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Abstract

The objectives of this study were to investigate the seed to seedling enhancement of Rhizo-product under laboratory
conditions and to explore the efficacy of the product for partial fertilizer substitution in rice growth and yield production
under submerged soil. Results showed that rice seedlings treated with Rhizo-product was significantly promoted compared to
the non-bacterized control. Greenhouse experiments revealed that the growth parameters of all rice cultivars treated at 50%
recommended fertilizer rate (RFR) and supplemented with Rhizo-product were better than, or equal to, the growth parameters
ofrice plants treated with full fertilizer rate (FFR) alone. Additionally, yield production of all rice cultivars receiving 50% RFR
supplemented with the product was similar to rice treated with FFR alone. In conclusion, Rhizo-product stimulated early rice
seed to seedling growth and exhibited growth and yield production at 50% RFR that was comparable to growth and yield

production at FFR.

Keywords: Rhizo-product, early rice seedlings promotion, 50% chemical fertilizer replacement, rice yield enhancement

1. Introduction

Bacillus cereus strain RS87 was previously studied
for plant growth enhancement in several plant families and
examined in both greenhouse and field experiments (Jetiyanon,
2002; Jetiyanon & Plianbangchang, 2010; Jetiyanon &
Plianbangchang, 2012). Multiple mechanisms of plant growth
promotion by strain RS87 have been reported including

* Corresponding author.
Email address: kanchaleej@nu.ac.th; kanchaleej@gmail.com

indole-3-acetic acid (IAA) production, phosphate solubiliza-
tion, siderophore production, and nitrogen fixation (Jetiyanon
et al., 2008; Jetiyanon & Plianbangchang, 2010; Jetiyanon,
2015).

Wetland or paddy rice cultivation is a major rice pro-
duction system in Asia, including Thailand (Sahrawat, 2007).
Nevertheless, this submerged rice growing is likely to result
in losses of nitrogen due to several causes, such as denitrifi-
cation, leaching, run-off, and volatilization (Patnaik, 1965;
Pande & Adak, 1971; Ghosh & Bhat, 1998). Benefits of plant
growth-promoting bacteria in the alleviation of the effects of
such chemical problems have been evident (Rodriguez &
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Fraga, 1999; Sheng & He, 2006; Tripathi et al., 2008; Berg,
2009; Yang et al., 2009). Moreover, Jetiyanon and Plianbang-
chang (2012) reported that rice cultivars in small experimental
paddy fields receiving 50% chemical fertilizer rate in combina-
tion with vegetative cells of strain RS87 gave similar growth
and yield compared to those receiving the full chemical
fertilizer rate alone. In these experiments, bacterial suspen-
sions of fresh vegetative cells were routinely prepared for
each experiment, causing tremendous difficulty for practical
use. For this reason, an alternative formulation of strain RS87
needed to be developed. Being a Gram-positive bacterium,
strain RS87 advantageously produces a resistant life stage, or
“endospore”. A film coating of seeds with endospores of strain
RS87 has been successfully used to achieve early plant
growth promotion in pepper and cucumber (Jetiyanon et al.,
2008). However, this formulation is only suitable for seeds
sown in non-submerged soils.

Currently, we have developed a pellet formulation
containing spores of strain RS87 on a laboratory scale for
practical application on rice in submerged soils (Jetiyanon et
al., 2015). To establish the possible efficacy of this formula-
tion of strain RS87, the product needs to be examined under
the submerged system. The objectives of this study are (1) to
investigate the potential of Rhizo-product containing spores
of strain RS87 for early rice growth promotion from seeds
under laboratory conditions and (2) to explore the efficacy
of the product for partial chemical fertilizer substitution in
growth enhancement and yield production in rice grown in
submerged soil.

