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Estimation of nitrogen fixation by immobilized anaerobic and facul-
tative anaerobes using N technique
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Abstract: Nitrogen Dixation by the facultative and anacrobic nitrogen fixing Klebsiella and
Clostridiun: was studied. Afier characterization cultures were immobilized with sodium alginate
and inoculated, A pot culture experiment with IR 50 paddy indicated positive contribution by
immobilized cells. The nitrogen fixing ability of the inoculated cultures were cstimated
using "N technique. The immobilized cells of Clostridium sp. and Klesiella sp. not only fixed
the atmospheric N but also enhanced the nitrogen uptake by rice to the tne of 4.22 kg N
ha! m and 2.835 kg ha' m* respectively. (Key werds ; Facultative anaerobes, Nitrogen fixarion,

Immebilization technigues).

Rice is cultivated both in upland and
lowland conditions, Dry, semi dry and wet cultivation
of rice is common in India. Expansion of irrigating
ayacut has increased the cultivation of wet land
rice. Since the soil is saturated under flooded
condition, the anacrobes prevail for the soil
biocatalysis. Some of the soil anacrobes fix
atmospheric nitrogen are of special interest in
the flooded rice soil (Skinner, 1986). Nitrogen
lixing microorganisms enrich nitrogen in sub-
merged rice soils by atmospheric N, fixation
(Grist, 1963). In flooded soil where rice is growing,
dissolved nitrogen occurs in the root rhizosphere
(Yoshida and Ancajas, 1971) and are amenable
for N, transformation. Four techniques were used
in the assay of N, fixation (net or gross). In
order of increasing sensitivity of assay, they are
i) total assay of Kjeldahal nitrogen (Bremner,
1965) ii) N, : Argon ratio (Koyamo, 1963, Wada
et al. 1978) iii) "N enrichment (MacRac and
Castro, 1967) 1v) and CH, reduction (Lee and
Watanabe, 1977 and Matsuguchi, 1979). An
experiment was conducted in pot culture to study
the nitrogen fixing ability of the immobilized
cclls of Klebsiella sp. and Clostridium sp using
"N ecnrichment technigue in paddy.

Materials and Methods
Organisations and Culture conditions

Nitrogen {ixing anaerobe Clostridium and
facultative anaerobe Klesiella were isolated using
Hungates (1957) roll tube technique using the
Hills medium (Bergerson, 1980). The individual
colonics developed in the roll tubes were transferred
to the vials containing nitrogen free medium
and incubated under N, atmosphere. After desired
growth, the cultures were purified and {urther
assayed for fixing ability. These cultures were
grown scparately in different carbon sources.
Further the purified cultures were immobilized
with sodium alginate for "N studies. The volatile

fatty acids produced by the cultures were estimated
as described by Holdman er al. (1977).

Preparation of sodium alginate slurry

Sodium alginate of 3.5g was added to
100 ml of 0.1 per cent calcium chloride with
constant stirring of the flask. The slurry obtained
was homogenised by autoclaving. Clostridium
sp. and Klebsiella sp, isolated from the flooded
rice ecosystem were purified and characterized.
These cultures were inoculated in sucrose medium
(sucrose 20g; Na,H PO, 10.4g; KHPO, 34 g
Fe(I1I) citrate 36g; MgSO, 30g; CaCl,.2H,0 26g;
MnSO, 0.3g; Na,MoO,.2H,0 66g; distilled water
ID{]{]m‘I] separately under nitrogen atmosphere
and incubated anaerobically. They were grown
until an optical density was reached to 0.6 at
600 nm. The cells were harvested by centrifugation
at 15000 rpm for 15 min, washed with sterile
0.1 per cent saline, again centrifuged and resuspended
in 0.1 per cent saline. The whole operation was
performed by flushing nitrogen gas. Then the
culture was added to sodium alginate slurry under
nitrogen atmosphere and mixed thoroughly. Beads
were prepared by passing the slurry through a
tube connected Lo a peristaltic pump and allowing
the drop to fall into a 4 per cent caleium chloride
solution. The immobilized beads were transferred
to a vial and stored under nitrogen atmosphere
and used for pot culture studies.

Pot culture experiment

To swdy the nilrogen fixation by the
facultative and anaerobic nitrogen fixing Klebsicila
sp.. and Clostridium sp. a pot cullure experiment
was laid out with IR 50 paddy. Twenty beads
(CFU x 107 ml"') were inoculated into each plastic
pot (35 cm length and 30 em width), containing
6 kg of soil and water level was maintained
3 em above soil. Randomized block design with
four replications was employed for the study.


https://doi.org/10.29321/MAJ.10.A00386

Estimation of Nitrogen fixation by immobilized anaerobic and facultative anaerobes using "N technique

The plant samples were collected at 30 days
alter transplanting.

