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Abstract
Plant growth-promoting rhizobacteria (PGPR) are known to stimulate plant growth because of their versatility in nutrient 
transformation. However, the success of PGPR inoculation depends not only on their ability to promote plant growth but also 
on their capacity to metabolize substrates that can be used as energy for the development and survival of the crops. Given the 
important influence of seed germination and vigor on crop yield, this study investigated the biochemical characteristics and 
effectiveness of multi-trait PGPR isolates in enhancing upland rice seedling growth and vigor. Biochemical identification was 
done using Biolog GEN III Microbial Identification System. Isolates were characterized based on their ability to metabolize 
all major classes of biochemicals in the carbon source utilization and chemical sensitivity assays. Identified rhizobacterial 
isolates were tested in vitro to evaluate their inoculation effects on the growth of PSB Rc23 upland rice seedlings. Biochemi-
cal identification results showed that rhizobacterial isolates have extensive metabolic activities in a wide range of carbon 
sources. Inoculation effects revealed that isolate IBBw1a was the most effective in enhancing root length and vigor index 
of rice seedlings in vitro, yielding a significant increase of 60% and 53%, respectively, over the uninoculated control. This 
study suggests that rhizobacterial isolates from upland rice may have commercial significance to improve seedling growth 
and vigor. These isolates will undergo a further assessment of their effectiveness in actual upland rice field conditions as they 
were already proven effective growth promoters in laboratory and screenhouse conditions. Such future activity can uncover 
their efficacy as potential biofertilizers in the actual soil environment.

Keywords  Biolog GEN III system · Biochemical characterization · Rhizobacteria · Seedling growth · Seedling vigor · 
Upland rice

Introduction

Rice is the most important cereal crop and staple food of 
more than half of the global population. It is the second 
widely cultivated cereal crop in the world and is a significant 
income source for millions of Asians (Timsina et al. 2011). 
Consumption of this economically important crop has been 
increasing in recent years, along with the rising population 
and demand (Prasad et al. 2017). However, its productivity 
is not at pace with this trend due to various factors such as 
decreasing soil fertility and poor soil management practices 
(Purwanto and Alam 2020). In upland rice field conditions, 
these problems are among the factors identified limiting 
crop yields (Serraj et al. 2011). To maintain productivity, 
farmers rely on higher amounts of mineral fertilizers and 
agrochemicals, which negatively impact humans, soil, and 
the environment. Such situations emphasize the need for 

Communicated by Erko Stackebrandt.

 *	 Harry Jay M. Cavite 
	 62604004@kmitl.ac.th; harryjaycavite@gmail.com

1	 Faculty of Agricultural Technology, King Mongkut’s 
Institute of Technology Ladkrabang, Bangkok 10520, 
Thailand

2	 College of Agriculture, Central Luzon State University, 
3120 Science City of Muñoz, Nueva Ecija, Philippines

3	 Agronomy, Soils and Plant Physiology Division, Philippine 
Rice Research Institute, 3119 Science City of Muñoz, 
Nueva Ecija, Philippines

http://orcid.org/0000-0001-8308-9116
https://orcid.org/0000-0003-0434-3986
https://orcid.org/0000-0003-1694-3225
https://orcid.org/0000-0002-6485-1483
http://crossmark.crossref.org/dialog/?doi=10.1007/s00203-021-02337-z&domain=pdf


3534	 Archives of Microbiology (2021) 203:3533–3540

1 3

sustainable technologies to preserve the soil’s long-term 
ecological balance while ensuring adequate crop yields 
(Sammauria et al. 2020). Prior researches have considered 
the use of root-colonizing microorganisms as inoculants, 
and have proven these amendments effective in enhancing 
the plant’s ability to capture nutrients and promoting crop 
health (Cruz et al. 2015; Nascente et al. 2019; Sharma et al. 
2015). These microorganisms are widely recognized as plant 
growth-promoting rhizobacteria (PGPR).