2. Materials and Methods

2.1 Rhizo-product of Bacillus cereus strain RS87 and
preparation of live bacterial suspension:

In this study, the tested product was formulated as
granular pellets roughly 2-3 cm in diameter. The main active
ingredient in the tested product for plant growth promotion
was spores of B. cereus strain RS87 prepared with the proce-
dure described by Jetiyanon et al. (2008). The pellets also
contained clay powder, corn starch, and microcrystalline
cellulose. There were approximately 10° spores of strain RS87
per one gram of tested product. B. cereus strain RS87 was
maintained and prepared for experimental use as described
by Jetiyanon et al. (2008). The bacterial concentration was
then adjusted to 10° cells/ml.

2.2 Source of rice seed cultivars and clay soils

Three photoperiod insensitive Thai rice cultivars
(Oryza sativa L. Phitsanulok 2 (PHS2), RD47, and RD49) were
tested in this study. These rice cultivars were kindly provided
by the Phitsanulok Rice Research Center, Rice Department,
Ministry of Agriculture and Cooperatives, Thailand. Clay soils
used in the greenhouse experiment were collected from
growers’ rice paddy fields next to Naresuan University,

Phitsanulok Province. All soil samples were autoclaved at
121°C for 15 min before use.

2.3 Early seedling growth promotion

Rice seeds of each cultivar were surface sterilized in
3% NaOCl for 10 min and were then rinsed thrice with steril-
ized double distilled water (ddH,O). Two grams of rice seeds
of each cultivar were soaked in a suspension of the tested
product of strain RS87 for 24 hrs. The suspension was
prepared by combining three grams of tested product with 30
mL of sterilized ddH,O in a 100 ml sterilized Erlenmeyer flask.
The tested product was dispersed evenly using a magnetic
bar on a stirrer. Seeds of each rice cultivar soaked in a
sterilized ddH,O, only, served as a non-bacterized control.
Additionally, seeds of each rice cultivar soaked in live cells
of the strain RS87 (10° cells/ml) served as a positive control
treatment. Tested product suspensions and ddH,O were
discarded and seeds were further incubated in the incubator
at 30°C covered with foil to prevent dehydration. Root and
shoot development were observed daily. Ten rice seedlings
of each cultivar from each treatment were randomly sampled
six days after incubation for shoot and root measurement.
The shoot height was measured from the seed germination
site to the highest point of the shoot, while the root length
was measured from the seed germination site to the end of
the main root. The experiment was repeated.

2.4 Rice growth enhancement

All three rice cultivars (Phitsanulok 2 (PHS2), RD47,
and RD49) were studied separately under greenhouse condi-
tions. The experimental design for each tested cultivar was a
randomized complete block consisting of four treatments
replicated four times each. A 6-inch-diameter plastic pot
containing five seedlings represented an experimental unit.
All rice plants were grown to maturity in their pots. An experi-
ment for each rice cultivar was conducted twice with each
experiment consisting of four treatments: 100% (full rate or
recommended fertilizer rate; RFR) with and without tested
product, 50% RFR with tested product, and tested product
alone. The average temperature in the greenhouse was 33°C
during the day and 27°C at night. The relative humidity was
approximately 80-85%. The daily photoperiod for all experi-
ments was at least 11.5 hrs.

Rice seeds of each cultivar were surface sterilized and
the tested product treatment was prepared and administered
as previously described. A sterilized ddH,O was served as
the negative control treatment. Afterwards, tested product
suspensions and ddH,O were discarded,-and the seeds were
further incubated at 30°C in the incubator for another six
days. Rice seedlings of each cultivar in each treatment were
then transplanted into plastic pots containing sterilized clay
soil. Pots were flooded from the day of transplant and
maintained with water above the soil line in each pot through-
out the experiment. A commercial fertilizer, nitrogen (46-0-0)
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was applied to rice plants 30 days after transplanting into the
plastic pot. The RFR of nitrogen was applied 115 kg N ha™.
The other treatments used 100% and 50% of these applica-
tion rates supplemented concurrently with one gram of tested
product per pot. The tested product alone was applied at one
gram of tested product per pot. Growth parameters (plant
height, stem size, numbers of leaves, and rice leaf blade size)
in each treatment of each rice cultivar were observed daily
and were recorded for 45 days after transplanting. All data
were analyzed by analysis of variance (ANOVA) and the
treatment means were separated using Fisher’s protected
least significant difference (LSD) test at P<0.05 using SAS
software (SAS Institute, Cary, NC, USA).

