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ABSTRACT

In order to find out the effect on nitrogen fixation by Azofobacter when grown in associa-
tion with various soil microorganisms, four strains of Azotobacter, belonging to two species,
A. chroococcum and A. agile, isolated from irrigated soils of the Agricultural College Farm,
Poona, were cultivated singly with soil bacteria, including some Rhizobsum spp., and actino-
mycetes in mixed cultures in test-tubes containing 10 ml. of Ashby’s mannitol-phosphate
solution to which molybdenum and iron were added. Total nitrogen was determined after
15 days incubation at 28°C. None of the bacterial cultures, except four strains of Rhizobium
spp., stimulated nitrogen fixation in case of all the four Azofobacter strains. Some actinomycetes
stimulated nitrogen fixation while others depressed it. Four strains of Rhizobium spp. greatly
stimulated nitrogen fixation. There is thus a possibility that legumes might have a stimula-
tory effect on nitrogen fixation by Azotobacter cells in the close proximity of the legume root.

INTRODUCTION

The genus Azotobacter has been extensively studied since its discovery by
Beijerinck in 1901. It was thought that a study of the effect on nitrogen fixed
by Azotobacter when grown in association with other soil microorganisms would
be interesting since this aspect has not been yet thoroughly investigated.

HISTORICAL

Markinow (1934) reported that when grown in association with cellulose
decomposing bacteria, nitrogen fixation by Azotobacter was stimulated. Richards
(1939) found that a strain of Azotobacter chroococcum fixed more nitrogen when
grown in association with a capsulated organism of the Aerobacter aerogenes type.
Jensen (1940) noticed a significant inerease in nitrogen fixation when Azotobacter
was cultivated together with Cellulomonas biazotea; he, however, found no increase
in the amount of nitrogen fixed when the associating microorganisms were members
of the genera C'ytophaga and Cellvibrio. Perhaps the most extensive investigation
on this problem was conducted by Lind and Wilson (1942). They found that a
culture of Azotobacter vinelandii, contaminated by an arobic spore former, tentatively
identified as Bacillus circulans, fixed considerably more nitrogen than 4. vinelandii
alone. They further experimented on associations of various other microorganisms
including some Rhizobium spp. and reached the conclusion that with the exception
of Clostridium pasteurianum, which fixes nitrogen by itself anaerobically, no other
microorganisms studied stimulated nitrogen fixation. Rybalkina (1949) observed
that microorganisms isolated from peat showed varying response when grown in
association with Azofobacter; some were stimulatory, some antagonistic while otherg
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were without any effect. Waksman (1952) reported that Rhizobium legumino-
sarum stimulated nitrogen fixation by Azotobacter. Nickell and Burkholder (1947)
found 25 cultures of actinomycetes that either suppressed the growth or killed
out the Azotobacter cells when the two were grown together. Lall and Achari (1953),
on the other hand, reported that Azotobacter in association with certain actinomy-
cetes fixed more nitrogen than when grown alone,

MATERIAL AND METHODS

Using the enrichment culture method, four strains of Azotobacter were isolated
from irrigated soils of the Agricultural College Farm, Poona. The medium used
was Ashby’s mannitol-phosphate solution; 100 ml. lots of this solution were placed
in 500 ml. Erlenmeyer flasks and inoculated with 1 gram soil samples. Incubation
was carried out at room temperature (28°-30°C.). Within a week a brownish
pellicle developed on the surface of the medium in most cases., From this pellicle
streaks were made on Ashby’s agar plates and transfers to Ashby’s agar slants
were made from well isolated colonies that developed on the streaked plates. The
four Azotobacter strains thus isolated were designated A, B, C and D. They differed
in pigment production; strain A produced a deep brown pigment, strain D produced
a very light brown pigment, strains B and C produced pigments intermediate
between these two extremes. The morphological and physiological characters
of these strains were studied and strains A and C were indentified as Azofobacter
agile, Beijerinck and strains B and D as Azotobacter chroococcum, Beijerinck.
Cultures of soil bacteria and actinomycetes were obtained from the irrigated soils
of the Agricultural College Farm, Poona, using the dilution and plating technique.
Dilutions from 1 in 1,000 to 1 in 1,00,000 were plated using Ashby’s agar and
transfers from well isolated colonies were made on Ashby’s agar slants. In all,
11 bacterial cultures and 14 actinomycetes cultures were isolated in this manner.
Morphological and physiological characters of these cultures were studied and
some of them could be identified as noted below :

Culture no. 4 : Cytophaga spp.
Culture no. 9 : Aerobacter aerogenes
Culture no. A 1: Streptomyces coelicolour
Culture no. A 2: 8. coelicolour,

Culture no. A 3 : Streptomyces spp.
Culture no. A 4 : Streplomyces spp.
Culture no. A 6 : S. rutgersensis,

Culture no. A 7 : Streptomyces spp.
Culture no. A 8: S. griseus,

Culture no. A 10 : 8. albus,

Culture no. A 11 : Streptomyces spp.

