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Abstract: The present study investigated the growth and yield responses of rice (Oryza sativa) after rhizoinoculation with selected plant growth promoting rhizobacteria, PGPRs, (Bacillus subtillis, Micrococcus
varians and Pseudomonas aeruginosa) in an ultisol. Viable rice (NERICA) seeds were acquired and sown in
a nursery. When rice seedlings had attained the 3-leaf stage, they were removed from the nursery to be
transplanted unto experimental bowls after immersing their roots in microbial culture of the PGPRs for 25
-3
mins in a 50ml beaker (dilution factor = 10 ). Results showed no effects on chlorophyll contents. Overall
plant survival was also not affected (p>0.05) by PGPR-inoculation (88.32 – 98.32%). Significant
improvement in rice yield was reported in the stands inoculated with P. aeruginosa. There were 49 seeds per
plant compared to 25 in the control. Per plant yield was 0.53g in P. aeruginosa-inoculated rice stands
compared to 0.28g obtained in the control (p<0.05). The yield of stands inoculated with B. subtillis and M.
varians were comparable with the control. There was significant (p<0.05) reduction in leaf loss as well as leaf
drying compared to control plants, thus indicating the importance of PGPR in plant development under
influence of environmental stress conditions.
Keywords: Bacillus, PGPR, Pseudomonas, ultisol, upland rice.
INTRODUCTION
Modern crop production systems in many countries
are heavily reliant on the use of synthetic pesticides
and fertilizers. Intensive use of these agrochemicals has
increased human health and environmental concerns
(Thakore, 2006; Cummings, 2009). Moreover, overreliance on the aforementioned would further increase
input demand to sustain the current yield levels
(Cummings, 2009). In contrast, natural ecosystems are
more sustainable in the context of productivity, insect
pest resistance and nutritional aspects. Therefore, given
the negative environmental impact of synthetic
fertilizers, and their increasing costs, the use of
beneficial soil microorganisms such as plant growth
promoting rhizobacteria (PGPR) for sustainable and
safe agriculture has increased globally during the last
couple of decades (Glick, 1995; Gupta et al. 2000;
Podile and Kishore, 2006; Freitas et al. 2007). In most
cases, PGPR are incorporated into eco-friendly
biofertilizers in crop improvement; and this constitutes
a sustainable agricultural practice (Freitas et al. 2007).
PGPR are well-known for their capability to advance
plant growth in numerous ways when likened to
synthetic fertilizers, insecticides and pesticides.
Bacteria of diverse genera have been identified as
PGPR, of which Bacillus and Pseudomonas spp. are
predominant (Podile and Kishore, 2006).
In guaranteeing food security, steady availability of
a number of staple crops like rice (Oryza sativa L.) is
considered. Rice is one of the staple foods for more
than half of the world’s population. It accounts for

