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Abstract

The cyanobacteria strains were used in bioreactors to produce biomass. The total
biomass after one month in suitable conditions such as efficient gas exchange,
powerful light source and suitable medium composition was 7.99 mg/ml for N.
commune and 5.83mg/ml for A. circinalis. These algae were applied alone or mixed
in two rates (5 or 10 ml/ 100 g compost); Azotobacter chroococcum was used before
7 days of harvesting or with other cyanobacteria species. The total Nitrogen showed
1.84% with Azotobacter, however the nitrogen in mix culture was 1.80% mean
while, the control treatment was 1.49%.. These results indicate that we can reduce
chemical fertilizers by 1/4 or may 1/2 dose of normal requirement on growth and
yield of chickpea plant.
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Introduction

Algae especially nitrogen fixer cyanobacteria have been used in agriculture for many years, and
their ability to carry out both photosynthesis and nitrogen fixation confers on them an ecological and
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agricultural advantage as a renewable natural resource of biological nitrogen. Researchers have clearly
shown that one of the most effective nitrogen-fixing biological systems in the rice fields are certain
blue-green algae that contribute about 25-30 kg N/ha/season [1]. High-density of photoautotrophic
algal cell suspensions in a system designed photobioreactor (PBR) which has been, constructed, and
implemented to achieve high photosynthetic rates. This unit has designed for efficient oxygen and
biomass production rates, and it also can be used for the production of secreted products [2].

Azotobacter chroococcum, a free-living diazotroph has also been reported to produce beneficial
effects on crop yield through a variety of mechanisms including biosynthesis of biologically active
substances, stimulation of rhizospheric microbes, modification of nutrient uptake and ultimately
boosting biological nitrogen fixation [3-5]. The better alternative for chemical fertilizers is organic
farming, the method of cultivating land and raising crops in such a way to keep the soil fertile by use
of organic wastes. With live components of beneficial cyanobacteria inoculants organic fertilizers are
100% natural from wheat waste. Algal cultures were applied to the tested compost in two rates 5 and
10 % v/w (5 or 10 ml of each algal culture was added to 100 g of mature compost); except the mixed
culture that applied at rate (10 % v/w) only, where each one ml of each algal culture contained 5 mg
(as dry wt. algae). Aims of this study are as follows:
1-Studying the changes in compost properties (total nitrogen) in addition of two cyanobacterial strain
Nostoc commune and Anabaena circinalis either alone or mix in different level and Azotobacter
chroococcum to the compost either alone or mix with cyanobacterial strain.

2- Investigated the effect of nitrogen- biofertilizers on growth and yield of chickpea plant.
Materials and methods

The algal species (filamentous cyanobacteria); Nostoc commune and Anabaena circinalis employed
throughout the current study were isolated from rice station in Alnagaf-Alashraf. Bioreactor parts
sterilized then were ready to use, the body was filled with generally 500 ml of sterilized liquid JM
medium. The filters were connected to a dual timer and a compressor with solenoid valves or air
pumps to regulate gas exchange then incubated in illuminated incubator 2500 lux and maintained until
the exponential phase to be reached after 13 days [6]. The gas supplied was a mixture of nitrogen,
oxygen and carbon dioxide, whose compositions could be controlled. The biomass obtained after three
weeks of incubation with media supplied [7]. Azotobacter chroococcum was obtained from organic
national center for organic farming (Ministry of agriculture/ Irag), which was grown on sucrose
mineral salt liquid culture medium, After three days of incubation a suspension was made (10° cells in
1 ml) to determinate the antagonism between A. chroococcum and either N. commune or A. circinalis
by using dual culture method in petridish. The compost heap was collected from wheat wastes in
national center for organic farming, in thirteen plastic containers contained 2000gm of uniform
compost. Algal cultures of A. circinalis and N. commune were applied to the tested compost in two
ratios 5 and 10 % v/w, except the mixed culture of these algal species that applied at rate (10% v/w).

