, hence the data given represent the carbon
dioxide evolution due to treatment

Flgs. 8 and 3 show that there has been a variation in
the amount of carbon dioxide evolved by the various

cellulose treatments and that there hss been much more
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carbon dioxide given off by the flasiks to which nitrate has
been added., The data for carbon dioxlide evolution were
analyzed statistically to determine wherein significant
differences lay. This anaslysis is shown in Tables XVII and

XVIiI.



#%* Ixceeds 1 percent point.

TABLE XVIIX
_ . Analysis of Variance of Carbo2.%&92&@2.&29&2&&29_____
Sums o0

Variance due tog D.F Sas8, F
Replicates 3 4,71 1.58 7.68%%
Cellulose 3 |g,816.28 | 938.76 [45,570. *
Time 15 | 265.68 17.71 85,97
Periods 1 | 180.82 | 180.82 877.7¢*"
Nitrates 1 |1,545.82 [1,545.82 | 7,503,98™%
Cellulose x time 45 173.66 3.86 18,73**
Cellulose x time -
x periods 45 473,84 10.53 51.11
Cellulose x time x o
periods x nitretes| 45 144.43 3.21 15,58
Cellulose x tine .
X nitrates 45 51,00 1.13 5.48
Cellulose x periodd 3 80.90 20.30 98,54**
Cellulose x period "
x nitrates 3 45,60 15.20 73.78
Cellulose x
nitrates 3 466.80 155.53 755,00"%
Time x periods 15 | 162.94 10.88 52,71*"
Time x periods
x nitrates 15 297,93 19.86 86.,40™"
Time x nitrates 15 58,77 3.91 18.98*'
Periods x nitrates | 1 | 164.16 | 164.16 79.68™"
Error 765 157.686 0.2086
Total 1,023 17,070.805

0% = 0.458
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TABLE XVIII
c tants for Carbon Dioxide Fvolution
G} G} Level of significance (5%)
Cellulose | 0.026 ) 0,038 0.072
%1trate 0.018| 0.025 0.048

Average Daily Evolution of Carbon as Carbon Dioxide

0% cellulose 1,13 mg. | No nitrates 2,56 mg.
1¢ cellulose 3.67 mg. | 365 p.p.m. N2a¥0z 5.03 mg.
5% cellulose 5.30 mg.
10% cellulosze 5,08 mg.

Interaction of Cellulose and Nitrate

Interactions __Cross Difference
1£ cellulose
No nitrate and nitrate 2.98
5% cellulose
No nitrate and nitrate 2.85
10% cellulose
No nitrate and nitrate 5.04

Level of significance (5 percent) = 0.16.

The above tables show that all primary causes of
variance and sll interactions tested were significant.,
Since cellulose treatments and nitrate treatments were the
only ones of primary interest, they were the only ones
analyzed further to determine wherein the significance lay.
This completed analysis is given in Table XVIII., All
cellulose trestments are shown to differ significantly

from each other. The amount of carbon dioxide evolved ine
creagsed with an increase in cellulose content up to 5 pere
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cent cellulose. The usmount of cerbon dioxide given off
from 10 percent cellulose treatmeat wes, however, less than
tnat given off from tne 5 percent cellulose treatment, It
would seem, then, that & decomposgition equilibrium wag
reached at approximately © percent cellulose and that an
increase in celluloge far above this perecentage did not
bring about a corresponding increase in the rate at which
the cellulose was decomposed,

The rate of decomposition of the cellulose was
strongly influenced by the presence of nitrestes, the
aversage amount of carbon dioxide given off in the presence
of nitrates being about twice that given off in the
absence of added nitrates. This was largely to he exe-
pected since the nitrate nitrogen originslly present in
the soil was probably not enough to0 supply the needs of
the cellulose decomposers.

It will also be noted in Table XVIII that there was a
significant interaction between the nitrste and cellulose
treatments in all concentrations of cellulose., This tends
to confirm the hypothesis that an avallable supply of
nitrogen becomes & limiting factor in the decomposition
of cellulose, because this significant interaction is ine
terpreted to mean thal there is more carbon dloxide given
off when both cellulose and nitrate are added together

than when each is added separately.,
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The number of Azotobscter cells present in the soil of

the treated flasiks was deternmined at the end of the cxperi-

ment.
given in Table XIX.
glven in Table XX.

The sverages of these counts per treatment are

The analysis of these counts is

TABLE XIX

Averages of Azotobacter Counts in Cellulose and Nitrate

T§gated:§$;;

) 365 p.p.M.

