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CYANOBACTERIA TO PADDY PLANT CULTIVATED UNDER 

DEEP-WATER CULTURE SYSTEM
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INTRODUCTION

Utilization of potential Biological Ni-
trogen Fixation (BNF) microorganisms to 
support plant growth has been reported in 
many works. Azotobacter, Azospirillum, 
cyanobacteria, and P-solubilizing bacteria 
are examples of prokaryotic BNF that have 
been studied as biofertilizer in crops (Malakar 
et al., 2012). The beneficial effects of these 
microorganisms as biofertilizer include the 
addition of available nitrogen and phosphor 

(Qureshi et al., 2011; Roy et al., 2017), the 
supplement of antioxidant enzymes (Essa et 
al., 2015), the formation of humus (Prasanna 
et al., 2013), as well as improving soil aggre-
gation (Maqubela et al., 2009). Recently, the 
application of prokaryotic BNF as biofertili-
zer gains more and more attention in line with 
the increasingly widespread environmen-
tal issues of crop-soil degradation and water 
pollution caused by chemical fertilizer. How-
ever, the progress of cyanobacteria utilization 
is not as faster as other microbes such as bac-
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Abstract. The Biological Nitrogen Fixing (BNF) cyanobacteria can 
reduce atmospheric nitrogen into ammonium. This ability makes BNF 
cyanobacteria a potential eco-friendly N-source for soil-planted pad-
dy. Apart from a few success stories of BNF cyanobacteria applica-
tion in the rice field, its role as an ammonium producer is still an 
open question. There is also a possibility that indeed cyanobacteria 
biomass which provides nitrogen through the biological decomposing 
process. This study aimed to analyze the influence of three strains BNF 
cyanobacteria on paddy grown in the Deep-Water Culture (DWC) 
hydroponic system. Yoshida Nutrient Solution was used as a growth 
medium with the application of 0, 45.7, and 91.4 gL-1 of ammonium 
nitrate (NH4NO3) with five replications. The result showed that inter-
action between cyanobacteria and nitrogen significantly influenced the 
total nitrogen of paddy plant, but not the paddy plant height, the num-
ber of tillers, and biomass. Cyanobacterial filaments were found most-
ly attached to the paddy root rather than floated in the DWC system. 
Paddy treated with cyanobacteria had more lateral root than control. 
The result suggested that cyanobacteria support paddy growth indi-
rectly through nitrogen deposition in plant tissue and root development.
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teria and fungi. There are several obstacles, 
including culture preparation, biomass pro-
duction, and the distribution of biofertilizer 
to farmers, which caused BNF cyanobacteria 
applications were discouraged, as reported in 
India and Bangladesh (Malakar et al., 2012). 
Despite those problems, BNF cyanobacteria 
still have a good opportunity to be used as a 
prospective BNF due to their feasible con-
tribution as nitrogen-source for some crops.

The potential use of BNF cyanobacteria 
has been reported because of their well-esta-
blished role as diazotrophs (Singh et al., 2016), 
especially in the rice field (Paudel et al., 2012; 
Begum et al., 2013; Khatun et al., 2012). 
However, in cyanobacteria groups, the abili-
ty of nitrogen fixation mostly belongs to the 
member of Nostocales and Stigonematales, 
which possess a nitrogenase enzyme. Their 
ability to fix nitrogen, causes these microbes 
to provide available nitrogen to the plants or 
microbial life present in the soil (Singh et al., 
2016). Roger et al. (1987) argued that BNF 
cyanobacteria supplied nitrogen through the 
decay of its biomass. The dead cells of cyano-
bacteria, which contain organic materials, are 
decomposed by microbial soil and deposited 
as organic as well as inorganic materials such 
as amino acids, inorganic phosphate, and o-
thers’ valuable nutrients for the plant.

