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ABSTRACT

Our study aimed at assessing the effects of 3 Plants Growth Promoting Rhizobacteria (PGPR) either singly or in com-
bination on maize growth under laboratory and greenhouse conditions. Seeds were inoculated with single and combined
solution of 10® CFU/mI of Rhizobacteria. Seeds were not inoculated for the control variant. The highest germination
percentage was obtained with the combination of Pseudomonas fluorescens and Pseudomonas putida. This combination
also recorded the best vigor index, plants circumferences number of leaves and the leaf area. The maximal heights of
plants were observed with seeds treated with Azospirillum lipoferum with an increase of 37.32%. The highest rates of
underground dry matter were recorded with A. lipoferum, with an increase of more than 56% comparative to control,
while the combination P. fluorescens and P. putida increased the aerial dry matter of 59.11%. Finally, the highest value
of the aerial biomass was obtained with the plants treated with the combination of P. fluorescens and P. putida and the
highest underground biomass was obtained with plants treated only with 4. lipoferum. These results suggest that spe-
cific combinations of PGPR can be considered as efficient alternative biofertilizers to promote maize seed germination,
biomass and crop yield.
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1. Introduction environmental biotechnology is also receiving attention as
a way to reduce chemical fertilizer doses without affecting
crop yield. It can then be evaluated as a component of

integrated management strategies in agriculture [9-11].

Plant Growth Promoting Rhizobacteria (PGPR) is a group
of bacteria that actively colonize plant roots and increase

plant growth and yield [1]. The mechanisms they use to
promote plants growth are not fully understood, but they
can be classified in four groups: biofertilizers (solubili-
sation of mineral phosphates, asymbiotic N, fixation) [2,
3], phytostimulators (abilityto produce phytohormones)
[4], rhizoremediators (degrading organic pollutants) [5]
and biopesticides (production of siderophores, the syn-
thesis of antibiotics, enzymes and/or fungicidal compounds)
[6-8].

Nowadays, the plants inoculation with rhizobacteria
PGPR is a major asset for biological agriculture. This
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The first observations of PGPR effects on the seeds have
been realized with Pseudomonas spp. isolated from roots.
In California and Idaho, [12] obtained a statistically sig-
nificant increase of potato (Solanum tuberosum L.) yield
from 14% to 33% in 59 fields with seeds treated with
Pseudomonas fluorescens and Pseudomonas putida Sus-
pension. It has been also shown that Pseudomonas putida
and Pseudomonas fluorescens strains can increase root
and shoot elongation in canola [13], wheat and potato
[14,15]. Azospirillum species are prominent Plant Growth-
Promoting Rhizobacteria (PGPR) used as inoculants for
phytostimulation of several types of crops (mainly ce-
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reals) under different climatic conditions and they may
lead to improved crop yields [16,17]. Then, with maize,
Azospirillum lipoferum CRT1 is the most important
PGPR used in Europe [10,18,19] whereas in Mexico
(one of the leading countries in field inoculation) Azo-
spirillum brasilense UAP-154 and CFN-535 inoculants are
extensively used under agronomic conditions [11,17].
Several studies have been carried out to determine the
effect of PGPR on plant but very few have invoved para-
meters of seed germination well as plant growth. The
impact of those PGPR’s combinations has not yet been
well studied. We hypothesize that by combining PGPR
with different metabolic capacities (N, fixation, P mobi-
lization, production of phytohormones, and antimicrobials,
etc.), we can expect additive or synergistic effects result-
ing from their combination and hence better improve-
ment of the crop growth. In the same way, [20] asserted
that the combination of Azospirillum, Pseudomonas and
Azotobacter strains could affect seed germination.

In this context, we assessed the effects of three dif-
ferent PGPR either singly or in combination (Azospiril-
lum lipoferum, Pseudomonas fluorescens and Pseudo-
monas putida) on maize seed germination and growth de-
velopment under laboratory and greenhouse growth con-
ditions.

2. Material and Methods
2.1. Materials

The bacteria species used were Azospirillum lipoferum,
Pseudomonas fluorescens and Pseudomonas putida. The
maize seeds used were a composite of 85 - 90 days cycle
variety called EVDT 97 STR C1S [21]. The soil used in
green house experiments was a deep reddish ferrous non
damaged soil.

