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ABSTRACT 

 
Effect of culture filtrates of nine algal strains belonging to Nostocales and 

Chlorellales on seeds germination, growth and certain biochemical characteristics of 
sugar beet was tested for their contents of Indole acetic, gibberellic and abscisic 
acids. Plant seeds soaked in algal culture filtrates for 24 hrs showed maximum 
germination percentage when soaked in filtrates of Spirulina platensis (72.9%), 
Anabaena oryzae (70.0%), Oscillatoria sp (69.8%) and Nostoc muscorum (68.7%) 
over the counterparts which were soaked in water. Greenhouse pot experiments were 
conducted during the winter growing seasons of 2005/2006 and 2006/2007 to 
investigate the effect of algal culture filtrates application methods as phytohormones 
source on growth stimulation and yield quality of sugar beet. 

Results revealed that different application methods had no significant effect 
on leaves and roots dry weight as well as total soluble solids, sucrose and purity 
percentages in root juice during the two seasons, while the positive significancy was 
conducted by the treatments of Nostoc muscorum,  Anabaena oryzae, Spirulina 
platensis, Nostoc humifusum, Anabaena flous aquae and Phormedium fragile  culture 
filtrates. 

The combination of seed-presoaking and foliar application method 
significantly increased leaves chlorophyll contents, as well as, nitrogen, phosphorus 
and potassium percentages in roots over the control in both seasons. 
Keywords: Algal culture filtrates, Beta vulgaris, foliar application, plant growth 

regulators,  seed-soaking,. 
Abbreviations used: ABA, abscisic acids; FS, Foliar spray; GA, Gibberellic acid; IAA, 

Indole acetic acid; PGRs, plant growth regulators; SP, Seed 
presoaking; TSS, Total soluble solids.  

 

INTRODUCTION 

 
Sugar beet (Beta vulgaris L.) is a temperate biennial root crop 

cultivated for sugar production,  as forage and organic matter supply for soil. 
It has multiple uses in industry (Çamaş and Esendal, 1999), production of 
oxygen during vegetation period and recently considered for production of 
bio-ethanol (Rinaldi and Vonella, 2006). Although, approximately 70% of total 
sugar production is supplied by sugar cane, sugar beet remains as a unique 
source of sugar for temperate zones (FAO, 2006). Physiological control in the 
plants is governed by four classes of hormones: inhibitors such as abscisic 
acid that block germination; auxins that control root formation and growth; the 
gibberellins that regulate protein synthesis and stem elongation; and 
cytokinins that control organ differentiation (Riley, 1987). 

http://www.arc.sci.eg/InstsLabs/Default.aspx?OrgID=1&lang=en
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Blue-green algal extracts comprise a great number of bioactive 
compounds that influence plant growth and development. They mostly 
contain growth phyto-regulators like gibberellins, auxin, cytokinin, ethylene 
and abscisic acid (Metting and Pyne, 1996; Manickavelu et al., 2006). This 
group of microorganisms have been reported to benefit plants by producing 
growth promoting regulators  resemble gibberellin and auxin, vitamins, amino 
acids, polypeptides, antibacterial and antifungal substances that exert 
phytopathogen biocontrol and polymers especially exopolysaccharides that 
were reported to enhance growth and productivity of plants like Daucus 
carota (Wake et al., 1992),  Santalum album (Bapat et al. 1996), Oryzae 
sativa (Zaccaro et al. 2002; Storni de Cano et al., 2003) and Lilium 
alexandrae hort (Zaccaro et al., 2006). Non-nitrogen fixing cyanobacteria can 
enrich phosphorus and potassium contents in soils, playing indirect major role 
in plant growth promotion (Selvarani, 1983). 
 This work targeted evaluation of extracellular plant growth regulators 
in the algal culture filtrates such as indole acetic, gibberellic and abscisic 
acids and its effect on seed germination, growth stimulation and yield quality 
of sugar beet throughout seed presoaking and/or plant foliar spray application 
methods to figure out the most proper algal filtrate(s) and method(s)  of field 
application to enhance  crop growth and performance.  
 

MATERIALS AND METHODS 
 
Preparation of algal culture filtrates: 

Cyanobacteria strains (Nostoc muscorum, Anabaena flous aquae, 
Anabaena oryzae, Wollea saccata, Phormedium fragile, Oscillatoria sp., 
Nostoc humifusum and Spirulina platensis) were obtained from the 
Microbiology Department, Soils, Water and Environment Res. Inst., ARC, 
while the green alga (Chlorella vulgaris) was contributed by the Pests and 
Diseases Res. Section, Sugar crops Res. Inst., ARC. The cyanobacteria 
strains were grown on BG11 medium (Rippka et al., 1979) except the 
Spirulina platensis which was grown on Zarrouk medium (Zarrouk, 1966). 
Bold medium (Nichols and Bold, 1965) was used for the green alga Chlorella 
vulgaris. The cultures were incubated in growth chamber under continuous 
illumination (2000 lux) and temperature of 25˚C± 2˚C for all strains except the 
mesophilic alga Spirulina platensis which was grown on 35˚C± 2˚C. After 30 
days of incubation, the algal biomass were separated from the culture media 
by filtration and the filtrates were kept under refrigeration on 4˚C until used for 
greenhouse experiments. 
Determination of culture growth parameters and extracellular growth 
regulators:  

Culture growth parameters and extracellular growth regulators in 
culture filtrates were determined,(Table,1). pH values and algal dry weight 
were estimated according to Vonshak (1986). Cultures concentration was 
determined as optical density (OD) by spectrophotometer at 560 nm (Leduy 
and Therien, 1977). Chlorophyll-a was determined spectrophotometrically 
after extraction by absolute methanol as reported by Vonshak and Richmond 
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(1988). Electric conductivity (EC) of algal culture filtrates was measured using 
glass electrode conductivity meter Model Jenway 4310. Growth regulation 
substances (indole acetic, gibberellic and abscisic acids) were fractioned 
according to Shindy and Smith (1975) and quantified by HPLC apparatus 
(Hewlett-Pakard 1050) as described by Kowalczyk  and  Sandberg (2001).  
 
Table (1): Algal cultures growth parameters and extracellular growth 

regulators analyses 

 
Seed germination tests: 

Hundred sugar beet seeds were soaked in each algal culture filtrate 
for 24 hrs and then placed on Whatman No.1 filter paper in Petri plates and 
watered  regularly. Water soaked seeds were used as control.  
Greenhouse experiment: 

Two pot experiments were carried out in the greenhouse of the Agric. 
Res. Center (ARC), Giza, Egypt in the two successive winter seasons 
2005/2006 and 2006/2007 to study the effect of seed soaking and/or foliar 
spraying of the plants with algal culture filtrates on growth and some 
biochemical characteristics of sugar beet.. 

Ten sugar beet seeds (Kawemira multigerm), obtained from Sugar 
Crops Res. Inst. (ARC), were soaked in water (control) or in each of the algal 
culture filtrate for 24 hr before sowing in pots of 35 cm width and  40 cm 
length each contained 15 Kg clay loam soil collected from ARC farm, Giza, 
Egypt. Table (2) shows the physical and chemical properties of the used soils 
in the experimentation seasons. Nitrogen fertilizer was added as urea (46 % 
N) at a  rate simulating  168 kg N ha-1, applied as  two equal doses one 
month after sowing and three weeks later. Phosphorus and potassium 
fertilizers were applied along with the first nitrogen dose at doses simulating 
72 kg P2O5 ha-1 as calcium super phosphate (15% P2O5) and 57.6  kg K2O 
ha-1 as potassium sulphate (48% K2O).  

The filtrate of algal cultures at the rate of 1.2 ml pot-1, simulating 
application of 125 L. ha-1 were applied as foliar spray after 75 days from 
sowing (Reddy et al., 1986). 

The statistical design was the complete randomized blocks with five 
replications for each treatment. 
 

