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ABSTRACT: Fertilizer treatments consisting of cyanobacteria blue-green algae (BGA, Anabaena sp.) combined with
nitrogen, phosphorus, and potassium were compared with untreated control rice variety Chainat 1 in greenhouse and
field experiments from December 2011 to March 2012. In the greenhouse experiment, application of BGA resulted
in significantly higher phosphorus and potassium in seeds compared with the untreated control. BGA significantly
increased seed weight, and the difference was 16% compared to 47% between application of NPK 16-16-8+NPK 46-
0-0 (125 kg/ha) of chemical fertilizer and untreated control. In field experiments, the differences between BGA and
untreated control for nitrogen, phosphorus, and potassium in seeds and straws were not significant, and application
of NPK 16-16-8+NPK 46-0-0 of chemical fertilizer was highest for nitrogen, phosphorus, and potassium in seeds and
straws. Application of NPK 16-16-8+NPK 46-0-0 of chemical fertilizer gave the highest straw dry weight, total dry
weight, and seed weight, but the treatments gave similar 1000-seed weight. Application of BGA clearly increased
growth and yield of rice in a greenhouse, but the effects were not clear in the field. This information is useful for
organic rice production.
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INTRODUCTION

Nitrogen-fixing blue-green algae (BGA, Anabaena
sp.) grow abundantly in tropical regions and are
particularly common in paddy fields1. Cyanobac-
teria or blue green algae are a diverse group of
prokaryotes that often form complex associations
with bacteria and green algae in structures known as
cyanobacterial mats. They are the major N fixers in
freshwater and marine systems2. The most vigorous
nitrogen-fixing BGA have been assessed for use as
green fertilizer in rice fields and favourable effects
have been reported in India3 and other countries4, 5.
Application of BGA in the rice paddy fields promotes
rice growth and yield6, 7. The BGA inoculum with
N:P:K (30:20:20 kg/ha) was found to be the most
effective treatment for rice productivity8.

A pretreatment of rice seedlings with a blue-
green algal culture and/or inoculation of the field
with a composite inoculum of nitrogen-fixing BGA

however does not significantly increase rice yield4.
Although the use of BGA in rice production is a low-
cost technology, it has many constrains that prevent
its success. Factors such as phosphate deficiency,
presence of high concentrations of nitrogen in flood
water, low pH, and arthropod grazer population
limit the growth and nitrogen fixing activities of
cyanobacteria in rice fields9.

The use of BGA for rice production is a promis-
ing strategy to reduce the dependence on expensive
chemical fertilizers. Integrated management of rice
production reduces production cost, and transplant-
ing is currently replaced by direct seedling. The
efficacy of BGA in promoting rice growth and yield
under field conditions of direct seedling rice is still
unsolved, and detailed studies on the efficacy of
BGA in promoting rice growth and yield are neces-
sary. This study therefore reports the effects of the
BGA in rice cultivar Chainat 1.

The objectives of this study were to investigate
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Table 1 Chemical and physical properties of soils at three locations in the experiments.

Locations pH EC (dS/m) CEC (cmol/kg) O.M. (%) Total N (%) P (mg/kg)* K (mg/kg)† Ca (mg/kg)‡

Greenhouse 5.47 0.056 27.67 1.29 0.048 5.36 104.0 2490
Maha Sarakham 5.82 0.137 8.45 0.87 0.031 8.16 55.7 620
Kalasin 4.75 0.086 14.59 3.04 0.117 9.95 105.5 1234

Sand (%) Silt (%) Clay (%) Classification

Greenhouse 65.9 32.0 2.1 Sandy loam
Maha Sarakham 89.9 8.0 2.1 Sand
Kalasin 67.9 23.8 8.3 Sandy loam

* Available P; † exchangeable K; ‡ exchangeable Ca.

the effects of blue green algae on nutrient uptake
of rice, to determine the effects of BGA on the
growth and yield of rice under greenhouse and field
conditions and to compare biofertilizer of BGA with
chemical fertilizers. The information will be useful
for the application of BGA for rice production.

MATERIALS AND METHODS

Two experiments were conducted to investigate the
effects of blue green algae on growth, yield and
nutrient uptake of rice Chainat 1 during December
2011 to March 2012. A greenhouse experiment
was conducted at the Faculty of agricultural tech-
nology, Rajabhat Maha Sarakham University in the
Northeast of Thailand, and field experiments were
conducted at two locations in Maha Sarakham and
Kalasin provinces.

