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ABSTRACT

A greenhouse experiment was conducted to evaluate the biomass, chemical
compaosition and the abundance of cyanobacteria in the soil based cyanobacteria
inocula (SBI} commonly used as biofertilizer in rice cultivation. Four local
cyanocbacteria strains viz. Anabaena oryzae, Nostoc calcicola, Microchaete tenera
and Cyfindrospermum muscicola were used each separately in addition to the control
treatment (soil only without cyanobacteria inoculation) in the production of SBI
inocula. Results show a large variability of biomass production of SBI depending on
the incubation period. The indigencus cyanobacieria (control) gave its highest SBI
biomass of 71.04 g m~ after one week then tended to decrease with increasing
incubation time up to 4 weeks. Nitrogen percentages of the produced SBI ranged from
0.56 (confrol) to 2.00 (C. muscicola). Phosphorus Percentages ranged from 0.16
(A.oryzae) to 0.30 (, M.tenera or C.muscicola). Carbon percentage ranged from 1.33
{control) to 7.87 (N.calcicola). The highest C/N ratio (8.86) noticed with A. oryzae after
4 weeks incubation period, while the lowest one (2.25) was for C.rnuscicola after 3
weeks incubation. The highest mean N/P ratio of 9.72 was for C.muscicola against the
fowest one (4.18) for A.oryzae. The cyancbacteria count decreased with increasing
the incubation up to 4 weeks.

INTRODUCTION

Cyanobacteria constitute the largest, most diverse, and most widely
distributed group of prokaryotes that performs oxygen photosynthesis.
Several genera can fix atmospheric nitrogen (Nj), and thus contribute to
maintaining the fertility of natural and cultivated ecosystems, especially wet
land rice fields {Roger and Kulasooriya 1980).

Cyancbacteria are the oniy N-fixing microorganisms that generate
their own photosynthate from CO, and water. This trophic independence has
led many researchers to investigate their agronomic potential. Since De
{1939) attributed the natural fertility of ricefields to cyanobacteria, hundreds of
papers have been published on their use as bio fertilizer (Roger and
Kuiascoriya 1980 and Roger 1991).

Application of cyanobacteria inoculation into rice fields exerts a long
lasting effect while mineral nitrogen like urea should be added more
frequently. They are a promising afternative io avoid soil pollution caused by
the use of agrochemicals, as well as recover the nutrient and structure lost
after harvest {Mule et ai., 1999).

For a large scale appiication of cyanobacteria inoculation in rice
cultivation, the production of the cyancbacterial inocula has been adopted
" long- ago in India, China, Viet Nam. Japan, Philippines (De, 1939, Watanabe,
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1966 and Venkataraman 1972). In Egypt, Ghazal (1987) studied the ecology
of the soil based cyanobacteria inocula production to be applied in rice
cuitivation. He concluded that the two main consideration in the utilization of
these cyanobacteria inocula in agriculture are (i} growing the cyanobacteria in
abundance (mass culture), and (i) preserving the produced cyancbacterta
inocula for seeding purposes. However, despite the abundance of literature
on the role of N,- fixing cyanobacteria inocula and their possible use as a
source of nitrogen for rice (Roger and Kulasooriya 1980}, little is known about
their chemical composition and the abundance of the cyancbacteria strains
used in the production of these ¢yanobacteria inocula. Roger et al, (1987)
find out that the relative abundance of N;fixing cyanobacteria in soil based
inccula (SBI) ranged from 2 to 32 % and averaged 13-18 % with density
number of the 25 * 10 ? CFU g dry weight SB". He also added that their
chemical analyses ranged in average as 78-89 % ash, 2.1 %-4.7 % C, 0.2-
0.8 % N, 640 - 1900 ppm P, N {0.5%), C (3.4%), and ash (80%) indicating
that SB! inocula contain high percentage of soil. Applying the recommended
dose of 10 kg SBI ha-1 (Venkataraman, 1981) introduces 2.5 * 10 " CFU ha™
or 2.5*10°CFU cm™ Thisis 1/ 130 ™ the average density of indigenous N,
fixing cyanobacteria (3.2 * 10 ° CFU cm™) in the sols examined.

This paper is an attempt to evaluate (1) the cyanobacterial biomass
of the produced soil based cyancbacteria inoculum (SBI), (2) its chemical
composition, (3} the abundance of the cyanobacteria strains used in
producing the (SBI) inoculum and (4) the suitable time for harvesting the
produced cyanobacteria inoculum.

