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ABSTRACT 

Biological Nitrogen Fixation (BNF) process benefits the agriculture sector especially for reducing cost of nitrogen 
fertilizer. In the process, the diazotrophs convert N2 into ammonia (NH3) which is useable by plants. The BNF process is 
catalysed by nitrogenase enzyme that involved protons and electrons together with evolution of H2 therefore, the 
assessment of N2 fixation is also available via H2 production and electron allocation analysis. Thus, the aims of this 
experiment were to estimate the nitrogenase enzyme activities and observe the influence of diazothrophs on growth of 
legume (soybean) and non legume (rice) plants. Host plants were inoculated with respective inocula; Bradyrhizobium 
japonicum (strain 532C) for soybean while Azospirillum brasilense (Sp7) and locally isolated diazotroph (isolate 5) for 
rice.  At harvest, the plants were observed for plant growth parameters, H2 evolution, N2 fixation and electron allocation 
coefficient (EAC) values. The experiment recorded N2 fixation activities of inoculated soybean plants at 141.2 µmol N2 h

-1
 

g
-1

 dry weight nodule, and the evolution of H2 at 144.4 µmol H2 h
-1

 g
-1

 dry weight nodule. The electron allocation 
coefficient (EAC) of soybean was recorded at 0.982. For inoculated rice plants, none of the observations was 
successfully recorded. However, results for chlorophyll contents and plant dry weight of both plants inoculated with 
respective inocula were similar to the control treatments supplied with full nitrogen fertilization (+N). The experiment 
clearly showed that inoculation of diazotrophic bacteria could enhance growth of the host plants similar to plants treated 
with nitrogenous fertilizer due to efficient N2 fixation process 

   Key words: nitrogenase, electron allocation coefficient (EAC), H2 evolution, N2 fixation, diazotroph 

 
INTRODUCTION 

Diazotrophic microorganisms are able to fix 
atmospheric N through Biological Nitrogen Fixation (BNF) 
process (Alam et al., 2003; Madigan et al., 2003; Dixon 
and Kahn, 2004; Raja et al., 2006; Mia and Shamsuddin, 
2010). This process benefits the agriculture sector 
especially for reducing cost of inorganic nitrogen fertilizer. 
It is due to the ability of the microorganisms to convert 
atmospheric N into ammonia (NH3) which is useable by 
plants. Thus, most of the studies in this field of research 
were conducted to optimize the N2 fixation activities 
(Rebah et al., 2007). The most important factor for 
effective BNF process is the occurrence of nitrogenase 
enzyme that catalyse the fixation process (Sur et al., 
2010). The reaction involved is as follows (Giller, 2001):  

N2 + 8H
+ + 8e- + 16ATP    nitrogenase    2NH3 + H2 + 16ADP +16Pi 

 
Nitrogenases enzyme catalyze the reduction of 

N2 into NH3 that involved protons and electrons together 
with evolution of H2. Thus, assessment of N2 fixation 
activities via H2 production is easy and with minimal 
disturbance to the plant during the analysis. Besides, 

determination of electron allocation involved in N2 fixation 
process known as Electron Allocation Coefficient (EAC) is 
a convenient way to study the portioning of electrons 
between ammonia (NH3) production and H2 evolution 
(Curtis et al., 2004; Schulze et al., 2011). Six electrons are 
involved in producing NH3, while two electrons are 
allocated for H2 evolution (Hunt, 1997; Giller, 2001; Curtis 
et al., 2004; Mia and Shamsuddin, 2010; Schulze et al., 
2011). Earlier findings by Schubert and Evans (1976) and 
Feijtel et al., (1985) reported that 40-60 % of electron flow 
in nitrogenase was used for ammonia production in plant. 
Thus, the objectives of this experiment were; 1) to 
estimate the nitrogenase enzyme activities of diazotrophs 
in relationships with soybean (legume) and rice (non-
legume) plants and 2) to observe influence of inoculation 
on growth of soybean and rice plants. 

