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Abstract: The present study was mainly focussed on evaluating the plant growth promoting activity of eleven cyanobacterial
cultures (ten non-heterocystous and one heterocystous) obtained from the germ plasm collections of the Department of Biology, Wolaita
Sodo University, Ethiopia, using Zea mays L. as an experimental crop under pot culture experiment. All the pots were treated with 2.5¢g
of both non-heterocystous and heterocystous cyanobacteria as individual as well as in combined form. The pots treated with 2.5gm of
chemical fertilizer Di Ammonium Phosphate was used for comparative purpose. Pots without inoculation was served as a control. All
pots inoculated by cyanobacterial cultures and chemical fertilizer showed significant enhancement in all the morphological and
biochemical parameters over uninoculated control. The pots treated with non-heterocystous cyanobacterial isolates Geitlerinema sp.
WSU3 and heterocystous cyanobacterial isolates Calothrix sp. WSU11 showed significantly the highest results when compared to
control, chemical fertilizer treatment, individual and combined treatment of all other cyanobacterial cultures. Based on the current study
results, we recommend the cyanobacterial isolates Geitlerinema sp. WSU3 and Calothrix sp. WSU11 can be used as biofertilizers for the

cultivation of Z. mays L. as well as can also be used as alternatives for the chemical fertilizers.
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1. Introduction

Ethiopia is one of the largest populated African countries
with a population of 102.4 million people [1]. The country
shares boundaries with Eritrea to the north, Kenya to the
south, Somalia to the east and Sudan to the west. The
majority (83.8%) of Ethiopians reside in the rural areas and
performing agriculture for their regular income. Agriculture
sector is the mainstay of the Ethiopian economy and
therefore this sector regulates the growth of all the other
sectors and, subsequently, the whole national economy of
Ethiopia [2 and 3].

This agriculture sector constitutes above 50% of the gross
domestic product (GDP), accounts for over 85% of the
labour force and earns above 90% of the foreign exchange
[4]. On average, crop production makes up 60% of the
sector’s outputs whereas livestock accounts for 27% and
other areas contribute 13% of the total agricultural value
added. The sector is dominated by small-scale farmers who
practice rain-fed mixed farming by employing traditional
technology, adopting a low input and low output production
system. This low input and low output concept were
followed by farmers usually due to the high cost of chemical
fertilizers, low availability and side effects of chemical
fertilizers in the soil as well as to the crops. So, the
requirement of biofertilizers as an alternative to chemical
fertilizers is very urgent to improve the productivity of crops
in agriculture sector. Biofertilizers are microorganisms
applied as live form to enhance the crop productivity and
improve the soil health. Different kinds of microorganisms
belonging to several taxa of the bacteria, fungi, algae and
possibly, protozoa kingdoms, colonizing the rhizosphere or

the plant tissues and promoting plant growth microorganisms
(PGPM), can be utilized for the production of biofertilizers
[5, 6 and 7]. Among these various kinds of microorganisms,
cyanobacteria placed in a first place.

Cyanobacteria are oxygenic, photosynthetic, free living and
nitrogen fixing microorganisms commonly found in marine
water, fresh water systems and soil. Cyanobacteria can be
used as biofertilizer for plants, as food for human
consumption and for the extraction for various products such
as vitamins, drug compound and human growth factors [8].
Most of the present research related cyanobacteria aims to
use No-fixing cyanobacteria as well as growth promoting
cyanobacteria to decrease the dependence on chemical
fertilizers for crop production. Many free-living blue-green
algae (cyanobacteria) fix atmospheric nitrogen and since
they are photosynthetic, they do not compete with crop
plants and heterotrophic soil micro flora for carbon and
energy. An additional benefit of using cyanobacteria as
biofertilizer is the ability to secrete bioactive substances such
as auxin, gibberellins, cytokinins, vitamins, polypeptide,
amino acid, which promote plant growth and development [9
and 10]. They also improve the physico-chemical properties
of the soil by enriching them with carbon, nitrogen, available
phosphorus, etc.