PGPR are known to stimulate plant growth because of 
their versatility in nutrient transformation, mobilization, 
and solubilization (Dutta and Podile 2010; Mustafa et al. 
2019). PGPR have been widely developed as plant growth 
regulators due to their direct and indirect beneficial effects 
on plant and soil environment (Gouda et al. 2018). Direct 
plant growth regulation involves providing the plant with 
growth-promoting substances such as indole-3-acetic acid 
(IAA) and siderophores. These substances are synthesized 
by the bacterium and facilitate the uptake of certain plant 
nutrients from the soil environment. On the other hand, 
indirect plant growth promotion involves reducing harmful 
effects by plant pathogens by producing defense enzymes 
that serve as antagonistic agents (Ahemad and Kibret 2014). 
PGPR also have the capacity to promote plant growth under 
stress conditions through secretion of 1-aminocyclopropane-
1-carboxylate (ACC) deaminase in response to various plant 
stresses (Goswami and Deka 2020).

Several studies have recently shown that PGPR inocu-
lation is a promising approach to improving upland rice 
growth and yield. Nascente et al. (2019) studied Serratia 
spp. in upland rice, which revealed an increase in dry mat-
ter and grain yield under field conditions. Cruz et al. (2015) 
found that actinomycete inoculation improved upland rice 
growth through a significant increase in P uptake and grain 
yield under screenhouse conditions. Guyasa et al. (2018) 
reported that inoculation of Pseudomonas fluorescens could 
increase the relative growth rate and vigor index of upland 
rice seeds. However, the success of PGPR inoculation 
depends not only on their ability to promote plant growth 
but also on their capacity to metabolize substrates that can 
be used as energy, essential to the development and survival 
of the crops (Khan et al. 2019).

Hence, this study was conducted to evaluate the biochem-
ical characteristics and effectiveness of multi-trait PGPR iso-
lates in enhancing upland rice (PSB Rc23) seedling growth 
in vitro. Given the important influence of seed germina-
tion and vigor on crop yield, it is thus useful to investigate 
the mechanisms behind growth promotion through PGPR 
inoculation. The ability of rhizobacterial isolates to improve 
upland rice seeds and vigor is an important factor in upland 
rice production, most especially that this farming system 
is usually constrained by poor nutrient and water acquisi-
tion due to drought (Nascente et al. 2019). This can be an 

economically promising alternative to address marginal rice 
farmers’ production problems in the upland areas.

Materials and methods

Rhizobacterial isolates used

In the previous study of Cavite et al. (2020), bacteria were 
isolated from upland rice rhizosphere and screened for 
growth-promoting activities in vitro. These rhizobacteria 
were used as the source of inoculant for this experiment. 
Four isolates were selected on the basis of their growth-
promoting activities—IBBw1a, IBBy1, IBBw2e, and IBBy2d. 
These isolates reportedly exhibited IAA production, trical-
cium phosphate solubilization, ACC deaminase activity, 
siderophore production, and starch hydrolysis.

Biochemical identification

The biochemical identification process of selected isolates 
was done using the Biolog GEN III Microbial Identification 
System analysis. The GEN III MicroPlate test panel was 
used, which consisted of 94 phenotypic tests—71 of which 
are carbon source utilization assays and 23 of which are 
chemical sensitivity assays. Isolates were initially grown on 
Burks agar medium and then suspended in a special “gel-
ling” inoculating fluid (IF). The cell suspension was inocu-
lated into the GEN III MicroPlate and was incubated for 24 h 
to allow phenotypic fingerprint to form (Cavite et al. 2020). 
Results were read at the Natural Sciences Research Institute 
(NSRI), University of the Philippines (UP) Diliman, Quezon 
City, Philippines, using the Biolog’s Microbial Identification 
System software.

For the characterization process, the patterns produced 
by the software’s carbon source utilization technology were 
used to interpret and analyze the isolates’ biochemical prop-
erties. Isolates were characterized based on their ability to 
metabolize all major classes of biochemicals (Wong et al. 
2015). Characterization parameters for the carbon source 
utilization assays include sugars, Hexose-PO4s, Amino 
acids, Hexose acids, and Carboxylic acids. For the chemical 
sensitivity assays, the GEN III MicroPlate can characterize 
the bacteria’s pH, salinity level, reducing power, and Gram-
negative or positive characteristics (Chojniak et al. 2015).