about 23% of the world’s caloric intake (Bernier et al.,
2008; Jeon et al., 2011). In Nigeria, for example,
upland rice production accounts for 20% of the total
rice produced. The Africa Rice Centre (WARDA)
reports that Nigeria is the largest producer of rice in the
West Africa sub-region, and the demand for the crop is
growing at an annual rate of 5%. Although potentially
cultivable with rice area in Nigeria is supposed to be
estimated at 4.6 to 4.9 million hectares, only about 1.7
million hectares are presently being cropped to rice.
This production margin can be raised not only by
occupying vast land space for rice production, but
maximizing the fewer spaces available for rice
cultivation through enhanced biofertilization. This is
even more predicated on the fact that some soils,
particularly in southern Nigeria, where rice is best
suited ecologically, are either acidic or ferric ultisols
(Obi and Salako, 1995; Ekundayo and Obuekwe, 2000;
Udom et al., 2004; Imasuen and Onyeobi, 2013; Ikhile,
2016); a soil type that is not favourable for rice
cultivation. Iron toxicity in lowland rice, for example,
has been reported in various countries such as Sri
Lanka, India, Indonesia, Malaysia, Philippines,
Senegal, Sierra Leone, Liberia, Nigeria and Colombia
(Suresh, 2005). WARDA (1998) reported that iron
toxicity is very wide spread in West Africa,
particularly throughout the humid forest and savanna
zones in about 30 – 40% of all cultivated lowlands.
Here, crop yields are reportedly reduced, for example,
Prade et al. (1993), Sahrawat and Diatta (1996),
Audebert and Sahrawat (2000) reported a 12 – 100%
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reduction in rice production. Although iron is an
essential element for all plants, particularly, its
importance in numerous biochemical processes such as
photosynthesis,
chloroplast
development
and
chlorophyll biosynthesis. At higher levels, iron
becomes a physical barrier for the uptake of manganese
(Wang and Shuman, 1994) and of zinc (Zhang et al.,
1998).
However, it is not yet known if such soils are an
advantage for PGPR usage by plants. Although,
Mantelin and Touraine (2004) reported that inoculation
of PGPR enhanced plant uptake of important nutrients
such as Ca, K, Fe, Cu, Mn and Zn during acidification
of the soil rhizosphere; they also reported that
decreases in soil pH would improve the solubilization
of these nutrients.
In pristine and/or unfavourable environments,
PGPRs are known to enhance plants’ survival through
the production of relevant plant nutrients as well as
plant growth hormones (Glick, 1995). Significant
increases in growth and yield of agronomically
important crops in response to inoculation with PGPR
have been repeatedly reported (Gupta et al. 2000;
Biswas et al. 2000; Mariano and Kloepper 2000;
Vessey 2003; Gray and Smith 2005; Silva et al. 2006;
Figueiredo et al. 2008; Araujo 2013). Previous research
by Mayak et al. (2004) confirmed the use of PGPR to
confer resistance to water stress in tomatoes and
peppers. Herman et al. (2008) also reported improved
physiological responses of sweet pepper with
inoculation of PGPR and mycorrhiza. Studies have also
shown that the growth-promoting ability of some
bacteria may be highly specific to certain plant species,
cultivar and genotype (Bashan and Holguin 1997;
Gupta et al. 2000; Lucy et al. 2004). It is therefore the
aim of this study to investigate possible impact of
rhizo-inoculation of rice with selected PGPR on
selected growth and yield parameters of the test plant
in an ultisol.
MATERIALS AND METHODS
Collection and preparation of materials for the
experiment
The experiment was conducted at the Department
of Plant Biology and Biotechnology (Dept.PBB)
Screen House, University of Benin, Benin City,
Nigeria (South-south Nigeria). Top soil (1 - 10 cm)
was obtained from the Dept.PBB Botanic Garden, and
sun dried to constant weight. Samples of this soil (an
ultisol) were taken to the Lab for determination of
selected physical and chemical characteristics prior to
use, and according to methods described by APHA
(1985). Selected soil heavy metal composition was
determined by atomic absorption spectrometry. Total
organic carbon (TOC) and total organic matter (TOM)
contents were determined according to Nelson and
Sommers (1982) and Osuji and Nwoye (2007). Soil
textural components as well as elemental composition
of the materials used were determined according to the
methods of Bray and Kurtz (1945 a,b). Culturable
microbial composition of top soil to be used was also
determined
following
laid
down
procedure
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(Cheesebrough, 2001). The soils were eventually
measured into holding plastic experimental bowls
measuring 68 cm diameter and 26 cm deep, and
adequately moistened. There were 20 bowls.
Sowing of Rice Seedling in Nursery
Viable rice (NERICA) seeds were acquired and
sown in a nursery. After seedlings had attained the 3leaf stage, they were taken to the screen house for
transplanting.
Bacterial species
The bacteria species used in this study (Bacillus
subtillis, Micrococcus varians and Pseudomonas
aeruginosa) were obtained from the Graduate Research
Laboratory Culture Collection Unit of the Department
of Microbiology, University of Benin, Benin City,
Nigeria. They were initially isolated from plant
rhizospheres of Chromolaena odorata during a
previous study (Ikhajiagbe and Akendolor, 2016). The
bacterial cultures were grown on nutrient agar and
immediately put to use.
Rhizo-inoculation of Rice Transplants
Stock cultures of the PGPR were prepared and kept
in McCartney bottles. Cultures of each PGPR was
serially diluted with distilled water by a factor of 10 -3,
and transferred into a 50 ml beaker. Prior to
inoculation, the roots of each rice seedling were
carefully washed in several changes of distilled water –
to remove all soil attachments on the roots. Thereafter,
the roots-washed seedling was immersed (root-deep)
into the already prepared diluted microbial culture in
the beaker for a period of 25 minutes each, before the
inoculated seedling was eventually transplanted unto
newer experimental bowls. This was done separately
for B. subtillis culture, as well as for M. varians and P.
aeruginosa respectively. Control plants were not
inoculated. Both inoculated and control plant bowls
were kept in a well-ventilated screen house for growth
monitoring.
Husbandry
The transplanted experimental bowls were
constantly weeded, and carefully irrigated every other
day with 500 ml of water (pH 6.6 – 6.8) especially
during dry and hot days. Care was taken to ensure that
soil moisture level was adequate for plant
development, following procedures laid out by USDA
(1998).
Parameters Considered and Experimental
Design
The plants were physically observed for any growth
anomaly as compared against the control. Leaf
chlorophyll content was determined according to
Arnon et al. (1949). Other parameters determined were
plant height, leaf number, number of dried-out leaves,
leaf length, number of additional tillers, as well as
percentage senescence. Percentage plant survival was
determined as percentage of plants that grew till
maturity out of the totality of transplants initially
introduced into experimental bowls, following rhizoStudia Universitatis “Vasile Goldiş”, Seria Ştiinţele Vieţii
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inoculation. Leaf colour was recorded, and thereafter
presented as colour codes. These colour codes are
available online on the Google App Store®. The yield
characteristics were also taken to note.
The experimental design chosen was the
completely randomized design (CRD) following
assumption of homogeneity of the experimental plot in
use. As a result, treatments were randomized over the
whole plot in the screen house. Each treatment
consisted of 5 replicates. In order to avoid bias and
misidentification, treatment bowls were properly
labelled.
Statistical Analysis
Results were therefore analysed using SPSS-20
statistical software for one-way Analysis of Variance
(ANOVA), principal components, as well as
hierarchical cluster analyses where necessary.
RESULTS AND DISCUSSION
The physico-chemical characteristics of the soil
prior to use have been presented on Table 1. The soil,
which was slightly acidic, had a total organic carbon
content of 0.92% and a total nitrogen content
amounting to 2.13% (Table 1). Also presented (Table
2) is culturable microbial composition of the soil prior
to use. Bacterial counts (1.52 x 105 cfu/g) significantly
outnumbered the available fungi species by a factor of
10 (2.03 x 104 cfu/g). Pseudomonas aeruginosa,
Staphylococcus
aureus,
Micrococcus
varians,
Staphylococcus epidymis were the bacterial isolates
available. The presence of Pseudomonas aeruginosa
and Micrococcus varians in the bulk soil may
eventually be beneficial for plant development as these
bacteria, when found within plant rhizosphere,
generally enhance plant growth (Mayak et al., 2004;
Bernier et al., 2008; Nautiyal et al., 2008; MartinezViveros et al., 2010; Jeon et al., 2011; Vacheron et al.,

