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Effect of locally isolated phosphate-solubilizing Pseudomonas aeruginosa 1BP26 on the growth
parameters of chickpea seedling

Muhammed Emin COGENDER?, Nazli Pinar ARSLANZ, Mehmet Nuri AYDOGAN'

ABSTRACT: This work was conducted to examine the effect of locally isolated phosphate-solubilizing bacteria
on the growth parameters of chickpea seedling cultivated in pots containing Cas(PQa). (tricalcium phosphate).
Among the isolated strains, the highest phosphate-solubilizing activity in the broth medium was observed for the
isolate IBP26. Similarly, in the greenhouse study, the same isolate was determined to cause maximum increases
in growth parameters (shoot and root length, total biomass, phosphorus, total sugar, and protein contents) of
chickpea plants in the presence of Cas(POs)2. The isolate IBP26 was identified as Pseudomonas aeruginosa
(GenBank accession number: MW092004). Experiments demonstrated that the application of the bacterium alone
in the absence of Cas(PQa); or the application of Cas(PQO.,). alone in the absence of bacterium did not cause
significant change in growth parameters of the chickpea plants, and that the desired increases in the growth
parameters of these plants could be achieved by the co-application of bacterium and Cas(PO.)..
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Lokal olarak izole edilen fosfat ¢oziicii Pseudomonas aeruginosa IBP26’ nin nohut fidelerinin biiyiime
parametreleri iizerine etkisi

OZET: Bu caligma, lokal olarak izole edilmis fosfat ¢oziicii bakterilerinin, Caz(PO4); (trikalsiyum fosfat) iceren
saksilarda yetistirilen nohut fidelerinin biiyiime parametreleri iizerindeki etkisini incelemek i¢in yapilmstir. izole
edilen suslar arasinda, sivi kiiltiirde en yiiksek fosfat ¢ozlindiiriicli aktivite IBP26 izolat1 i¢in gdzlenmistir. Benzer
sekilde, sera ¢aligmasinda da, ayni izolatin Cas(POs), varliginda nohut bitkilerinin biiyiime parametrelerinde
(stirglin ve kok uzunlugu, biyokiitle, fosfor, toplam seker ve protein igerigi) maksimum artisa neden oldugu
belirlenmistir. IBP26 izolati1 Pseudomonas aeruginosa olarak teshis edilmistir (GenBank accession number:
MW092004). Deneyler, Cas(POas).' nin yoklugunda tek basina bakteri uygulamasinin veya bakteri yoklugunda
tek bagina Cas(POs)2 uygulamasinin nohut bitkilerinin bilyiime parametrelerinde kayda deger degisime neden
olmadigini, bu bitkilerinin biiyiime parametrelerinde istenilen artiglarin bakteri ve Cas(POa).' nin birlikte
uygulanmasi sayesinde basarilabilecegini gostermistir.
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INTRODUCTION

Plant-associated bacteria can be classified into beneficial, deleterious and neutral groups based on
their effects on plant growth. Beneficial bacteria are also known as plant growth promoting bacteria.
They colonize the rhizosphere, the root surface, or the root itself. They may induce plant growth in two
different ways, indirectly or directly (Rodriguez and Fraga, 1999; Vessey, 2003; Antoun and Prévost,
2005; Beneduzi et al., 2012). In indirect growth promotion, plant growth promoting bacteria reduce or
prevent the harmful effect of pathogenic microorganisms by producing antibiotics or siderophores
(Beneduzi et al., 2012; Olanrewaju et al., 2017). These bacteria promote directly plant growth through
mechanisms such as the synthesis of phytohormones, N> fixation, reduction of membrane potential of
the roots, as well as the solubilization of inorganic phosphate and mineralization of organic phosphate
(Rodriguez and Fraga, 1999; Amarasen et al., 2019).

Phosphorus is the second most important macro nutrient required by plants, after nitrogen.
Therefore, application of phosphatic fertilizers is essential for higher crop yields in agricultural studies.
However, phosphatic fertilizers become insoluble when applied to the soil and turn into complexes such
as aluminum phosphate, calcium phosphate and iron phosphate in the soil (Walpola and Yoon, 2012).
While the calcium form of insoluble phosphatic complexes is dominant in neutral to alkaline soil
conditions, iron and aluminum phosphates are more dominant under acidic conditions. It has been
documented that plants take up phosphorus as soluble orthophosphate ions (H2POs* and HPO4?),
whereas the fixed form of phosphorus cannot be efficiently taken up by the plants (Kumar and Narula,
1999; Del Campillo et al., 1999).