 
MATERIALS AND METHODS 

The study was conducted from July 2005 to May 2006 at 
the School of Biological Sciences, Universiti Sains 
Malaysia. Soybean and rice seeds were surface sterilized 
with 95 % ethanol, 0.1 % HgCl2 solution and washed with 
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5 changes of sterile distilled water. The seeds were 
germinated aseptically for 3-5 days in the dark 
(Somasegaran and Hoben, 1985). The seeds were 
planted in pots (15.5 x 10 cm) containing sterilized sand 
(0.5 mm particle diameter; 1 kg pot

-1
) as the planting 

medium for both crops. Sand was chosen as the planting 
medium which allows maximum gas exchange from the 
root system during H2 evolution analysis by using Qubit 
Systems

TM
, Logger Pro v. 3.2. The plants were 

maintained under glasshouse conditions for 28 days for 
soybean and 35 days for rice. The inoculation treatments 
involved for soybean plants were as follows: T1) 
+Bradyrhizobium japonicum (0.25 g of commercial 
inoculum), T2) + N (+ 0.5 mM KNO3, -inoculum) and T3) – 
N (-nitrogen, -inoculum). For rice plants, four treatments 
were applied to each pot which included T1) + 
Azospirillum brasilense (Sp7), T2) + Isolate 5 (locally 
isolated diazotroph), T3) + N (+0.5 mM KNO3, -inoculum) 
and T4) -N, -inoculum. The experiment was laid out in a 
Completely Randomized Design (CRD) with five 
replications for each treatment. The pots for both crops 
were randomly arranged in glasshouse and watered daily 
with nutrient solution (30 ml pot

-1
, pH 6.8) which consisted 

of the followings:  (a) 257 µmol KH2PO4, b) 57 µmol 
K2HPO4, c) 502 µmol K2SO4, d) 243 µmol MgSO4.7H2O, 
e) 246 µmol MgCl2.6H2O, f) 748 µmol CaCl2.2H2O, g) 10 
µmol MnSO4.H2O, h) 1.0 µmol CuSO4.5H2O, i) 1.0 µmol 
ZnSO4.7H2O, j) 31 µmol H3BO3, k) 0.5 µmol 
Na2MoO4.2H2O, l) 0.2 µmol CoSO4.6.5H2O and m) 38  
µmol Fe from Fe- Sequestrine. Peat-based inoculant of B. 
japonicum (strain 532C) while A. brasilense (Sp7) and 
locally isolated diazotroph (isolate 5) were used in the 
study.  
 

The Peat-based inoculant was provided by Qubit 
Systems, Kingston, Ontario. While, A. brasilense (Sp7) 
and isolate 5 were cultured in N-free Media and shaken at 
160 rpm, room temperature for 3 days (Eskew et al., 
1977; Enrique, 1985). A total of 0.25 g of peat-based 
inoculant of B. japonicum (strain 532C) was applied to 
each soybean plants (Goss and de Varennes, 2002). For 
rice plants a total of 1 ml of A. brasilense and Isolate 5 
(10

7
-10

8
 cfu ml

-1
) were inoculated to each pot with 

respective inoculation treatments. At harvest (D28 for 
soybean and D35 for rice), the H2 evolution, N2 fixation and 
EAC values of the host plants were estimated by using the 
gas analysis system (Qubit Systems

TM
, Logger Pro v. 

3.2). Other observations involved were chlorophyll content 
(mg chlorophyll content/mg leaf fresh weight) and plant 
dry weight (Goss and de Varennes 2002).  
 
The Leaf Chlorophyll Content of each plant was recorded 
using a portable leaf-chlorophyll meter (MINOLTA

TM
 

SPAD-502) (Neufeld et al., 2006). The youngest fully 
expanded leaves of soybean and rice plants were 
selected to measure chlorophyll content at day harvest. 
The actual leaf chlorophyll content was determined based 
on the standard curve of SPAD values and total leaf 
chlorophyll content (mg chlorophyll mg

-1
 leaf fresh weight) 

as modified by Amir et al. (2001).  

The inoculated plants were attached to the gas analysis 
set up for nitrogenase enzyme analysis and electron 
allocation coefficient (EAC) (Qubit Systems

TM
, Ontario). 

Pots with inoculated plants were sealed properly and 
attached to the gas exchange system. Diazotroph in root 
system of intact plant would fix N2 from the air supplied 
and released H2.  This system provided corrected H2 
evolution values in voltage output data. The N2 fixation 
rate was calculated based upon measurement from the 
rate of H2 evolution as described by Layzell et al. (1984).   
The data were analyzed statistically via one way Analysis 
of Variance (ANOVA) using SPSS V 12.0 software. The 
Tukey procedure, P<0.05 was chosen to test the 
significant differences between means of the treatment 
(Colman and Pulford, 2006). Mean values for growth 
parameters with the same letter(s) were not statistically 
significant at the Tukey probability of P<0.05.  
 
