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The research aims to obtain the potential indigenous rhizobacteria isolated from local upland rice plant 
rhizosphere on marginal soil of Southeast Sulawesi. The research was conducted at the Agronomy 
Laboratory, Faculty of Agriculture,   Halu Oleo   University.  Research  was  arranged  in  a  completely  
randomized  design  (CRD)  consisting  of 24 isolates. The isolates were evaluated their ability to 
improve the viability and vigor of upland rice seeds. Before tested, upland rice seeds were treated with 
rhizobacterium isolates of Bacillus spp., and Pseudomonas fluorescens and germinated using standard 
germination procedures. Germination was recorded daily until 7 days. On the same time all isolates 
were evaluated for their ability to produce IAA and dissolve phosphate. Results of the experiments 
showed that seed treatments using rhizobacteria significantly increased viability and vigor of the treated 
upland rice seeds (percentage of increases as compared to untreated seeds in seed germination up to 
200%, relative growth rate up to 300%, vigor index 780%, normal seedling dry weight 390%, and 
reduction of  T50 by 50%). All rhizobacteria isolates tested were able to synthesize IAA. On the other 
hand, not all of the rhizobacterial isolates tested were able to dissolve phosphate. Although all of the 
rhizobacteria synthesized IAA, growth promoting effects of the rhizobacteria may not only be due to the 
synthesized growth regulator. Other factors may have involved in the possitive effects of the 
rhizobacteria on upland rice seed germination. From this study 10 isolates which have the potential to 
promote growth of upland rice seeds were selected. Further research is needed to obtain isolates which 
are effective in increasing growth and yield of upland rice in the field. 
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INTRODUCTION 

The exploration and isolation of rhizobacteria 
from various types of plants and different 
environmental conditions of the plant were carried 
out to obtain potential growth-promoting isolates, 

especially in various extreme and fluctuating 
environmental conditions. Plant growth promoting 
rhizobacteria (PGPR) is a beneficial microbe 
which contributes significantly to increasing crop 
productivity. Various studies related to 
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rhizobacteria continue to be practiced throughout 
the world, and show very varied results, according 
to the environmental conditions in which 
exploration is carried out. Exploration results 
showed that the rhizobacteria of the PGPR group 
generally came from Bacillus spp., Pseudomonas 
spp., Azospirillum spp., Azotobacter spp., 
Enterobacter spp., and Serratia spp. (Souza et al., 
2015). Plant growth promoting rhizobacteria are 
commonly found in the rhizosphere or on the 
surface of plant roots, and in general these types 
have the ability to increase plant growth and 
protect plants from abiotic diseases and pressures 
(Sutariati et al., 2014; Ilyas et al., 2015; Yasmin et 
al., 2016; Radhakrishnan et al., 2017).     

Inoculation of PGPR through seed treatment 
has been shown to improve the viability and vigor 
of seeds (Sutariati et al., 2013; Sutariati et al., 
2017; Sutariati et al. 2018a), plant growth and 
controlling pathogens (Sutariati et al., 2014; Liu et 
al., 2017; Sutariati et al., 2018b). Inoculation of 
Bacillus sp. in rice seeds increases growth and 
production of rice up to 22-49% (Shakeel et al., 
2015), while the inoculation of P. fluorescens 
increases production by 47% (Elekhtyar, 2015). 
Yasmin et al., (2016) also reported that isolates of 
rhizobacteria inoculated on seeds showed good 
colonization potential in rhizosphere of rice plants. 
For this reason, evaluation of the ability of local 
rhizobacteria as growth-promoting bacteria was 
critical. If proven effective, the local rhizobacteria 
could be used as an alternative biofertilizer in 
plant cultivation in Indonesia. 