2.2. Preparation of PGPR Inoculum

The PGPR used were those isolated and identified by
[22]. Unless in use, the bacteria stocks were kept at
—20°C in Muller Hinton broth with 10% of Glycerol
throughout. The PGPR suspensions were prepared using
a modified method of [23]. The bacteria were cultured
onnutrient broth platesduring 48 h at 30°C (Pseudomonas
lipoferum and Pseudomonas putida) and at 37°C (Azo-
spirillum lipoferum). Two days old cultures were har-
vested and centrifuged at 10.000 rpm for 10 min. Pellets
obtained were suspended in nutrient broth and the ino-
culums load was adjusted to 1 x 10° CFU/ml using the
spectrophotometer. For treatments with a combination of
two or three bacteria, inoculum of each PGPR was adj-
usted to the required concentration and then they were
mixed in the ratio of 1:1 (v/v) prior to inoculation.

Copyright © 2013 SciRes.

2.3. Seed Inoculation with PGPR

Maize seeds were surface sterilized with 0.024% sodium
hypochlorite for 2 min and rinsed thoroughly in sterile
distilled water under agitation [24]. The surface sterilized
seeds were treated with different PGPR suspensions of
about 1 x 10® CFU/ml for 30 min [25].

2.4. Experimental Design

Eight variants with three replications were considered for
the experiment: CTL = Control (without rhizobacteria);
Azo: treated only with Azospirillum lipoferum; P1: treat-
ed only with Pseudomonas fluorescens; P3: treated only
with Pseudomonas putida; AzoP1: treated both with 4zo-
spirillum lipoferum-Pseudomonas fluorescens in the same
proportion; AzoP3: treated both with Azospirillum lipo-
ferum-Pseudomonas putida in the same proportion; P1P3:
treated both with Pseudomonas fluorescens-Pseudomo-
nas putida in the same proportion; AzoP1P3: treated
with Azospirillum lipoferum-Pseudomonas fluorescens-
Pseu-domonas putida in the same proportion (1:1:1).

2.5. In Vitro Seeds Germination

Twenty seeds of maize inoculated with PGPR were ar-
ranged in an equidistant manner in a sterile square Petri
dish (11.8 cm of side) (Figure 1).

2.6. PGPR Effect on Maize Growth

2.6.1. Chemical Characteristics of the Soil

Ten grams of soil suspended in 25 ml distilled water
were used to determine the pH of the soil [26]. The as-
similable phosphorus was been determined by color
method at 660 nm [27], while exchangeable cations (Ca,
Mg and K) were determined by the ammonium acetate

Figure 1. Paper towel-aided seed germination device.
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method as previously described by [28]. The organic
carbon was evaluated by [29] method that included oxi-
dation of the organic matter of soil with dichromate of
potassium (K,Cr,O7 1N).

2.6.2. Sowing and Maintenance of the Plants

The used soil was sterilized twice at 120°C for 20 min
with 24 hours times’ interval [24]. Two kilograms of
sterilized soil were weighed in each plastic pot of 15 cm
of diameter. Pots were kept in the greenhouse. Each pot
was dampened to 2/9 of the maximal retention capacity
of the soil 24 hours before the seeding [30]. A 5cm deep
hole was opened in the centre ofeach pot. Two maize
seeds (EVDT 97 STR C1) were introduced into the hole
and immediately inoculated with 10 ml of each PGPR
suspension containing about 1 x 10 CFU/mI, and the
hole was then covered with soil. The pots were watered
daily at 1/9 of the maximal retention capacity of the sub-
strate. On the 14th Day after Seeding (DAS), the least
vigorous of the two plants was removed. Different pa-
rameters were measured from the 14th up to the 30th
DAS. The average day and night temperatures were
29.44°C and 21°C respectively throughout this study.

2.6.3. Assessment of the Growth Parameters

Plant height and stem circumference were measured
every 96 h from the 14th to the 30th DAS. These parame-
ters allowed us to assess the plant vigor over growing pe-
riod. The number of leaves was also measured at differ-
ent post germination times. Leaf area determination was
assess using the classical formula (£ % length x width,
where £ = 0.75) according to [31]. The shoot biomass
was also assessed at 30 days post germination. The root

biomass of the plants was assessed after carefully recov-
ering the root from the soil and immerging them into
water. The plant fresh materials were incubated at 65°C
for 72 hours [25] in order to determine the biomass dry
weights, which are expressed in (%) of the fresh bio-
mass.