Maize (Zea mays L.) or corn is one of the important cereal
crops cultivated in Ethiopia and act as a staple food crop
[11]. White maize is one the major food crop in Ethiopia
after tef (Eragrostis tef). Ethiopia ranked 5" major producer
of corn in Africa and 94% of the crop cultivation is covered
by smallholder farmers [12]. All the farmers are applying
chemical based inorganic fertilizers for cultivation of maize.
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Due to continuous and over dosage of inorganic fertilizers
hardly affecting the soil health which leads to decline in the
crop yield. So many studies outside Ethiopia have been
studied related to plant growth promoting efficiency of
cyanobacterial cultures using different crops but very rare in
Ethiopia. Hence in the present study, an attempt has been
made to evaluate the plant growth promoting efficiency of
freshwater cyanobacteria using Maize (Zea mays L.) as an
experimental crop under pot culture experiment.

2. Material and Methods
2.1. Sample source and sample collection

The fresh water non-heterocystous cyanobacterial cultures
Pseudanabaena sp. WSU1, Phormidium sp. WSU2,
Geitlerinema sp. WSU3, Arthrospira sp. WSU4, Oscillatoria
sp. WSUS5, Phormidium sp. WSUS6, Lyngbya sp. WSU?7,
Gloeocapsa sp. WSU8, Oscillatoria sp. WSU9, Spirulina sp.
WSU10 and a heterocystous cyanobacterial culture Calothrix
parietina WSU11 was obtained from the germplasm
collections of Department of Biology, College of Natural and
computational Sciences, Wolaita Sodo University, Wolaita
Sodo, Ethiopia.

2.2. Mass Cultivation of fresh water cyanobacteria under
laboratory condition

The non-heterocystous cyanobacterial cultures
Pseudanabaena sp. WSUL, Phormidium sp. WSU2,
Geitlerinema sp. WSU3, Arthrospira sp. WSU4, Oscillatoria
sp. WSUS5, Phormidium sp. WSUS6, Lyngbya sp. WSU?7,
Gloeocapsa sp. WSU8, Oscillatoria sp. WSU9, Spirulina sp.
WSU10 and the heterocyst forming cyanobacterium
Calothrix parietina WSU11 was inoculated individually to
the conical flasks containing sterilized BG11 media
aseptically. All the inoculated conical flasks were incubated
under 1500lux (Philips cool-white light, 16hrs light 8hrs dark
cycle) and at 25+2°C temperature in culture room [13]. The
cyanobacterial cultures were harvested after 15-20days of
incubation to evaluate the plant growth promoting efficacy
under pot experiment [14].

2.3. Pot Experiments

All the 11 (both heterocystous and non-heterocystous) mass
cultivated cyanobacterial cultures were harvested and dried
under shadow, and further the dried cultures were then
powdered by using mortar and pestle and used as inoculum.
4 numbers of healthy seeds of Zea mays L. were added to
each 3 Liter capacity pots. All the pots were treated with
both non-heterocystous and heterocystous cyanobacterial
cultures individually as well as in combined form. 2.5g of
each cyanobacterial isolate were inoculated to each pot and
2.5gm of chemical fertilizer Di-ammonium Phosphate (DAP)
was added in other pot for comparative purpose at 15 days
interval. Pot without any cyanobacterial inoculation and
chemical fertilizer was served as a control [15].

2.3.1. Morphological analysis

The experimental plants (Zea mays L.) were harvested 30
days after planting and examined for a number of
morphological parameters such as plant height, number of
leaves, leaf length and leaf width, leaf fresh weight, leaf dry
weight, number of roots, root length, root fresh weight and
dry weight [16 and 17].

2.3.2. Biochemical analysis

The experimental plant leaves were harvested and
photosynthetic pigments contents such as Chlorophyll a [18],
Chlorophyll b [18], Total chlorophyll [18], and carotenoids
[19] were quantitatively analyzed.

2.4. Statistical Analysis

The measurements of growth and biochemical parameters
were subjected to one-way analysis of variance (ANOVA)
technique (Origin pro software package 7.0) and mean
separations were adjusted by the Multiple Comparison test.
Means were compared by using Fisher’s test at p<0.05 level
of significance. All the data included in the figures were
presented in mean and standard error (£) of mean of three
replicates per treatment and repeated three times.

3. Result and Discussions

Pot experiment was conducted to examine the growth
promoting efficiency of heterocystous and non-heterocystous
cyanobacterial isolates and compared with chemical fertilizer
and control. During this pot experiment periods, the
morphological parameters such as Plant height, Number of
leaves, Leaf length, Leaf width, Root length, Number of
roots, Shoot fresh and dry weight, Root fresh and dry weight
were observed, and the biochemical parameters such as
Chlorophyll a, chlorophyll b, Total chlorophyll and
carotenoids content was also quantified. The results from pot
experiments were collected on 30™ day and displayed in the
forms tables and photographs. All the results collected from
pot experiments are as follows.