The role of PGPR in enhancing plant growth 
and yield is related to the ability to synthesize 
growth hormones, nutrient mobilization through P 
dissolution and nitrogen fixation, or biotic stress 
reduction through activating the plant's resistance 
mechanism to disease (Govindasamy et al.,   
2008). Bacillus spp. was able to synthesize indole 
acetic acid (IAA) (Ozdal et al., 2016) and 
gibberellin (Pandya and Desai, 2014). P. 
fluorescens besides synthesize IAA, also 
synthesize gibberellins and cytokines 
(Govindasamy et al., 2008).  

In the previous study, some rhizobacterial 
isolates in the groups of Bacillus spp., and P. 
fluorescens groups had isolated from the roots of 
upland rice on marginal land (Ultisol soil). 
Rhizobacterial isolation from the rhizosphere of 
upland rice plants then reapplied to upland rice 
seeds is intended to evaluate the role of beneficial 
rhizobacteria in the rhizosphere of upland rice 
plants as a promoter of the growth of upland rice. 
In addition to assessing the ability of rhizobacterial 

isolates in improving upland rice seed viability and 
vigor. It was also to evaluate the ability of these 
rhizobacterial isolates to synthesize IAA and 
dissolve phosphate. Regression between the 
ability to synthesize IAA with one of the variables 
in observing the seed viability and vigor of upland 
rice which treated with rhizobacteria was also 
analyzed to estimate the relationship between IAA 
production and its ability to promoting plant 
growth. 
 
MATERIALS AND METHODS 

Rhizobacterial Isolates   
Rhizobacterial isolates (Bacillus spp. and P. 

fluorescens) were isolated from local upland rice 
plants rhizosphere on Ultisol soil. The number of 
isolates evaluated was 24 isolates, seven isolates 
from Bacillus spp. and 17 isolates from P. 
fluorescens. 

Rhizobacterium Isolate Preparation 
The rhizobacteria were propagated by 

smearing isolates onto growth media in Petri 
dishes. Bacillus spp. was grown on media TSA 
(30 g Tryptic Soy Broth (difco), 20 g agar, and 
sterile deionized water added till its volume 
reached 1000 ml), while P. fluorescens was 
cultivated  on King’s B Medium (protease peptone 
20 g, K2HPO4 2.5 g, MgSO4.7H2O 6 g, glycerol 15 
ml, and agar 20 g). After 48 hours the growing 
bacterium colony was suspended in sterile 
deionized water until a population density of 
109CFU/ml (Bai et al., 2002). 

Assay for Indole-3-acetic acid (IAA) Synthesis  
The ability of Bacillus spp. and P. fluorescens 

isolates to synthesize IAA was analyzed by the 
method of Glickman and Dessaux (1995). Bacillus 
spp. grown for 24 hours in nutrient broth, while P. 
fluorescens in liquid King’B  (Schaad et al., 2001). 
To stimulate auxin synthesis, the amino acid 
tryptophan 0.5 g/l was added to each medium.  

Bacterial culture was centrifuged at 10,000 
rpm for 10 minutes, the supernatant was 
separated from bacterial cells, filtered with 
millipore filter paper (0.2 μm), and analyzed for its 
IAA content. The content of IAA in bacterial 
culture filtrate was detected using FeCl3 12 g/l 
reagent in H2SO4 7.9 M. FeCl3 (1 ml) reagent and 
bacterial culture filtrate (1 ml) were added to the 
eppendorf tube (2 ml volume), and the mixture 
was incubated in space dark at 26 oC for 30 
minutes. After the incubation period, the 
absorbance value of the mixture is read by a 
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spectrophotometer at a wavelength of 550 nm. 
The standard curve based on the absorbance 
value of pure IAA solutions with concentrations of 
0, 6.25, 12.5, 25, 50, 75, 100, 150, and 200 200 

g/ml was used to calculate the contents of IAA in 
bacterial culture filtrate. 

