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ABSTRACT 
 
 Two field experiments were carried out in saline sandy soil of a private farm at Al-Areesh station during 
two winter seasons 2008 -2009 and 2009- 2010, to study the response of faba bean to inoculation with Azolla 
and cyanobacteria individually or mixed under saline soil and water condition. Results revealed that Rizobium 
inoculation with application of Azolla and Cyanobactiria as dry T7 (Azolla 500 g + cyanobacteria 200 g) or 
foliar T6 (Azolla + cynobacteria) recorded the highest significant increases in nodule numbers and its dry weight 
as compared to control. Also, these treatments recorded significant increases in faba bean yield components. 
Using Azolla and Cyanobacteria as dry T7 leads to positive correlation with increasing of seeds and straw 
yields, furthermore, Azolla and Cyanobacteria lead to increase the soil availability of NPK and its content in 
seeds and straw of faba bean. The all treatments of Azolla and Cyanobacteria reduced pH and decrease the EC 
of soil, so the effect of salinity stress and also, increased the biological activity of soil in terms of increasing the 
soil total bacteria and Cyanobacteria, as well as CO2 evolution, dehydrogenase activity and nitrogenase activity 
that increase the soil fertility, decrease the use of mineral nitrogen, improved plant quality, as well as 
environmentally safe and eco-friendly, that positively turn on faba bean yield production.  
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Introduction 
 
 Faba bean as a legume food is considered the most important basic source of protein in Egyptian diet for 
wide sector of people in Egypt, also with relative low price. To evaluate the effect of inoculation on faba bean 
(Omer et al., 2000) reported that, using fixing nitrogen bacteria, data significantly increased in seeds yield with 
average value 33% over control Nitrogen fixation by legume-Rhizobia symbiotic partnership represents an 
inexpensive alternative to the use of chemical nitrogen fertilizers in the production of food protein (Brock and 
Michael, 2003).On the other hand, the application of biofertilizer succeeded to minimize the amount of applied 
chemical fertilizer and reduce the production costs and environmental pollution (El-khawaga et al., 2003). 
Nitrogen fixing Azolla and Cyanobacieria serve as an excellent source for utilizing solar energy efficiency for 
providing the soil with organic matter. Aquatic biota Cyanobacteria and Azolla can supplement the nitrogen 
requirement of plant and replacing about 30-50 % of plant requirement of mineral nitrogen (Choudhury and 
Kenndy, 2004). Furthermore, both Cyanobacteria and Azolla extracts are characterized by their cytokinins, 
gibberellins and auxins content that enhance the plant growth and these materials proved to overcome the 
adverse effect of salinity in saline soil (Strik and Staden, 2003).The presence of such phytohormons in both 
cyanobacteria and azolla encourage the agronomists to use those biofertilizers in reclaimed and salt stressed 
soils (Mussa, 2005). The aim of this study is to evaluate the impact of using rhizobia, Azolla and Cyanobacteria 
extracts as foliar and dry application on faba bean production in saline sandy soil (6.49 ds / m) and irrigation 
with saline water (5100 ppm). 
 
Materials and Methods 
 
 Two field experiments were carried out at El-Areesh Res.Station during two winter seasons of 2008-2009 
and 2009-2010 to study the response of faba bean grown in saline sandy soil to foliar extract and dry application 
with azolla and cyanobacteria. 
  
Soil sampling:  
 
 Representive soil samples were collected from the top 20 cm layer of the experimental fields, sieved 
through 2 mm screen and air dried for determine particle size before planting and after harvesting, soil reaction 
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pH (1:2.5), EC in the pest O.M, % Ca CO3 and biological activity in soil. The main physical and chemical 
properties of the studied soil are presented in Table (1).  
 
Table 1: Physical and chemical properties of the experimental soil. 

