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Abstract: The inhibitory effect of combined nitrogen on nitrogenase, the enzyme for nitrogen fixation, creates
a problem in nitrogen fixation by Azotobacter in soil. The present study deals with mitigation of the inhibitory
effect of ammonia through increasing the C:N ratio in culture medium. It was found that increase in C:N ratio
by increasing glucose level or by decreasing ammonia level in ammonia containing culture medium increases
the nitrogenase activity in Azotobacter chroococcum (Isolate No. VIBAZOTO-03). Two probable causes of
this effect of glucose were suggested. First, increase in respiration rate and thus depleting the cellular oxygen
level which protects nitrogenase from oxygen toxicity, and secondly, increase the alginate level in medium
which is positively correlated with nitrogen fixation. The growth rate of this bacteria, however, was not
affected significantly by ammonia, while increase in glucose level increased the growth rate.
Key words — Azotobacter chroococcum, Nitrogenase, Ammonia inhibition, , C:N ratio, Mitigation.
. INTRODUCTION

Biological nitrogen fixation (BNF) is of special importance from ecological as well as economical
view point. It is estimated that annually 1.95 x 10! Kg to 2.5 x 10! Kg of N-NHs is produced through BNF
on global basis (Galloway et al., 2004; Cheng, 2008). Azotobacter is one of the most important heterotrophic
diazotrophs for its ability to fix atmospheric nitrogen in free living condition within rhizosphere region or
outside rhizosphere where adequate organic carbon is available. It is reported that this bacterium can
contribute nitrogen to soil annually 0.3 to 60 Kg /h depending upon the soil condition (Saha, et al., 2017;
Bhattacharya and Jha, 2012).
The reports that growth and activities of Azotobacter is depended on soil environment, especially different
nutrients, dates back to 1919 when E. R. Allen reported that the growth and activities of this diazotrophic
bacteria is highly affected by presence and absence of different salts of iron, phosphate etc. Diazotrophic
bacteria can fulfil their nitrogen requirement through access of fixed nitrogen or combined nitrogen already
present in the environment, but prefer combined nitrogen for better energy efficiency, faster growth rate and
reduced oxidative stress (Reed et al., 2011). Thus, a cheaper source of nitrogen is offered by ammonia and
nitrate for nitrogen fixing organisms and presence of these compounds inhibits the nitrogenase activities.

(Rittmann and McCarty, 2001; Laane et al., 1980; Dixon and Kahn., 2004).
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Combined nitrogen, nitrate, is reported to inhibit nitrogenase in different diazotrophs including
Azotobacter species (Burns and Bulen, 1965; Lee and Wilson, 1943; Zoonad, 1926). It is detected that increase
in cellular concentration of ammonia in diazotrophs reduces the electron potential in cell which, in turn,
inhibits the reducing equivalent of nitrogenase, the nitrogen fixing enzyme (Lanne et al., 1980).

This deleterious effect of ammonia on nitrogenase can may be mitigated by increasing the availability
of carbon sources in medium. The rate of nitrogen fixation by heterotrophic diazotrophic bacteria, like
Azotobacter, was studied by Buhler et al. (1987) as a function of organic carbon and nitrogen compound
content. An increase of nitrogen fixation rate was shown with the increase in C: N ration at a given oxygen

concentration.
The present study deals with the growth rate (as colony forming unit per ml of culture) and nitrogen fixation

rate (by Acetylene Reduction Assay) of Azotobacter chroococcum (Isolate No. VIBAZOTO-03) in different

C:N Ratio with varied glucose and ammonia concentrations.

2. MATERIALS AND METHOD

Azotobacter chroococcum (Isolate No. VIBAZOTO-03) was taken as the experimental material and
Jensen’s medium (Jensen, 1954) was taken as basic medium. Two types of modification were done for
experimental purpose. In the first set different glucose concentration was prepared as, 20 g/L, 15 mg/L and
10 mg/L. Adequate quantity of ammonium phosphate was added to each of Jensen’s medium containing 20
g/L, 15 mg/L and 10 mg/L glucose to make C:N ratio as 4:1, 8:1, 12:1, 16:1 and 20:1. In an another set of
experiment Jensen’s medium was prepared adding different concentration of ammonium phosphate as, 100
mg/L, 200 mg/L, 400 mg/L and 500 mg/L. For each ammonium phosphate containing medium, adequate
quantity of glucose was added to make the C:N ratio 4:1, 8:1, 12:1, 16:1 and 20:1. The experiment was
prepared as triplicate and the average data of three replications were considered for further analysis. The
inoculated medium was placed for bacterial growth in rotary shaker within incubator at 28 + 2 °C for 72 h.
After 72 h of incubation, the growth of the bacteria was studied following typical dilution plating technique
and was expressed as Colony Forming Unit (CFU) per ml of culture.