Algal strains 

Algal cultures Cultures filtrate 

(OD) at 
560  
nm 

DW Ch-a 
pH 

EC IAA 
Gibbrillic 

acid 
Abscisic 

acid 

mgl-1 (dSm-1) ngl-1 

Nostoc muscorum 1.198 800 5.76 8.16 0.65 1823.1 2859.0 5230.5 
Anabaena flous 
aquae 

1.214 918 1.39 7.01 0.55 3437.1 3732.0 1860.8 

Chlorella vulgaris 0.979 728 3.49 8.98 1.53 1164.3 9088.0 94.87 
Oscillatoria sp 0.200 142 1.35 7.93 1.06 1245.3 119.7 4.05 
Spirulina platensis 2.998 2706 12.23 10.27 21.08 3500.0 7674.0 0.000 
Anabaena oryzae 0.733 520 1.23 6.77 0.22 1118.3 8839.6 174.9 
Wollea saccata 1.941 1526 9.51 7.45 0.22 1147.3 8710.9 128.7 
Nostoc humifusum 1.452 946 9.76 7.28 0.21 1109.9 9384.9 163.4 
Phormedium fragile 1.966 1448 2.03 5.89 0.27 1186.2 9329.4 18.79 
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Table (2): Mechanical and chemical analyses of the used soil . 
 
Particle size distribution 
Course sand % 
Fine sand % 
Silt % 
Clay % 
Texture 

2005/2006 2006/2007 

 
3.84 
11.86 
48.99 
35.31 
Clay loam 

 
4.00 
11.79 
49.92 
34.29 
Clay loam 

Chemical analyses 
pH 
CaCO3 % 
EC (Soil paste) dSm-1 
Soluble ions (meqL-1) 
Ca++ 
Mg++ 
Na+ 
K+ 
HCO3

- 
CO3

- 
Cl- 
Available nutrients (ppm) 
N 
P 
K 

 
7.91 
0.54 
0.88 
 
3.45 
1.27 
0.78 
0.61 
3.73 
- 
1.18 
 
53.8 
24.00 
438.00 

 
8.00 
0.58 
0.90 
 
3.40 
1.26 
0.77 
0.59 
3.76 
- 
1.17 
 
50.60 
21.00 
413.00 

 
Plant growth parameters and biochemical analyses: 

Plants were harvested after 7 months from sowing. Fresh and dry 
weight of leaves and roots and chlorophyll content of leaves were determined 
(Wettstein, 1957). Percentage of soluble solids (TSS) in juice of fresh roots 
was measured using Hand Refractometer. Sucrose percentage in fresh 
macerated roots was determined polarmetrically on lead acetate extract and 
purity percent was calculated as ratio between sucrose % and TSS % 
(Carruthers and Oldfield, 1960). Total nitrogen, phosphorus and potassium 
percent in dry roots after oven dry on 70°C for 24 hours were determined 
according to A.O.A.C (1984).   
Statistical analysis: 

Data of each season were subjected to statistical analysis as 
complete randomized block design using M-STAT package. Significance of 
the differences between means were tested using the least significant 
differences (LSD) at the 95% confidence level (Gomez and Gomez, 1984). 

 
RESULTS 

 

Germination percentage of sugar beet seeds pre-soaked for 24 hrs in 
certain algal culture filtrates significantly increased as compared to those 
which presoaked in water (Table 3). Maximal seed germination percentages 
were recorded with soaking culture filtrates of Spirulina platensis (72.09), 
Anabaena oryzae (70.00), Oscillatoria sp (69.76) and Nostoc muscorum 
(68.73) as compared to the control (61.02). Soaking in the rest of the tested 
culture filtrates showed no significant differences in germination percentage 
than in case of seed soaking in water. 
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Table (3): Germination percentage of sugar beet seeds presoaked in 
algal culture filtrates 

 
Effect of different application methods of algal culture filtrates on sugar 
beet yield components: 
Leaves fresh weight:  

Different applied methods had no significant effect on leaves fresh 
weight in the first season while, in the second season the highest mean value 
(258.8 g.plant-1) was obtained when the combination of seed presoaking and 
foliar spray of algal culture filtrates was applied (Table 4).  

Algal culture filtrates treatments revealed significant effects in leaves 
fresh weight in both cultivated seasons. The maximum mean values in the 
first season were by Nostoc humifusum (344.6 g.plant-1), Anabaena oryzae 
(343.3 g.plant-1) and Anabaena flous aquae (339.1 g.plant-1). Meanwhile, the 
lowest means were recorded by Phormedium fragile, Wollea saccata and 
Oscillatoria sp. (307.9, 302.1 and 298.6 g.plant-1, respectively). In the second 
season, Anabaena oryzae (274.7 g.plant-1), Nostoc muscorm (272.6 g.plant-1) 
and Anabaena flous aquae (260.3 g.plant-1) recorded the highest leaves fresh 
weight means, on the other hand, Wollea saccata (243.7 g.plant-1), 
Oscillatoria sp (241.9 g.plant-1) and Phormedium fragile (234.6 g.plant-1) 
significantly decreased leaves fresh weight comparing to the control 
treatment.  
Leaves dry weight: 

Leaves dry weight (Table 4) significantly unaffected by different 
application methods, while, algal culture filtrates treatments significantly 
affected Leaves dry weight in both seasons. in the first season, the highest 
mean values were recorded for culture filtrate of Nostoc humifusum (62.0 
g.plant-1), Anabaena oryzae (61.9 g.plant-1) and Anabaena flous aquae (61.0 
g.plant-1). likewise, Anabaena oryzae (49.4 g.plant-1) and Nostoc muscorm  
(49.0 g.plant-1) significantly increased leaves dry weight over the control 
treatment (45.1 g.plant-1) in the second season.  

The interaction between methods and treatments  had no significant 
effect on fresh or dry weight of leaves in both seasons (Table 4). 
Leaf chlorophyll content : 

The interaction between methods of application and the different 
culture filtrates had no significant effect on chlorophyll content in the first 

Algal strains Germination percentage 

Control 61.02 
Nostoc muscorum 68.73 
Anabaena flous aquae 59.98 
Chlorella vulgaris 65.99 
Oscillatoria sp 69.76 
Spirulina platensis 72.09 
Anabaena oryzae 70.00 
Wollea saccata 60.16 
Nostoc humifusum 64.41 
Phormedium fragile 61.09 

L.S.D. (P>0.05) = 5.2  
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season, while was significantly effective in the second season (Table 4). 
Highest significant increases in leaf chlorophyll contents, 43.0 and 41.0 mg.g-

1 DW, were recorded to be due to Anabaena oryzae culture filtrate and in 
cases of SP+ FS and FS application methods, respectively.  
Root fresh weight: 

Root fresh weight significantly affected by the interaction between 
SP+SF application method and algal culture filtrates (Table 5). Highest root 
fresh weight mean values referred to positive effects for using culture filtrates 
of Anabaena oryzae (479.1 g.plant-1) and Nostoc muscorum (472.4 g.plant-1) 
in the first season. while, Nostoc muscorum acheived the highest root fresh 
weight (389.9 g.plant-1) in the second season. 
Root dry weight: 
          Data of root dry weight in both cultivation seasons (Table 5) show no 
significant differences between the three application methods or the first 
order interaction between the methods and the different culture filtrates. 
Application of the different culture filtrates treatments showed significant 
differences in root dry weight among the two seasons. In the first season, the 
highest dry weight mean values were attained by culture filtrates of Nostoc 
humifusum, Anabaena oryzae, Nostoc muscorm and Spirulina platensis 
(79.4, 78.1, 77.2 and 76.8 g.plant-1, respectively) while, Anabaena oryzae, 
Nostoc muscorm, Chlorella vulgaris and Anabaena flous aquae  recorded the 
highest values (64.2, 63.6, 61.2 and 60.2 g.plant-1, respectively) in the 
second season.  
Root nitrogen, phosphorus and potassium contents: 

Table (6) showed significant responses of root nitrogen, phosphorus 
and potassium contents due to application of the different algal culture 
filtrates, methods of application and their interaction throughout the two 
cultivation seasons. SP combined with SF was the best application method in 
both seasons. Nitrogen content of sugar beet root significantly increased by 
the interaction between SP+FS application method and application of by 
different algal culture filtrates in both seasons. Nitrogen content of sugar beet 
roots significantly increased by the culture filtrates of Anabaena oryzae 
(1.72%) and Spirulina platensis (1.69%) in the first season while, Anabaena 
oryzae and Phormedium fragile gave the maximum nitrogen percentages 
(1.79 and 1.73, respectively) in the second season due to SP+FS application 
method.    