Culture no. A 12 : Streptomyces spp.

Culture no. A 13 : Micromonospora globosa

Culture no. A 17 : Streptomyces albus

Culture no. A 18 : Streptomyces spp.

Culture no. A 20 : Streptomyces spp.
Three strains of Rhizobium leguminosarum isolated from pea and lentil and one
strain of Rhizobium spp. of the cowpea group isolated from cowpes from the stock
cultures maintained by the Plant Pathological Laboratory, College of Agriculture
Poona, were also used in these experiments.

An Azotobacter strain and a soil microorganism were cultivated together in
triplicate test-tubes, each containing 10 ml. of Ashby’s mannitol-phosphate solu-
tion. Four p.p.m. of molybdenum and 0.05 gm. per litre of ferric chloride were
added to the Ashby’s solution since these elements are shown to be essential for
proper growth of Azofobacter. (Burema and Wieringa, 1942; Horner, Burk, Allison
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and Sherman, 1942). The pH of this solution was adjusted to 7.2. The tubes
on inoculation were incubated at 28°C. for 15 days, at the end of which period the
whol e solution along with the culture growth was used for nitrogen estimation
by the Kjeldahl method. For quicker digestion, the rapid wet digestion micro-
method outlined by Pepkowitz and Shive (1942) was followed.

REesvLrs

The amount of nitrogen (in milligrammes per ten millilitres of the medium)
fized by strains A, B, C and D of Azotobacter in agsociation with bacterial cultures
1,2,3,4,5,8,9, 11, 12, 14 and 15, actinomycetes cultures A1, A2, A3, A4, A6,
A7,AB, Al10, All, A12, A13, A 17, A18 and A 20, Rhizobium leguminosarum
cultures M1, M2 and P7 and Rhizobtum spp. (cowpea group) culture Al 3, is
recorded in Table I. Tach value represents average of three replications. Control
represents the amount of nitrogen fixed by that strain of Azotobacter when it is
grown alone,

The data were statistically treated and the results in all four cases were found
to be significant.

TasrLe I

Amount of Nitrogen fized by Azotobacter strains A, B, C and I} in association with
soil Bacteria and Actinomycetes
(Averages of three replications)
Mgm. of nitrogen per 10 ml,

Azotobacter strains

Associating
microorganisms A B C D

Control 0.205 0.200 0.238 0.274
Culture no. 1 0.119 0.132 0.201 0.257
Culture no. 2 0.097 0.177 0.151 0.205
Culture no. 3 0.079 0.092 0.173 0.155
Cytophaga spp. 0.305 0.245 0.236 0.325
Culture no. 5 0.285 0.214 0.182 0.191
Culture no. 8 0.201 0.150 0.218 0.218
Aerobacter aerogenes 0.265 0.258 0.204 0.110
Culture no. 11 0.213 0.160 0.175 0.198
Culture no. 12 0.209 0.223 0.165 0.165
Culture no. 14 0.091 0.129 0.090 0.099
Culture no. 15 0.108 0.156 0.104 0.143
Streptomyces coelicolour 0.161 0.285 0.246 0.277
Streptomyces coelicolour 0.345 0.443 0.324 0.355
Streptomyces spp. 0.355 0.470 0.463 0.408
Streptomyces spp. 0.361 0.370 0.370 0.509
Streptomyces ruigersensis 0.016 0.013 0.060 0.072
Streptomyces spp. 0.243 0.259 0.293 0.213
Streptomyces griseus 0.269 0.269 0.301 0.199
Streptomyces albus 0.295 0.236 0.264 0.338
Streptomyces spp. 0.393 0.436 0.412 0.441
Streptomyces spp. 0.482 0.647 0.588 0.509
Micromonospora globosa 0.423 0.379 0.361 0.384
Streptomyces albus 0.249 0.269 0.311 0.246
Streptomyces spp. 0.160 0.194 0.246 0.213
Streptomyces spp. 0.319 0.283 0.292 0.259
Rhizobium leguminosarum

strain M 1 0.528 0.496 0.5566 0.551

strain M 2 0.681 0.662 0.695 0.648

strain P 7 0.454 0.417 0.491 0.459
Rhizobium spp. strain Al 3 0.574 0.565 0.625 0.607
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CoNcoLUSION

