
Egyptian J. of Phycol. Vol. 8, 2007 

 

E-mail: Ibraheemborie@yahoo.com     (ISSN: 1110-8649) 

CYANOBACTERIA AS ALTERNATIVE BIOLOGICAL 

CONDITIONERS FOR BIOREMEDIATION OF BARREN 

SOIL 

 
Ibraheem B. M. Ibraheem 

Botany Department, Faculty of Science, Beni-Suef University, Beni-Suef, Egypt 

 

Abstract 

  In this study, synthetic and biological soil conditioners were used to screen their 
abilities to improvise the barren soil characters. These soil conditioners based on 

treatment of barren soil samples with urea and / or compost as synthetic soil conditioner 

or by inoculating the soil samples with Spirulina meneghiniana Zanrd. ex Gomon and / or 

Anabaena oryzae Fritsch as a biological soil conditioner. The data revealed that, the 

biological conditioner in a mixture (22.5 kg ha
-1
 Anabaena and 22.5 kg ha

-1
 Spirulina 

supplied with 7.5 kg ha
-1
 urea and 7.5 kg ha

-1
 compost) was the most effective one. Also, 

the soil samples inoculated with this mixture exhibited positive activity of improving soil 

characters. Moreover, highly significant positive responses of the development features 

were appeared on lettuce plants transplanted in such soil samples. 

Keywords:  Biological conditioners, Barren soil, Cyanobacteria.  

 

Introduction 

 In the last decades, considerable emphasis has been placed on the use of a 

wide array of chemicals purporting to favorably influence soil properties. Some 

materials are produced directly for such purposes, while others are by-products of 

industrial processes.  

Soil conditioners have potential importance in the arid and semi-arid 

regions of the world where there is a developing awareness of the implications of 

soil erosion and inefficient water use.  In recent years, much considerations were 

sent towards the possibility of using the biological conditioners to provide some 

economic assistance to the small and marginal farmers and to introduce a 

judicious combination of linear and cyclic fertilization of soils, where the use of 

biological conditioners reduces the resultant pollution to soil and plants together 

in addition to their ability to improve both soil and plant properties (Banerjee & 

Kumar, 1992; Silke et. al,. 2007). 

Cyanobacteria are able to survive in extreme environments because of 

unique adaptations such as their capability of fixing N2 (Paerl et. al.,1995; 

Bergman et al., 1997) and their resistance to desiccation (Potts, 1996 & 1999). 

Because of the ability to fix atmospheric nitrogen, cyanobacterial mats have been 

used as biofertilizer in modern agriculture (Mandal et. al., 1999; Ladha & Reddy, 

2003). Moreover, cyanobacterial mats contribute to the overall ecosystem primary 

production and play a key role in nutrient cycle (Goldsborough & Robinson, 

1996; McCormick & O’Dell 1996; Scott et. al., 2005; Rodrigo & Eberto, 2007 ). 
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Many trails have been conducted to increase plant yield by cyanobacterial 

inoculation (algalization) (Roger & Kulasoority, 1980). Algalization has been 

reported to have a beneficial effect on grain yield (Dong et. al., 1995; El-Ayouty, 

1998). However, other reports indicated failure of algalization under widely 

different agro-climatic conditions (Roger & Watanabe, 1981). 

The growth of Cyanobacteria creates the conditions for colonization by 

higher plants since they are sources for biological change and accumulation of 

humus and nitrogen. They also indicate soil quality and help to protect the soil 

crust from erosion. In this respect Kaushik & Murti, (1981) studied the effect of 

Cyanobacteria on physico-chemical properties of alkali soils. They found that 

application of Cyanobacteria resulted in significant improvement in the 

aggregation status of soil and brought down appreciably the pH, electric 

conductivity and exchangeable sodium, furthermore they increased considerably 

the hydraulic conductivity of soil.  