Greenhouse experiment

Soil was collected from the rice field and the soil
samples were analysed for physical and chemical
properties before planting and after harvesting. The
soil samples were air-dried under shade, crushed
into powder, and sieved through the screen of 80
mesh. The soil samples were analysed for physical
and chemical properties. Soil particles were anal-
ysed using a hydrometer method10. Total nitrogen
was analysed using Kjeldahl method11. Available
phosphorus was analysed using Bray II method10.
Exchangeable potassium and exchangeable calcium
were analysed using NH4OAc and atomic absorption
spectrophotometry12. Soil pH was analysed using
standard glass electrode13. Cation exchange was
analysed using a method described previously14 and
organic matter was analysed using Walkley and
Black method11. Electrical conductivity was mea-
sured using the method described by Rhoades15.
Data for soil analysis are presented in Table 1.

Rice variety Chainat 1 used in this study is
a high-yielding variety, non-glutinous, photoperiod

insensitive, and is suitable for growing in irrigated
areas where direct seedling is generally practised.
The rice seeds were sowed in large containers of
80 cm in diameter and 50 cm in height. The
containers were filled with dry soil, and the seeds
were sowed with spacing of 20×20 cm at the seed
rate of 3–5 seeds per hill. Water was supplied to
the containers soon after sowing, and soil moisture
was maintained at field capacity. The seedlings were
thinned to obtain 1 plant per hill at 7 days after
emergence.

Five treatments consisting of no fertilizer con-
trol, BGA, BGA+NPK 0-16-8, BGA+NPK 16-16-8,
and NPK 16-16-8+NPK 46-0-0 were arranged in a
completely randomized design with six replications.
NPK 0-16-8 or NPK 16-16-8 was applied 15 days
after emergence (DAE) at the rate equivalent to
187.5 kg/ha, and NPK 46-0-0 was applied 30 days
before anthesis at the rate equivalent to 125 kg/ha.
The calculation of fertilizers was based on the rates
applied in the field.

Sample unit was one container and there were
30 containers totally. BGA is a commercial product
in liquid form kindly provided by the Agro-biomate
Co., Ltd. The biofertilizer of 1 l was diluted with
clean water of 30 l and spayed to the treatments at
15 DAE. Sufficient water was supplied to the exper-
iment, and water level was maintained at 10 cm at
tillering until near harvest.

Data for growth and development were
recorded for the number of tillers at anthesis and
harvest, plant height at 30, 45, 60, 75, and 90 DAE
and days to flowering. SPAD (soil plant analysis
development) chlorophyll meter reading (SCMR)
was also recorded at 30, 45, 60, 75, and 90 DAE.
This parameter was used as a surrogate trait for
chlorophyll density in leaves.

Data for yield and yield component were
recorded at harvest. These included 1000-seed
weight, number of panicles per hill, number of
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seeds per panicle, number of filled seeds, number
of unfilled seeds, seed weight, and total dry weight
(without root). Harvest index was also calculated
as the ratio of seed weight to total dry weight.

Nitrogen, phosphorus, and potassium in straws
and seeds were analysed at days to anthesis 75%
and harvest. Samples in each plot were anal-
ysed for nitrogen by micro-Kjeldahl method and
the concentrations of nitrogen were determined by
automated indophenol method16. Phosphorus was
analysed by wet oxidation using perchloric acid and
HNO3 and vanadomolybdate colour was measured
by a spectrophotometer at wavelength of 420 nm.
Potassium was analysed by wet oxidation, and the
concentrations were measured using atomic absorp-
tion spectrophotometer12. Nutrient uptake for each
sample was expressed as g/m2.

Field experiment

Soil samples were taken from the farmer’s fields
before rice planting and after rice harvesting at the
depth between 0 and 15 cm. The soil was air-dried
and sieved. The methods for soil preparation and
analysis for soil physical and chemical properties
were the same as in greenhouse experiment. The
soil data are presented in Table 1.

The experiment was conducted at farmer’s fields
in Maha Sarakham and Kalasin provinces. Rice
variety Chainat 1 was used in this study. Treatment
consisting of no fertilizer control, BGA, BGA+NPK
0-19-8, BGA+NPK 16-16-8 and NPK 16-16-8+NPK
46-0-0 were arranged in a completely randomized
design with four replications for the two locations.
NPK 0-16-8 was applied at 15 DAE at the rate
of 187.5 kg/ha. NPK 16-16-8 was applied at 15
DAE at the rate of 187.5 kg/ha, and NPK 46-0-0
was applied 30 days before anthesis at the rate of
125 kg/ha. Blue-green algae was applied to the crop
as mentioned in the greenhouse experiment.