Biochemical identification revealed that only two of the 
isolates had passed the similarity value criteria. These were 
isolates IBBy1 and IBBy2d, which were identified as Ralsto-
nia pickettii and Acidovorax delafieldii, respectively. The 
other two identifications, Rhizobium rhizogenes (IBBw1a) 
and Burkholderia pyrrocinia (IBBw2e), were considered as 
“NO ID” and were supported by Wozniak et al. (2019) and 
Wong et al. (2015) as far as acceptable similarity values 
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are concerned. Such isolate codes were retained for use in 
succeeding experiments. These results were reported in a 
recently published article by the same authors (Cavite et al. 
2020).

Evaluation of rhizobacterial isolates

Biochemically identified rhizobacterial isolates were tested 
under laboratory conditions to evaluate their inoculation 
effects on the growth of PSB Rc23 upland rice seedlings.

Seed surface sterilization

Seeds were washed with sterile distilled water and subse-
quently soaked in 2.5% Sodium hypochlorite solution (w/w) 
for 20 min and then in 70% ethanol for 30 s. Seeds were 
washed afterward with sterile distilled water three times.

Inoculation and sowing

Prior to sowing, selected isolates were grown in Burks 
medium agar and incubated for 5 days at room temperature. 
Bacterial suspension [106 cell mL−1 with a population of 
more than 3.0 × 109 colony-forming units (CFU) 0.1 mL−1] 
was prepared in sterile distilled water following the meth-
ods of Ma et al. (2011). Inoculation of bacteria was done 
by soaking the seeds in the bacterial suspension for 2 h. 
Twenty-five surface inoculum-coated PSB Rc23 seeds were 
sown in a sterile Petri plate with moist filter paper main-
tained for 7 days under room temperature.

Treatments and experimental design

The set-up consisted of five inoculation treatments (pre-
sented below) replicated thrice. The experiment was 
arranged in a completely randomized design (CRD).

	T1.	 Uninoculated (control).
	T2.	 IBBw1a.
	T3.	 Ralstonia picketii.
	T4.	 IBBw2e.
	T5.	 Acidovorax delafieldii.

Data analysis

The number of germinated seeds was counted 7 days after 
sowing (DAS). Seeds were considered germinated when 
the radicle is ≥ 2 mm (He and Yang 2013). Root and shoot 
length of randomly selected seedlings (three seedlings per 
replicate) were also measured at seven DAS. Additionally, 
seed vigor index of treated seeds was determined after 
the computation of the percent germination. The above 
two parameters were computed using Eqs. 1 and 2 by 

Velmurugu et al. (2009). Data were analyzed by analysis 
of variance (ANOVA) using SAS Software, and treatment 
means were compared relative to the control (uninocu-
lated) following the Least Significant Difference (LSD). 
Unless otherwise indicated, differences were only consid-
ered when significant at P < 0.05

Results

Biochemical characteristics of isolates

Biolog GEN III microbial identification system results 
showed that selected bacterial isolates have extensive 
metabolic activities in a wide range of carbon sources. 
Results of the chemical sensitivity assays are summarized 
in Table 1, and interpretation of the significance of these 
results is presented in the succeeding section.

Efficiency of isolates in accelerating germination 
and improving seed vigor

Selected rhizobacterial isolates were inoculated on upland 
rice seeds to examine their effects on shoot and root length 
and seed vigor index. It was observed that bacterial inocu-
lation showed varied effects on seed germination, shoot 
length and root length, and seedling vigor index (Table 2). 
At seven DAS, longest seedling shoot of 4.19 cm was 
obtained with R. pickettii inoculation, recording a sig-
nificant increase of 23% relative to the uninoculated treat-
ment. Meanwhile, isolate IBBw1a gave rise to the highest 
root length of 5.00 cm, equivalent to a 60.14% increase 
relative to the control.

Further evaluation revealed that isolate IBBw1a was the 
most effective in enhancing the vigor index of PSB Rc23 
rice seedlings, showing the highest value of 839.30 cm, 
which was equivalent to a 53% increase. Likewise, this 
isolate was found to have the highest germination rate of 
94.67 and root length as described above. Figure 1 shows 
the effect of IBBw1a inoculation on PSB Rc23 rice seed-
lings seven days after sowing.