Treatment Nitrate NaNOx Mesan
0% cellulose 741,700 233,700 487,700
1% cellulose 574,200 472,500 523,300
5% cellulose 698,500 962,500 830,500
104 cellulose 322,000 662,500 492,200

___Mean 584,100 582,800

TABLE XX

Analysis of Variance of Azotobacter Numbers

in Cellulose and Nitrate Treated Soils

Degrees of
Variance due tog Freedom F o
Replicates 3 1.5687
Treatments 7 5.408""
(Cellulose) (3) 5,383
(Nitrates) (1) 0.0003
(Cellulose x nitrates) (3) 7.441%"
Erroxr 21 201,600
Total 3l

Oy for cellunlose = 71,300
0, for cellulose z 100,800

Level of significance for cellulose =

208,700
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These tables show that the Azotobacter count was
markedly influenced by the treatment the soill received.
Treatment as given in Table XX refers to both nitrate and
cellulose treatments. This wasg broken down into {its
component parts to determine what factors were contribut-
ing to this significant difference. It is seen from the
table that cellulose e#nd the interaction of cellulose with
nitrates were the two factors which brought about the
variation, Nitrates alone caused no significant differ«
ences in the Azotobacter count. The interaction of
nitrates with cellulose mezns that the two in comblnation,
under the conditions of this experiment, provided s more
favorable environment for Agzotobacter development than did
either working alone., The role played by the nitrate in
bringing about this incressed development of Azotobacter
was probably sn indirect role. It has been shown that
more decomposition of cellulose tock place in the presence
of the nitrates, and since the energy materizl for Azotow~
bacter was derlved from the decomposition of cellulose, it
is probsble thst this interaction provided a more favore
able environment for Azotobacter development, The nitrate
nitrogen added was probsbly all utilized by the cellulose
decomposers during the first 16 daye of incubation, so it
is quite probeble that the nitrate nitrogen acted only

indirectly by increasing cellulose decomposition and thus
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providing more decomposition products which were utilized

by Azotobacter,
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SUMMARY

This investigation into the relationship of environ~
mental factors to the growth and development of Azoto~-
bacter was undertaken in an attempt to bring about a more
thorough understanding of the role Azotobacter may play in
soils. Throughout the investigation, soil both untreated
and modified in certain known ways, was the medium used to
test the responses of Azotobacter to these controlled
modifications. The purpose of this procedurée was to maine
tain as neariy as possible the natural hablitat of this
orgsnism,. Agronomy Faram soil and virgin dryland pasture
solls were the two sclls used for the investigstion.

Bodium bengzoate, mannitol, wheat straw, and cellulose
(ground filter paper) were tested as a source of energy
for Azotobacter, -

A pure culture of Azotobacter vinelandil was used in
one instance, but proved unsatisfactory. Thereafter a
crude culture of Azotobacter, isolated from the Agronomy
Farm soll, was used wherever Azotobacter inoculation was
necessary.

The effect of such nutrients as molybdenum, phos=-
phorus, potassium, and iron was determined both in the
presence and in the absence of an added source of energy.

The decomposition of the organic matter added to the
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soils was followed by determination of the amount of carbm
libverated as carbon dioxide.

411 Azotobacter counts were made by plating out the
soil on a modified Wenzl's medium.

Where possible, all data obtained were analyzed
statistically to facilitate the reduction of the amount of
data and to describe them in such a way that certaln con=

clusions might bhe drawn concerning the data.
CONCLUSIONS

1. Mannitol presented a source of carbon which was
readily available and was initially more rapidly decome
posed than was sodium benzoate. The point to which decome
position proceeded, as measured by carbon dioxide evolu-
tion, at the end of 20 days was virtually the same with
both organiec nutrients.

2. The average daily evolution of carbon dioxide
from solls treated with 2 percent, © percent, and 10 per-
cent wheat straw was strongly correlated with the pere
centage of straw present,

3. Msnnitol brought about & larger incresse in the
Azotobacter count of the Agronomy Farm soil than did
sodium benzoate.

4. The decomposition products of wheat straw fure
nished a source of energy for Azotobacter. Pive percent

straw in the soll gave the largest increase in Azotobacter
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counte.

5, There was no significant correlation between the
increase in Azotobacter count and the amqunt of nitrogen
fixed. There was no significant correlation between the
rate of decompbéition of the organic matter as measured
by carbon dioxide evolution and the increase in Azoto-
becter numbers, nor was there any significant correlation
petween carbon dioxide evolution and the amount of nitro-
gen fixed. - |

6., The Kjeldahl method of nitrogen analysis is not
of sufficient accuracy to be used with any large degree of
success in a study of nitrogen-fixation in the soil.

7. The addition of molybdenum, potassium, phosphorus
or iron to the Agronomy Farm soil brought about no altere
ation in the Azotob&cter count.

8. Phosphorus and potassium, when added to the
lAgronomy Ferm soil in conjunction with wheat straw,
brought about g\larger increase in Azotobacter counts than
~did the stiraw aloﬁe. |

9. An avallable source of energy ES probably the
1imiting factor in the developmegt of Azotobacter in both
the solls tested,

10, In tests in which dryland\pasture soll was ine
6cula;ed with Azotobacter it was found that molybdenum,

potassium, and iron in conjunction with mannitol as a
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source of energy, gave higher Azotobacter counts than 4id
the mannitol alone. Phosphorus and mannitol gave a lower
count than did the mannitol alone.