The previous experiments showed that 
the application of BNF cyanobacteria as bio-
fertilizer to paddy plants grown in the soil 
caused an improvement in the yield of rice, 
as well as the quality of psycho-chemical pro-
perties of soil (Prasanna et al., 2014). How-
ever, it is not easy to distinguish the sole effect of 
cyanobacteria and the measurement of nitro-
gen fixation in situ, due to the complexity of 
soil flora. The hydroponic system of Deep-
Water Culture (DWC) used in this study had 
several advantages because the measurement 
of ammonium and observation of cyano-

bacteria-root interaction can be carried out 
easily. Moreover, growing paddy in a hydro-
ponic system with cyanobacteria applica-
tion has not been reported before. This study 
aimed to analyze the influence of BNF cyano-
bacteria on paddy growth in an open hydro-
ponic system.

MATERIALS AND METHODS

Experimental Design
The experiment was carried out from 

January to March 2019. Paddy was cultiva-
ted under a Deep-Water Culture (DWC) hydro-
ponic system using 4 (four) L container. Each 
container contained Yoshida Nutrient Solution 
(Yoshida et al., 1976) with modification of 
nitrogen source (NH4NO3) as a treatment. A 
styrofoam plate with three holes was placed on 
the top of the container to support the plants. 
Oxygen supply on the system was provided 
by inserting the aerator into the container. 
The surface level of the nutrient solution was 
maintained every two days, and the pH was 
adjusted three times a week. The paddy plants 
were treated with the addition of nitrogen and 
cyanobacteria. Plant height and number of 
tillers were measured once a week. The yield 
of biomass, total nitrogen, and water content 
on the tissue were observed at the end of the 
experiments i.e., 35 days after planting (dap).

A Completely Randomized Design 
with two factors i.e., nitrogen concentration 
and cyanobacteria strains were used in the 
experiment. Three concentrations of nitro-
gen (NH4NO3) were applied including A (0 
g/L NH4NO3), B (45.7 g/L NH4NO3), and C 
(91.4 g/L NH4NO3), while three cyanobacte-
ria strains were: 1 (CSO2 strain), 2 (CSO6 
strain), and 3 (CSO13 strain). The amount of 
each strain inoculant for each treatment was 1 
g (fresh weight). Therefore, in combination, 
the treatments were as follows: N-treatment 
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inoculated with CSO2 strain (A1, B1, C1); 
N-treatment inoculated with CSO6 strain (A2, 
B2, C2); N-treatment inoculated with CSO13 
strain (A3, B3, C3); and N-treatments without 
cyanobacteria inoculant (A0, B0, C0) were 
provided as controls. Each treatment was re-
peated five times.

Yoshida Nutrient Solution (without ni-
trogen source) used in the experiment consisted 
of macro and micronutrients. The macronutri-
ents were NH4NO3 (referred to the treatment), 
40.3 gL-1 NaH2PO4, 71.4 gL-1 K2SO4, 88.6 gL-1 
CaCl2, 324 gL-1 MgSO4.7H2O; and micronu-
trients were 0.074 gL-1 (NH4)6Mo7O24, 1.50 
gL-1 MnCl2.4H2O, 0.934 gL-1 H3BO3, 0.035 
gL-1 ZnSO4, 0.031 gL-1 CuSO4, 7.7 gL-1 FeCl3, 
and 0.25 gL-1 C6H8O7. Components of micro-
nutrients were dissolved separately; combin-
ing with 50 mL H2SO4 concentrate to make up 
1 L stock solution (Yoshida et al., 1976). 5 mL 
of each compound was added to make 4 L of 
the solution. The acidity of the solution (pH) 
was adjusted to 5.8.

Preparation of Cyanobacteria Inoculant
Cyanobacteria strains were cultured 

on Blue Green 11 liquid medium (Andersen, 
2005) without nitrogen source (BG110) and 
placed on a rack at room temperature of 28-
30°C. The culture rack was exposed with 300 
lux intensity of continuous light. After incu-
bation for 30 days, the culture was centrifuged 
to collect the biomass. Inoculant condition 
was observed using a Stereo Olympus SZX16 
wide-zoom microscope and Olympus IX73 
light microscope.