2.7. Statistical Analysis

The collected data were subjected to an analysis of vari-
ance (ANOVA) least Significant Difference (LSD) test at
probability level 0.05 and to the test of Student New-
man-Keuls with Statistical Analysis System (SAS ver-
sion 8.1) software to evaluate the effects of the PGPR on
maize germination and growth. In this model of analysis,
the eight treatments were considered as a stationary fac-
tor whereas the repetitions were considered as an uncer-
tain factor.

3. Results
3.1. Effect of the PGPR on Seeds Germination

Our data revealed that PGPR treatment promotes maize
(Zea mays L.) seed germination (Table 1). We noticed a
very significant differences (p < 0.01) in shoot length
among the different treatments. The differences in the
treatments for germination percentage, root length and
vigor index, were highly significant (p < 0.001) com-
pared to the control. The highest germination percentage
(100%) was observed with the seeds inoculated with the
combination of P. fluorescens-P. putida follow by those
inoculated with A. lipoferum (98.33%).

These two treatments increased germination by 22.44%

Table 1. In vitro PGPR effect on maize seeds germination root and shoot length at 7 DAG.

Traitements Germination (%) Shoot (cm) Root (cm)

m Cv m Cv m Cv
CTL 81.67° 3.53 5.43° 4.23 11.08° 3.70
Azo 98.33° 2.93 7.34° 3.26 16.79° 6.09
P1 93.33% 3.08 7.09% 4,93 13.43" 7.52
P3 88.33" 3.26 7.45° 7.78 11.84% 5.82
AzoP1 81.67° 3.53 7,07 5.12 13.97*% 5.65
AzoP3 86.67" 3.33 7.27° 7.16 14.38™ 3.19
P1P3 100.00° 0.00 8.39° 5.48 15.55% 5.61
AzoP1P3 81.67° 7.06 7.09° 6.38 12,23 4.25

Signification il bl il

m = Means, Cv = Coefficients of variation, * = p < 0.05; ** = p < 0.01; *** = p < 0.001. In a column, the means with different letters are significantly different

with probability level of 5 % according to Student Newman-Keuls test.

CTL: Control (without rhizobacteria); Azo: treated only with Azospirillum lipoferum; P1: treated only with Pseudomonas fluorescens; P3: treated only with
Pseudomonas putida; AzoP1: treated both with Azospirillum lipoferum-Pseudomonas fluorescens; AzoP3: treated both with Azospirillum lipoferum-Pseudo-
monas putida; P1P3: treated both with Pseudomonas fluorescens-Pseudomonas putida; AzoP1P3: treated with Azospirillum lipoferum, Pseudomonas fluores-

cens, Pseudomonas putida in the same proportion (1:1:1).

Copyright © 2013 SciRes.
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and 20.39% respectively compared to the control. The
highest shoot length was obtained from treatment with
the combination of P. fluorescens-P. putida. The highest
root length was obtained from seeds inoculated with A.
lipoferum with an increasingof 51.53% compared to the
control. The best vigor index (Figure 2) was obtained
from seeds inoculated with the combination P. fluores-
cens-P. putida followed by that inoculated with A. /i-
poferum.

3.2. Chemical Characteristics of Soil

The chemical characteristics of the used soil are pre-
sented in the Table 2. The sum of the bases was 5.48
cmol/100 g of soil. The soil was poor in phosphorus,
organic carbon and calcium, but rich in potassium.

3.3. Effects of PGPR on Plant Growth

Inthe greenhouse, the inoculated seeds with a single
strain or the mixed strains of the bacteria grew better and
bigger than the non-inoculated seeds during the experi-
ment (14DAS to 30DAS), while the inoculated seeds
with the mixed of the 3 types of bacteria grew similarly
to the non-inoculated seeds (Figure 3). At 30 DAS the
height of the plants in all treatments was significantly
different from the control except for treatment AzoP1P3
which was similar to the control. For the circumference
of the leaves, significant difference was obtained be-
tween treatments (Table 3). The highest circumference
of leaves was obtained for the P1P3 treatment.

Plants treated with A. lipoferum had the highest height
followed by those treated with a combination of P. flu-
rescens-P. putida. Thereis no significant difference be-
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CTL: Control (without rhizobacteria); Azo: seeds treated only with
Azospirillum lipoferum; P1: seeds treated with Pseudomonas fluorescens;
P3: seeds treated with Pseudomonas putida; AzoP1: seeds treated both with
Azospirillum lipoferum-Pseudomonas fluorescens; AzoP3: seeds treated
both with Azospirillum lipoferum-Pseudomonas putida; P1P3: seeds treated
both with Pseudomonas fluorescens-Pseudomonas putida; AzoP1P3: seeds
treated with Azospirillum lipoferum, Pseudomonas fluorescens-Pseudomo-
nas putida

Figure 2. In vitro PGPR Effect on maize vigor indexat 7
DAG.