The root phosphorus content (Table 6) significantly enhanced by the 
interaction between SP+FS application method and culture filtrates of Nostoc 
muscorum (0.57% 1st season and 0.49% 2nd season)  and Anabaena oryzae 
(0.53% 1st season and 0.47% 2nd season).  
Same trend was found in potassium content of roots (Table 6). The culture 
filtrates of Nostoc muscorum and Anabaena oryzae enhancing root 
potassium content in first season (1.31 and 1.22%, respectively) and in the 
second season (1.46 and 1.41%, respectively) when the combination of seed 
presoaking and foliar spray of algal culture filtrates was applied.  
Root yield quality: 

Different application methods had no significant effect on TSS, 
sucrose and purity percentages of sugar beet root juice while, the significancy 
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was due to the treatments in both cultivated seasons. The highest TSS% 
contents (Table 7) of sugar beet root juice (18.94 and 18.60%) were found 
with application of Anabaena oryzae and Nostoc muscorum culture filtrates, 
respectively, in the first season while, Anabaena flous aquae (20.28%) and 
Nostoc muscorum (19.88%) in the second season. 

The culture filtrates of Nostoc muscorum and Nostoc humifusum 
resulted in the greatest sucrose contents of root juice in the first season 
(15.26% and 15.03%, respectively) While,  In the second season, use of 
Nostoc muscorum  and Anabaena oryzae culture filtrates recorded the 
highest sucrose contents of 15.49 and 15.00%, respectively (Table 7).  

Regarding the juice purity in the first season, the highest significant 
increases of 73.3 and 73.1%, were obtained in cases of Nostoc muscorum 
and Anabaena oryzae, respectively via SP+FS application method. On the 
other hand, Only Anabaena oryzae gave the highest juice purity of 73.2% in 
the second season. 

Application methods and algal culture filtrates did not interact 
significantly for the TSS and sucrose% in both the two seasons while, Juice 
purity markedly affected by this interaction in both seasons.  
 

DISCUSSION 

 
Effect of pre-soaking treatment in algal culture filtrates on sugar beet 
seeds germination:  

The increase in seed germination percentages (Table 3) was noticed 
after 7 days when seeds were soaked in algal culture filtrates for 24 hrs., 
while it took between 10 to 12 days for the tap water soaked seeds. The 
highest germination percentages were found attributable with high GA, IAA 
and zero or relatively low ABA concentrations in the culture filtrates.  

The cultivated forms of Beta vulgaris mostly propagated from seed 
which has relatively low germination rate compared to other crop seeds. 
Germination usually takes between 10 days (under ideal growth conditions) 
up to 24 days. Factors that negatively influence germination have been 
identified: i) about 75% of seed surface (seedball) are surrounded by 
mucilaginous layer. ii) the ovary cap which acts as a barrier to gas exchange, 
and iii) the presence of cork-like layer around the seed in the seedball 
contains chemicals inhibitory for germination. Soaking of beet seed in water 
prior to sowing is recommended for improveed germination,an hour is 
sometime beneficial, but twelve hours or overnight in lukewarm water or 
water at room temperature (around 21°C) is recommended. Soaking washs 
out the germination inhibitors present in the cork-like layer of the seedball 
(Nottingham, 2004).  

ABA and GA are the hormones most frequently suggested to control 
seed dormancy and germination processes (Hilhorst and Karssen, 1992). 
ABA delays or prevents seed germination and determines the depth of 
dormancy during development, whereas GA breaks dormancy and promotes 
germination upon imbibitions by the mature seeds. The quantitative amounts 
of ABA during development result in different depths of dormancy, which in 
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turn require different amounts of GA to stimulate germination. Hence, ABA-
deficient mutants produce non dormant seeds that germinate rapidly whereas 
GA-deficient mutant seeds can not germinate without additional GA (Ni and 
Bradford, 1993). Kucera et al. (2005) focused the interactions between ABA, 
GA, ethylene, auxin and cytokinins in regulating the interconnected molecular 
processes that control dormancy release and germination. Rawat et al. 
(2006) reported that, seed soaking for 24 hours in GA solution had shown 
maximum germination in three important coniferous species Abies pindrow 
(45.0±4.19%), Cupressus torulosa (57.0±3.40%) and Picea. smithiana 
(56±6.01%) as compared to untreated (control) seeds.  

Although, Chlorella vulgaris, Wollea saccata, Nostoc humifusum and 
Phormedium fragile excrete high amounts of GA and IAA (Table 1) they 
recorded low results in germination, plant growth and root yield quality. The 
present results are in agreement with Baydar (2002) who stated that, 
exogenously applied (GA3) strongly influenced the endogenous hormone 
levels of the seeds by decreasing the levels of GA3 and zeatin, and 
increasing the levels of IAA and ABA. The lowered endogenous GA3/ABA 
and zeatin/IAA ratios in the seeds significantly decreased the germination 
percentage. Therefore, it might be suggested that those algal culture filtrates 
could be diluted before applying as seed presoaking treatment. This result is 
in harmony with a study on Vigna sinensis indicated that soaked seeds in 
aqueous extract of lower concentrations of seaweed performed better when 
compared to the water soaked controls, while higher concentrations of the 
extracts inhibited germination (Sivasankari  et al., 2006).  
Growth parameters as affected by different methods of algal culture 
filtrates: 

The usage of Anabaena oryzae, Nostoc muscorum, Spirulina 
platensis, Nostoc humifusum, Chlorella vulgaris and Anabaena flous aquae 
algal culture filtrates as seed presoaking and/or foliar biofertilizers at the early 
stage of vegetation led to a significant increase in leaves and roots dry weight 
over the control treatment in both seasons (Tables 4 and 5). 

The growth of sugar beets is slow at the early stage of vegetation. If 
growth regulators are used in the early stages of growth and development, 
the plant grow faster and require less time to develop a maximal assimilation 
surface of leaves, the processes of photosynthesis and metabolism are more 
intense, the assimilation of nutrients by plants improves and the yield of 
plants becomes higher and of better quality (Jakienė et al., 2007). 

The stimulative effect of these filtrates could be attributed to the 
elevated levels of GA and IAA of the filtrates (Table 1). It is seems that the 
effect of GA tend to promote rooting, leaf and fruit retention and directional 
growth (Wright, 1993).   

Application of gibberellic acid (GA3) to the roots of young sugar beet 
plants caused a significant increase in root dry weight shortly after treatment 
and the rate at which supernumerary cambia were produced was increased. 
Application of GA3 to a single petiole caused a significant increase in both 
root and shoot dry weight. GA3 applied to either root or shoot caused a 
reduction in the rate of leaf formation although total leaf area per plant and 
shoot dry weight were unaffected (Garrod, 1974).  
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Table (4): Effect of seeds presoaking and/or foliar spray application of 
algal filtrates on sugar beet leaves fresh and dry weight and 
total chlorophyll during 2005/2006 and 2006/2007 seasons 

 
IAA generates the majority of auxin effects in intact plants, and is the 

most potent native auxin. it is affecting both cell division and cellular 
expansion. Depending on the specific tissue, auxin may promote axial 
elongation (as in shoots), lateral expansion (as in root swelling), or 
isodiametric expansion (as in fruit growth). In a living plant it appears that 
auxins and other plant hormones nearly always interact to determine patterns 
of plant development (Taiz and Zeiger, 1998 ). 

it is well established that when ABA is supplied to roots their 
elongation is usually inhibited, quantitative changes in auxin and ABA levels 
may together provide the root with a flexible means of regulating its growth 
(Pilet and Barlow, 1987 ). 

Application of ABA in agriculture and horticulture was investigated as 
a metabolizable plant growth regulator or herbicide. Abscisic acid (ABA) can 

Treatments 

Leaves fresh weight 
(g. plant-1) 

Leaves dry weight 
(g. plant-1) 

Total chlorophyll 
(mg. g-1 DW) 

Application methods 

SP FS 
SP+ 
FS 

Mean SP FS 
SP+ 
FS 

Mean SP FS 
SP+ 
FS 

Mean 

 2005/2006 season 
 
Control 

 
329.3 

 
319.4 

 
315.2 

 
321.3 

 
55.0 

 
49.2 

 
69.1 

 
57.8 

 
33.3 

 
37.0 

 
38.0 

 
36.1 

Nostoc muscorum 328.1 319.0 342.1 329.7 59.0 57.2 61.6 59.3 38.4 39.2 40.4 39.3 
Anabaena flous aquae 337.9 330.2 349.2 339.1 60.7 59.6 62.8 61.0 39.2 40.0 40.0 39.7 
Chlorella vulgaris 321.8 316.1 329.4 322.5 57.8 56.9 59.2 58.0 39.0 41.0 42.0 40.7 
Oscillatoria sp 301.6 292.6 301.6 298.6 54.2 52.6 54.2 53.6 40.0 41.2 41.0 40.7 
Spirulina platensis 341.1 320.0 339.8 333.6 61.4 57.4 61.0 59.9 39.8 41.4 43.2 41.4 
Anabaena oryzae 349.3 329.0 351.5 343.3 62.8 59.2 63.8 61.9 40.2 41.0 42.5 41.2 
Wollea saccata 302.8 300.2 303.3 302.1 54.4 54.0 54.5 54.3 37.8 36.0 35.2 36.3 
Nostoc humifusum 342.7 341.0 350.2 344.6 61.6 61.4 63.0 62.0 36.7 36.2 36.9 36.6 
Phormedium fragile 302.2 309.1 312.4 307.9 54.4 55.6 56.2 55.4 37.0 37.1 36.0 36.7 
Mean 325.7 317.7 329.5 324.3 58.1 56.3 60.5 58.3 38.1 39.0 39.5 38.9 