3.1. Analysis of morphological parameters

In the present pot investigation, the applications
cyanobacterial isolates showed significant effects on all
morphological characteristics of Zea mays L. (Table 1, Table
2, Figure 1 and Figure 2). Table - 1 reveals the growth of the
plant which was expressed in terms of plant height, number
of leaves, leaf length and leaf width. The morphological
parameters such as plant height, number of leaves, leaf
length and leaf width of pots treated with chemical fertilizers
(DAP), pots treated with both heterocystous and non-
heterocystous cyanobacterial isolates (combined treatment),
pots treated with all non-heterocystous and heterocystous
cyanobacterial isolates as individual showed significantly
higher results over control (Pots without any dosage).
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The pots treated with combinations of heterocystous and
non-heterocystous cyanobacterial isolates, pots treated with
non heterocystous isolates such as WSU1 (Pseudanabaena
sp. WSU1L), WSU2 (Phormidium sp. WSU2), WSU3
(Geitlerinema sp. WSU3), WSU4 (Arthrospira sp. WSU4),
WSUS5 (Oscillatoria sp. WSU5), WSU6 (Phormidium sp.
WSU6), WSU7 (Lyngbya sp. WSU7), WSU8 (Gloeocapsa
sp. WSU8), WSU9 (Oscillatoria sp. WSU9, WSU10
(Spirulina sp. WSU10) and heterocystous cyanobacterial
isolate WSU11 (Calothrix sp. WSU11) as individually
showed significant changes in the morphological parameters
such as plant height, number of leaves, leaf length and leaf
width over control pots (Table 1). The maximum plant height
(56.50 + 0.404cm), number of leaves (8.67 + 0.333), leaf
length (47.10 + 0.208cm) and leaf width (3.67 + 0.033cm)
were observed in the pots treated with non-heterocystous
cyanobacterial isolates WSU3 (Geitlerinema sp. WSU3)
which was significantly higher than control pots, chemical
fertilizers treated pots, pots with combined treatment of
heterocystous and non-heterocystous, and all other
cyanobacterial isolates treated pots (Table 1).

Table 1: Effect cyanobacterial isolates on morphological
parameters of Zea mays L. under pot experiment on 30 DAP
(Days After Planting)

Morphological parameters
S. Treatments | Plant No. of | Leaf Leaf
No. height | leaves | length | width
(cm) (nos.) | (cm) (cm)
1 Control 23.33+ | 567+ | 20.37+ 21+
1.76 0.33 0.85 0.10
2 Chemical 38.00+ | 6.33+ | 31.80 % 3.03%
fertilizer 1.73* 0.33* 0.76* 0.03*
3 Combined | 46.83%+ | 7.67+ | 354+ 3.2+
Treatment 1.36%a | 0.33*a | 0.87*a 0.10*
Non - Heterocystous Isolates
4 WSU -1 4443+ | 7.33+ | 34.96 343+
0.81*a | 0.33*a | 0.84*a 0.03*a
5 WSU - 2 51.00+ | 8.33+ | 40.60 + 3.56 +
0.90*ab | 0.3*ab | 0.55*ab | 0.03*ab
6 WSU - 3 56.50+ | 8.67+ | 47.10 3.67+
0.40*%ab | 0.3*ab | 0.21*ab | 0.03*ab
7 WSU - 4 46.67+ | 7.66+ | 34.20+ 3.23+
0.705*a | 0.33*a | 0.643*a | 0.089*
8 WSU -5 39.27+ | 6.67+ | 30.63* 2.63+
1.131* | 0.33* 0.39* 0.09*
9 WSU - 6 4153+ | 7.67+ | 33.30+ 3.07+
0.53*a | 0.33*a | 0.47* 0.07*
10 WSU -7 34.36+ | 6.66+0 | 26.67+ 2.80
0.554*a | .333* | 0.696*a | 0.208*
11 WSU -8 46.87+ | 7.67+ | 36.53t 3.30 +
0.69*a | 0.33*a | 0.721*a | 0.290*
12 WSU -9 40.9+0. | 6.33+0 | 33.57+ 293+
862* .333* | 0.726* 0.091*
13 WSU - 10 45,60+ | 6.67+ | 34.50+ 3.36
1.40*a | 0.333* | 0.569*a | 0.145*a
Heterocystous Isolate
14 WSU-11 | 49.30+ | 833+ | 376+ 357+
0.65%ab | 0.3*ab | 0.65%ab | 0.09*ab

Values are the mean of three replicates + SEM.