Soil texture coarse sand Clay Silt   Sand 
Sandy clay 10.4 11.5            10.40 67.70        

E.C (ds m-2) pH CaCO3 O.M % 
6.49 8.33 7.85            0.36   
Soluble anions meq - L Soluble cations    meq - L                        

SO4
 = Cl - HCO3

- K+ Na+         Mg++     Ca++       
- 10.76        5.96           3.11               11.9 5.16 4.18       

Available   NPK (ppm) 
 K P N 
 18.12 3.14              36 

 
Microbial strains and growth condition:  
 
 Rhizobium leguminosarum strain was grown in yeast extract mannitol medium (Vincent, 1970), and 
prepared in biofertilizers production unit (Soils, Water and Environment Res. First Dept. of Microbiology, 
Agric, Res.Center, Giza). Azolla was grown on Yoshida medium (Yoshida et al., 1976), while cyanobacteria 
strains (Anabaena and Nostoc) were grown up to log phase (25 days in BG 11 medium, Allen and Stanier, 1968. 
 
Wet azolla extract: 
 
 The obtain extract was filtrated through a sheet of cotton cloth to be able to use as foliar treatment. 
Cyanobacteria strains were grown on the lab scale then blended together to obtain cyanobacteria extract.  
 
Seeds:  
 
 Seeds of faba bean variety Giza 717 were used in the present study, was kindly supplied from Crop 
Research Inst., Agric. Res. Center Giza, Egypt. Three faba bean seeds were pre-coated with Rhizobium 
leguminosarum inoculums as recommended for all treatments were sown in rows at 25- 30 cm a part hill. 
 
Mineral fertilizers used: 
 
 Superphosphate (15.5 % P2O5) 150 kg fed-1 potassium sulphate (45 % K2O) 100 kg fed-1 and ammonium 
nitrate (33.5 % N) 75kg fed-1 for control and 15kg N fed -1 for all treatments were used. 

 
Microbiological soil analyses: 
 
 Rhizosphere samples of faba bean were collected at 45 and 70 days from sowing while those of plants to 
determinate dehydrogenase activity (DHA) according to Thaiman (1965) and nitrogenase activity as described 
by Hardy et al, (1973), carbon dioxide (Gaur et al., 1971) and in terms of soil total bacteria count (Allen, 1959) 
and total cyanobacteria count (Rippika et al., 1979). 
 The field prepared by ploughing and budding it, then it was divided into 21 plots (3x 3.5 m) representing 7 
treatments with three replicates in randomized block design (Snedecor, and Corharn, 1979).LSD was used to 
compare between means. Faba bean seeds were sown on Nov. 15 and 21 in (2008-2009) and (2009-2010) for 
both winter seasons, respectively. Drip irrigation (EC 5100) has just taken place immediately After 30,40 and 60 
days from sowing faba bean were exposed to foliar application by Azolla and cyanobacteria extract (5L/ plot). 
In case of their combination same rates were mixed together to be applied for their nominated treatments. 
The treatments were as follows: 
T1 control (75 kg N fed -1) recommended dose of nitrogen. 
T2 Azolla foliar (5L /plot) 
T3 Azolla dry (500 g /plot) 
T4 cyanobacteria (5L /Plot) 
T5 cyanobacteria (200g /plot) 
T6 Azolla + cynobacteria foliar 
T7 Azolla 500 g + cyanobacteria 200 g 
 At the harvest, random samples from each treatment were collected by using a wooden one square meter to 
determine faba bean yield and its components. Plant samples were dried in oven on 700 C for 24 hours up to a 
constant dry weight. For the determination of NPK content of both seeds and straw. The digested seeds and 
straw with mixture of concentrated sulphoric acid and perchloric at the ratio 1:1 (v/v) (Black, 1965). Then total 
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N was determined by the micro- kjeldahl method (Bremner and Keeney, 1966). Phosphorus colorimetrically by 
King (1951) Potassium and Sodium by using Zeiss flame photometer method by (Brown and Lilliland, 1946). 
 