 Cyanobacterial fertilizers are a promising alternative to avoid soil 

pollution caused by agrochemical. They may recover the nutrient content and 

structure lost after harvesting as they bring to soil combined exoploysaccharide, 

that aggregate soil particles which helps to reduce erosion and improve soil 

structure (Oesterreicher, 1990), and bioactive substances that enhance seedlings 

growth (De Caire et. al., 1997; De Mule et. al., 1999). The agricultural 

importance of Cyanobacteria lies in their capacity to fix and metabolize the 

molecular nitrogen thus, liberating a part of the fixed nitrogen and possibly 

growth regulators as extrametabolites (Omar, 2000). Also, some investigators 

(Roger & Kulasooriya, 1980; Goyal, 1989) reported the solubilizing of the 

insoluble phosphate, addition of organic matter and improving the physical and 

chemical nature of soil.  

Singh et. al., (1988) found that application of higher levels of nitrogen 

fertilizers urea 60-90 kg N / ha inhibits the growth of Azolla and Cyanobacteria. 

However, Cyanobacteria inoculation had a significant effect on the grain and 

straw yields during the dry season with adding 30 kg N/ha. Abd-All et. al., (1994) 

found that the inoculating of soil with living Cyanobacteria alone or in 

supplement with K, P and S significantly increased dry weight, total nitrogen and 

pigment content of wheat plant. Blunden et. al., (1997) found that the application 

of an aqueous alkaline extracts of Ascophyllum nodosum to the soil resulted in 

higher concentration of chlorophyll in leaves of treated plants, also foliar spraying 

of extracts had similar effects on leaf chlorophyll. Finally, Hassan (2007) found 

that the presoaking of tomato seeds in Chroococcus minetus extract enhanced the 

germination percentage, shoot and root length and also increase the chlorophyll 

contents although they seeded in infested soils with pathogenic Pythium sp. The 

objective of the present study was to examine the ability of some cyanobacterial 

strains to improve soil characters and their efficiency on lettuce development. 
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Materials and Methods 

Soil samples. Soil samples were obtained from agricultural soil described as 

barren soil from Beni-Suef Governorate. The soil samples were analyzed to 

determine the physico-chemical properties before treatment. 

Cynobcterial isolates: Local Cyanobacterial species, Anabaena oryzae Fritsch 

and Spirulina meneghiniana Zanrd. ex Gomont were isolated from agricultural 

soils at Beni-Suif   city and identified according to Desikachary (1959).     

Soil based inoculums. Anabaena oryzae Fritsch and Spirulina meneghiniana 

Zanrd. ex Gomont were propagated in the laboratory on Watanabe medium 

modified by El-Nawawy et. al., (1958) under continuous illumination (3000 Lux) 

and 29 ± 1
o
C. After three weeks, the considerable cyanobacterial growth was 

collected by filtration and used to produce the soil based inoculums (SBI). The 

SBI was then prepared in a greenhouse according to Venkataraman
,
s method 

(1981) using shallow galvanized iron trays (50cm x 50cm     x 15 cm) containing 

10 kg clay, 5-15 cm tap water above the soil , 200 g super-phosphate and covered 

with gauze to prevent the insect attack. After the soil has settled, 50 ml of fresh 

grown cyanobacterial strains were sprinkled on the surface of the standing water. 

Two weeks later, the growth of the Cyanobacteria covered the surface of water 

forming thick mat. Water was then allowed to evaporate completely in the sun. 

The remained dry Cyanobacteria formed mat will crack into flasks which 

represent the soil based inoculums.  

Pot experiment. Plastic pots of 15 cm diameter were used in this experiment. 

About 1 kg of barren soil was put in each pot.  

Treatment of barren soil. The effect of chemical, organic or biological fertilizers 

on soil features, growth and productivity of lettuce were studied in plastic pots. 