The plants were grown in plots of 10×10 m
for each plot with the alleys of 1 m which were
separated by two rice bunds. Conventional soil
preparation was practised. The soil was ploughed
for twice and puddled. The seeds were sowed at the
rate of 93.75 kg/ha. Weeds were controlled manu-
ally and regularly. Irrigation was also available as
crop need by using water in farm ponds near the
experimental sites. Level of water was maintained
at 10–15 cm at tillering until near harvest.

Data analysis

ANOVA was performed for greenhouse data ac-
cording to a completely randomized design and

field data according to randomized complete block
design, Duncan’s multiple range test was used to
compare means17. All calculations were done using
MSTAT-C18. Unless indicated otherwise, statistically
significant means p ¶ 0.05.

RESULTS

Soil properties

Soil types were classified as sandy loam in green-
house and Kalasin and as sand in Maha Sarakham.
The soils in greenhouse and Maha Sarakham were
acidic (pH = 5.47, 5.82) whereas that in Kalasin
was highly acidic (pH = 4.75) (Table 1). The soils
in all locations were not saline as the electrical
conductivity values were low, ranging from 0.056–
0.137 dS/m. The soil in greenhouse has high cation
exchange capacity (CEC) (27.67 cmol/kg), but in
Maha Sarakham had low CEC (8.45 cmol/kg), and
in Kalasin it had moderate CEC (14.59 cmol/kg).

The soils in greenhouse and Maha Sarakham
were low in organic matter (1.3%, 0.87%) and
total nitrogen (0.048%, 0.031%), whereas the soil
in Kalasin was rather fertile, having moderate or-
ganic matter (3%) and total nitrogen (0.117%). All
soils in the experiments had insufficient available
phosphorus, ranging from 5.36–9.95 mg/kg. The
soil in Maha Sarakham was low in exchangeable
phosphorus (55.7 mg/kg) and exchangeable cal-
cium (620 mg/kg), whereas the soils in greenhouse
and Kalasin were sufficient for exchangeable phos-
phorus (104.0 and 105.5 mg/kg) and exchangeable
calcium (2490 and 1234 mg/kg).

Nutrient uptake

In greenhouse, BGA was greater than control for
nitrogen, phosphorus and potassium in seeds. Al-
though they were not significantly different for ni-
trogen, differences in phosphorus and potassium
between control and BGA were significant (p ¶
0.01) (Table 2). There was no significant difference
between control and BGA for nitrogen, phosphorus
and potassium in straws. However, nitrogen, phos-
phorus and potassium in seeds and straws were in-
creased with high application of fertilizers, and NPK
16-16-8+NPK 46-0-0 was the highest for nitrogen,
phosphorus and potassium in seeds and straws.

Although nitrogen concentration (17.69 kg/ha)
in seeds of rice variety Chainat 1 grown in the
field in Maha Sarakham was much higher than
in Kalasin (12.56 kg/ha), the difference was not
statistically significant because of high variation
in environments as indicated by high C.V. values
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Table 2 Means for N, P, and K in seeds and straws of Chainat 1 rice grown in greenhouse.

Treatments† Seeds Straw

N (g/m2) P (g/m2) K (g/m2) N (g/m2) P (g/m2) K (g/m2)

NPK 16-16-8+NPK 46-0-0 5.04a 1.31a 1.46a 8.11a 0.79a 20.61a

NPK 16-16-8+BGA 2.15b 1.22a 1.33a 2.83b 0.56b 15.60b

NPK 0-16-8+BGA 1.11c 0.52bc 0.69c 1.27c 0.34c 8.65c

BGA 1.34c 0.67b 0.89b 1.39c 0.33c 8.25c

Control 0.85c 0.46c 0.60c 1.22c 0.35c 8.37c

C.V. (%) 29.5 16.9 16.1 23.7 20.8 23.9

† In this Table and the following: NPK 0-16-8, NPK 16-16-8, and NPK 46-0-0 are chemical fertilizers of nitrogen,
phosphorus, and potassium applied at the rates of 187.5, 187.5, and 125 kg/ha, respectively.
In this Table and the following: Means in the same column followed by the same letter were not significantly
different at 0.05 probability level by Duncan’s multiple range test.

Table 3 Means for N, P, and K in seeds and straws of Chainat 1 rice grown in the field.

