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A b s t r a c t  

 

A r t i c l e  I n f o  

The experiment on inoculation of Azotobacter chroococcum on cv. IR–64 of Oryza sativa 

L. in integration with different levels of exogenous nitrogen (urea-nitrogen) conducted on 

paddy soil in earthenware pots in rainy autumn season in West Tripura. The result 

indicated that, integration of 50 and 75% of the recommended dose of exogenous nitrogen 

fertiliser (i.e., 40 kg N ha
-1

 and 60 kg N ha
-1

) is the optimum level when the rhizobacteria, 

A. chroococcum results better in vivo nitrate reductase activity in the leaves, in vivo 

nitrogenase (N2-ase) activity on the root surface and viable counts, i.e., colony forming 

units (CFU) of microorganisms of rhizosphere soil of inoculated plants. Further increase 

of exogenous nitrogen inhibited both the nitrate reductase and nitrogenase activity and 

also decreased the population of microorganisms from rhizosphere soil.  
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Introduction 

 

Nitrogen is an essential plant nutrient, but most of the 

soils are deficient of N. On the other hand modern 

varieties of cereal crops are N-responsive. Hence, input 

of exogenous nitrogen in agricultural fields is essential 

for good yields. In this context, urea is the most 

convenient N source. But unfortunately less than 50% of 

the applied urea is only used by plant (Garbet et al., 

1998; Halvarson et al., 2002). There are also reports of 

efficiency of N-fertilizer only to the extend 30-40% or 

even lesser (De Datta, 1978; Chowdhury and Khanif, 

2001 and 2004). Excessive fertilizer does not give better 

productivity (Kalininskaja, 1988), though affects the 

physico-chemical properties of the soil causing 

environmental pollution (Chowdhury and Kennedy, 

2005). In addition, the manufacturing process of N 

fertilizers including urea relies on non-renewable fossil 

fuels (the production of 1 kg N fertilizer requires 38, 000 

KJ of fossil energy), resulting significant emissions of 

green house gases (Refsgaard et al., 1998; Anonymous, 

2006). Due to increase of the cost of fossil fuels day by 

day, cost of N-fertilizers are also increasing 

correspondingly and becoming economic constrains for 

the farmers (Begum et al., 2011). Therefore, in recent 

years, in consideration to both economics and 
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environment, scientists are advocating for biological 

nitrogen fixation (BNF) to substitute commercial 

available N-fertiliser in rice cultivation.  

 

Different BNF system has different potentials to provide 

N supplement. Among them, one is Plant Growth 

Promoting Rhizobacteria (PGPR), a group of bacteria 

that actively colonize plant roots and increase plant 

growth and yield (Wu et al., 2005). But, in case of 

PGPR too, there are reports of inhibitory effects of N-

fertilization (Roger and Kulasooriya, 1980). Reviewing 

the associative nitrogen fixation in low land rice, 

Shrestha and Maskey (2005) postulated that, while in 

vitro experiments, long ago showed that N-fixation is 

retarded when mineral – N is present, there has been 

little study whether it would affect N2-fixation in the soil 

when the plants are present. In this context, the aim of 

the present study was to verify the sensitivity of one 

PGPR, viz., A. chroococcum to exogenous supply of N 

in the form of urea in the soil when the rice plants are 

present. 

 

Inoculation effect on cultivation of plants in agricultural 

sciences is mostly monitored in terms of changes in the 

mass of entire plants or their selected organs after 

harvest. There is scanty information on the effect of the 

exogenous nitrogen on cereal plants in terms of 

biochemical parameters, which are indicator of 

physiological plant conditions (Falkowski et al., 1990; 

Swedrzynska, 2000). Hence, in present study inoculation 

effect of A. chroococcum in combination with 

exogenous supply of urea-N was studied in terms of two 

enzymatic activities, viz., in vivo nitrate reductase (NR) 

activity of leaves and in vivo nitrogenase (N2-ase) 

activity on root surface during vegetative period of the 

rice plant apart from study in terms of Colony Forming 

Units (CFU) of microorganisms in rhizosphere soil. 