The ‘following are the treatments
T, - N control
“T, =100 kg "N alone

1

T, - 100 kg "N + immobilized cells of
Clostridium

- T, - 100 kg “N + immobilized cells of
Klebsiella

The "N urea 10 per cent atom excess
supplied by Rashtriya chemical and fertilizers,
Bambay was used for the study.

Sample prepareation for “N assay

The plant samples were digested with
appropriate reagents as per Kjeldahl's method
to convert organic nitrogen into ammoniacal form
(Bremner, 1965). On completion of nitrogen
distillation, and absorption of ammonia in | per
cent boric acid solution, the samples were titrated
with 0.02N H,SO, to obtain nitrogen in the form
of ammonium sulphate which is suitable for N
assay in the mass spectrometer (Buresh er al.
1982). The acidified boric acid solution containing
“N nitrogen in the form of ammonium sulphate
was evaporated at 60°C to dryness, cooled to
room temperature and stored in glass vials.

Conversion of ammonia to nitrogen  gas

The conversion of ammonium to N° gas
for mass-spectrophotometric analysis was accom-
“plished by treating the sample in the vial in
its powdered state with alkanline sodium
hypobromite solution in the complete absence
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of air. The N, gas was evolved as described
below.

ZNHI‘ + 3 NaOBr =

BN analysis

Mass spectrophotometer (Micromass 622
V.G. 150 GAS) was used for the study. The principle,
description and micromass 622 was outlined by
Buresh er al. (1982) and Pruden et al. (1985)

Determination of isotopic composition

The pressure of N, gas in the micromass
622 gas inlet for proper level for analysis was
accomplished with a variable volume, stainless
steel bellow that was evacuated before the entry
of N, gas. After N, entered the bellow, the gas
inlet valve was closed and the bellow was adjusted
to increase the pressure. The gas was then allowed
to enter through a fine stainless steel capillary
tube followed by entry into the ion source of
the mass spectrometer and was ionized by electron
impact. The ions of interest formed were (“N"N)
with mass 28 and ("N “N) with mass 29. As
these jons have ion source they were directed
towards the mass analyzer having high voltage
electrostatic field. "N analysis results were calculated
as described by Pruden et al. (1985).

Results and Discussion

Two cultures isolated from the flooded
rice soil were characterised. The first isolate was
straight, terminal spore forming gram positive
rods which produced acetate and propionate as
UFA and utilized sucrose more efficiently than
the other carbon sources. This culture also
exhibited nitrogenase activity. Based on the
morphology, the culture was identified as Clostridium.

3 NaBr +3H20 - N!

Table 1. Amount of N fixed by Clostridium and Klebsiella, labelled N treatment for a period of 30 days

Treatments Total N % Ndff* "Nrecovered  Ncontributed N, fixed
uplake from fertilizer from soil +
(mg pot***1) source atmosphere mgpot’ ke ha' m'
(mgpot')  sources (mgpot™)

Uninoculated *%54.360 24.82 13.492 40.868 - -
(100 kg N ha)
(100 kg “N ha') 64.636 16.25 10.503 54,133 13.265 4,422

Clostridium
(100 kg "N ha) 62.465 20.97 13.10] 49.347 8.506 2.835
+ Klebsiella
* - % Nitrogen derived from fertilizer  **- "N urea at 10 atom % N excess

¥

- 6 kg soil pot’
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Burns (1982) described Clostridium pasteurianum
from flooded rice ccosystem and Clostridium is
considered 1o be more widely distributed than
Azotobacter. Another isolate with glhistening and
raised colonies in the roll tubes were found to
be gram negative straight rods. During growth,
they released volatile intermediates like acetate
and formate along with CO, and H,. The ARA
activity of the culture found fo be pﬂsﬂwe Based
on these characters, thcy were identified as
Klebsiella sp. (Marimuthu, 1995).

The results of the pot culture study with
immobilized nitrogen fixing facultative and obligate
anacrobic viz. Klebsiella and Clostridium using
“N technique clearly indicated that total N uptake
was considerably increased due to inoculation
of nitrogen fixing anaerobes. The total N uptake
of the Clostridinm inoculated was higher (64.636
mg pot') than Klebsiella inoculation (62.475
mg pot'). The per cent N derived from fertilizer
(% N dff) was remarkably low in Clostridium
(10.503). In Klebsiella %N dff was 13.101 which
is lower than uninoculated fertilized treatment
(13.492). The computed results indicated that
the higher N, fixation was by Clostridium sp.
(4422 kg! ha month) than by Klebsiella sp
(2.835 kg' ha' month') over control.