RESULTS AND DISCUSSION 

 
In nature, N2 is commonly fixed, reduced to form NH3 and 
contribute an important input to agriculture (Dixon and 
Kahn 2004; Rebah et al., 2007; Jolly et al., 2010; Mia and 
Shamsuddin, 2010). Nitrogenases enzyme catalyze the 
reduction of N2 into NH3 and evolution of H2. Since the 
nitrogenase enzyme can reduce N2 and H

+
, it is 

necessary to calculate the electron allocation coefficient 
(EAC) of nitrogenase for both reactions (Hunt, 1997; 
Giller, 2001; Curtis et al., 2004; Lopez et al., 2008; 
Schulze et al., 2011). Our experiment recorded N2 fixation 
activities of inoculated soybean plants at 141.2 µmol N2 h

-

1
 g

-1
 dry weight nodule (Table 1). The evolution of H2 of 

inoculated soybean was also recorded at 144.4 µmol H2 
h

-1
 g

-1
 dry weight nodule (Table 1). The inocula tested (B. 

japonicum) had infected the root cells and initiated 
formation of 11 effective nodules for soybean plants 
(Table 1). The total dry weight of the nodules was 
recorded at 60 mg (Table 1).  
 
A bright red colour was observed inside the root nodules 
which indicated the presence of O2-scavenging molecule 
(leghemoglobin) and proved that the nodules were 
effectively fixed N2. The function of this molecule in 
nodules is to reduce the amount of free O2, and thereby 
to protect the nitrogenase enzyme (Lopez et al., 2008). 
The leghemoglobin function similarly as the O2-carrying 
haemoglobin in blood. In addition, the outer and inner 
cortexes in the nodule also react as an O2 barrier, which 
have a mechanism for delivering a high flux of O2 to 
optimal concentration. The electron allocation coefficient 
(EAC) of soybean for N2 reduction was recorded at 0.982 
(98.2 % of electrons were used for ammonia production). 
While, the electron allocated for H

+ 
reduction was only 1.8 

%. Higher EAC values of inoculated soybean indicated 
that most of electron were used for N2 reduction to 
ammonia (via N2 fixation activities) and not for H2 
evolution (Hunt and Layzell, 1993; Hunt, 1997; Schulze et 
al., 2011). In nature, N2 is commonly fixed, reduced to 
form NH3 and contribute an important input into 
agriculture (Dixon and Kahn, 2004; Rebah et al., 2007).
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Table 1: Influence of bacterial inoculation on growth of soybean plants at harvest (D28); H2 evolution (µmol H2 h
-1

 g
-1

 dry 
weight nodule), N2 fixation (µmol N2 h

-1
 g 

-1 
dry weight nodule), Electron Allocation Coefficient (EAC), number of nodule 

and nodule dry weight. 

Treatment H2 evolution N2 fixation EAC No. of nodule Nodule Dry weight (mg) 

+B. japonicum 144.4 141.2 0.982 11 60 

Note: None of the observations above was successfully recorded for soybean plants treated with uninoculated 
treatments: T2) +N (+0.5 mM KNO3, -inoculum) and T3) -N (- nitrogen, -inoculum). 
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Figure 1: Influence of bacterial inoculation on growth of a) 
soybean plants at harvest (D28) and b) rice plant growth at 
D35 for chlorophyll content (mg chlorophyll content/mg leaf 
fresh weight) and plant dry weight (g).  
Note: Means with the same letters are not statistically 
significant at P<0.05. 

Earlier report by Curtis et al. (2004) have shown that N2 
fixation activity of soybean was recorded at 36-38 µmol N2 
h

-1
 g

-1
 dry weight nodule. Earlier reports have shownthat 

up to 40-60 % of electron flow in nitrogenase was use for 
nitrogen (ammonia) production in plant (Schubert and 
Evans, 1976; Feijtel et al., 1985). For inoculated rice 
plants, none of the observations, which involve N2 fixation, 
H2 evolution and EAC, was successfully recorded. It is 
true, since in any associative relationships, the dizotroph 
only colonized the root surface of the host plants and the 
nitrogenase enzyme were subjected to high exposure of 
O2 under the gas analysis set up (Qubit Systems

TM
). 

