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A B S T R A C T

Paenibacillus polymyxa is a common bacterium, belonging to Plant Growth Promoting Rhizobacteria (PGPR). It is
found in soils, roots and rhizosphere of various crop plants especially wheat. This bacterium has a great bio-
technological potential in sustainable agriculture. Indeed, in the rhizosphere, P. polymyxa is involved in nitrogen
fixation, production of phytohormones, exoplysaccharides, hydrolytic enzymes and antibiotics, in the en-
hancement of soil porosity and in soil phosphorus solubilization. In this study, we have identified GOL 0202
strain as Paenibacillus polymyxa, isolated from durum wheat (Triticum durum Desf.) rhizosphere collected from
arid region soil of Southern. This genomic identification was performed by 16S rRNA gene sequencing. It was
shown that this strain possesses an interesting phosphate solubilization activity on NBRIP (National Botanical
Research Institute Phosphorus) medium containing tricalcium phosphate (Ca3 (PO4)2). This activity, was re-
corded over five days, it was negatively correlated with pH medium whose decline was due probably to the
release of organic acids. In addition to other activities associated with P. polymyxa, this availability of soluble
phosphate has allowed the improvement of durum wheat seedlings growth estimated through dry weight,
chlorophylls and proteins contents. Hence, P. polymyxa GOL 0202 could be used for their targeted application as
bioinoculant.

1. Introduction

Phosphorus (P) is one of the most essential plant nutrients limiting
plant growth (Wang et al., 2009). However, and although it is abundant
in soils, P concentration in soil solution is very low and ranges from
1 μgmL−1 to 1mgmL−1 (Brady and Weil, 2002). Indeed, the greater
part of P remains in insoluble form in soil and, hence, unavailable for
the plant. Many of the phosphate present in soil become incorporated
into organic or mineral compounds, and most plants are unable to use
these P sources (Richardson, 2001). Chemical phosphorus fertilizers are
therefore used to supplement soluble phosphorus on most agricultural
soils, but these are costly and adversely impact the environment in term
of eutrophication, soil fertility depletion and carbon footprint (Sharma
et al., 2013). More than that, the efficiency of the applied P fertilizers in
chemical form rarely achieved to 30% due to its fixation, in the form of
iron/aluminum phosphate in acidic soils (Norrish and Rosser, 1983) or
in the form of calcium phosphate in neutral to alkaline soils (Lindsay

et al., 1989). In order to solve this problem, for a long time scientists
have been interested in the ability of some bacteria to dissolve soluble
mineral phosphates such as tricalcium phosphate (Goldstein and Liu,
1987; Goldstein et al., 1993). Therefore, many researchers have tried to
develop biofertilizer for P-supply by means of Phosphate-Solubilizing
Bacteria (PSB). The PSB allow transforming insoluble phosphate into
soluble form through the process of acidification, chelation and ex-
change reaction in soils (Banik, 1983; Berthelin et al., 1991; Rodriguez
et al., 2000; Barroso et al., 2006; Son et al., 2006). Some Paenibacillus
polymyxa strains have been studied as PSB (Singh and Singh, 1993;
Wang et al., 2012a; Weselowski et al., 2016). Paenibacillus polymyxa is
found in different niches such as soils, roots, rhizosphere of various crop
plants including wheat, maize, sorghum, sugarcane and barley
(Guemouri-Athmani et al., 2000; Von der Vonder Weid et al., 2000). In
addition to its capacity to dissolve soil phosphate, Paenibacillus poly-
myxa (formerly known as Bacillus polymyxa) has many other properties
as nitrogen fixation (Lindberg et al., 1985; Heulin et al., 1994),
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production of antibiotics (Rosado and Seldin, 1993; Kajimura and
Kaneda, 1996, 1997; Choi et al., 2007), exopolysaccharides (Haggag,
2007), auxin (Lebuhn et al., 1997), cytokinin (Timmusk et al., 1999),
chitinase (Mavingui and Heulin, 1994), and hydrolytic enzymes
(Nielsen and Sørensen, 1997) as well as promotion of increased soil
porosity (Gouzou et al., 1993). All these activities might be of im-
portance for plant growth promotion.