2.5 Rice yield enhancement

All three rice cultivars (PHS2, RD47, and RD49) were
also examined separately in the greenhouse for yield enhance-
ment. The experimental design for each rice cultivar, as well as
treatments, replications and greenhouse conditions were the
same as those described in the rice growth promotion experi-
ments. Rice seeds were sterilized, treated, and incubated
with the same procedures as previously described. The rice
seedlings of each cultivar in each treatment were transplanted
into plastic pots (six inches in diameter) containing a sterilized
claysoil, flooded, and maintained throughout the experiment
as previously described. Two types of commercial fertilizer;
nitrogen (46-0-0) and complex (15-15-15), were applied to rice
plants depending on their growth stage. The RFR of nitrogen
was applied 115 kg N ha” and the RFR of complex was
applied 38 kg N, 16 kg P, 32 kg K ha. The fertilizer applica-
tion was split three ways: (1) 115 kg N ha™ at 30 days after
transplanting, (2) 38 kg N, 16 kg P, 32 kg K ha' at maximum
tillering stage, and (3) 38 kg N, 16 kg P, 32 kg K ha™ at panicle
initiation. The other treatments used 100% and 50% of these
application rates with one gram of tested product per pot
applied concurrently. The tested product alone was applied
at one gram of product per pot.

Tiller numbers in each treatment of each rice cultivar
were also observed. During the harvesting period of each rice
cultivar, water was drained from each plastic pot. The soil
dried gradually while the whole rice panicles were approach-
ing maturity. Rice panicles from each cultivar were harvested,
and then were completely air dried in an oven (80°C) for 48
hrs. Number of panicles per pot, number of filled grains per
main panicle, and grain yield of each rice cultivar were
recorded. All data were analyzed by analysis of variance
(ANOVA) and the treatment means were separated using
Fisher’s protected least significant difference (LSD) test at
P<0.05 using SAS software (Statistical Analysis System
Institute [SAS]).

2.6 Shelflife of B. cereus strain RS87 in the tested product

Before shelf life testing of strain RS87 in the product,
the product was randomly sampled and the original spore

concentration of strain RS87 per gram of product was checked
by serial dilution methodology. Then the product was divided
into two portions. One portion was kept at 30°C and the
other was kept at 50°C in the incubator for 12 months.
Monthly, each portion of the product was randomly sampled
and the viability of strain RS87 was checked onto tryptic soy
agar by serial dilution methodology. The plates were incu-
bated at 30°C for 24-48 hrs before checking the appearance
of colony forming unit (CFU) of the bacterium for each dilu-
tion. The viability check of strain RS87 for each dilution was
replicated three times.

3. Results
3.1 Seedling growth enhancement

Six days after incubation, all seed rice cultivars treated
with either live cells of strain RS87 or the tested product
generally had better growth promotion in terms of root length,
plant height, and development of secondary leaf, compared
to seeds in the non-bacterized control. For rice cultivar PHS2,
seedlings treated with the tested product developed mean
root length and mean plant height greater than seedlings
treated with live cells of strain RS87. Both treatments had
mean plant height and mean plant root length approximately
25% and 45%, respectively, significantly greater than seed-
lings treated with non-bacterized control (Table 1). At least
50% of seedlings treated with live cells of strain RS87 and
the tested product developed secondary leaves, while mostly
coleoptiles and some primary leaves appeared on the non-
bacterized control (Figure 1a).

For rice cultivar RD47, neither tested product treat-
ment nor treatment with live cells of strain RS87 had statisti-
cally significant differences in mean shoot height and root
length, but both treatments did have significantly greater
shoot height, at least 40% greater, and greater root length,
about four times greater, compared to the non-bacterized
control (Table 1). More than 80% of seedlings grown from
seeds treated with the tested product and live cells of strain
RS87 developed secondary leaves. While all seedlings in the
non-bacterized control developed coleoptiles, 40% of these
seedlings developed only primary leaves. Additionally, seed-
lings in both the tested product and live cells of strain RS87
treatments had developed several rootlets along the seminal
roots. In contrast, only the seminal roots developed in seed-
lings of non-bacterized control. Moreover, many adventitious
roots were noticeable in seedlings treated with the tested
product (Figure 1b).