Each of treatment was exposed to one level moisture liquid: solid 1:2 ratio. Determined total

nitrogen compound using kejldhal method [8] at the end of month [6]. Ten seeds of chickpea were
placed in each pot and thinning was made after two weeks to maintain five plant /pot. Regular
watering was done to maintain optimum soil moisture. The compost containers were given the
following treatments in four replicate:
T1 Compost of organic only, T2 Compost of chemical fertilizer only 0.5 gm added in each replicate as
recommended dos (27: 27: 27), T3 Inoculated 100 g compost 5 ml of N. commune, T4 Inoculated100
g compost 1ml of A. chroococcum and 5 ml of N. commune, T5 Inoculated 100 g compost 10 ml of
N.commune, T6 Inoculated 100 g compost 1ml of A. chroococcum and 10 ml of N. commune, T7
Inoculated 100 g compost 5 ml of A. circinalis, T8 Inoculated 100 g compost 1ml of A. chroococcum
and 5 ml of A. circinalis, T9 Inoculated 100 g compost 10 ml of A. circinalis. T10 Inoculated 100 g
compost 1ml of A. chroococcum and 10 ml of A.circinalis,T11 Inoculated 100 g compost 10 ml mix of
A. circinalis and N. commune, T12 Inoculated 100 g compost 1 ml of A.chroococcum and10 ml mix of
A. circinalis and N. commune.

The standard Kjeldahl method for determining total N in plants was followed involving the
digestion of the plant sample with a catalyst in hot sulfuric acid, converting the organic N, to NH;. N
contents of the dried shoots were determined using Kjeldahl analysis The oven dried plant samples
were ground to fine powder and used for estimating the of NPK. Root and shoot portions were
separated from plants and dried by air. The shoot and root dry weights were recorded separately and
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expressed in gram per plant, the plant samples were dried in oven at 75 C to constant weight [9] . Five
plants were randomly taken at 76 days for chickpea after sowing from each pot and the following data
were achieved:

Morphological characters

1- Shoot length (cm).

2 Number of branches chickpea

3- Number of pod for chickpea.

Fresh weights

1. Fresh weight root / plant (g)

2. Fresh weight shoot /plant (g)

Dry weight .

Plant was dried at 75 C until constant weight and the following data were determined:

1. Dry weight root / plant (g).

2. Dry weight of shoot / plant (g).

Chemical composition determination

Determination the total percentage of Nitrogen, phosphorus and potassium contents in plants. The
methods as described by [8]. After extracting the samples total Nitrogen% was determined by titrating
against standard 0.01 (N) H,S0,, total phosphorus% by spectrophotometer and total potassium % by
using flame photometer.

Total chlorophyll contents

Total leaf chlorophyll content was determined on fresh leaf samples in mature leaves selected from
the middle of each new shoot from each replicate. According to the method described by [10] using a
Minolta SPAD 502 chlorophyll meter model.

Leaf area

The leaf area (mm?) of each plant was measured by Area meter (AM300).
Yield and its components

Weight of 1000 seeds was recorded in addition to grain yield.

Statistical analysis

All obtained data in the whole experiments were subjected to proper statistical analysis of variance
according to [11] and means separation were done according to LSD at 0.05 % level with C.R.D
analysis.

Results and Discussion

Identification of isolates was done on the basis of trichomes /filaments shape, size, cell dimensions,
akinetes/ heterocyst, if present etc. A measuring ocular calibrated to the different magnifications (10x,
40x and 100x magnitude oculars) was used to calculate cell sizes. All microscopic observations were
performed frequently to monitor growth of the two algal species, and to check that cultures were free of
any contaminants.

Cyanobacteria can be cultivated photoautotrophic methods (where algae require light to grow and
create new biomass). The cultures were grown axenic is difficult to achieve without more time
consuming maintenance of the species and demands a specialized growth system or bioreactor due to
ability of cyanobacteria to produce exo-polysaccharides that help bacteria feed on the nutrition these
provide and many actually live as epiphytes on species producing polysaccharide sheets. to keep the
number of bacteria at a low level under biomass production, the strategy was to keep the algae in the
exponential growth phase. This would limit the number of dead algal cells and other waste products
produced under un favorable conditions. Second, most of the bacterial population could be removed
trough under optimal speed of centrifugation. After this treatment, the algae would greatly outnumber
the resisting bacterial biomass, and the extract could be regarded as suitable for further screening.