Results and Discussion 
 
 This experiment was conducted in saline water irrigation (5100 ppm) and saline sandy soil (6.49 ds / m) of 
El- Areesh station to study the effect of Azolla and cyanobacteria on faba bean yield .Nitrogenase activity in 
faba bean root nodules in Ug C2 H4g dry wt.rh-1 of nodules, CO2 evolution mg/ 100g soil and dehydrogenase 
enzyme in rhizosphere zone of roots after 75 days of faba beans sowing are presented in Table (2). Data indicate 
the soil biological activity for remained 75 days of faba bean seeds sowing in terms of total bacteria and 
cyanobacteria count, CO2 evolution, dehydrogenase (DHA) and nitrogenase (N2 – ase) activities in response to 
both Azolla and cyanobacteria foliar or in soil. Due to bacteria and cyanobacteria count, the highest values were 
recorded by the treatments received (T7) Azolla +cyanobacteria dry in soil. The corresponding count values 
were 112.83 x10 5 and 292.22 x 10 3 CFU g-1 soil, respectively. However, inoculation with Azolla and 
cyanobacteria generally enhanced the bacteria and cyanobacteria count. Over those recorded by the control 
treatment. The treatment received nitrogen only (T1) was less in total bacteria and cyanobacteria count (16.59 x 
10 5 and 34.47 CFU x 10 3) than all treatments. 
 
Table 2: Effect of Azolla and cyanobacteria on soil biological activity after 75 days of sowing. 

Nitrogenase 
Ug C2 H 4 / g dry wt hr 

Dehydrogenase 
(DHA) ug TPF g-1 

soil 

CO2 evolution 
mg/100g soil 

T.C cyanobacteria 
CFU X 10 3 

 

T.C bacteria 
CFU X 10 5 

 

14.63 19,59 56.73 21.00 13.75 T0 
20.44 41.93 110.47 34.47 16.59 T1 
66.62 61.98 157.78 77.67 38.96 T2 
77.14 69.52 141.97 217.00 36.74 T3 
62.01 62.49 143.73 208.46 50.64 T4 
74.88 65.33 161.67 180.67 45.87 T5 
99.87 100.19 258.84 272.22 85.30 T6 

126.78 113.23 294.02 292.22 112.83 T7 
10.95 7.62 17.26 9.16 7.46 LSD 

(The data mean of two seasons) 
 

 Caccaro et al. (2001) showed that, cyanobacteria have been reported to benefit plants by production growth 
promotion substances, vitamins, amino acid, polypeptides antibacterial and antifungal substances that exert 
phytopathogen biocontrol and polymers, especially exopdys-accharides, that improve plant growth and 
productivity. 
 Owing to any of CO2 evolution, DHA and N2-ase it was detected that inoculation with Azola and 
cyanobacteria foliar or dry in soil led to increase their values over all treatment and control. However their 
highest values were (294.02-258,84 mg CO2 100 G100 g-1 soil for CO2 evolution), 113.23-100.19 ug H2 TPF g-1 
soil (DHA), and 126.78- 99.84 ug. C2H4 g-1 dry wt soil. Hr-1 (N2-ase) for T8and T7 treatment, respectively. 
 The reports by Abd El- Rsaoul et al. (2004) in wheat, El-Zeky et al. (2005) in rice and both Abo El-Eyoun 
(2005) and El-Gamal (2006) in maize found that inoculation with cyanobacteria significantly increased these 
biological parameters over the control treatment and their values where comparable to those recorded by the use 
of the full recommended nitrogen dose. They explained that bio fertilization led to increase micro- organisms 
community in soil through increasing the organic matter, microbial activity and in turn increased dehydrogenase 
and nitrogenase activities and CO2 evolution and subsequently improved soil fertility and the plant growth 
performance. 
 Generally, inoculation with Azolla and cyanobacteria enhanced the biological activity in soil and this trend 
was more pronounced in the treatments received (Azolla+cyanobacteria dry).  
 