* - Indicates significance results over control (p<0.05)

a — Significance results over chemical (p<0.05)

b — Significance results over combined treatment (p<0.05)

The treatments of chemical fertilizers (DAP), treatment of
combinations of heterocystous and non heterocystous
cyanobacterial isolates, individual treatments of all the
cyanobacterial isolates showed significant improvement in
the morphological parameters such as root length, number of
roots, shoot fresh and dry weight; root fresh weight and dry
weight when compared to control (Table 2, Figure 1 and
Figure 2). The maximum improvement in the root and shoot
parameters of Z. mays L. was observed in the pots treated
with  non-heterocystous cyanobacterial isolate WSU3
(Geitlerinema sp. WSU3) when compared to the treatment of
control, chemical fertilizers and combination of
heterocystous and non heterocystous cyanobacterial isolates.
The pots treated with non heterocystous cyanobacterial
isolates WSU3 (Geitlerinema sp. WSU3) showed
significantly highest results in overall analysis of
morphological parameters of Z. mays L. followed by
heterocystous cyanobacterial isolates WSU11 (Calothrix sp.
WSU11).

Table 2: Effect cyanobacterial isolates on morphological
parameters of Zea mays L. under pot experiment on 30 DAP
(Days After Planting)

Morphological parameters

S. Treatments Root No. of | Shoot Shoot

No. Length | Roots Fresh Dry
(cm) (Nos.) | Weight | Weight

(9 (9)

1 Control 12.40+ 6.0+ 31+ 0.283 =

0.74 0.58 0.21 0.04

2 Chemical 2287+ | 866+ | 7.37% 1.00+
fertilizer 0.744* | 0.333* | 0.143* | 0.057*

3 Combined 409+ | 136% | 846+ 177+
Treatment 1.01*a | 0.81* | 0.14*a 0.07*a

Non - Heterocystous Isolates

4 WSU -1 523+ | 16.7+ | 896+ 2.08+
0.6*ab | 0.9*ab | 0.15%a | 0.08*ab

5 WSU - 2 716+ | 187+ | 10.76+ | 2.23+
1.1*ab | 0.8*ab | 0.26*ab | 0.05*ab

6 WSU -3 7746+ | 22.33+ | 1352+ | 2.62=+
1.29*ab | 0.8*ab | 0.59*ab | 0.13*ab

7 WSU -4 4356+ | 187+ | 9.10% 136+
1.26*a | 0.7*ab | 0.35*a | 0.03*a

8 WSU -5 78.36+ | 11.33+ | 6.72+ 0.72+
0.89*ab | 0.67*a | 0.25* 0.03*

9 WSU - 6 4790+ | 16.7+ | 8.77% 1.06 +
1.05*ab | 0.9*ab | 0.35*a 0.05*

10 Wsu -7 4956+ | 10.33+ | 457 0.57+
0.41*ab | 0.33* 0.32* 0.03*

11 WSU - 8 4546+ | 16.0+ | 9.22+ 173+
0.55*%ab | 0.6*ab | 0.51*a | 0.06*a

12 WSU -9 4690+ | 13.3+ | 7.06% 119+
0.70*ab | 1.12*a | 0.29* 0.09*a

13 WSU-10 | 6690+ | 16.7+ | 873+ 113+

1.61*ab | 0.9*ab | 0.32*a 0.07*

Heterocystous Isolate
14 WsuU - 11 60.3+ | 211+ | 115+ |221+
1.6*ab | 0.9*ab | 0.4*ab |0.06*ab

Values are the mean of three replicates + SEM.
* - Indicates significance results over control (p<0.05)
a — Significance results over chemical (p<0.05)
b — Significance results over combined treatment (p<0.05)
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The reasons for these significantly higher results are may be
due to ability of phytohormones production like Auxins and
cytokinin which helps plants to reach higher results. Another
one reason is Calothrix sp. WSU11l a heterocystous
cyanobacteria which can fix atmospheric nitrogen and can
stimulates the plant growth. An important feature of
cyanobacteria is their ability to fix atmospheric nitrogen
under both free living and symbiotic conditions and promote
the plant growth [20]. The biological production of various
growth promoting  active  substances including
phytohormones, such as auxin [21], gibberellins [22] and
cytokinin [23]. The indirect promotion of plant growth
occurs with fixing atmospheric nitrogen by cyanobacteria
[20].

