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ABSTRACT 
 

Two field experiments  were conducted during two successive seasons in 15 th of May (2010 and 2011) at 
Sahl El-hossinia Research Farm Station, El-Sharkia Governorate, (ARC), Egypt,to study the potentiality of 
biofertilizers (Azolla,Cyanobacteria ,bacteria and  biostraw) on growth,yield and yield components of rice in 
presence or abscence of urea under saline soil conditions  as well as their effects on  chemical properties and 
biological activities in soil. Results revealed that cyanobacterial counts, total Rhizobacterial counts, CO2 

evolution as well as dehydrogenase(DHA) and nitrogenase (N2-ase) activities conspicuously affected by 
biofertilizers,biostraw and nitrogen. Application of (30 kg urea + Azolla + cyanobacteria + bacteria + biostraw) 
produced 3.62 ton/fed rice grain yield. On the other hand, straw yield with Cyanobacteria +biostraw was 4.95 
ton/fed as compared to2.86 ton/fed in control .The weight of 1000 grain  was significantly increased by the 
former treatment as compared to other treatments .Application of Azolla as biofertilizer with biostraw 
significantly increased nitrogen, phosphorus and potassium contents of rice grains and straw Moreover 
combination  of zollaA in with cyanobacteria, bacteria and biostraw increased the soil organic matter  and N,P,K 
contents and slightly decreased soil EC and, pH. Generally, the composite biofertilizer encompassing Azolla-
cyanobacteria- bacteria and biostraw showed several benefits over chemical fertilizers and improved fertility of 
saline soils. 
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Introduction 
 

Salinity and soil nutrients  deficiency are the main factors reducing plant productivity in arid and semi-arid 
areas. Among the essential elements is nitrogen being the most growth-limiting plant nutrient in saline or non –
saline soils. 

The modern intensive crop cultivation system require the use of nitrogen fertilizers, however, these 
fertilizers are of short supply, expensive and are not ecofriendly. Therefore, it is important to expose the 
possibility of supplementing nitrogen fertilizers with biofertilizers of microbial origin. Among the indigenous 
nitrogen fixers, N-fixing blue-green algae (cyanobacteria) are responsible for most of the biological N2 fixation 
in rice paddy fields (Irisarri et al., 2001). Cyanobacteria  as  natural biofertilizer play an important role in 
maintenance and build-up of soil fertility, consequently increasing rice growth and yield  (Song et al., 2005). 
Use of Azolla fern and cyanobacteria as a bio-fertilizer is advocated to minimize the dependency on chemical 
fertilizer. Azolla supplements nitrogen to rice crop by fixing atmospheric nitrogen in  soil for plant growth, crop 
production and improving  soil fertility (Asuming et al., 2008). 

Since bacteria are the most abundant microorganisms in the rhizosphere, it is highly probable that they 
influence the plants physiology to a greater extent, especially their root colonization. Various species of 
bacteria; Pseudomonas, Azospirillum, Azotobacter, Klebsiella, Enterobacter, Alcaligenes, Arthrobacter, 
Burkholderia, Bacillus and Serratia have been reported to enhance  plant growth. The use of  plant growth 
promoting rhizobacteria (PGPR) isolates as  biofertilizers is beneficial for rice cultivation as they enhance plant 
growth  and  inducing other plant growth -promoting traits (Ashrafuzzaman et al ., 2009).  

Sukristiyonubowo et al.(2011) reported that the residual effect of dolomite and compost improved soil 
fertility, rice growth and biomass production.Combining use of mineral and organic fertilizers (recycling rice 
straw, crop residues, and compost) are recommended to improve soil function. 

