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Abstract:

Plant growth promoters were estimated in three cyanobacterial strains (Anabaena
azollae Strasburger, Spirulina platensis Geitler and Nostoc muscorum C. Agardh in the
presence of potassium nitrate, sodium chloride and tryptophan, with different
concentrations. The highest concentrations of IAA and GA; were determined and applied
to Maize that was planted in soil with EC (5.4). Cyanobacterial treatments were applied
three times throughout the cultivation period of Maize. Mineral fertilization was applied
according to the guidelines of the Egyptian Ministry of Agriculture, with 100% to control,
and 75% to all other treatments. Final results showed that the highest yield was obtained
by treating Maize with (Spirulina platensis with tryptophan, Anabaena azollae with both
potassium nitrate and tryptophan) respectively. Those results were almost three times
more than the control yield. It's recommended for the yield improvement; to use the
selected strains, especially in sandy and saline soils.
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Introduction

Phytohormones are found not only in higher plants, but also in algae, and in
plant-associated bacteria and fungi (Lu and Xu, 2015). Indole acetic acid (IAA)
is a natural auxin that is synthesized in many species of non-seedling plants, many
bacteria, fungi and algae (Varalakshmi and Malliga, 2012). Gibberellins (GAS)
are tetracarbocyclic diterpenes that occur naturally in higher plants. There is
continued interest in the biosynthetic origin of the GAs since some of them are
known to act as native regulators controlling a range of growth responses,
including seed germination, floral development, and shoot elongation (Graebe,
1987).
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Spirulina platensis is a filamentous, photosynthetic cyanobacterium,
extensively grown for human food supplements and animal feed (Mustafa et al.,
1994). The great nutritional value of Spirulinais due to its high protein content,
polysaccharides, vitamins, and minerals (Colla et al., 2007). It is known to
produce intracellular and extracellular metabolites with diverse biological
activities such as antifungal (MacMillan et al., 2002), antiviral (Hayashi and
Hayashi, 1996) and antibacterial activities (Kumar et al., 2011).

The growth promotion in response to application of Nostoc muscorum (N-
fixing cyanobacteria) could be attributed to the nitrogenous as well as nitrate
reductase activities of the algae applied to the surface of plants, or the amino acids
and peptides produced in cyanobacterial filtrate and other compounds that
stimulated growth of plants (Adam, 1999).

The symbiotically associated cyanobacterium (Anabaena azollae) was
isolated from Azolla pinnata and cultured under a free-living state. The strain
showed high efficacy in suppressing the fungal mycelial growth of either
Fusarium oxysporum or Alternaria alternate (Abd El Aal, 2013).

Salt stress is becoming a serious environmental issue because 7% of the
land, 20% of the arable land and 50% of irrigated land in the world are salinized.
The agricultural production was reported to be dramatically reduced in
approximate 33% by soil salinization (Gao et al., 2011). Priyanka et al. (2016)
reported that cyanobacteria have been reported to grow extensively on both saline
and alkaline soils that commonly called as” Usar”. They also increase the water-
holding capacity through their jelly structure, increase in soil biomass after their
death and decomposition and preventing weeds growth (Ibrahim et al., 2016).

Maize (Zea mays L.) is believed to have originated in central Mexico 7000
years ago from a wild grass; And Native Americans transformed Maize into a
better source of food (Smith, 2001). Maize contains approximately 72% starch,
10% protein, and 4%fat, supplying an energy density of 365 Kcal/100 g and is
grown throughout the world, with the United States, China, and Brazil being the
top three Maize-producing countries in the world, producing approximately 563
of the 717 million metric tons/year (Nuss and tanumihardjo,, 2010).Studies on
Maize, involving introducing sodium chloride (NaCl) with different
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concentrations have been made before and indicated that maize seed germination
and chlorophyll content are sensitive to salt stress (Aliu et al., 2015).

The aim of this work is to study the application of cyanobacterial strains,
producing IAA and GA;, and studying their leverage on Maize crop and
improving the yield both qualitatively and quantitatively, under the influence of
different additives, added to the cyanobacterial media.

Materials and Methods

Microorganisms used:

Three strains of algae; Nostoc muscorum C. Agardh, Anabaena azollae
Strasburger and Spirulina platensis Geitler were obtained from Agricultural
Research Centre- Soil, Water and Environment Research Institute, Giza, Egypt
(ARC,SWERI).