(L.S.D. at 0.05) 
Application methods  
Treatments  
Interactions 

 
NS 
7.5 
NS 

 
NS 
5.2 
NS 

 
0.54 
1.7 
NS 

 2006/2007 Season 
 
Control 

 
251.8 

 
245.0 

 
252.4 

 
251.4 

 
44.4 

 
42.0 

 
49.0 

 
45. 1 

 
34.4 

 
36.0 

 
35.1 

 
35.2 

Nostoc muscorum 273.1 263.6 281.1 272.6 49.1 47.3 50.6 49.0 36.9 37.0 39.2 37.7 
Anabaena flous aquae 263.0 251.0 267.0 260.3 47.2 45.2 47.9 46.7 34.0 35.9 34.1 34.7 
Chlorella vulgaris 259.9 253.2 261.0 258.0 46.6 45.5 47.0 46.4 38.2 36.2 38.3 37.5 
Oscillatoria sp 243.7 237.6 244.4 241.9 43.7 42.7 43.9 43.4 35.9 35.1 37.2 36.1 
Spirulina platensis 264.0 250.0 259.7 257.9 47.5 45.0 46.6 46.4 37.0 37.9 39.2 38.0 
Anabaena oryzae 279.1 261.9 283.0 274.7 50.2 47.0 50.9 49.4 40.3 41.0 43.0 41.4 
Wollea saccata 242.7 239.1 249.2 243.7 43.7 43.0 44.8 43.8 34.9 35.1 35.1 35.0 
Nostoc humifusum 252.1 247.1 254.0 251.0 45.4 44.5 45.5 45.1 37.2 36.8 35.0 36.3 
Phormedium fragile 230.6 237.5 235.8 234.6 41.4 42.7 42.3 42.1 35.2 35.6 36.0 35.6 

Mean 256.0 249.1 258.8 254.6 45.9 44.5 46.9 45.8 36.4 36.7 37.2 36.8 

(L.S.D. at 0.05 ) 
Application methods  
Treatments  
Interactions 

 
4.5 
7.5 
NS 

 
NS 
3.4 
NS 

 
0.5 
1.7 
2.9 

NS: Not significant (P>0.05)           SP : Seeds Presoaking             FS : Foliar Spray 

http://en.wikipedia.org/wiki/Cell_division
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affect processes of senescence, cold resistance, changes in the activity of 
some enzymes, regulation of the permeability of membranes and a variety of 
effects in the growth and development of higher plants. However, its stability 
in aqueous solution is low and its rapid chemical and biological deactivation 
represents a great obstacle for practical use. ABA increased the nitrogenase 
activity of the nitrogen fixing cyanobacterium Nostoc muscorum (Maršálek 
and Šimek, 1992). This result may be explained the superiority of Nostoc 
muscorum in this work  in spite of the high ABA concentration (5230.5 ngl-1) in 
its culture filtrate (Table 1).  
 
Table (5): Effect of seeds presoaking and/or foliar spray application of 

algal filtrates on sugar beet roots fresh and dry weight 
during 2005/2006 and 2006/2007 seasons 

 
Adam (1999) investigated the effect of the cyanobacterium Nostoc 

muscorum as a biofertilizer on seed germination and related processes in 
wheat, sorghum, maize and lentil. Germination of the seeds either in live 
inoculum, algal filtrate (exogenous), or boiled algal extract (endogenous) by 
the nitrogen fixing cyanobacterium Nostc muscorum significantly increased 
growth as well as nitrogenous compounds over controls. These promotion 

Treatments 

Roots fresh weight (g. plant-1) Roots dry weight (g. plant-1) 

Application methods 

SP FS SP+ FS Mean SP FS SP+ FS Mean 

2005/2006 season 
 
Control 

 
392.1 

 
409.4 

 
401.9 

 
401.2 

 
69.2 

 
71.8 

 
75.6 

 
72.2 

Nostoc muscorum 430.0 439.8 472.4 447.4 81.0 78.3 72.4 77.2 
Anabaena flous aquae 407.9 411.8 402.2 407.3 74.3 70.7 74.7 73.3 
Chlorella vulgaris 418.2 431.0 439.4 429.6 78.0 75.0 72.7 75.2 
Oscillatoria sp 392.5 409.2 400.3 400.7 68.0 73.6 70.1 70.6 
Spirulina platensis 425.3 431.5 442.1 433.0 80.2 71.7 78.5 76.8 
Anabaena oryzae 434.1 453.0 479.1 455.4 79.4 77.3 77.2 78.1 
Wollea saccata 398.1 408.9 414.4 407.1 70.2 75.6 69.2 71.6 
Nostoc humifusum 441.0 422.1 439.6 434.2 82.4 80.7 75.0 79.4 
Phormedium fragile 382.5 391.5 399.4 391.1 66.4 68.0 71.9 68.8 
Mean 412.2 420.8 429.1 420.1 74.9 74.3 73.7 74.3 

(L.S.D. at 0.05) 
Application methods 
Treatments 
Interactions 

 
6.5 
7.9 
13.6 

 
NS 
3.8 
NS 

                                   2006/2007 Season 
 
Control 

 
329.0 

 
320.0 

 
320.4 

 
323.1 

 
55.0 

 
59.1 

 
56.6 

 
56.9 

Nostoc muscorum 381.4 373.2 389.9 381.5 61.4 63.4 66.1 63.6 
Anabaena flous aquae 350.9 344.1 369.6 354.9 59.5 58.5 62.7 60.2 
Chlorella vulgaris 342.0 359.7 379.0 360.2 58.1 61.0 64.4 61.2 
Oscillatoria sp 321.9 329.9 335.6 329.1 54.6 55.9 57.0 55.8 
Spirulina platensis 330.5 342.1 359.9 344.2 56.1 58.1 61.0 58.4 
Anabaena oryzae 379.0 381.0 373.1 377.7 64.4 64.8 63.4 64.2 
Wollea saccata 318.2 321.2 319.4 319.6 54.1 54.6 54.2 54.3 
Nostoc humifusum 354.9 342.0 356.8 351.2 60.2 58.1 60.5 59.6 
Phormedium fragile 309.3 318.0 322.0 316.4 52.5 54.1 54.6 53.7 
Mean 341.7 343.1 352.6 345.8 57.6 58.8 60.1 58.8 

(L.S.D. at 0.05)     
Application methods 
Treatments 
Interactions 

 
6.5 
7.9 
13.6 

 
NS 
3.8 
NS 

NS: Not significant (P>0.05)           SP : Seeds Presoaking             FS : Foliar Spray 
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could be attributed to the nitrogenase as well as nitrate reductase activities of 
the alga associated with the surface of plants; or the amino acids and 
peptides produced in the algal filtrate and/or other compounds that stimulate 
growth of crop plants.  

The significant increase in leaves chlorophyll content (Table-4) in 
both cultivation seasons by Nostc muscorum, Anabaena oryzae and Spirulina 
platensis culture filtrates led to a significant increase in roots dry weight 
(Table 5). Whapham et al., (1993) demonstrated that seaweed extract, 
applied either to foliage or the soil, significantly increased the chlorophyll 
content in plant leaves. Ordog (1999) documented that the suspension of 
extract of cyanobacteria and microalgae contain a special set of biologically 
active compounds including plant growth regulators, which can be used for 
treatment to decrease senescence, transpiration as well as to increase leaf 
chlorophyll, protein content and root and shoot development. Simiarly, 
Haroun and Hussein (2003) stated that, presoaking of Lupinus termis seed in 
cyanobacterial cultures filtrates increased ch-a, ch-b, total chlorophylls and 
total pigments content of the leaves, increasing pigment production in leaves 
led to increase the photosynthetic activity and carbohydrate contents in plant 
tissues. This stimulative effect of these filtrates could be attributed to the 
elevated level of GA of the filtrates which may play important role in 
enhancement of the biosynthesis of enzyme protein, enzyme activation 
and/or membrane permeability. The observed significant increases in the 
determined enzyme in Lupinus shoot in response to pretreatment with the 
algal filtrates are in good conformity with the increment in growth rate as well 
as nitrogen and protein content.  