2013; Sarma and Saikia, 2014). Suggestively, soil
acidic condition is a possible reason for microbial
proliferation (Ikhajiagbe et al., 2013). The authors also
reported the presence of the Bacillus subtillis,
Pseudomonas aeruginosa and Micrococcus varians in
soils with pH of as low as 5. This may however not
always be true; as there are several other factors that
affect microbial proliferation in the soil – moisture,
temperature, nutrient composition, total organic
content, soil oxygen, soil type, and presence of
contaminants; the effects of these factors are also
synergistic and not entirely isolated (Vidali, 2001;
Ikhajiagbe, 2010).
Physical observation about the rice plants during
the 4-8th week after inoculation were reported (Table
3). In the control, the only anomaly reported was the
presence of dried leaves. Leaf dryness progressed from
the leaf tip inwardly to other leaf parts. However, this
drying out of leaves was exclusively restricted to only
older leaves in both control and inoculated plants, but
reportedly less frequent (p<0.05) in the latter. Leaf
yellowing was observed at middle of a few leaves in
the Bacillus-inoculated plants. Generally however, leaf
yellowing (chlorosis) was common to the rhizoinoculated plants, although this occurrence was not
very significant. Leaf color was mainly green.
However, there was presentation of the green leaf
colour in different shades of green, including Lime
green (#32CD32), Olive drab (#6B8E23), Green
yellow (#ADFF2F), Sea green (#2E8B57) and Dark
green (#006400). There were no significant differences
in chlorophyll contents of leaves of the rhizoinoculated and control rice plant stands. Total
chlorophyll ranged from 0.253 – 0.293 U/mg (Table 3).
Sharma et al (2014) however reported increases in
chlorophyll contents of rice plants inoculated with
Pseudomonas putida and Pseudomonas fluorescens.