 Number and dry weight of nodules: 
 
  Number and dry weight of faba bean nodules after75 day from sowing as affected by Azolla and 
cyanobacteria application dry (T7) or foliar (T6) in two successive seasons of (2008-2009) (2009-2010) and 
presented in Table (3). 
 Connecting the effect of application of Azolla and cyanobacteria T7 and T6 ,obtained results revealed that 
control (T1) plants were poorly nodules as they had 138.07 and 120.71 nodules/ plant with dry weight 1.33 and 
1.29 g/ plant in both seasons respectively. 
 The results are in harmony with those obtained by Mekhemer et al (2007) and Badawi, et al. (2011) 
Generally, combination enhanced the nodulation status of faba beans in both seasons. 
 Faba beans inoculation with Azolla or cyanobacteria recorded nodules number (T2=74.33 and T3=87.97 for 
Azolla foliar or dry and (T4=103.54 and T5=113.52 for cyanobacteria application foliar or dry. 
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Table 3: Nodules number and its dry weight (g) after 75 days.   
Nodules Dry wt(g)Nodules NoTreatment 

0.18 15.00T1 
0.62 74.33T2 
1,01 87.97T3 
1,08 103.54T4 
1,13 113.52T5 
1.29 120.71T6 
1.33 138.07T7 
0.05 21.72LSD 

 

 Regarding the effect of nitrogen recommended dose, results revealed the faba bean recorded the lowest 
number of nodules (T1=15.00 nodules/ plant and 0.18 g/plant dry wt. similar trends were also obtained by El-
Sawy et al, (2006). 
 Effect of Azolla and cyanobacteria application on physicochemical soil properties after faba bean 
harvesting are mentioned in Table (4). 
 Inoculation of Azolla either alone or in combination with cyanobacteria dry or foliar increase the organic 
matter (OM) percentage of the soil over treatment (T1)the highest organic matter percentages were obtained 
with the application of Azolla dry (T3) being 1.06O.M% and T7 Together with cyanobacteria given 1.18 O.M5. 
this was still higher than the treatment T6 and T2 foliar given 1.01 and 0.95 O.M% respectively. 
 The result obtained in the current study are in harmony with Nazeer and Prasad (1984), who found that, 
Azolla in the soil builds up organic matter content. Ghazal (1987) also reported that Azolla signifigantly 
increased soil organic carbon over the control by 28.4% for Azolla treatment .El-Perashi (2008) suggested that 
the highest organic matter Percentage was due to the application of dry Azolla over the control treatment. 
 
Electrical Conductivity(E.C): 
 
 The soil E.C. in all treatment slightly less than the control treatment, the results in Table (4) showed that 
application of Azolla alone or in combination with cyanobacteria slightly decreased the soil EC (T7 
=4.50,T3=4.6 and T6=4, 66 ds m-1). Molnar and Ordog (2005) noted that, some plant growth promotors 
(PGPRs) are found to be released by cyanobacteria either in free living from and /or in symbioses as Azolla, 
these PGPRs represent the defense systems that encounters the salt stress leading to decrease the soil EC degree. 
Also both cyanobacteria and Azolla have the ability to excrete extracellular a number of compounds, like 
polysaccharides, peptides, liquids, organics acids leading to decrease the soil Ph. They also added that, the 
presence of these materials in their extracts adsorbs both sodium and magnesium ions upon they get in touch 
with soil and thus prevent the farm effect of salinity against the cultivated plants. 
 The superior effect of T7 treatment on reducing soil pH is probably because of it application in the soil.  
 Application of Azolla and cyanobacteria slightly decreased the soil ph. Table (4) showed that the use of 
Azolla T2 (7.57) and T3(7.36) foliar or dry , decreased control the soil pH. The initial soil (T0=8.02) T1(8.15). 
 The application of T7(Azolla +cyanobacteria dry) recorded the lowest pH values (7.22) as compared with 
the other tested treatments and also as compared with the soil before faba bean cultivation. These results were in 
harmony with El –Shahat et al., (2006) who found that ,incorporation of fresh or dry Azolla decreased the soil 
PH. El-Parashi (2008) reported that, application of fresh and dry Azolla either alone or in different rates with 
different levels of urea slightly decreased the soil pH compared with control. 
 