For rice cultivar RD49, seedlings treated with the
tested product had the greatest mean shoot height (~37 mm)
followed by seedlings treated with live cells of strain RS87
(~27 mm), and the non-bacterized control treatment (~22 mm).
Seedlings treated with live cells of strain RS87 developed the
longest mean root length (~34 mm) compared with seedlings
in the non-bacterized control (~27 mm) and seedlings treated
with the tested product (~22 mm). There was statistically sig-
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Table 1. Early growth promotion of shoot height and root length of three Thai rice cultivars treated with
the tested product 6 days after incubation.

PHS2 RD47 RD49
Treatment”

Mean® shoot Mean® root Mean shoot Mean root Mean shoot Mean root

heighttmm) length (mm) height(mm) length (mm) height(mm) length (mm)
Nonbacterized control 28.10b" 30.05b 21.50b 15.65b 22.45¢ 27.00b
Lived cells RS87 37.95a 54.40a 36.10a 47.05a 26.85b 34.25a
Tested product 39.50a 55.60a 39.05a 43.45a 36.75a 22.40c
LSD 3.35 4.52 3.25 4.04 2.65 3.77

0.05

"Nonbacterized control, seeds treated with sterilized ddH,O; Lived cells RS87, seeds treated with bacterial cell
suspensions (10° cells/mL) of Bacillus cereus strain RS87; Tested product, seeds treated with rhizo-product
suspensions (10° spores/gram product). *Mean shoot height of each rice cultivar are from two separate experi-
ments. "Mean of primary root length of each rice cultivar are from two separate experiments. “Values followed
by a different letter(s) within a column are significantly different at P<0.05, according to Fishers’s protected

least significant difference test.
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Figure 1. Enhancement of shoot height and root length of three rice
cultivars (a) Phitsanulok 2, (b) RD47, and (c) RD49 six
days after incubation with the tested product.

nificant difference (P<0.05) in mean shoot height and mean
root length among all three treatments (Table 1). There was
sixty percent emergence of secondary leaves from seedlings
treated with the tested product, while no such leaves emerged
in the other two treatments. Furthermore, the adventitious
roots and rootlets developed only in seedlings treated with
the tested product but were not observed in the other two
treatments (Figure 1¢).

3.2 Rice growth promotion in vegetative stage

After transplanting into sterile soil in plastic pots,
seedlings of three rice cultivars generated from seeds soaked
with the tested product generally developed better and grew
faster than those seedlings in the non-bacterized control.
Fifteen days after fertilizer and/or tested product application,
for PHS2 cultivar, growth parameters such as plant height,
stem size, leaf'size and numbers of leaves in rice treated with
100% RFR in combination with the tested product and rice
treated with 50% RFR in combination with the tested product
were significantly greater than rice treated with 100% RFR
alone. It was noticed that in this plant growth stage, other
growth parameters of rice treated only with the tested
product were similar to rice receiving 100% RFR alone (Table
2).

For RDA47 cultivar, rice treated with 100% RFR supple-
mented with tested product generally exhibited the greatest
plant height, stem size, leaf'size, and leaf numbers. Stem size
and leaf numbers of this treatment were significantly bigger
and greater than treatment receiving 100% RFR alone. Most
growth parameters of rice treated with 50% RFR in combina-
tion with tested product and rice treated only with tested
product were similar to rice treated with 100% RFR alone
(Table 2).