Locations/treatments Seeds Straws

N (kg/ha) P (kg/ha) K (kg/ha) N (kg/ha) P (kg/ha) K (kg/ha)

Maha Sarakham 17.69 4.25 80.87a 10.81 4.37 4.50
Kalasin 12.56 3.00 59.62b 11.06 4.75 4.94

NPK 16-16-8+NPK 46-0-0 24.69a 5.81a 102.44a 18.75a 6.81a 6.59a

NPK 16-16-8+BGA 12.56b 3.25b 67.81b 11.31b 4.31b 4.61b

NPK 0-16-8+BGA 14.37b 3.25b 56.12b 8.37b 3.94b 4.34b

BGA 12.62b 3.00b 61.69b 8.19b 3.87b 4.18b

Control 11.50b 2.87b 63.19b 8.00b 3.81b 4.06b

C.V. (%) 34.1 28.2 19.1 24.3 28.4 25.8

(34%) (Table 3). Maha Sarakham was also higher
than Kalasin for phosphorus and potassium in seeds
and nitrogen in straws, but it had lower concen-
trations of phosphorus and potassium in straws.
A significant difference between Maha Sarakham
and Kalasin was found for the concentrations of
potassium in seeds only, and potassium concen-
tration (80.87 kg/ha) in seeds in Maha Sarakham
was significantly (p ¶ 0.05) higher than in Kalasin
(59.62 kg/ha).

Concentrations of nitrogen phosphorus and
potassium in seeds and straws of rice variety Chainat
1 grown in the field followed the same pattern. Gen-
erally, the concentrations of nitrogen, phosphorus,
and potassium increased with high application of
fertilizer although the concentrations of potassium
in seeds were slightly confounding as NPK 16-16-
8+BGA had slightly lower concentration compared
to BGA and control. However, NPK 16-16-8 +
BGA, NPK 0-16-8 + BGA, BGA, and control were
not statistically different, but they were significantly
(p ¶ 0.05) lower than NPK 16-16-8 + NPK 46-0-0
for nitrogen, phosphorus, and potassium from seeds

and straws. Only the application of fertilizers at
the highest dose was significantly (p ¶ 0.05) higher
than other doses.

Plant height

Plant height was measured at 30, 45, 60, 75,
and 90 DAE in field experiment and greenhouse
experiment. There were two locations in Maha
Sarakham and Kalasin in field experiment, and there
was only one greenhouse in greenhouse experiment.
Except for location difference, the treatments were
the same in field experiment and greenhouse ex-
periment, and the results of the experiments were
compared directly. The rice grown in Kalasin was
significantly (p¶ 0.05) higher than Maha Sarakham
for plant height at 30, 45, 60, and 75 DAE, but the
difference was not statistically significant at 90 DAE
(Table 4).

In field experiment and in greenhouse exper-
iment, the plants treated with BGA were higher
than those untreated control at 30, 45, 60, 75,
and 90 DAE although most differences were not
significant except in greenhouse experiment at 75
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Table 4 Means for plant height (cm) of Chainat 1 rice.

Locations/treatments Field experiment (days) Greenhouse experiment (days)

30 45 60 75 90 30 45 60 75 90

Maha Sarakham 38.6b 48.6b 59.1b 65.0b 83.8
Kalasin 45.2a 55.6a 63.6a 76.1a 80.7

NPK 16-16-8+NPK 46-0-0 44.9a 55.1a 63.5ab 76.4a 90.2a 50.3a 67.0b 70.4b 86.8b 110.3a

NPK 16-16-8+BGA 44.8a 55.0a 65.7a 73.3ab 82.9b 52.1a 70.7a 75.9a 91.1a 104.8b

NPK 0-16-8+BGA 39.3b 49.5b 58.5b 68.0b 80.4b 44.0b 53.8cd 57.0c 70.1cd 83.6c

BGA 41.5ab 51.7ab 61.5ab 68.6b 79.6b 46.9b 55.2cd 59.1c 72.3c 82.4c

Control 39.0b 49.2b 57.6b 66.7b 78.1b 44.0b 52.6d 56.3c 68.3d 82.0c

C.V. (%) 7.6 6.1 6.8 6.1 12.9 4.9 3.4 3.6 3.0 3.9

Table 5 Means for SPAD chlorophyll meter reading of Chainat 1 rice.

