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ABSTRACT: Nowadays, pollution is considered as the most important problem in Egypt. Moreover using of
mineral fertilizers in agricultural production has resulted in serious problems in the soil and contaminates the
underground water. It is also accumulated in food chain causing hazard effects. Many solutions were suggested to
reduce the previously mentioned problems, out of them using blue green algae (cyanobacteria) such as Nostoc
muscorum, Nostoc humifusum, Anabaena oryzae, Wollea sp, Phormedium and Spirulina platensis can decrease
using the mineral form of nitrogen fertilizer. The field experiment was carried out during the two successive summer
seasons of 2008 and 2009 at Kaha Research Station, Kalyiobia governorate, Egypt to investigate the response of
common bean (Phaseolus vulgaris L.) plants to seed inoculation and/or soil drench with cyanobacteria mixture
under different nitrogen levels, i.e., 50 or 75 of recommend mineral nitrogen. Most studied traits of bean such as
vegetative growth, seed yield and its attributes, NPK and seed sugar (total and reducing) content showed positive
significant effects when used the tow different applications. Cyanobacteria also enhance the soil biological activity
in terms of increasing the total bacterial, total cyanobacterial counts, CO, evolution, dehydrogenase and nitrogenase
activities. Results suggested that 1/4 or 1/2 of the recommended dose of nitrogen mineral fertilizer could be saved by
using some species of nitrogen fixing cyanobacteria. Obtained results emphasized the prospects and potentials of
using cyanobacteria biofertilizers as renewable natural nitrogen resources for bean. They are none polluting,
inexpensive, utilize renewable resources in addition to their ability in using free available solar energy, atmospheric
nitrogen and water.

[Amal Z. Hegazi, Soha S. M. Mostafa and Hamdino M. 1. Ahmed. Influence Of Different Cyanobacterial
Application Methods On Growth And Seed Production Of Common Bean Under Various Levels Of Mineral
Nitrogen Fertilization. Nature and Science 2010;8(11):183-194] (ISSN: 1545-0740).

Keywords: common bean, nitrogen fertilizer, cyanobacteria, blue green algae, soil properties

INTRODUCTION disturbed the natural ecological balance (Jha et al.,
Cyanobacteria are a diverse group of 2001).
prokoryotes possessing oxygen evolving The role of blue green algal (BGA) as
photosynthetic system (Prabina et al., 2004). They biofertilizers has been limited to its relevance and
are known to possess the ability to form associations utilization in rice crops (Prasanna et al., 2008). Also
with vascular/non-vascular plants and produce Yanni and Abd El-Rahman (1993) stated that rice
growth-promoting substances (Nanjappan- performance (as assessed by plant height, productive
Karthikeyan et al., 2007). Many, though not all, non- tillers, grain and straw yields and their N-contents
heterocystous cyanobacteria can fix N, and convert it and fertilizer N-use efficiency) was enhanced by
into an available form of ammonia required for the inoculation with cyanobact_elria along with urea
plant growth. Nevertheless, these organisms may fer_tl1hzer at 36 or 72kg N ha ~ rather than 108 kg N
make a substantial contribution to the global nitrogen ha * without inoculation.
cycle (Bergman et al., 1997). Scanty information is available on the use
Using of N,-fixing cyanobacteria is the and influence of BGA on other crops or vegetables.
ultimate goal of N, fixation research which aims to However, the present work was devoted to screen the
decrease the dependence on chemical N fertilizers for responses of bean (Phaseolus vulgaris L.) as an
food production. This is due to indiscriminate use of important vegetable crop to different cyanobacterial
chemical fertilizers for a longer period drastically application methods. Thus because bean is a

foodstuff that not only supplies nutrients as protein,
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vitamins, minerals and fiber (Tatjana Kuto et al.,
2003), but also bioactive compounds with antioxidant
capacity (Marisela Granito et al., 2008).

Jagannath et al. (2002) studied the effect of
BGA as potent biofertilizer on chickpea as
leguminous vegetable crop solely and also its
combined effect with cowdung and chemical
fertilizers (NPK). Multistrain BGA, viz., Nostoc spp.,
Anabaena spp., Tolypothrix spp., and Scytonema spp.
were isolated and cultured in the laboratory. They
found that algalization enhances the overall growth of
chickpea. It enhanced all the morphological and
biochemical  characters such as  proteins,
carbohydrates, total nitrogen content, net grain yield
and biomass of the chickpea.

Also Liu-ShiMing and Liang-ShiZhong
(1998) noticed the effectiveness of cyanobactreia
extracts. Mung bean (Phaseolus radiatus [Vigna
radiata]) seeds were soaked in extracts from Nostoc
commune and placed in the dark for 3-4 days before
being transferred to the light (1200 Lx). Nostoc
extracts increased root, epicotyl and hypocotyl
growth, number of roots and plant fresh and dry
weights.

The effect of cyanobacteria as biofertilizer
on seed germination and related processes of wheat,
sorghum, maize, lentil and sugarbeet was
investigated. Germination of seeds of the tested crop
plants either in live inoculum, algal filtrate
(exogenous), or boiled algal extract (endogenous) of
the  nitrogen-fixing  cyanobacterium  Nostoc
muscorum was significantly increased, as were
growth parameters and content of nitrogenous
compounds, compared with controls (Adam, 1999;
Aly et al., 2008). Ali and Mostafa (2009) examined
the effect of foliar spray or soil application methods
of potassium-humate and Spirulina platensis alga
(individually or combined) as bio-organic fertilizer
on sesame yield and its attributes. They found that
combined foliar application recorded the highest
values of plant height, number of capsule/ plant,
number of branches/ plant, seed weight/ plant and
1000 seed weight. While, combined soil application
gave the highest values of seed and straw yield.

Hence, cyanobacteria  species  were
recommended to be used as biofertilizers instead of
utilizing the expensive industrial chemical fertilizers.
This was because of the increased cost of chemical
fertilizers that cause soil and water pollution. In
comparison, cyanobacteria are a cheap source of N,
which does not cause pollution. Thus, current study
aimed to investigate the influence of different
application methods of cyanobacteria on yield and
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yield quality of common bean under two levels of
mineral nitrogen fertilization.

MATERIALS AND METHODS

This investigation was carried out to
evaluate the influence of different application
methods of cyanobacteria mixture strains in the
presence of different levels of nitrogen mineral
fertilizer on performance of bean plants in clay loamy
soil (Table,1) under surface irrigation. Common bean
seeds (Phaseolus vulgaris L.) c.v. Nebraska were
obtained from the Vegetable Crops Seed Production
And Technology Department, Horticulture Research
Institute. The two field experiments were carried out
at Kaha (Kalyiobia governorate) Horticulture
Research Station.