Nevertheless, the diazotroph require microaerophilic 
conditions for N2 fixation and takes place at optimal rate of 
O2 only between 0.507 and 0.709 kPa (Dobereiner, 1995). 
This complex nitrogenase enzyme is inactivated when 
exposed to O2 (Serraj, 2003; Dixon and Khan, 2004; 
Ladrera et al., 2007; Fischinger and Schulze, 2010).The 
chlorophyll contents and plant dry weight of soybean 
plants inoculated with B. japonicum were similar to the 
control treatments supplied with full nitrogen fertilization 
(+N). The results clearly proven the potential of inocula 
tested in fixing N2 in association with the host plants 
(Figure 1a) (Jolly et al., 2010). Rice plant inoculated with 
diazotrophic bacteria produced higher plant growth 
compared to uninoculated plant without N (-N). It proved 
that these bacteria successfully colonized the roots, fixed 
the N2 and later enhanced growth of rice plant (Kannan 
and Ponmurugan, 2010) even though N2 fixation activities 
could not be detected by using the gas analysis system. 
Nevertheless, higher leaf chlorophyll contents were 
observed for rice plants inoculated with Sp7 and Isolate 5 
compared to the control (- Nitrogen) (Figure 1b). Similarly, 
plant inoculated with Sp7 and Isolate 5 also showed 
higher host plant biomass (g) (Figure 1b).   
 
CONCLUSION 

 
Soybean plants inoculated with B. japonicum had 
recorded superior plant growth and higher N2 fixation 
activities. Additionally, rice plants inoculated with Sp7 and 
Isolate5 had shown influenced growth even though no N2 
fixation activities were recorded. In consequence, the 
results clearly showed that inoculation of diazotrophic 
bacteria enhanced plant growth similar to that treated with 
nitrogenous fertilizer.   

ACKNOWLEDGEMENTS 
 

The authors are indebted to School of Biological 
Sciences, USM, Penang, Malaysia and Ministry of 
Science Technology and Innovation (MOSTI), Malaysia 
for the research funding.  
 
REFERENCES 
 

Alam, R., Karim, M.Z., Hasan, M.F., Hossain, M.A. and 
Mafizur Rahman, A.B.M. (2003). Evaluation of 
sugarcane clones with biological nitrogen fixation 
endowment. Asian Journal of Plant Sciences 2: 216-
219. 

Amir, H. G., Shamsuddin, Z. H., Halimi, M. S., Ramlan, 
M. F. and Marziah, M.  (2001). Effects of Azospirillum 
Inoculation  on N2  fixation  and  growth  of oil  palm 



Mal. J. Microbiol. Vol 8(2) 2012, pp. 123-126 

 126                    ISSN (print): 1823-8262, ISSN (online): 2231-7538 

 

plantlets at nursery stage. Journal of Oil Palm 
Research 13(1): 42-49.  

Colman, M.A and Pulford, B. (2006). A crash course in 

SPSS for Windows: updated for Versions 10, 11, 12, 
and 13. 3

rd
 Ed. Padstow, UK: TJ International. pp. 74. 

Curtis, J., Shearer, G. and Kohl, D. H. (2004) Bacteroid 
proline catabolism affects N2 fixation rate of drought-
stressed soybeans. Plant Physiology 136: 3313-
3318. 

Dixon, R. and Kahn, D. (2004). Genetic Regulation of 
biological nitrogen fixation. Nature Reviews 
Microbiology 2:621-631.  

Dobereiner J. (1995). Isolation and identification of 
aerobic nitrogen-fixing bacteria from soil and Plants. 
Methods in Applied Soil Microbiology and 
Biochemical. In Alef K and Nannipieri P (Eds). 
London: Academic Press. pp:134-141.  

Enrique, A. R. C. (1985). Improved medium for isolation 
of Azospirillum spp. Applied Environmental 
Microbiology, 44: 990-991. 

Eskew, D. L., Focht, D.D. and Ting, I.P. (1997). Nitrogen 
Fixation, denitrification and pleomorphic growth in a 
highly pigmented Spirillum lipoferum.  Applied 
Environmental Microbiology 34: 582-585.  

Feijtel, T. C., Segers L. and Verstraete, W. (1985). 
Hydrogen accumulation by H2-uptake negative strains 
of Rhizobium. Plant and Soil 85:77-84. 

Fischinger, S. A.  and  Schulze, J. (2010). The argon-
induced decline in nitrogenase activity commences 
before the beginning of a decline in nodule 
oxygen uptake.  Journal of Plant Physiology 167(13): 
1112-1115.  

Giller, K.E. (2001) Nitrogen Fixation in Tropical Cropping 
Systems, 2

nd
 Ed. Wallingford,UK: CAB International. 

pp: 29-250. 
Goss, M.J. and de Varennes, A. (2002). Soil Disturbance 

Reduces the Efficacy of Mychorrizal Associations for 
Early Soybean Growth and Nitrogen Fixation. Soil 
Biology and Biochemistery 34:1167-1173.  

Hunt S. (1997). Measurement of Nitrogenase activity in 

Nitrogen-fixing Nodules of soybean, Department of 
Biology Queen’s University Kingston, Ontario, 
Canada. Available from: http://www.ableweb.org/ 
volumes/vol-18/7-hunt.pdf. [Accessed June 24, 2011].  

