
4. RESULTS AND DISCUSSION 
The concept "environment select" for diazotrophic 

cyanobacteria was monitored in a series of short-term laboratory 
and field experiments. The laboratory experiments were first 
started by isolation and identification of different cyanobacterial 

isolates (Nostoc maculiforme, Nostoc humifusum and Wollea 

sp.) from rice soils. Besides the isolated cyanobacteria strains, 
five local cyanobacterial strains were all being initially 
evaluated for growth and N 2-fixation through determination of 
the nitrogenase activity (N-ase) after, which, the most six 
efficient nitrogen fixing cyanobacterial strains were examined 
when being exposed to various environmental stimulator or 
constraints. Cyanobacterial strains were cultivated in synthetic 
culture medium supplemented with increased concentrations of 
NaC1, phosphorus and glucose. Biomass and nitrogenase activity 
(N-ase) of the chosen cyanobacterial candidates were estimated 
at 7, 15, and 21 days incubation intervals. The cyanobacterial 
soil based inoculum was evaluated for its effect on maize yield 
and yield components cultivated in newly reclaimed sandy soil 
and consequently on some physical and chemical properties of 
the soil remained after maize harvesting. 

4.1. Biomass production and nitrogen fixation of local  

and isolated cyanobacterial strains: 
Data in Tables (2 & 3) and Figs. (2 & 3) illustrate the 

patterns of growth and nitrogenase activity (N-ase) of three 
isolated cyanobacteria strains (Nostoc maculiforme, Nostoc 

humifusum and Wollea sp.) and five local ones (Nostoc 

calcicola, Nostoc muscorum, Anabaena flos aquae, Anabaena 
laxa and Microchate tenra) grown on BG 11 0  medium at 



different incubation periods of 1, 2, 3 and 4 weeks. Both 
biomass and  N-ase activity increased with increasing the 
incubation period. The highest biomass of 0.097 g / 100 mL 
medium was recorded with Anabaena flos aquae after 4 weeks 
followed by 0.096 g / 100 mL medium for Nostoc muscorum. 
The corresponding N-ase activities were 452.36 and 350.14 
mmole C2H4  / g dry weight cyanobacteria / h. The other tested 
cyanobacterial strains came in the order of Nostoc maculiforme, 
Noctoc calcicola, Microchate tenra, Anabaena laxa, Nostoc 
humifusum and finally Wollea sp. for biomass and N-ase 
activity, their corresponding N-ase activities were 350.15, 
515.00, 400.50, 90.25 and 70.40 mmole C

2H4  / g dry weight 
cyanobacteria / h. 

Therefore the first six cyanobacterial strains, which, 
exhibited the best growth and nitrogen fixing ability represented 
by their N-ase activities were chosen to develop the soil based 
cyanobacterial inoculum (SBCI) to be used as biofertilizer in 
maize cultivation. 
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Table (2): Growth (g dry weight / 100mL medium) of the cyanobacterial strains grown 
at different incubation periods 

Cyanobacterial 
Incubation period (Weeks) 

strains 
1 2 3 4 

Anabaetza flos 
aquae 

0.030 0.044 0.082 0.097 

Nostoc nutscorum 0.033 0.043 0.075 0.096 

Nostoc macuilforme 0.022 0.045 0.062 0.093 

Microchate tenra 0.029 0.051 0.069 0.087 

Nostoc calcicola 0.021 0.037 0.069 0.087 

Anabaena Ian 0.035 0.048 0.072 0.085 

Nostoc humifusum 0.019 0.021 0.036 0.043 

Wollea sp. 0.011 0.019 0.024 0.030 

Initial inoculum = 10 mL filtrate cyanobacterial culture containing 10 cfu hormogonia 
cyanobacteria cell m1: 1 , cfu = colony formed / unit. 
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Table (3): Nitrogenase activity (mmole C2114 / g dry weight cyanobacteria / h) at 
different incubation periods for cyanobacteria grown in 8G110 medium 

Cyanobacterial 
strains 

Incubation period (Weeks) 

1 2 3 4 

Anabaenaflos 
aquae 119.90 200.67 290.55 452.36 

Nostoc muscorunt 117.67 223.02 290.70 350.14 

Nostoc macaliforme 126.63 190.50 215.00 350.15 

Micrichate tenra 168.61 200.55 310.60 415.06 

Nostoc calcicola 223.81 326.60 410.05 515.00 

Anabaena laxa 184.18 231.45 300.00 400.50 

Nostoc humifosom 47.61 69.64 75.86 90.25 

[Fallen sp. 49.01 56.00 64.78 70.40 

Initial inoculum = 10 mL filtrate cyanobacteria) culture containing 10' cfu hormogonia 
cyanobacteria eel cfu = colony formed / unit. 
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4. 2. Factors affecting the growth and nitrogen fixation 
capacity of cyanobacteria: 

4. 2.1. Salinty:  

Table (4) & Fig. (4) reveal the response of the selected 
cyanobacterial strains grown on BG 11 0  medium to different 
concentrations of NaCI (0, 2000, 4000, 8000 and 12000 mg L- 1 ) 
and the different incubation periods, i.e., 1, 2 and 3 weeks 

Since cyanobacterial require trace quantities of sodium 
for growth, photosynthesis and nitrogen fixation (Apte and 
Thomas, 1984), the response of the tested cyanobacterial strains 
to various NaC1 concentrations was tested. The salt levels up to 
8000 mg1: 1 

 supported higher biomass yields for cyanobacterial 
strains over the control treatment. However, increasing NaCI 
level up to 12000 mgL -1  in the growth medium tended to 
decrease the threshold of the cyanobacterial growth for all the 
tested strains. The lowest dry weights of 0.012, 0.023 and 0.035 
g 100 mL -1  medium were recorded with N. calcicola after one, 
two and three weeks of incubation, respectively. Also, A. Alas. 
Aquae produced lower growth values of 0.022and 0.046 g 
100mC after two and three weeks of incubation, respectively. 
Nostoc maculiforme  seemed to be the most superior as 
compared with the other candidate ones since it recorded the 
highest biomass, i.e., 0.284 g 100 mL -1  when incubated for three 
weeks in the medium treated with 8000 mg L -1  NaCI. In this 
respect, the halotolerant species of cyanobacteria have the ability 
to develop mechanisms to accumulate osmo-protectants to 
balance the external high salt concentration. As mentioned by 
Reed et al. (1984), in Anabaena halophytica 7418, the osmotic 
adaptation is due to the accumulation of glycine as a major 
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Table (4) Effect of different NaCI concentrations on the growth (g dry weight / 100 mL 
medium) of the different cyanobacterial strains 