All growth parameters of RD49 cultivar receiving
100% RFR supplemented with tested product also were the
greatest compared to the other treatments. In addition, stem
size and leaf size of this treatment was significantly greater
than rice treated with only 100% RFR. Except for stem size
which was greater, most growth parameters including plant
height, leaf size and number of leaves of rice receiving 50%
RFR in combination with tested product were similar to plants
receiving 100% RFR alone. While stem size and number of
leaves were similar to rice receiving 100% RFR alone, plant
height and leaf size in treatments receiving only tested



Table 2. Growth promotion of various rice vegetative growth parameters of three Thai rice cultivars responding to a half-rate of fertilizer in combined with the tested

product 45 days after transplanting

Mean plant growth parameters

RD49

RD47

PHS2

Treatment

Leaf No. of

Stem

size

(mm)

Plant
height

Leaf No.of
(cm)

Stem

size

(mm)

Plant
height

Leaf No. of
(cm)
47 .88ab

Stem

Plant
height’

leaves

size

(mm)"

leaves

size

(mm)"

leaves
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(m)

K. Jetiyanon et al. / Songklanakarin J. Sci. Technol. 39 (1), 109-116, 2017 113

(m)

(em)
45.40b*
5141a
51.03a
48.01ab

8.25ab
8.40a

9.60b
10.50a

7.50b
8.65a

47.76a
50.99a
49.45a
43.79b

8.00b
8.40a

8.35a

7.20b
8.10a
8.15a

7.65ab
0.82

7.65b
8.25a

9.40b
10.72a
10.55a
8.70b
0.99

7.35¢c

100% Chemical fertilizer only

8.65a

50.54a
48.86ab

8.77ab
9.02a

100% Chemical fertilizer+Tested product
50% Chemical fertilizer+ Tested product

Tested product only

LSD,

8.05b
7.65b

9.35b

8.00c

8.70a

7.90b
7.65b

8.45a

8.25a

7.80b
0.75

7.30b
0.70

45.35b

7.20b
0.48

8.05bc
0.96

0.32

0.70

3.51

0.37

434

4.55

Note: Values followed by a different letter(s) within a column are significantly different at P £0.05, according to Fishers’s protected least significant difference test. "Each

rice cultivar was separately executed. There are four replications (5 plants/rep.) per treatment in each experiment. "Mean plant heights of each rice cultivar are from two

separate experiments. The plant height is measured from the soil surface up to the highest leaf of each plant. ‘Means of stem size of each rice cultivar are from two separate

experiments. The stem size is measured from main stem above the water surface about 3-4 centimeters. "Means of leaf size of each rice cultivar are from two separate

experiments. The leaf size is measured at the mid-leaf of the 7" or 8" fully expanded leaf of each plant.

product were significantly less than rice receiving 100% RFR
alone (Table 2).

3.3 Rice yield enhancement

In general, the leaf color intensity of rice is propor-
tional to the amount of chemical fertilizer received. Leaf color
intensity of rice treated with 100% RFR supplemented with
the tested product observed by naked eyes was somewhat
greener than rice receiving only 100% RFR. Nevertheless,
it was noticed that leaf color intensity of rice receiving 50%
RFR in combination with the tested product was almost the
same as the leaf color intensity of rice treated with 100% RFR
alone. Rice receiving only the tested product had small
yellowish-green leaves and the least plant canopy compared
to the other treatments (data not shown). For all rice cultivars,
the flag leafemerged from the main stem at approximately 75
days after transplanting and the flag leaf emerged from the
tillering stems about 8-19 days later.