Locations/treatments Field experiment (days) Greenhouse experiment (days)

30 45 60 75 90 30 45 60 75 90

Maha Sarakham 24.8a 25.3a 25.8a 30.2a 32.1a

Kalasin 21.7b 23.0b 23.4b 28.7b 26.4b

NPK 16-16-8+NPK 46-0-0 24.1 25.0 27.0a 36.5a 34.2a 37.1 30.4 32.3 35.3a 34.0a

NPK 16-16-8+BGA 23.7 24.6 23.4b 27.2b 27.9b 38.2 31.5 32.5 29.1b 28.3b

NPK 0-16-8+BGA 23.3 24.2 24.1b 27.3b 28.9b 35.3 30.8 32.1 28.6bc 27.4b

BGA 22.6 23.5 23.9b 27.7b 26.8b 34.4 30.8 31.2 27.9c 27.4b

Control 22.6 23.4 24.5b 28.4b 28.5b 32.6 31.9 32.0 27.9c 27.1b

C.V. (%) 6.6 6.4 6.2 4.3 7.5 13.5 5.1 5.7 3.1 3.2

DAE in which the plants treated with BGA were
significantly (p ¶ 0.05) higher than those untreated
control. The results indicated that application of
BGA tended to increase plant height. In general,
the plants treated with NPK 0-16-8+BGA were not
significantly different from those treated with BGA
and untreated control for plant height but, in gen-
eral, they were significantly (p ¶ 0.05) lower than
the plants treated with NPK 16-16-8+BGA and NPK
16-16-8+NPK 46-0-0 except for NPK 16-16-8+BGA
at 75 and 90 DAE. The plants treated with NPK 16-
16-8+BGA and the plants treated with NPK 16-16-
8+46-0-0 were very similar for plant height except
for some evaluation times. For example, the plants
treated with NPK 16-16-8+ BGA were significantly
(p ¶ 0.05) higher than the plants treated with NPK
16-16-8+NPK 46-0-0 in greenhouse experiment at
45 and 75 DAE and, in both experiments at 90 DAE,
the plants treated with NPK 16-16-8 + NPK 46-0-
0 were significantly (p ¶ 0.05) higher than those
treated with NPK 16-16-8+BGA.

SPAD chlorophyll meter reading (SCMR)

The plants grown in Maha Sarakham had signifi-
cantly (p ¶ 0.05) higher SCMR than those grown

in Kalasin at 30, 45, 60, 75, and 90 DAE (Table 5).
There was no significant difference among the treat-
ments for SCMR at 30 and 45 DAE in field exper-
iment and at 30, 45, and 60 DAE in greenhouse
experiment. However, significant (p ¶ 0.05) differ-
ences among treatments were observed at 60, 75,
and 90 DAE in field experiment and at 75 and 90
DAE in greenhouse experiment. In field experiment,
untreated control, BGA, NPK 0-16-8+BGA and NPK
16-16-8 + BGA at 60, 75, and 90 DAE were not
significantly different, but they were significantly
(p ¶ 0.05) lower than NPK 16-16-8+NPK 46-0-0.
In greenhouse experiment, most differences among
untreated control, BGA, NPK 0-16-8+BGA, and NPK
16-16-8+BGA at 75 and 90 DAE were not significant
except for untreated control and BGA, which were
significantly (p ¶ 0.05) lower than NPK 16-16-8+
BGA. Untreated control, BGA, NPK 0-16-8+ BGA,
and NPK 16-16-8 + BGA were significantly lower
than NPK 16-16-8+NPK 46-0-0 in field experiment
at 60, 75, and 90 DAE and greenhouse experiment
at 75 and 90 DAE. In general, an application of
fertilizers increased SCMR, but differences among
treatments were observed at the highest dose and
late evaluation times.
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Table 6 Means for straw dry weight (SDW), total dry weight (TDW), number of tillers/plant (NT/P), number of
panicle/plant (NP/P), and number of seeds/panicle (NS/P) of Chainat 1 rice.

Locations/treatments Field experiment Greenhouse experiment

SDW† TDW† NT/P (NP/P) NS/P SDW‡ TDW‡ NT/P NP/P NS/P

Maha Sarakham 3998a 6030a 5.7a 6.8a 83.2a

Kalasin 2894b 5049b 2.3b 3.3b 42.8b

NPK 16-16-8+NPK 46-0-0 5255a 8088a 4.7 5.8 68.5 1161.7a 1766.7a 17.5a 18.1a 144.8
NPK 16-16-8+BGA 3260b 5450b 4.1 5.4 65.2 831.3b 1372.9b 11.2b 11.3b 127.7
NPK 0-16-8+BGA 3000b 4855b 3.8 4.9 64.5 467.5c 753.3c 8.2c 8.5cd 126.3
BGA 2904b 4731b 3.9 4.8 62.1 445.0c 767.5c 9.0c 9.0c 103.3
Control 2813b 4578b 3.5 4.5 54.8 451.3c 669.2c 6.8d 7.3d 121.1

C.V. (%) 16.7 14.0 20.8 17.8 16.7 16.1 14.7 9.2 9.2 14.8

† (kg/ha), ‡ (g/m2).