Table (1): The physiochemical properties of the
soil used for bean planting.

SOIL

PROPERTIES 2008 2009
Soil texture Clay loam Clay loam

pH 8.6 8.3

E.C. (dS/m) 0.82 0.91

Available N (mg/1) 112 133

Available P (mg/1) 5.12 5.26

Available K (mg/1) 321 345

Organic matter (%) 0.59 0.65

Algal strain sources,
culture characterizations

N2-fixing (Nostoc muscorum, Nostoc
humifusum, Anabaena oryzae and Wollea sp ) and
non N2-fixing (Phormedium sp. and Spirulina
platensis) cyanobacteria strains were obtained from
the Microbiology Department, Soils, Water and
Environment Res. Inst., Agric. Res., Center.

The cyanobacterial strains were grown
separately on BG11 medium (Rippka et al., 1979)
except the Spirulina platensis, which was grown on
Zarrouk medium (Zarrouk, 1966). The cultures were
incubated in growth chamber under continuous
illumination (2000 lux) and the temperature of 25°C+
2°C for all strains except the mesophilic alga
Spirulina platensis, which was grown on 35°C+ 2°C.
Equal portions from algal culture suspensions at the
stationary phase were mixed together for both dry
and fresh inoculation.

growth conditions and
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Culture growth parameters were shown in
Table (2). The pH values and algal dry weight (DW)
were estimated according to Vonshak (1986). Culture
concentration was determined as optical density (OD)

1977). Chlorophyll-a (Ch-a) was determined
spectrophotometrically after extraction by absolute
methanol as reported by Vonshak and Richmond
(1988).

by spectrophotometer at 560 nm (Leduy; Therien,

Table (2): The algal growth parameters for the two seasons (2008 and 2009).

Nostoc muscorum | Spirulina platensis | Anabaena oryzae Wollea sp. Nostoc humifusum | Phormedium sp.
2008 | 2000 | 2008 | 2000 | 2008 | 2009 | 2008 | 2000 | 2008 | 2000 | 2008 | 2000
pH 8.16 8.06 10.05 10.27 7.5 6.77 7.52 6.11 7.4 8.7 8.01 9.33
oD 1.18 1.198 2.55 2.99 0.81 0.933 2.31 2.48 1.53 1.8 2.01 2.16
Ch-a (mgl‘l) 4.76 5.76 11.02 12.23 2.19 5.87 10.12 9.51 9.88 5.23 3.14 2.86
DW (mgl™") | 755.2 766.72 1632 1913.6 518.4 | 597.12 |1478.4 | 1587.2 | 979.2 1152 1286.4 | 1382.4
Different application methods of algal recommended dose (200 kg/fed) of nitrogen as

mixture were used, namely seed coating with air
dried algal biomass, soil drench application with
algal culture suspension and the combination of seed
coating and soil drench in the presence of 50 and
75% of the recommended dose for bean of nitrogen
mineral fertilizers. Common bean seeds were coated
with the air-dried algal biomass (seed-coating) for
one hour before planting. The mixture of algal culture
suspension was used for soil drench application at a
rate of 20 1 fed' which divided into two equal
portions for two doses, the first was with the first
irrigation after 21 days from sowing and the second
was at the flowering stage.
The experiment the
treatments

1- Control (100 % of nitrogen fertilizer)

2-75 % of the recommended mineral N dose.

3- 50 % the recommended mineral N dose.

4- 50 % N + dry cyanobacteria as seed coat.

5- 75 % N + dry cyanobacteria as seed coat.

6- 50 % N + cyanobacteria as soil drench.

7- 75 % N + cyanobacteria as soil drench.

8- 50 % N + cyanobacteria (seed coat+ soil drench).

9- 75 % N + cyanobacteria (seed coat+ soil drench).

comprises following

Phosphorus (200 kg/fed.) as super phosphate
(155 % P,0,) and potassium (100 kg/fed.) as
potassium sulphate (48 % K,0O) were applied to all
treatments at the recommended dose per fadden.
While, only the control (100%N) was received the
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ammonium sulfate (21% N). The experiment was laid
out in a randomized complete block design with three
replicates.

Sowing was done on 3™ and 4™ of March in
the two summer season 2008 and 2009, respectively.
The seeds were planted 7 cm apart in a single row.
Each row was 3 m long and 0.6 m wide. Each plot
contains 6 rows. Thus, the area of each plot was 10.8
m?2. Other agriculture practices such as weeding, pest
and insect control were carried out as recommended
for the convential common bean planting.

Measurements

Vegetative growth: At the end of the flowering
stage, ten random plants from each treatment were
taken to measure: Plant height (cm), number of
leaves/ plant, fresh weight/ plant (g), and dry weight/
plant (g) and leaf area/ plant (cm2) (measured by Li-
300 Leaf Area Meter produced by Li-Cor,
Pinclivania). Total chlorophyll and carotenoids of the
third leaf from top was measured by Chlorophyll
Meter (SPAD).

Seed yield: At harvest time, the following
measurements are taken as average of ten random
plants from each treatment: Number of pods/ plant,
pod length (cm), pod weight/ plant (g), seed weight/
plant (g) and number of seeds/ pod. Seed yield (kg)/
fed. and weight of 100 seeds (seed index) were also
determined.

Seed (quality and components: Germination
percentage (%) and rate were carried out according to
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ISTA rules (ISTA, 2009). Seedling length (cm), root
length of seedling (cm), fresh and dry weigh of
seedlings (g) were also determined. Nitrogen,
phosphorus and potassium concentration were
determined in seeds by the method described by
Watanabe and Olsen (1965). Total and reducing
sugar were assayed also in seeds and estimated
colorimetrically according to the method described
by Dubios et al. (1956).

Soil analysis: Soil biological activities and soil
chemical properties were measured after the second
soil drench addition and before the flowering stage.
The CO, evolution was determined according to Gaur
et al. (1971), total bacterial count was performed on
nutrient agar using the spread plate method (APHA,
1992) and total cyanobacterial counts were conducted
by plating ten-fold serial soil suspension-dilutions in
triplicate onto agarized BG11 medium (Stanier et al.,
1971). Soil enzymes, i.e., dehydrogenase activity
(DHA), was estimated according to Casida et al.
(1964), while nitrogenase activity was measured by
acetylene reduction assay as described by Dart et al.
(1972).

Available nitrogen in soil was determined
according to Black (1982). Available phosphorus
was extracted using the method described by
Soltanpour (1985) and determined
spectrophotometrically as mentioned by Watanabe
and Olsen (1965). Available potassium was extracted
using the method described by Soltanpour (1985) and
determined using flame-photometric method (APHA,
1992). Soil reaction (pH) was measured in 1:2.5 soil
water extract using glass electrode pH meter Model
(955), and electric conductivity (EC) was measured
in 1:5 soil water extract using glass electrode
conductivity meter Model Jenway 4310.