Cyanobacterial strain NaCI (mail) 
Incubation period (weeks) 

1 2 3 

control 0.022 0.053 0.073 

2000 0.039 0.080 0.083 

Nostoc calcicola 4000 0.060 0.084 0.086 

8000 0.150 0.163 0.193 

12000 0.012 0.023 0.035 

Control 0.027 0.068 0.079 

2000 0.044 0.079 0.085 

Anabaena flos. Aquae. 4000 0.052 0.090 0.111 

8000 0.068 0.106 0.139 

12000 0.057 0.022 0.046 

Nostoc museorunz 

control 0.034 0.049 0.057 

2000 0.073 0.111 0.121 

4000 0.090 0.126 0.159 

8000 0.129 0.139 0.160 

12000 0.098 0.116 0.125 

Anabaena laxa 

Control 0.047 0.068 0.120 

2000 0.060 0.105 0.132 

4000 0.066 0.120 0.136 

8000 0.093 0.128 0.148 

12000 
_ 

0.089 0.100 0.120 

Microchaete tenera 

control 0.085 0.114 0.165 

2000 0.098 0.134 0.178 

4000 0.092 0.102 0.116 

8000 0.070 0.080 0.092 

12000 0.072 0.075 0.109 

Nostoc maculifortne 

control 0.038 0.041 0.055 

2000 0.069 0.151 0.173 

4000 0.095 0.187 0.216 

8000 0.127 0.204 0.284 

12000 0.093 0.050 0.102  
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osmoticum followed by le. A different strain, A. halophytica, 

has been shown to accumulate up to 1 M IC with 3 M NaCI in 

the growth medium (Miller et at, 1976). However, unlike 

halophytes, most cyanobacteria do not accumulate high 
intracellular concentrations of Na+  but respond to salinity by 

exclusion of the cation from cytoplasm (Apte and Thomas, 

1986 and Iyer et at, 1994). 
Furthermore, the inherent salt tolerance can be enhanced 

by environmental conditions which reduce Na+  accumulation 

(Reddy et al., 1989).These explanations argue against the ability 
of cyanobacteria to accumulate and immobilize sodium 
intracellularly, as reported earlier by Singh (1950). Blumwald 

and Tel-Or (1982) added that salt tolerance that cyanobacteria 
develop, when they are exposed to low salt concentrations, is 
often associated with the accumulation of sugars. 

Table (5) and Fig. (5) show the effect of different NaCl 
concentrations on N-ase activity of the tested cyanobacterial 
strains under different incubation periods. A similar trend to that 
attained with NaCI concentrations on dry weight was observed. 
Increasing the incubation period increased the nitrogenase 
activity of all cyanobacterial strains. Consequently, increasing 
salt concentration up to 8000 mg L- 1  NaCI enhanced the N-ase 

activity. The cyanobacterial culture exposed to 12000 mg NaCl 

1: 1  exhibited considerable decreases in N-ase activity. 

However, the highest N-ase (65.22 mmole C2H4 g
-1  dry 

weight h4 ) was attained with M tenra after 3 weeks and in 

presence of 8000 mg NaCIL -1 . While the lowest values of 0.74, 
0.84, after one and two weeks, respectively, and 1.70 mmole 

C2H4  dry weight hr-  'were obtained by N. calcicola after one 
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Table (5) Effect of different NaCI concentrations on nitrogenase activity (mmole C211
4 / g dry weight th) of the different cyanobacterial strains 

Incubation period (weeks) 

1 2 
control 6.69 16.78 18.00 
2000 10.08 17.53 21.68 Nostoc calcicola 
4000 14.46 19.41 22.74 
8000 17.13 25.45 28.21 
12000 0.74 0.84 1.7 

control 7.45 12.9 
2000 14.19 26.73 Anabaenaflos. Aquae. 4000 19.35 29.24 
8000 24.59 35.73 
12000 2.19 5.49 

control 9.08 18.94 27.55 
2000 29.52 36.17 42.69 Nostoc muscorunz 
4000 35.99 53.73 46.01 
8000 45.21 68.06 56.03 
12000 25.19 40.86 32.26 

control 12.16 26.21 31.63 
2000 33.19 36.62 41.33 

Cyanobacterial strain NaCI (mg L' i) 

3 

18.65 

35.42 

41.11 

45.33 

8.31 

Anabaena laxa 4000 18.33 20.99 28.88 
8000 9.45 10.52 8.91 
12000 1.07 2.99 4.16 

control 16.49 23.03 39.97 
2000 27.79 36.02 46.38 Microchaete tenera 4000 35.11 48.37 56.59 
8000 38.39 53.07 65.22 
12000 26.14 29.43 30.68 

control 14.64 17.96 22.81 
2000 25.64 36.55 42.84 Nostoc maculiforme 4000 36.11 43.75 58.61 
8000 45.81 51.46 63.19 
12000 20.97 24.81 29.66 
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and two weeks of incubation with 12000 mg Li  NaC1, 
respectively. In this respect, Reed et at (1984) stated that N-ase 
activity was enhanced at moderate salinities and depressed at 
higher salinity levels. Moisander et a/. (2002) found that 
Anabaena sp grew at up to 15 g NaCl L -1  showed a decrease in 
N-ase. They also added that growth of Anabaena in a growth 
medium containing 20 g NaCI L -1  was inhibited. They explained 
that high concentration of NaCI led to damage the protein 
constituents of the nitrogenase enzyme. Worthy to note that N-
ase activity of cyanobacteria strains was increased with 
increasing salinity levels reached the maximum at 8000 mg 
NaC1 L -1 , except for Anabena lava where the maximum N-ase 
activity occurred at 2000 mg NaCI 

4. 2.2. Phosphorus:  

Tables (6&7) and Figs. (6&7) show effect of different 
phosphorus concentrations (0, 20, 40, 60 and 100 mg P L -I) on 
the growth and N-ase activity of the selected cyanobacteria 
strains. 