Results showed that at the end of growth, it was easier to harvest the biomass but the general
productivity of the reactor is decreased due to the long residence time of the algae. A trade off has to be
made where harvesting costs are least and productivity is greatest and this agreed with [12]. There is no
single best method of harvesting microalgae. The choice of preferable harvesting technology depends
on algae species, growth medium, algae production, end product, and production cost benefit.

Algal strains were identified according to [13]. Algal species, which exanimate under compound
microscope (40x) were represented in the figure-1 ,2:
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Figure 1- N. commune (40x) Figure 2- A. circinalis (40x)
Results showed that algal growth in Jaworskis medium (JM) even after 13 days and the longer
growth period was likely to be needed to indicate the full extent of the growth in 5 ml (JM) agreed
with previous study [14]. The algal biomass was alive during the incubation period, and the highest
algal growth was observed nearly after three weeks from the beginning, then turned to be constant and
declined as a normal pattern of cyanobacteria growth and this agreed with [15], Shifted the color
culture from either light (green or yellow) to the dark (green or yellow) to increase biomass figure-3.

Figure 3- A. circinalis grown in the bioreactors

Biomass of cyanobateria was expressed on fresh and dry weight (mg/ml) basis table-1, which was
in the end point of growth. Maximum fresh weight was observed in N. commune 8.33mg/ml then
A.circinalis and recorded 6.08 mg/ml, when oven was used, the dry weight (mg/ml) was observed in
N. commune 0.33mg/ml followed by then A.circinalis and recorded 0.25mg/ml. Total biomass was
calculated by [16].
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Cyanobacterial species S L 0 T
mg/ml mg/ml
N. commune 8.33 0.33
A. circinalis 6.08 0.25

Growth condition: light intensity- 2500 lux; inoculum- 30 ml/l; room temperature- 28 + 2 C and
Initial PH 8.2.

Data in table-2 showed that after addition of either one or two cyanobacteria species to compost
materials, significant difference between the treatments was observed in availability of compost
nitrogen. Applying dose level (5 ml) of each, N. commune 1.71% increased 13.25% A. circinalis 1.60
increased 7.28%, while the level (10 ml) of N. commune 1.80% increased 19.21% and A. circinalis
1.74% increased 15.23% over control 1.51% after one month of incubation under the same conditions
at liquid: solid ratio of 1:2. The highest significant increasing with combination of both cyanobacteria
species N. commune and A. circinalis in (5 ml) level for one combined with A. chroococcum resulted
in nitrogen content 1.84% increased 21.85% followed by combination of both cyanobacteria species
together 1.82% increased 20.53%.

Addition of either one or two algal species to compost materials, significant difference between the
treatments was observed in availability of compost nitrogen due to different concentrations of
cyanobacteria species biomass as a result showed each ml of N. commune contained 7.99 mg. while,
A. circinalis contained 5.83 mg. The highest total nitrogen of algal activity were recorded due to
dehydrogenase enzyme activity in the beginning of all compost treatments was low then increased
until reached the maximum after one month [17] as a result of compost addition to the soil causes the
algal and bacteria to move to the analysis of these compost, therefore, they consume the nitrogen chain
to itself to grow and multiply, and after the end of this stage begins in the analysis of compost and
nitrogen production.

Table 2- percentage of total nitrogen content in mature compost:

Treatments Inocul(t:nnr)s size Time (week) Liquid: solid ratio Total Nitrogen%
TI - - - 151
T2 5ml 4 1:2 1.71
T3 5mi+20 ml 1 1:2 1.66
T4 10 ml 4 1:2 1.80
T5 10 mi+20ml 1 1:2 177
T6 5ml 4 1:2 1.62
T7 5 ml+20 ml 1 1:2 1.65
T8 10 ml 4 1:2 1.74
T9 10 ml+20 ml 1 1:2 1.79
T10 10 mi 4 1:2 1.82
T11 10 mi+20 ml 1 1:2 1.84
T12 20 ml 4 1:2 1.81