The chemical fertilizer (urea), organic fertilizer (compost) or Cyanobacteria 

fertilizer (SBI) were added to the pots in a total of 60 kg N ha
-1
 (as recommended 

by the Egyptian ministry of Agricultural) according to the following sequences 

with three replicates for each treatment:      

C= Control, T1= 100% Spirulina, T2= 100% urea, T3= 100% compost, T4= 50 % 

Spirulina + 50 % urea, T5= 50 %  Spirulina + 50 % compost, T6= 50 % urea + 50 

% compost, T7= 50 % Spirulina + 25 % urea + 25 % compost, T8= 50 % 

Spirulina + 50 % Anabaena, T9= 37.5 % Spirulina + 37.5 % Anabaena + 25 % 

urea, T10= 37.5 %  Spirulina + 37.5 % Anabaena + 25 % compost, T11= 37.5 % 

Spirulina + 37.5 % Anabaena + 12.5 % urea + 12.5 % compost, T12= 100 % 

Anabaena, T13= 50 % Anabaena + 50 % urea, T14= 50 % Anabaena + 50 % 

compost, T15= 50 %  Anabaena + 25 % urea + 25 % compost. The treated pots 

were waited by water for three weeks before transplanting of lettuce  to allowed 

the treatment to be effective. 
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Soil analysis.  Soil samples (three weeks after treatment) in replicates were taken 

from treated pots for physico-chemical analysis to determine the effect of 

different treatments on soil properties before transplanting of lettuce. Maximum 

water holding capacity, gravitational and capillary water were determined 

according to the Standard Methods (1998). Total nitrogen was determined by 

Kjeldahl method as described by Tan (1996). Organic carbon (Piper, 1950), 

exopolysaccharides (Lowe, 1993), total carbonate (Hesse, 1994), and pH 

(Jackson, 1976) were also measured. Available nitrogen was determined 

according to Markus et. al., (1982), available phosphorus was extracted as 

described by Olsen et. al,. (1954) and determined calorimetrically according to 

Jackson (1976). Available potassium was extracted by ammonium acetate 

solution as described by Jackson (1976), and then measured by Flame 

photometer. Acetylene-reducing activity (ARA) was assayed by acetylene 

reduction technique according to Hardy et al., (1973). 

Transplanting of lettuce. Five lettuce seedlings 15 days old were transplanted 

per pot. The pots were irrigated daily. The experiment was conducted for 25 days  

Plant analysis. The plant was harvested for determination of shoot length, 

chlorophyll contents (Vernon and Seely, 1966), total soluble carbohydrates 

according to Umbriet et. al., (1969) and protein contents according to Lowery et. 

al.,(1951). 

Statistical analysis. Analysis of variance (one-way ANOVA) was employed to 

determine if treatments were significantly different for each other (Zar, 1984). 

Results were seemed significantly different at the levels of 5 and 1 %. All 

experiment was repeated of three replicates. 

 

Results  

The changes in water holding capacity of soil in respect to the different 

treatments as show in Figure (1) revealed that no significant changes with 

treatments T2, T3 and T6 as compared with control. But the other applicable 

treatments were high significant increasing in water holding capacity. 

 Data illustrated in Figure (2), showed that, treatments T2, T3, T6 and T13 

confirmed similar contents of soil capillary water as in control. Meanwhile, all 

other treatments revealed significant difference in soil capillary water especially 

with T5 and T7 which exhibit high significant difference as compared with 

control.  

 Table (1) showed contents of the gravitational water of the tested soil 

samples. The data revealed that the maximum value of gravitational water (86.33 

ml / 100 ml water passing through 20 g soil) was reported in soils with T15 which 

revealed a significant difference as compared with control and other treatments. 
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Figure (1): Percentage maximum water holding capacity of soil after treatment by 

Cyanobacteria and other treatments 
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Figure (2): Capillary water percentage of soil after treatment by Cyanobacteria and 

other treatments 

 

Results illustrated in Table 1 confirmed a significant increase in the pH 

values of the soil treated with chemical and/or organic fertilizers as compared 

with control. While it high significantly decreasing in pH value of soil inoculated 

by cyanobacterial species. 