Recently, it was found that, solutions used for foliar nutrition of urea, 
molybdenum, benzyladenine BA (cytokinin) and sucrose individually or mixed 
had a significant effect on the plant leaf mass, while  had no effect on the 
mass of the radish roots or on the total plant mass of plants (mass of roots + 
mass of leaves). Neither any significant changes were noted in the dry matter 
content in the leaves or in the roots (Smoleń and Sady, 2008). 
The impact of algal culture filtrates and their application method on 
sugar beet yield quality: 

The tested algal culture filtrates, the application methods and their 
interaction showed a significant effect on macro nutrient contents (N, P and 
K) of sugar beet roots (Table 6)  

Nitrogen, phosphorus and potassium are essential nutrients for crop 
growth and high yield with good quality. Nitrogen is the most important 
fertilizer element for sugar beet growth and yield. The increase in root yield 
with the increase in nitrogen levels might be attributed to the role of nitrogen 
in enhancing growth, chlorophyll formation, photosynthesis process and 
hence increasing yield and its attributing variables (Leilah et. al.2005). 

Phosphorus is an important nutrient for all the crops, it is a key 
constituent of ATP and plays significant role in energy transformation in plant 
and also in various roles in seed formation (Sanker, 1984). Phosphorus 

known to help developing a more extensive root system and thus enabling 
plants to extract water and nutrients from more depth. This in turn could 
enhance the plants to produce more assimilates which was reflected in higher 
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biomass (Gobarah et al., 2006). Furthermore, the increases in yield due to 
phosphorus fertilizer may be attributed to the activation of metabolic 
processes, where its role in building phospholipids and nucleic acid is known 
(Marschner, 1986).  
 
Table (6): Effect of seeds presoaking and/or foliar spray application of 

algal filtrates on nitrogen, phosphorus and potassium 
percentages of  sugar beet roots during 2005/2006 and 
2006/2007 seasons . 

 
 

Treatments 

N% P% K% 

Application methods 

SP FS 
SP+ 
FS 

Mean SP FS 
SP+ 
FS 

Mean SP FS 
SP+ 
FS 

Mean 

2005/2006 season 

 
Control 

 
1.22 

 
1.29 

 
1.66 

 
1.39 

 
0.38 

 
0.31 

 
0.48 

 
0.39 

 
0.92 

 
0.97 

 
0.90 

 
0.93 

Nostoc muscorum 1.43 1.59 1.63 1.55 0.46 0.43 0.57 0.48 1.01 0.94 1.31 1.08 
Anabaena flous 
aquae 

1.41 1.38 1.44 1.41 0.35 0.37 0.42 0.38 1.09 0.99 1.13 1.07 

Chlorella vulgaris 1.49 1.52 1.59 1.53 0.38 0.32 0.39 0.36 0.99 1.03 1.19 1.07 
Oscillatoria sp 1.38 1.59 1.66 1.54 0.44 0.38 0.48 0.43 1.03 1.00 0.99 1.00 
Spirulina platensis 1.40 1.62 1.69 1.57 0.39 0.42 0.44 0.41 0.98 0.99 1.08 1.01 
Anabaena oryzae 1.58 1.43 1.72 1.57 0.49 0.45 0.53 0.49 1.21 1.11 1.22 1.18 
Wollea saccata 1.30 1.33 1.45 1.36 0.31 0.32 0.40 0.34 0.97 0.95 1.00 0.97 
Nostoc humifusum 1.43 1.58 1.66 1.55 0.33 0.34 0.42 0.36 0.96 0.97 0.99 0.97 
Phormedium fragile 1.37 1.51 1.59 1.49 0.30 0.29 0.35 0.31 0.92 0.96 0.90 0.92 
Mean 1.40 1.48 1.61 1.49 0.38 0.36 0.44 0.39 1.00 0.99 1.07 1.02 

(L.S.D. at 0.05) 
Application 
methods 
Treatments 
Interactions 

 
0.08 
0.09 
0.15 

 
0.02 
0.04 
0.07 

 
0.03 
0.07 
0.12 

 2006/2007 Season 

 
Control 

 
1.31 

 
1.42 

 
1.50 

 
1.41 

 
0.29 

 
0.34 

 
0.36 

 
0.33 

 
1.02 

 
1.19 

 
1.15 

 
1.12 

Nostoc muscorum 1.49 1.58 1.63 1.56 0.41 0.34 0.49 0.41 1.39 1.20 1.46 1.35 
Anabaena flous 
aquae 

1.34 1.53 1.48 1.45 0.38 0.31 0.43 0.37 1.17 1.03 1.09 1.09 

Chlorella vulgaris 1.53 1.47 1.69 1.56 0.36 0.30 0.45 0.37 1.22 1.09 1.32 1.21 
Oscillatoria sp 1.51 1.42 1.57 1.50 0.30 0.33 0.39 0.34 1.03 0.98 1.11 1.04 
Spirulina platensis 1.47 1.63 1.55 1.55 0.37 0.39 0.44 0.40 1.16 1.00 1.03 1.06 
Anabaena oryzae 1.58 1.72 1.79 1.69 0.40 0.38 0.47 0.41 1.28 1.18 1.41 1.29 
Wollea saccata 1.46 1.50 1.63 1.53 0.32 0.30 0.35 0.32 1.11 0.98 1.08 1.05 
Nostoc humifusum 1.40 1.61 1.57 1.52 0.34 0.40 0.38 0.37 1.19 1.13 1.10 1.14 
Phormedium fragile 1.45 1.39 1.73 1.52 0.29 0.33 0.36 0.32 1.02 0.97 0.99 0.99 
Mean 1.45 1.52 1.61 1.53 0.34 0.34 0.41 0.36 1.16 1.07 1.17 1.13 

(L.S.D. at 0.05)                       
Application 
methods 
Treatments 
Interactions 

 
0.08 
0.09 
0.15 

 
0.02 
0.04 
0.07 

 
0.03 
0.07 
0.12 

SP : Seeds Presoaking            FS : Foliar Spray 
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Potassium has been given a credit for several important roles in plant 
nutrition associated with quality of the product. It increases sugar content of 
beets and has an important biochemical role for sugar transport in plants. 
Moreover, sucrose, total soluble solids and purity of sugar beet juice 
increased with increasing K level (Khalil et al., 2001). Fresh water algae 
contain high percentage of macro and micronutrients bounded in their major 
biochemical constituents and metabolites such as carbohydrates and proteins 
(Sergeeva et al.,  2002). 

In addition the increase in growth characters, yield and its attributes 
by foliar fertilization may be due to that the sprayed solution of nutrients is 
readily absorbed by the leaves and not lost through fixation, decomposition or 
leaching (Abdel-Hadi et al., 1985).Moreover, It is worthy to mention that the 
efficiency of foliar nutrition does not only depend on the concentrations and 
combination of nutrients, but also on carriers of the nutrient (Kariem et al., 
1991).  

Plant growth promoting cyanobacteria can stimulate plant growth 
directly, by providing nutrients to plants, or by facilitating the uptake of certain 
nutrients from the environment. it can also promote plant growth indirectly, by 
suppressing the growth of pathogens (Zaccaro, 2000). In this respect, field 
experiment conducted on sugar beet fertilized with 50% of recommend 
nitrogen dose, demonstrated an increase in shoot fresh weight, chlorophyll a, 
root fresh weight and total soluble solids in the plants inoculated with 
phytostimulatory bacteria (Azospirillum and Azotobacter strains) above the 
plants fertilized with recommended dose of nitrogen. This are due to 
production of the plant hormone indole-3-acetic acid (IAA) by bacterial strains 
as those which used in this study. These Azospirillum strains and their 
transconjugants positively influencing on plant growth by any mechanisms 
referred to as plant growth promotinion. These bacteria significantly affect 
root T.S.S. by increasing nutrient cycling, suppressing pathogens by 
producing antibiotics and siderophores or bacterial and fungal antagonistic 
substances and/or by producing biologically active substances such as 
auxins and other plant hormones (Zaied et al., 2007). 