Phosphate solubilizing microorganisms (PSMs) hydrolyze insoluble phosphatic compounds and
make phosphorus more accessible for plants. Therefore, inoculation of soils with PSMs is known to
result in higher crop yields (Johri et al., 1999; Walpola and Yoon, 2012; Kalayu, 2019; Hii et al., 2020).
PSMs can solubilize phosphatic compounds by applying various mechanisms such as lowering soil pH,
chelation, and mineralization. Organic acids produced by microorganisms are effective in lowering soil
pH (Kalayu, 2019). Namely, PSMs produce organic acids that lower of soil pH, thereby increasing
phosphorus solubilization in the soil. There are many different organic acids that can dissolve phosphate
and are produced by microorganisms; however, gluconic acid and 2-ketogluconic acids appear to be the
most effective ones. PSMs include fungal (mainly Penicillium and Aspergillus strains), bacterial (mainly
Bacillus, Pseudomonas and Rhizobium strains) and arbuscular mycorrhizal strains (Kalayu, 2019).
Phosphate solubilizing bacteria may also enhance plant productivity by producing other secondary
metabolites. The potential of phosphate-solubilizing bacteria to produce IAA and siderophore increases
the potential of these bacteria to be used as bio fertilizers (Mamta et al., 2010). In the light of this
knowledge, it is thought that phosphate dissolving bacteria will gain more importance in the future.

Herein, the present study was carried out to elucidate whether locally isolated phosphate
solubilizing-bacteria had the potential to promote the growth of chickpea seedlings.

MATERIALS AND METHODS

Isolation and screening of phosphate-solubilizing bacteria

The soil sampes were collected from root zone and rhizosphere of various leguminous plants (wild
chickpea and lentil) at different habitats in Erzurum province and its surrounding (Turkey). Nearly 1 g
of soil samples was dispersed in 10 mL sterile-saline water. The prepared suspensions were separately
vortexed and serially diluted up to 10 with sterile saline water. Then, 0.1 mL of each dilution sample
was separately spread on 90-mm diameter petri dish containing 15 mL of NBRIP (National Botanical
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Research Institute’s phosphate growth medium) medium. This medium composed of (g L) 10 glucose,
5 Cas(POa): (tricalcium phosphate), 5 MgCl,, 0.25 MgSOs, 0.2 KCI, 0.1 (NH4)2SO4 and 20 agar-agar
(pH 7.0). At the end of incubation period (2-4 days) at 30°C, growing-bacterial colonies on the medium
were sub-cultured and purified. The isolated strains were separately numbered and maintained at 4°C.

In the second step, the isolated strains were screened in terms of the potential to solubilize
inorganic phospahete. For this purpose, 50 pL seed culture (approximately 0.5-1x10° cfu mL™?) of each
bacterial strain was separately transferred in the glass tubes containing 10 mL of sterilized NBRIP-BPB
broth medium. Different from NBRIP, NBRIP-BPB contained 0.025 g L™* bromphenol blue (BPB) as
well as the other nutritional components but did not agar. Bacterium-free medium was used as control.
The tubes were incubated at 30°C in a shaking incubator (New Brunswick Scientific, USA) at 180 rpm.
At the end of 3days incubation period, tubes were centrifuged at 5000 rpm for 10 min. Absorbances of
obtained supernatants were assayed at 600 nm using a spechtrophotometer (Mehta and Nautiyal, 2000).
Soluble phosphate in culture supernatant was estimated by Vanadomolybdate method and expressed as
equivalent phosphorus (mg L) (Jackson, 1973). Better phosphate-solubilizing isolates were selected
and then used in the the next steps of the study.