The changes in soil total nitrogen according to the 15 treatments as 

illustrated in Fig. 3 showed marked differences among experimental soils. All 

treatments exhibited high significant increasing in soil total nitrogen compared 

with control. In this respect, T4, T7 and T11 showed the highest value of soil total 
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nitrogen (116, 113 and 117 mg / kg soil, respectively) on account to the other 

treatments. 
 

Table (1): Changes in gravitational water and pH value of studied soil after 

treatment by Cyanobacteria and other treatments. Data are the means of 

triplicate tests ± SD.  

Treatments 

Gravitational 

water 

Mean ± SD 

pH value 

Mean ± SD 

Control 85.9 ± 0.1 8.2   ± 0.08 

T1(100% Spirulina) 86.0 ± 0.06 7.2   ± 0.1 
T2 (100% chemical fertilizer) 85.7 ± 0.15 8.55 ± 0.029 
T3 (100% organic fertilizer) 85.7 ± 0.1 8.0   ± 0.1 
T4 (50 % Spirulina + 50 % chemical fertilizer) 86.0 ± 0.16 7.5   ± 0.15 
T5 (50 %  Spirulina + 50 % organic fertilizer) 85.8 ± 0.15 7.9   ± 0.04 
T6 (50 % chemical fertilizer + 50 % organic fertilizer) 85.8 ± 0.1 8.2   ± 0.104 
T7 (50 % Spirulina + 25 % chem. fer. + 25 % org. fer.) 85.9 ± 0.15 7.6   ± 0.1 
T8 (50 % Spirulina + 50 % Anabaena) 85.7 ± 0.17 7.8   ± 0.052 
T9 (32.5 % Spirulina + 32.5 % Anabaena + 25 % chem. fer.) 85.7 ± 0.1 7.2   ± 0.057 
T10 (32.5 % Spirulina + 32.5 % Anabaena + 25 % org. fer.) 85.9 ± 0.09 7.1   ± 0.15 
T11 (32.5 % S. + 32.5 % A. + 12.5 % chem. fer. + 12.5 % org. fer.) 86.0 ± 0.12 7.4   ± 0.1 
T12 (100 % Anabaena) 85.8 ± 0.21 7.1   ± 0.1 
T13 (50 % Anabaena + 50 % chemical fertilizer) 85.6 ± 0.1 7.46 ± 0.04 
T14 (50 % Anabaena + 50 % organic fertilizer) 85.6 ± 0.35 7.45 ± 0.089 
T15 (50 %  Anabaena + 25 % chem. fer. + 25 %) 85.6 ± 0.35 7.53 ± 0.072 

LSD at 5 % 0.27 0.12 

LSD at 1% 0.37 0.147 

S.= Spirulina; A.= Anabaena; chem. fer= chemical fertilizer; org. fer.= organic fertilizer 
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Figure (3): Changes in total nitrogen of soil after treatment by Cyanobacteria and 

other treatments 
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Regarding all applicable treatments, the changes in the soil carbonates (Fig. 

4) showed the maximum values (8610, 8403 and 8014 mg / kg soil) of soil 

carbonates that recorded with treatments T2, T3 and T6, respectively. While the 

other treatments, revealed a decreasing values fluctuated between significant or 

highly significant decreasing compared with control. 
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Figure (4): Changes in soil carbonates after treatment by Cyanobacteria and other 

treatments 

 

 Given data illustrated in Figure (5) showed that, high significantly 

increasing in soil organic carbon contents with all treatments compared to control. 

However, all soil samples inoculating with cyanbacterial species exhibited more 

increasing in soil organic carbon compared to the soil inoculating with urea (as 

chemical fertilizer) and/or organic fertilizer alone.  

 Data shown in Figure (6) confirmed clearly that all soils inoculated with 

studied Cyanobacteria had highly significant increasing in their contents of 

exopolysaccharides over control and/or chemical or organic fertilizers. Regarding 

all applicable treatments, data given in (Fig. 6) showed that, soil samples treated 

with T11 confirmed the highest value (370 mg / kg soil) followed by T10 (300 mg 

/ kg soil) while the lowest values were recorded by control followed by T2, T3 

and T6 (14, 20, 61 and 68 mg / kg soil, respectively). 