The strain GOL 0202 is part of a bacterial collection provided by the
Soil Biology Team which studies exopolysaccharides potentiel produc-
tion of telluric bacteria. The choice of this bacterium is based on its
phosphate solubilization ability, compared to the other bacteria. The
screening strategy employed during this research enabled the identifi-
cation of PSB colonies on NBRIP medium containing Ca3(PO4)2 as a sole
P source. Bacterial isolates showing clear halos of solubilization were
selected among thousands of colonies. Based on these results and for
this study, we selected this isolate exhibiting PS activities and a high
production of exopolysaccharides. Therefore, the aims of the present
study were:

• The isolation and identification of a phosphate-solubilizing strain
from durum wheat rhizosphere taken from South-Algerian soil.
• The assessment of its phosphate-solubilizing mechanisms in relation
with the pH medium variation.
• Some biometric and biochemical analyses on seedlings wheat in-
oculated with this bacteria.

2. Materials and methods

2.1. Sample collection, characterization and identification

The bacterial strain GOL 0202, used in this study, was obtained
from the laboratory of Biological Soil, FSB, USTHB-Algeria. This bac-
terium was isolated from the soil of durum wheat plants growing in
fields at El Golea (30° 34′ N, 2° 53 ′E) in arid region of Southern Algeria.
The strain was cultured on Trypticase Soya Agar (TSA) at 30 °C for 48 h.

Tests for the biochemical and physiological properties of bacteria
were performed. The Gram reaction, endospore forming and the bio-
chemical analyses including catalase, oxidase and urease reactions;
nitrate reduction, gelatine liquefaction and starch hydrolysis; indole
production, methyl red and Voges-Proskauer reactions; and H2S for-
mation were investigated as described by Barrow and Feltham (1993).
The carbohydrate fermentation was tested according to Leifson (1963)
by using microtiter plate (including Agar, carbohydrate and Bro-
mothymol blue as pH indicator). Inoculated plate was incubated at
30 °C for 48 h, and the results were checked by medium color changing.

Genomic identification of bacterial strain GOL 0202 was performed
through 16S rRNA gene sequencing by the laboratory of Microbial
Ecology of the Rhizosphere and Extreme Environment (CEA Cadarache,
Saint Paul-lez-Durance, France). Briefly, total DNA of bacteria was ex-
tracted as described by Ranjard et al. (2003). Amplification of the 16S
rRNA was performed by PCR (Achouak et al., 1999) using universal
bacterial primers Fd1 (5′-AGAGTTTGATCCTGGCTCAG-3′, position
8–27 of the E. coli rrs gene) Tm 60 °C and S17 (5′-GTTACCTTGTTACG
ACTT-3′, position 1492–1509 of the E. coli rrs gene) Tm 50 °C (Haichar
et al., 2007). Those primers enabled to obtain the nearly complete 16S
rRNA gene sequences. The 16S rRNA sequence has been deposited in
the GenBank data library. The phylogenetic tree was constructed using
the Maximum-likelihood method in MEGA7 software (Kumar et al.,
2016). The evolutionary history was inferred using the neighbor-joining
method (Saitou and Nei, 1987) with the Tamura 3-parameter model
(Tamura, 1992). The topology of the tree was evaluated by bootstrap
analysis based on 1000 replicates (Felsenstein, 1985).

2.2. Phosphate solubilization efficiency and pH medium variation

2.2.1. P solubilization activity on agar medium
The bacterial solubilization activity of phosphate was performed on

NBRIP (National Botanical Research Institute Phosphorus) agar media
containing tricalcium phosphate Ca3(PO4)2 (Nautiyal, 1999). The qua-
litative study was carried out by spot-inoculation of the bacteria on
medium. After 10 days of incubation at 30 °C, the formation of a halo
zone around the colony indicated the presence of a solubilization ac-
tivity of the phosphate by the bacterium. The solubility potential of P
was calculated on the basis of the Phosphate solubilization index (PSI)
in triplicate, according to the following equation (Morales et al., 2011):