Statistical analysis

The obtained data were subjected to statistical
analysis of variance according to Gomez and Gomez
(1984) and the treatments means were compared
using the Duncan Multiple Range test as published
by Duncan (1965).

RESULTS AND DISCUSSION
Growth criteria

Cyanobacteria or blue green algae (BGA)
play a key role in improving growth of many plants
when applied as biofertilizers. This evidence was
clearly appeared in growth criteria of bean
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represented in Table (3). The performance of bean
plants, in terms of plant height, number of
leaves/plant, leaf area/ plant, fresh and dry weight/
plant, was enhanced by cyanobacteria application in
both seasons. Some species of cyanobacteria have the
ability of nitrogen fixation, thus the amount of
chemical N fertilizer can be decreased. Reducing the
chemical N fertilizer up to 50 or 75% of the
recommended dose and using BGA either as dry seed
inoculation or soil drench gave better results than
reducing this amount without any cyanobacteria
application (or using the recommended N dose only).
The combined application of cyanobacteria, i.e., dry
and drench, with using 75% of the recommended
chemical N fertilizer was found to be the best
treatment for enhancing plant growth followed by
same application with 50% N. Moreover, data also
demonstrated that dry application method is better
than drench method.

In this context, Adam (1999) in Egypt
studied the effect of cyanobacteria as biofertilizer on
seed germination and related processes of wheat,
sorghum, maize and lentil. It was observed that
growth parameters were significantly increased
compared with controls. These increases could be
attributed to the nitrogenase as well as nitrate
reductase activities of the alga associated with the
surface of plants; or the amino acids and peptides
produced in the algal filtrate and/or other compounds
that stimulate growth of crop plants. Moreover,
Jagannath et al. (2002) studied the effect of BGA as
potent biofertilizer on chickpea and they found that it
enhanced all the morphological characters and
biomass of the chickpea. Also, Nanjappan-
Karthikeyan et al. (2007) stated that cyanobacteria
have growth promoting activity as inoculants of
wheat.

This stimulation effect of BGA on plant
growth may be attributed to their influence on
increasing the biological activity (Table 7) and
chemical properties of the tested soil (Table 8).

Seed yield characters

Data represented in Table (4) demonstrated
that adding BGA as biofertilizers can reduce the
amount of using chemical N either by 50 or 25%
without affecting seed yield characters. Combined
application (dry and drench) of BGA gave the best
results with significant increase than chemical N
fertilizer in all tested pod and seed characters. Also it
is clear from the same table that different application
methods of BGA (dry or drench or combined) and
using 75% of the recommended N is better than using
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same applications with the low dose of N amount (i.e.
50%). Dry inoculation of BGA was found to be most
effectiveness than drench (at the same N level). But
the weight of 100 seeds in both seasons with drench
and 75% N treatment was significantly increased than
dry application under the same N level. Also length
of pod in 2™ season and seed yield in 1% season were
increased with drench than dry application under
75% N, but this increase doesn't reach significant
level.

Muthukumaravel-Chinnusamy et al. (2006)
and Dhar et al. (2007) concluded that application of
biofertilizers (BGA) resulting in significant
improvement in rice yield parameters. They added
that this investigation clearly emphasizes the need for
supplementing chemical fertilizers with the newly
developed BGA biofertilizers in rice cultivation for
maximizing crop productivity, reducing inputs of
chemical fertilizers and sustaining soil fertility.

In this connection, Gholve et al. (2004)
indicated that the yield (in rice-wheat cropping
system) obtained due to application of 75%
recommended dose (RD) of N+20 kg BGA/ha was
statistically equal to that of 100% RD of N thereby
indicating the efficient role of BGA for substitution
of nitrogen N up to 25%. This was also confirmed by
the assessment of the system in terms of monetary
returns. In addition, Nanjappan-Karthikeyan et al.
(2007) indicated that the cyanobacterial isolates
applied along with 1/3 N+P+K gave statistically
equivalent results as compared to application of full
dose of chemical fertilizers in terms of wheat grain
yields.

The favorable effect of BGA application on
seed yield characters may be due to their influence on
plant growth features (Table3).
Photosynthetic pigments and chemical
composition of seeds

Using BGA as biofertilizers, greatly enhance plant
growth, yield and concomitant quality of produced
seeds. This is emphasis in results represented in
Table (5). Data showed significant difference
between all forms of BGA application and control
(without inoculation) (100, 75 and 50% N) regarding
pigments, N, P, K, total and reducing sugar content in
the two seasons. Total chlorophyll of plant leaves
responded positively to BGA inoculation, but
carotenoids were slightly affected. N, P, K content of
seeds produced from plants inoculated with different
BGA applications in both seasons showed significant
increase over the control. Also total and reducing
sugar of seeds showed the same trend, but in the
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second season, dry BGA application showed
significant increase than combined application in
reducing sugar values (at both N levels).

Prasanna et al. (2008) found that BGA and
Azotobacter in different combinations with chemical
fertilizers gave the highest values of chlorophyll. The
increase of plant N concentration following co-
cultivation with N-fixing cyanobacteria (Nostoc or
Anabaena) was observed by Zorica Obreht et al.
(1993). They studied the effect of root-associated N-
fixing cyanobacteria on the growth and nitrogen
content of wheat. They also stated that, this increase
in nitrogen appeared to be dependent on the wheat
cultivar and the cyanobacterial isolate used.
Jagannath et al. (2002) also stated that BGA or
cyanobacteria as potent biofertilize enhanced all the
morphological and biochemical characters such as
proteins, carbohydrates, total nitrogen content, net
grain yield and biomass of the chickpea.

Generally, major nutrient uptake by plants
was enhanced in presence of BGA as biofertilizers.
This evidence was observed by Singh et al. (2002)
who demonstrated that the highest total N, P and K
uptake by rice was recorded upon treatment: 30 kg N/

hatgreen manuret FYM+10kg BGA/ ha
incorporated in soil 15 days before rice
transplantation.

Seed quality

It can be noticed that the quality of seeds
produced from plants inoculated with different forms
of BGA was enhanced in terms of germination
percentage, rate of germination, seedling length and
seedling root length (Table 6). Germination
percentage, seedling and seedling root length
recorded the highest values in both seasons with
combined application of BGA under the two N levels
(75 and 50% of the recommended N level). The same
treatments showed the lowest values for germination
rate, i.e., days to complete germination were
decreased.

Generally, from data represented in Table (6) it
could be stated that, the quality of seeds produced
from plants inoculated with BGA is greatly enhanced
significantly than control (chemical N without BGA
inoculation).