 

Materials and methods 

 

The experiment on inoculation of A. chroococcum in 

integration with different levels of exogenous nitrogen 

in the form of urea (NH2-CO-NH2) on cv. IR – 64 of 

Oryza sativa L. was conducted in rainy autumn season 

in earthenware pots. The paddy soil (unsterilized; sandy 

loam; pH-6.0; available nitrogen 0.612%; available 

phosphorus 0.838%; available potassium 0.678%) from 

farmers field in West Tripura District was collected and 

mixed to homogenecity and filled in earthenware pots 

(22 cm diameter, 22 cm height, capacity to hold 8 kg 

sandy-loam soil) on which plants were transplanted on 

21
st
 day from similar earthenware nursery pots having 

similar soil, in which water soaked seeds (for 72 hrs) of 

rice was sown. 

 

In integration of inoculation of A. chroococcum on rice 

cultivar, three levels of exogenous nitrogen (40, 60 and 

80 kg ha
-1

) in the form of urea and a control (without 

nitrogen) was applied as basal dose in three splits (50% 

at 10 days after transplantation, 25% at 30 days after 

transplantation and balance 25% at 50 days after 

transplantation) in the soil. Both the phosphorous [single 

super phosphate (P2O5 in the form of Ca(H2PO4).2H2O] 

and muriate of potash (KCl) respectively were also 

applied @ 40 kg ha
-1

 during final soil preparation (one 

day before transplanting rice seedlings). 

  

The A. chroococcum was procured from the Institute of 

Microbial Technology (IMTECH), Chandigarh and 

maintained in specific culture broth under standard 

aseptic condition. The stock of the said bioinoculant was 

made ready by thoroughly mixing 100 ml culture at its 

maximum growth (96 hrs). For basal application for 

inoculation of rice cultivar, 100 ml culture was again 

mixed with 1 kg pre-sterilized (100°C) rice husk powder 

thoroughly. The said rice husk was sterilized in a hot air 

oven at 100°C for 6 hrs.  

 

The treatment combinations were N0B0 = no N + no 

bioinoculant, N1B0 = 40 kg N ha
-1

 + no bioinoculant, 

N2B0 = 60 kg N ha
-1

 + no bioinoculant, N3B0 = 80 kg N 

ha
-1

 + no bioinoculant, N0B1 = no N + A. chroococcum, 

N1B1 = 40 Kg N ha
-1

 + A. chroococcum, N2B1 = 60 kg N 

ha
-1

 + A. chroococcum, N3B1 = 80 kg N ha
-1

 +                

A. chroococcum.   

 

In fresh leaves of plant cultivar, the in vivo nitrate 

reductase (NR) activity was measured by the method of 

Hageman and Hucklesby (1971). The in vivo 

nitrogenase (N2-ase) activity on the freshly harvested 

detached root surface of the cultivar was determined by 

following the method of Srivastava et al. (1980), which 

is modified Conway’s microdiffusion method (Conway, 

1957). The numbers of viable counts rather colony 

forming units (CFU) of microorganisms present in 

rhizosphere soil were determined by serial dilution 

technique by standard plate counting method (Vincent, 

1970). 

 

For in vivo nitrate reductase (NR) activity in leaves, 3 

replicates we taken. For both the measurement of in vivo 

nitrogenase (N2-ase) activity on root surface and 
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determination of colony forming units (CFU) in 

rhizosphere soils, 5 replicates were taken. The data were 

processed suitably to find out standard error of the mean 

and Critical Difference (CD) at 5% P. 

 

Results  

 

Both the inoculation of A. chroococcum and input of 

exogenous nitrogen at different levels alone or in 

combination resulted increase in in vivo NR activity in the 

leaves of rice cultivar (Table 1). On input of exogenous 

nitrogen alone at the level of 40 kg ha
-1

 (N1B0), the in vivo 

NR activity was recorded highest but increase of nitrogen 

to 60 Kg ha
-1
 resulted decrease in NR activity (N2B0). 