(1)

Percent germination =

(

Number of germinated seeds

Total number of seeds

)

× 100

(2)

Seed vigor index = (mean shoot length +mean root length)

× %germination.
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Discussion

Biochemical characteristics of isolates

One of the most important steps in the development of 
microbial inoculants is the identification of bacteria found 
to have promising growth-promoting activities (Wozniak 

et  al. 2019). The most common identification methods 
employed in previous studies involve the technique of 16S 
rRNA sequencing (Al-Sadi et al. 2016; Damodaran et al. 
2019; Lunsmann et al. 2016). Meanwhile, the present study 
identified the selected isolates using the Biolog GEN III 
MicroPlate-based technique, a latest innovation in bacterial 
identification that allows testing of both Gram-negative and 

Table 1   Biochemical details and identification result of four selected isolates using Biolog GEN III System

a  + positive; – negative; (+) mismatched positive; (−) mismatched negative

Properties Resulta Properties Resulta

IBBw1a IBBy1 IBBw2e IBBy2d IBBw1a IBBy1 IBBw2e IBBy2d

Dextrin – + + + Glycyl-l-Proline (+) – + –
d-Maltose + – – – l-Alanine + + + +
d-Trehalose + + – – l-Arginine + – + +
d-Cellobiose + – – – l-Aspartic Acid + + + +
Gentiobiose + – – – l-Glutamic Acid + + + +
Sucrose + (+) + – l-Histidine + + + +
d-Turanose + – – + l-Pyroglutamic Acid + + + +
Stachyose – – – – l-Serine + + + +
d-Raffinose + – – – Pectin + (+) + –
α-d-Lactose + – – – d-Galacturonic Acid + + + +
d-Melibiose + + – – l-Galactonic Acid Lactone + (+) (+) +
β-Methyl- d-Glucoside + – – + d-Gluconic Acid + + + +
D-Salicin + – + + Glucuronic Acid + + + +
N-Acetyl- d-Glucosamine + – + + Glucuronamide + + + –
N-Acetyl-β-Mannosamine – – – + Mucic Acid + + + +
N-Acetyl- d-Galactosamine + – – + Quinic Acid + + + +
N-Acetyl Neuraminic Acid – – – + d-Saccharic Acid – + + +
α-d-Glucose + + + + p-Hydroxyl-Phenylacetic 

Acid
(+) + + +

d-Mannose + + + + Methyl Pyruvate + + + +
d-Fructose + + + + d-Lactic Acid Methyl Ester + – – (+)
d-Galactose + + + (+) l-Lactic Acid + + (–) +
3-Methyl Glucose (+) + – + Citric Acid (+) + + (+)
d-Fucose + + – + α-Keto-Glutaric Acid + + – +
l-Fucose + + + (+) d-Malic Acid + – – +
l-Rhamnose + + – – l-Malic Acid + + + +
Inosine + – – + Bromo-Succinic Acid (+) – + +
d-Sorbitol + – + (–) Tween 40 + + (+) +
d-Mannitol + + + + y-Amino-Butyric Acid + + + +
d-Arabitol + + + + α-Hydroxyl-Butyric Acid + – – –
myo-Inositol + – + + α-Hydroxyl-d,l-Butyric Acid + + + +
Glycerol + + (+) + α-Keto-Butyric Acid – – – +
d-Glucose-6-PO4 + + (+) + Acetoacetic Acid + + – +
d-Fructose-6-PO4 + (+) + + Propionic Acid + (+) + +
d-Aspartic Acid – + + + Acetic Acid + + + +
d-Serine – – – – Formic Acid + – – –
Gelatin – – – + Identification results and 

similarity value
NO ID Ralstonia 

pickettii 
(0.668)

NO ID Acidovorax 
delafieldii 
(0.652)
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Gram-positive bacteria in the same panel (Fernando and 
Cruz 2019). The software dissects and analyzes the cell’s 
capacity to metabolize any large class of biochemicals, and 
determines other essential physiological properties such 
as pH, salt, and lactic acid tolerance, reducing power, and 
chemical sensitivity (Guenoun et al. 2019).