LSD at 0.05 0.08

T1= Control (compost without inoculation), T2= Nostoc commune (5 ml) T3= Nostoc commune (5 ml) combined
with Azotobacter chroococcum T4= Nostoc commune (10 ml) T5 = Nostoc commune (10 ml) combined with
Azotobacter chroococcum T6=Anabaena circinalis (5 ml), T7=Anabaena circinalis(5 ml) combined with
Azotobacter chroococcum, T8= Anabaena circinalis (10 ml), T9=Anabaena circinalis(10 ml) combined with
Azotobacter chroococcum,T10 =Mix cyanobacteria (10 ml), T11=Mix cyanobacteria (10 ml) combined with
Azotobacter chroococcum,T12= Azotobacter chroococcum.
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For chickpea plant all treatments were supplied with compost, the only difference being the control
having compost without microbial inoculants. The result showed plant height of chickpea plant highly
significantly increased in T12 was observed (mix cyanobacteria combined with A. chroococcum)
43.93cm followed by T10 (A.circinalis (10 ml) combined with A. chroococcum) 43.85cm and T11
(mix cyanobacteria (10 ml)) 43.4cm compared with T2 (chemical fertilizer treatment) 45.15cm. The
percentage over T1 (control) 39.2cm was increased 12.07%, 11.86%, 10.71% and 15.19%,
respectively, table-3 Inoculation compost with both different cyanobacteria level and A. chroococcum
individual or combination to cultivated chickpea crop enhances stem height due to increased
absorption of nutrients which resulted in increase in the synthesis of carbohydrates and produce
different types of secondary metabolites such as auxins, auxin like substances, gibberellin like
substances, cytokinins and abscisic acid [18-21], which in turn stimulated the efficiency of nutrient
uptake and thus lead to increased plant height.

The evaluation of algal biomass chlorophyll is presented in table-3. Total chlorophyll of plant
leaves responded positively to cyanobacteria inoculation, highly significantly increased in T12 (mix
of cyanobacteria combined with A.chroococcum) 53.85 followed by T10 (A.circinalis (10 ml)
combined with A. chroococcum) 53.80, (mix cyanobacteria (10 ml)) 53.77 and T9 (A.circinalis (10
ml)) 53.45 compared with T2 (chemical fertilizer treatment) 53.98. The percentage over T1 (control)
49.80 was increased: 8.13%, 8.03%, 7.97%, 7.33% and 8.39%, respectively. Cyanobacterial
suspension contain a special set of biologically active including plant growth regulators, which can
decrease senescence and transpiration and increase the content of leaf chlorophyll in response to the
different fertilization treatments may have accumulated chlorophyll in leaves agreed with [22]. These
results are in good agreement with those of [23] who observed a significant increase in chlorophyll
may be due to the increase in pigment biosynthesis.

The result showed that the highly significantly increase in leaf area, T12 (mix of cyanobacteria
combined with A. chroococcum)1270 mm? followed by T10 (A. circinalis (10 ml) combined with
A.chroococcum) 1170 mm?2 and T11 (mix cyanobacteria (10 ml)) 1132 mm?2 compared with T2
(chemical fertilizer treatment) 1310 mm?2. The percentage over T1 (control) 848 mm?2 was increased:
49.76%, 37.97%, 33.49% and 54.78%, respectively. The lowest value was recorded in T3 (N.
commune (5 ml)) 865 mm2, which was increased over control but that was not significant, table-3.
Also, the increase in leaf area in response to the different fertilization treatments may have
accumulated chlorophyll in leaves. Significantly higher in the treatment T12 (mix of cyanobacteria
combined with A. chrococcum) at all the growth stages this could be due to the beneficial effect of
inoculants, which helped the plants to get more nitrogen which is the component of chlorophyll
molecule.

The highly significant increase in number of branches was shown in T12 (mix of cyanobacteria
combined with A. chroococcum) 5.562 followed by T10 (A.circinalis (10 ml) combined with A.
chroococcum) 5.250 and T11 (mix cyanobacteria (10 ml)) 5.06 compared with T2 (chemical fertilizer
treatment) 5.938, table-3. The percentage over T1 (control) 3.25 was increased: 71.14%, 61.54%,
55.69% and 82.71%, respectively. The lowest value was recorded in T3 (N. commune (5 ml)) 3.56, T4
(N. commune (5 ml) combined with A. chroococcum) and T7 (A. circinalis (5 ml)) 3.63, which
increased over control but that was not significant. Synthesis of plant growth regulators by
cyanobacteria and A. chroococcum increased the number of branches which made the ability for
plants to absorbed nutrient elements agreed with [24].
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Table 3- Effect of some biofertilizers on chlorophyll, plant height, leaf area and number of branch of chickpea
plant.