Straw dry weight, total dry weight, number of
tillers/plant, number of panicles/plant, and
number of seeds/panicle

Straw dry weight, total dry weight, number of
tillers/plant, number of panicles/plant, and number
of seeds/panicle were significantly higher in Maha
Sarakham than in Kalasin (Table 6). In field ex-
periment, significant differences among treatments
were observed for straw dry weight and total dry
weight, whereas the differences among treatments
for number of tillers/plant, number of panicles/-
plant and number of seeds/panicle were not sta-
tistically significant. Untreated control, BGA, NPK
0-16-8 + BGA, and NPK 16-16-8 + BGA were not
significantly different, but they were significantly
lower than NPK 16-16-8+NPK 46-0-0 for straw dry
weight and total dry weight. Although differences
among treatments were not significant for some
traits, all traits showed increasing trend towards
high application of fertilizers. Control treatment
was lowest and NPK 16-16-8 + NPK 46-0-0 was
highest for these traits.

In greenhouse experiment, significant differ-
ences among the treatments were observed for
straw dry weight, total dry weight and number of
tillers/plant and number of panicles/plant, whereas
the differences were not significant for number of
seeds/panicle. Straw dry weight, total dry weight,
number of tillers/plant, number of panicles/plant
and number of seeds/panicle were increased with
application of high fertilizers. In general, untreated
control, BGA and NPK 0-16-8 + BGA were signifi-
cantly lower than NPK 16-16-8+BGA and NPK 16-
16-8+ NPK 46-0-0 for straw dry weight, total dry
weight and number of tillers/plant, and NPK 16-16-
8+BGA was lower than NPK 16-16-8+NPK 46-0-0
for these traits. BGA was significantly higher than

untreated control for number of tillers/plant and
number of panicles/plant.

Seed weight, 1000-seed weight, filled seeds,
unfilled seeds, and harvest index

Seed weight was higher in plants from Kalasin than
those from Maha Sarakham although the difference
was not significant (Table 7). However, significantly
higher 1000-seed weight, unfilled seeds, and har-
vest index were found in Kalasin, filled seeds were
significantly higher in Maha Sarakham.

In field experiment, significant differences
among treatments were observed for seed weight
and 1000-seed weight, but the differences among
treatments for filled seeds, unfilled seeds and har-
vest index were not significant. Application of
high rates of fertilizers resulted in the increase
in seed weight as indicated by the highest seed
weight of NPK 16-16-8+NPK 46-0-0 (2833 kg/ha)
and the lowest seed weight of untreated control
(1765 kg/ha). NPK 16-16-8+NPK 46-0-0 was signif-
icantly higher than other treatments for seed weight
and 1000-seed weight. However, the differences
among treatments for 1000-seed weight did not
show a clear pattern.

In greenhouse experiment, significant differ-
ences among treatments were observed for seed
weight, 1000-seed weight and harvest index, but the
differences among treatments for filled seeds and
unfilled seeds were not significant. Seed weight and
1000-seed weight increased with application of high
fertilizer rates, but differences in harvest index did
not show a clear pattern although BGA was highest
(0.42) for harvest index and the untreated control
was lowest (0.32). BGA was significantly higher
than untreated control for seed weight, and the
difference was 16%. NPK 16-16-8+NPK 46-0-0 was
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Table 7 Means for seed weight (SW), 1000-seed weight (TSW), filled seeds (FS), unfilled seeds (US), and harvest
index (HI) of Chainat 1 rice.