For the evaluation of nitrogenase activity, Acetylene Reduction Assay (ARA) was followed as
described by Hardy et al. (1968). Same set of Jensen’s media that were made semisolid by adding 1.75 g
Agar-Agar per Litre were used for ARA analysis. The bacterial isolate was grown in 10 ml medium within
20 ml airtight rubber cap tube for 72 h. The tubes were injected by 10% (v/v) acetylene and incubated for 24
h. Ethelene evolution was measured in Gas Chromatograph (Young Lin, YL6100GC, South Korea). The

ethylene production was enumerated as nmol of ethylene produced by 10 ml of culture in 24 h.

3. RESULTS AND DISCUSSION

Bacterial growth was not seen to be affected by increasing concentration of ammonia (as indicated by
decrease in C:N ratio), but increase in glucose concentration results on increase in number of Colony Forming
Units (CFU) per ml of culture. As seen in Table 1., decrease in C:N ratio did not result in significant decrease
in CFU count in same glucose concentration. But in same ammonium phosphate concentration, increase in

glucose concentration resulted in significant increase in bacterial growth rate as seen in CFU count.
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Table No 1
Colony forming Unit (CFU) / ml ( x 108) in different C:N ratios in constant glucose concentration and

constant ammonium phosphate concentrations

C-N Glucose concentration Ammonium phosphate concentration
Ratio (9/L) (mg/L)
20 15 10 100 200 400 500
20:1 3.5 2.8 15 15 1.6 15 1.7
16:1 3.3 3 1.4 1.8 1.9 1.7 1.9
12:1 3.3 2.7 1.4 2.1 2 2.1 2.2
8:1 35 2.6 1.5 2.7 2.8 2.9 2.9
4:1 3.4 2.5 1.4 2.9 3 3.1 3.3

Nitrogenase activity (as indicated by ARA activities, nmol ethylene produced by 10 ml culture in 24
h) was significantly affected by ammonium phosphate. Increase in glucose concentration (as indicated by
increased C:N ratio) resulted in increase in ARA activity in each culture containing different concentrations
of ammonium phosphate (Fig 1). Increase in ammonium concentration (as indicated by decrease in C:N
ratio) resulted in decrease in ARA activity in each culture with different glucose level (Fig 2).
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Fig.1. Acetylene Reduction Assay activity (ethylene produced nmol/10ml/h) of Azotobacter
chroococcum culture at varied glucose level (C:N ratio) in different medium containing varied
ammonium phosphate level (100mg/L, 200 mg/L, 400 mg/L and 500 mg/L))
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Fig. 2. Acetylene Reduction Assay activity (ethylene produced nmol/10ml/h) of Azotobacter
chroococcum culture at varied ammonium phosphate level (C:N ratio) in different medium
containing varied glucose level ( 20 g/L, 15 ¢g/L and 10 g/L)

Our observation keep parity with the previous observations by different authors. It is well evident that
active nitrogen fixation occurs in nitrogen deficient condition (Vitousek et al. 2013) and in higher
concentrations of combined nitrogen, as ammonium compounds, the nitrogenase activity is highly affected.
But an efficient and constant carbon source may mitigate this situation. Inomura et al (2018) suggested that
excess sources of organic carbon increase the respiration rate depleting intra-cellular oxygen level enhancing
nitrogenase activity. Post et al. (1983) reported that increase of sucrose concentration in inflowing medium
of Azotobacter from 3 g /L to 15 g/L. Thus, from this study it is suggested that nitrogen contribution to
agricultural field by Azotobacter can be best achieved by maintaining constant organic matter content in field

through addition of organic fertilizer and/or through recycling of biomass produced in the field.
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