= Total diameter of halo zone
Colony diameter

PSI

2.2.2. Quantitative analysis of phosphate solubilization and variation in pH
of the liquid medium

The estimation of this activity and the variation of the pH were
carried out from bacterial culture in 100mL of liquid NBRIP medium
containing 1 g glucose, 0.5 g MgCl2·6H2O, 0.025 g MgSO4·7H2O, 0.02 g
KCl, 0.01 g (NH4)2SO4, 2.0 g NaCl, 0.5 g of tricalcium phosphate as a
sole source of phosphate. The bacteria was pre-inoculated in 20mL of
the sterilized NBRIP broth (pH=7) and then incubated at 30 °C for 2
days with rotary shaking at 150 rpm. Three 250mL Erlenmeyer flasks
containing 100mL of the sterilized NBRIP broth (pH=7) were in-
oculated with 1mL each of the pre-culture and then incubated at 30 °C
with orbital shaking at 150 rpm. Aliquots of 10mL were taken every
24 h for 5 days and centrifuged at 8000 rpm for 10min. The super-
natant was used to determine the phosphate concentration using as-
corbic acid method as described by Murphy and Riley (1962) at
882 nm. The values corresponding to the amount of solubilized phos-
phate were calculated from a standard curve established from a stock
solution of KH2PO4 (r2= 0.99). The solubilization of phosphate is
mainly associated with the production of organic acids which lower the
pH of the medium, it was measured during the 5 days (Vyas and Gulati,
2009). Control flasks without bacterial inoculation were used for
samples and their values were subtracted from the experimental values.

2.3. Effect on growth, chlorophylls and proteins content of durum wheat
Triticum durum Desf. var. Vitron

2.3.1. Inoculum preparation
From a 48 h bacterial culture in a Petri dish, the inoculum was

prepared in 250mL Erlenmeyer flasks containing 50mL TSB
(Trypticase Soja Broth, 1/10th dilution) medium. The incubation was
carried at 28 °C on an orbital shaker at 100 rpm for 48 h. The bacterial
culture was concentrated by centrifugation at 5000 rpm for 15min. The

Table 1
Biochemical and physiological characters of Paenibacillus polymyxa strain GOL
0202.

Characters of GOL 0202

Gram + Arginine dihydrolase +
Motility + Indole -
Endospore forming

Catalase
+
+

Urea
EPS production on YESA

-
+

Oxidase - H2S -
Nitrate reductase + Citrate -
Denitrification - Glucose A
Gelatinase + Lactose A
Amylase + Sucrose A
Ornithine decarboxylase + Xylose +
Lysine decarboxylase

Methyl red
+
-

Arabinose
Voges-Proskauer

A
+

(+) positive reaction, (-) negative reaction, (A) medium acidification
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pellet was washed 3 times in a sterile potassium chloride solution
(0.9%, w/v) and then re-suspended in this saline solution. The density
of the bacterial suspension to be inoculated was estimated to
106 CFUmL−1 corresponding to optical density at 600 nm of 0.6–0.7.

2.3.2. Wheat seeds germination
The experiment was carried out on durum wheat seeds Triticum

durum Desf. var. Vitron. In order to obtain uniform results for germi-
nation as well as for the morpho-physiological characteristics of wheat
seedlings, we have selected the grains to keep only the healthiest and
most homogeneous ones. Wheat seeds belonging to the modal weight
class between 55 and 65mg, were surface sterilized by dipping them in
calcium hypochlorite (5%, w/v) supplemented with 1mL of ethanol
under partial vacuum for 10min, followed by five to six washings with
distilled sterile water. The grains thus treated are soaked for 30min in
sterile distilled water in dark condition and allowed to germinate on
1.5% (w/v) water agar plates. The germination took place in the oven
at 25 °C for 48 h. These manipulations were realized in aseptic condi-
tions under a horizontal laminar-flow hood.

2.3.3. Wheat seedlings growth
A triplicate experimental protocol was divided into 2 batches: one

consisted of non-inoculated seeds (T) and the other consisted of in-
oculated seeds (Ti). The durum wheat seedlings were grown, in the
presence or absence of bacteria, in 1-L pots containing a sterilized soil
mixture (1/3 sand, 1/3 soil, and 1/3 of universal potting soil KB at
pH=6.4). Ten sterile durum wheat seedling, germinated on the agar,
were transplanted in the pots. The plants were then inoculated by the
bacteria, with a volume of 5mL of the bacterial suspension, while the
non-inoculated controls received 5mL of sterile distilled water. The
pots were placed under 16/8 h light/dark cycle and 50–60% RH at
25 ± 2 °C in an Environment Control Chamber. The plants were re-
moved carefully under a gentle flow of tap water after 21 days of
sowing. Data on root length, plant height (aerial parts), root dry weight
and shoot dry weight were recorded. The samples were oven-dried at
70 °C for 48 h to a constant weight for determining the dry weight.

2.4. Biochemical assays

2.4.1. Chlorophylls content
Fifty mg of fresh leaves are ground in 2mL of 80% acetone. After a

centrifugation for 10min at 3000 rpm, the supernatant was re-
cuperated. The results were expressed as chlorophyll concentration (μg
g−1 of fresh weight) and were obtained from the McKinney equations
(1941).