Locations/treatments Field experiment Greenhouse experiment

SW† TSW‡ FS (%) US (%) HI SW# TSW‡ FS (%) US (%) HI

Maha Sarakham 2032 18.5b 85.8b 14.2a 0.34b

Kalasin 2156 28.9a 93.2a 6.8b 0.42a

NPK 16-16-8+NPK 46-0-0 2833a 25.6a 90.5 9.5 0.36 605.0a (47%)* 30.4a 83.5 16.5 0.34bc

NPK 16-16-8+BGA 2190b 23.8ab 90.1 9.9 0.40 541.7a (43%) 27.8ab 84.7 15.3 0.39ab

NPK 0-16-8+BGA 1855b 22.4b 87.8 12.2 0.38 285.8bc (13%) 24.5bc 81.1 18.8 0.38ab

BGA 1827b 23.8ab 89.3 10.7 0.38 322.5b (16%) 22.2cd 84.2 15.7 0.42a

Control 1765b 22.9ab 89.9 10.1 0.38 217.9c 20.5d 74.0 25.9 0.32c

C.V. (%) 15.2 8.5 3.0 26.3 8.4 20.1 11.3 8.9 29.6 13.2

† kg/ha; ‡ g; #g/m2. * Numbers in parenthesis indicate percent increase from the control.

highest for seed weight, and the difference between
NPK 16-16-8+NPK 46-0-0 and the untreated control
was 47%. NPK 16-16-8 + NPK 46-0-0 was also
highest (30.4 g) for 1000-seed weight, whereas the
untreated control was also lowest (20.5 g), and the
difference between NPK 16-16-8+NPK 46-0-0 and
the untreated control was 9.7 g.

DISCUSSION

Nutrient uptake

Soils in greenhouse and Maha Sarakham were acidic
and soils in Kalasin was highly acidic. Soil pH
could affect the growth of BGA and nutrient uptake
of rice. In general, nutrient uptake of the soil in
Maha Sarakham was better than that in Kalasin,
especially for potassium. Higher nutrient uptake
in Maha Sarakham soil would possibly be due to
higher soil fertility and higher soil pH. Soil pH in the
range of 6.5–7.5 promotes availability and uptake
of nitrogen, phosphorus, and potassium. Soil pH
lower than 6.0 reduces availability of these nutrients
and increases availability and uptake of iron that can
be toxic to some plants1. In previous investigation,
the use of BGA in high pH soil was not successful4.
The pH for BGA growth in culture media ranges
from 7.5 to 10, and lower pH limits growth19. Soil
pH in this study was much lower than that for opti-
mum growth of BGA. The results indicated that soil
pH is an important factor determining the success in
application of BGA in rice production. Application
of lime as soil amendment could increase soil pH
and soil fertility20.

Comparing the nutrient uptake among the treat-
ments, it would be expected that nitrogen uptake in
the plants treated with BGA would be higher than
those of untreated control. Fixed nitrogen from BGA

should provide a significant amount of nitrogen to
the plants and the application of chemical fertilizers
would result in greater uptake of plant nutrients
than the BGA treatment or untreated control. In
this study, however, BGA had significantly higher
nitrogen uptake than the untreated control in green-
house experiment, but the difference was not sig-
nificant for field experiment, although BGA tended
to have higher nitrogen uptake than the untreated
control. Application of chemical fertilizers at the
highest rate (NPK 16-16-8 + NPK 46-0-0) had the
highest uptake of nitrogen, phosphorus, and potas-
sium in both greenhouse and field experiments.

The results of this study supported theoretical
expectation for application of chemical fertilizers at
high rates in both greenhouse and field experiments.
However, for the application of BGA compared to
the untreated control, nitrogen uptake of BGA was
significantly higher than the untreated control for
greenhouse experiment only, whereas the results
for nitrogen uptake of BGA compared to untreated
control in field experiment was rather confounding.
The contribution of biological nitrogen fixation of
BGA to the rice ecosystems has been well docu-
mented. However, pH lower than 6.9 limits the
success in application of BGA in agriculture21.

In previous investigations, rice yield was closely
correlated with plant nutrient uptake22. Increase
nutrient uptake was associated with the increases
in biomass, grain yield, and nutrients in grains and
straws23. In this study, the authors expected that
nutrient uptake could provide useful information
on the performance of rice crop treated with single
and combinations of BGA and chemical fertilizers at
different rates.

Other soil parameters such as total nitrogen,
available phosphorus and exchangeable potassium
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and exchangeable calcium could affect the differ-
ences in rice performance between locations, and
these parameters were differences between loca-
tions. However, this study could not be able to
separate each effect of these soil nutrients and
considered as location effects. In contrast, soil pH
values were rather similar among experimental sites
and greenhouse. Low soil pH limits the uptake of
most soil nutrients, but it promotes the release of
iron, manganese, boron, copper and zinc that can
be toxic to both rice and BGA.