Pathak and Jha (1995) found that when maize,
wheat, mustard [Brassica juncea] and Lady's Finger
[Abelmoschus esculentus] seeds were inoculated with
Anabaena or Nostoc (some phytoplanktons) the
germination percentage was increased.

Another authors (Liu-ShiMing and Liang-
ShiZhong 1998) studied the effect of extract from
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Nostoc commune cells on the growth of sprouts and
seedlings of mung bean (Phaseolus radiatus). Seeds
were soaked in extracts from Nostoc commune and
placed in the dark for 3-4 days before being
transferred to the light (1200 Lx). Nostoc extracts
increased root, epicotyl and hypocotyl growth,
number of roots and plant fresh and dry weights. El-
Nahas and Abd El-Azeem (1999) stated that
pretreatment of Vicia faba seeds with the extract of
Anabaena variabilis induced an increase in
germination percentage, root growth, seedling dry
weight and soluble proteins as compared with
untreated seeds.

Thus, the stimulation effect of BGA on plant
growth and seed yield might reflect on seed quality
leading to an increase in germination percentage and
subsequent seedling criteria.

Biological activity and chemical properties of soil

The soil before the flowering stage was analyzed
to spot the changes in soil regarding biological and
chemical conditions due to the different algal
application methods in presence of two nitrogen
fertilizer levels (50 and 75% of the recommended
dose). These changes in plant rhizosphere could give
an approximate vision to the ability of cyanobacteria
to compensate the nitrogen limitation and enhance
crop production. However, all the treatments affected
significantly both of the chemical and biological
properties of the soil (Tables 7 and 8). Cyanobacterial
inoculation, generally, enhanced the soil biological
activity in terms of increasing the CO, evolution,
dehydrogenase activity, nitrogenase, total
cyanobacterial counts and total bacterial counts under
both levels of nitrogen (75 and 50%N) compared to
the untreated treatments in the two seasons. The
maximum microbial activity was achieved by the
combined effect of seed coating and soil drench
application with 75%N followed by 50%N. These
obtained results are in agreement with those of
Mahmoud et al. (2007) who stated that
cyanobacterial inoculation generally enhanced the
soil biological activity.

Soil pH and electric conductivity (EC) were
slightly decreased by inoculation with cyanobacteria
in the first season, while, the second season revealed
a significant reduction in these parameters
particularly when the combined application of seed
coating and soil drench was applied with 75%N
(Table 8). These data agree with that of Sutton et al.
(1991) who observed that the use of nitrogenous
fertilizers cause acidification of soils. The application
of cyanobacteria to alkali soils resulted in significant
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improvement in the aggregation status of these soils
and also decreased their pH. In addition, Singh
(1961) reported that alkaline soils could be reclaimed
by using cyanobacteria that neutralize the pH of these
soils. It is well documented that cyanobacteria have
the capacity to reclaim soil salinity (Hashem et al.,
1995).

Available N, P and K in soil significantly
increased due to the cyanobacterial inoculation
compared to the non inoculated treatments. The
highest available N, P and K contents were recorded
when seed-coating combined with soil drench
application was used with 75%N, while the lowest
values was observed in the soils that only received
the mineral fertilizer during the two seasons (Table
8). Despite the purposed nitrogen reduction in
presence of cyanobacterial inoculation, results
revealed that the increase in soil available nitrogen
was via Nj-cyanobacteria which could compensate
about 25-50% of the mineral nitrogen required for
bean cultivation, this could be attributed to nitrogen
fixation (Cakmakg1 et al., 2007).

In this study, the used inoculum gathered the
beneficial effects of N,-fixing and non N,-fixing
cyanobacteria. Cyanobacteria can fix about 25 kg N/
ha/ season. Apart from nitrogen fixation, inoculation
with cyanobacteria is also reported to reduce
considerably the total sulphides and ferrous iron
content of the soil (Aiyer, 1965).

The majorities of cyanobacteria are capable of
fixing atmospheric nitrogen and are effectively used
as biofertilizers (Vaishampayan et al., 2001).

The cyanobacterial ability to mobilize insoluble
forms of inorganic phosphates is evident from the
finding of kleiner and Harper (1977) who reported
more extractable phosphates in soils with
cyanobacterial cover than in nearby soils without
cover. Cyanobacteria is also known to increase soil
fertility by enhancing the available N and P levels
and exhibited an economical view that it can
compensate about 50% of the recommended doses of
N, P, K (Singh and Bisoyi, 1989; Mahmoud et al.,
2007).

The enhancement influence of BGA on the
biological activity and chemical properties of the soil
positively affected plant characteristics which led to
improve in common bean yield and quality of seeds.
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Table (3): Growth criteria of common bean (var. Nebraska) cultivated during summer seasons 2008 and 2009
under different levels of N fertilizer with different cyanobacterial application methods.

Plant height Number of leaves/ Leaves area/ plant Fresh weight/ plant Dry weight/ plant
Treatments o em | plant | em | @® | ® |
2008 2009 2008 2009 2008 2009 2008 2009 2008 2009
100%N 3417¢ | 3450d | 9.67cd | 10.77¢ | 472.4¢ | 479.2f |2919bc |37.57c¢d | 590¢ | 6.61cd
75%N 3250 ¢ | 33.17de | 9.00d | 10.50e | 458.0¢c | 394.0g | 2647c | 3690d | 557¢ | 6.60cd
50%N 31.82¢ | 3207¢ | 8.67d | 10.00e | 347.0d | 3794g | 25.00c | 3528d | 515¢ | 6.20d
50%N + Seed coating 3473¢ | 36.83¢ |11.33abc | 12.93¢cd | 608.7b | 6252¢ |35.14ab | 4479b | 6.05¢ | 7.13be
75%N + Seed coating 34.83¢ | 38.67b | 12.00ab | 13.50c | 620.1b | 639.7¢ | 36.81a | 46.03b | 649bc | 7.69b
50%N + Soil drench 3437¢ | 36.83¢ | 11.00bc | 1223d | 482.5¢ | 501.6e |33.12ab [40.92bed | 6.04¢c | 6.06d
75%N + Soil drench 3617¢ | 3620¢ | 1.00bc |12.77¢d | 5722b | 584.4d |34.59ab |43.12bc | 658be | 6.19d
. .
S0%N + (Seed coating & 41.08b | 39.40b | 12.33ab | 1547b | 695.4a | 7093b | 37.90a | 53.05a |7.82ab | 7.62b
soil drench)
. ,
75%N + (Seed coating & 4533a | 41202 | 13.00a | 16.50a | 751.1a | 773.9a | 38.07a | 57.75a | 7.99a | 9.12a
soil drench)

Values within the same column followed by the same letters are not significantly different, using Duncan's Multiple

Range Test at 5% level.