2.4.2. Total water-soluble proteins content
Fresh leaves from 21 day-old plants were ground in 0.1M Tris-HCl

grinding buffer and centrifuged at 13000 rpm for 20min at 4 °C. The
supernatant was collected and the total soluble protein concentration
was determined by the Bradford method (Bradford, 1976) with
1mgmL−1 bovine serum albumin (BSA) solution as a standard.

2.4.3. Total phosphorus content
The extraction of foliar phosphorus was conducted according to

Gautheyrou and Gautheyrou (1962). An equal weight of 250mg of
foliar dry matter was carbonized at 350 °C until obtaining ashes. The
ashes were ground and some drops of distilled water were added. Then,
1mL of HCl 5.5N was also added. The solution was boiled on gentle
heat for 3min, filtered with Whatman membrane and adjusted to 25mL
with distilled water. The solution was used to determine the

Fig. 1. Neighbor-joining tree based on 16S rRNA gene sequence of Paenibacillus polymyxa GOL 0202 and its closest 16S rRNA gene matches in the NCBI GeneBank
database. Strain isolated in this study is indicated by black circle.

Fig. 2. Halo showing tricalcium phosphate solubilization by P. polymyxa GOL
0202 on solid NBRIP medium plates. Arrow indicates the solubilization halo.
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phosphorus concentration using ascorbic acid method as described by
Murphy and Riley (1962) at 882 nm. The values, corresponding to the
amount of phosphorus, were calculated from a standard curve, estab-
lished from a stock solution of KH2PO4 (r2= 0.781).

2.5. Statistical analysis

The results were expressed as mean ± standard error, all experi-
ments were conducted in five replicates. Averages were compared by a
one-way ANOVA variance analysis, at significance levels of 5%. A
Student test was applied between the means of the results expressing
significant differences following the ANOVA test.

3. Results

3.1. Species identification

The isolate GOL 0202 was Gram-positive, cells were rod shaped,
motile bacteria which produced endospores. The bacteria was positive
for: gelatine liquefaction and starch hydrolyzation; catalase, Voges-
Proskauer test and nitrate reduction; glucose, lactose, sucrose and
arabinose fermentation. Negative for: oxidase, urease and indole pro-
duction; methyl red reaction and H2S formation (Table 1). The se-
quence of the 16S rRNA gene of the isolate GOL 0202 (GenBank Ac-
cession no. MF406149) compared with known bacterial sequences in
NCBI GenBank using the Basic Local Alignment Search Tool (BLAST,

Fig. 3. A: Solubilization activity of the tricalcium phosphate by P. polymyxa GOL 0202 on the liquid NBRIP culture medium after 5 days of incubation. B: pH variation
of the liquid NBRIP culture medium after 5 days of incubation. C: correlation between phosphate solubilization and pH value.

Fig. 4. A: Effect of P. polymyxa GOL 0202 on shoot
and root length of durum wheat (Triticum durum)
seedlings. T, control and Ti, inoculated. Different
letters indicate statistically significant differences
(p < 0.05). B: Effect of P. polymyxa GOL 0202 on
shoot and root dry weight of durum wheat (Triticum
durum) seedlings. T, control and Ti, inoculated.
Different letters indicate statistically significant dif-
ferences (p < 0.05).
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http://www.ncbi.nih.gov/BLAST), showed the belonging of bacterial
strain GOL 0202 to Paenibacillus polymyxa DMS36 with an identity
value of> 99% (Fig. 1). A phylogenetic tree of the strain GOL 0202 and
its relatively proximate species was generated in MEGA7, on the basis
of the 16S rRNA gene sequence alignment using the neighbor-joining
method.

3.2. Qualitative and quantitative analysis of phosphate solubilization and
pH medium variation

Culture on solid NBRIP medium showed a phosphate solubilization
halo around the colonies with a PSI of 1.32 ± 0.04 (Fig. 2). On liquid
medium, solubilization of the inorganic phosphate measured at 24-h
intervals was enhanced with increasing incubation time up to 5 days
(Fig. 3A). Conversely, there was a decreasing trend in pH with in-
creasing incubation time. The maximum amount of soluble phosphate
in the culture supernatant after five days for P. polymyxa GOL 0202 was
estimated to be 279 μgmL−1, with a 5.15 pH value (Fig. 3A and B). The
solubilization of Ca3(PO4)2 was accompanied with a decrease of the pH
of the NBRIP medium, correlation analysis indicated that the values
soluble P released and pH have a high negative relationship (r= -
0.939) (Fig. 3C).