Nutrient availability, phosphorus in particular is among 
the important factors affecting the abundance of cyanobacteria. 
growth rate and N-ase activity. It is especially unavoidable for 
this N2-fixing microbial group, since when its supply increases, 
N frequently becomes limiting for non- fixers, thus rendering a 
competitive advantage to the organisms capable of fixing N2 
(Oh et at, 1991. Cultures supplemented with P up to 60 mg P 

were characterized by high values of biomass yield and could 
fix more N2 compared with the other ones supplied with limited 
levels of P. Raising Phosphorus level in growth medium 
suppressed to some extent the dry weight and nitrogenase 
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Table (6) ) Effect of different phosphorus concentrations on the growth (g dry weight / 100 
mL medium) of the different cyanobacterial strains 

Cyanobacterial strain 
Phosphorus 

( mg1: 1 ) 
Incubation period (weeks) 

1 2 3 

control 0.022 0.053 0.073 

20 0.198 0.230 0.290 

Nostoc calcicola 40 0.223 0.270 0.327 

60 0.250 0.315 0.380 

100 0.098 0.154 0.163 

control 0.027 0.068 0.079 

20 0.115 0.155 0.207 

Anabaena flos. Aquae. 40 0.153 0.201 0.220 

60 0.182 0.216 0.258 

100 0.096 0.119 0.143 

control 0.034 0.049 0.057 

Nostoc tnuscortun 
20 0.122 0.157 0.192 

40 0.215 0.237 0.302 

60 0.262 0.325 0.395 

100 0.270 0.360 .0.410 

control 0.047 0.068 0.120 

Anabaena taxa 
20 0.110 0.130 0.170 

40 0.152 0.189 0.205 

60 0.195 0.225 0.260 

100 0.088 0.110 0.124 

Microchaete tenera 

control 0.085 0.114 0.165 

20 0.195 0.233 0.300 

40 0.226 0.295 0.334 

60 0.290 0.335 0.385 

100 0.153 0.159 0.185 

Nostoc rnaculiforme 

control 0.038 0.041 0.055 

20 0.122 0.136 0.158 

40 0.163 0.190 0.232 

60 0.185 0.228 0.260 

100 0.088 0.136 0.162 
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Table (7) Effect of different phosphorus concentrations on nitrogenase activity (Imola C 2 H4 / 

g dry weight /h) of the different cyanobacterial strains 

Cyanobacterial strain 
Phosphorus 

( mgL-I ) 
Incubation period (weeks) 

1 2 3 

control 6.69 16.78 18.00 

20 12.50 34.25 41.12 

Nostoc calcicola 40 26.64 58.18 85.25 

60 61.15 96.70 149.60 

100 49.13 77.65 110.05 

control 7.45 12.90 18.65 

20 19.60 25.18 42.25 

Anabaena flos. Aquae. 40 45.54 58.15 89.15 

60 88.17 93.25 110.85 

100 60.85 71.24 80.92 

Nostoc muscorum 

control 9.08 18.94 27.55 

20 22.16 42.16 63.56 

40 56.25 86.85 130.25 

60 123.16 154.75 193.26 

100 89.25 120.05 
_ 

141.15 

Anabaetza laxa 

control 22.16 26.21 31.63 

20 50.25 63.45 71.20 

40 112.08 136.08 148.86 

60 196.25 240.23 262.26 

100 121.72 160.35 200.06 

16.49 23.03 39.97 

Microchaete tenera 

control 

20 41.15 57.11 88.65 

40 86.26 98.25 135.72 

60 173.52 203.35 248.85 

100 115.02 162.35 170.95 

14.64 17.96 22.81 

Nostoc maculiforme 

control 

20 32.25 41.54 48.20 

40 70.15 88.75 102.15 

60 138.75 162.25 178.85 

100 96.85 108.15 120.25 
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activity of all cyanbacteria strains at all incubation periods. Similar 

results were obtained by El-Nawawy et at (1972) who reported 

that Tolypothrix tenuis showed higher growth rate and N 2-fixing 

ability with increasing P concentration from 15 to 63 mg L
-1 . 

Adverse effects were attributed to 123 mg P L
1 . An appropriate 

explanation of the influence of P on cyanobacteria was introduced 

by Oh et at (1991) who pointed out an inverse correlation between 
the degree of P limitation and C fixation. The acetylene reducing 
activity (ARA) was proportional to the latter. This finding, along 
with the evidence for the partial coupling of nitrogenase activity to 
immediate photosynthesis, indicates that the effect of P limitation 

on N2- fixation was through the regulation of photosynthesis. On the 
other hand, increasing the incubation period up to 3 weeks raised 
both the growth and nitrogenase activity of all the tested 
cyanobacterial strains However, the highest growth values of 

0.395, 0.385 and 0.380 g dwt 100 mL
-I  medium were recorded by 

N. muscorum, M. tenera and N. calcicola treated with 60 mg PL-I  

all at 3 weeks of incubation. Nostoc muscorum showed the highest 

growth value of 0.410 g dwt 100 mL
-I  medium with the highest P 

rate of 100 mg P 15 1  Considering N-ase activity, the highest values 

of 248.85, 193.26 and 178.85 mmole C 2H4 g-1  dry weight lid  were 

attained by M tenera, N. muscorum and N. maculiforme received 

60 mg P L-I  all at 3 weeks incubation period. Moreover, Anabaena 

laxa showed the highest N-ase activity of 240.23 and 262.26 mmole 

C2 1-14 /g dry weight /h when treated with 60 mg P L
-I  and incubated 

for two and three weeks, respectively. 