Hunt S. and Layzell D. B. (1993). Gas exchange of 
legume nodules and the regulation of nitrogenase 
activity. Annual Review of Plant Physiology and Plant 
Molecular Biology 44: 483-5 11. 

Jolly, S.N., Shanta, N.A. and Khan, Z.U.M. (2010). 
Phytoplankton quantification of heterotrophic bacteria 
and Azospirillum from the rhizosphere of taro 
(Colocasia esculenta L. Schott.) and the nitrogen 
fixing potential of isolated Azospirillum. International 
Journal of Botany 6: 117-121. 

Kannan, T. and  Ponmurugan, P. (2010). Response of 
Paddy (Oryza Sativa L.) Varieties to Azospirillum 
brasilense Inoculation. Journal of  Phytology 2(6): 
8–13. 

Ladrera, R., Marino, D., Larrainzar, E., González, E.M. 
and   Arrese-Igor,   C.   (2007).    Reduced   Carbon 

Availability to Bacteroids and Elevated Ureides in 
Nodules, But Not in Shoots, Are Involved in the 
Nitrogen Fixation Response to Early Drought in 
Soybean. Plant Physiology 145:539-546.  

Layzell, D.B., Weagle, G. and Canvin, D.T. (1984). A 
flow-through H2 gas analyzer for use in nitrogen 
fixation studies. Plant Physiology 75: 582–585. 

Lo´pez, M., Herrera-Cervera, J.A., Iribarne, C., Tejera, 
N.A. and Lluch, C. (2008). Growth and nitrogen 
fixation in Lotus japonicus and Medicago truncatula 
under NaCl stress: Nodule carbon metabolism. 
Journal of Plant Physiology 165: 641-650.  

Madigan, T. M., Martinko, M. J. and Parker, J. (2003). 

Brock Biology of Microorganisms. 10
th
 Edn. Prentice 

Hall, Person Education, Inc, pp: 606-620.  
Mia, M.A.B. and Shamsuddin, Z.H. (2010). Nitrogen 

fixation and transportation by rhizobacteria: A 
scenario of rice and banana. International Journal of 
Botany 6: 235-242. 

Neufeld, H.S., Chappelka, A.H., Somers, G.L., Burkey, 
K.O., Davison, A.W. and Finkelstein, P.L. (2006) 

Visible foliar injury caused by ozone alters the 
relationship between SPAD meter readings and 
chlorophyll concentrations in cut leaf coneflower. 
Photosynthesis Research 86: 281-286. 

Qubit Systems, (2004). Nitrogen Fixation Laboratory 
Package, Logger Pro 3.2 Version,Student’s Manual. 
Qubit Systems Inc, Canada. Available from: 
http://www.qubitsystems.com. [Accessed June 2, 
2010]. 

Raja, P., Uma, S. Gopal, H. and Govindarajan, K. 
(2006). Impact of bio inoculants consortium on rice 
root exudates, biological nitrogen fixation and plant 
growth. Journal of Biological Sciences 6: 815-823. 

Rebah, F. B., Prévost, D. Yezza, A. and Tyagi, R.D. 
(2007). Agro-industrial waste materials and 

wastewater sludge for rhizobial inoculant production: 
A review. Bioresource Technology 98: 3535–3546.  

Schubert, K.R. and Evans, H.J. (1976) Hydrogen 
evolution: a major factor affecting the efficiency of 
nitrogen fixation in nodulated symbionts. Proceedings 
of' the National Academy of Sciences of the United 
States of America 73: 1207-1211. 

Schulze, J, Mohamed, M.A.N., Carlsson, G. and  Drevo
n, J.J. (2011). Phosphorous deficiency 
decreases nitrogenase activity but 
increases proton efflux in N2-fixing Medicago 
truncatula, Plant Physiology and Biochemistry  49 (4): 
458-460. 

Serraj R. (2003). Effects of drought stress on legume 
symbiotic nitrogen fixation: physiological 
mechanisms. Indian Journal of Experimental Biology 
41(10):1136-41. 

Somasegaran, P., and Hoben, H.J. (1994).  Handbook 
for Rhizobia: Methods in Legume-Rhizobium 
Technology. University of Hawaii, NifTAL Project. Edi. 
Springer-Verlag, USA. pp. 36 

Sur, S., Bothra, A.K. and Sen, A. (2010). Symbiotic 
nitrogen fixation-A bioinformatics perspective. 
Biotechnology 9: 257-273. 