Phosphate Solubilizing Ability of  
Rhizobacterial Isolates 

Phosphate dissolving rhizobacteria ability 
evaluated using Pikovskaya's agar test media with 
the addition of tri-calcium phosphate (TCP) as a 
phosphate source. The composition per liter of 
media used consists of glucose (10 g), NaCl (0.2 
g), KCl (0.2 g), MgSO4 (0.1 g), MnSO4 (2.5 mg), 
FeSO4 (2.5 mg), yeast extract (0.5 g), (NH4) 
2SO4 (0.5 g), and agar (15 g). The media was 
sterilized by heating using an autoclave, and after 
sterilization, the pH of the medium was set to 7.2 
with KOH 5 N. The test medium was poured into a 
petri dish (ф 9 cm), made a hole with a cork hole 
and filled with 0.2 ml suspension of the tested 
rhizobacteria isolate. Test media with bacteria 
were incubated for 3 days in an incubation 
chamber with a temperature of 28 oC. The ability 
to dissolve phosphate from the tested isolates 
was evaluated qualitatively based on the 
formation of a halo around the hole containing the 
bacterial suspension (Thakuria et al., 2004). 

Treating Seed with Rhizobacterial Suspension 
Upland rice seeds were disinfected with 2% 

sodium hypochlorite for five minutes, washed 
three times with sterile water, and dried in a 
laminar air flow cabinet for one hour. The dried 
seeds (10 g) were soaked for 24 hours in a 
suspension of each rhizobacteria isolate (50 ml) at 
28 oC. After treatment, the seeds are dried again 
in a laminar air flow cabinet and stored until they 
are ready for use. 

Effect of Seed Treatment with Rhizobacteria 
on Viability and Vigor of Upland Rice Seeds 
Upland rice seeds which have been treated with 
rhizobacteria were germinated in a plastic tub 20 
cm x 15 cm x 10 cm (length x width x height) 
containing sterile burned-rice husk as a medium 
for germination. In each treatment were planted 
50 seeds with three replications. Calculation of the 
observation variables was done by:  
Maximum growth rate (MGR), was calculated in 
the end of observation at 7 days after planting 
(DAP) based on the formula developed as follows: 

MGR = 
𝛴 𝑆𝑒𝑒𝑑𝑙𝑖𝑛𝑔𝑠  

𝛴 𝑆𝑒𝑒𝑑𝑠 𝑝𝑙𝑎𝑛𝑡𝑒𝑑
  x 100% 

Germination percentage (GP), depicting seed 
potential viability, was measured based on the 
percentage of normal seedlings (NS) during the 
first (i.e. 5 days after planting (dap) and the 
second (i.e. 7 dap) observation by using the 
following formula:  
 
 
 

Relative growth rate (RG-r), depicting seed 
vigor, is the ratio of growth rate (RG) to maximum 
growth rate (RG-m). The maximum growth rate 
itself was obtained from the assumption that at the 
first observation, normal seedlings had reached 
100%. RG was calculated based on the 
accumulation of daily growth rate:  

RG-r =  
RG

RG−m
 

             
KCT

KCT max
 

 RG = ∑
𝑁

𝑡

𝑡𝑛
0   

 RG-m = 
100

 days observe I
   

Vigor index (VI), depicting the growth rate 
vigor, was measured based on percentage of 
normal seedlings at the first observation (i.e. 5 
dap):  

VI = 
 NS at observation 1

 seeds planted
 𝑥 100% 

Dry weight of normal seedling (DWNS), 
describing the seed vigor shown by the ability to 
optimize food reserves in seeds into the form of 
accumulation of dry weight of seedling. Evaluation 
is done at the end of observation. All normal 
seedling are removed, wrapped in aluminum foil 
and dried in an oven at 60 oC for 3 days, after 
being removed from the oven then put into a 
desiccator for 30 minutes then weighed using an 
analytical scale. 