Table 1.
Physical and chemical properties of soil before contamination
Parameters
Ph
Total organic carbon (%)
Total Nitrogen (%)
Exchangeable acidity (meq/100g)
Electric conductivity (µs/cm)
Ca (meq/100g)
K (meq/100g)
Mg (meq/100g)
Na (meq/100g)
NO 2 (mg/kg)
NO 3 (mg/kg)
Fe (mg/kg)
Cd (mg/kg)
Cu (mg/kg)
Zn (mg/kg)
Mn (mg/kg)
Pb (mg/kg)
Clay (%)
Silt (%)
Studia Universitatis “Vasile Goldiş”, Seria Ştiinţele Vieţii
Vol. 29, issue 3, 2019, pp. 134 - 143
© 2019 Vasile Goldis University Press (www.studiauniversitatis.ro)

Mean value
(n = 5)
5.87 ± 0.52
0.92 ± 0.09
2.13± 1.01
0.25 ± 0.06
302.33 ± 21.42
13.96 ± 3.02
1.61 ± 0.73
12.05 ± 3.14
10.14 ± 2.52
157.34 ± 31.55
250.21 ± 22.14
1034.12 ± 66.34
<0.001
3.62 ± 0.14
28.96 ± 4.86
19.22 ±5.23
0.02 ± 0.01
5.23 ± 0.48
7.50 ± 1.11
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Sand (%)
These are background mean concentrations (n = 5)

84.87 ± 12.01

Table 2.
Microbial composition of soil prior to use in the experiment

*Heterotrophic
counts

Bacteria
5
(x 10 cfu/g)

Fungi
4
(x 10 cfu/g )

p-value

1.52a

2.03b

0.017

Pseudomonas aeruginosa,
Aspergillus flavus, Trichoderma
Staphylococcus aureus, Micrococcus
harzianum, Mucor mucedo, Fusarium
varians, Staphylococcus epidymis.
solani, Penicillum sp., Aspergillus niger
*Means on the same row with similar accompanying alphabets do not differ from each other (p>0.05)
Culturable
isolates

Not
applicable

Table 3.
Physical observation of test plant during exposure in the field as well as foliar chlorophyll contents
*Total chlorophyll
Observation on field
Prominence of foliar colour between
content
Treatments
between 4 – 8 WAI
4 – 8 WAI
(U/mg protein) at 8
WAI
Leaves drying from tip
The most prominent leaf colour was
inwardly. Also, drying from
Green (#008000); other foliar colours
stem tip outwardly. Leaf
identified were Sea green (#2E8B57)
yellowing observed at
B. subtillis
and Dark green (#006400). Green
0.2534a
middle of a few leaves.
yellow (#ADFF2F) was reported in only
Plants were generally the
2 leaves with severe chlorosis.
shortest.

M. varians

P. aeruginosa

Chlorosis at tip present in
few leaves; Leaves drying
from tip inwardly. Foliar
anomaly was mostly
common to older leaves.

Leaves drying from tip
inwardly. Yellowish leaf tip
present in few leaves. Foliar
anomaly was mostly
common to older leaves.

Most prominent colour was Green
(#008000); other foliar colours identified
were Sea green (#2E8B57), Lime
green (#32CD32), and Dark green
(#006400). Most leaves that eventually
dried out turned from green through
Olive drab (#6B8E23) to brown before
drying out.
Most prominent colour was Green
(#008000); Dark green (#006400) was
also prominently observed. Sea green
(#2E8B57) was least observed. A few
insignificant number of older leaves
showed color deterioration from green
to Green yellow or lime green

0.2634a

0.2712a

Leaf drying occured from tip
and then inwardly to entire
Colour presentation nearly similar to
Control
leaf. Foliar anomaly was
0.2934a
Pseudomonas-inoculated plant leaves.
mostly common to older
leaves.
p-value
Not applicable
Not applicable
0.512
WAI - weeks after inoculation. *Means on the same column with similar accompanying alphabets do not differ from each
other (p>0.05)
Key:
Lime green (#32CD32)
Olive drab (#6B8E23)
Green (#008000)
Sea green (#2E8B57)
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Green yellow (#ADFF2F)
Dark green (#006400)
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Table 4.
Some growth characteristics of rice at 13 weeks after exposure to selected PGPR

Rhizo-inoculants

Percentage plant
survival
(%)

Height of
Plants
(cm)

length of Plants leaf
(cm)

Additional
tillers*

Bacillus subtilis

88.33a

52.50a

44.00a

0a

Micrococcus varians

89.15a

64.25ab

50.50ab

1ab

Pseudomonas aeruginosa
Control

93.33ab
98.325b

82.25bc
93.75c

52.25ab
65.00b

2b
2b

p-value (0.05)
0.177
0.002
0.149
0.041
*Presented to the nearest whole number. Means on the same column with similar accompanying alphabets do not differ
from each other (p>0.05)

Fig. 1. Amelioration of plant senescence and leaf drying incidents by inoculated rhizo-bacteria reported 13 weeks after
inoculation. Means on the same graph types with similar accompanying alphabets do not differ from each other (p>0.05).