Production of algal growth promoters:

Media used: Both of Nostoc muscorum and Anabaena azollae were
cultivated on nitrate- free medium (Blue Green “BG”11 medium) according to
Rippka et al., 1979, while Spirulina platensis was cultivated on Zarrouk medium
according to Zarrouk, 1966.

Laboratory experiment: All of three tested cyanobacterial strains were
grown individually on either tryptophan or potassium nitrate (KNO;) at
concentrations: 0, 50, 100, 150 and 200 part per million (ppm) while the
concentrations of NaCl were 0, 50, 100, 150 and 200 mmol. Both IAA and GA;
were measured calorimetrically every 10 days to obtain the maximum
concentrations. IAA and GA; were determined by Salkowski reagent according to
Glickmann and Dessaux, 1995 and Folin reagent according to Udagwa and
Kinoshita, 1961, respectively.
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Treatments could be summarized as follow:
Treatment control (Tc¢)= Control.
Treatment 1 (T1)=Spirulina platensis X NaCl.
Treatment 2 (T2)=Anabaena azollae X NaCl.
Treatment 3 (T3)=Nostoc muscorum X NaCl.
Treatment 4 (T4)=Spirulina platensis X KNOs.
Treatment 5 (T5)=Anabaena azollae X KNOs.
Treatment 6 (T6)=Nostoc muscorum X KNOs.
Treatment 7 (T7)=Spirulina platensis X tryptophan.
Treatment 8 (T8)=Anabaena azollae X tryptophan.
Treatment 9 (T9)=Nostoc muscorum X tryptophan.

Field Experiment on Maize:

Before starting the experiment; complete analysis (physical, chemical and
biological analyses) for the initial soil was estimated.

The seeds of Zea mays L. (single white hybrid 2031) were soaked in the
three cyanobacterial tested strains, with the three additives, which had the highest
concentrations of 1AA individually for 2 hrs., then cultivated under greenhouse
conditions at the ARC, SWERI. After 30 days, the same treatment was added to
the soil. The three cyanobacterial tested strains that had the highest concentrations
of GA; were added individually after 60 days of agriculture. Cyanobacterial
treatments were added by 50 L/Fed (Reddy et al., 1986). Mineral fertilization
with Nitrogen, Phosphorus, and Potassium (NPK) and micronutrients was applied
to Maize plants according to the standard guidelines of the Egyptian Ministry of
Agriculture. The nitrogen fertilizer requirements were substituted by 75% of
recommended dose throughout cyanobacterial treatments.
Mineral fertilizers: Ammonium Nitrate was added by 400 kg/ Fed in three equal
batches at preparation of soil, after 24 and 45 days of agriculture. Super Calcium
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Phosphate (15%) was also added on the soil preparation with dose 200 kg/ Fed.
Potassium Sulphate (48%) was added on preparation as 50 kg/ Fed. Foliar
application of micronutrients was applied after 28 days of cultivation.

Soil Analyses:

Soil chemical analyses were determined after 60 days for all soil samples
versus control and initial soils. Soil biological activity was evaluated in terms of
total microbial counts (Allen 1959) and total counts of cyanobacteria (Allen and
Stanier, 1968). Carbon dioxide (CO,) evolution was determined according to
Gaur et al. (1971), Dehydrogenase activity (DHA) was estimated according to
Casida et al. (1964), and total Nitrogen was determined by Kjeldahl method and
calculated according to A.O.A.C. (2005).

Plant Analyses:
Shoot length and root weight were determined after 60 days of agriculture.

Pigments such as chlorophyll a, chlorophyll b and carotenoids in ear leaves were
determined according to Metzner et al. (1965). Determination of NPK was
observed according to Bremner, (1965), and Herbert et al., (1971) respectively.

Total yield, weight of cobs, weight of kernels per cob and weight of 100
kernels were determined. Percentage of fixed oil in caryopses was determined
according to Horwitz, 1965.

Results and Discussion

Determination of algal growth promoters:

As shown in table (1); it was observed that the three algal strains showed
the highest IAA production values as follows:

Spirulina platensis showed the highest IAA production level (34.6 pg/ml)
at concentration (conc.) 0 mmol NaCl after 10 days (control), then (34.23 pg/ml)
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at conc. 200 ppm tryptophan after 20 days, and then (22.7 pg/ml) at conc. 150
ppm KNOjs after 30 days, respectively.