Treatments Plant height (cm) | Chlorophyll (spad) Lif;;g;a N‘;':;?}iw
T1 39.20 49.80 848 3.25
T2 45.15 53.98 1310 5.94
T3 40.45 51.15 865 356
T4 41.24 5233 988 3.63
TS 42.89 53.10 1120 4.69
T6 43.25 53.67 1131 4.94
T7 4154 51.38 925 3.63
T8 42.19 52.47 1065 4.69
T 43.20 53.45 1128 475
T10 43.85 53.80 1170 5.25
T11 43.40 53.77 1132 5.06
T12 43.93 53.85 1270 5.56
T13 42.04 52.45 1055 4.00

LSDat0.05 0.709 130 7451 057

T1= Control (compost without inoculation), T2= chemical fertilizer T3= Nostoc commune(5ml) T4= Nostoc
commune(5ml) combined with Azotobacter chroococcum T5= Nostoc commune(10 ml) T6 = Nostoc commune
(10ml) combined with Azotobacter chroococcum T7=Anabaena circinalis (5ml), T8=Anabaena circinalis(5ml)
combined with Azotobacter chroococcum, T9= Anabaena circinalis(10 ml), T10=Anabaena circinalis(10 ml)
combined with Azotobacter chroococcum,T11 =Mix cyanobacteria (10 ml),T12=Mix cyanobacteria (10 ml)
combined with Azotobacter chroococcum,T13= Azotobacter chroococcum.

Data analysis for fresh and dry weight of shoot and root at the beginning of flowering stage
(74 days) showed that inoculation treatments significantly increased over uninoculated treatment
therefore, application of cyanobacteria species and bacterial treatments resulted a significant
improvement in grain yield and plant biomass as compared with control.

Highly increase fresh biomass of shoot in table-4 was observed in T12 (mix of cyanobacteria
combined with A. chroococcum) 14.15 g followed by T10 (A.circinalis (10 ml) combined with A.
chroococcum) 13.82 g and T11 (mix cyanobacteria (10 ml)) 13.75 g compared with T2 (chemical
fertilizer treatment) 15.35 g. The percentage over T1 (control) 10.10 g was increased: 40.1%, 36.83%,
36.14% and 51.98%, respectively. The lowest value was recorded in T3 (N. commune (5 ml)) 10.10 g,
T4 (N. commune (5 ml) combined with A. chroococcum)) 11.04 g and T7 (A. circinalis(5 ml)) 11.40 g.
Highly increase of fresh biomass of root was observed in T12 (mix of cyanobacteria combined with A.
chroococcum) 5.60 g followed by T10 (A.circinalis (10 ml) combined with A. chroococcum) 5.42 and
T11 (mix cyanobacteria (10 ml)) 5.31 g compared with T2 (chemical fertilizer treatment) 5.67 g,
table-4.The percentage over T1 (control) 2.26g was increased: 147.79%, 139.82%, 134.96% and
150.88%, respectively. The lowest value was recorded in T3 (N. commune (5 ml)) and T4
(N. commune (5 ml) combined with A. chroococcum)) 3.66 g which increased over control but that
was not significant.