Bacterial inoculation and plant growth

Chickpea seeds were surface sterilized with 1% sodium hypochlorite for 10 min and washed 4
times with sterilized distilled water. Afterwards, the seeds were soaked in distilled water about 24 h and
were subjected to germination for 3 days. Twenty of germinated seeds were placed in each pot at 2 cm
depth. Seedlings were grown for 10 d on pots containing sand. Each pot (20 cm diameter) contained
2 kg of sand. Before using, sand was washed with water and then sterilized at 170°C for 60 min. For
inoculation, promising-strains were grown in NBRIP medium at 30°C for 3 days at 180 rpm. The optical
density of obtained wet cells was adjusted to 10° cells/mL with saline water for each strain. One mL of
suspension was inoculated on pots containing chickpea seeds.

The experimental design was consisted of four treatment as described follows — treatment 1:
contained only sterilized sand and chickpea seeds (control 1); treatment 2: sterilized sand, insoluble
phosphate and chickpea seeds (control 2); treatment 3: only sterilized sand, chickpea seeds and
bacterium (control 3); treatment 4: sterilized sand, insoluble phosphate, chickpea seeds and bacteria.
Pots were watered weekly with the nutrient solution described by Hoagland and Arnon (1950). But, this
solution did not contain any phosphorus source apart from 5 g L™ Caz(PO4),. Growth experiments were
performed in a greenhouse (uncontrolled conditions).

Determination of protein, reducing sugar and phosphorus contents as wel as shoot and root lengths

Freshly harvested leaf samples (0.5 g) of chickpea plants were homogenized in 0.05 M phosphate
buffer (pH 6.5). Homogenates were centrifuged at 15000 rpm for 20 min at 4°C. Then, obtained
supernatant was employed for the determination of protein amount (Bradford, 1976) and sugar contents
(Miller 1959). Shoot and root lenghts were measured using a centrimeter scale. Phosphorus content was
determined using an inductively coupled plasma optical emission spectrophotometer (Optima 2100 DV,
Perkin-Elmer, Shelton, CT, USA).

Identification of phosphate solubilizing bacteria

The identification of the most promising isolate was performed according to whole-cell cellular
fatty acids and 16S rRNA analysis. Cellular fatty acids were analyzed by gas chromatography (GC)
using the MIDI system (MIDI, Newark, DE). The analysis was performed using the Sherlock Microbial
Identification system TSBA 4.0 software and library general system software version 4.1. Qualitative
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and quantitative differences in the fatty acid profiles were used to compute the distance for each strain
relative to the strains in the library (Sasser, 1990a,b; Sasser and Wichman, 1991).

The identification of the isolate was also performed according to 16S rRNA sequence analysis. In
brief, genomic DNA was extracted and purified according to the Promega Wizard® Genomic DNA
Purification Kit (A2360) protocol. The purity of the extracted DNA was spectrophotometrically
evaluated by A260/A280 ratio. The gene encoding for the 16S rDNA was amplified by PCR using 27F
(5'-AGAGTTTGATCCTGGCTCAG-3") and 1492R (5'-GGTTACCTTGTTACGACTT-3") universal
bacterial primers. After the amplified fragments were cloned into Echerichia coli JM101 strain with the
pGEM-T Easy Cloning Vector (Promega, Southampton, UK) according to the instructions of the
manufacturer, the plasmid was purified using Wizard® Plus SV Minipreps DNA Purification System
(Promega, A1330) kit and sequenced in Macrogen Company (Netherlands). The 16S rRNA obtained
was compared with the other bacterial series in the GenBank and EzTaxon (http://blast.ncbi.nlm.nih and
http://www.eztaxon.org), the similarity rate was determined and GenBank accession number was
received.

RESULTS AND DISCUSSION

Isolation and screening of phosphate-solubilizing bacteria

Previous studies have widely demonstrated that phosphate-solubilizing bacterial inoculants
improve plant growth and yield (Appanna, 2007; Hameeda et al., 2008; Vikram and Hamzehzarghani,
2008; Mohammed et al., 2011; Kalayu et al., 2019). Therefore, the present preliminary experiments were
performed to isolate new bacterial strains being capable of solubilizing Casz(PO4),, an insoluble
inorganic phosphate. The isolation experiments were performed on NBRIP medium containing insoluble
Casz(POs4)2 (tricalcium phosphate) as inorganic phosphate. Total 76 bacterial strains grown on this
medium were picked up and purified. They were then screened on NBRIP-BPB (brom phenol) medium
for the determination of better phosphate solubilizing-ones. Among 76 bacterial isolates, only five
isolates were found to cause a significant decolorization in blue color of NBRIP-BPB medium, namely
have high phosphate-solubizing activity. Phosphate-solubilizing potentials of five isolates (IPB 4, IPB
8, IPB 25, IPB 26 and IPB 72) were determined as 53.75, 52.47, 46.03, 110.86 and 27.58 mg L7?,
respectively.