11. The decomposition products of cellulose fure
nished a source of energy for Azotobacter., The addition
of 365 pepem, of HaHOz to the cellulose~soil mixture
brought about a more complete decompesition of the cellu-
lose, which in turn, furnished more utilizable carbone
acsous material for Azotobacter., Five percent cellulose
was the concentration at which Azotobacter showed the

greataest increase in number,
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THESIS ABSTRACT

SOME FACTORS INFLUENCING THE
ACTIVITY OF AZOTOBACTER IN SCILS

by
Lynn L. Gee

This investigation into the relationship of environe
mental factors to the growth and development of Azotoe
bacter in soils was undertsken in an attempt to bring
about a more thorough understanding of the role this micro-
organism plays in the soil. Throughout the investigation
soil, both untreated and modified in certain known ways,
was the medium used to test the responses of Azotobacter
to these controlled modifications. The purpose of this
procedure was to maintain as nearly as possible the
natural habitat of this organism. Agronomy Farm soil and
virgin dryland pasture soil were the two soils used for
the investigation,

Sodium benzoate, mannitol, wheat straw, and cellulose
(ground filter paper) were tested as sources of energy for
Azotobacter,

A pure culture of Azotobacter vinelandii was used in
one instance, but it proved unsatisfactory. Thereafter a

crude culture of Aiotob&cter, freshly isolated from the



-

Agronomy Farm s0i1l, wes used wherever Azotobacter inocuw
lation was necessary,

The effect of such inorgasnic nutrients as molybdenum,
phosphorus, potassium, and iron was determined in both
types of soil used and in the presence and absence of an
added source of carbon,

The decomposition of the organic mstter added to the
801l was followed by daily determinations of the amount of
carbon evolved as carbon dioxide.

The Azotobacter counts were made Dy plating out on
Yenzl's mediwm to which a small amount of sodfium molybdate
was added.

411 incubation was done in the 28° C. constant
tempersture room,

Where possible, zll data were analyzed statistically
to facilitate the reduction of the amount of data and to
describe them in such & way that certain conclusions might
be drawn concerning the phenomens through which the data
was obtained.

As a result of this investigation the following cone
clusions wers drawns

1., Hannitol presented = source of carbon which was

readily available and was initially more readily
decomposed than was sodium benzoate. The point
to which decomposition proceeded, as measured by

carbon dioxide evolution, a2t the end of 20 days



2.
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was virtually the same with both nutrients.
The average daily evolution of carbon dioxilde
from soils treated with 2 percent, 5 percent,
and 10 percent wheat straw wazs strongly
correlated with the percentage of siraw
present.

Mannitol, when applied to the Agronomy Farm
soll, brought about a larger increase in the
Lzotobacter count than did sodium benzoate,
The decomposition products of wheat straw
furnished a source of energy for Azotobacter,
FPive percent wheat straw in soil gave the
largest Increase in Azotobacter count,

There was no significant correlation between
the increase in Azotobacter count and the
amount of nitrogen fixed. There was no
significant correlation between the rate

of decomposition of the organic matter, as
meagured by carbon dioxide evolution, and

the increase in Azotobacter numbers., Nor was
there any significant correlation beﬁween
carbon dioxide evolution and the amount of
nitrogen fixed.

The Kjeldahl method of nitrogen analysis is

not of sufficient sccuraey to be used with
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any high degree of success in a study of
nitrogen~fixation in the soil,

The addition of molybdenum, potagsium, phose
phorus, and iron to the Agronomy Farm soil
brought about no slteration in the 4zoto-
bacter count,

Phosphorus and potassium when added to the
Agronomy Farm soil in conjunction with
whieat straw brought about s larger increase
in Azotobacter counts than did the straw
elone.

An avallsble source of energy is probably
the limiting factor in the development of
Azotobacter in both soils tested,

In tests in which dryland pasture soil was
inoculated with Azotobacter, it was found
that molybdenum, potassium, a2nd iron in
conjunction with mannitol 2s & source of
energy, gave higher Azotobachter counts

than did the mannitol alone. Phosphorus
and mannitol gave a lower count than did
the mannitol alone.

The decomposition procducts of cellulose
furnished a source of easrgy for Azotobacter.

The asddition of 365 p.p.m. of sodium nitrate



o

to the cellulose-soll mixture brought sbout

a more complete deconmposition of the
cellulose. This resulted in the formation

of & larger quantity of carbonacecus material
which could be utilized by Azotobacter,

snd a corresponding increase in the Azoto-
bacter flora of the soil., Five percent
cellulose was the concentration at which
Azotobacter showed the greatest increase

in number.
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