T50 is the time required to achieve 50% of total 
seeds germinate, observed by counting the 
number of seeds that germinated every day. T50 
describe seed vigor, calculated by the formula: 

T50 = ti +  
( n50%−ni )

nj−ni
 (tj – ti) 

Where:  
ti =  time before seed germination 50%   
tj  =  time after seed germination 50%  
50% = the amount of seed germination 50% 

of the total seed germination 
nj = the amount of seed germination at the 

time after seed germination 50% 
ni = the amount of seed germination at the 

time before seed germination 50% 

Notes:   t  = time observation 
             N = % NS per observation 
             tn= time end of observation 

GP = 
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Data analysis 
Data were analyzed using two-ways of 

analysis of variances (ANOVA) using the 
Statistical Package of Social Sciences (SPSS) 
program version 20 for Windows (Chicago, IL, 
USA). If the result showed a significant,  then 
tests of treatment differences were performed 
using Duncan’s multiple range test (DMRT) at 
α=0.05 
 
RESULTS AND DISCUSSION 

Rhizobacteria Synthesis IAA  
Based on the results of the experiment, all 

tested rhizobacterial isolates were able to 
synthesize IAA in media containing tryptophan 
amino acids. Bacillus spp. synthesize IAA with a 
concentration range between 33.77 to 53.00 µg/ml 
filtrate, while the P. fluorescens between 19.66 to 

55.88 µg/ml filtrate (Table 1). Bacillus sp. KNS8 
produces higher IAA, with a concentration of 53 
µg/ml filtrate, while Bacillus sp. BMB01 produces 
the lowest IAA, with a concentration of 33.77 
µg/ml filtrate. Among the 17 isolates of the P. 
fluorescens, P. fluorescens KNS11 produced the 
highest IAA with a concentration of 55.88 µg/ml 
filtrate, while the lowest concentration was found 
in P. fluorescens. KNW07 with a concentration of 
19.66 µg/ml filtrate (Table 1). 

Meanwhile, based on the origin of the 
exploration of rhizobacteria, isolates explored 
from Konawe district generally showed a positive 
influence in improving the viability and vigor of 
upland rice seeds. Seed treatments with 
rhizobacteria were also able to increase vigor 
index of upland rice seed up to 780% compared to 
without rhizobacterial treatment.  

 
 

Table  1.The ability of Bacillus spp. or P. fluorescens isolates to dissolve phosphate and 
synthesize IAA in media containing tryptophan amino acids 

Rhizobacteria  
isolates 

Isolates  
code 

Dissolve 
phosphate 

(halo diamete=cm) 

IAA concentration 
(µg/ml filtrate) 

Isolates 
 origin  

(District) 

P. fluorescens KNW01 1.20 33.66 Konawe 

P. fluorescens KNW03 1.17 38.22 Konawe 

P. fluorescens KNW05 1.20 40.00 Konawe 

Bacillus sp. KNW06 0.00 48.00 Konawe 

P. fluorescens KNW07 1.25 19.66 Konawe 

P. fluorescens KNW09 1.20 31.66 Konawe 

P. fluorescens KNW11 1.71 52.55 Konawe 

P. fluorescens KNW12 1.17 40.11 Konawe 

P. fluorescens KLKU02 1.70 31.77 North Kolaka 

P. fluorescens BTN1 1.25 38.44 Buton 

P. fluorescens BTN15 1.22 43.88 Buton 

Bacillus sp. KNS7 1.47 46.33 South Konawe 

Bacillus sp. KNS8 1.45 53.00 South Konawe 

Bacillus sp. KNS10 0.00 40.88 South Konawe 

P. fluorescens KNS11 1.20 55.88 South Konawe 

P. fluorescens MN01 1.20 27.33 Muna 

P. fluorescens MN02 1.25 37.55 Muna 

P. fluorescens MN03 1.15 39.00 Muna 

Bacillus sp. MN06 1.20 35.22 Muna 

P. fluorescens MN07 0.00 35.44 Muna 

Bacillus sp. BMB01 1.22 33.77 Bombana 

P. fluorescens BMB03 1.40 35.88 Bombana 

P. fluorescens BMB05 1.45 24.44 Bombana 

Bacillus sp. BMB07 1.20 38.22 Bombana 
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There was a reduction in germination time 
reaching 1.6 days compared with no 
rhizobacteria. There was an increase in dry weight 
of normal seedling treated with rhizobacterial 
treatment  up to 390% if compared to without 
rhizobacteria (Table 3). 