4.2.3. glucose:  
Tables (8 and 9) and Figs. (8 and 9) illustrate effect of 

different concentrations of glucose, i.e., 0, 2000, 4000 and 6000 
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Table(8) Effect of different glucose concentrations on the growth (g dry weight / 100 mL 
medium) of the different cyanobacterial strains 
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Table (9) 
Effect of different glucose concentrations on nitrogenase activity (mmole CM

(  g dry weight /h) of the different cyanobacteria strains 
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mg L -1 
 on biomass production and N-ase activity of the selected 

cyanobacteria strains. Application of glucose to the medium of 
cyanobacterial culture obviously increased the biomass 
production and N-ase activity of the tested cyanobacterial 
strains. Also, increasing both glucose concentration and 
incubation period up to 3 weeks elevated both cyanobacteria 
biomass and N-ase activity. The highest dry biomass (0.590 g 
100m L -1 

 medium) and the highest N-ase activity (235.15 
mmole C2H4  g' dry weight hd ) were attained with N muscorum 
when treated with 6000 mg glucose L-' in its culture medium 
and incubated for up to 3 weeks period, while apart from the 
control treatment, the lowest values of 0.105 g / 100 ml medium 
and 13.78 mmole C2H4  g' dry weight h' were recorded by 
Anabaena flos aquae when it was grown in a culture medium 
containing 2000 mg glucose L -1 

 and incubated for one week. 
These results are in agreement with those reported by Ghazal et al. (2003) who found that the presence of 6000 mg glucose L -1  in its culture media of N calcicola and At tenera gave the 
highest biomass and nitrogenase activity after 15 day-
incubation period. These results were in comparison with the 
control treatment without glucose and the other tested 
cyanobacterial strains i.e. A. oryzae and Cylidrospermum 
muscicola. Kumar et at (1994) declared that exogenous 
supplementation of glucose (0.1%) and fructose (1.3%) 
stimulated light dependent and nitrogenase activity. Although 
cyanobacteria are basically oxygenic photosynthetic organisms, 
some can also utilize added organic compounds, either by 
heterotrophy or phototrophy. In most cases heterotrophy was 
tested only on a limited number of organic substrates, namely 
sugars such as glucose, fructose, ribose, sucrose as well as 
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glycerol (Whitton and Potts, 2000). There is evidence for the 

cyanobacterial glucose metabolism via the oxidative pentose- 

phosphate (Raboy and Pandau, 1978). 
4. 3. Effect of cyanobacterial inoculation and nitrogen 

fertilization on maize roduction: 
4. 3.1. Yield and yield components: 
Table (10) and Figs (10 and 11) illustrate the effect of 

cyanobacterial inoculation and nitrogen fertilization each 
individually or both in combination on maize yield components. 

4. 3.1.1. Main effect of nitro 
The application of different nitrogen levels did not 

significantly affect either stover yield or plant height. However, 
the highest stover yield of 2128.89 kg fee and plant height of 
184.26 cm was attained due to the application of 25% of 
nitrogen recommended dose. On the other hand, all the nitrogen 
levels applied increased significantly yield with cups, grain 
yield, 100-grain weight, ear length and ear diameter compared to 

the control treatment. 
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Cy. = Cyanobacterial inoculum level. 

Table (10): Yield and yield components of maize as affected by cyanobacterial inoculation 
and nitrogen fertilization 
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The respective highest values of these growth parameters, 
i.e.,  2423.30 kg fee (yield with cups), 1868.21 kg fedi  (grain 
yield), 27.62 g (100-grain weight), ear diameter (13.65) were 
observed when maize was fertilized with 100 % of 
recommended nitrogen level. One exception occurred with ear 
length whose highest value (18.96 cm) was attained due to 
application of N at a rate of 25% of its recommended dose. 

4. 3.1.2. Main effect of cyanobacteria inoculation: 
Cyanobacteria inoculation to maize seeds did not 

significantly affect yield of cups, stover yield, ear length, ear 
diameter and plant height compared with the control treatment. 
The corresponding highest values of these parameters were 
2047.50 kg fed', 2156.66 kg fed', 18.07cm, 13.56cm and 
184.86cm. 

On the other hand, inoculation with cyanobacteria at a 
rate of 100% led to a significant increase in both maize grain 
yield and 100-grain weight compared to the control treatment 
and /or the other treatments which were inoculated with lower 
levels of cyanobacteria (25and 50 %).The highest corresponding 
values of grain yield and 100 grain weight were 1670.30 kg fed' 
and 27.15g, respectively. 

4.3.1.3. Interaction effect of nitrogen combined with  

cyanobacteria inoculation: 
Data in Table (10) and Fig. (11) show the interaction 

effect of the different levels of the cyanobacterial inoculation 
with the different levels of nitrogen fertilizer on yield and yield 
components of maize (Zea maize). 

Results reveal that the combination between all levels of 
cyanobacteria and nitrogen did not significantly affect stover 
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yield, 100-grain weight and ear length and diameter. On the 
other hand, they could significantly affect maize yield with cubs, 
grain yield and plant height. The highest grain yield of 2178.90 
kg fee was obtained with the application of 25% of the 
recommended N dose combined with 100% recommended dose 
of the cyanobacterial inoculum. This highest yield was 
significantly different from that obtained with the treatment of 
100% recommended N dose + zero cyanobacteria (1752.42 kg 
fed-I

). However, the highest value of plant height (191.57 cm) 
was achieved with the treatment received 25% N + 100% 
cyanobacteria. This high value was not significantly different 
from that recorded with 100% N treatment (190.70cm). 