Plant overall survival after 13 weeks was not
affected by PGPR-inoculation when compared with the
control (88.32 – 98.32%) (Table 4). However, control
rice plants were taller (ht. = 93.75 cm) than those
plants that were rhizo-inoculated with B. subtilis and
M. varians (ht. = 88.33 – 89.15 cm), but comparable
with Pseudomonas-inoculated plant stands (ht. = 93.33
cm). There were not significant increases in plant
height compared with the control as a result of
pseudomonas inoculation (82.25 – 93.75 cm). Ahmed
et al. (2013) reported increases in plant height of a cold
area rice variety ‘Fakre Malakand’ upon inoculation
with Pseudomonas Ky1 strain. Significant reduction
was however reported in rice stands inoculated with
Bacillus (52.50 cm). Bacillus-inoculated plants stands
also had shorter leaves.
It was observed that plants that were rhizoinoculated were less prone to stress measured herein as
number of dried-out leaves (Fig. 1). There were more
dried-out leaves in the control (33.4 %) than in
bacterial-inoculated rice plants (20.74 – 29.41%).
Generally however, the pseudomonas-inoculated rice
stands had more leaves (32 leaves per plant) compared
to the control plants (25 leaves per plant). Abiotic
stresses are known to cause drastic yield reductions in
many farms this however depends on the intensity of
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the stress as well as the soil type, not forgetting plant
factors (Nadeem et al., 2010). It is perhaps suggested
that inherent soil conditions may be one of the factors
that triggered such plant morphological stress
responses like foliar drying and senescence common to
both inoculated and control plants. The soil is a ferric
ultisol, having reported phytotoxic impact on rice
cultivation. This condition ordinarily would pose
serious challenge for rice growth and development
(Prade et al., 1993; Sahrawat and Diatta, 1996;
WARDA, 1998; Zhang et al., 1998; Suresh, 2005).
However, as reported in the present study, the effects
on rice plants may have been ameliorated with
increased presence of PGPR in plant rhizosphere.
Some of the plants are able to withstand the effects
of the stress by their ability to utilize necessary
antioxidant defense mechanisms. Nautiyal et al. (2008)
demonstrated that the Bacillus lentimorbus strain
enhanced the plant antioxidant capability as well as
increasing growth. Pseudomonas aeruginosa strain was
reported to enhance the growth of Vigna radiata plants
under drought stress (Sarma and Saikia, 2014). The
enhancement of survival of rice plants under salt stress
after inoculation with Pseudomonas Ky1 strain has
also been reported (Sen and Chandrasekhar, 2014).
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Fig. 2. Yield characteristics of rice 13 weeks after rhizo-inoculation with selected PGPR. Means on the same graph types
with similar accompanying alphabets do not differ from each other (p>0.05).

Significant improvement in rice yield was reported
in the stands inoculated with P. aeruginosa. There
were 49 seeds per plant compared to 25 in the control
(Fig. 2). Per plant yield was 0.53g in P. aeruginosainoculated rice stands compared to 0.28g obtained in
the control (p<0.05). The yield of stands inoculated
with B. subtillis and M. varians were comparable with
the control. Ahmed et al. (2013) reported increase in
yield of a cold area rice variety, Fakre Malakand, when
inoculated with Pseudomonas Ky1 strain. In a bid to
find out possible correlation between any 2 selected
growth and yield parameters, a bivariate correlation
was computed (Table 5). Results showed that plant
height highly positively correlated with additional
tillers (r = 0.953, p<0.05), as well as with percentage
plant survival (r = 0.964, p<0.05). The implication of
this relationship is that increases in plant height, with
regards to the present study only, would favour
expression of the aforementioned growth and yield
parameters (Table 5). Similarly, per plant seed weight