Anabaena azollae showed the maximum production of IAA (31.1 pg/ml) at
conc. 200 ppm tryptophan after 20 days, then (13.4 pg/ml) at conc. 100 mmol
NaCl after 10 days, and finally with a very slight difference (13.2 pg/ml) at conc.
100 ppm KNOjs after 40 days, respectively.

Nostoc muscorum could show maximum IAA production (32.5 pg/ml) at
conc. 150 ppm tryptophan after 20 days, then (15.55 pg/ml) at conc. 0 mmol NaCl
after 20 days (control), and then (13.2 pg/ml) at conc. 50 ppm KNO; after 30
days, respectively. Those results agree with (Jaiswal et al, 2018) who stated that
IAA production in cyanobacteria (e.g. N. muscorum and A. veriabilis) increases,
to its maximum level, with the addition of tryptophan. Moreover, (Bhosale et al.,
2016), stated that IAA production is highly affected with nitrate and sodium
chloride concentrations, if added to algal media.

As for GA; production; it was observed that:

S. platensis showed the highest conc. of GA; (105.25 pg/ml) at conc. 100
mmol NaCl after 10 days, then (48.23 pg/ml) at conc. 200 ppm tryptophan after
20 days, and finally (13.2 pg/ml)at conc. 200 ppm KNO; after 40 days,
respectively.

GA; showed the highest levels in A. azollae (102 pg/ml) at conc. 200 mmol
NaCl after 10 days, then (84.2 ug/ml) at conc. 100 ppm tryptophan after 20 days,
and finally (12.11 pg/ml) at conc. 0 ppm KNO; after 20 days (control),
respectively.

N. muscorum showed the maximum GA; (138 pg/ml) at conc. 200 mmol
NaCl after 30 days, then (101 ug/ml) at conc. 100 ppm tryptophan after 20 days,
and then (16 pg/ml) at 0 ppm KNO; after 20 days (control), respectively. It's not
surprising that the highest GA; levels were obtained at high levels of NaCl for all
algal species, as GA; is considered to be one of the well-known anti-stress factors
identified by plants (Niu, 2014).
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Table (1): The highest values of IAA and GA;, resulted in propagation of S. platensis,
N. muscorum and A. azollae, on different conc. of NaCl, KNO; and tryptophan

throughout 40 days.
Treatment Algal Concentration
Strain Additive Concentration Time (days) (ng/ ml)
C 1AA GA;
- NaCl 0 10 34.6
T Spirulina
platensis NaCl 100 mmol 10 105.25
NaCl 100 mmol 10 134
T Anabaena
azollae NaCl 200 mmol 10 102
NaCl 0 20 15.55
T3 Nostoc
muscorum NaCl 200 mmol 30 138
L KNO;3 150 ppm 30 22.7
Ta Spirulina
platensis KNO, 200 ppm 20 13.2
- Anabaena KNO; 50 ppm 30 13
azollae KNO; 0 20 12.11
6 Nostoc KNO; 50 ppm 30 13.2
muscorum KNO; 0 20 16
- Spirulina Tryptophan 200 ppm 20 34.23
platensis Tryptophan 200 ppm 20 48.23
8 Anabaena Tryptophan 200 ppm 20 311
azollae Tryptophan 100 ppm 20 84.2
o Nostoc Tryptophan 150 ppm 20 325
muscorum Tryptophan 100 ppm 20 101
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Initial soil analysis; as shown in table (2), showed that the initial EC was
5.4 mS/ cm, and pH 7.6 with sandy texture. The initial total N was found to be
53.375 (mg/ Kg), CO, evolution was found to be 329 (mg CO,/ 100 gm soil),
Dehydrogenase activity was estimated and found to be 54.9 (ugTPFg-1 dry soil
day-1), Mean Count Cyanobacteria was 2.9 (10° cfu/ gm soil) while Mean Count
Bacteria was49.6 (10° cfu/ gm soil).