Further increase, i.e., input of 80 kg ha
-1

, only resulted 

insignificant increase in the nitrate reductase activity 

(N3B0) and this increase was even less than the treatment 

having inoculation of A. chroococcum alone (N0B1).  

 
Table 1. Effect of exogenous nitrogen at different levels alone or in combination with inoculation of A. chroococcum on Oryza 

sativa L. (cv. IR – 64) in terms of in vivo nitrate reductase in leaves, nitrogenase on root surface and number of colony forming 

units of micro-organisms in rhizosphere soil. The plants were raised in paddy fields. 

Treatments 
In vivo nitrate reductase (NR) 

activity (µmol NO2-h-g
-1

) 

N2-ase produced from root 

surfaced microorganism 

(µmol NH3h-g
-1

) 

Colony forming units of 

microorganisms (Log of actual 

numbers) 

N0B0 2.86 ± 0.31 59.40 ± 4.62 17.75 ± 0.147 

N1B0 6.44 ± 0.84 47.03 ± 17.17 18.68 ± 0.863 

N2B0 6.52 ± 0.24 59.41 ± 3.05 18.417 ± 0.923 

N3B0 6.68 ± 0.38 59.32 ± 3.91 17.394 ± 0.993 

N0B1 3.88 ± 0.08 63.64 ± 20.24 18.507 ± 0.347 

N1B1 4.27 ± 0.37 72.4 ± 8.83 18.541 ± 0.54 

N2B1 6.36 ± 1.03 91.36 ± 6.69 18.278 ± 0.733 

N3B1 3.24 ± 0.63 50.68 ± 17.78 17.868 ± 0.547 

CD at 5% P 1.35 11.47 2.729 

 

In terms of in vivo nitrogenase (N2-ase) activity on root 

surface too, rather than individual action of inoculation 

of A. chroococcum or individual inputs of exogenous 

nitrogen, combined action was better and significant 

when input of exogenous nitrogen was at the level of 40 

kg ha
-1

 (N1B1) or 60 kg ha
-1

 (N2B1).When input of 

exogenous nitrogen was increased to 80 kg ha
-1

 (N3B1), 

the nitrogenase activity was found even lesser than the 

treatment having no nitrogen and no bioinoculant 

(N0B0). Highest nitrogenise activity was recorded in the 

treatment which was inoculated with A. chroococcum 

and integrated with 60 kg N ha
-1

 (N2B1) followed by the 

treatment having inoculation with A. chroococcum and 

input of 40 kg N ha
-1

 (N1B1). The lowest nitrogenise 

activity was recorded in the treatment having input of 40 

kg N ha
-1

 alone (N1B0), and even it was lesser than the 

treatment having no bioinoculant and no input of 

exogenous nitrogen (N0B0).  
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Fig. 1: Comparison of percentage of increase or decrease in the in vivo nitrate reductase (NR) activity in leaves, 

in vivo N2-ase activity on root surface microorganisms and colony forming units (CFU) of microorganisms in 

rhizosphere soil on inoculation with A. chroococcum in integration with different level of exogenous nitrogen. 
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The percentage of increase or decrease in the in vivo 

nitrate reductase (NR) activity in leaves, in vivo N2-ase 

activity on root surface microorganisms and colony 

forming units (CFU) of microorganisms in rhizosphere 

soil on inoculation with A. chroococcum in integration 

with different level of exogenous nitrogen is shown in 

Fig. 1. Both the inoculation of A. chroococcum and 

input of exogenous nitrogen alone or in combination 

with urea nitrogen also resulted increase in the CFU of 

microorganisms in the rhizosphere soil, though 

differences among the treatments were not significant. 

In the treatments with input of exogenous nitrogen 

alone, CFU recorded highest in treatment having 40 kg 

N ha
-1

 (N1B0) and the CFU found decreased in the 

treatments with input of increased exogenous nitrogen 

(60 kg N ha
-1

 in N2B0) and with further increase of 

nitrogen (80 kg N ha
-1

) CFU decreased further (N3B0). 

In the treatments having combination of inoculation of 

A. chroococcum and exogenous nitrogen at different 

levels, similar trends were also recorded.  