Relationship between IAA Synthesis and Seed 
Viability 

Regression analysis showed that there is no 
significant effect between IAA production and 
relative growth rate or T50 upland rice seeds. It 
indicates that increased auxin synthesis by 
rhizobacteria does not always result in increased 
viability and vigor of upland rice seeds. The seed 
treatment using Pseudomonas  fluorescens 

KNW07 only synthesized IAA 19.66 µg/ml filtrate, 
but has a higher in relative growth rate compared 
to P. fluorescens KNS11 which synthesized IAA 
55.88 µg/ml filtrate.  However, a number of 
rhizobacterial isolates which synthesized a higher 
IAA, also has a higher the relative growth rate,  
such as isolates KNW06, KNW11 and KNS11 
(Table 1 and 2). Regression analysis between 
quantity of IAA synthesized by rhizobacteria and 
response of upland rice seeds(relative growth rate 
and T50) treated with rhizobacterial is shown in 
Figure 1. 

The time to achieve 50% germination is 
accelerated with rhizobacterial treatment 
compared with no rhizobacteria. 

 
Table  2.The effect of seed treatment with rhizobacteria on maximum growth potential (MGP). 

germination percentage (GP). and relative growth rate (RG-r) upland rice seeds 

Rhizobacteria isolates Isolate code MGP (%) GP (%) RG-r (%/etmal) 

Control - 40.00 g 30.67 i 22.02 h 

P. fluorescens KNW01 89.33 abc 89.33 a-d 87.42 ab 

P. fluorescens KNW03 90.67 abc 88.00 a-e 85.64 abc 

P. fluorescens KNW05 93.33 ab 90.67 a-d 87.19 ab 

Bacillus sp. KNW06 94.67 ab 94.67 abc 88.08 ab 

P. fluorescens KNW07 98.67 a 97.33 ab 90.31 ab 

P. fluorescens KNW09 90.67 abc 86.67 a-e 87.44 ab 

P. fluorescens KNW11 98.67 a 98.67 a 92.53 ab 

P. fluorescens KNW12 90.67 abc 85.33 b-e 86.49 abc 

P. fluorescens KLKU02 98.67 a 98.67 a 94.80 a 

P. fluorescens BTN1 72.00 ef 58.67 h 46.40 g 

P. fluorescens BTN15 74.67 def 70.67 fgh 63.96 f 

Bacillus sp. KNS7 66.67 f 65.33 gh 67.16 ef 

Bacillus sp. KNS8 74.67 def 70.67 fgh 62.34 f 

Bacillus sp. KNS 10 86.67 a-d 82.67 c-f 73.26 c-f 

P. fluorescens KNS11 89.33 abc 86.67 a-e 83.20 a-d 

P. fluorescens MN01 90.67 abc 86.67 a-e 80.05 b-e 

P. fluorescens MN02 88.00 abc 82.67 c-f 78.76 b-e 

P. fluorescens MN03 73.33 ef 65.33 gh 61.89 f 

Bacillus sp. MN06 74.67 def 72.00 fg 60.94 f 

P. fluorescens MN07 68.00 f 64.00 gh 69.92 def 

Bacillus sp. BMB01 78.67 c-f 76.00 efg 73.24 c-f 

P. fluorescens BMB03 76.00 def 70.67 fgh 62.82 f 

P. fluorescens BMB05 74.67 def 72.00 fg 64.24 f 

Bacillus sp. BMB07 84.00 b-e 78.67 def 72.58 c-f 

Note:   Means in the same column suffixed with different letters are different at 5% levels of significance according to 
DMRT.   