Copyright © 2013 SciRes.

tween treatments A. lipoferum and the treatment P. fluo-
rescens-P. putida, for plant height, leaf circumference
and leaf area (Figures 3-5 and Table 3).

3.4. Effect of PGPR on the Biomass
of Maize Plants

PGPR bacteria increased the fresh maize plant weight in
all treatments compared to the control. Significant differ-
ences were obtained between treatments for aerial and
underground biomass and dry matter (Table 4).

The highest biomass was obtained with plants treated
with combination of P. fluorescens-P. putida. The bio-
mass has increased by 53.72% and 108%, respectively
compared to the control. Although the highest root fresh
weight was obtained with the treatment of P. fluorescens-
P. putida and the highest root dry weight was obtained
from pants treated with A. lipoferum (Table 4).

‘ ocTL @ Azo £ P1P3 AZ0P1P3 ‘

Height (Cm)

PP

14 18 22 26 30

Days after sowing

Figure 3. Height of maize plants grown from seeds inoculat-
ed by PGPR.

ocCTL 3 Azo = P1P3 £ AzoP1P3

Circumference (Cm)

14 18 2 2 30
Days after sowing

CTL: Control (without rhizobacteria); Azo: treated only with Azospirillum
lipoferum; P1P3: treated both with Pseudomonas fluorescens-Pseudomonas
putida; AzoP1P3: treated with Azospirillum lipoferum-Pseudomonas fluo-
rescens-Pseudomonas putida. in the same proportion (1:1:1).

Figure 4. Maize plants inoculated with PGPR circumfer-
ence evolutionary tendency.
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CTL: Control (without rhizobacteria); Azo) : treated only with Azospirillum
lipoferum; P1: treated only with Pseudomonas fluorescens; P3: treated only
with Pseudomonas putida; AzoP1: treated both with Azospirillum lipo-
ferum-Pseudomonas fluorescens; AzoP3: treated both with Azospirillum
lipoferum-Pseudomonas putida; P1P3: treated both with Pseudomonas fluo-
rescens-Pseudomonas putida; AzoP1P3: treated with Azospirillum lipo-
ferum-Pseudomonas fluorescens-Pseudomonas putida in the same propor-
tion (1:1:1)

Figure 5. Effects of PGPR on maize leaf area 30 DAS.

4. Discussion

The present study confirms the beneficial effects of the
PGPR on crops. Treatment with the combination of P. fluo-
rescens and P. Putida 22.44% compared to the control.
This improvement of the germination percentage observed

in our study, may be due to an increase of the synthesis
of the hormone gibberellin, which Trigg the activity of
a-amylase and other germination specific enzymes like
protease and nuclease involved in hydrolysis and assimi-
lation of the starch [24]. It could also be as a result of
better activity of mitochondrial enzymes accompanied by
an increase of the oxygen consumption. [32] showed the
advantage and efficiency of rhizobacteria combination
on germination of wheat seeds. They obtained the best
germination percentages when seeds were treated with
Azotobacter WPR-51 and the combination Azospirillum
WM-3-Azotobacter WPR-51-Azospirillum PR42, which
led to an increase of 81.81% compared tothe control. [32]
also noticed a reduction in germination time when seeds
were inoculated with PGPR.

All treatments with PGPR in our study increased the
vigor indexof maize seeds7 days after germination (Fig-
ure 2).

The seeds inoculated with the combination of P. fluo-
rescens-P. putida showed the highest vigor index (Fig-
ure 2), which was 77.54% higher than the control. The
findings by [24] and [23] on the maize and safflower
(Carthamus tinctorius L.) respectively corroborate the
results obtained in our study. [24] found that Azospiril-
lumbrasilense DSM 1690, P. putida R-168 and P. fluo-

Table 2. Chemical characteristics of soil used for maize growth.

Sample pH Phosphorus Assimilable Organic Carbon Exchangeables Bases meq/100g
Water Kel (ppm) (%) Ca Mg K
Soil 6.00 5.45 20.54 1.16 1.25 222 2.01

Table 3. PGPR effects on maize plants height, circumference and number of leaves at 30 DAG.