TSS%, sucrose% and purity% of sugar beet root juice did not 
influenced significantly by the different application methods of the algal 
culture filtrates while, significantly affected by the different culture filtrates in 
the two experimentation seasons (Table 7). This result agreed with the 
finding of Lozano et al. (1999) who stated that, the application of an extract 
from algae to soil or foliage increased ash, protein and carbohydrate contents 
of potatoes (Solanum tuberosum). While, Anitha et al. (2004) reported that, 
soaking seeds of cowpea (Vigna unguiculata L. Walp.) in 500 ppm thiourea 
solution followed by two sprays (at vegetative and flowering stages) was most 
effective and increased seed yield by 26% over control. On the other hand, 
Fecková et al., (2005) found that, foliar preparations affected more 
significantly quantity of sugar beet production than its quality. 
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Table (7): Effect of seeds presoaking and/or foliar spray application of 
algal filtrates on total soluble solids, sucrose and juice 
purity percentages of  sugar beet roots during 2005/2006 
and 2006/2007 seasons. 

 

Smoleń and Sady (2008) established that, the foliar nutrition 
treatments have a significant effect on the plant leaf mass and on 
concentration of soluble sugars and ascorbic acid in the radish roots. 

Liquid extracts obtained from seaweeds have gained importance as 
foliar spray for several crops because the extract contains growth promoting 
hormones (IAA and IBA), cytokinins, trace elements (Fe, Cu, Zn, Co, Mo, Mn, 
Ni), vitamins and amino acids. Thus, these extracts when applied to seeds or 
added to the soil, stimulate growth of the plants (Challen and Hemingway, 
1965; Blunden, 1971 and Bokil et al., 1974).  

Treatments 

TSS% Sucrose% Juice purity% 

SP FS 
SP+ 
FS 

Mean SP FS SP+ FS Mean SP FS 
SP+ 
FS 

Mean 

2005/2006 season 

 
Control 

 
18.1 

 
17.8 

 
18.7 

 
18.2 

 
13.9 

 
13.8 

 
14.6 

 
14.1 

 
69.5 

 
70.2 

 
70.6 

 
70.1 

Nostoc muscorum 18.4 18.5 18.9 18.6 15.6 14.4 14.8 15.3 73.4 72.0 73.3 72.9 
Anabaena flous 
aquae 18.3 18.1 18.1 18.2 14.8 14.7 14.9 14.8 71.2 69.7 69.5 70.1 
Chlorella vulgaris 18.5 17.7 18.0 17.9 14.0 14.2 14.3 14.2 70.6 68.3 68.6 69.2 
Oscillatoria sp 18.1 18.3 18.6 18.3 14.5 14.8 14.4 14.6 68.2 67.9 70.2 68.8 
Spirulina platensis 17.8 17.9 18.0 17.9 14.0 14.1 14.5 14.2 70.2 69.9 71.2 70.4 
Anabaena oryzae 19.0 18.8 19.0 18.9 14.8 14.9 14.8 14.9 72.0 71.1 73.1 72.1 
Wollea saccata 17.8 17.9 18.0 17.9 13.9 14.0 14.2 14.0 67.8 67.6 69.2 68.2 
Nostoc humifusum 18.0 18.3 18.4 18.2 14.9 14.8 15.4 15.0 69.9 68.1 69.0 69.7 
Phormedium fragile 18.3 18.1 18.4 18.3 14.7 14.9 14.8 14.8 69.0 70.0 69.9 69.6 
Mean 18.2 18.2 18.4 18.2 14.5 14.5 14.8 14.6 70.2 69.5 70.5 70.0 

(L.S.D. at 0.05)                       
Application methods 
Treatments 
Interactions 

 
NS 
0.4 
NS 

 
NS 
0.3 
NS 

 
NS 
0.8 
1.4 

 2006/2007 Season 

 
Control 

 
18.7 

 
19.0 

 
19.6 

 
19.1 

 
14.1 

 
14.0 

 
14.8 

 
14.3 

 
71.4 

 
71.8 

 
71.3 

 
71.5 

Nostoc muscorum 14.8 19.7 20.1 19.9 15.1 15.4 16.0 15.5 72.1 71.3 71.2 71.5 
Anabaena flous 
aquae 20.0 20.0 20.8 20.3 14.7 14.5 14.3 14.5 70.8 70.5 70.7 70.7 
Chlorella vulgaris 18.7 18.7 18.7 18.7 14.5 14.4 14.1 14.3 71.4 71.2 71.1 71.2 
Oscillatoria sp 19.0 18.9 18.8 18.9 14.0 14.2 14.4 14.4 69.0 70.1 70.2 69.8 
Spirulina platensis 18.1 18.3 18.0 18.1 14.6 14.0 14.3 14.1 70.0 69.8 70.0 69.9 
Anabaena oryzae 19.2 19.4 19.6 19.4 14.8 15.0 15.2 15.0 73.1 70.9 73.2 72.4 
Wollea saccata 19.1 19.0 19.2 19.1 13.9 14.1 14.2 14.1 70.1 71.0 71.7 70.9 
Nostoc humifusum 19.4 19.5 19.6 19.5 14.0 14.3 14.1 14.1 68.7 69.2 69.8 69.2 
Phormedium fragile 18.9 19.1 19.0 19.0 14.4 14.1 14.2 14.2 69.1 69.4 70.2 69.6 
Mean 19.1 19.2 19.3 19.2 14.4 14.4 14.6 14.5 70.6 70.5 70.9 70.7 

(L.S.D. at 0.05)                       
Application methods 
Treatments 
Interactions 

 
NS 
0.4 
NS 

 
NS 
0.3 
NS 

 
NS 
0.8 
1.4 

NS: Not significant (P>0.05)          SP : Seeds Presoaking          FS : Foliar Spray           
TSS: Total soluble solids 
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Possibilities of utilization of various biologically active matters including plant 
hormones (auxins, cytokinins) for regulation of sugar beet growing process 
have been investigated. Biologically active matters often use to be the 
components of foliar fertilizers of new generation being mixed together with 
macro- and micronutrients (Anitha et al., 2004).  

Exogenic growth regulators are becoming more and more significant 
for the productivity of field plants. The growth regulators are synthetic 
compounds representing physiological analogues of natural phytohormones 
and are used to control the processes of growth and development as well as 
to fortify immune system of plants. Depending on the conditions of application 
of growth regulators as well as on their concentration and the physiological 
state of a plant, it is possible to stimulate the formation of roots, growth of a 
stem, time of blooming and ripeness of a plant (Jakienė et al., 2007). 
Zaccaro (2000) reported that, cyanobacteria excrete a great number of 
substances that influence plant growth and development by producing 
growth-promoting regulators that improve soil structure and exoenzyme 
activity. 
Conclusion: 

Results obtained by this study indicate powerful effects of algal 
culture filtrates, mainly those of Anabaena oryzae, Nostoc muscorum, 
Spirulina platensis and Nostoc humifusum on sugar beet seed germination as 
well as plant growth and root yield quality. Such enhancement in growth 
characters by soaking seeds for 24 hrs and foliar spraying of the plants with 
algal culture filtrates is suggested to be attributed to extracellular production 
and liberation of growth regulators by the organisms in their culture filtrates 

Therefore, future studies may be needed to establish and 
recommended the use of algal culture filtrates as a source of plant growth 
regulators beside other benefits substances polysaccharides, micronutrients, 
vitamins and amino acids in seeds presoaking and foliar application for crops 
rather than sugar beet. 

 
REFERENCES 

 
A.O.A.C. (1984). Official methods of analysis (14th ed.), Association of 

Official Analytical Chemists, Arlington, Virginia, U S A.  
Abdel-Hady, A. H.;  K. G. Doering; M. S. Khadr; Y. H. Mohamed; A. A. 

Moustafa and M. E. Taha (1985). Effect of foliar fertilization in different 
crops under Egyptian conditions. Int. Proc. Of the 1st Symp. on Foliar 
Fert., 14-16 March, Alex., Egypt, A. Alexander (Ed.):126. 

Adam, M. S. (1999). The promotive effect of the cyanobacterium Nostoc 
muscorum on  the  growth of some crop plants. Acta Microbiol. 
Polonica, 48:163-171. 