The aim of the present work is to evaluate the impact of applying cyanobacteria, Azolla, bacteria with 
biostraw as biofertilizers or combined with urea on growth, yield of rice crop, some soil properties and soil 
microbial activity in saline soil. 
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Materials And Methods 
                    
Two field experiments were carried out at Sahl El-hossinia,El- Sharkia governorate in 15 th of May 2010 

and 2011 summer seasons to study the effect of biofertilizer Azolla-cyanobacteria and Rhizobacteria with 
biostraw on growth, yield and yield components of rice (cv-Giza 178) in  presence of urea (46.5-N%) applied at 
two equal doses. Super-phosphate (15.5% P2O5) was added at the rate of 30 kg P2O5/fed during soil preparation. 
The chemical and physical properties of soil are shown in Table (1) 

 
Table 1: Mechanical and chemical properties of the experimental soil 

O.M.% Texture CaCO3 % Clay% Silt% 
Fine sand 
% 

Coarse sand % 

0.76 Sand clay loam 8.50 33.22 16.50 43.37 6.58 
pH 1:2.5 EC( dS  m-1) Cations  (meq / L) Anions (meq / L) 
 
8.23 

 
13.5 

Ca++ Mg++ Na+ K+ HCO3
- Cl- SO4

-- 
10.94 15.25 140.0 1.41 9.93 120.0 37.67 

   
Available nutrients (mg kg-1 soil) 

N P K Fe Mn Zn Cu 
38 4.96 201 2.67 3.88 0.62 0.082 

 
The experiment involved the following treatments with three replicates in a complete randomized design :   

T1:60kgN as urea (Control), T2: Biostraw (4 ton/fed), T3: Azolla fresh (5 Litter /m2) + biostraw ( 4 ton/fed), T4: 
Cyanobacteria (Anabaena oryzae,, Nostoc muscorum,, Spirulina platensis) (50L /fed) + biostraw( 4 ton/fed), 
T5: 30kgN as urea + bacteria (Bacillus subtlis and Psedumonas flourisens (20 L/fed) + biostraw  (4 ton/fed), 
T6: 30kgN as urea +Azolla fresh (5 Litter /m2) + Cyanobacteria (50L /fed-1) + biostraw( 4 ton/fed), T7: 30 kgN 
as urea +Azolla fresh (5Litter/m2) + bacteria(20L/fed) + biostraw (4 ton/fed), T8: 30kgN as urea +  
Cyanobacteria (50L /fed) + bacteria(20 L/fed)  + biostraw( 4 ton/fed), T9: 30kgN as urea + Azolla fresh(5 Litter 
/m2)  + Cyanobacteria (50L /fed) + bacteria (20 L/fed) + biostraw( 4 ton/fed). 

 
Cyanobacteria and Azolla  pinnata source and growth conditions: 

 
Cyanobacteria strains (Anabaena oryzae,, Nostoc muscorum,, Spirulina platensis) and Azolla pinnata 

were obtained from  Microbiology Department, Soils Water and Environment Res. Inst., ARC, Giza. Strains 
were maintained in BG11 medium (Rippka et al., 1979), except Spirulina platensis was cultured in Zarrouk 
medium (Zarrouk, 1966). Cultures were incubated for 30 days in a growth chamber under continuous 
illumination (2000 lux) and temperature of 25 ˚C ± 2 ˚C for all strains except the mesophilic alga Spirulina 
platensis (32 ˚C ± 2 ˚C). Azolla pinnata was grown in green house on modified Yoshida medium (Yoshida et 
al., 1976). 
 
Preparation of algal culture filtrates and Azolla pinnata aqueous  extract: 

 
After 30 days of incubation, each algal biomass was separated from its culture medium by filtration. Azolla 

pinnata was harvested from the culture medium and mixed well with distilled water (1:2 w/v) , then filtered to 
obtain the fresh biomass aqueous extract.  The algal culture filtrates and Azolla fresh biomass aqueous extract 
(1:1 w/v)) were kept at 4c° till using as foliar spraying. 

 
Preparation of bacteria: 

 
Bacteria (Bacillus subtlis and Psedumonas flourisens) as salt tolerant (plant growth promoting 

rhizobacteria, PGPR)  strains were provided by the Biofertilizer Unit,Soil,Water and Environ.Res.Inst.  at the 
rate of 20L/fed-1 (ca, 107Cfu ml-1). They were grown on King,s medium, shaked on a rotary shaker incubator 
(30± 2Co ) to reach the log phase (107 cfu ml-1) .cfu (colony forming unit ) 

 
Preparation of biostraw: 