8

7

EN

ROOT FRESH WEIGHT (G)

CON CHE COM WSUl WSU2 WSU3 WSU4 WSUS WSUG6 WSU7 WSUS WSU® WSULOWSUL1
TREATMENTS
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TREATMENT (Heterocystous + Non- Heterocystous); WSU1- Pseudanabaena
sp.; WSU2- Phormidium sp.; WSU3- Geitlerinema sp.; WSU4- Arthrospira sp.;
WSU5- Oscillatoria sp.; WSU6- Phormidium sp.; WSU7- Lyngbya sp.;
WSU8- Gloeocapsa sp.; WSU9- Oscillatoria sp.; WSU10- Spirulina sp.;
WSU11- Calothrix sp.; WSU- Wolaita Sodo University;

Figure 1. Effect cyanobacterial isolates on root fresh weight
of Zea mays L. under pot experiment on 30 DAP (Days After
Planting)
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WSU8- Gloeocapsa sp.; WSU9- Oscillatoria sp.; WSU10- Spirulina sp.;
WSUL11- Calothrix sp.; WSU- Wolaita Sodo University;

Figure 2. Effect cyanobacterial isolates on root dry weight of
Zea mays L. under pot experiment on 30 DAP (Days After
Planting)

The present study results are supported by the reports given
by Eshetu Gebre [24] in which the liquid forms of
cyanobacterial inoculants showed significantly higher results
in the morphological parameters such as plant height, shoot
fresh weight, number of leaves, leaf area and shoot dry
weight than dried form of cyanobacterial inoculum, urea

(chemical fertilizer), organic manure and control. Similarly
the present study coincides with the study of Francis and
Berhanu [16] who reported that the plants showed better in
growth parameters (fresh shoot and root weight, dry shoot,
root weight, leaf area, and number of branches) with
application of cyanobacteria bio-fertilizers than with urea
fertilizer and compost, thus indicating the potential of
cyanobacteria biofertilizer as having a positive effect on soil
fertility and yield and nutritional quality of cultivated
vegetables such as tomato plant. Similarly, Mayur et al. [25]
reported that the cyanobacterial isolates Rivularia spp.,
Nostoc spp., Oscillatoria spp., Closterium spp., Gloeothece
spp., Anabaena spp., Aphanocapsa spp. and Gloeocapsa spp.
showed positive effects on the root length and fresh weight
of seedlings for mung and wheat when compared to control.

3.2. Analysis of biochemical parameters:

The experimental crop Z. mays L. plant was treated with
different cyanobacterial isolates as individual as well as in
combinations and examined for the changes occurred in the
photosynthetic pigment contents and compared with control
and chemicals fertilizers treatment. The results in the Table
3 shows that the changes in the chlorophyll a, chlorophyll b,
total chlorophyll and carotenoid content of experimental crop
Z. mays L. after 30 days of plantation. Based on the results
showed in the Table 3, the pots treated with chemical
fertilizers, combined treatment (Heterocystous and Non-
heterocystous), individual treatments of all isolates
significantly increased the photosynthetic pigment content of
the experimental crop Z. mays L. over control. The pots
treated with non-heterocystous cyanobacterial isolates
WSU3 (Geitlerinema sp. WSU3) showed significantly best
results followed by heterocystous cyanobacterial isolates
WSU11 (Calothrix sp. WSU11) when compared to control
Chemical fertilizers, combined treatment and all other
individual treatments. The cyanobacterial treatment
enhanced the Z. mays plant growth because cyanobacteria
can release growth promoting substances (Auxin and
cytokinin), increased soil organic content, improve soil
structure and water holding capacity. They can also release
micro and macro nutrients to the soils which supports the
plant growth. This result was highly supported by Mohamed
et al. [26] who reported that the application cyanobacterial
culture N. entophytum and O. angustissima suspension
inoculated at 1% and 0.5% significantly increased the
photosynthetic pigments content of Pea plant. Cyanobacterial
suspension contains a special set of biologically active
compounds including plant growth regulators, which can
decrease senescence and transpiration and increase the
content of leaf chlorophyill.