Table (2): Physical , chemical and biological analyses of Initial Soil

Physical analysis of soil

Corse Fine .
sand sand silt Clay Texture
34% 61.40% 1.60% 3.06% Sandy
Chemical analysis of soil
Anions meq /L Cations meq /L
2 - - + +2 + +2 Total N SP
SO, Cl HCO; K Mg Na Ca EC pH (ma/Kg) | (%)
4119 | 2288 | 283 |o097|1156| 832 |4605| 2% | 76 | 5338 | 28
mS/cm
Biological analysis of soil
Mean Mean cyanobacterial
CO, Evolution bacterial )(/:ount Dehydrogenase activity
count
329 (mg CO,/ 100 | 49.6 (10%cfu/ 3 . .
gm soil) gm soil ) 2.9(10°cfu/ gm soil ) 54.9 (ug TPF g/ dry soil/ day)
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Cultivation of Maize with different cyanobacterial treatments, using the
highest IAA and GA; conc.; showed a remarkable decrease in the soil EC in most
treatments, as shown in table (3), compared to the initial soil EC. This agrees with
(Noufal et al, 2012) who stated that soil EC is significantly decreases with
addition of bio-fertilizers to the soil. pH showed an elevation due to addition of
the different additives, however, it did not affect the microbial activity, which was
determined with CO, evolution, Dehydrogenase activity, Total count of both
bacteria and cyanobacteria. Moreover, it was generally observed that the highest
characters of the field experiment took place around the pH 8 and 8.1; this may be
resulted from the optimum rate of IAA production at such pH, as explained by

(Bhosale et al., 2016).

Table (3): Soil chemical analyses after 60 days

Treatment (mSE/Ccm) pH (;cgf:(';)
Tc 2.7 7.8 55.51
T1 1.28 7.9 59.78
T2 142 7.9 85.4
T3 0.75 7.9 81.13
T4 1.14 8.1 68.32
T5 1.37 8 57.65
T6 1.23 8.1 59.78
T7 3.42 8.1 89.67
T8 2.77 8 122.7
T9 3.7 8 153.72
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Total N showed a remarkable elevation on addition of cyanobacterial
treatments. The highest N % was reported at the treatment T9 (Nostoc muscorum
with tryptophan) with 153.72 mg/Kg, compared to control (55.51 mg/ Kg). This
result agrees with (Aziz et al, 2014) who stated that the beneficial effect of
algalization to crop yield components could be attributed to the ability of
cyanobacteria in N,-fixation as well as producing the growth promoting
substances such as ascorbic acid, auxins and vitamin Bi,.

As for the soil microbial analyses; the algal treatments had remarkable
effects on the results. As shown in figure (1); CO, evolution showed the highest
levels at treatment T6 (Nostoc muscorum with KNO3) with 278.7mg CO,/ 100 gm
soil, compared to control (85.8). Dehydrogenase activity showed the highest level
at the treatment T7 (Spirulina platensis with tryptophan) with 105.1 (ugTPFg-1
dry soil day-1), compared to control (29.23), as shown in figure (2). Mean
Cyanobacterial Count showed the maximum level ; as shown in figure (3); at the
treatment T4 (Spirulina platensis with KNO;) with 19.7(10°cfu/ gm soil),
compared to control (4.85), while Mean Bacterial Count showed maximum
determination; as shown in figure (4); with treatment T8 (Anabaena azollae with
tryptophan) with 97(10°cfu/ gm soil), compared to control (79).

Table (4) showed the plant analyses after 60 days. Maximum shoot height
of Maize was determined with treatment T8 (Anabaena azollae with tryptophan)
with 271 cm, compared to control (224.2 c¢cm), this agrees with (Mohan and
Kumar, 2017) who reported maximum shoot length on applying different algal
species to several field crops. Maximum dry weight of root was obtained at
treatment no. T6 (Nostoc muscorum with KNO3) with 17.85 gm, compared to
control (16.62) gm, however; other algal treatment showed higher percentage of
root hairs. This explains the relatively lower weights of other specimens. This
agrees with (Spaepen et al., 2007) who explained that at moderate levels of 1AA,
microbes use 1 Aminoacetylpropane-1 Carboxylate Synthase (ACC) (Ethylene
precursor) as a nitrogen source, thus limiting the ethylene production and enhance
root elongation.
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Figure (1): CO, Evolution in soil after 60 days (mg CO,/ 100 gm soil)
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Figure (2): Dehydrogenase activity in soil after 60 days (ugTPFg™ dry soil day™)
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Figure (3): Mean Cyanobacterial Count in soil after 60 days (10%cfu/ gm soil )
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Figure (4): Mean Bacterial Count in soil after 60 days (10°cfu/ gm soil )
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Table (4): plant analyses after 60 days