Table (4): Seed yield characters of common bean (var. Nebraska) cultivated during summer seasons 2008 and
2009 under different levels of N fertilizer with different cyanobacterial application methods (seed

coating, soil drench).

Number of Length of pod Number of Weight of Seed weight Seed yield
Treatments ___pods/plant | (em) |  seed/ipod | 100seeds(z) | /plant(g) | (kg)/fed
2008 | 2009 | 2008 | 2009 | 2008 | 2009 | 2008 | 2009 | 2008 | 2009 | 2008 | 2009
100%N 16.30d |15.17¢ | 10.00d | 11.23d | 3.83¢ |3.83 cde| 4536¢ | 46.07¢ | 20.27d | 21.96f | 976.5¢ | 983.5¢
75%N 15.67d |14.07¢ |10.43¢cd | 11.00d | 3.67¢c | 3.50de | 44.30f | 4551 ¢ | 17.18¢ | 2024 g | 876.5f | 889.0f
50%N 14.83d |14.00e |10.77¢cd | 10.60 ¢ | 3.33¢ | 3.43e | 43531 | 44.50f | 16.87¢ | 18.80h | 82555 | 837.5 ¢
50%N + Seed coating | 18.67c¢ |22.67¢ | 12.13b | 12.43¢ | 4.00be | 423 be | 46.58d | 47.76d | 26.31b | 30.89¢ | 1101 ¢ |1119cd
75%N + Seed coating | 21.00b |24.33b | 12.43b | 12.90b | 5.00 ab | 4.33bc | 47.49¢ | 4899 ¢ | 26.94b | 32.49b | 1086¢ | 1139 ¢
50%N + Soil drench 19.50 be | 21.83¢ | 11.23¢ | 12.80b | 4.00 bc |3.87 cde | 48.22 ¢ | 49.13¢ | 22.82¢ | 24.02¢ | 1020d | 1093 d
75%N + Soil drench || 20.00 be [20.47d | 12.10b | 12.93b | 433 be |4.13 bed | 49.25b | 50.33b | 23.64¢ | 2546d | 1092 ¢ | 1110 cd
. .
S0%N + (Seed coating || ,, ¢7 . 136004 | 13.27a | 13.77a | 5.67a | 4.67b | 49.94b | 51.44a | 27.40b | 36.85a | 1155b | 1181b
& soil drench)
. .
75%N + (Seed coating || 5553, 15697, | 13.80a | 13.83a | 6.00a | 533a | 5141a | 52.20a | 32.46a | 37.12a | 11872 | 12542
& soil drench)

Values within the same column followed by the same letters are not significantly different, using Duncan's Multiple

Range Test at 5% level.
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Table (5): Photosynthetic pigments (in leaves) and chemical composition of common bean (var. Nebraska)
cultivated during summer seasons 2008 and 2009 under different levels of N fertilizer with different
cyanobacterial application methods (seed coating, soil drench).

Treatments | Chiorophyt | _ Corotenoids | N% .. SO S Total sugar _| Reducing sugar
2008 -‘ 2009 | 2008 | 2009 | 2008 | 2009 | 2008 | 2009 | 2008 | 2009 | 2008 | 2009 | 2008 | 2009

100%N 2019d | 27.02d | 2.77a | 219bc | 257d | 242¢g | 055 | 054g | 1.18g | 1.58de | 28.68f | 28.23d | 4.44¢ | 4.39d
75%N 1776 ¢ | 27.29¢d | 2.72a |2.13bed | 243 | 234h | 0.54h | 052h | 1.17h | 1.53e |25.15h| 28.98d | 4.43¢ | 4.38¢
50%N 1750 | 24.42¢ | 1.83b | 217be | 2321 | 2331 | 0520 | 051i | 1.14i | 1.51e [25.04h| 2827d | 4311 | 4381
50%N + Seed coating 22.87bc| 2849bc | 2.64a | 2.02d | 3.74b | 2.72d | 0.60d | 0.60d | 1.22¢ |1.69bed|30.19d | 37.01b | 4.74d | 4.41a
75%N + Seed coating 23.53b | 27.82cd | 2.57a | 2.25ab [3.79ab| 2.74c¢ | 0.63c 0.62¢ 1.26 ¢ |1.73 abe| 35.87¢c | 37.02b | 491c¢c | 440D
50%N + Soil drench 2190 ¢ | 2928b | 2.77a |2.02bed| 2.74¢ | 2.52f | 0.57f | 057f | 1.21f |1.63 cde|27.43¢g| 35.01¢c | 444e | 4.19i
75%N + Soil drench 2181c|27.60cd | 256a | 237a | 2.75¢ | 2.55¢ | 0.59¢ | 0.58e | 1.23d | 1.55¢ [29.41e| 3542¢ | 4.66d | 4.20h
Z?Z:l:h; (Seed coating & soifl » 4 01 | 30.87a | 2.31ab | 2.18bc [3.81ab| 2.90b | 0.65b | 0.64b | 1.30b |1.78ab [37.60b | 37.91ab | 5.25b | 437
Zliz/l'ﬂ;’ (Seed coating & soifl )5 75 | 31262 | 2782 | 2.10cd | 3.86a | 3.06a | 0.68a | 0.66a | 1.34a | 1.82a |37.97a| 38.08a | 553a | 440¢c

Values within the same column followed by the same letters are not significantly different, using Duncan's Multiple

Range Test at 5% level.

Table (6): Seed quality characters of common bean (var. Nebraska) cultivated during summer seasons 2008

and 2009 under different levels of N fertilizer with different cyanobacterial application methods

(seed coating, soil drench).

Germination N Seedling length Seedling root length
Treatments percentage (%) Germination rate (cm) (cm)
| 2008 | 2000 | 2008 | 2000 | 2008 | 2000 | 2008 | 2000
100%N 89.33 ¢ 90.57 ¢ 2.35be 2.30 be 29.00 ¢ 3033d | 11.00ef | 1133 de
75%N 86.00d | 8650d | 240ab | 2.35ab | 2850 ¢ 29.90d 10.90 ef | 11.27 de
50%N 80.67 81.83 ¢ 2482 2442 2617d | 2713 e 1023 f 11.07
50%N + Seed coating 90.67bc | 9243bc | 227¢ 223cd | 32.83ab | 33.77bc | 11.33cde | 1193 cd
75%N + Seed coating 91.33 abc | 93.40 ab 227¢ 221 cd 3433 a 35.33 ab 1217 ¢ 1243 ¢
50%N + Soil drench 90.67bc | 91.33be | 2.31be 228bc | 31.67b | 3250¢ 11.17 def | 11.77 cde
75%N + Soil drench 92.00 abe | 92.17be | 2.37be 227bc | 33.00ab | 33.63bc | 12.00cd | 12.07cd
g‘r’:/l‘:?h; (Seed coating & soil 94.00ab | 94832 | 2.14d 213de | 3450a | 36.00a 1410b | 14.17b
Zf:/nl:h;’ (Seed coating & soil 94.67 a 95.50 a 2.04 e 2.07e 3450 a 35.63 a 16.77a 1643 a

Values within the same column followed by the same letters are not significantly different, using Duncan's Multiple

Range Test at 5% level.
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Table (7): Soil biological activity one week after the second soil drench addition and before the flowering
stage of common bean (var. Nebraska) cultivated during summer seasons 2008 and 2009 under
different levels of N fertilizer with different cyanobacterial application methods (seed coating,
soil drench).

