
Phosphate solubilizing bacteria have a positive effect on rice (Oryza sativa L.) 

growth and development 
Nasim Maghboli Balasjin, Michael R. Schläppi, James S. Maki, Christopher W. Marshall

Marquette University, Department of Biological Sciences, Milwaukee, WI

INTRODUCTION
Asian rice (Oryza sativa L.) is one of the most important

crops worldwide and a staple food for nearly three billion

people. Therefore, it is important to study how to improve

production of the crop in the face of a changing climate. O.

sativa has two major subspecies, INDICA and JAPONICA,

of which the latter is more cold-tolerant.

Bacteria that are involved in plant health, known as plant

growth promoting bacteria (PGPB), have beneficial

interactions with plants. This is a mutualistic plant-microbe

relationship. Because nitrogen and phosphate are the two

most important nutrients for plants, some PGPB maybe

able to simultaneously provide those nutrients through

phosphate solubilization and ammonia production.

HYPOTHESIS
Phosphate solubilizing bacteria isolated from O. sativa

have a positive effect on rice growth and development.

APPROACH & METHODS
1. Plant growing and bacterial isolation

o Surface sterilized NDICA and JAPONICA seeds were

germinated in solid Murashige-Skoog (MS) media and

germinated seeds were transferred to growth chamber

(12 h of light (28˚C) & 12 h of dark (24˚C) cycles).

o Bacteria were isolated from 14-day-old plant roots

(rhizoplane and endosphere) and leaves (phyllosphere)

using nutrient agar (Difco).

2. Screening for phosphate solubilizing bacteria (PSB)

o Bacterial isolates were screened for phosphate 

solubilizing ability using an agar assay method and 

phosphate solubilizing index was calculated (Nautiyal, 

1999)1.

3. Ammonia (NH3) production test

o Ammonia was detected spectrophotometrically (425 nm)

using Nessler’s reagent and bacterial supernatant

(Cappuccino & Sherman, 2014)2.

4. Other tests

o Indoleacetic acid (IAA) production

o Gibberellic acid (GA) production

o Lipase, cellulase and siderophore production

o Casein and gelatin hydrolyzing

5. Evaluating the influence of candidate PSB on rice

growth and development

o Inoculated rice seeds were tested for the amounts of

soluble phosphate in tissues, root and shoot length and dry

weight root/shoot ratio. (control plants: (non-inoculated

seeds = soaked seeds in 0.85% w/v KCl solution).

RESULTS
1. 178 culturable bacteria from the rhizoplane, endosphere

and phyllosphere of both INDICA and JAPONICA rice

subspecies were isolated.

2. 23 bacteria had phosphate solubilizing (Fig. 1) and

ammonia production ability.

3. One bacterium (n00132), isolated from the INDICA

phyllosphere, had a significantly higher phosphate

solubilization index (SI=2.5) (Fig. 2) with significantly

higher indole acetic acid (IAA) levels (10.8 µg ml-1) (Fig. 3).

Lipase, cellulase, siderophore, GA production and

hydrolyzing of casein and gelatin were strongly positive for

this bacterium.

Figure 1. PGPB with phosphate

solubilizing ability on calcium

phosphate medium. Phosphate

solubilizing index (SI) can be

calculated by adding colony

diameter and halo diameter and

dividing it by colony dimeter.
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4. Results from inoculating JAPONICA with n00132 are

shown in Fig. 4.

DISCUSSION
o Isolate n00132 increased soluble phosphate in roots and

IAA in shoots of JAPONICA plants.

o JAPONICA growth improved as a result of nutrient uptake

from isolate n00132 activity.

o This demonstrates the beneficial association of plants and

their microbial partners.

Figure 2. Bacterium

n00132 isolated from

INDICA phyllosphere,

with significantly higher

SI (2.5).

Figure 3. Bacterium n00132 with significantly highest IAA production

(10.8 µg ml-1). (statistical analysis: ANOVA single factor, P-value: 0.05).
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Figure 4. Soluble phosphate in JAPONICA plants that were inoculated

with n00132 bacterium was significantly higher in their shoots (0.007

mM/mg of tissue) (a); root growth was significantly higher (10.57 cm at day

10) (b); and overall dry weight root/shoot ratio was significantly higher (0.4

g) (c) (statistical analysis: T-Test, P-value: 0.05). (non-inoculated seeds =

soaked seeds in 0.85% w/v KCl solution).

1Nautiyal, C. S. (1999). An effcient microbiological growth medium for screening

phosphate solubilizing microorganisms. FEMS Microbiology Letters, 170(436),

265–270.
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2Cappuccino J.C., Sherman N. (2014). Microbiology: a laboratory manual, 10th

edition. New York: Longman.