The above mentioned results are in good harmony with 
Hedge et al. (1999) who stated that application of algae 
biofertilizer is useful for the reclamation of marginal soils, they 
agree also with the results of Zaccaro et al. (2001) who 
documented that the biofertilizers are likely to assume greater 
significance as complement and /or supplement to chemical 
fertilizers in improving the nutrient supplies to cereal crops 
because of high nutrient turn-over in the cereal production 
system, exorbitant cost of fertilizers and greater consciousness 
on environmental protection. These microorganisms have been 
reported to benefit plants by producing growth promotion 
substances (the nature of which is said to resemble gibbrillin and 
auxin), vitamins, amino acids, polypeptides, antibacterial and 
antifungal substances that exert phytopathogen biocontrol and 
polymers, especially exopolysaccharides, that improve plant 
growth and productivity (Ordog, 1999 and Zaccaro et al., 
1999) Similar results were attained by Lozano et al. (1999) who 
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stated that, the application of an extract from algae to soil or 
foliage increased ash, protein and carbohydrate contents of 

potatoes (Solanum tuberosum). 
Fresh water cyanobacteria contain high percentage of 

macro and micronutrients bounded to their major biochemical 
constituents and metabolites such as carbohydrates and protein, 

(Wake et at, 1992). In this respect, Adam (1999) found that 

algal filtrate of the cyanobacterium Nostoc muscorum 
significantly increased germination of wheat, maize, sorghum 
and lentil seeds as well as their growth parameters and nitrogen 
compounds compared to control. These increases could be 
attributed to the nitrogenase as well as nitrate reductase activities 
of the cyanobacterium associated with the surface of the plants, 
or the amino acids and peptides produced in the algal filtrate and 
/or other compounds that stimulate growth of crop plants. 
Stimulation of seed germination was in the order: wheat, maize, 
sorghum and lentil. Although, the beneficial effect of 
cyanobacteria was earlier commonly reported in rice flooded 

soil (De and Mandal, 1956), the success of cyanobacteria 

application in irrigated field crops was reported by Abd-Alla et 

al. (1994) who stated that inoculation of wheat seeds with 
cyanobacteria improved the growth of wheat plants and 
significantly increased dry weigh, total N and pigments content 
(chlorophyll a, b and carotenoids) over the control plants and 
treatment received nitrogen only. The increase in growth 
parameters was attributed to the substantial increases of N2- 

fixation in soil due to nitrogenase activity of the cyanobacteria. 

In this respect, Gantar et at (1991) studied the colonization of 

wheat root by N2-fixing cyanobacteria and explained the process 
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by the association between wheat roots and cyanobacteria. They 
added and explained two kinds of association between roots and 
cyanobacteria, the loose attachment cyanobacteria to the roots 
was recorded during the co-cultivation of Anabaena and wheat 
roots and on the contrary light association for Nostoc strain and 
wheat root co-cultivation. In conclusion, the promotive effect of 
cyanobacterial inoculants to cereal crops growth enhancement, 
holds promise fore the use of such inoculants to enhance the 
nitrogen status of irrigated field crops. Also Mule et al. (1999) 
noted that cyanobacterial fertilizers are promising alternative to 
avoid soil pollution caused by agrochemicals and recover the 
nutrient content and structure lost after harvest as they bring to 
soil  combined N (some of them are N fixers), 
exopolysaccharides that improve soil structure and bioactive 
substances that enhance the plant growth. 
4.3.2. NPK uptake by grains and stover: 

Table (11) and Figs. (12&13) reveal the effect of 
cyanobacteria inoculation and nitrogen fertilization each 
individually or both in combination on NPK uptake by maize 
grains and stover. 

4.3.2.1. Main effect of nitrogen: 
Nitrogen levels had significantly affected NPK- uptake 

by grains (Table 11 and Fig. 12) nevertheless, it affected only K-
uptake by stover in significant manner. The highest N, P and K 
uptake amounts of 15.88, 7.95 and 3.22 kg fed - ' were recorded 
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Table (11): NPK-uptake by stover and grains of maize as affected by cyanobacterial 
inoculation and nitrogen fertilization 

Treatments Uptake by grain (kg fed") Uptake by stover (kg fed") 

N P K N P K 

Main effect of Nitrogen 

Zero 

25% N 

50% N 

100% N 

4.55 

15.06 

12.42 

15.88 

2.31 

7.01 

7.92 

7.95 

1.40 

2.55 

2.78 

3.22 

4.14 

4.54 

5.34 

5.33 

2.9 

2.76 

3.03 

3.10 

8.30 

9.68 

12.44 

12.55 

L S D 0 05 1.939 1.023 0.739 n.s n.s 2.792 

Main effect of cyanobacteria 

Zero 

50% 

100% 

10.25 

12.15 
1351 

4.52 

6.3 
8.12 

2.02 

2.47 

2.97 

4.64 

4.72 
5.15 

2.26 

334 

3.45 

9.88 

9.79 

12.26 

L S D 0 05 1.709 1.115 0.437 n.s 0.725 n.s 

Interaction effect 

N Cy% 

Zero 

Zero 3.98 2.09 1.05 3.71 2.37 7.09 

50 4.47 2.18 1.29 3.46 2.40 7.46 

100 5.20 2.67 1.86 5.23 3.75 9.17 

25 /a 

Zero 10.30 3.91 1.85 3.93 2.49 10.73 

50 16.82 7.97 2.87 4.80 3.05 12.26 

100 18.08 11.98 3.61 4.88 3.33 14.39 

50% 
Zero 11.62 5.42 2.14 4.57 2.82 5.40 

50 12.04 7.09 2.89 5.55 2.00 12.19 

100 13.36 8.50 3.61 5.91 3.49 15.59 

100% 

Zero 11.92 6.48 2.81 3.81 2.16 8.57 

50 16.20 8.10 3.04 5.95 3.26 13.78 

100 19.44 9.84 3.80 6.16 189 15.03 

L.S.D 0.05 3.60 2.33 n.s n.s n.s 5.25 

Cy. = Cyanobacterial inoculum level. 
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by grains of plants received of 100% of the recommended dose 
of nitrogen. These amounts were significantly higher than those 
of all other treatments including those of the control. 
Meanwhile, K-uptake by stover was the only nutrient 
significantly affected by nitrogen fertilization and its highest 
amount (12.55 kg fed-I