Anitha. S.; E. Sreenivasan and S. M. Purushothaman (2004). Effect of 
thiourea application  on cowpea [Vigna unguiculata (L.) Walp.] 
productivity under rainfed  conditions. Journal of Tropical Agriculture, 
42(1-2): 53-54.   

 



Aly, M. H. A. et al. 

 8838 

Bapat, T. V. A.; R. K. IYER and P. S. RAO (1996). Effect of cyanobacterial 
extract on  somatic embryogenesis in tissue culture of sandalwood 
(Santalum album). Journal of Medicinal and Aromatic Plant Sciences, 
18(1):10-14. 

Baydar, H. (2002). Effects of Gibberellic Acid Treatment for Pollen Sterility 
Induction on the Physiological Activity and Endogenous Hormone 
Levels of the Seed in Safflower. Turk J. Biol., 26: 235-239.  

Blunden, G. (1971). The effect of aqueous seaweed extract as fertilizer 
additives. Proc.  VII. Int. Seaw. Symp. Tokyo, 584–589. 

Bokil, K. K.; V. C. Mehta and D. S. Datar (1974). Seaweeds as manure: II pot 
culture  manorial experiments on wheat. Phykos. 13(1):1–5. 

Çamaş, N. and E., Esendal (1999). Effect of planting times and seedling 
transplanting on sugarbeet (Beta vulgaris L.) cultivars. OMU J. Agric., 
14:31-42. 

Carruthers, A. and J. F. T. Oldfield (1960). Methods for assessment of beet 
quality. International Sugar J., 63:72-74.  

Challen, S. B. and J. C. Hemingway (1965). Growth of higher plants in 
response to feeding  with seaweed extracts. Proc. 5th Ind. Seaweed 
Symp.  

FAO  (2006). Official web site of Food and Agriculture Organization of United 
Nations. http://www.fao.org/waicent/portal/statistics_en.asp.  

Fecková, J.; V. Pačuta and I. Černý (2005). Effect of foliar preparations and 
variety on sugar beet yield and quality. J. Central European Agric., 
6(3):295-308.  

Garrod, J. F. (1974). The Role of Gibberellins in Early Growth and 
Development of Sugar Beet. J. Experimental Botany, 25(5):945-954.  

Gobarah, Mirvat; E. Magda; H. Mohamed and M.M. Tawfik (2006). Effect of 
phosphorus fertilizer and foliar spraying with zinc on growth, yield and 
quality of groundnut under reclaimed sandy soils. J.  Appl. Sci. Res., 
Pakistan, 2(8): 491-496. 

Gomez, K. A. and A. A. Gomez (1984). Statistical procedures for Agricultural 
research, (2nd ed), pp. 20-29 & 359-387.  

Haroun S. A. and M. H. Hussein (2003). The promotive effect of algal 
biofertilizers on growth, protein pattern and some metabolic activities of 
Lupinus termis plants grown in siliceous soil. Asian J Plant Sci., 2:944-
951.  

Hilhorst, H. W. M.  and C. M. Karssen  (1992). Seed dormancy and 
germination: the role of  abscisic acid and gibberellins and the 
importance of hormone mutants. Plant growth regulation, 11(3).  

Jakienė E., V. Venskutonis and V. Mickevičius (2007). Growth regulators for 
sugar beets. Zemdirbyste, Agriculture, 94(2): 3–17.   

Kariem, M. H.; M. A. Abdel-Motaleb, M. M. El-Fouly and O. A. Nofal (1991). 
Response of soybean to micronutrient foliar fertilization of different 
formulations under two soil conditions. I-Yield responses. Egypt. J. 
Physiol. Sci,, 15(1,2):131-140. 

Khalil, S. M., S. N. Mostafa and Z. R. Mostafa (2001). Influence of potassium 
fertilizer  and  soil salinity on chemical composition of sugar beet root. 
Minufiya J. Agric. Res., 26 (3):583– 594. 

http://www.fao.org/waicent/portal/statistics_en.asp


J. Agric. Sci. Mansoura Univ., 33 (12), December, 2008 

 

 8839 

Kowalczyk, M. and Q. Sandberg (2001). Quantitative analysis of indole-3-
acetic acid in plant metabolites in arabidopsis. Plant physiology, 
127:1845-1853.  

Kucera, B.; M. A. Cohn and G. Leubner-Metzger (2005). Plant hormone 
interactions during seed dormancy release and germination. Seed 
Science Research 15: 281–307. 

Leduy, A. and N. Therien (1977). An improved method for optical density  
measurement of semimicro blue-green alga Spirulina maxima. 
Biotechnol Bioeng., 19:1219-1224. 

Leilah, A. A.; M. A. Badawi; E. M. Said;  M.H. Ghonema and M.A. E. Abdou 
(2005). Effect of planting dates, plant population and nitrogen 
fertilization on sugar beet productivity under the newly reclaimed sandy 
soils in Egypt. Scientific Journal of King Faisal University, Basic and 
Appl. Sci., 6(1): 95-110. 

Lozano, M. S.; J. Verde Star; R. K. Maiti; C. A. Oranday; R. H. Gaona;  H. E.  
Aranda and G. M. Rojas (1999). Effect of an algal extract and several 
plant growth regulators on the nutritive value of potatoes (Solanum 
tuberosum L. var. gigant). Archives Latinoamericanos de Nutricion, 
49:166-170.  

Manickavelu, A.; N., Nadarajan,; S. K., Ganesh; R., Ramalingam; S.. 
Raguraman and R. P., Gnanamalar (2006). Organogenesis induction in 
rice callus by cyanobacterial extracellular product. African Journal of 
Biotechnology 5(5): 437-439.  

Marschner, H. (1986). Mineral nutrition of higher plants. Inst. of Plant 
Nutrition, Univ. of Hohenheim, F.R.G. Academic. Press, Jovanvich, 
Publisher, London 

Maršálek, B. and M. Šimek (1992). Abscisic Acid and Its Synthetic Analog in 
Relation to Growth and Nitrogenase Activity of Azotobacter 
chroococcum and Nostoc muscorum. Folia Microbiol. 37(2), 159-160.  

Metting B, and J. W., Pyne (1996). Biologically active compounds from micro 
algae, enzyme. Microb. Technol. 8:386-394.  

Ni, B. R. and K. J. Bradford (1993). Germination and Dormancy of Abscisic 
Acid and Cibberellin-Deficient Mutant Tomato (Lycopersicon 
esculentum) Seeds. Sensitivity of Germination to Abscisic Acid, 
Gibberellin and Water Potential. Plant Physiol., 101:607-617. 

Nichols, H. W. and H. C. Bold (1965). Trichosarcina polymorpha gen. et sp. 
nov. J. Phycol. 1:34-38.  

Nottingham, S. F. (2004). Beetroot. Stephen Nottingham's meticulously 
researched. online book,  

 

http://ourworld.compuserve.com/homepages/Stephen_Nottingham/beet
root.htm. 

Ordog, V. (1999). Beneficial effects of microalgale and cyanobacteria in 
plant/soil–systems, with special regard to their auxin- and cytokinin-like 
activity. International workshop and training course on microalgal  
biology and biotechnology Mosonmagyarovar, Hungary, 13-26.  

Pilet, P. E.  and P. W.  Barlow (1987). The rôle of abscisic acid in root growth 
and gravireaction:A critical revie.Plant Growth Regulation,6(4):217-265. 

http://ourworld.compuserve.com/homepages/Stephen_Nottingham/beetroot.htm
http://ourworld.compuserve.com/homepages/Stephen_Nottingham/beetroot.htm
http://www.springerlink.com/content/100329/?p=50decc33ba3641e3a6c43dbc912c2b40&pi=0


Aly, M. H. A. et al. 

 8840 

Rawat, B. S.; C. M. Sharma and S. K. Ghildiyal  (2006). Improvement of seed 
germination in three important conifer species by Gibberellic acid 
(GA3). Lyonia, 11(2):23-30.  

Reddy, P. M.; P. A. Roger; W. Ventura and I. Watanabe (1986). Blue-green 
algal treatment and inoculation had no significant effect on rice yield in 
an acidic wetland  soil.  Special BGA Issue. The Philippine Agriculturist, 
69:629-632.  

Riley, J. M.,  (1987). Gibberellic acid for fruit set and seed germination. CRFG 
Journal, 19:10-12.  

Rinaldi, M. and A. V., Vonella, (2006). The response of autumn and spring 
sown sugar beet (Beta vulgaris L.) to irrigation in Southern Italy: Water 
and radiation use efficiency. Field Crops Res., 95:103-114.  