Table 4: Soil organic matter (O.M.), soil reaction (PH), electric conductivity (E.C.). Macro-nutrients content in soil after faba bean harvest 

(data are min vowel of two seasons). Soil after harvest 
KP NpH

1:2.5 
E.C

ds m-1 
O.M 

% 
Treatment 

 
 

mg/kg soil 

61.312,18 36.08.025.150.06 T0 
118.03.09 46.108.155.200.19 T1 

200.803.96 677.574.800.95 T2 
210.04.11 76.807.364.601.06 T3 
196.03.25 60.407.915.100.36 T4 
196.03.60 56.367.715.020.60 T5 

210.303.66 78.367.304.661.01 T6 
213.303.90 86.07.224.501.18 T7 

 
 Total nitrogen, phosphorus and potassium .contents. Data in Table(4) showed that, all treatments including 
Azolla applied either foliar or dry increased N PK contents of the sail cultivated with faba bean. 
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 The highest records of NPK content in the soil were obtained with applications T7and T6 treatments 
compared with the soil before faba bean cultivations. recorded T7(N=86.0 mg N,P=3.90 and K=213.30 mg/kg 
soil) and T6 being (N=78.366 and K=210.30). 
 These results were similar to (Ram et al, 1994) who reported that, incorporation of Azolla in soil replace the 
loss of nitrogen, also the highest NH1 and NO3 N were due to rapid decomposition of Azolla. 
 
Effect of different application fertilization treatments on faba bean yield and its components:  
 
 Data presented in Table (5) revealed that the yield and yield components were significantly affected by 
plicate rhizobial inoculation and Azolla and cyanobacteria as bio fertilizers in this connection, plant dry weight. 
 Data showed the addition of Azolla and cyanobacteria dry (T7) or foliar (T6) led to significant increase in 
plant dry weight as compared to the control T1 treatment .Using the treatment T7 and T6 gave higher values of 
plant dry matter (T7=90.98 and 81.55 g/plant) than using the recommended dose of nitrogen control treatment 
(T1=42.17 ). 
 On the other hand ,T3 treatment (Azolla dry + rhizobia) gave significantly higher plant dry weight (72.70 
g/plant) as compared with T1 (control =42.17) andT29Azolla foliar 59.60 g/plant. In the two seasons as mean). 
 These results are similar to that obtained by Strik and Staden (2003) who reported the impact of Azolla on 
plant growth to their potentiality to produce cytokinins and auxins. 
 Data in Table (5) showed that the straw yield (g/plant) affected with application of rhizobia ,Azolla and 
cyanobacteria T7andT6. Results revealed the tested treatments T7 and T6 being (23.48 and 20.72 g/plant) at the 
mains in two tested seasons respectively. Compared with the control treatment T1 given (12.26 g/plant) the 
inoculation with treatment T3, T5 and T4, slightly raised the straw yield non significantly between being 16.97, 
16.11, 15.72 and 15.60 g/plant . respectively. These results were harmony with Day et al. (1974), who suggested 
that, the treatment high rates of combined nitrogen may resulted in decrease of straw yield. (Hu and 
Schmidhalter, 1998) showed that there were another organic compounds accumulated in response to salinity 
stress, such as soluble sugars, apparently play a role in the development of salt tolerance. 
 
Table 5: Yield and Yield components of faba bean cultivated in two seasons as affected by Azolla and cyanobacteria bio fertilizers and 

nitrogen source under soil condition.  
100 seeds wt 

(g) 
Seed wt. 
g/plant 

No of 
seed/plant 

Wt. of pods/gNo. Of
Pods/plant 

Straw 
yield 

g/plant 

Plant 
dry weight 

g/plant 

 

74.53 64.9959.8478.6436.3312.26 42.17 T1 
87.02 109.94114.53119,5956.0015.72 59.60 T2 
107.38 122.21134.33122,4259.3316.97 72.70 T3 
85.09 120.55120.77120.3858.3815.6 61.15 T4 
92.82 111.8499.53118.8258.0016.11 65.70 T5 
136.29 194.19166,43138.1072.8320.72 81.55 T6 
151.04 251.99172.75174.2280.3023.48 90.98 T7 

8.96 13.88.469.613.321.35 2.06 LSD 
 
Number and weight of pods: 
 
 Results also showed that, mean in two seasons faba bean seeds inoculated with rhizobia and mixture of 
Azolla and cyanobacteria as dry T7 or foliar T6 statistically achieved the highest pods numbers and dry weight 
gain in T7 (80.3 No. pods). In this connection No. of pods and dry wt of pods. Given the highest significantly 
record compared with the control treatment. 
 