) was attained with the treatment received 
100% N level. No significant differences in K-uptake by stover 
were noticed between the use of 50 and 100% N. 
4.3.2.2. Main effect of cyanobacterial inoculation: 

All applied cyanobacterial levels significantly increased 
NPK-uptake by grain and only P-uptake by stover over the 
control treatment (Table 11 and Fig. 12). The use of 100% 
cyano. inoculation resulted in the highest significant NPK-
uptake amounts by grains which were 13.51 N kg fed -I , 8.12 P 
kg fed' and 2.97 kg K fed'. The highest P- uptake by stover was 
3.45 kg fel l 

 (100% cyano.) followed by 3.14 kg fed"' (50% 
cyano.) without significant difference between each others. 
4.3.2.3. Interaction effect of nitrogen combined with  

cyanobacterial inoculation: 

Table (11) and Fig. (13) reveal effect of different levels 
of cyanobacterial inoculation with or without different levels of 
nitrogen on NPK-uptake by both maize stover and grains. The 
combination between all levels of cyanobacterial inoculant and 
nitrogen fertilizer did not significantly affect K- uptake by grains 
or N and P uptake by stover, whereas it affected significantly 
both N and P uptake by grains and K uptake by stover. 

The highest N-uptake (19.44 kg N fed-i ) was recorded 
due to application of 100% of the recommended dose of N 
fertilizer combined with 100% of the recommended dose of 
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cyanobacterial inoculant followed by 18.08 kg N fed -I  due to the 
application of 25% of the recommended dose of N fertilizer 
combined with 100% of the recommended dose of 
cyanobacterial inoculant. 

These two high N- uptake values did not significantly 
differ from each others. Regarding P- uptake by grains, also both 
25%N + 100% cyanobacteria and 100% N + 100% cyano. gave 
the highest uptake values of 11.98 and 9.84 kg P fed -1 , 
respectively. These two higher values did not also differed 
significantly from each others. 

It was also noticed that K uptake values by grains did not 
differ significantly among the different treatments under study. 
For stover NPK-uptake, as mentioned before, no significant 
difference was observed in N and P uptake by stover due to the 
effect of all the tested treatments whether they were compared 
with the control treatment or with each other. On the other 
hand, in case for K-uptake, the situation was different, since, the 
inoculation with cyanobacteria alone did not significantly affect 
K- uptake by stover compared with the control treatment. The 
highest K-uptake amounts, i.e., 15.59, 15.03 and 14.39 kg K fed

- 

i were attained due to the treatments of  50% N+ 100% 
cyano, 100% N + 100% cyano. and 25% N + 100% cyano, 
respectively. These high K- uptake values did not significantly 
differ from each other. 

Generally, these results are in accordance with those of 

Hanna et al. (2004) who found that incubation with 
cyanobacteria increased significantly the nitrogen and 
phosphorus contents of wheat grains and straw. They attributed 
these increases in N and P- uptake to the ability of 
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cyanobacterial inoculant to improve the availability of NPK in 
soil through nitrogen fixation and their ability to dissolve 
unavailable phosphate and potassium. Abd El- Rasoul et al., 
(2004) found that the inoculation of wheat with cyanobacteria 
increased significantly the NPK uptake by wheat plants and this 
was comparable with those obtained by wheat plants that 
received full N dose without cyanobacterial inoculation. 
4.4. Effect of cyanobacteria inoculation and nitrogen  

fertilization on  some soil chemical and physical  
properties: 

4.4.1. Soil chemical properties: 

Table (12) and Figs (14 and 15) indicate the effect 
cyanobacterial inoculation and nitrogen fertilization each 
individually or both in combination on soil chemical and 
physical properties for soil remained after maize harvesting. 
4. 4.1.1 Available NPK: 
4.4.1.1.1 Main effect of nitrogen: 

Regarding the effect of nitrogen rate Table (12) and Fig. 
(14) reveal that increasing nitrogen level from zero up to 100% 
significantly increased available-N in soil. Application of N 
fertilizer at 100% of its recommended rate was accompanied 
with the highest available nitrogen amount of 23.81 mg kg -1  soil. 
This highest available-N value was significantly higher than 
those of 8.42, 16.11 and 16.79 mg kg -1  attained with the 
application of N at the rates of zero, 25% and 50%, respectively. 
Values of both available P and K, were not significantly affected 
by elevation of nitrogen level up to 100%. However, only slight 
increases in available P and K were observed along with 
increasing N levels up to 100%. By the way, the highest 
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Table (12): Available NPK (mg kg"') in soil after harvesting as affected by 
cyanobacterial inoculation and nitrogen fertilization 

Treatments 
Available NPK (mg kg' s ) in soil 

  

N I P I IC 

Main effect of Nitrogen 

Zero 

25% N 

8.42 

16.11 

3.02 

3.11 

73.14 

93.05 

50% N 16.79 3.18 100.78 

100% N 23.81 3.38 104.17 

L.S.D. 0.05 5.012 n.s n.s 

Main effect of cyanobacteria 

Zero 

50% 

100% 

11.89 

12.03 

24.93 

3.00 

3.15 

3.27 

94.29 

98.90 

100.39 

L.S.D. 0.05 2.24 n.s n.s 

Interaction effect 

N Cy% 

Zero 

Zero 6.22 3.07 91.09 

50 8.62 3.23 98.03 

100 10.40 3.24 123.40 

25% 

Zero 12.86 2.65 94.92 

50 14.05 3.25 96.72 

100 21.41 3.43 98.80 

50% 

Zero 13.88 2.99 87.65 

50 14.97 3.23 94.72 

100 42.66 3.92 95.98 

100 °  

Zero 23.46 2.77 93.57 

50 19.86 3.12 94.57 

100 27.05 3.26 113.03 

L.S.D. 0.05 7.42 n.s n.s 

Cy. = Cyanobacterial inoculum level. 
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available P (3.38 mg kg -1 ) and K (104.17 mg kg -i) amounts were 
associated with the application of 100% N level treatment. 
4.1.1.2. Main effect of c anobacterial inoculation: 