Heigth (cm) Circumference (cm) Leaves/Plant
Traitments

m Cv m Cv m Cv
CTL 11.60° 2.84 3.10° 5.68 5.00° 7.12
Azo 15.93% 3.76 3.90° 5.13 6.33* 9.01
P1 14.23™ 4.28 3.73 4.09 5.33 7.20
P3 12.80° 1.87 3.70° 2.70 5.00° 9.69
AzoP1 13.63% 2.12 3.83° 3.98 5.33 7.69
AzoP3 14,50 2.75 373 5.58 5.33° 8.69
P1P3 15.11® 5.02 3.93° 6.40 6.66" 8.55
AzoP1P3 10.98° 5.52 3.60° 2.78 5.00° 9.07

Signification Frx ** **

m = Means, Cv =Coefficients of variation, * = p < 0.05 ; ** =p < 0.01 ; *** = p < 0.001. In a column, the means with different letters are significantly different

with probability level of 5% according to Student Newman-Keuls test.

CTL: Control (without rhizobacteria); Azo: Azospirillum lipoferum; Pl: Pseudomonas fluorescens; P3: Pseudomonas putida; AzoP1: treated both with
Azospirillum lipoferum-Pseudomonas fluorescens; AzoP3: treated both with Azospirillum lipoferum-Pseudomonas putida; P1P3: treated both with Pseudomo-
nas fluorescens-Pseudomonas putida; AzoP1P3: treated with Azospirillum lipoferum-Pseudomonas fluorescens-Pseudomonas putida. in the same proportion

(1:1:1)

Copyright © 2013 SciRes.
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Table 4. PGPR effects on maize plants biomass and dry matter at 30 DAS.

Effect of Different Plant Growth Promoting Rhizobacteria on Maize Seed Germination and Seedling Development

Aerial biomass (g) Underground biomass (g) Aerial dry matter (%) Underground dry matter (%)
Traitements
m Cv m Cv m Cv m Cv

CTL 15.30° 8.10 19.62° 3.00 11.25° 5.60 8.71° 6.36
Azo 21.35 3.09 37.89° 2.16 15.10% 0.72 13.59° 478
P1 19.54" 1.94 35.37° 3.59 14.75° 3.32 5.93° 10.85
P3 18.65° 2.89 32.47¢ 421 14.35° 3.41 6.09° 9.64
AzoP1 18.17° 5.28 24,59 2.92 16.25° 473 7.07% 8.45
AzoP3 18.81° 6.11 34.67° 2.10 16.60° 6.00 7.93% 7.44
P1P3 23.52% 4.80 40.95* 3.22 17.90° 5.47 10.16" 6.59
AzoP1P3 16.94% 4,01 29.93° 243 14.40° 6.12 6.44% 6.98

Signification Fkx Hkx faleid Hx

m = Means, Cv = Coefficients of variation, * = p < 0.05; ** = p < 0.01; *** = p < 0.001. In a column, the means with different letters are significantly different

with probability level of 5% according to Student Newman-Keuls test.

CTL: Control (without rhizobacteria); Azo: treated only with Azospirillum lipoferum; P1: treated only with Pseudomonas fluorescens; P3: treated only with
Pseudomonas putida; AzoP1: treated both with Azospirillum lipoferum-Pseudomonas fluorescens; AzoP3: treated both with Azospirillum lipoferum- Pseudo-
monasputida; P1P3: treated both with Pseudomonas fluorescens-Pseudomonas putida; AzoP1P3: treated with Azospirillum lipoferum-Pseudomonas fluores-

cens-Pseudomonas putida in the same proportion (1:1:1).

rescens R-93 significantly increased the vigor index of
maize significanty compared to the control, and [23] ob-
tained similar resuts with P. fluorescens. This high vigor
index may be due to a better production and metabolism
of auxin, hormones responsible of the cellular elongation
[7] or cytokinin, hormones that stimulate the cellular
division [33] triggered by PGPR treatment.

The soil pH is 6 and Magnesium (2.22 meq/100 g)
were similar to those (5.8 and 2.07 mg-eq/100 g) ob-
tained by [34]. However, the soil potassium content (2.01
mg-eq/100 g) was higher than the value (0.74 mg-eq/100
g) obtained by previously authors. The soil contents in
phosphorus (20.54 ppm), organic carbon (1.16%) and
calcium (1.25 meq/100 g) obtained in this study was
lower than those (67.00 ppm 2.987% and 2.40 mg-eq/
100 g) obtained by [34]. These recorded differences
might be due to the soil quality difference used by these
two studies.