The extent and significance of biological
nitrogen fixation by anaerobic bacteria in soil
has however, not been established, although many
investigators have provided an excellent basis
for postulation. In general, significant nitrogen
fixation under acrobic and anaerobic conditions
occur when soluble carbohydrates are present
(Chang and Knowles, 1965). Rice ef-al. (1967)
reported that N, fixation in soil can occur and
the rate equwa!f:nt to 13-150 kg ha'' was observed
when the soil was amended with 1 per cent
straw or less. However, the net N, fixation is

debated on both sides. The present investigation

was carried out to establish the importance of
anaerobic nitrogen fixation in the flooded soil
and its contribution to the plant. Nitrogen is
fixed in the rhizosphere of rice plant and
translocated into plant tissues. Fixed nitrogen
was found even in the earheads at a fairly short
time after the "N application. Ito et al. (1980)
reported that "N incorporation in rice plants
under water culture conditions, 10 per cent of
the fixed nitrogen was translocated to rice plants.
In the present study both the facultative and
obligate anaerobes augmented the N uptake. The
pot culture experiments showed that Clostridinm
increased the uptake 4.22 kg N ha' month’
and Klebsiella recorded 2.835 kg N ha'' month™.
This findings suggested that nitrogen fixed by
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these nitrogen fixers in the rhizosphere can. be
utilized by the rice plant rapidly and favour
the N, supply from the atmosphere. -

The prolonged submerged rice system is
favourable for reducing the soil nitrogen into
ammoniacal form. However, the existence of
facultative and obligate anacrobes could also
favour the fixation of atmospheric nitrogen into
ammoniacal form which could be utilised by
the growing rice plants. This fixation is clearly
evidenced with the increased soil N contribution.
Though the N, fixation by the anacrobes seems
to be a meagre quantity if the mechanism of
fixation is known explicitly, the phcnumennn
could be improved. In the present investigation,
it is observed that 19 to 25 per cent of the
N mobilized by the plant is derived from atmosphere
by N, fixation. Hence more information is needed
for cap:tallsmg this process fully,
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Isolation and characterization of nitrogen fixing anaerobes and fac-
ultative anaerobes from paddy ecosystem
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Abstract : The importance of nitrogen fixing activity of Clostridinm pastevrianum and Klebsiella
pnewmenia in flooded soils is known for decades, The anaerobic and facultative anaerobic nitrogen
fixing microorganisms were isolaled from the flooded paddy ecosystem. Their growth on carbon
sources, CO, production, denitrification, volatile fatty acid production, nitrogenase activity and protein
profile of the cultures were estimated and characterized as Clostridium and Klebsiella, (Key words:
anaerobic, facultative anaerobic, nitrogen fixation, Clestriditun, Klebsiella).

Some of the soil anaerobic micro organisms
fix atmospheric nitrogen, decompose cellulose,
form methane or reduce sulphate and nitrate are
of special interest in the flooded rice soil (Skinner,
1986). Nitrogen fixing microorganisms enrich
nitrogen in submerged rice soils by atmospheric
nitrogen fixation (Grist, 1965). Yoshida and
Ancajas (1971) reported that in flooded soil in
which rice is growing, some nilrogen apparently
occurs in the root rhizosphere. Paul and Newton
(1960) reported a number of nitrogen fixing soil
organisms such as Psendomonas, facultative bacilli
and Klebsiella sp. Rice er al, (1967) isolated
the nitrogen fixing Clostridia from rice soil.
Clostridium pasteurianum and Klebsiella pneu-
monia are of particular interest becausc of their
ability to fix atmospheric nitrogen. An atiempt
was made to isolate and characterize the nitrogen

fixing anaerobes and facultative anacrobes from
the paddy ecosystem.

Materials and Methods

Isolation of nitrogen fixing anaerobes and facultative
anaerobes from paddy ecosystem.

Soil samples at random were collected from
the rice during aclive tillering stage at lower
horizon (10 cm depth) under anacrobic conditions
(Ramasamy et al. 1992) for the isolation of
anacrobic nitrogen fixing microflora,. Nitrogen
fixing anaerobes were isolated using Hungale's
(1957} roll tube technique using Hill's medium
(Bergerson, 1980), The individual colonies developed
in roll tubes were transferred 1o the vials containing
nitrogen free medium and inoculated under nitrogen
atmosphere. After the desired growth, the cultures
were further purified using roll tube technigee.