Highly increase in dry biomass of shoot was observed in T12 (mix of cyanobacteria combined with
A. chroococcum) 4.280 g followed by T10 (A.circinalis (10 ml) combined with A. chroococcum)
4.260 g and T5 (N. commune (10 ml)) 4.200 g compared with T2 (chemical fertilizer treatment)
4.870 g. The percentage over T1 (control) 3.150 g was increased: 35.87%, 35.24%, 33.33% and
54.60%, respectively. The lowest value was recorded in T4 (N. commune (5 ml) combined with A.
chroococcum)) 3.6g, T7 (A. circinalis (5 ml)) 3.650g, T3 (N. commune (5 ml)) 3.7 g, and T8 (A.
circinalis (5 ml) combined with A. chroococcum) 3.77 g, which increased over control but that was
not significant. table-4. Highly increase in dry biomass of root was observed in T6 (N.commune (10
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ml) combined with A. chroococcum) 3.290 g followed by T12 (mix of cyanobacteria combined with
A. chroococcum) 3.20 g and T5 (N. commune (10 ml)) 2.930 g compared with T2 (chemical fertilizer
treatment) 4.490 g. The percentage over T1 (control) 1.210 g was increased: 171.90%, 164%,
142.15% and 271.07%, respectively. The lowest value was recorded in T7 (A. circinalis (5 ml))
1.260 g T3 (N. commune (5 ml)) 1.630 g, T8 (A. circinalis (5ml) combined with A. chroococcum)
1.670 g T4 (N. commune (5 ml) combined with A. chroococcum)) 1.870, and which increased over
control but that was not significant. table-4.

Fresh biomass increase was also one of the key parameters improved by using of inoculated
compost in chickpea. These increases could be attributed to the nitrogenase enzymes well as nitrate
reductase activities of the algae associated with the surface; or may be to the amino acids and peptides
produced in the algal suspention and other compounds that stimulate growth of crop plants. These
results are in good agreement with [25], also [26] who studied the effect of BGA as biofertilizer on
chickpea and they found that it enhanced all the morphological characters and biomass of the
chickpea. Increased weight due to cyanobacteria and Azotobacter inoculation but decreased the dry
wet weight is not accurate as the amount of water varies from one plant to another depending on the
irrigation of these plants. These results are in concordance with most similar previous studies [27].

Table 4- Effect of some biofertilizers on fresh weight of shoot and root of chickpea plant.

Fresh weight (g/plant) Dry weight (g/plant)
Treatments Shoot Root Shoot Root
T1 10.10 2.26 3.150 1.210
T2 15.38 5.67 4.870 4.490
T3 10.10 3.66 3.700 1.630
T4 11.04 3.66 3.600 1.870
T5 12.52 4.81 4.200 2.930
T6 12.79 5.10 4.000 3.290
T7 11.40 3.81 3.650 1.260
T8 12.44 4.73 3.770 1.670
T9 12.76 5.06 4.150 2.560
T10 13.82 5.42 4.260 2.890
T11 13.75 5.31 4.170 2.840
T12 14.15 5.60 4.280 3.200
T13 12.37 4.16 4.120 2.368
L SDat0.05 1.67 1.527 0.660 0.855

T1= Control (compost without inoculation), T2= chemical fertilizer T3= Nostoc commune(5ml) T4= Nostoc
commune(5ml) combined with Azotobacter chroococcum T5= Nostoc commune(10 ml) T6 = Nostoc commune
(10ml) combined with Azotobacter chroococcum T7=Anabaena circinalis (5ml),T8=Anabaena circinalis(5ml)
combined with Azotobacter chroococcum, T9= Anabaena circinalis (10 ml), T10=Anabaena circinalis(10 ml)
combined with Azotobacter chroococcum,T11 =Mix Cyanobacteria (10 ml),T12=Mix cyanobacteria (10 ml)
combined with Azotobacter chroococcum,T13= Azotobacter chroococcum.

The results showed that total protein in table-5, which calculated depend on concentration of total
nitrogen present multiplied by 6.25. The highest increase of total protein content was recorded in T12
(mix of cyanobacteria combined with A. chroococcum) 14.69 % followed by T10 (A. circinalis
(10 ml) combined with A. chroococcum) 13.13 % and T11 (mix cyanobacteria (10 ml)) 12.94%
compared with T2 (chemical fertilizer treatment) 16.44 %. The percentage over T1 (control) 9.88 %
was increased: 48.68 %, 32.89 %, 30.97 % and 66.40 %, respectively. The lowest value was recorded
in T3 (N. commune (5 ml)) 10.44 %.