The above-identified rhizobacteria have been found to be 
reported in several bacteriology and microbiology literature 
as Gram-negative found in soils. A recent study by Al-Sadi 
et al. (2016) reported Ralstonia pickettii as a soil bacteria 
present in commercial potting media products and found 
out its potential as biocontrol species. Bulut (2013) iden-
tified R. pickettii as a nitrogen-fixing asymbiotic bacteria 
and inoculated in wheat plants. The experiment revealed the 
potential of this strain in organic wheat farming. In the case 
of Acidovorax delafieldii, Gurley and Zdor (2005) examined 
its effects on rhizosphere colonization, and found signifi-
cant effects suggesting its effectiveness in controlling weed 
growth with appropriate formulation methods with other 
beneficial strains.

Consistent with prior literature, the chemical sensitivity 
assays revealed the Gram-negative nature of all bacteria. In 
addition, all isolates were found to be lactic acid-tolerant 
and can thrive at pH 6. Salinity tolerance of the isolates is at 
1% level except for A. delafieldii, which showed negative. 
Several studies have reported the use of Biolog microplate 
assay in PGPR, particularly in defining their specific carbon 
sources. Guenoun et al. (2019) and Wozniak et al. (2019) 
reported that the Biolog system provides high accuracy and 
can provide a useful verification of bacteria at the species 

level. Moreover, in a study by Fernando and Cruz (2019), 
the Biolog system provided clear indications of the degree 
of ambiguity for identifying bacteria at the genus and species 
level. The study further argued that Biolog system and 16S 
rDNA techniques could be used simultaneously for effective 
and correct verification of bacteria ID.

The utilization profiles of substrates and chemical sensi-
tivity assays varied among selected isolates. Isolate IBBw2e 
showed the highest metabolic activities (67%), while low-
est was observed in R. pickettii (50%). In the sugar test, 
most isolates grew in the presence of sucrose, α-d-Glucose, 
d-mannose, d-Fructose, and l-Rhamnose, which is common 
among nitrogen-fixing bacteria (Dhevendaran et al. 2013). 
It has been reported that these soluble sugars serve as a pri-
mary energy source and an important source of carbon for 
soil microorganisms in the vicinity of growing roots (Vidal 
et al. 2018). In amino acid test, most isolates were able to 
metabolize l-Alanine, l-Aspartic acid, l-Glutamic acid, 
l-Histidine, l-Pyroglutamic acid, and l-Serine. This result 
agrees with the literature that free-living nitrogen-fixing 
bacteria are well known for their ability to produce and 
metabolize significant amounts of amino acids, especially of 
the genera Azotobacter and Azospirillum (Gonzalez-Lopez 
et al. 1995). Similar results have recently been reported by 
Wozniak et al. (2019) on endophytic bacteria.

Carboxylic acid test of the Biolog GEN III system showed 
that selected bacteria were able to metabolize l-malic acid, 
y-amino-butyric acid, and acetic acid substrates. Utilization 
of these organic acids is one of the mechanisms of rhizobac-
teria in plant growth promotion as microorganisms use these 

Table 2   Seed germination, growth, and vigor index of inoculated PSB rc23 rice seeds with selected bacterial isolates

Values are the mean ± SD of three replicates. Means followed by different letters are statistically different p ≤ 0.05 (LSD test)
Values in the parentheses indicate the average percentage increase relative to the uninoculated (control)

Treatment Germination (%) Shoot length (cm) Root length (cm) Seedling vigor index

Control 84.00 ± 4.00ab 3.40 ± 0.00b 3.12 ± 1.32b 548.40 ± 116.50b

IBBw1 94.67 ± 6.11a (12.70%) 3.90 ± 0.38ab (14.71%) 5.00 ± 1.01a (60.14%) 839.20 ± 34.34a (53.03%)
R. pickettii 84.00 ± 10.58ab 4.19 ± 0.57a (23.20%) 3.09 ± 0.43b 606.44 ± 61.01b (10.58%)
IBBw2e 80.00 ± 10.58b 3.79 ± 0.12ab (11.44%) 3.17 ± 0.56b (1.42%) 559.78 + 112.38b (2.07%)
A. delafieldii 88.00 ± 4.00ab (4.76%) 3.97 ± 0.55ab (16.67%) 4.20 ± 1.80ab (34.52%) 719.96 + 187.93ab (31.28%)