T Shoot Height ROOF Dry Chlorophyll a | Chlorophyll b | Carotenoids
reatment o weight
cm “gm* (ng/ ml) (ng/ ml) (ng/ ml)
Tc 224.2 16.62 19.94 10.48 2.36
T1 215 10.12 21.01 8.56 3.78
T2 180.2 16.98 11.46 3.2 2.54
T3 210 6.79 21.88 9.73 3.75
T4 233.2 14.54 221 10.67 3.33
T5 235 8.29 21.23 9.33 3.72
T6 227.2 17.85 21.32 9.86 35
T7 258.6 6.34 22.84 14,51 2.83
T8 271 9.68 21.26 9.24 3.84
T9 2404 16.71 22.71 1151 3.37
Least
Significant
Difference 7 0.97 1.77 2.3 0.383
(L.S.D.) at
0.05%

Chlorophyll a showed maximum level at the treatment T7 (Spirulina
platensis with tryptophan) with 22.84(ug/ ml) compared to control (19.94ug/
ml).Chlorophyll b showed the highest level also at the treatment T7 (Spirulina
platensis with tryptophan) and with 14.5(ug/ ml) compared to control (10.48ug/
ml) respectively. The highest carotenoids level was obtained with T8 (Anabaena
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azollae with Tryptophan) with (3.84ug/ ml) compared to control (2.4pug/ ml).
Those results are in correspondence with (Aziz et al, 2014).

As for NPK analysis, it was observed that there were tremendous
differences in N absorption in most cases compared to control. As shown in table
(5); the highest N percentage was obtained by T9 (Nostoc muscorum with
tryptophan) with rate (1.9%) compared to control (0.5%); those results agree with
(Mohan et al., 2015). P estimation also showed bigger absorption rates than that
of control. Most increment was estimated by T2 (Anabaena azollae with NaCl)
with (0.22%), compared to control (0.16%). K absorption did not show a real
change at the 60 days period, however, it was highly more affected at the harvest
period.

At the harvest; the yield of Maize, treated with the selected algal treatments
showed real differences in total yield production, mean weight of cobs per plant,
weight of kernels per cob, and weight of 100 kernels, compared to control.
Generally, EC highly affected the control; this agrees with (Bilgin et al., 2008),
who stated that Maize is negatively affected starting EC 2.7.

In table (6); NPK at harvest was estimated. The highest percentage of N
absorption was reported for treatment T7 (Spirulina platensis with tryptophan)
with 1.4%, compared to control (0.65%). P showed the maximum absorption rate
at T7 as well with (0.43%), compared to control (0.32%). The highest K
absorption rate was reported to T2 (Anabaena azollae with NaCl) with 1.4%,
compared to control (1.2%).
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Table (5): Plant NPK analysis after 60 days

Treatment N% P% K%
Tc 0.5 0.16 1.42

T1 0.4 0.18 1.08

T2 0.4 0.22 1.33

T3 0.2 0.12 0.98

T4 1.69 0.13 1.12

T5 0.65 0.12 1.35

T6 0.9 0.17 1.15

T7 0.9 0.14 1.31

T8 1 0.16 1.26

T9 19 0.2 1.17
L.S.D. at 0.05% 0.15 0.03 0.26

Table (6): Plant NPK analyses at harvest

Treatment N% P% K%
Tc 0.65 0.32 1.2

T1 0.9 0.25 1.33

T2 1.25 0.29 1.4

T3 1 0.12 1.24

T4 0.65 0.22 0.71

T5 0.65 0.28 1.01

T6 1.15 0.22 1.1

T7 14 0.43 1.17

T8 0.2 0.27 1.012

T9 0.3 0.14 1.24
L.S.D. at 0.05% 0.12 0.03 0.16
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As shown in figure (5); the highest yield was obtained with treatment T7
(Spirulina platensis with tryptophan) with 23.22 ardeb/ Fed., compared to control
(7.5 ardeb/ Fed). This agrees with (Wu et al, 2017) who stated that salinity could
decline the crop yield up to 60 %.
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Tc T1 T2 T3 T4 T5 T6 T7 T8 19

Treatment

o wu

Figure (5): Yield Analysis at Harvest (Ardeb/ Fed)

Table (7) showed that the highest mean weight of cobs was also obtained
with T7 (Spirulina platensis with tryptophan) by 259.2 gm, compared to control
(123.94 gm). The highest mean weight of kernels was observed by T7 (Spirulina
platensis with tryptophan) with a value of 183.03 gm, compared to control (76.4
gm). The treatment T9 (Nostoc muscorum with tryptophan) had the highest
weight of 100 kernels with value 40.62 gm, compared to control (33.33 gm).