After reaching maturity, all rice cultivars receiving
100% RFR in combination with the tested product had
developed the maximum mean number of panicles per pot.
All rice cultivars receiving 50% RFR supplemented with the
tested product produced significantly less panicles per pot
(P<0.05), compared to rice receiving 100% RFR with and
without tested product, approximately 35-45% and 33-43%,
respectively. There was no statistically significant difference
in mean number of panicles per pot between rice receiving
100% RFR with or without the tested product (Table 3).
It was observed that all rice cultivars receiving 50% RFR in
combination with the tested product generated a significantly
greater number of filled grains per main panicle compared
to rice receiving 100% RFR in combination with the tested
product and 100% fertilizer alone, approximately 10-15% and
13-18%, respectively (Table 3). Even though the rice receiv-
ing 100% RFR with and without the tested product produced
a great number of panicles per pot, several spikelets (espe-
cially from panicles generated from tillering stems) were
infertile. Almost all spikelets from the main panicle of rice
receiving 50% RFR in combination with the tested product
fully developed and were filled with grains (data not shown).
All rice cultivars receiving 100% RFR supplemented with the
tested product gave the greatest yield. Nevertheless, rice
receiving 50% RFR with the tested product gave somewhat
lesser yield than the treatment receiving 100% RFR alone.
However, this difference was not statistically significant. No
tillering was observed in any of the three rice cultivars treated
with the tested product alone. In addition, the number of
filled grains per main panicle in this treatment was about 33-
52% (depending on rice cultivar) which was significantly less
than the other treatments. Moreover, about 10-15% of the
spikelets originating from the main panicle were infertile (data
not shown). This resulted in the least mean grain yield of
all rice cultivars for this treatment compared to the other
treatments (Table 3).
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Table 3. Number of panicles, number of filled grains per main panicle, and grain yield of three Thai rice cultivars at different
fertilizer rate in combined with the tested product after harvest.

Mean number of Mean number of filled Mean grain yield
panicles per pot grains per main panicle (gram)
Treatment'
PHS2 RD47 RD49 PHS2 RD47 RD49 PHS2 RD47 RD49

100% Chemical fertilizer only 9.25a" 7.62a 8.87a 78.55b 74.40b 70.55b 17.34ab 14.83b 16.00ab
100% Chemical fertilizer+Tested product 9.62a  8.37a  9.12a  83.82b 77.90b 73.75b 19.39a 17.14a 17.92a
50% Chemical fertilizer+Tested product ~ 5.25b  5.25b  5.87b  9325a 91.45a 81.22a 1594b 13.74b 14.37b
Tested product only 5.00b 5.00b 5.00b 4840c 44.55¢ 4697c 6.64c 6.75¢ 6.94c
LSD, 0.88 0.97 0.93 5.34 5.85 4.78 2.07 1.61 2.04

Note: Values followed by a different letter(s) within a column are significantly different at P£0.05, according to Fishers’s
protected least significant difference test. 'Each rice cultivar was separately executed. There are four replications (5 plants/rep.)
per treatment in each experiment. “Means of number of panicle per pot, means of number of filled grain per main panicle, and
means of grain yield of each rice cultivar are from two separate greenhouse experiments at maturity.

3.4 Longevity of strain RS87 in the product

Results showed that strain RS87 spores in the product
remained viable at both 30°C and 50°C and could survive
throughout the 12 month test period with almost the same
bacterial populations (~10° CFU/gram of product) as the
freshly prepared product (Table 4).

4. Discussion

In this study, it has been shown that growth of Thai
rice seedlings treated with the tested product was signifi-
cantly promoted compared to the non-bacterized control.
The root length, shoot height, and the appearance of the

secondary leaf of two rice cultivars (PHS2 and RD47) treated
with the tested product were enhanced almost equally to
those treated with live cells of strain RS87. Although root
length of the RD49 cultivar seedlings treated with the tested
product was significantly inferior to that of seedlings treated
with live cells. However, this was compensated for by
enhancement in some growth parameters such as shoot
height, rootlets, adventitious roots and the appearance of
the secondary leaves. This finding suggests that the tested
product could also be applied as a seed treatment to promote
earlyrice seedling growth before transplanting.
Microorganisms incorporated into biofertilizers used
for rice crops are mainly Azospirillum, Azotobacter, phospho-
bacteria, Rhizobium, Trichoderma sp. and mycorhizal fungi

Table4. Survival of Bacillus cereus strain RS87 spores in the product kept at
30°C and 50°C for twelve months.