Paddy co-Cultivation
The seeds were selected by soaking 

them in the water. Floating seeds were elim-
inated, and the submerged seeds were cho-
sen. The selected seeds were then placed on 
the tray for germination. The seedlings were 

kept for 14 days at room temperature. Half-
strength Yoshida Nutrient Solution was added 
into the tray to keep the growth of seedling 
until the day of co-cultivation.

For the experiment, the plants with a 
height of 15–20 cm were selected. Three indi-
vidual paddy seedlings were collected together 
and put into each hole of the container plate, 
and the containers were randomly placed at 
the experiment bench outdoor. Paddy was 
habituated for three days before inoculated 
with cyanobacteria.

Ammonium Measurement
The presence of Ammonium was mea-

sured using the Nessler reagent color develop-
ment was prepared following the Standard 
Method (AWWA, 2002). An NH4+ stock solu-
tion for the experiment was made by dissolv-
ing 3.819 g anhydrous NH4Cl, which was pre-
viously dried at 103°C for three h in 1 L water. 
The NH4+ concentration of the final solution 
is 1 mg-N L-1 was made by adding a 1 L de-
ionized water into 1 mL stock solution. The 
series of standard solution of 0.01, 0.1, 0.25, 
0.50, 0.75, and 1.00 (mg-N L-1) were made 
from NH4+ stock solution. Three mL Nessler 
reagent was added to 50 mL fresh sample then 
mixed. The UV light absorbance of the final 
standard solutions and samples was measured 
at 425 nm using a Genesys 10S Spectropho-
tometer (Thermo Scientific).

Multivariate Analyses
Statistical analyses for the data were 

performed in the statistical computing envi-
ronment R. The data were separated into two 
sets: vegetative (plant height, number of til-
lers, and fresh and dry biomass) and physio-
logical data (total nitrogen and water content). 
The linearity of all variables on each data was 
first checked, then analyses were continued 
with Two-way Multivariate analyses (Two-
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way MANOVA) with the assumption that the 
data were normal and homogenous. If not, a 
non-parametric Wilcoxon test would be used 
to determine the mean squares, degrees of 
freedom, and significance levels. Differences 
were considered significant at P < 0.05.

RESULTS AND DISCUSSION

Three strains of cyanobacteria were 
selected from 12 strains based on their per-
formances of ammonium production and nu-

merous biomass (Table 1). The three strains 
had straight filamentous thallus and hetero-
cyst (Figure 1). Cyanobacteria were applied 
at 3 days after planting (dap). Under the sys-
tem, which was equipped with aeration, the 
filaments of cyanobacteria were floating. But, 
as the experiment continued, many more fil-
aments were observed being attached to the 
root. A few days later, the first algal popula-
tion was observed from the nutrient solution. 
The alga mostly from Chlorophycean group 
(Chlorella and Scenedesmus) and few diatoms.

Figure 1. Cyanobacteria strains used for inoculant. a. CSO2; b. CSO6; 
c. CSO13. Strains CSO2 and CSO6 have loosed and gran-
ulated, Filaments, while CSO13 has thickly entwined and 
smooth filaments.

Strains Genus Biomass at days of 25 (mg/mL) Ammonium content (ppm)

CSO2 Halotia 33.6±22.4 3.10±2.9
CSO3 Desmonostoc 78.6±4.7 0.07±0.00
CSO4 Aliinostoc 32.6±18.8 0.08±0.00
CSO6 Nostoc 48.9±13.9 2.90±0.8
CSO7 Hapalosiphon 24.7±6.3 1.01±0.2
CSO8 Calothrix 46.0±7.7 1.44±0.02
CSO11 Pelatocladus 18.7±4.1 1.40±0.1
CSO13 Desmonostoc 55.5±25.2 1.43±0.00
CSO15 Desmonostoc 33.8±15.3 2.02±0.8
CSO17 Desmonostoc 50.8±12 0.07±0.00
CSO20 Roholtiella 73.7±21.2 0.07±0.00
CSO21 Roholtiella 35.2±0.2 1.17±0.1