As for calculating the percentage of fixed oil (Figure (6)), it was found that
the highest % was reported for treatment T7 (Spirulina platensis with tryptophan)
with 14.88%, compared to control (13.56), with least significant difference 0.8.

Egyptian J. of Phycol. Vol. 19, 2018 -16 -



Production of Algal Growth Promoters And Studying Their Effects on Maize Crop

= 15
=]
=
=
= 10 -
=]
]
=
5 -
E
s
&~ 0 -+
fe. M T 73 72 15 76 17 18 19
Treatment
Figure (6): Percentage of Fixed Oil at Harvest
Table (7): Plant analyses at harvest
T Cobs Wt. Kernels Wt. Dry wt. of 100
reatment
(gm) (per cob) (gm) kernels
Tc 123.94 76.4 33.33
T1 157.6 110.34 38.86
T2 168.03 114.6 31.72
T3 77.28 50.2 31.66
T4 101.78 65.13 30.25
T5 180.11 133.42 38.34
T6 191.84 135.1 36.47
T7 259.2 183.03 38.18
T8 209.92 143.79 39.55
T9 181.88 127.624 40.62
L.S.D. at
0.05% 47 42
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Conclusion

Applying different cyanobacterial strains, treated with different additives,
to Maize that was cultivated in a soil affected with relatively high EC, was found
to overcome such stress, if applied during the optimum time of 1AA and GA;
production by cyanobacteria. It's recommended for the yield improvement; to use
the selected strains, especially in sandy and saline soils, as it was found that using
treatments T7 (Spirulina platensis with tryptophan), T5 (Anabaena azollae with
KNQO;) and T8 ( Anabaena azollae with tryptophan), each separately; can
improve the vield three times more than control, while treatments T2 (Anabaena
azollae with NaCl), T4 (Spirulina platensis with KNO3), T6 (Nostoc muscorum
with KNOs) and T9 (Nostoc muscorum with tryptophan) could improve the yield
two times more than control.

References

Abd El Aal, A. (2013). Characterization of Anabaena azollae isolated from
Azolla pinnata. Egypt. J. Agric. Res., 91 (3): 801-809.

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

Allen, O.M. (1959). Experiments in Soil Bacteriology.(1st ed.), Burgess
Publishing Co., Minneapolis, Minnesota, USA, 11: 1- 42.

Allen, M. M. and Stanier, R.Y. (1968). Selective isolation of blue-green algae
from water and soil. J. Gen. Microbiol., 51: 203-209.

Alui, S.; Rusinovci, I.; Fetahu, S.; Gashi, B.; Simeonovoska, E. and Rozman,
L. (2015). The effect of salt stress on the germination of maize (Zea mays
L.) seeds and photosynthetic pigments, Actaagriculturae Slovenica, 105
—(1): 85-94.

A.O.A.C. (2005). Official Methods of Analysis, 17" ed., Association of Official
Agricultural Chemists, Washington DC.

Egyptian J. of Phycol. Vol. 19, 2018 -18 -



Production of Algal Growth Promoters And Studying Their Effects on Maize Crop

Aziz, AM.; Abdel Fattah, FK. and Sherif, FA. (2014). Effect of
Cyanobacteria, Humic Substances and Mineral Nitrogen Fertilizer on
Rice Yield and its Components. J. Agric. Chem. and Biotechn., Mansoura
Univ. Vol. 5 (11): 253- 264.

Bhosale, A. (2016). Screening and optimization of indole 3 acetic acid producing
non-heterocystous cyanobacteria isolated from saline soil, Sch. Acad. J.
Bio sci., 4(9):738-744.

Bilgin, O.; Baser, I.; Balkan, A. and Korkut A.Z. (2008). The impacts on
seedling root growth of water and salinity stress in maize (Zea mays
indentata sturt.), Bulgarian Journal of Agricultural Science, 14 (No 3)
2008, 313-320 Agricultural Academy

Bremner, J. M. (1965). Inorganic forms of nitrogen. In: Methods of Soil
Analysis. Part 2 (C. F. Black, (ed.) American Society of Agronomy,
Madison, Wisconsn. 1179-1237.

Casida, L.E.; Klein, D.A. and Santoro, T. (1964). Soil dehydrogenase activity.
Soil Sci., 98: 371-376.