Number and weight of seeds and 100 seeds weight: 
 
 Application of rhizobia ,Azolla and cyanobacteria T7 and T6 showed higher No , of seeds and 100 seeds 
weight (172.95 and 166.43 No of seeds ). 251.99 and 194.19 g/seeds as weight of seeds and (151.04 and 136.29 
g/100 seeds). However Azolla T3 application as dry wt. showed the highest No of seed (134.33), dry wt. of 
seeds 122.21. Data in Table (6) indicate that inoculation of faba bean with both microbial strain (R 
.legumanizorum) mixture with Azolla and cyanobacteria significantly achieved the highest N, P and K in both 
seeds and straw.  
 Generally the values of N, P and K concentrations of faba bean seeds and straw were significantly increased 
as affected by Azolla and cyanobacteria foliar or dry application, higher values of N, P and K concentrations of 
the studied nutritive elements in seeds and straw of faba bean plant followed by those recoreded due to T7 and 
T6 treatments. The highest N, P and K % values for seeds and straw of faba bean were N% (3.99 – 3.18 ) for T7 
and (3,90 - 3.06) for T6, P% ( 1.75 – 0.51 ) for T7 and ( 1.59 – 0. 48 ) forT6 and K% T7 (3.40 -2.49 ) and (3.11- 
2.42) for T6 treatments respectivilly. Treatments with Azolla and cyanobacteria caused significant increases in 
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N, P and K % for both faba bean seeds and straw during both seasons as compared with the control treatment. 
Data in Table (6) also shows that N,P and K concentration in both seeds and straw were affected and could be 
arranged as follows, T7 > T6 > T5 for all experimental units. These results are in harmony with that obtained El- 
Gaml (2006), who indicated that inoculation with cyanobacteria enhanced the N, P and K uptake. Brock and 
Michael (2003 ) and Ali (2007 ), indicated that bio fertilizations together with mineral fertilizers would be of a 
positive significant effect on plant quality and cost of crop production. Also, such an approach will be important 
from environmental view point due to decreasing rate of the applied nitrogen which may take its way to ground 
water and hence harm the human health.  
 
Table 6: NPK contents of faba bean seeds and straw as affected by Azolla, cyanobacteria fertilization in sandy saline soil (data are a mean 

of two seasons). 
K% P%N % Treatments 

Straw SeedsStrawSeedsStraw Seeds  
2.03 2,860.321.331.89 3.06 T1 
2. 16 2.900,401.392.68 3.29 T2 
2.35 2,960.461.462.88 3.62 T3 
2.39 3.010.391.492.90 3.71 T4 
2.40 3.060,441.553.01 3.81 T5 
2.42 3.110.481.593.06 3.90 T6 
2.49 3.400,511.753.18 3.99 T7 
0.15 0.17NSNS0.20 0.16 LSD. 

 
Conclusion: 
 
 The intensive use of expensive chemical fertilizers in recent years which results in environmental pollution 
problems has focused the attention of researches on the possibility of using biofertilizers as an alternative or 
complementary for chemical fertilizers. The application of Azolla and cyanobacteria in faba cultivation in saline 
soil and irrigation saline water, can be considered as a promising technique both to increase faba bean 
productivity and to provide protection from the environmental pollution by the extensive use of chemical 
fertilizers. Thus it may be inferred that Azolla exhibited a better nitrogen availability to faba bean than chemical 
nitrogen and it could act as a substitute nitrogen source for faba bean crop than urea. 
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