Fig. 1   PSB Rc23 rice seedlings 
at 7 DAS as affected by IBBw1a 
inoculation
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compounds as substrates, leading to increased microbial 
biomass and activity around the roots—the so-called rhizo-
sphere effect (Doornbos et al. 2012). Current evidence indi-
cates that some components present in these organic acids 
are involved in a variety of functions, including modulating 
nutrient availability, increasing heavy metal tolerance, or 
attracting rhizobacteria (Carvalhais et al. 2011).

The use of these organic acid substrates in rhizobacteria 
is also seen as a root exudation mechanism associated with 
the release of compounds during rhizodeposition (Dey et al. 
2012). Consequently, certain nutrient elements may be com-
paratively more accessible for plant absorption due to the 
released compounds. The component of plant root exudates 
not only serves as a source of carbon substratum for micro-
bial growth but also contains chemical molecules which pro-
mote rhizosphere chemotaxis of soil microbes (Olanrewaju 
et al. 2019). These functions, which root exudates perform, 
ultimately affect plant acquisition of nutrients (Ankati and 
Podile 2019).

Inoculation effects on upland rice seedlings

Bacterial inoculation can impact seedling growth and influ-
ence seedling establishment (Maheshwari 2012). It has been 
widely documented in several studies that there is a strong 
relationship between rhizobacterial capabilities and seed-
ling growth (Gupta and Pandey 2019; Shabanamol et al. 
2018; Tamreiha et al. 2019). The current results revealed 
similar findings showing the significant seedling growth 
enhancement caused rhizobacterial inoculation. Isolate 
IBBw1a was the most effective among treatments with more 
evident effects in seed germination and root length. Such 
growth promotion can be attributed to the IAA-producing 
capacity of the bacteria. The compound IAA can stimulate 
germination and increase root surface area through lateral 
and adventitious root formation (Zažímalová et al. 2014). 
This consequently provides greater capacity for water and 
nutrient assimilation and positively affects cell division and 
shoot growth. Similar results were also found out by Mari-
ano et al. (2018) through inoculation of IAA-producing act-
inobacteria Streptomyces sp. which significantly improved 
rice seedling growth. The use of indigenous PGPR from rice 
rhizosphere was also highlighted by Saengsanga (2018) to 
have beneficial effects on the early growth of Thai Jasmine 
Rice (KMDL105).

Seedling vigor is also one of the important considerations 
in seed quality determination and seedling establishment. 
In the present study, IBBw1a inoculation resulted in higher 
seedling vigor index suggesting its great potential to pro-
mote better seedling establishment of PSB Rc23 rice seeds. 
This is an essential characteristic for seedlings to survive 
under adverse external conditions (Bandurski et al. 2012). 
Enhancement in seedling vigor is also reported in recent 

studies. For instance, Damodaran et al. (2019) observed 
increased seedling vigor in rice and wheat genotypes 
through Lysinibacillus sp. inoculation. Meanwhile, Guyasa 
et al. (2018) recently found out that inoculation of Bacillus 
spp. and Pseudomonas flourescens can increase seedling 
vigor and relative growth rate of upland rice.

Conclusion

The present study has revealed the biochemical character-
istics of four upland rice-associated rhizobacterial strains, 
which were recently reported to produce growth-promoting 
compounds and proven to stimulate and enhance upland 
rice growth under screenhouse conditions. Among four 
selected isolates, IBBw1a was found to be the most effec-
tive in improving seed germination percentage, root length, 
and vigor index of PSB Rc23 rice seedlings in vitro. This 
bacterium may have the commercial value to be developed 
as a potential bio-inoculant, which may enhance upland rice 
seedling growth and vigor. The next move to investigate 
these growth-promoting strains is to test their effectiveness 
under actual upland field conditions to uncover their effi-
cacy as microbial inoculants. Moreover, 16 s rRNA gene 
sequencing is suggested as the Biolog GEN III system is 
based solely on the bacteria’s phenotypic profiles. This may 
further improve the identification of selected isolates.
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