CO,; evolution Dehydrogenase | Nitrogenase activity

. B .. B no. n 10? Bact. n
Tremens | A0 day) |achlty @ TrY! | CmleCll | PG T ot
2008 2009 2008 2009 2008 2009 2008 2009 2008 2009
100%N 17.43 de 18.30 e 29.09 f 39.27f 15.56d | 19.83 efg 80.00 e 75.00 e 152.68¢ | 162.86¢
75%N 14.61 f 1440 f 22.66 g 30.36 h 1031 e 16.68 g 40.00 g 4450 f 71.25¢g 8143 ¢
50%N 15.18f 1533 f 27.38f 33.54 g 14.89 de 17.89 fg 65.00 f 45.00 f 91.61f 132.32f

50%N + Seed coating 15.75ef | 19.18¢ | 32.99¢ | 4181e | 13.19g | 20.88 def | 50.00 h 77.50e | 101.79f | 157.78 ¢

75%N + Seed coating 18.12d | 21.57d | 37.43d | 4418d | 1542d | 22.78de | 92.00d | 82.50e |167.95d| 187.29d

50%N + Soil drench 19.029d | 2328c | 43.93¢ | 45.09d | 20.92d | 24.50d | 100.00cd | 105.00d | 213.75¢ | 203.57d

75%N + Soil drench 21.00c | 26.79b | 45.16¢ | 49.27¢c | 31.62b | 36.28c | 108.00c | 125.00 ¢ | 254.43 ¢ | 264.46 ¢
. .

S0%N + (Seed coating 25.65b | 27.18b | 47.20b | 55.45b | 33.04b | 40.66b | 130.00b | 182.50b |219.86b | 371.52b

& soil drench)

75%N + (Seed coating

28.97a | 32.64a | 55.06a | 62.36a | 60.99a 90.35 a 210.00 a | 240.00a | 427.50 a | 488.57 a

& soil drench)

Values within the same column followed by the same letters are not significantly different, using Duncan's Multiple
Range Test at 5% level.

Table (8): Some chemical properties of soil one week after the second soil drench addition and before
the flowering stage of common bean (var. Nebraska) cultivated during summer seasons 2008
and 2009 under different levels of N fertilizer with different cyanobacterial application
methods (seed coating, soil drench).

pH EC (dSm-1) Available-N Available-P Available-K
Treatments (1:2.5) (1:5) g.Kg' dry soil
2008 | 2000 | 2008 | 2000 | 2008 | 2000 | 2008 | 2000 | 2008 | 2009 |
100%N 7992 | 7.65¢ | 3.66a | 3.41a | 014c | 015bc | 1.48bc | 1.51ef | 223bed | 228d
75%N 723b | 7.80b | 3.10b | 290b | 0.09d | Odlc | 14lc | 144f | 1.87cd | 191fg
50%N 722b | 801a | 299b | 232cd | 0.09d | 0.09¢c | 124c | 127g | 1.75d | 1.79g
50%N + Seed coating 7.65ab | 7.40de | 2.90b | 291b | 0.09d | 0.18ab | 1.58bc | 1.62de | 2.01cd | 2.05ef
75%N + Seed coating 7.29b | 7.40de | 2.83b | 2.81b | 0.11cd | 0.19ab | 1.75ab | 1.76¢d | 2.13¢cd | 2.18de
50%N + Soil drench 7.63ab | 742d | 251c | 232c¢d | 0.18b | 0.20ab | 1.77ab | 1.81bc | 2.42bed | 2.47¢
75%N + Soil drench 7.26b | 735e¢ | 248c | 245c | 0.20ab | 0.20ab | 1.79ab | 1.83bc | 2.54bc | 2.59¢
fl(r’:/l‘;cNh; (Seed coating & soil || 556y | 735¢ | 2.25¢d | 2.11de | 0.20ab | 0.21ab | 1.91ab | 1.95b | 2.89b | 2.93b
ZifZ‘:cNh;“ (Seed coating & soil || 531 | 735¢ | 2.00d | 195¢ | 022a | 0242 | 222a | 226a | 356a | 3.63a

Values within the same column followed by the same letters are not significantly different, using Duncan's Multiple
Range Test at 5% level.

http://www.sciencepub.net/nature 191 naturesciencej@gmail.com




Nature and Science

2010;8(11)

REFERENCE

1.

10.

11.

12.

Adam, M.S. (1999). The promotive effect of the
cyanobacterium Nostoc muscorum on the growth
of some crop plants. Acta Microbiologica
Polonica. 48(2): 163-171.

Aiyer, R.S. (1965). comparative algological
studies in rice fields in kerala state. Agric. Res. J.
Kerala 3:100-106.

Ali, Lila.K.M; Mostafa, Soha.S.M (2009).
Evaluation of potassium humate and Spirulina
platensis as bio-organic fertilizer for sesame
plants grown under salinity stress. Egypt.J.Agric.
Res. 87(1): 369-388.

Aly, M.H.A.; Abd EI-All Azza A.M.; Mostafa,
Soha S.M. (2008). Enhancement of sugarbeet
seed germination, plant growth, performance and
biochemical compounds as contributed by algal
extracellular products. J. Agric. Sci., Mansoura
Univ., 33(12):8429-8448.

APHA, American Public Health Association
(1992). Standard Methods Examination of
Wastewater, 17th ed. American Public Health
Association, Washington D.C., p. 116.

Bergman, B.; Gallon, J.R.; Rai, AN.; Stal, L.J.
(1997). N2 Fixation by non-heterocystous
cyanobacteria. FEMS Microbiology Reviews. 19
(3): 139-185.

Black, C.A. (1982). Methods of soil
analysis.Amer. Soc. Agron. Madison, Wisconsin,
U.S.A.

Cakmakect, R.; Erat M.; Erdogan U.G.; Donmez
M.F. (2007). The influence of PGPR on growth
parameters, antioxidant and pentose phosphate
oxidative cycle enzymes in wheat andspinach
plants. J. Plant Nutr. Soil Sci. 170: 288-295.
Casida, L. E.; Klein D.A.; Santoro T. (1964).
Soil dehydrogenase activity. Soil Sci., 98: 371-
376.