Highly increase in total nitrogen content was recorded in table-5 T12 mix of cyanobacteria
combined with A. chroococcum) 2.35 % followed by T10 (A. circinalis (10 ml) combined with A.
chroococcum) 2.1 % and T11 (mix cyanobacteria (10 ml)) 2.07 % compared with T2 (chemical
fertilizer treatment) 2.63 %. The percentage over T1 (control) 1.58 % was increased: 48.73%, 32.91%,
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31.01% and 66.40%, respectively. The lowest value was recorded in T3 (N. commune (5 ml)) 1.67%.
The increase in protein was related to the increase of N % content [27], this might be due to increased
availability of nitrogen and its uptake and storage in grain. Nitrogen being the essential constituent that
makes up to 16% by weight of protein .Increase in N content might be due to cyanobacteria and
Azotobacter inoculation single or together causing relatively greater utilization of available N by
plants in presence of cyanobacteria and Azotobacter compared with un inoculated However, the
decreased amount of N at the later period of crop growth might be due to dilution effect arising from
the increased biomass production .This results are in concordance with most similar previous studies
[28].

Highly increase in total percentage of phosphor was recorded in T6 (N. commune (10 ml) combined
with A. chroococcum) 0.43% followed by T12 mix of cyanobacteria combined with A. chroococcum)
0.40%, T5 (N. commune (10 ml)) 0.39% compared with T2 (chemical fertilizer treatment) 0.47% in
table-5 The percentage over T1 (control) 0.30% was increased: 43.33%, 33.33%, 30% and 56.67%,
respectively. The lowest value was recorded in T3 (N. commune (5 ml)) and T7 (A. circinalis (5 ml))
0.32%. Leguminous crops have a high phosphorus requirement than other crops to attain optimum
growth and productivity [29]. Phosphor content was increased, these effects might be due to that in
bio-organic farming system a set of soil microorganisms, processing the ability of mobilizing the
unavailable forms of nutrient elements to available forms, has been successfully agreed with [30] and
might be explained by the synergistic relationship among themselves resulting in greater absorption of
phosphorus by chickpea plant, helps to increase P uptake in the soil. These results are agreed with
previous study [31].

Highly increase in total percentage of Potassium was recorded in T6 (N. commune (10 ml)
combined with A. chroococcum) and T2 (chemical fertilizer treatment) 2.54% followed by T12 mix of
cyanobacteria combined with A. chroococcum) and T5 (N. commune (10 ml)) 2% in table-5. The
percentage over T1 (control) 1.50% was increased: 69.33% and 33.33%, respectively. The lowest
value was recorded in T3 (N. commune (5ml)) 1.53%. Inoculation with single inoculum cyanobacteria
results in enhanced assimilation of mineral nutrients especially K in plants, but such assimilation of K
in plants might be further enhanced with their dual inoculation resulting from their strong synergistic
relationships. These results are in concordance with most similar previous studies [32].

Table 5- Effect of some biofertilizers on total percentage of protein, Nitrogen, Phosphor and Potassium of
chickpea plant.

Treatments Total N%o Total P% Total K%
T1 1.58 0.30 1.50
T2 2.63 0.47 2.54
T3 1.67 0.32 1.53
T4 1.79 0.35 1.55
T5 1.98 0.39 2.00
T6 2.00 0.43 2.54
T7 1.92 0.32 1.59
T8 1.96 0.38 1.50
T9 2.00 0.37 2.54
T10 2.10 0.38 1.55
T11 2.07 0.38 1.56
T12 2.35 0.40 2.00
T13 1.94 0.36 2.54

LSD at 0.05 0.32 0.06 0.52

T1= Control (compost without inoculation), T2= chemical fertilizer T3= Nostoc commune(5ml) T4= Nostoc
commune(5ml) combined with Azotobacter chroococcum T5= Nostoc commune(10 ml) T6 = Nostoc commune
(20ml) combined with Azotobacter chroococcum T7=Anabaena circinalis (5ml), T8=Anabaena circinalis (5ml)
combined with Azotobacter chroococcum, T9= Anabaena circinalis(10 ml), T10=Anabaena circinalis(10 ml)
combined with Azotobacter chroococcum,T11 =Mix cyanobacteria (10 ml),T12=Mix cyanobacteria (10 ml)
combined with Azotobacter chroococcum,T13= Azotobacter chroococcum.
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The number of pods per plant was increased by applying biofertilizer, table -6. Highly increase in
number of pods recorded in T11 (mix of cyanobacteria (10 ml)) 12.19 followed by T12 mix of
cyanobacteria combined with A. chroococcum) 9.31 compared with T2 (chemical fertilizer treatment)
13.19. The percentage over T1 (control) 6.44 was: 89.29%, 44.56% and 104.81%, respectively. Lower
number of pods in the main branch due to drought stress can be attributed to protein decomposition
and it's on to peptides and amino acids. Translocation of carbon and nitrogen into shoots is also
retarded under drought stress [33]. The increased number of pods per plant when they treated it with
biologic organic fertilizer, BGA reduced the number of days for crop maturity by almost 30 days in
BGA treatment, however, it was witnessed that, the incidence of leaf-spot disease very low, giving rise
to healthy plants with a dense growth accompanied by healthy pods. These results agreed with [34].