The coir pith based cyanobacterial biofertilizers applied cow
pea plants showed increase in biochemical parameters such
as chlorophyll, carotenoid, protein and phenol content [26].
Abraham et al. [28] reported that the coir pith based
cyanobacterial biofertilizers applied Basella rubra L. plants
showed increase in biochemical parameters such as sugar
(32.5 %), phenol (30.9 %), nitrate (13.1 %), protein (201.9
%), chlorophyll a (43.0 %) and carotenoid (14.2 %) in test
plants over control. Similarly, the biochemical parameters of
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Aloe barbadensis such as chlorophyll a, chlorophyll b and
total chlorophyll, carotenoids, sugars and free amino acids
contents were increased in the treatments of 0.1 %, 0.2 %,
0.3 % and 04 % of cyanospray but subsequent
concentrations such as 0.5 % and 0.6 % of cyanospray
treated plant pigments content was significantly decreased
when compared to control [15].

Table 3: Effect cyanobacterial isolates on biochemical
parameters of Zea mays L. under pot experiment on 30 DAP
(Days After Planting)

Biochemical parameters
S. Treatments | Chloro | Chlor Total |Caroteno
No. phylla | ophyll | Chloro ids
(mg/g) b phyll | (mg/g)
(mglg) | (mg/g)

1 Control 0.22 + 0.15+ 032+ 0.06 +

0.012 0.008 0.017 0.009

2 Chemical 0.29 + 0.21 * 0.44 + 012+

fert”izer 0.035* 0.014* 0.026* 0.005*

3 Combined 0.36 + 0.27 + 053+ 0.14+

Treatment 0.008*a 0.012*a 0.020*a 0.006*

Non - Heterocystous Isolates

4 WSU -1 031+ 0.28 + 0.45+ 013+

0.012* 0.009*a 0.019* 0.033*

5 WSU -2 0.47 + 0.30 + 0.70 + 019+
0.01*ab | 0.01*ab | 0.02*ab 0.02*ab

6 WSU -3 0.54 + 0.39+ 0.83 % 0.22 +
0.01*ab | 0.02*ab | 0.03*ab 0.01*ab

7 WSU -4 0.39+ 0.25+ 0.50 + 0.16 +
0.013*a | 0.012*a | 0.015*a 0.006*a

8 WSU -5 037+ 0.20 + 047 + 013+
0.009*a 0.009* 0.015* 0.015*a

9 WSU - 6 0.40 + 0.26 + 0.55+ 0.16 +
0.035*a | 0.015*a | 0.017*a 0.008*a

10 WSU -7 0.39 0.26 + 0.54 + 0.15+
0.012*a | 0.014*a | 0.008*a 0.005*a

11 WSU - 8 0.40 + 0.29 + 0.58 + 0.15+
0.011*a | 0.012*a | 0.018*a 0.020*a

12 WSU -9 031+ 0.17 + 0.40 + 011+
0.012* 0.005 0.020* 0.017*

13 WSU - 10 0.40 £ 0.20 £ 0.55 + 0.15+
0.008*a 0.006* 0.020*a 0.012*a

Heterocystous Isolate

14 WSU - 11 0.51+ 0.36 + 0.74 0.20 +

0.01*ab | 0.01*ab | 0.02*ab 0.014*ab

Values are the mean of three replicates + SEM.

* - Indicates significance results over control (p<0.05)

a — Significance results over chemical (p<0.05)

b — Significance results over combined treatment (p<0.05)

Similarly, Subramaniyan et al. [29] reported that the effect of
cyanobacterial biofertilizer effects on the growth parameters
of corn (Zea mays L.). Cyanobacterial biofertilizers dosage
increased the chlorophyll a, Chlorophyll b and total
chlorophyll content of corn plants when compared with
control and other treatments. The photosynthetic pigments
content was also significantly enhanced by different
combinations of coir pith based cyanobacterial biofertilizers
cyanopith and cyanospray. The Aloe leaf pigments
(chlorophyll a, chlorophyll b, and carotenoids) and
consequently total pigments content was significantly
(p<0.05) increased by all treatments of cyanopith with
cyanospray when compared to control. The maximum
improvement in the photosynthetic pigments content was

obtained from the plants of T22 followed by plants of T16
and T12 [30].