The effects of PGPR on maize varied with the bacteria
strains used to inoculate the plants. Maize inoculated
with PGPR grew faster than the non-inoculated control.
These observations were made from early in the devel-
opment of the maize where by the inoculated seeds had a
faster germination and a higher vigor index. At the end
of the experiment plants inoculated with PGPR were
taller than the non-inoculated control. The tallest plants
were obtained from treatment with A. lipoferum where
the plants were 37.32% taller than the control. Our re-
sults concur with those of [23], where inoculation with 4.
lipoferum DSM 1691 and P. fluorescens DSM 50090
produced the tallest maize plant, 21.75% and 19.93%
taller than the control. In a study by [35], inoculation of

Copyright © 2013 SciRes.

mustard seeds with PGPR led to a 56.5% increase in
plant height compared to the control. However the per-
cent increase in maize circumference after inoculation of
seeds with a combination of P. fluorescensand-P. putida
was higher than that obtained in mustard pants using the
same bacteria combination. This shows that the response
to PGPR may vary with plant species.

In our research, the highest numbers of leaves were
observed with seeds treated with the combination of P.
fluorescens and-P. putida. This combination of bacteria
also led to highest increase in leaf area [24] obtained
with seeds inoculated with 4. brasilense compared to the
control. In different studies where pants were inoculated
with Pseudomonas, Azospirillum and Azotobacter spe-
cies the results were similar to those obtained in our
study [36,20,37]. The positive effects of PGPR observed
in our study are results of factors that have been docu-
mented in other investigations. The increase in growth
triggered by seed inoculation with PGPR on crops such
as maize [4], wheat [2], soy [3] and sugar beet [38] has
been attributed to nitrogen fixation, phosphate solubili-
zation and production of phytohormones. [39] reported
that the increase of plants inoculated with PGPR was due
to locally increasing of available nutrients, facilitating
nutrient absorption and detoxifying heavy metals caused
by PGPR. Increase in growth parameters and yield of
several crops after seed inoculation with PGPR have
been reported in other studies [40-42].

Maize inoculated with PGPR showed significant in-
crease in biomass compared to the control. The highest
increase of 53.72% and 108.71% for shoot and root bio-
mass respectively was obtained in plants inoculated with

AJPS



Effect of Different Plant Growth Promoting Rhizobacteria on Maize Seed Germination and Seedling Development

a combination of P. fluorescens-P. putida [24]. The
maize seeds inoculated with PGPR improved considera-
bly the rate of plants aerial dry matter in our study. The
highest aerial biomass and underground biomass were
obtained with plants treated with the combination of P.
fluorescens and-P. putida. By treating the maize seeds
with PGPR, [24] got noticed considerable increases of
the aerial fresh matter neighboring 167% and 77% re-
spectively for A. lipoferum DSM 1691 and P. fluorescens
DSM 50090. Our results demonstrated that the combina-
tions of the PGPR P. fluorescens and P. putida gave the
best aerial dry matter rates up to 59.11% of increase Also
the highest underground dry matter rates have been re-
corded with plants treated with A. lipoferum. We can
signal that several works [24] revealed light reductions
of the aerial dry matter for most of the PGPR in the con-
trary of P. fluorescens R-93 that led an increase of 62.34
%. [17] The wheat plants inoculated with Azospirillum
brasilense induced the increase of the dry weight of the
root system and that of the dry weight. In greenhouse
condition, it has been shown that the increase of the dry
matter of radish yield was obtained after seed inoculation
with Bradyrhizobium japonicum, Rhizobium legumino-
sarum PV. phaseoli, R. leguminosarum pv trifolii, R.
leguminosarumpV. viciae and Sinorhizobium meliloti
[43]. According to [45], the auxin produced by the rhi-
zobacteria can positively influence the development of
the root system, and then contributes to improve essential
nutritive elements absorption for the plant growth.

5. Conclusion

This study confirms the promoter effect of PGPR on
germination and the plants growth. The single inocula-
tion of maize seeds (Zea mays L.) by the rhizobacteria 4.
lipoferum, P. fluorescens, P. putida and their different
combinations improved considerably the maize plants in
vitro germination and in the greenhouse. Among all
tested PGPR treatments, the combination of P. fluores-
cens and P. putida gives the best efficient. The combina-
tion of rhizo-bacteria from the same species is therefore
more efficient than the combination of different rhizo-
bacteria from different species. These results suggest the
possibility to use these PGPR as biologic fertilizer to
increase the output of maize.
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