The dynamics of acetylene-reducing activity (ARA) as shown in Figure 

(7) were similar in soils treated with urea (T2) or that treated by compost (T3) 

alone or in mixture (T6) with maximum ARA activity 55, 40 and 63 µ mol/ h / 

keg dry soil) for three treatments, respectively. In contrast, during the 

cyanobacterial treatments, ARA activity was high significantly increased with all 

investigated cyanobacterial species. In this respect, cyanobacterial mixture (T11 
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and T9) recorded the highest ARA activity reached to 299, and 290 µ mol/ h / keg 

dry soil.   
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Figure (5): Changes in total organic carbon of soil after treatment by Cyanobacteria 

and other treatments 
 

 

Soil exopolysaccharides

0

50

100

150

200

250

300

350

400

450

C
on
to
l

T
1

T
2

T
3

T
4

T
5

T
6

T
7

T
8

T
9

T
10

T
11

T
12

T
13

T
14

T
15

LS
D
 a
t 5
%

LS
D
 a
t 1
%

Treatments & LSD

S
o
il
 e
x
o
p
o
ly

sa
cc

h
a
r
id

es
 a

s 
m

g
 

G
lu

c
o
se

 /
 k

g
 S

o
il

0

2

4

6

8

10

12

L
S
D

Mean LSD at 5% LSD at 1%

  

Figure (6): Soil exopolysaccharides after treatment by Cyanobacteria and other 

treatments 
 

Data in (Fig. 8) revealed clearly the importance of Cyanobacteria to a 

certain extent, as the sole active soil reformer in addition to other assistant factors. 

Whereas the highest values of available N, P & K in soil samples were recorded 

from soils inoculated with cyanobacterial mixture supplemented with urea and 

compost (T11) (350 mg kg 
-1 
soil for K, 145 mg kg 

-1 
soil for N and 60 mg  kg 

-1 
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soil for P). In this respect the supplement of urea and compost was significantly 

initiates the activity of Anabaena in increasing the K contents of soil to 300 mg 

kg 
-1 
soil compared with the other treatments.  
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Figure (7): Average acetylene-reducing activity (ARA) in the soil after treatment 

with Cyanobacteria and other treatments 
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Figure (8): Available N, P & K of soil after treatment with Cyanobacteria and other 

treatments 
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Regarding the development percentage of the used lettuce plant in the 

experimental soils, it was found that there is no productivities appeared on the 

lettuce seedlings transplanted in the controlled soil, while the other transplanted in 

algalized soil samples were exhibited very high significant difference in the 

productivity and development percentages.  

Results illustrated in Figure (9) confirmed that the addition of the 

cyanobacterial species to tested soil samples was significantly increased the shoot 

length of lettuce plant as compared with that treated by urea and / or compost. In 

this respect the treatment with 32.5 % Anabaena and 32.5 % Spirulina supplied 

with 12.5 % urea and 12.5 % compost (T11) was recorded the highest shoot 

length (14.5 cm) followed by the treatments; T10 and T9 (14 and 13.5 cm, 

respectively).  
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Figure (9): Shoot length of lettuce plant growing in soil treated with Cyanobacteria 

and other treatments 
 

Regarding the chlorophyll contents of lettuce plant (Fig. 10), it was found 

that all applicable treatments exhibited high significant increasing in chl-a, chl-b 

and total chlorophyll. However, T11 recorded the highest significant content of 

chl-a (22.13  µg / g fresh weight), chl-b (25 µg / g fresh weight) and total 

chlorophyll (47.13 µg / g fresh weight).    

Statistical analysis among all treatments showed highly significant increasing in 

carbohydrate contents of lettuce plants that treated with all studied cyanobacterial 

species compared with that treated by chemical and / or organic fertilizers (Fig. 