Colla, L.M.; Reinehr, C.O.; Reichert, C. and Costa, J.A.V. (2007). Production
of biomass and nutraceutical compounds by Spirulina platensis under
divergent temperature and nitrogen regimes. Bioresource Technol.; 98,
1489-93.

Gao, W.; Shao, Y.C.; Yang, J. and Gao, X.B. (2011). Study on filtration of
suitable krilium in saline-alkali soil amendments. Chinese Agr. Sci. Bull.,
27:154-160.

Gaur, A.C.; Sadasivan, K.V.; Vimal, O.P. and Mathur, R.S. (1971). A study
of decomposition of organic matter in an alluvial soil.CO2 evolution
microbiological and chemical transformation. Plant and Soil, 34: 17-28.

Glickmann, E. and Dessaux, Y. (1995). A critical examination of the specificity
of the Salkowski reagent for indolic compounds produced by
phytopathogenic bacteria. Applied and Environmental Microbiology, 61:
793-796.

Graebe, J. E. (1987). Gibberellin biosynthesis and control. Annu. Rev. Plant
Physiol, 38:419-465.

Egyptian J. of Phycol. Vol. 19, 2018 -19-



Eman M. Maarouf et al.

Hayashi, T. and Hayashi, K. (1996). Calcium spirulan, an inhibitor of enveloped
virus replication, from a blue green alga Spirulina platensis. J Nat Prod,
59: 83-87.

Herbert, D.; Phipps, P. J. and Strang, R. E. (1971). Chemical analysis of
microbial cells. In: J. R. Norris and D. Ribbons, (eds.), Methods in
Microbiology. Vol. 5b, Academic Press, New York. 210-336.

Horwitz,W. (1965). Official Methods of Analysis of the Association of the
Official Agricultural Chemists. Washington A.O.A.C. 975pp.

Ibrahim, S.; Ahmed, E.; Shehata, H.; El Shahat, R. and Salah El Din, R.
(2016). Isolation of Rhizobacteria and Micro Algae from Saline Soil and
Production of Plant Growth Promoters, Global Advanced Research
Journal of Microbiology , 5(3) pp. (23-32).

Jaiswal, A.; Das, K.; Koli, D.K.; and Pabbi, S. (2018). Characterization of
Cyanobacteria for 1AA and Siderophore Production and their Effect on
Rice Seed Germination, Int. J. Curr. Microbiol App. Sci., 7: 5212-5222.

Kumar, V.; Bhatnagarb, A.K. and Srivastava, J.N. (2011). Antibacterial
activity of crude extracts of Spirulina platensis and its structural
elucidation of bioactive compound. J Med Plants Res., 5(32): 7043-7048.

Lu, Y. and Xu, J. (2015). Phytohormones in microalgae: a new opportunity for
microalgal biotechnology. Trends Plant Sci, 20(5): 273-282.

Macmillan, J.B.; Ernst; Russell, M.A.; De Ropp, J.S. and Olinski, T.F. (2002).
Lobocyclamides A-C, lipopeptides from a cryptic cyanobacterium mat
containing Lyngbya confervoides. J Org Chem, 67, 8210-8215.

Metzner, H.; Rau, H. and Senger, H. (1965). Untersuchungen Zur
Synchronisier barkeep ein Zelnerpigment.Mango | Mutanten Von
chlorella. Planta, 65: 186- 187.

Mohan, A. and Kumar, B. (2017). Growth Performance and Yield Potential of
Cereal Crops (Wheat, Maize and Barley) in Association with
Cyanobacteria, Int. J. Curr. Microbiol. App. Sci., 6(10): 744-758.

Mohan , A.; Kumar, B. and Nath, D. (2015). Cyanobacterial Consortium in the
Improvement of Maize Crop, Int. J. Curr. Microbiol. App. Sci., 4(3): 264-
274,

Egyptian J. of Phycol. Vol. 19, 2018 -20 -



Production of Algal Growth Promoters And Studying Their Effects on Maize Crop

Mustafa, Md. G.; Umino T. and Nakagawa, H. (1994). The effect of Spirulina
feeding on muscle protein deposition in red sea bream, Pagrusmajor. J.
Appl. Phycol: 10: 141-145.

Noufal, E. H. A.; Abd EI Salam, A. A.; Shaban, K. A. and Ahmed, M. (2012).
Bio fertilization and efficient productivity of maize grown on newly
reclaimed saline sandy clay soil. 1% Int. Conf. on Biotech. App. In
Agriculture, Egypt, 18- 22.