 
Three fungal isolates were used in the current investigation. Those were recovered from soil in a previous 

study ,having potential enzymatic activities (cellulase and chitinase).These fungal isolates were identified as 
Trichoderma harzianum, Trichoderma viride and Chaetomium golbosum according to the keys given by 
Barnett and Hunter(1972). The fungal strains were refreshed from spore suspensions in flasks containing 50 mL 
of yeast extract-dextrose broth (10g yeast extract, 10 g dextrose &1000 ml distilled water) and incubated at 100 
rpm, 28 C0 for 5-7 days.  Extraction and determination of aflatoxin were carried out in the Mycotoxins and Food 
Safety Control Lab., National Research Center, Egypt. Growing mycelia were harvested by centrifugation, 
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washed twice with phosphate buffer and used as inoculum for the incorporation experiment. The modified 
media of rice straw prepared according to Galila (2011).Table (2) shows biochemical composition and mineral 
content of biostraw. 
 
Table 2: Biochemical composition (on dry weight basis, %) and mineral content of biostraw mg/kg ,dry matter (ppm) . 

Moisture% 

Total 
hydrolysabl
e 
carbohydrat
es% 

Crude fat% 
Crude 
protein% 

Crude 
fiber% 

Hemicellulos
e% 

Cellulose
% 

Lignin% Ash% 

8.70 34.09 1.21 1.90 39.3 26.63 33.26 17.6 16.2 
P k Mn Fe Zn 

ppm 
 
370 

 
970 

 
55.00 

 
323.30 

 
56.30 

 
Soil biological activity:   

 
Soil biological activity was evaluated in terms of total microbial counts (Allen 1959), total counts of 

cyanobacteria (Allen and Stanier, 1968), CO2 evolution (Gaur et al., 1971) ,dehydrogenase activity (Casida et 
al., 1964) and nitrogenase activity (Hardy et al.,1973). 

At harvest, rice grain and straw yields (ton/fed), 1000-grain weight (g), harvest index in percent=kg 
grain/kg grain +straw yield x100 were recorded (Yanni 1992).  

Data were statistically analyzed for least significant difference as described by Gomez and Gomez (1984). 
 

Results and Discussions 
  
Results from Figs. (1-5) reveal that all tested biological activity parameters after 45 and 120 days of sowing 

were positively affected by biofertilizers, biostraw and /or urea. Generally, the soil biological activity 
parameters of the different treatments were higher than those of control. The highest total bacterial count were 
4x108 (T8), 794x106 (T5) g-1soil and total cyanobacterial counts were 31.1x103 (T6)-255x103(T7)) cfu g-1 soil . 
Whereas CO2 production was ranged 210-253 mg CO2/100g-1 soil (T4); dehydrogenas activity 409-487 µgTPFg-

1 dry  soil day -1 (T3) and nitrogenase activity 81-95µg mol C2H4 g
-1 soil day -1(T9) at 45 and 120 days from 

inoculation of  rice cultivation in saline soil . It could be noticed that enzymatic activities of DHA and N2ase,as 
well as CO2 production ,in all treatments (individual or mixed culture) were higher at harvest than at 45 day 
after sowing. However, inoculation with cyanobactria increased these parameters over the control treatment. 
Biofertilization improved soil microbion through increasing the organic matter, microbial activity and in turn 
increased DHA and N2-ase activities and CO2 evolution. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1: Effect of Azolla, cyanobacteria,Rhizobacteria( Bacillus subtlis and Psedumonas flourisens), biostraw and 
or/urea on total bacterial counts after45 and 120 days of  rice cultivation in saline soil (data are a mean 
of two seasons) 
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Fig. 2: Effect of Azolla, cyanobacteria,Rhizobacteria(Bacillus subtlis and Psedumonas flourisens), biostraw and 
or/urea on total cyanobacterial counts after45 and 120 days of rice cultivation in saline soil (data are a 
mean of two seasons) 

 

 
Fig. 3: Effect of azolla, cyanobacteria,Rhizobacteria(Bacillus subtlis and Psedumonas flourisens), biostraw and 

or/urea on CO2 evolution after45 and 120 days of rice cultivation in saline soil (data are a mean of two 
seasons) 

 