 
 
 
 



Guyasa et al.,                            Potential of bacillus  spp and pseudomonas as PGPR on upland rice 

 

                                                 Bioscience Research, 2018 volume 15(4): 3231-3239                                             3236 

 

Table  3.The effect of seed treatment with rhizobacteria on the vigor index (VI). the time to achieve 
50% germination (T50) and dry weight of normal seedling (DWNS) upland rice seeds 

Rhizobacteria isolates Isolate code IV (%) T50 (hari) DWNS (mg) 

Control - 10.67 h 4.16 a 55.56 h 

P. fluorescens KNW01 82.67 abc 2.77 def 230.00 bcd 

P. fluorescens KNW03 81.33 abc 2.68 ef 240.00 abc 

P. fluorescens KNW05 82.67 abc 2.78 c-f 226.67 bcd 

Bacillus sp. KNW06 89.33 ab 2.63 ef 246.67 abc 

P. fluorescens KNW07 88.00 ab 2.61 f 250.00 abc 

P. fluorescens KNW09 81.33 abc 3.50 b 231.48 bcd 

P. fluorescens KNW11 90.67 ab 2.56 f 273.33 a 

P. fluorescens KNW12 82.67 abc 3.20 b-f 220.48 cd 

P. fluorescens KLKU02 94.67 a 2.60 f 263.33 ab 

P. fluorescens BTN1 37.33 g 3.08 b-f 106.48 g 

P. fluorescens BTN15 61.33 def 2.73 ef 148.15 f 

Bacillus sp. KNS7 60.00 def 2.68 ef 148.15 f 

Bacillus sp. KNS8 50.67 fg 3.35 b-e 152.78 f 

Bacillus sp. KNS10 76.00 bcd 3.48 bc 173.61 ef 

P. fluorescens KNS11 85.33 ab 2.69 ef 226.80 bcd 

P. fluorescens MN01 84.00 abc 3.02 b-f 180.56 ef 

P. fluorescens MN02 81.33 abc 2.62 f 199.07 de 

P. fluorescens MN03 58.67 ef 3.03 b-f 152.78 f 

Bacillus sp. MN06 60.00 def 2.96 b-f 143.52 fg 

P. fluorescens MN07 62.67 def 2.58 f 141.20 fg 

Bacillus sp. BMB01 74.67 b-e 2.96 b-f 182.87 ef 

P. fluorescens BMB03 62.67 def 3.45 bcd 143.52 fg 

P. fluorescens BMB05 68.00 cde 3.25 b-f 148.15 f 

Bacillus sp. BMB07 76.00 bcd 2.56 f 192.13 de 

Note:   Means in the same column suffixed with different letters are different at 5% levels of significance according to 
DMRT.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.Regression analysis between quantity of IAA synthesized by rhizobacteria and response 
of upland rice seeds treated with rhizobacteria: (a) relative growth rate. (b) T50). (  ) isolat Bacillus 
spp.. (  ) P. fluorescens 
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DISCUSSION  
All tested rhizobacterial isolates (24 isolates) 

has proved and able to synthesize IAA in the 
media containing tryptophan amino acids. Among 
the two rhizobacterial isolates tested, the ability of 
P. fluorescens isolates to synthesize IAA was 
higher than that of Bacillus spp. Synthesis of IAA 
by Bacillus spp. ranged from 33.77 to 53.00 μg/ml 
filtrate. While isolates P. fluorescens synthesize 
IAA with a range of 19.66 to 55.88 μg/ml filtrate. 
The same results were reported by Sivasakthi et 
al., (2013) which P. fluorescens isolates could 
synthesize IAA more than other rhizobacteria. 
Reetha et al., (2014) also reported that the 
synthesis of IAA from Bacillus spp. lower than that 
of synthesis IAA from P. fluorescens.  