Effect of phosphate-solubilizing bacteria on growth parameters of chickpea

In the subsequent stages of the study, five isolates were evaluated in terms of the potential to
promote the growth of chickpea in the presence of Caz(POa4).. At the end of 10-days growth period, the
plants were harvested and the average lengths of shoot and roots for each treatment group were recorded
(Table 1). The experiments showed that no significant difference was observed between shoot lengths
of treatment group 1 chickpea plants (plants grown on pots containing only sand) and treatment group 2
chickpea plants grown on pots containing sand and Caz(PO4).. Similarly, no significant increase in shoot
lengths of chickpea was detected, when chickpea seeds were grown on pots inoculated with bacteria
(treatment group 3: sand, chickpea and bacterium). Whereas, the experiments exhibited that there was a
significant increase in shoot length of the plants, which were grown in the presence of bacteria and
Cas(POa4) (treatment group 4). Shoot lenghts of chickpea plants with inoculated IPB 4, IPB 8, IPB 25,
IPB 26 and IPB 72 were determined as 21.83, 19.70, 18.20, 23.41 and 14.48 cm, respectively (treatment
group 4). Whereas, average shoot lenght of control plants (treatment group 1) was determined as 12.94
cm.
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With comparison to treatment group 1 plants, there were no important changes in root lengths of
treatment group 2 and 3 plants (Table 1). Even, shorter root lengths were assayed for treatment group 3
plants which were inoculated with any of four isolates (IPB 4, IPB 25, IPB 26 and IPB 72) in the absence
of Casz(POas)2. Conversely, longer root lengths were reached when chickpea seeds were grown in the
presence of Caz(POa)2 and test bacterium (Treatment group 4). Among treatment group 4 plants, the
plants inoculated with IBP26 were found to have the maxium root length (12.06 cm). Whereas, average
root length of treatment group 1 was assayed as only 7.50 cm.

Table 1. Effect of test bacteria on shoot and root lengths of chickpea

Treatment groups Shoot length (cm) Root length (cm)
TG1(sand, chickpea seeds) 12.94 ¢ 7.50 ¢
TG2(sand, chickpea seeds, Cas(PQa4)2) 13.38 « 7.70°%°
TG3 (sand, chickpea seeds, IPB4) 13.42¢ 7.02¢
TG3 (sand, chickpea seeds, IPB8) 11.89¢ 8.08 ¢
TG3 (sand, chickpea seeds, IPB25) 13.14 7.45°¢
TG3 (sand, chickpea seeds, IPB26) 13.41 7.42¢
TG3 (sand, chickpea seeds, IPB72) 13.24% 7.03°¢
TG4 (sand, chickpea seeds, Cas(PO.),, IPB4) 21.83% 11.31%
TG4 (sand, chickpea seeds, Cas(POa),, IPB8) 19.70° 9.23°
TG4 (sand, chickpea seeds, Cas(POa),, IPB25) 18.20° 10.83?
TG4 (sand, chickpea seeds, Cas(POa),, IPB26) 23.41° 12.06 2
TG4 (sand, chickpea seeds, Caz(POa),, IPB72) 14.48° 8.53

All values are the mean of two replicates from three independent experiments (n = 6). Different lowercase letters in the same
column indicate significant differences (P < 0.05). TG: treatment group

As for the total sugar and protein contents of chickpea plants in four different treatment groups, it
was seen that treatment group 4 chickpea plants had higher protein and sugar contents (Table 2).
Especially, the highest total sugar (30.9 mg g*) and protein (14.25 mg g*) contents were recorded for
the chickpea plants inoculated with IBP-26 among the treatment group 4 plants. In parallel with shoot
and root lengths, there was no significant decrease or increase in total sugar and protein contents of
treatment group 2 and 3 plants compared to treatment group 1 plants.