 
Fig. 4: Effect of azolla, cyanobacteria,Rhizobacteria(Bacillus subtlis and Psedumonas flourisens), biostraw and 

or/urea on dehydrogenase activity after 45 and 120 days of rice cultivation in saline soil (data are a mean 
of two seasons) 
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Fig. 5: Effect of azolla, cyanobacteria,Rhizobacteria (Bacillus subtlis and Psedumonas flourisens), biostraw and 

or/urea on nitrogenase activity after45 and 120 days of rice cultivation in saline soil (data are a mean of 
two seasons) 

 
Other workers mentioned that using chemical fertilizers in rice fields is expensive, disturbs the equilibrium 

of agro-ecosystem, and causes pollution of the environment. These problems may be avoided by the use of 
biofertilizers. For many centries, Azolla, cyanobacteria and bacteria have been used to successfully increase rice 
yield (Sathish and Bhaskara, 2012), also biostraw of combined mixture of Trichoderma harzianum, 
Trichoderma viride and Chaetomium golbosum were succeeded efficiently to increase the crude protein 
content of rice straw as well as degredability of lignocellulosic materials and consequently increase the organic 
matter in the soil. 

Tetsuya,etal (2010) suggested that the rhizosphere microorganisms in paddy fields can be modified through 
organic fertilizer management. Moreover, effects of organic fertilizer application, soil type, and Phenology on 
soil bacteria appeared to be depending on interaction with the rice rhizosphere in paddy fields. 

The data are in harmony with those obtained by Kimura and Asakawa(2006) who found that application of 
organic materials to soil in paddy fields can affect the bacterial community strongly. The total population of soil 
bacteria increased by application of compost and rice straw.  

 Yield components,in term rice grain, straw yields and weight of 1000 grains were significantly higher 
compared to control by using biofertilization with mineral nitrogen (Table3) .Applying (azolla + bacteria 
(Bacillus subtlis and Psedumonas flourisens) + cyanobacteria +biostraw in presence of 30 kg N produced 3.62 
ton/fed of rice grain yield .On the other hand, straw yield) was recorded  4.95 ton /fed with control (2.86 
ton/fed.) using cyanobacteria (50L /fed-1) +biostraw.  
 
Table 3: Yield and yield components of rice affected   by biofertilizers, biostraw and/or urea under saline soil conditions. (data a mean of 

two seasons). 

                     Parameters 
Treatments 

Weight of grain 
(ton/fed-1) 

% increase 
in yield over 
control 

Weight of straw  
(ton/fed-1) 

% increase 
in straw 
over 
control 

Weight  of 
1000 grains   
(g) 

Harvest 
index(%) 

T1 2.65 0.0 2.86 0.0 20.18 48.09 
T2 3.25 22.6 3.10 8.4 22.56 51.18 
T3 3.38 27.5 3.36 17.5 23.11 50.15 
T4 3.05 15.1 4.95 73.1 22.14 38.13 
T5 3.29 24.2 4.81 68.2 21.60 46.62 
T6 2.65 0.0 4.72 65.0 23.40 45.96 
T7 3.57 34.7 3.65 27.6 23.40 49.45 
T8 3.36 26.8 4.23 47.9 24.80 44.27 
T9 3.62 36.6 3.37 17.8 26.30 46.74 
LSD 
( 0.05) 

 
0.04 

  
0.02 

  
0.11 

 
1.32 

 
 In treatment (9) The weight of 1000 grains significantly affected the (26.30 g) compared with other 

treatments. Using biofertilizers alone significantly increased the weight of grains, straw and 1000 grains over the 
control treatment ( 60 kgN/fed). The highest harvest index percentage of( 51.18) was due to biostraw application 
and it was significantly higher than the other treatments . In this respect  (Han and Lee, 2005) showed that  some 
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PGPR are able to produce polysaccharide products, binding Na+ in the root zone and hence alleviating the stress 
of salt on plant and microbial growth and activities. (Prasanna et al., 2010) also concluded that. cyanobacteria 
can enhance the plant growth directly and/or indirectly. The direct ways include the production of various plant 
growth- promoting biologically active substances including phytohormones, such as auxin , gibberellins  and 
cytokinins .The indirect promotion of plant growth occurs when  cyanobacteria prevent or counter deleterious 
effects of one or more phytopathogenic microorganisms  

Results in Table (4) show significant increases in (N, P ,K) content of both grains and straw compared with 
control.  
 