was absolute a factor of the number of harvested seeds
per plant (r = 0.999, p<0.01).
As a follow up to the aforementioned, a principal
component analysis was carried out with a view to
determining which of the assessed parameters was the
majorly critical to influencing the outcome of the study
(Table 6). The Principal component analysis output
showed 2 components presenting a set of 2 possible
parametric groups that were most likely influenced by
the experimental condition. Component-1 majorly
relied on morphological parameters (leaf length,
percentage plant survival, plant height, additional tiller,
and percentage dried out leaves), whereas component-2
relied basically on yield parameters (number of seeds
per plant and seed weight per plant). The PCA plot
(Fig. 3) shows that plant inoculation with P.
aeruginosa was most likely associated with plant
height, number of leaves as well as number of seeds
per plant.

Table 5.
Bivariate correlation between selected growth and yield parameters of rice exposed to rhizo-inoculation with
selected PGPRs at 2-taled

No of seeds per plant

Seed wt. per plant

No of leaves per plant

Percentage dried out leaves

Percentage plant survival
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R
Pvalue
R
Pvalue
R
Pvalue
R
Pvalue
R
Pvalue

No of
seeds
per
plant
1

Seed
wt.
per
plant

No. of
leaves
per
plant

0.999**
7.00E04
0.931

1

0.935

0.069

0.065

-0.27

-0.25

0.101

0.731

0.745

0.899

-0.07

-0.08

0.227

0.746

0.935

0.924

0.773

0.254

Percentage
dried out
leaves

Percentage
plant
survival

Plant
height

Lea
f
len
gth

1

1

1
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Plant height

Leaf length

R
Pvalue
R
Pvalue

0.138

0.133

0.449

0.785

0.964*

1

0.862

0.867

0.551

0.215

0.036

-0.24

-0.24

0.104

0.906

0.952

0.926

0.761

0.76

0.896

0.094

0.048

0.074

R

0.377

0.378

0.674

0.739

0.839

0.953*

0.623

0.622

0.326

0.261

0.161

0.047

1

0.8
05
0.1
95

Additional tiller

Pvalue
*correlation is significant at 0.05 (2-tailed)
**correlation is significant at 0.01 (2-tailed)

Table 6.
Principal component analysis output showing component score coefficient matrix for some growth and yield
parameters of rice exposed to rhizo-inoculation with selected PGPRs

Leaf length
Percentage plant survival
Plant height
Additional tiller
Percentage dried out leaves
No of seeds per plant
Seed wt per plant
No. of lvs per plant
Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.
a
Coefficients are standardized.

Component-1

Component-2

0.987

-0.157

0.977
0.974
0.881
0.867
-0.084
-0.088
0.25

0.023
0.222
0.449
-0.208
0.996
0.994
0.951

Fig. 3. Component plot as output of principal component analysis conducted on some growth and yield parameters of
rice exposed to rhizo-inoculation with selected PGPRs.
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When compared with other referred studies earlier
presented, improved yield was reported in contrary to
the report of this study. One thing was common with
these reported studies; none provided information on
physicochemical condition of soil on which rice was
sown. Soil properties have been reported to greatly
influence microbial activity (Vidali, 2001; Ikhajiagbe,
2010; Ikhajiagbe et al., 2013). PGPR are generally
known as growth enhancers. However, there have been
a number of reports that describe them as also having
anti-growth attributes. Certain Pseudomonas species,
for example, produce cyanide as a growth-promotion
factor, where it acts as a biocontrol agent against
certain plant pathogens (Martinez-Viveros et al.,
2010); but cyanide also has a growth inhibition
characteristic (Bakker and Schippers, 1987). Plant
growth-promoting auxins produced by certain PGPR
can also impede overall plant development (Vacheron
et al., 2003). It is important to note that the
effectiveness of auxin relies upon its concentration.
(Xie et al., 1996) also links over production of these
plant growth factors by PGPR as possible reasons for
overall growth suppression. For example, auxins
enhance plant growth at low concentrations, but inhibit
root development at higher concentrations (Xie et al.,
1996). As important as the root is, whatever negatively
impacts on plant root development, invariably would
affect the overall growth performance of the plant.
CONCLUSION
PGPR are important growth enhancer of plant in an
environmentally stressed condition, however, this
varies with plant type and species. From the study, P.
aeruginosa is suitable in the rhizo-inoculation of rice
stands in a ferric ultisol for increased yield productivity
and food security. However, molecular studies is
needed to identify the genetic strain that is able to
stimulate the plant inherent resistance in such soils.
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