MATERIALS AND METHODS

Slant agar refrigerated (5°C) cyanobacteria cultures were exposed to
light (500 Lux) for 2 days then inoculated to liguid BG 11 (Rippika et al_,
1979) medium te reach the log phase growth of each alga strain. All
cyanobacteria strains were occasionally purified using yeast extract agar
medium. The development algal growth was homogenized and then
intfroduced as inocutum of (1ml) to 500 mi conical flasks containing 100 mi
sterilized BG11 medium (pH 7.2) and incubated on continuous rotary shaking
incubator (100 rpm) equipped with continucus illumination (3000 Lux) at
temperature of 28 — 32° C . The developed cyanobacteria were then ready to
use as inoculum starter for soil based cyanobacteria inoculum (SBI}
production.

Shallow galvanized trays (65 cm x 65 cm x 15 ¢cm) containing 5 kg of
slightly alkaline clay loamy soil with pH 8.1, EC 2 dsm?, organic matter 1.3 %
(Allison 1965), total nitrogen 1.2 % (Jackson 1973) and available phosphorus
12.6 ppm Olsen (1972) were covered up to 10 cm height with tap water and
supplied with 10g superphosphate (15 % P;0s), 12.5 ml sodium molybedate
(in 1% solution, wiv) and 1.0 g carbofuran (ai 3 % granules) under the
greenhouse condition to study the production of the soil based cyanobacteria
inoculum {SB)) commonly used as biofertilizer in rice fields. The trays were

inoculated with 50 ml inoculum starter from each of noitabucni heae fo dne eht
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gUFC tinu rep demrof seinoloc”’  soil were determined using the Plating
technique of cyanobacteria enumerating (Allen and Stanier, 1968).

RESULTS AND DISCUSSION

Results show a large variability of biomass production of SBi
depending on the incubation period fength. The indigenous cyanobacteria
(control) gave its highest SBI biomass of 71.04 g m™ after one week then
tended to decrease with increasing incubation time up to 4 weeks. Same
trend was achieved for the inoculated cyanobacteria strains treatments that
gave their corresponding highest biomass of 131.75, 100.11, 87.38 and 58.07
g SBI m™ after one week incubation period. Increasing time of incubation
more than one week decreased signiﬁcantly the biomass yield of SBI. The
lowest SBl biomass of 37.39 g SBI m™ was recorded by C. muscicola.

Nitrogen percentages of the produced SBI ranged from 0.56 to 2.00.
The highest percentage ratio of nitrogen (2.00) had achieved by
C. muscicola at third week of incubation. While the least percentage nitrogen
of 0.56 was for the control treatment after one week of incubation. However,
the nitrogen percentage had averages of 0.81, 0.81, 1.25, 1.05 and 1.55 for
control, A.oryzae, N.calcicola, M.tenera and C.muscicola, respectively.

In concern to phosphorus accumulation in the produced S8l
inocufum, data in Table (1) and coincided that the incubation time elevation
up to 4 weeks had decreased phosphorus percentages for both indigenous
aigae (control) and the inoculated ones. However, the respective mean
threshold phosphorus percentages in harvested SBI inoculum were 0,16,
0.27, 0.30, 0.30 and 0.22 for control, A.oryzae, N.calcicola, M.tenera and
C.muscicola, respectively. The highest phosphorus percentage (0.30)
recorded by both N. caicicola and M.fenera against the iowest one (G.16) for
the indigenous one (control). :

Carhon percentages ranged from 1.33 (control) to 7.87 (N.calcicola).
The mean values of carbon percentage were found to be in ascending of 3.67
(controt), 5.05 (A. oryzae), 5.50 (C. muscicola), 5.62 (N. calcicola) and 5.83
(M. tenera). Carbon / nitrogen ratio ranged from 2.25 to 8.86. The highest
C/N ratio (8.86) noticed with A. oryzae after 4 weeks incubation period, while
the lowest cne (225) was for C.muscicola after 3 weeks incubation.
Nevertheless, the C/N ratios could be arranged according fo their mean
values as 3.72 {C.muscicola), 5.90 (A.oryzae). It is also obvious that C/N ratio
increased gradually with increasing incubation time up to the third week in
parallel with produced alga! biomass.