The results presented in the table show that, with the notable exception of
Rhizobium spp., the bacterial cultures under study did not stimulate nitrogen fixa-
tion greatly. Six actinomycetes cultures, viz., A2, A3, A4, A1ll, A12 and A 13
did stimulate nitrogen fixation in case of all the four Azotobacter strains. How-
ever, considerable increase in nitrogen fixation was noticed in case of all the four
strains of Azotobacter when they were grown in association with strains of Rhizobium
spp. The gain in soil nitrogen which unquestionably takes place when leguminous
plants are grown is usually attributed to nodules of the legumes left to decompose
in the soil and to the nitrogenous products excreted by the nodules. It appears
probable that the stimulation of nitrogen fixation by Azotobacter when grown in
association with R. leguminosarum and other Rhizobium spp. which occurs to such
a great extent under laboratory conditions (a fact also recorded by Waksman,
1952) might also occur under natural conditions in the soil with the result that
Azotobacter cells in the rhizosphere of legumes fix much greater quantities of nitrogen
than they would in the absence of a legume crop. The gain in soil nitrogen in
such a case would then be attributable, not to the legume crop alone, but also in
part to Azotobacter activity. To substantiate such a hypothesis, pot and field
tests are of course quite essential, but the present work might he taken to indicate
that such an hypothesis is not unwarranted.

REFERENCES

Beijerinek, M. W., (1901). Uber Oligonitrophile Mikroben. Zbl. Bakt., Abt. II, 7. 561. (In
Buchanan R. E., (1925), General Systematic Bacteriology, First, edition, William and
Wilkins, Co., p. 194.)

Burema, S. J. and Wieringa, K. T., (1942). Molybdenum as a growth factor of 4. chroococcum.
Leeuwenhoek ned. Tijdschr., 8 (3), 123-133.

Horner, C. K., Burk, D., Allison, F. E. and Sherman M. 8., (1942). Nitrogen fixation by
Azotobacter as influenced by molybdenum and vanadium. .J. agric. Res., 65 (4), 173-193.

Jensen, H. L., (1940). Nitrogen fixation and cellulose decomposition by soil microorganisms.
I. Aerobic cellulose decomposers in association with Azotobacter. Proc. Linn. Soc.
N.S., 65 (5/6), 543-556.

Lal, A. and Achari, T. K. T., (1953). Microbiological studies. VII. Studies on Azolobacter
and actinomycetes in relation to nitrogen fixation and cellulose utilization. Proc.
nat. Acad. Sci. India, 28 (4/6), 137-149.

Lind, C. J. and Wilson, P. W., (1942). Nitrogen fixation by Azotobacter in association with
other bacteria. Soil Sci., 54 (2), 105-111.

Markinow, 1. A., (1934). Die biologische Bearbeitung von Planzenresten. Zbl. Bakt., Abt. 1I,
90 (5/8), 154-157. (Abstract in Biol. Abstr., 11, 4087).

Nickell, L. G. and Burkholder, P. R., (1947). Inhibition of Azotobacter by soil actinomycetes.

Amr. Soc. Agron., 39 (9), 771-779.

Pepkowitz, L. P. and Shive, J. W., (1942). Kjeldahl nitrogen determination. A rapid wet
digestion micromethod. Industr. Engng Chem., 14 (11), 914-916.

Richards, E. H., (1939). Note on the effects of temperature on a mixed culture of two organisms
in symbiotic relation. J. agric. Sct., 29 (2), 302-305.

Rybalkina, A. V., (1949). Mikrofiora torfaiee otnoshenie k Azotobacter chroococcum i vysohemu
rasteniiu. Pedology, Leningr., 4, 193-204. (Abstract in Biol. Abstr., 24, 2271).

Waksman, 8. A., (1952). Soil Microbiology, First Edition, John Wiley and Sons, pp. 199-200.