A similar trend to that achieved for nitrogen effect on 
available NPK in soil after maize harvesting was noticed due to 
cyanobacterial  inoculation (Table 12 and Fig. 14). 
Cyanobacterial inoculation at a rate of 100% of the 
recommended dose caused available - N to be significantly 
higher than the other treatments where it was about 24.93 mg kg - 
I

. On the other hand, cyanobacterial inoculation did not 
significantly affect available P or K content, although, 
cyanobacterial inoculation increased slightly both available P 
and K in soil over the control treatment which did not receive 
cyanobacteria. However, the highest amounts of available P and 
K were recorded in response to cyanobacterial inoculation and 
achieved 3.27 and 100.39 mg kg-1

, respectively, as a result of 
inoculation with cyanobacteria at a rate of 100% cyanobacteria 
seemed to enhance the chemical properties of the wheat post 
harvest remained soil. Mandal et at (1999) emphasized that 
inoculation with cyanobacteria might improve soil structure. 
Moreover, cyanobacteria are known to excrete extra-cellularlly a 
number of compounds like polysaccharides, peptides, 
lipids...etc. during their growth in soil, these compound hold or 
glue soil particles together in the form of micro-aggregates and 
hence improve nutrient availability. 

4.1.1.3. Interaction effect of c anobacterial inoculation and 
nitrogen fertilization: 

Table (12) and Fig. (15) illustrate effect of different 
levels of cyanobacterial inoculation with or without different 
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levels of nitrogen fertilizer on the available contents of NPK in 
the sandy soil remained after maize harvesting. 

Results reveal that the combination of cyanobacteria and 
nitrogen significantly affected available nitrogen in the soil 
remained after maize harvesting. On the other hand, this 
combination did not significantly affect soil content of available 
P or K. The highest available —N contents were 42.66, 27.05 and 
23.46 mg kg'' resulted from the treatments of 50% N+100% 
cyano., 100%N+ 100% cyano. and 100% N+ zero cyano., 
respectively. Yet it is worthy to indicate that the highest amount 
of available-N (42.66 mg kg1 ) which was attained with the 
treatment of 50% N+100% cyano. was significantly higher than 
the corresponding N content, 27.05 mg kg- ' attained with the 
treatment of 100%N+ 100% cyano. The combination of zero and 
25% N with 50% and 100% cyano. slightly increased the 
available nitrogen in soil after maize harvesting. Available 
contents of P and K were not significantly affected with 
cyanobacteria inoculation despite they increased slightly over 
the control treatment. These results stand in well agreement with 
those of Abd El-Rasoul et al. (2004) who found that inoculation 
of wheat plants with dry cyanobacteria led to increase available 
NPK in the remained sandy soil after wheat harvesting. Dry 
cyanobacteria surrounded with sheath when inoculation to cereal 
crops and get moistened due to irrigation and swell up to ten 
times their dry size and their ability to intercept and store water 
benefits both the crustal organisms as well as vascular plants, 
especially in sandy soil (Mishra and Pabbi, 2004). 
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4.1.1.4. Soil pH, EC and organic carbon: 

Data in Table (13) postulate effect of different levels of 
cyanobacterial inoculation accompanied with or without 
different levels of nitrogen. Results reveal that cyanobacterial 
inoculation decreased slightly the soil pH towards acidity. Soil 
inoculation with cyanobacteria at the level of 100% without 
nitrogen led to a decrease in pH to the lowest value of 6.03. The 
combination of cyanobacterial inoculation and different nitrogen 
levels caused pH to decrease to be almost 6.12 with the 
treatments of 50%N+ 100% cyano. and 100%N +100% cyano. 
Saxena and Tilak (1998) came to similar results and noted that 
soil inoculation with cyanobacteria decrease the pH and helps in 
reducing the soil alkalinity due to the organic acids secreted by 
cyanobacteria. Also cyanobacterial inoculation decreased values 
of the soil EC compared with the control treatment or the 
treatments that received cyanobacteria and different nitrogen 
levels. However, the lowest value of EC, 0.059 dSni i , was 
attended with the treatment of 100% cyano. without nitrogen. 
However, the addition of different nitrogen levels with cyano. 
inoculation, slightly decreased EC compared with 25%, 50% 
and 100%N without cyano. this finding agrees with that of . Abd 
El-Aal (2004) Who found that cyanobacterial inoculation 
decreased soil EC. Regarding soil content of the organic carbon, 
inoculation with cyanobacteria increased slightly the soil organic 
carbon compared with the control treatment. The highest organic 
carbon percentage 0.89% was achieved due to the treatment of 
25%N + 100% cyano. followed by 0.84% for 100%N+ 100% 
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Table (13): Soil pH, EC and organic carbon as affected by cyanobacterial inoculation 
and different nitrogen levels 

N% Cy.% pH EC(dSni i ) OC% 

Zero 7.00 0.070 0.69 

Zero 50 6.17 0.061 0.71 

100 6.03 0.059 0.75 

Zero 7.30 0.072 0.78 

25% 50 6.37 0.068 0.82 

100 6.27 0.067 0.89 

Zero 7.01 0.074 0.77 

50% 50 6.45 0.070 0.78 

100 6.12 0.071 0.79 

Zero 7.00 0.074 0.72 

100% 50 6.30 0.071 0.82 

100 6.13 0.070 0.84 

Cy. = Cyanobacterial inoculum level. 
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cyano. treatment. Mandal et al. (1999) attributed the 
accumulation of organic matter in soil to the heavy growth of 
cyanobacteria. They also added that cyanobacteria biomass 
contributed significantly to humus formation in soil despite the 
absence of typical lignin in them. 
4.4. 2. Soil physical properties: 
4.4.2.1. Soil bulk density, hydraulic conductivity and cation  

exchange capacity (CEC): 