Niu, S. (2014). The Role of Gibberellin in the CBF1-Mediated Stress-Response
Pathway, Plant Mol Biol Rep., 32: 852-863.

Nuss, E.T. and Tanumihardjo, S.A. (2010). Maize: a paramount staple crop in
the context of global nutrition. Compr. Rev. Food Sci. Food Saf. 9: 417—
436.

Priyanka, M.; Preeti, P. and Singh, D.V. (2016). Seasonal Distribution Pattern
Analysis of Cyanobacteria Isolated from Saline/Alkaline Soils.
International Journal of Advanced Research, 4: 415-420.

Reddy, P. M.; Roger, P. A.; Ventura, W. and Watanabe, 1. (1986). Blue-green
algal treatment and inoculation had no ’significant effect on rice yield in
an acidic wetland soil. Special Issue. The Philippine Agriculturist. 69:
629-632

Rippka, R.; Deruelles, J.; Waterburg, J.B.; Herdman, M. and Stanier, R.Y.
(1979). Generic assignments, strain histories and properties of pure
cultures of cyanobacteria. J. of General Microbiol., 111: 1-16.

Smith, B.D. (2001). Documenting plant domestication: the consilience of
biological and archaeological approaches. Proc. Natl. Acad. Sci. U. S. A.
98: 1324-1326.

Spaepen, S.; Vanderleyden, J. and Remans, R. (2007). Auxin Signaling in
Plant Defense. FEMS Microbiol Rev, 31: 425-448.

Udagwa, K. and Kinoshita, S. (1961). A colorimetric determination of
gibberellic acid. Journal of the Agricultural Chemical Society of Japan,
35: 219- 223.

Egyptian J. of Phycol. Vol. 19, 2018 -21-



Eman M. Maarouf et al.

Varalakshmi, P. and Malliga, P. (2012). Evidence for production of Indole-3-
acetic acid from a fresh water cyanobacteria (Oscillatoria annae) on the
growth of H.annus. Int J Sci Res Publ.; 2(3):2250-3153.

Wu, C.; Chen, C.; Kitila, M.M. and Ligate, E. J. (2017). Impacts of Salt Water
Intrusion on Maize (Zea mays) and Rice (Oryza sativa) Production under
Climate Change Scenarios in Bagamoyo District-Tanzania. Universal
Journal of Agricultural Research, 5(2): 148-158.

Zarrouk, C. (1966). Contribution a 1’etude d’une Cyanobacterie: Influence de
Divers Facteurs Physiques et Chimiques sur la Croissanceet la
Photosynthese de Spirulina maxima (Setchell et Gardner) Geitler. Ph. D.
Thesis. University of Paris, France.

3l d\gmug.\su)ﬂ:\hbdﬁgg.d\akﬂm‘yﬂ\ <) o gz lid)
gl ae daal 8 R rCladl) dasa Lay ¥ 5yl gl Gaa Jll Ae daal g e Alaa ¢jla)

el sl S pa il 5 alisall 5 uial ) Y] dpms - sl g sSiall md #
Spirulina platensis Geitler) LS gluall (e SY3w EDE A 4alal) saill Cljiaa Gual &
2539 & g o (Nostoc muscorum C. Agardh 5 Anabaena azollae Strasburger,

Oo O G el apaat 5 L ddlide 3 sany ¢l ils casseall 25l caglisd) Gl e JS

Gﬂ ca..u:b‘)l\ Q};.\S\ JSJA.! ﬁr_b‘) [tV Lﬁj\j cB‘)ﬂ\ d}-AM glc 3.:\13; 3.9);3 Sac éjcu;\.\.l‘).\aj\j djm}ﬂ
A Jpanall de))) 3y50 DA Gy DG Apladall EBLbaall @adal 23 5.4 2568 Juagi ld a5

«JSH sland) 0 %100 Annsi G s cppumall Ayl B)lys ol Y s Aol 53end) 8L

G B Jseane Alalen 0y 5 Jmana el of 2l w2l il ol W %7505
e A azollae & «p sl SV s Anabaena azollae s «Jésn i ae Spirulina platensis

oy elye EDE  Mgny J Sl e ST Al culae| )00 cblaleall o)) gl el L o)l s i)
A gl 30 A V) 1 dle )l b 8 L Y ccDlaleal 238 aladiuly aas

Egyptian J. of Phycol. Vol. 19, 2018 -22 -