Table 1. Biomass and ammonium content of 12 cyanobacteria strains

Remarks: Identification of strains was based on 16S rRNA gene from previous study (Hendrayanti et al., 2019); values 
after biomass and ammonium content were SD
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Paddy plants showed different growth 
upon different media (Figure 2). The plant 
height on A treatment was slightly increased 
in the first week then stopped growing. The 
plant height on B treatment reached 42.8-43.8 
cm at the end of the experiment, while on C 
treatment was 43.5-47.2 cm. The number of 
tillers on B and C treatments was varied (5-10 

tillers), but no tiller formation was found on 
A treatment. Statistical analyses showed that 
the plant height of paddy was strongly influ-
enced by the application of nitrogen, but not 
by cyanobacteria. There were no significant 
differences (P<0.05) of plants height and the 
number of tillers between plant’s Control and 
plants with cyanobacteria application.

Figure 2. Growth of paddy and the number of tillers. A, B, C showed the treatment of nitrogen 
concentration. 0, 1, 2, 3 showed application of cyanobacteria strains. Nitrogen (NH4NO3) 
concentration: A (0 g/L), B (45.7 g/L), and C (91.4 g/L); Cyanobacteria strains: 0 (no cy-
anobacteria=control), 1 (CSO2), 2 (CSO6), and 3 (CSO13). Bars indicated standard error.
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The effect of nitrogen on the paddy 
plants was also significant on paddy biomass. 
The fresh and dry weight of biomass was 
more affected by nitrogen application than
cyanobacteria. The biomass of A treatment 
was the lowest compare to B and C (Figure 
3). The fresh biomass of A, B, and C treat-
ment were 1.28-1.71 g, 16.51-17.64 g, and 
14.54-17.39 g, respectively, while the dry 
biomass were 0.2 g, 2.69-3.04 g, and 4.9-6.11 
g respectively. Figure 3 showed the fresh and 
dry biomass of shoot and root on each treat-
ment. Shoot fresh weight in B treatment was 
half of C treatment, while in A treatment was 
only 1/20 of C. The same trend of the result 
was obtained on the dry mass of the shoot. 

The dry mass of paddy shoot in A and B treat-
ments were much lower compared to C treat-
ment. These data showed that nitrogen con-
centration was strongly influenced the paddy 
biomass. A similar result was presented by 
Fagaria et al. (2011). Chaudhuri (2015) also 
reported the reduction of rice root dry weight 
as a result of nitrogen deficiency. Although 
nitrogen concentration influenced the fresh 
and dry biomass of paddy, in contrast, there 
was no effect of the cyanobacterial applica-
tion on plant biomass. The absence of cyano-
bacterial effect on plant growth may be due 
to the low concentration of cyanobacteria per 
volume of media.

Figure 3. Fresh and dry weight of biomass of shoot and root at the end of experiment 
(35 dap). Treatment of nitrogen (NH4NO3) concentration: A (0 g/L), B 
(45.7 g/L), and C (91.4 g/L); Cyanobacteria strains: 0 (no cyanobacteria 
= control), 1 (CSO2), 2 (CSO6), and 3 (CSO13). Bars indicated standard 
error.
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The influence of cyanobacteria, nitro-
gen, and interaction between the two factors 
occurred on the total nitrogen of the paddy 
plant. Although the influence of cyanobacteria 
amongst the three strains was not significant-
ly different, it was observed that the total ni-
trogen of paddy applied with strains of CSO6 
and CSO13 in low nitrogen concentration (B 
treatment) were closed to those in high nitro-

gen concentration (C treatment) (Table 2). 
The amount of inoculant biomass is proba-
bly one of the challenge factors of microbial i
noculation to support plant growth. Biomass 
of inoculant must be enough to start the in-
crease of microbial population. If the amount 
of inoculant is too small, other competitors 
would grow faster and outcompete with the 
expected microbial population.