Dart, P.J.; Day J.M.; Harris D. (1972). Assay of
nitrogenase activity by acetylene reduction. In:
Use of isotopes for study of fertilizer utilization
by legume crops. FAO/IAEA Technical Report
Series, 149: 85-97.

Dhar, D.W.; Radha-Prasanna; Singh, B.V.
(2007). Comparative performance of three
carrier based blue green algal biofertilizers for
sustainable rice cultivation. Journal of
Sustainable-Agriculture. 30(2): 41-50.

Dubios, M.; Gilles, K. A.; Hamilton, J. K
Rebers, P. A.;. Smith, F. (1956). Colorimetric
Method for Determination of Sugars and Related
Substances. Anal. Chem. 28 (3): 350-356.

http://www.sciencepub.net/nature

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Duncan, D.B. (1965). Multiple Range and
Multiple F. Test. Biometrics, 11:1-42.

El-Nahas, A.l; Abd El-Azeem, E.A. (1999).
Anabaena variabilis as biocontrol agent for salt
stressed vicia faba seedlings. J. union Arab Biol.,
Cairo, Vol. 7(B) physiology p Algae, 169-178.
Gaur, A.C.; Sadasivan K.V.; Vimal O.P.; 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.

Gholve, S.G.; Kamble, S.K.; Shinde, S.N.
(2004). Effect of integrated nutrient management
in rice (Oryza sativa) - wheat (Triticum
aestivum) cropping system in  Western
Mabharashtra. Biofertilizers technology. 187-192.
Gomez, K.A.; AA. Gomez (1984). Statical
Procedure for Agriculture Research. 2nd Ed.
Ghon Willy and Sons.

Hashem, M.A.; Islam, M.R.; Banu, N.A. (1995).
Nitrogen fixation and salinity reduction by blue-
green algae.Bangladesh J of Agricultural
sciences 22: 251-256.

ISTA, (2009). International Rules for Seed
Testing. Published by: The International Seed
Testing  Association (ISTA)  Switzerland.
Chapter 5.

Jagannath, S.B.A.; Umapati-Dengi; Eshwarlal-
Sedamakar (2002) Algalization studies on
chickpea (Cicer arietinum L). Biotechnology of
microbes and sustainable utilization. 145-150.
Jha, M.N.; Prasad, A.N.; Sharma, S.G.; Bharati,
R.C. (2001). Effects of fertilization rate and crop
rotation on diazotrophic cyanobacteria in paddy
field. World Journal of Microbiology and
Biotechnology. 17(5): 463-468.

kleiner, K.T.;  Harper, K.T. (1977). Soil
properties in relation to cryptogamic ground
cover in Canyon-lands National park. J. Range
Managem. 30: 202-205.0.

Leduy, A.; Therien, N. (1977). An improved
method for optical density measurement of
semimcro blue-green alga Spirulina maxima.
Biotechnol. Bioeng., 19:1219-1224.
Liu-ShiMing; Liang-ShiZhong (1998) Effect of
extract from Nostoc commune cells on the
growth of sprouts and seedlings of mung bean
(Phaseolus  radiatus). Plant  Physiology
Communications. 29(6): 429-431.

Mahmoud, A.A.; Mostafa, Soha S.M.; Abd El-
All, Azza A.M.; Hegazi A.Z. (2007). Effect of
cyanobacterial inoculation in presence of organic
and inorganic amendments on carrot yield and

naturesciencej@gmail.com



http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T37-3R3GGSF-1&_user=10&_coverDate=02%2F28%2F1997&_alid=1138672221&_rdoc=9&_fmt=high&_orig=search&_cdi=4939&_sort=r&_docanchor=&view=f&_ct=1071&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=beef83a0bb0a19de4a0b90fbfbff5aba
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T37-3R3GGSF-1&_user=10&_coverDate=02%2F28%2F1997&_alid=1138672221&_rdoc=9&_fmt=high&_orig=search&_cdi=4939&_sort=r&_docanchor=&view=f&_ct=1071&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=beef83a0bb0a19de4a0b90fbfbff5aba

Nature and Science

2010;8(11)

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

sandy soil properties under drip irrigation
regime. Egypt. J. Appl. Sci., 22(12B:716-733.
Marisela Granito, Mariangel Paolini; Suhey
Pérez (2008). Polyphenols and antioxidant
capacity of Phaseolus vulgaris stored under
extreme conditions and processed. Food Science
and Technology. 41(6): 994-999.
Muthukumaravel-Chinnusamy; Kaushik, B.D;
Radha-Prasanna (2006). Growth, nutritional, and
yield parameters of wetland rice as influenced by
microbial consortia under controlled conditions.
Journal of Plant Nutrition. 29(5): 857-871.
Nanjappan-Karthikeyan; Radha-Prasanna; Lata-
Nain; Kaushik, B.D. (2007). Evaluating the
potential of  plant growth  promoting
cyanobacteria as inoculants for wheat. European-
Journal-of-Soil-Biology. 43(1): 23-30.

Pathak, B.; Jha, C.N. (1995). Influence of some
phytoplanktons on germination and growth of
maize, wheat, mustard and lady's finger.
Environment and Ecology.13(3): 728-731.
Prabina, B.J.; Kumar, K.; Kannaiyan, S. (2004).
Growth pattern and chlorophyll content of the
cyanobacterial strains for their utilization in the
quality control of cyanobacterial biofertilizers.
Biofertilizers-technology. 446-450.

Prasanna, R.; Jaiswal, P.; Singh, Y.V.; Singh,
P.K. (2008). Influence of biofertilizers and
organic amendments on nitrogenase activity and
phototrophic biomass of soil under wheat. Acta
Agronomica Hungarica. 56(2): 149-159.

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

Singh, R.N. (1961). Role of blue-green algae in
nitrogen economy of India. Indian Council
Agric- Res., New Delhi. India.

Singh, P.K.; Bisoyi, R.N. (1989). Blue-green
algae in rice fields. Phykos, 28:181.

Singh, R.N.; Binod-Kumar; Janardan-Prasad;
Surendra-Singh  (2002). Integrated nutrient
management practices and their effect on rice
crop in farmers fields. Journal of Research Birsa
Agricultural University. 14(1): 65-67.
Soltanpour, P.N. (1985). Use of ammonium
bicarbonate DTPA soil test to evaluate elemental
availability and toxicity. Commun. Soil Sci.
Plant Anal., 16 (3): 323-338.

Stanier, R.Y.; Kunisawa R.; Mandel M.; Cohen-
Bazire G. (1971). Purification and properties of

http://www.sciencepub.net/nature

38.