4. Conclusions

The non-heterocystous cyanobacterial isolates Geitlerinema
sp. WSU3 and heterocystous cyanobacterial isolate Calothrix
sp. WSU11 showed the best results when compared control
treatments, chemical fertilizers (Di Ammonium Phosphate)
treatment, combined treatment (Heterocystous with Non-
heterocystous cyanobacterial isolates) and individual
treatment of all other cyanobacterial isolates under pot
experiments. Based on the results obtained from the pot
experimental  studies, we can conclude that the
cyanobacterial isolates Geitlerinema sp. WSU3 and
Calothrix sp. WSU11 can be used as biofertilizers as well as
can also be used as alternatives to the chemical fertilizers for
the cultivation of Zea mays L.

5. References

[1] UNICEF. 2017: The State of the World’s Children
2017. Available at: https://www.unicef.org/sowc/.

[2] Central Statistical Agency (CSA) [Ethiopia], ICF
International, 2016: Ethiopia Demographic and Health
Survey 2016. Addis Ababa, Ethiopia, and Rockuville,
Maryland, USA: CSA and ICF.

[3] World Bank. 2017b: Ethiopia Country Overview.

Available at:
http://www.worldbank.org/en/country/ethiopia/overvie
w

[4] Diriba Welteji, 2018: A critical review of rural
development policy of Ethiopia: access, utilization and
coverage. Agric & Food Secur, 7: 55

[5] Lucy, M., Reed, E., and Glick, B.R. 2004: Applications
of free-living plant growth-promoting rhizobacteria.
Antonie van Leeuwenhoek, 86: 1-25.

[6] Smith, S.E., and Read, D.. 2008: Mycorrhizal
symbiosis, 3rd edn. Academic Press.

[7] Vessey, J.K. 2003: Plant growth promoting
rhizobacteria as biofertilizers. Plant Soil, 255: 571-586.

[8] Fay, P, 1983: The Blue-greens (Cyanophyta-
Cyanobacteria). Edward Arnold Publishing. Baltimore,
88.

[91 Manu Arora, Kaushik, A,, Nisha Rani, and Kaushik,
C.P. 2010: Effect of cyanobacterial exopolysaccharides
on salt stress alleviation and seed germination. J.
Environ. Biol, 31(5): 701 - 704.

Karthikeyan, N., Prasanna, R., Lata, and Kaushik, B.D.

2007: Evaluating the potential of plant growth

promoting cyanobacteria as inoculants for Wheat. Eur.

J. Soil Biol, 43: 23 - 20.

Kandil, E.E. 2013: Response of Some Maize Hybrids

(Zea mays L.) to Different Levels of Nitrogenous

Fertilization. Journal of Applied Sciences Research,

9(3): 902-1908.

[12] Mitiku Woldesenbet, and Asnakech Haileyesus. 2016:
Effect of nitrogen fertilizer on growth, yield and yield
components of maize (Zea mays L.) In Decha District,
Wouthwestern Ethiopia. International Journal of
Research —- GRANTHAALAYAH, 4(2): 95-100.

[10]

[11]

Volume 9 Issue 3, March 2020

www.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: SR20306190312

DOI: 10.21275/SR20306190312

486


http://www.ijsr.net/
http://creativecommons.org/licenses/by/4.0/
https://www.unicef.org/sowc/

International Journal of Science and Research (1JSR)
ISSN: 2319-7064
ResearchGate Impact Factor (2018): 0.28 | SJIF (2018): 7.426

[13] Rippka, R.,

Deruelles, J., and Waterbury, J.B.,
Herdman, M., Stanier, R.Y. 1979: Generic
assignments, strain histories and properties of pure

Germination Efficiency of Cyanobacterial Isolates.
International Journal of Research and Scientific
Innovation (IJRSI), 4(4): 64-68.