11). However, no considerable changes were appeared between all cyanobacterial 

treatments employed. 
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Figure (10): Chlorophyll- a, -b and total chlorophyll of lettuce plant growing in soil 

treated with Cyanobacteria and other treatments 
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Figure (11): Total carbohydrates of lettuce plant growing in soil treated with 

Cyanobacteria and other treatments 

 

Data illustrated in Figure (12) referred to the pattern of the total soluble 

proteins of the growing plants. Lettuce plants seeded in soils inoculating with all 

cyanobacterial treatments exhibited a very high significant increasing compared 

with seeded in soil treated with chemical and/or organic fertilizers. Whereas, the 
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highest significant protein contents were recorded with treatments T11, T10 and 

T9 (13.12, 12.2 and 12 mg / g fresh plant, respectively).  
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Figure (12): Total proteins of lettuce plant growing in soil treated with 

Cyanobacteria and other treatments 

 

Discussion 

 Overview the present results indicated that soil properties under 
cyanobacterial inoculations differ significantly from those receiving no 

cyanobacterial treatments. Such results supported the opinion that Cyanobacteria 

incorporation to soil as a biofertilizer plays an important role in improving soil 

properties without any consideration to other different treatments employed. In 

this respect, the data showed significant increase in water holding capacity, 

capillary and gravitational water. These results were in a good agreement parallel 

with those reported by Shields & Durrell (1964) and Metting & Rayburn, (1983) 

who stated that cyanobacterial incorporation to soil stabilized the surface crust, 

improve infiltration and increased water retention and soil particles aggregation.  

Regarding the changes in soil pH values, the data showed a significant 

decreasing in soil pH with cyanobacterial inoculation. While, all results 

concerning soils with urea or compost showed significant increasing in pH values 

in comparison with control. In the same manner, Singh (1961) and Kaushik & 

Murti, (1981) reported the reduction in alkaline soil pH with inoculation by 

Cyanobacteria from 9.5 to 7.6. This is very important in the bioremediation 

process of alkaline soil.  

 The calculated data indicated that all treatments exhibited high significant 

increasing in soil total nitrogen compared with control especially in soil treated 
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with Cyanobacteria. In this respect Allison & Moris, (1930); Singh, (1961); Grant 

et. al., (1986) and Ghosh & Saha, (1993) stated that Cyanobacteria may be the 

most important nitrogen fixing agent in many agricultural soils. Fletcher & 

Martin, (1948) found that the nitrogen of semi-desert soil increased 400 % when 

cyanobacterial growth of nitrogen fixers was extensive. In most cases, it is 

generally accepted that the incorporation of organic carbon via photosynthesis 

and of organic nitrogen via nitrogen fixation are the most important contributions 

that Cyanobacteria add to the fertility of soil (Metting, 1981). 

Regarding the changes in the carbonate contents, results generally 

revealed a significant reduction in carbonate contents of experimental soils that 

inoculating with cyanobacterial species over control. These data were also 

evidenced by Singh (1961).  

 In the light of the above findings all applicable treatments were 

significantly increase soil organic carbon. However, the maximum results were 

obtained from soils with treatment T11, where a mixture of 37.5 % Anabaena and 

37.5 % Spirulina supplied with 12.5 % urea and 12.5 % compost was adopted.  

These data agree with that of Ghazal (1980); De Caire et. al., (1997); El-Zeky et. 

al., (2005) who found that the inoculation with Cyanobacteria increased soil 

organic content. 

 Concerning the high contents of exopolysaccharides appeared in soil that 

treated with studied cyanobacterial species, it may attributed to the activity of 

Cyanobacteria which described as exopolysaccharides producing organisms and 

exploited in this filed (Metting et al., 1988). In this respect, Falshini et. al., (1997) 

found that inoculation of soil with Cyanobacteria increase the soil contents of 

exopolysaccharides resulted in protection of soil porosity by reducing damaging 

effects of water and also being of primary aggregation as a consequence of 

interaction between the secreted exopolysaccharides and the units of the fine soil 

fraction.  