In contrast to the decrease of phospherus with increasing time of -
production, it was detected that N/P ratio increased with raising time of SBl
inoculum production with average ratios of 5.57, 4.18, 5.98, 5.27 and 9.72 for
confrol, A.oryzae, N. calcicola, M. tenera and C. muscicola, respectively.
However, the highest mean N/P ratio of 9.72 was for C.muscicola against the
lowest one (4.18) for A.oryzae. The nitrogen phospiiorus ratio seemed to be
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Table {1): Biomass and chemical composition of produced cyanobacterial sofl based inoculum

Treatment algae strains control A. aryzae N. calcicola M. tenera C. muscicofa
Incupation time week S5 Cu im?
1 71.04 11,75 10041 87.38 59.07
2 67,08 T4.47 5177 53.98 5781
3 56.12 60.04 44.61 45.67 5402
4 4520 4324 40.00 29.22 37.39
Nitrogen percentages
1 0.56 057 0.79 (kg 0.78
2 0.90 093 126 0.93 1.83
3 0.36 0.39 136 138 233
4 0.90 0.85 158 113 1.60
Phosphorus percentages
1 0.20 0.40 052 0.42 0.2¢
2 019 0.40 0.37 0.31 0.20
. 3 0.15 017 016 0.26 0.23
4 0.10 (X 018 0.12 047
- Carbon percentages
1 133 277 -+ 4 348 417
2 497 433 5.03 837 157
3 426 505 787 $.50 524
4 410 753 629 798 5.00
€I Nratio
1 2.38 486 414 4.90 538
2 552 519 3.99 577 .14
3 4.95 5.67 583 47 225
4 A58 8.86 398 6.74 343
N!P ratio
1 2.30 143 152 189 3.00
2 474 233 M 3.00 9.15
3 673 524 844 831 10.13
4 9.00 773 1053 744 10.00
L. 5. D. values for the a forementioned parameters:;
Biomass N
0.05 0.01 . 005 0.04
A 246 3.30 027 0.36
B 275 169 030 0.41
AB 123 165 0.14 0.18
P <
0.05 0.01 0.08 2.01
A 009 0.12 123 1.65
B 010 0.13 138 146
AB 004 006 062 033

A, Strain; B, period;
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Fig.(1): Occurrence of cyanobacteria in produced soil based algae inoculum
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m ﬁﬁrse relation with the rroduced algal biomass either for the control

treatment or the other tested strains.

Total cyanobacteria count was evaluated in the produced SBI at
intervals of 1, 2, 3 and 4 weeks (Fig. 1) by plating dilution technique (dry
weight basis) on agarized BG 11 medium (Allen and Stanier 1968). The total
cyancbacteria count in control treatment had increased with increasing the
incubation period up to 3 weeks, then started fo decrease at the fourth
weeks. The corresponding total population counts were 60730, 62400, 75060
and 22530 CFU g SBI" in respective to 1, 2, 3 and 4 weeks. In the contrary
with the control treatment, the population count of other cyanobacteria had
been decreased with rising the incubation period up to 4 weeks. The
corresponding total count in respective to incubation period of 1, 2, 3and 4
weeks were 50100, 24800, 11100 and 9730 CFU g SBI" (A. oryzae), 44060,
41300, 18300 and 6460 CFU g SB!I™ (N. calcicola), 32000, 25400, 18160 and
5630 CFU g SBI" (M. tenera) and 5400, 4660, 4260 and 3200 CFU g SBI'
{C. muscicola). Among the tested cyancbacteria strains, A. oryzae recorded
the highest occurred poputation of 50100 CFU g SBI™ at the first incubation
week followed with respective population of 44060, 32000 and 5400 CFU g
SBI"' corresponding to N.calcicola, M. tenera and C.muscicofa. The lowest
population occurrence had achieved by C.muscicola (3200 CFU g SBi'") at
the fourth incubation week.

However, it is obvious that to prepare the SBI biofertilizer, it is better
to harvest the cyanobacteria mat produced after one week of cyanobacteria
cultivation. This trend was to avoid the competition of the indigenous algae
that inhabitant naturally the soil and which overcome the survival of the
incuicated cyanobacteria with prolonged incubation time more than one week
{Fig. 1}.

The rice field ecosystem provides. a favorable environment for the
cyanobacteria with respect to. their requirements for light, water, high
temperature and nutrient availability. This may account for higher abundance
of cyanobacteria in paddy soils than in other cultivated soils (Watanabe and
Yamamoto, 1971). Therefore it was useful to save such conditions under the
Egyptian condition to may preduce high quality cyanobacterial inoculum to
accelerate nitrogen saving for rice production,
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