cultures of cyanobacteria. J. Gen. Microbiol, 111:1 — [26] Mohamed Elanwar H. Osman, Mostafa M. El-Sheekh,
61. Amal H. El-Naggar, and Saly F. Gheda. 2010: Effect
[14] Krishna Moorthy, S., Aberham Kassahun, Ermias of two species of cyanobacteria as biofertilizers on
Dereje, and Adanech Tomas. 2019: Isolation and some metabolic activities, growth, and yield of pea
Identification of Blue Green Algae and Its Plant plant. Biol. Fertil. Soils, 46: 861-875.
Growth Promoting Efficacy using Red Kidney Beans [27] Pitchai Palaniappan, Malliga, P., Manian, K.,
(Phaseolus vulgaris L.) by Seed Germination Sivaramakrishnan, S., Madhaiyan, S., and Tongmin,
Experiment. J. Algal Biomass UtIn.,10(2): 52-59. S.A., 2010: Plant growth promontory effect on cow
[15] Krishna Moorthy, S., and Malliga, P. 2012: Effect of pea (Vigna unguiculata) using coir pith aqueous
cyanospray  fertilizer on plant  morphological, extract formulation of Cyanobacterium Phormidium.
biochemical characteristics and leaf gel yield of Aloe Am.-Eur. J. Agric. Environ, 8(2): 178-184.
barbadensis Miller (Aloe vera) in pot experiment. [28] Abraham Christopher, P., Viswajith, V., Prabha, S.,
International Journal of Environmental Sciences, 2(3): Sundhar, K., and Malliga, P. 2007: Effect of coir pith
1512-1520. based cyanobacterial basal and foliar Biofertilizer
[16] Francis Abuye, and Berhanu Achamo, 2016: Potential Basella rubra L. Acta agriculturae slovenica, 89(1):
Use of Cyanobacterial Bio-fertilizer on Growth of 59-63.
Tomato Yield Components and Nutritional Quality on  [29] Subramaniyan, V., Krishna Moorthy, S., and Malliga,
Grown Soils Contrasting pH. Journal of Biology, P. 2012: Analysis of biochemical and yield parameters
Agriculture and Healthcare. 6(17): 54-62. of Zea Mays (Corn) -cultivated in the field
[17] Muluneh Menamoa, and Zinabu Woldeb. 2013: Effect supplemented with coir pith based cyanobacterial
of Cyanobacteria Application as Biofertilizer on biofertilizers. J. Algal Biomass Utln, 3(3): 54 — 57.
Growth, Yield and Yield Components of Romaine [30] Krishna Moorthy, S., Subramaniyan, V., and Malliga,
Lettuce (Lactuca sativa L.) on Soils of Ethiopia. P. 2012: Effect of Coir Pith Based Cyanobacterial
American  Scientific  Research  Journal  for Biofertilizer Treatment in Metabolic Characters of
Engineering, Technology, and Sciences (ASRJETS), Aloe Barbadensis Miller. J. Algal Biomass Utln, 3 (2):
4(1): 50-58. 50- 56.
[18] Arnon, D.l. 1949: Copper enzymes in isolated
chloroplast poly phenoxy oxidases in Beta vulgaris.
Plant Physiol, 24: 1-15.
[19] Siegelman, HW., and Kycia, J.H. 1978: Algal
biliproteins. In: Hellebust, J.A., Craigie, J.S. (Eds.),
Handbook of Phycological Methods, Physiological
and Biochemical Methods. Cambridge University
Press, Cambridge. 71-79;.
[20] Osman, M.E.H., EI-Sheekh, M.M., EI-Naggar, A.H.,
and Gheda, S.F. 2010: Effect of two species of
cyanobacteria as biofertilizers on some metabolic
activities, growth, and yield of pea plant. Biol. Fertil.
Soils, 46: 861-875.
[21] Prasanna, R., Joshi, M., Rana, A., and Nain, L. 2010:
Modulation of IAA production in cyanobacteria by
tryptophan and light. Polish J. Microbiol, 59(2): 99 -
105.
[22] Rodriguez, A.A., Stella Storni, M.M., Zulpa, G., and
Zaccaro, M.C. 2006: Effects of cyanobacterial
extracellular products and gibberellic acid on salinity
tolerance in Oryza sativa L. Saline system, 2: 7.
[23] Hussain, A., Krischke, M., Roitsch, T., and Hasnain,
S. 2010: Rapid Determination of Cytokinins and
Auxin in Cyanobacteria. Curr. Microbiol, 61: 361-
369.
[24] Eshetu Gebre, and Alemu Lelago, 2017: Effect of
Cyanobacterial Biofertilizer on Soil Quality in Kale
(Brassica Oleracea L.) Crop Growing Field at Ziway
Area, Ethiopia. Food Science and Quality
Management. 61: 41-46.
[25] Mayur Gahlout, Hiren Prajapati, Poonam Chauahan,

Rathod Himita kumari, and Juhikapatel. 2017:
Isolation, Identification and Evaluation of Seed

Volume 9 Issue 3, March 2020

www.ijsr.net
Licensed Under Creative Commons Attribution CC BY

DOI: 10.21275/SR20306190312

Paper ID: SR20306190312 487


http://www.ijsr.net/
http://creativecommons.org/licenses/by/4.0/