Incubation time

Populations of strain RS87

Populations of strain RS87

(month) in the product kept at 30°C in the product kept at 50°C
(CFU/gram product) (CFU/gram product)
0 3.18x10° 3.25x10°
1 3.01x10° 3.17x10°
2 291x10° 3.19x10°
3 2.89x10° 3.11x10°
4 2.81x10° 3.14x10°
5 2.92x10° 2.97x10°
6 2.83x10° 2.85x10°
7 2.87x10° 2.88x10°
8 2.73x10° 2.76x10°
9 2.75x10° 2.79x10°
10 2.71x10° 2.72x10°
11 2.82x10° 2.74x10°
12 2.77x10° 2.65x10°

Note: The value in the table is the means of three replications.
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(Ali et al., 1995; Rodrigues et al., 2008; Baset Mia & Sham-
suddin, 2010; Javaid, 2011; Banayo ef al., 2012). Commercial
biofertilizer products available in the market mostly use endo-
phytic bacteria for rice cultivation; free living microorganisms
arerarely applied. In this study the tested product formulated
as a spherical shaped pellet contained spores of a free-living
Bacillus cereus strain RS87, as the active component for rice
growth and yield promotion. The formulated product easily
disintegrates in water, and since Bacillus spp. bacteria are
facultative anaerobes, the tested product’s active component
is capable of living in the low oxygen conditions of sub-
merged soil rice culture.

Banayo et al. (2012) evaluated three commercial bio-
fertilzers, Bio-N® (BN), BioGroe” (BG), and BioSapark” (BS) in
irrigated rice for their effect on grain yield at different fertilizer
rates. They reported that rice variety PSB Rc18 treated with
biofertilizer Bio-N" (containing Azospirillum lipoferum and
A. brasilense) applied concurrently with 50% recommended
fertilizer rate consistently provided grain yield similar to, or
better than, rice receiving only 100% recommended fertilizer
rate. Live cells of our strain RS87 had previously demon-
strated the potential to replace 50% recommended fertilizer
rate and still maintain yield production of various Thai rice
cultivars in both the greenhouse and a small experimental
paddy field (Jetiyanon & Plianbangchange, 2012). The tested
product of strain RS87 studied here not only demonstrated
early rice-seed growth enhancement but also substituted for
at least 50% chemical fertilizer while maintaining similar rice
growth promotion during the vegetative stage and grain yield
during reproductive stage compared to plants receiving a full
rate of fertilizer alone.

Since strain RS87 produces a resistant life stage, the
bacterium in the tested product could survive at least 12
months and resist high temperature. Such features are clear of
our tested product compared to Bio-N®, because the latter
had a shelf life of three months (Banayo ef al., 2012) and
could not be stored at high temperature.

The particular mechanism for plant growth promotion
demonstrated by free living rhizobacteria in some commercial
biofertilizer products such as Azogreen-m” (Okon &
Labandera-Gonzalez, 1994) and Bio-N" (Banayo ez al., 2012)
has been attributed to nitrogen fixation, while production of
plant hormones and phosphate solubilization has been
suggested as the growth enhancement mechanism for BioGroe
(Paredes & Go, 2008). Bacillus cereus strain RS87 in the
tested product studied here provides several mechanisms for
plant growth enhancement: IAA production (Jetiyanon et al.,
2008), phosphate solubilization and siderophore production
(Jetiyanon & Plianbangchang, 2010), and nitrogen fixation
(Jetiyanon, 2015). These multiple growth promotion mecha-
nisms of strain RS87 in the tested product could account for
the 50% reduction of chemical fertilizer for comparable rice
growth and yield.

Recently, different spore concentrations of B. cereus
strain RS87 have been tested for oral toxicity on Wistar rats.
No mortality and no signs of toxicity were observed after a
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single oral administration of the bacterial spores at all tested
doses during 14-day study period (Lohitnavy et al., 2014).
Thus, it can be concluded that the product is “non-toxic” and
can be considered safe in humans, as well.

In conclusion, the results of the experiments with the
tested product strain RS87 suggest that it can promote early
growth of rice seeds and maintains rice growth and yield
production at half the standard chemical fertilizer rate. Future
studies in rice paddy fields, including community microbial
interactions of strain RS87, will be conducted to determine
whether the tested product is environmentally friendly and
can be used for sustainable rice production with partial
chemical fertilizer replacement
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