Table 4: NPK of rice grains and straw as affected by Azolla, cyanobacteria,Rhizobacteria, biostraw and/or mineral N fertilization in saline 

soil . 
Parameters 
Treatments 

Total N content kg/fed Total P content kg/fed Total K content kg/fed 
Protein (%) in grain 

Straw Grains Straw Grains Straw Grains 
T1 11.7 39.5 6.0 8.5 32.9 7.9 9.31 
T2 15.2 55.9 8.1 9.8 36.6 7.5 10.75 
T3 18.5 61.9 10.1 9.5 45.7 8.5 11.44 
T4 24.8 44.5 14.4 8.9 61.9 7.3 9.13 
T5 25.5 52.6 12.5 8.2 52.9 8.6 10.00 
T6 24.1 38.7 14.6 8.5 62.3 7.2 9.13 
T7 21.9 49.9 13.1 11.1 49.6 9.9 8.75 
T8 25.8 45.4 15.2 10.8 59.2 8.7 8.44 
T9 22.9 61.2 12.8 10.9 46.8 9.8 10.56 
LSD 
( 0.05) 

0.9 3.9 2.4 2.2 3.9 2.2 0.064 

 
The highest Nitrogen content of grains by T3 was( 61.9 kg/fed),whereas phosphorus content was (11.1 

kg/fed) and potassium content (9.9 kg/fed ) were obtained by T7 .On the other hand the highest increase in (N, 
P, K) content of straw yield was 25.8 kg/fed at T8 in nitrogen content and 15.2 kg/fed in phosphorus content 
while the highest potassium content at T6 was 62.3 kg/fed, which are significantly higher than all treatments. 
Azolla when used as biofertilizer can release more nitrogen during decomposition which reflected in increasing 
nitrogen content. Choudhry and Kennedy (2004) mentioned that the aquatic cyanobacteria and Azolla provide 
the plant with its requirement of nitrogen and could save from 30 to 50% of the mineral nitrogen .The same 
trend was observed with P% and K%. However, demendment of soil with fresh or dry Azolla increased 
significantly the soil organic matter which in turn upon its decomposition by soil microorganisms released the 
macro.  -and micronutrients into soil leading to increase soil available NPK. Abbaszadeh et al., (2010) reported 
that,PGPR including Bacillus sp. Pseudomonas fluorescence and P. putida are able to enhance P availability, 
by production of organic acids and phosphatase enzymes through producing siderophores. PGPR (plant growth 
promoting rhizobacteria) can also increase Fe solubility and hence its uptake by plant. 

The soil organic matter percentage after rice harvesting (Table 5) was higher 1.28% by applying Azolla (5 
Liter /m2) +biostraw), wheres soil salinity (13.4 dSm-1) decreased compared with control. Application of 
biofertilizer slightly decreased the soil EC compared with the control. Also, the lowest soil pH value exists in 
case of biofertilizer combined with biostraw( 7.86) compared with other treatments. Macronutrients (N,P,K) in 
the studied soil after rice harvest are shown in Table(5).The application of (T9) and (T8) showed positive effect 
,being 111, 6.35 and 269 for (T9) and 98, 6.22 and 267for (T8) respectively, compared with control. 
Cyanobacteria have been recognized as important agents in the stabilization of soil surfaces primarily through 
their production of extracellular polysaccharides, (EPS) which are prominent agents in the process of aggregate 
formation, and stabilization. The EPS seem to play a crucial role by binding the hazardous Na+, thereby 
alleviating the adverse effects of salts on crops. While application of biofertilizer is known to be useful, the EPS 
produced by cyanobacteria seem to play an important role maintenance and build-up of soil fertility, 
consequently increasing rice growth and yield (Monu Arora, et al., 2010). A large number of microorganisms 
such as bacteria, fungi, protozoa and algae coexist in the rhizosphere, bacteria are the most abundant among 
them. Plants select those bacteria contributing most to their fitness by releasing organic compounds through 
exudates creating a very selective environment where diversity is low. Rhizobacteria is highly probable that they 
influence plant physiology to a greater extent, especially considering their competitiveness in root colonization. 
Use of compost can be beneficial to improve organic matter status. Compost is rich source of nutrients with high 
organic matter content. Physical and chemical properties of soil can be improved by using compost, which may 
ultimately increase crop yields. So, use of compost is the need of the time to improve Physical properties like 
bulk density, porosity, water permeability and hydraulic conductivity.Other organic materials like rice straw, 
wheat straw, rice husk and chopped salt grass also improved physical properties of a saline sodic soil. The 
tillering, plant height, biomass and yield were significantly increased (Barriuso et al., 2008).              