 

Discussion 

 

Both the inoculation of A. chroococcum and supply of 

exogenous nitrogen alone or in combination resulted in 

increase in both in vivo nitrate reducatse (NR) activity in 

leaves and in vivo nitrogenase (N2-ase) activity on root 

surface micro-organisms, which are indication of 

efficiency of nitrogen fixation. But, high level of 

nitrogen inputs retarded both the activities, which 

substantiate the postulation of Shrestha and Maskey 

(2005) that, synergistic effect of low N application and 

suppressive effect of high N application in N2-fixation in 

integration with diazotroph.   

 

Shrestha and Maskey (2005) also mentioned that, in 

long ago it has been observed that, in the in vitro 

experiments when mineral nitrogen was present in the 

growth medium N-fixation was retarded and he had 

doubt whether there will be same trend in in vivo. The 

present study of in vivo experiment showed the similar 

trends and substantiated the observation of other 

researchers including Sattar et al. (2008), who 

experimented in field condition. 

 

The benefit of the integrated use of inorganic fertiliser 

with bioinoculants have been reported for many crops 

including rice (Das and Saha, 2003; Bashan et al., 2004; 

Wu et al., 2005; Rajaee et al., 2007; Shaheen et al, 2007; 

Fakir et al., 2008), which have also been substantiated 

by the present finding that, rather than individual action 

combined action of bioinoculation and exogenous 

nitrogen at low inputs is better.  

 

Several researchers revealed that, inputs of high level 

mineral nitrogen retard the biological nitrogen fixation 

(Mc Auliffe, 1958; Boller and Heichel, 1983; Henson 

and Heichel, 1984), which is true on application of 

mineral nitrogen both in alone and in integration with 

bioinoculation in the present study. This is due to 

decrease of nitrogenase (N2-ase) activity as a result of 

inhibitory role of excess nitrogen (in the form of NH4
+
 

or NO3
-
 ions) on nitrogenise enzyme, as reported by 

scientists including Srivastava and Mathur (1980) and 

Srivastava (1981).  

 

In the present study, both in case of application of 

mineral nitrogen alone and in combination with             

A. chroococcum it has been found that, the nitrate 

reductase (NR) activity in leaves is high, in comparison 

to nitrogenise (N2-ase) activity on root surface. This may 

be due to the result that, instead of N-fixation, the plants 

took up preferably mineral N for its metabolism as 

observed earlier by Merbach (1995), which resulted in 

increased NR activity, though corresponding nitrogenase 

(N2-ase) activity was less due to inhibitory role on 

enzyme responsible for nitrogenase activity. 

 

Trends of changes in microorganisms population in 

rhizosphere soil expressed in terms of CFU due to input 

of mineral nitrogen and inoculation of A. chroococcum, 

both in alone or in combination indicated that, while in 

low input of mineral nitrogen (40 kg ha
-1

) 

microorganism population was high, which decreased on 

application of high level of mineral nitrogen (60 kg ha
-1

 

or 80 kg ha
-1

), which may be due to elimination of 

diazotrophs as observed earlier by Kalininskaja (1988), 

who postulated that the application of high level of 

mineral nitrogen decreased the number of diazotrophs or 

eliminated them from the radical zone of plants. The 

present study indicated that, A. chroococcum has 

sensitivity to exogenous nitrogen and hence, it performs 

better in optimal input of mineral nitrogen, but its 

activity is retarded when level of exogenous nitrogen is 

high. 

 

Similar trends of increase or decrease in different 

parameters viz., in vivo nitrate reductase (NR) activity in 

leaves, in vivo nitrogenise (N2-ase) activity on root 

surface microorganisms and colony forming units (CFU) 

of microorganisms of soil indicates that, above optimal 

level input of exogenous nitrogen in soil reduced the 
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number of free-living nitrogen fixing bacteria from 

rhizosphere soil and have played inhibitory role of 

enzyme responsible for nitrogenase activity on root and 

as a consequence availability of nitrogen to the plant 

was minimised to a great extent and resulted less nitrate 

reductase (NR) activity in leaves. 
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