3.3. Growth parameters of durum wheat (Triticum durum)

3.3.1. Length and dry weight of shoot and root
Inoculated P. polymyxa had no significant effect on shoot and on

root dry weight of durum wheat seedling, but the rate of increase in
shoot dry weight reached 14.91%, while the root dry weight increased
by 24.01%. (Fig. 4B). However, the ANOVA test showed that the bac-
teria factor revealed a significant variation in the root lengths. Indeed,
inoculated durum wheat seedlings had higher root lengths values than
non-inoculated seedlings with 16.24% of increase and 5.76% for shoot
lengths (Fig. 4A). We observed that the number of roots in inoculated
plants (Ti) was higher than uninoculated plants (T).

3.3.2. Foliar chlorophylls content
Following the inoculation of the P. polymyxa strain, a significant

increase in total chlorophylls content was recorded. It ranged from
1.32 ± 2.7 μg g−1 of Fresh Weight (FW) in the non inoculated seed-
lings (T) to 1.78 ± 1.85 μg g−1 of FW in the inoculated seedlings (Ti)
(Fig. 5) corresponding to an increase of 34.84%.

3.3.3. Total water-soluble protein content
The Plant Growth Promoting Rhizobacteria (PGPR) effect of P.

polymyxa was no significant but showed an increased level of water-
soluble proteins. Inoculated wheat seedlings (Ti) had a protein content
of 109 ± 7.5mg g−1 of Dry Weight (DW), whereas only
105 ± 12.16mg g−1 of DW on the control seedlings (T) (Fig. 6) cor-
responding to an increase of 3.67%.

3.3.4. Total phosphorus content
The amount of phosphorus in the inoculated durum plants (Ti) was

significantly increased by P. polymyxa. The concentration of phos-
phorus achieved a rate of 0.160 ± 0.008mgmg−1 of Dry Weight
(DW). While, the control seedlings (T) had 0.050 ± 0.002mgmg−1 of
DW (Fig. 7). This defined an increase of 220% in the total phosphorus
content of durum wheat.

4. Discussion

16S rRNA gene amplification and sequencing was used to identify
isolate GOL 0202, as this fragment is considered to be the most au-
thentic taxonomic marker for bacterial identification at the genus and
species level. Bacterial isolate from rhizosphere durum wheat, was as-
signed the GenBank accession no. MF406149. The sequence obtained
was compared with NCBI databases and the blast revealed a sequence
homology of 99% with P. polymyxa strain DSM36 (GenBank accession
No. NR 117726.2) identified as Paenibacillus polymyxa strain GOL 0202.
Fig. 1 also showed the relationship of the isolate with their closest re-
latives retrieved from NCBI GenBank. Various strains of the species P.
polymyxa have been reported in the rhizosphere of various crops as
maize, barley and cucumber (Nielsen and Sørensen, 1997; Vonder Weid

Fig. 5. Effect of P. polymyxa GOL 0202 on total chlorophylls content of durum
wheat (Triticum durum) seedlings. T, control and Ti, inoculated. Different letters
indicate statistically significant differences (p < 0.05).

Fig. 6. Effect of P. polymyxa on the total water-soluble protein content in durum
wheat (Triticum durum) seedlings. T, control and Ti, inoculated. Different letters
indicate statistically significant differences (p < 0.05).

Fig. 7. Effect of P. polymyxa on the phosphore content in durum wheat seed-
lings Triticum durum. T, control and Ti, inoculated by P. polymyxa. Different
letters indicate statistically significant differences (p < 0.05).
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et al. 2000; Wang et al., 2012b) and have been isolated from wheat
roots (Guemouri-Athmani et al., 2000) and studies for their plant
growth-promoting characteristics as nitrogen fixation, production of
phytohormones, exoplysaccharides, hydrolytic enzymes and antibiotics
(Lebuhn et al., 1997; Haggag, 2007; Weselowski et al., 2016).