The experiment showed that not all of the 
rhizobacteria tested were able to dissolve 
phosphate on the media containing TCP as a 
phosphate source. Among the two groups of 
rhizobacterial isolates tested. P. fluorescens 
showed higher phosphate dissolving ability 
compared to Bacillus spp. Bacillus spp. isolates 
dissolve phosphate with a halo diameter range of 
0.00 to 1.47 cm, while P. fluorescens dissolves 
phosphate with a halo diameter range of 0.00 to 
1.71 cm. In line with this study, Rahman et al. 
(2017) reported that P. fluorescens was better and 
more efficient in dissolving phosphate on TCP 
media compared to Bacillus sp. However, 
Sivasakthi et al., (2013) and Babu et al., (2017) 
reported the opposite that Bacillus spp. has the 
ability to dissolve phosphate better than P. 
fluorescens. The difference in the ability of the 
rhizobacteria tested (P. fluorescens or Bacillus 
spp.) in dissolving phosphate can occur due to 
various factors, including the phosphate source 
used, the pH of the media, temperature, 
incubation duration and the source of C and N 
used (Rahman et al., 2017). Furthermore, 
Midekssa et al., (2016) state that differences in 
metabolism of each rhizobacteria cause the 
difference in the ability of rhizobacteria to dissolve 
phosphate.  

Rhizobacterial inoculation on upland rice 
seeds generally improved viability and vigor of the 
upland rice seeds, although not all of the 
rhizobacteria tested had the same effect. Among 
the 24 isolates of rhizobacteria tested, 10 isolates 
were better able to improve the viability and vigor 
of upland rice seeds than other isolates and 
without rhizobacteria (control). The ability of these 
rhizobacterial isolates to improve the viability and 
vigor of upland rice seeds was due to their ability 
to synthesized growth hormones. Although in this 

study, increased viability and vigor of upland rice 
seeds were not always correlated with the high 
concentration of IAA synthesized by rhizobacteria. 
Pseudomonas fluorescens KNW11 produced the 
highest dry weight of normal seedling among all 
bacterial isolates tested (273.33 mg), but the 
amount of IAA synthesized was lower (52.55 
μg/ml filtrate) compared to P. fluorescens KNS11 
which synthesize the highest IAA 55.88 μg/ml 
filtrate, but dry weight of normal seedling is lower 
(226.80 mg). The results of previous studies also 
reported the same thing. The high production of 
IAA by rhizobacteria did not always correlate with 
high plant growth (Geetha et al., 2014; Islam et 
al., 2015).  

In contrast, excessive IAA production is 
reported to inhibit seed viability (Tabatabaei et al., 
2016). Furthermore, Vacheron et al., (2013) 
stated that IAA synthesized by rhizobacteria could 
have a positive or negative effect on plant growth 
depending on the concentration used. At low 
concentrations IAA could improve plant growth. 
while at high concentrations IAA could inhibit plant 
growth. 

CONCLUSION 
Seed treatment with indigenous rhizobacteria 

isolated from rhizosphere of local upland rice 
plants has a positive impact on the viability and 
vigor of upland rice seeds. All the rhizobacteria 
isolates tested could synthesize IAA, but not all of 
the rhizobacteria tested were able to dissolve 
phosphate. There was no correlation between the 
production of  IAA growth hormone by 
rhizobacteria and seed viability. It was thought 
that other factors had a role in increasing the 
viability and vigor of upland rice seeds treated 
with rhizobacteria.  Based on this study, ten 
isolates of indigenous rhizobacteria which have 
the potential as growth promoters of upland rice 
were selected, nine of P. fluorescens isolates 
(KNW01, KNW03, KNW05, KNW07, KNW09, 
KNW11, KNW12, KLKU02, KNS11) and Bacillus 
sp. KNW06. Further research is needed to obtain 
isolates which are effective in increasing the 
growth and yield of upland rice in the field. 
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