Plant height and chlorophyll content

Plant height is a parameter indicating growth of
many crops. In previous investigations in rice, plant
height was a good parameter to monitor growth of
plants affected by drought stress24 or nutrient defi-
ciency25. In this study, the rice plants treated with
BGA had a height that did not differ significantly
from untreated control from 30 DAE to 90 DAE
in both greenhouse and field experiments. High
rates of chemical fertilizer application (NPK 16-16-
8+NPK 46-0-0 and NPK 16-16-8+BGA) gave taller
plants than did the low rates of fertilizer application
(NPK 0-16-8+BGA, BGA and control). Plant height
is thus a poor parameter to detect small differences
among fertilizer treatments.

SCMR that measures chlorophyll in the leaves is
an indicator of plant health. SCMR has been used
for screening of drought tolerance in peanut26, 27

and to determine nitrogen status in maize28,
potato29, and rice30. In this study, BGA was not
different from untreated control in both greenhouse
and field experiments. SCMR values were very
similar among untreated control, BGA, NPK 0-16-
8 + BGA and NPK 16-16-8 + BGA, but they were
significantly lower than NPK 16-16-8+NPK 46-0-0,
which was the highest rate at 60, 75, and 90 DAE in
greenhouse and 75 and 90 DAE in the field. SCMR
had lower discrimination power than plant height
as it could not separate lower rates of fertilizer
application. In addition, SRM was less sensitive to
fertilizer application than plant height.

Chainat 1 is a new HYV variety with short stems
and is suitable for all seasons in irrigated areas.
This variety responded poorly for plant height and
SCMR, and the differences in plant height and
SCMR among treatments were not clears neither in
greenhouse nor in field experiments.

Crop productivity

Blue green algae (BGA), NPK 0-16-8 + BGA, and
NPK 16-16-8+BGA, NPK 16-16-8+NPK 46-0-0, and

control were evaluated for traits related to crop pro-
ductivity such as straw dry weight, total dry weight,
number of tillers/plant, number of panicles/plant
and number of seeds/panicle, seed weight, 1000-
seed weight, filled seeds, unfilled seeds, and harvest
index. In greenhouse experiment, the treatments
were significantly different for straw dry weight,
total dry weight, number of tillers/plant, number
of panicles/plant, seed weight, 1000-seed weight
and harvest index, and, in field experiment, the
treatments were significantly different for straw dry
weight, total dry weight, seed weight, 1000-seed
weight and harvest index.

It was clear from the greenhouse experiment
that higher seed weight of BGA-treated plants was
associated with higher number of tillers/plant, num-
ber of panicles/plant, and harvest index. In field
experiment, however, BGA-treated plants did not
show clear differences from the control for these
traits. The differences between the results in green-
house and in the fields might be due largely to
high environmental fluctuation in the fields and
difference in population densities (direct sowing for
fields and one plant per hill for greenhouse).

In a previous investigation in Khon Kaen, which
is adjacent to Maha Sarakham, 5 strains of BGA
were tested in greenhouse and field experiments
on rice variety RD 23, and Tolypothrix sp. was the
strain with higher grain yield than the untreated
control in greenhouse experiment in Bangkok31. In
general, the authors found that the strains of BGA
could increase grain yield of about 12–26% un-
der greenhouse conditions. Under field conditions,
however, the application of fertilizers at the highest
rate gave the highest grain yield in the field in Khon
Kaen, and no statistical difference was observed
among BGA strains, biofertilizer, and the control.
The discrepancy of the results between greenhouse
and field experiments are perhaps due to higher
environmental variation under field conditions.

Biological nitrogen fixation is important in agri-
culture to replace expensive chemical fertilizers. In
rice based agro-ecosystems, many legumes have
been used successfully to replenish organic matter
and fixed nitrogen to the soils in the forms of
cash crops such as peanut32 and green fertilizers
such as Sesbania rostrata33 and sunhemp (Crota-
laria juncea)34. In this study, BGA could improve
rice grain yield in greenhouse but using BGA in the
field was not successful. Although BGA has been
widely used as biofertilizer in rice fields, its success
is dependent on soil properties especially for low pH
soil that limits the success of BGA application.
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Raising soil pH is important for the success in
application of BGA in rice fields, and the application
of BGA in low pH soils is not recommended. This
information is useful for biofertilizer business to
develop BGA fertilizers that tolerate low pH soils
and to agricultural extension to give recommen-
dation to the farmers and researchers to develop
the application of other types of biological nitrogen
fixation in rice fields with acidic soils.

In this study, the persistence of BGA in soil was
not evaluated. Making conclusion with confidence
is therefore not possible. However, the consistency
of the results in greenhouse experiment and field
experiment gave useful information to farmers and
scientists who want to adopt this technology for
organic rice production.
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