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.  

Sanker, A.S.; P.R. Reddy and I.V.S. Rao (1984). Nodulation and nitrogen 
fixation in groundnut as affected by seed size and phosphorus. Legume 
Res., 7:1-5. 

Selvarani, V., . (1983). Studies on the influence on nitrogen fixing and non-
nitrogen fixing blue green algae on the soil, growth and yield of paddy 
(Oryzae sativa-IR 50). M. Sc., Madurai Kamaraj University, Madurai. 

Shindy, W. W. and O. E. Smith (1975). Identification of plant hormones from 
Cotton Ovules. Plant Physiol., 55:550-554. 

Sivasankari, S.; V. Venkatesalu; M. Anantharaj and M. Chandrasekaran 
(2006). Effect of   seaweed extracts on the growth and biochemical 
constituents of Vigna sinensis.Bioresource Technology, 97:1745–1751.  

Smoleń S. and W. Sady (2008). The effect of foliar nutrition with urea, 
molybdenum, sucrose and benzyladenine on the yield and quality of 
radish. Book of abstracts Scie. Conf. Biostimulators in modern 
agriculture Warsaw, p.162.  

Storni, C. M.; M. C. Zaccaro; I. Garcia; A. M. Stella and G. Zulpa (2003). 
Enhancing rice  callus regeneration by extracellular products of 
Tolypothrixtenuis (Cyanobacteria). World Journal of Microbiology and 
Biotechnology, 19(1):29-34.  

Taiz, L. and E. Zeiger (1998). Plant Physiology. 2nd edition. Massachusetts: 
Sinauer Associates, Inc. 792 p. 

Vonshak, A. (1986). Laboratory techniques for the cultivation of microalgae. 
In Handbook  of Microalgal Mass Culture, ed. A. Richmond, pp. 117-45 
Boca Raton: CRC Press.   

Vonshak, A. and A. Richmond (1988). Mass production of the blue-green 
algae Spirulina. An Overview. Biomass 15:233-247.  

Wake, H.; A. Akasaka; H. Umetsu; Y. Ozeki; K. Shimomura and T. 
Matsunaga (1992). Promotion of plantlet formation from somatic 
embryos of carrot treated with a high molecular weight extract from a 
marine cyanobacterium. Plant Cell Reports, 11(2):62-65.  

Wettstein, D. (1957). Chlorophyll levels and submicroscopic changes in 
plastid structure. Exp. Cell. Res. 12:427-455.  



J. Agric. Sci. Mansoura Univ., 33 (12), December, 2008 

 

 8841 

Whapham, C. A.; G. Blunden; T. Jenkins and S. D. Hankins (1993). 
Significance of betaines in the increased chlorophyll content of plants 
treated with seaweed extract. J. Appl. Phycology 5: 231-234. 

Wright ,L. (1993). Gibberellins-plant growth hormones. Hydroponics,issue 11.   
Zaccaro, M. C. (2000). Plant growth-promoting cyanobacteria. The Fifth 

International Plant Growth Promoting Rhizobacteria (PGPR) Workshop, 
Buenos Aires, Argentina. 

Zaccaro, M. C.; A. Kato; G. Zulpa; M. M Storni; N. Steyerthal; K. Lobasso and 
A. M. Stella (2006). Bioactivity of Scytonema hofmanni (Cyanobacteria) 
in Lilium alexandrae in vitro propagation. Electronic Journal of 
Biotechnology, 9 (3):210-214.  

Zaccaro, M. C.; A. M. Stella; I. Garcia; A. Eberle; M. Diaz;  C. M. Storni and 
G. Zulpa (2002). Organogenesis induction in rice callus by 
cyanobacterial extracellular products. Phytomorphology,52(4):263-271.  

Zaied, K. A.; A. H. Abd El-Hady; A. E. Sharief; E. H.  Ashour and M. A. 
Nassef (2007).  Effect of Horizontal DNA Transfer in Azospirillum and 
Azotobacter Strains on Biological and Biochemical Traits of Non-
legume Plants. Journal of Applied Sciences Research, 3(1): 73-86.  

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, France.  

Tables 

 



Aly, M. H. A. et al. 

 8842 

تنشيط إنبات البذور ونمو والمكونات البيوكيميائية و محصوو  بنرور الروكر بمناونوة 
 منترات الخاليا الطحلبية

  **  و،  ووووووو م  حمووووووول محمووووووول  بووووووول النوووووووا *  محووووووو  الووووووولي  حرووووووو   حمووووووول  لووووووو 
 **رها ريل محمل مصطفى

 الري م –مرك  البحوث ال را ية  –منهل بحوث المحاصي  الركرية   * 
 الري م –مرك  البحوث ال را ية  -راض  والمياه والبيئة ** منهل بحوث األ

 

 

و  Nosocallesتمممر سة تمممر تممم مزة ة سممم  حمممة ةن تممملى  تبتيزمممر ت تحممم    ممم  ةتيتممم  
Chlorellales    عتمم    يمم   و  حممو ويصممص   بيمم مي   يزونزحز مزممر   يمم   ي  ممة   تممنة وحممس

يةزتمح و  بيتزتمحت تمر  بمو يم وة  تت  يته   حبتو    ة س  حن   مسو  بحمص   بتزمح وبحام     
تم عر بزمأ طعتم  طعتم   تمم    يم   ي تمتبس ر  42   ي   ف  حتةسمب   حمة ةن   تب  مم  حمس  

 ة س    تب  م 
  Spirulina platensis  (69.27% ، )nabaena oryzae  (07%، )   Oscillatoria 

sp (72.6% ون  ح )Nostoc muscorum  (7.80%  عن حمزلته    ت )بص  ف    ح ءت  

ط ةز  ت  ةم ةة عر طيمي تبم  ومةول   يموم   ة   زمر بمل  حوتمح    ةة عمر   سمتوززن 
يهسل سة تر ت مزة ة س  حمة ةن   تب  مم نح وحم    حمو  4777/4770و  4772/4777  حتت  ززن 

بزوزمممر  ت سمممزت   يممم     يممم وة و حمممو حبيمممو  ي  مممة   تمممنة وطممممة   مممح عتممم  بمممو ي   حبيمممو  
ر  وحبتممو  عيممزة    مم وة حممن   تممنةز   وتةنزممة   حممو س   يممتير     ميممر ونمم  ح  بمم و    يزونزحز مزمم

  صيزة ي تتبس ر ملأ تةق إلا فر ة س    تب  م وه   بو   ي وة فبمت طو ة     يم   فبمت يصمس 
 زور حن   ةة عر طو نلهح  حص ًت 02

وطواممب   تمم مه همم ا   ت مم ةم طن تممةق  إلامم فر   حبتتاممر  ممر زنممن  همم  تمم مزة حص ممو  عتمم    مموةن  
   مم ل  نمم  حممن  بوة ق و    مم وة يز حمم  طس  حصمم حل    ة سمم  فزحمم  يز همم   تمم مزة حص ممو   ز مم ي  

 ي تتبس ر : 
Nostoc muscorum, Anabaena oryzae, Spirulina platensis, Nostoc 
humifusum, Anabaena flous aquae,  Phormedium fragile   
حمن يز ح  ن ن ت مزة  إلا فر   ت  ت حو يزن  بمو   يم وة و ة   بوة ق حص وزم ً فم  حبتمو   بوة ق 

   نتوةوفز  وحبتو      ة حن    زتةو زن ،   اوتاوة و   يوت تزور ت
  تنةوة ف      ة يز ح   ن  ح  ر تؤمة تةزبر  إلا فر حص وز ً عت  تةنزة   حو س   يتير و

طعت  تةزبر    حو يزن    بو و  ة  ت مزة حص و   ز  ي    ب و  عيزة    م ة ع مس  تمتبس ر ة سم  
Nostoc muscorum   و Anabaena oryzae   عمممن   تممم   مممر زمممتر حص حتتهممم  ي  ة سممم

(Control)ت 

ة تمر   تتيزبزمر و وي  ًء  عت   ت مه ه     يبأ فإ م  زحنمن   تويمزر يصحم  ت ةيمر ببتزمر  تس
 تتوتو ف   تتبس ر تن و و ز  ح وح      حو   بزوزر   تبتزن  حو   حب يز    ه حر و تبتز   ىعتح س 

    عت    حةني     نزحز مزر   حنتار و   حتومر  تيزمرت     

 
 

  
 