On NBRIP medium and at the fifth day of incubation, the P-soluble
concentration reached 279 μgmL−1± 0.01 with a PSI equal to 1.32.
Interestingly, Teymouri et al. (2016) showed that the production of
soluble P by Pseudomonas sp and Bacillus sp reached its maximum
(357 μgmL−1 and 221 μgmL−1 respectively) at the fifth day with a PSI
equal to 2.6 and 3.5 these strains exhibit high P solubilization on broth
media while giving a small halo zone on agar media. In this regard,
Qian et al. (2010) explained that P solubilization activity is mainly
dependent on bacterial activity, since the mineralization of these
compounds is carried out by means of several phosphatases and organic
acids which are secreted by bacteria, and may be influenced by media
composition and culture conditions. In the same way, Son et al. (2006)
found that longer incubation periods decreased soluble P concentration,
because a part of the liberated orthophosphate was assimilated by PSB
to grow and to form microbial biomass (Mardad et al., 2013). The value
of soluble P recorded after five days was relatively high and with
agreement with previous results, obtained after five days incubation,
which ranged from 111.7 μgmL−1 for Enterobacter Hy-402 (Yi et al.,
2008) to 821.4 μgmL−1 for Pseudomonas trivialis BIHB 769 (Vyas and
Gulati, 2009). So P. polymyxa probably excrete organic acids into the
medium, such as gluconic acid, citric acid, or others, decreasing the pH
of medium and solubilize mineral phosphates (Vyas and Gulati, 2009;
Xie et al., 2016; Li et al., 2017). The inorganic acids so released, convert
Ca3(PO4)2 to di- and monobasic phosphates with the net result of an
enhanced availability of the element to plants (Khan et al., 2014),
which was clearly demonstrated by the high values of foliar phosphorus
content obtained after the inoculation of durum wheat by Paenibacillus.
polymyxa GOL 0202.

Thus, we observed a significant improvement in seedlings growth.
This is in perfect agreement with several works, in particular under-
taken by Puri et al. (2015a) who reported an increase of up to 35% in
length and up to 30% in biomass after 30 days of inoculated corn seed
with P. polymyxa strain P2b-2R. Also, Puri et al. (2015b) reported that
the same strain, P. polymyxa P2b-2R inoculation, enhanced canola
seedling height and biomass.

In addition to the availability of soluble phosphate, this growth
stimulation may be due to nitrogen fixing ability by P. polymyxa which
was demonstrated by Guemouri-Athmani et al. (2000). However, it
hasn't been demonstrated that plant growth promotion by P. polymyxa
is primarily correlated with its nitrogen-fixing ability (Lindberg et al.,
1985; Lindberg and Granhall, 1984). Also, this bacteria releases reg-
ulators like Indole-3-butyric acid (IBA), tryptophan and tryptophol or
indole-3-ethanol that can indirectly contribute to plant growth (Lebuhn
et al., 1997). If the production of phytohormones as auxins and ethy-
lene by phosphate-solubilizing microorganisms are considered a
common microbiological trait (Khan et al., 2014), the synthesis of cy-
tokinins by some PSM such Paenibacillus polymyxa is less common
(Timmusk et al., 1999).

The results of chlorophylls content are in perfect agreement with the
work of Akhtar and Siddiqui (2007) who reported an enhanced growth
parameters, chlorophyll content and consequently plant biomass of
chickpea. This chlorophylls increase may be linked to enhanced ni-
trogen fixation as nitrogen is part of the enzymes associated with
chlorophyll synthesis (Chapman and Barreto, 1995) and the chlorophyll
concentration represent a relationship of crop nitrogen content and
yield level (Blackmer and Schepers, 1995). The positive effect of P.
polymyxa on recorded protein content could be explained by improved
plant nitrate uptake by bacteria (Näsholm et al., 2009).

5. Conclusion

The solubilization activity of inorganic phosphate by Paenibacillus
polymyxa is one of the aspects of plant growth promotion that these
bacteria possess. Indeed, the experimental tests showed that the solu-
bilization activity of the phosphate was proportional to the time and
that this activity required acidification of the medium. This property
confers to the plant a high level of total phosphorus content which is an
important element. Thus, the quantities of phosphate made available to
the seedlings enabled an improvement in the growth parameters. It was
confirmed by an increase in foliar photosynthetic pigments which act
directly on photosynthetic yield. The PGPR effect of this bacterial strain
would also imply improved absorption of other mineral elements such
as nitrogen which resulted in protein accumulation in inoculated plants.
Due to its beneficial effects, this strain could be developed and for-
mulated commercially for possible application in order to improve the
plant productivity of certain crops and, in particular, durum wheat.
However, additional studies are needed to establish optimal growth
parameters for Paenibacillus polymyxa, to determine the factors influ-
encing its soil compatibility and to confirm its benefits in field trials.
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