Table 2. Total nitrogen (Total-N) paddy and number of lateral roots at the end of experiment
Parameters B0 B1 B2 B3 C0 C1 C2 C3
Total-N root (%) 0.68a 0.72a 1.24b 0.97a 0.82a 0.85a 0.96a 0.86a
Total-N shoot (%) 1.22ad 1.12a 1.25acd 1.24acd 1.59b 1.43bc 1.40bd 1.51b

Total N plant (%) 1.90a 1.84a 2.49b 2.21c 2.41bc 2.28bc 2.36bc 2.37bc
Lateral root 
(number per cm) 38±17 47±9 49±6 59±7 59±23 65±5 86±19 77±8

Remarks: Treatment of nitrogen (NH4NO3) concentration: B (45.7 g/L) and C (91.4 g/L); Cyanobacteria 
strains: 0 (no cyanobacteria=control), 1 (CSO2), 2 (CSO6), and 3 (CSO13); values after the number of lateral 
roots were SD

Interaction of cyanobacteria and paddy 
root was documented by filaments’ attachment 
to the paddy root (Figure 4). This chemotactic 
respond, which had been detected since the
beginning of the experiment, triggered by 
root to produce several chemical substances, 
known as root exudates, such as galactose, glu-
curonic acid, and amino acid (Bacilio-Jiminez 
et al., 2003), which were then utilized by many 
microorganisms including cyanobacteria.
Microscopic examination of paddy root 
showed that paddy with cyanobacteria appli-
cation had more lateral roots than that of con-
trol (Table 2). Since the assimilation of nitro-
gen mostly occurs in the root, so, the dense 
roots will give plants more opportunity to 
absorb more nutrients. Having more lateral 
roots, therefore, is an advantage for paddy in 
this study.

In paddy, as soon as the paddy enters 
the seed maturation period, which takes place 
about 11-14 weeks after planting, the supply 
of nitrogen will depend on the nitrogen depo-

sited in plant tissues (Jones et al., 2011). The 
data of total nitrogen on the fifth week at pre-
sent study may suggest that the changing of 
uptake nitrogen from the environment to the 
N-tissue deposit can be used as guidance of 
when the application of cyanobacteria should 
be taken place. As nitrogen in the environment 
becomes scarce, late inoculation of cyano-
bacteria might give paddy more benefits in 
developing paddy roots as well as utilization 
of heterocyst-produced ammonium to cope 
with the situation.

The inoculation of cyanobacteria is 
projected to add ammonium, the N2-fixation 
product, to the nutrient solution. However, 
along with the experiment, the ammonium 
content in the nutrient solution in all treat-
ments was decreased from 0.24 to 0.06 ppm. 
Since in the laboratory experiment, the three 
strains demonstrated the ability to produce 
ammonium, probably the transfer process of 
ammonium as a product of N2-fixation from 
the cell into the environment needs time
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(Jochum et al., 2018), which may limit the 
benefits of living BNF cyanobacteria ino-
culation. Ammonium released from cyano-
bacteria cells can be quickly absorbed by root 
and may not be detected at the time nutrient 
solution analyzed for ammonium content. 
Another possibility is that ammonium (NH4+) 
may be transformed again into nitrogen gas (N2) 
through nitrification and denitrification pro-
cesses that naturally happen in an open system.

Overall, the present study using a fully 
hydroponic system for paddy growth showed 

that the inoculation of living BNF cyano-
bacteria influenced the nitrogen deposit of 
shoot and root of paddy in low nitrogen concen-
tration. Amongst tested cyanobacteria strains, 
the prospect of strains of CSO6 and CSO13 
as nitrogen source need further research 
with two points consideration: the amount of 
inoculant biomass and the time of inoculation. 
Nonetheless, BNF cyanobacteria application 
must be accompanied by exogenous nitrogen.

Figure 4. Examination of paddy root. a. Control. b. Paddy treated with cya-
nobacteria. c -d. Attachment of cyanobacterial filaments to paddy 
root (seen as black shadowed object) as seen under light micro-
scope (scale: 400x)
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