On the basis of the obtained results, a recommendation for the farmers can be formulated that they should 
composted the crop residues and apply the product in their soils for sustainable increase in crop production. In 
this way, the soil fertility can be improved with a net improvement in land productivity and also used 
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biofertilizers which considered cost effective, ecofriendly and renewable sources of plant nutrients, 
supplementing plant nutrients in sustainable agricultural systems. This refers to microorganisms, which increase 
crop growth through different mechanisms, i.e. biological nitrogen fixation, growth-promoting or hormonal 
substances and increased availability of soil nutrients.  
 
Table 5: Effect of different biofertilizers in combination with biostraw and/or mineral N on some soil properties after rice harvesting (data  
             are means of two seasons) 

Treatment 
Organic matter 
(%) 

 
EC(dSm-1) 
(1:5) 

pH (1:2.5) 
N P K 

(mg/kg) 

T1 0.77 13.40 8.16 80 5.11 211 
T2 0.96 12.63 8.04 81 5.61 259 
T3 1.28 11.25 8.05 83 5.72 260 
T4 0.89 12.30 8.07 80 5.20 243 
T5 0.80 12.67 8.11 80 5.18 220 
T6 1.05 11.30 8.02 96 6.11 260 
T7 1.00 11.02 8.00 98 6.18 245 
T8 1.21 10.96 7.96 98 6.22 267 
T9 1.25 10.80 7.86 111 6.35 269 

 
 References 

 
Abbaszadeh, P., N. Saleh-Rastin, H., Asadi-Rahmani, K., Khavazi, A.,  Soltani, A.R., Shoary-Nejati and M., 

Miransari 2010. Plant growth -promoting activities of fluorescent pseudomonads, isolated from the Iranian 
soils. Acta Physiologiae Plantarum, 32: 281-288. 

Allen, M.M. and R.Y. Stanier, 1968. Selective isolation of blue-green algae from water and soil. J. Gen. 
Microbiol., 51: 203-209. 

Allen, O.M., 1959. Experements in Soil Bacteriology. (1st ed.), Burgess Publishing Co., Minneapolis, 
Minnesota, USA. 

Ashrafuzzaman, M., F.A. Hossen, M.R. Ismail, M.A. Hoque, M.Z. Islam, S.M. Shahidullah and S. Meon, 2009. 
Efficiency of plant growth -promoting Rhizobacteria (PGPR) for the enhancement of rice growth. African 
Journal of Biotechnology, 8(Suppl 7): 1247-1252. 

Asuming, S-Brempong, N.K. Amon and V. Adusei-Okrah, 2008. Improving the Nitrogen Mineralization of 
Dried Azolla pinnata as a Bio- fertilizer for Increased Rice Production in the Vertisol .West African Journal 
of Applied Ecology, 13: 144-149. 

Barnett, H.L. and B.B. Hunter, 1972. Illustrated genera of imperfect fungi. Minnesota: Burgess Publishing 
Company, pp: 241. 

Barriuso, J., BR. Solano, J.A. Lucas, A.P. Lobo, A.G. Villaraco and F.J.G. Mañero, 2008. Ecology, Genetic 
Diversity and Screening Strategies of Plant Growth Promoting Rhizobacteria (PGPR). WILEY-VCH 
Verlag GmbH & Co. KGaA, Weinheim, Edited by Ahmad I, Pichtel J, Hayat S, 1-17. 