Data in Table (14) illustrate effect of cyanobacterial 
inoculation along with nitrogen fertilization on some soil 
physical properties, i.e., bulk density, hydraulic conductivity and 
cation exchange capacity (CEC). Inoculation with cyanobacteria 
slightly decreased bulk density and increased both hydraulic 
conductivity and CEC. However, inoculation with 100% cyano. 
either alone or combined with nitrogen recorded the lowest bulk 
density values. These bulk density values were 1.48, 1.40, 1.40 
and 1.40 g cm -3 

 for the treatments of 100% cyano., 25% N+ 
100% cyano., 50%N+ 100% cyano. and 100% N + 100% cyano. 
treatments, respectively. On the other hand, the highest 
hydraulic conductivity and CEC values were accompanied with 
the use of 100% cyano. alone or combined with nitrogen. The 
corresponding hydraulic conductivity values were 13.49, 13.15, 
13.06 and 12.16 cm h -I for 100%N + 100% cyano., 100% cyano., 
50%N+ 100% cyano. and 25% N+ 100% cyano. treatments, 
respectively. The highest CEC values of 11.90, 11.80, 11.30 and 
11.20 cmolc  kg' soil were associated with 25%N + 100% 
cyano., 100% cyano., 100%N+100 cyano. and 50%N +100% 
cyano. , respectively. Rao and Burns (1994) reported that the 
growth of cyanobacteria produced significant improvements in 
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Table (14) Effect of cyanobacterial inoculation and nitrogen fertilization on some 
physical soil properties 

N% 
Cy. % Bulk density 

g/em3  

Hydraulic 
conductivity 

cm il l  

CEC 
cmol c  kg soil 

Zero 

Zero 1.58 11.16 8.95 

50 1.50 12.10 9.95 

100 1.48 13.15 11.80 

25 

Zero 1.50 11.05 9.50 

50 1.45 11.38 11.10 

100 1.40 12.16 11.90 

50 

Zero 1.46 12.10 8.85 

9.90 
50 1.42 12.29 

100 1.40 13.06. 11.20 

100 

Zero 1.49 11.15 9.20 

50 1.43 12.35 10.15 

100 1.40 13.09 11.03 

Cy. = Cyanobacterial inoculum level. 
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some microbiological, biochemical and physical soil properties, 
these improvements led to improve bulk density, soil 
aggregation stability, CEC, water holding capacity and hydraulic 
conductivity. 

4.4.2. Soil stable aggregates percent: 

Data of Table (15) illustrate effect of the cyanobacterial 
inoculation at different levels combined with or without 
different levels of nitrogen on percentages of soil stable 
aggregates. Generally, cyanobacteria inoculation increased the 
percentages of aggregates having diameters of 1-0.5mm and 0.5- 
0.25mm to be more than the corresponding ones in un-
inoculated treatments. The highest percent (41.3) of stable 
aggregates 0.5-0.25mm was attained with 50% cyanobacterial 
inoculation without nitrogen. The treatments which received 
nitrogen possessed only higher aggregate percentages, having 
the diameters of 1- 0.5mm and 0.5-0.25mm. The corresponding 
aggregate percentages were 35.1 (50%N+ 100% cyano.) and 
35.7 (100%N + 100% cyano.) for the aggregates having (I-
0.5mm) diameters. The higher aggregate percentages having 
diameters of (0.5-0.25mm) were 42.8, 42.4 and 41.7 for the 
corresponding treatments of 100%N + 100% cyano. 
25%N+100% cyano. and I00%N + 50% cyano., respectively. 

Many authors had emphasized the obtained results of this 
study such as Mandal et al. (1999) who reported that 
cyanobacteria introduce to soil many benefits, amongst which is 
improving soil stability aggregates through their intensive 
growth which confirmed that higher cyanobacterial biomass, the 
greater stabilization of sand surface soil. Also, Hu a at (2002) 
reported that inoculation of sandy soil with cyanobacteria 
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Table (15): Soil dry stable aggregates percent 

N% 

Different fractions of sieving stable aggregates 

Aggregate diame er (mm) 

Cy. % 

>2 1-2 1-0.5 0.5-0.25 
0.25- 
0.125 

0.125- 
0.063 

<0.063 

Zero 

Zero 1.1 5.7 31.6 42.5 12.6 5.5 1.0 

50 1.0 5.7 32.0 43.1 12.0 4.6 1.0 

100 1.0 6.0 33.2 41.6 12.3 4.5 1.4 

Mean 1.03 5.8 32.2 42.4 12.3 4.8 1.13 

25 

Zero 1.1 5.4 31.3 40.6 12.3 6.8 1.5 

50 1.3 5.8 33.5 41.6 9.7 7.0 1.1 

100 1.6 5.0 34.5 42.4 11.0 3.5 1.5 

Mean 1.3 5.4 33.1 41.5 11.0 5.7 1.3 

50 

Zero 1.2 4.5 33.5 38.6 13.8 6.5 1.9 

50 2.6 5.0 34.1 40.4 11.5 5.0 1.0 

100 1.3 5.0 35.1 41.4 12.0 3.9 1.3 

Mean 1.7 4.8 34.2 40.1 12.4 5.1 1.4 

100 

Zero 1.2 5.4 34.8 40.8 11.1 5.6 1.9 

50 1.3 5.7 35.4 41.7 11.5 2.7 1.7 

100 1.5 3.7 35.7 42.8 11.5 3.2 1.6 

Mean 1.3 4.9 35.3 41.7 11.3 3.8 1.7 

Cy. = Cyanobacterial inoculum level. 
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improved soil aggregates stability and added that the soil clay 
contents, coarse fraction, CEC and organic matter contents were 
highly positively affected by cyanobacteria inoculation, and 
consequently, the values of these soil components are reflected 
directly on the aggregation process and on the values of 
aggregation stability. 
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