The favorable effect of BGA application on seed yield characters may be due to their influence on
plant growth features agreed with [35] Highly increase in 1000-seed weight showed with table-6 was
recorded in T12 (mix of cyanobacteria (10 ml) combined with A. chroococcum) 560.9g followed by
T10 (A.circinalis(10 ml) combined with A. chroococcum) 551.1g, T11 (mix of cyanobacteria (10 ml))
540. 4g and T6 (N. commune (10 ml) combined with A. chroococcum) 513.6g compared with T2
(chemical fertilizer treatment) 583.3g.The percentage over T1 (control) 409 g was increased: 37.149%,
34.74%, 32.13%, 25.57% and 42.62%, respectively. The increase in the chickpea seed may also be
attributed to the higher absorption of N, P and K which might have favorably affected the chlorophyll
content of leaves resulting increased synthesis of carbohydrates and build up of new cells. These
results are in confirmation with the reports of [36] and may be the drought as an abiotic stress reduces
photosynthesis and limits growth and seed yield agreed with [37].

Table 6- Effect of some biofertilizers on number of pods /plant and 1000-Seed weight (g) in chickpea plant.

Treatments Number of pods /plant 1000-Seed weight(g)
T1 6.44 409.0
T2 13.19 583.3
T3 7.94 442.2
T4 7.94 472.7
T5 9.12 512.7
T6 8.25 513.6
T7 7.56 478.3
T8 6.56 494.9
T9 8.81 513.3
T10 8.12 551.1
T11 12.19 540.4
T12 9.31 560.9
T13 7.06 479.3
L.S.D at 0.05 111

T1= Control (compost without inoculation), T2= chemical fertilizer T3= Nostoc commune(5ml) T4= Nostoc
commune(5ml) combined with Azotobacter chroococcum T5= Nostoc commune(10 ml) T6 = Nostoc commune
(10ml) combined with Azotobacter chroococcum T7=Anabaena circinalis (5ml),T8=Anabaena circinalis(5ml)
combined with Azotobacter chroococcum, T9= Anabaena circinalis(10 ml), T10=Anabaena circinalis(10 ml)
combined with Azotobacter chroococcum,T11 =Mix cyanobacteria (10 ml), T12=Mix cyanobacteria (10 ml)
combined with Azotobacter chroococcum,T13= Azotobacter chroococcum.

Partial or total replacement of chemical fertilizers will be useful in Iraq soil to overcome the
harmful effects of chemical fertilizers and to maintain soil fertility and groundwater. Finally obtaining
fewer amounts of healthy products with less environmental disturbances is preferred over obtaining
higher amount of non-healthy products with more environmental disturbances.

This study revealed that two cyanobacterial species Nostoc commune and Anabaena circinalis
isolated from Iraqi water in Alnagaf-Alashraf southern Iraq have the ability to fix atmospheric
nitrogen with highly productivity for growth and yield of crops. For the mass culture of cyanobacterial
species, open pond system has mainly been the dominating systems until now. However, closed
system of light-distributing in plate design known as photobioreactors, are now increasingly finding a
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new application both for high value product in agriculture. The outcome of the above experiment
proved that biomass obtained from cultivation of N.commune, Anabaena circinalis in bioreactor to
inoculated mature compost was the best way of cultivation of nitrogen fixing cyanobacteria with low
cost. The application of cyanobacteria in growth and yield of chickpea plant reduces the need of
chemical fertilizers about 30 %-50 % and subsequently reduces environmental pollution compared
with other mineral chemical fertilizers.
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