Casida, L.E., D.A. Klein and T. Santoro, 1964. Soil dehydrogenase activity. Soil Sci., 98: 371-376. 
Choudhury, A.T.M.  and I.R.  Kennedy, 2004. Prospects and potentials for systems of biological nitrogen 

fixation in sustainable rice production. Biol. Fertil. Soils., 39: 219-227. 
Galila, A.H.A. Darwish, 2011. Rice straw biodegradation by Pleurotus ostreatus and Phanerochate 

chrysosporium. Egypt ,J.Biotechnol., 37: (82-93). 
Gaur, A.C., K.V. Sadasivan, O.P. Vimal and R.S. Mathur, 1971. A study of decomposition of organic matter in 

an alluvial soil. CO2 evolution microbiological and chemical transformation. Plant and Soil., 34: 17-28. 
Gomez, K.A. and A.A. Gomez, 1984. Statistical Procedures for Agricultural Research, (2nd ed.), International 

Rice Research Institute, P.O.B. 933, Los Banos, Manilla, Phlippines. pp. 20-29 & 359-387. 
Han, H. and K. Lee, 2005. Physiological responses of soybean - inoculation of Bradyrhizobium japonicum with 

PGPR in saline soil conditions. Research Journal of Agriculture and Biological  Sciences, 1: 216-221. 
Hardy, R.W.E., R.C. Burns and R.D. Holsten, 1973. Application of the acetylene- ethylene assay for 

measerment of nitrogn fixation. Soil  Biol. Biochem., 5: 47-81. 
Irisarri, P., S. Gonnet and J. Monza, 2001. Cyanobacteria in Uruguayan rice fields: diversity, nitrogen fixing 

ability and tolerance to herbicides and   combined nitrogen. J. Biotechnol. 91: 95-103.Medline .   
Kimura, M., S. Asakawa, 2006. Comparison of community structures of microbiota at main habitats in rice field 

ecosystems based on phospholipid fatty acid analysis. Biol. Fertil. Soil., 43: 20-29. 
Monu Arora, A. Kaushik, Nisha Rani and C.P. Kaushik, 2010. Effect of  cyanobacterial exopolysaccharides on 

salt stress alleviation and seed germination., 31(5): 701-704. 
Prasanna, R., M. Joshi, A. Rana, L. Nain, 2010. Modulation of IAA production in cyanobacteria by tryptophan 

and light. Polish J.Microbiol., 59(2): 99-105.  
Rippka, R., J. Deruelles, J.B. Waterburg, M. Herdman and R.Y. Stanier, 1979. Generic assignments, strain 

histories and properties of pure cultures of cyanobacteira. J. of General Microbiol., 111: 1-16.  



1611 
J. Appl. Sci. Res., 9(3): 1604-1611, 2013 

 

Sathish Kumar, S.R. and K.V. Bhaskara Rao, 2012. Biological Nitrogen  Fixation .International Jornal of 
Advanced Life Sciences IJALS, vol.1 .jan. (1-9) 

Song, T., L. Martensson, T. Eriksson, W. Zheng and U. Rasmussen, 2005. Biodiversity and seasonal variation 
of the cyanobacterial assemblage in a rice paddy field in Fujian, China. The Federation of European 
Materials Societies Microbiology Ecology, 54: 131-140. 

Sukristiyonubowo, Ibrahim Adamy Sipahutar, Tagus Vadari and Agus Sofyan, 2011. Management of inherent 
soil fertility of  newly opened wetland rice field for sustainable rice farming in   Indonesia. Journal of plant 
Breeding and Crop Science, 3(8): 146-153. 

Tetsuya Doi, Jun Abe, Fumitaka Shiotsu and Shigenori Morita, 2010. Study on rhizosphere bacterial community 
in lowland rice grown with  organic fertilizers by using PCR-denaturing gradient gel electrophoresis.  Plant 
Root., 7: 5-16 

Yanni, Y.G., 1992. The effect of Cyanobacteria and  Azolla on the performance of rice under different levels of 
fertilizer nitrogen. World J. of Microbiology and Biotechnology, 8(2): 132-136. 

Yoshida, S., D.A. Forno, J.H. Corck and K.A. Gomez, 1976. Laboratory Manual for Physiology Studies of Rice, 
Pp. 61- 65. The International Rice Res. Inst. (IRRI), LoS Banos, Manila, Phlippines. 

Zarrouk, C., 1966. Contribution á l’étude d’une cyanophycée. Influence de divers facteurs physiques et 
chimiques sur la croissance et la photosynthése de Spirulina maxima (Setch. Et Gardner) Geitler. Ph. 
D.Thesis. University of Paris, F 
 
 
 