 Acetylene-reducing activity (ARA) was higher in soil inoculated with 

different cyanobacterial strains than that treated with urea or compost. These 

results indicate the enhancement of nitrogenase activity. Present results agree with 

that found by Quesada et. al., (1997) who reported the activity by Cyanobacteria 

is an important source of nitrogen input in the nitrogen cycle in soil and could 

limit pollution problems by lowering the demand for chemical fertilizers.  

Concerning the available N, P & K of treated soil samples, the given data 

indicate that Cyanobacteria inoculation either alone or in combination with 

different investigated fertilizers led to significant increases in soil available NPK 

over the control. This is agreeing with that obtained by Singh et. al., (1988) who 

found that total nitrogen, available P of soil had been increased owing to the 

application of blue-green algae.   
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 Evaluation the response of lettuce plants to grow, develop and flourish in 

such studied soil indicate the necessity of cyanobacterial inoculation to such soil 

samples. In this respect there is no response for development of lettuce plants in 

untreated soils (control). Furthermore, the lettuce seedlings were wilted, 

yellowish and finally dead.   All applicable treatments (chemical, organic 

fertilizers and / or cyanobacterial treatments) showed high significant increases on 

shoot length and also in lettuce contents of chlorophyll contents, proteins and 

carbohydrates. However, the highest response in the above-mentioned features 

was recorded in the lettuce plants seeded in soil inoculated by Cyanobacteria 

especially that treated with 37.5 % Anabaena and 37.5 % Spirulina supplied with 

12.5 % urea and 12.5 % compost (T11). These results could be related to the data 

obtained by Singh (1961) who reported the beneficial effects of cyanobacterial 

inoculation on the yield of sugarcane and grass and also that obtained by Kerni et. 

al., (1981) who found the cyanobacterial inoculation significantly promoted the 

growth of seedling of guava when compared with control. These results also in 

harmony with those adopted by De Cano, et. al., (1993) who reported that the 

length of rice leaves increased by 17 % by cyanobacterial treatment compared 

with control. The positive effect of the Cyanobacteria on development of lettuce 

plants in the present investigation may attribute to the action of one or 

combination of many factors. Cyanobacteria are known to secrete several 

different categories of secondary metabolites, such as auxin-like substances 

(Venkataraman, 1981), cytokinin-like substances (Rodgres et. al., 1979), or 

gibberellin-like substances (Singh & Trehan, 1973), vitamin B (Grieco & 

Desrochers, 1978), or organic acids (Hellebust, 1974) and antibiotics (Moore, 

1996; Schlegel et. al., 1999). Venkataraman  (1981) reported that the excretion of 

ascorbic acid by Cyanobacteria is known and play a dual role as an exudates from 

Cyanobacteria in rice field, it can accelerate growth and development of the plant 

directly and as a constituent of the cyanobacterial cell, it may participate in 

processes of nitrogen fixation and nitrate reduction. In this respect, Haroun & 

Hossein, (2003) confirmed that the cyanobacterial application either as inoculum 

or as extract increased the protein and chlorophyll for the tested plants and owed 

this to cyanobacterial inoculum and / or the suspension of the extract contain 

special set of biologically active compounds including plant growth regulators 

which may be decrease transpiration as well as to increase leaf chlorophyll and 

protein contents. 

  

Conclusion 

 The results of this study confirm that it is not recommended to use urea or 

compost as unique fertilizers, but the addition of cyanobacterial SBI reducing the 

dissociation of urea towards formation of ammonia and nitrite, improve the 

available soil nutrients and also soil fertility which in turn affect the plant growth 

and productivity. Therefore, the inoculation of soil with 37.5 % Anabaena oryzae 
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(22.5 kg ha
-1
) and 37.5 % Spirulina meneghiniana (22.5 kg ha

-1
) supplied with 

12.5 % urea (7.5 kg ha
-1
 ) and 12.5 % compost (7.5 kg ha

-1
), can compensate some 

of the nutrients required for plant growth. 
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