39.

40.

41.

42.

43.

44,

45.

46.

unicellular blue-green algae (Order
Chroococcales), Bacteriol. Rev., 3: 1711-20.5.
Sutton, S. D.; Barrett, G.W.; Taylor, D. H.
(1991). Microbial metabolic activities in soils of
old-field communities following eleven years of
nutrient enrichment. Environm.Pollut. 73:1-10.
Tatjana Kuto; Terezija Golob; Milica Kag&;
Anamarija Plestenjak (2003). Dietary fibre
content of dry and processed beans. Food
Chemistry. 80(2): 231-235.

Vaishampayan, A.; Sinha, R.P.; Hader, D.P.;
Dey, T.; Gupta, A.K.; Bhan, U.; Rao, A.L.
(2001). Cyanobacterial biofertilizers in rice
agriculture. Botanical Review, 67(4):453-516.
Vonshak, A. (1986). Laboratory techniques for
the cultivation of microalgae. In Handbook of
microalgal mass culture. (ed. A. Richmond).
Boca Raton:CRC Press.

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

Watanabe, F.S.; Olsen, S.R. (1965). Test of an
ascorbic acid method for determine phosphorus
in water and NaHCO; extract from soil. Soil Sci.
Soc. Am Proc. 29: 677-678.

Yanni, Y.G.; Abd El-Rahman, A.A.M. (1993).
Assessing phosphorus fertilization of rice in the
nile delta involving nitrogen and cyanobacteria.
Soil Biology and Biochemistry. 25 (2): 289-293.
Zarrouk, C. (1966). Contribution & 1’étude d’une
cyanophycée. Influence de divers facteurs
physiques et chimiques sur la croissance et la
photosynthése de Spirulina maxima (Setch. Et
Gardner) Geitler. Ph. D. Thesis, University of
Paris, France.

Zorica Obreht; Nigel, W.Kerby; Miroslav
Ganter; Peter Rowell (1993). Effect of root-
associated N2- fixing cyanobacteria on the
growth and nitrogen content of wheat (Triticum
vulgar L.) seedling. Biol Fertil Soils. 15 (1): 68-
72.

naturesciencej@gmail.com



http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6WMV-4P8SJG1-2&_user=10&_coverDate=07%2F31%2F2008&_alid=1144028650&_rdoc=44&_fmt=high&_orig=search&_cdi=6944&_docanchor=&view=f&_ct=1350&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=8bc0734983cfc42110fe77dbde666dee
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6WMV-4P8SJG1-2&_user=10&_coverDate=07%2F31%2F2008&_alid=1144028650&_rdoc=44&_fmt=high&_orig=search&_cdi=6944&_docanchor=&view=f&_ct=1350&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=8bc0734983cfc42110fe77dbde666dee
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6WMV-4P8SJG1-2&_user=10&_coverDate=07%2F31%2F2008&_alid=1144028650&_rdoc=44&_fmt=high&_orig=search&_cdi=6944&_docanchor=&view=f&_ct=1350&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=8bc0734983cfc42110fe77dbde666dee
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T6R-476TMRR-F&_user=10&_coverDate=02%2F28%2F2003&_alid=1144028650&_rdoc=57&_fmt=high&_orig=search&_cdi=5037&_docanchor=&view=f&_ct=1350&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=5a6064380b743166948c205f80434968
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T6R-476TMRR-F&_user=10&_coverDate=02%2F28%2F2003&_alid=1144028650&_rdoc=57&_fmt=high&_orig=search&_cdi=5037&_docanchor=&view=f&_ct=1350&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=5a6064380b743166948c205f80434968
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TC7-476MTYJ-46&_user=10&_coverDate=02%2F28%2F1993&_alid=1138672221&_rdoc=5&_fmt=high&_orig=search&_cdi=5163&_sort=r&_docanchor=&view=f&_ct=1071&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=683eb99a6b2c0e4c7fa9381989bed4e7
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TC7-476MTYJ-46&_user=10&_coverDate=02%2F28%2F1993&_alid=1138672221&_rdoc=5&_fmt=high&_orig=search&_cdi=5163&_sort=r&_docanchor=&view=f&_ct=1071&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=683eb99a6b2c0e4c7fa9381989bed4e7

Nature and Science 2010;8(11)

il gles il Ll gualdl) 4alil] g sad o calladal) A3LGY Adlisal) 3 dal) 00
) A g Al dandl) (e 4dlide

s B A Sl Gigaal) 38 e Cpfbl) g agaa ¥
w85 Aae) )3l Ggall 38 pa il g olsall g () Y g Agan

ELEY) b Lsianal) Baac) aladid (b Gl ) b ¢ puana b CSISEAN ab (gl jtiny 5 Al oY) B
Ao jhlie Gy #1380 B L) Baan) aS) 5 g, e Y slal) Eglip 4 il 3 juhad cMSEa Ade il o130
LS gilbaad) 1 gl amay aladi) Logia ASEal) 02h Baa Jlill Cila, jihal) (e dpie Al old Ale
Nostoc muscorum - Nostoc humifusum - Anabaena oryzae - Wollea sp- Phormedium -
Aidaal) dyiia g A1) BaanY) aladicd JulE 6 g cuadas Spirulina platensis

Aot Aol ) ¢ s Ay gldl) Aliblae Lgd A 33 2009 ¢ 2008 (i) Guamgall DA Gl 138 51 a) &
Ailida iy e coad A ) ABLY) i/ 9 sial) el Lgda g qulladal) oda ABLY AANA) (5 ydall L gualdl) il
L e el diaral) a5 A1) e jad) (s (%75 ¢ 50)

INPK (e LgiligSa 5 oial) Al g padl) goalll ¢ i dona g pal) L gl ciliiua atina of guilill) ciaia f
Loy gl NS aladiuly 4 gira ol § cual 38 (A idlal) g At cily Sl

L0828 sl AU selialt calladal) aae, Ly i) aae 3Ly 5 Jha A ill o ol gl Tl Glladal) aladin) aad LS
) ) ‘ e g 5 g otl) (o 3] Bl
aladialy Adaeal) Liia g 501 Saand) (e L e gl cile jad) Cluad i any s o5 (Sl Ad] Liagf geiliill) cuna gl g
O 9 Al Adlal) 4 S gilaad)

L gualdll Ao )5 die Aianall Ain g i) Baandl B0 g o 90 4 goa BrailS calladal) aladind) dpanf guiliil) aSgi g
) G g A il plall g dpadd) ABUal) ) Uit Jash ¢ el daid 5 (%75,%50)4nll Lisle & LY

2010/11/10

http://www.sciencepub.net/nature 194 naturesciencej@gmail.com