Table 2. Effect of test bacteria on total sugar and protein contents of chickpea

Treatment groups Total sugar (mg g?) Protein content (mg g*)
TG1(sand, chickpea seeds) 22.0F 11.74 %
TG2(sand, chickpea seeds, Cas(POa4)2) 23.0¢ 11.55¢
TG3 (sand, chickpea seeds, IPB4) 24.2 ¢ 12.25 ¢
TG3 (sand, chickpea seeds, IPB8) 25.2¢% 11.6°¢
TG3 (sand, chickpea seeds, IPB25) 25.2¢% 12.2 cde
TG3 (sand, chickpea seeds, IPB26) 25.54 12.75bcde
TG3 (sand, chickpea seeds, IPB72) 22.5¢% 11.90 cde
TG4 (sand, chickpea seeds, Caz(PQ.,),, IPB4) 30.9% 13.89%®
TG4 (sand, chickpea seeds, Caz(PQ.,),, IPB8) 275 12.95 bed
TG4 (sand, chickpea seeds, Cas(PO4),, IPB25) 28.2bc 13.0%¢
TG4 (sand, chickpea seeds, Caz(POa),, IPB26) 30.92 14.252
TG4 (sand, chickpea seeds, Cas(PO4),, IPB72) 26.9 « 12.75bcde

All values are the mean of two replicates from three independent experiments (n = 6). Different lowercase letters in the same column
indicate significant differences (P < 0.05). TG: treatment group
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The experiments demonstrated that supplementation of Cas(PO4). had not a significant role on P
content in the absence of the test bacteria. In the other words, no significant increase occurred in P
content of treatment group 2 plants compared with treatment group 1 plants (Table 3). The maximum
augmentation in P uptake by plants was achieved, when the plants were grown in the presence of test
bacteria and Cas(POas)2 (treatment group 4 plants). Among the treatment group 4 plants, the maximum
P content (2671 mg kg™) was determined in chickpea plants with inoculated with IBP-26. Similarly,
higher dry matter contents were assayed for the plants, which were inoculated with the test bacteria in
the presence of Caz(POa).. Especially, the maximum dry matter content (22.2%) was detected for the
plants inoculated with IBP 26 among treatment group 4 plants (Table 3).

Table 3. Effect of test bacteria on dry matter and phosphorus contents of chickpea

Treatment groups Dry matter (%) Phosphorus content (mg kg?)
TG1(sand, chickpea seeds) 17.41¢ 2114
TG2(sand, chickpea seeds, Cas(POa4)2) 19.21Pc 2177
TG3 (sand, chickpea seeds, IPB4) 18.89Pcd 2415
TG3 (sand, chickpea seeds, IPB8) 19.40° 2347
TG3 (sand, chickpea seeds, IPB25) 19.56° 2249
TG3 (sand, chickpea seeds, IPB26) 17.55¢ 2367
TG3 (sand, chickpea seeds, IPB72) 19.21Pc 2415
TG4 (sand, chickpea seeds, Cas(PO.),, IPB4) 21.46% 2623
TG4 (sand, chickpea seeds, Cas(PO.),, IPB8) 20.69%c 2510
TG4 (sand, chickpea seeds, Caz(POa),, IPB25) 21.10%¢ 2369
TG4 (sand, chickpea seeds, Cas(POa),, IPB26) 22.29° 2671
TG4 (sand, chickpea seeds, Cas(PO4),, IPB72) 19,7620 2227

All values are the mean of two replicates from three independent experiments (n = 6). Different lowercase letters in the same
column indicate significant differences (P < 0.05). TG: treatment group

As seen from the results presented in Table 1-3, compared to the control (treatment group 1), test
bacteria (treatment group 3) alone or Caz(POas). (treatment group 2) alone did not cause a significant
change in plant growth parameters (shoot and root lengths, total sugar, protein and dry matter contents).
The absence of any change in the treatment group 2 plants can be explained by the fact that insoluble
Cas(POa4): is not directly used as phosphorus source by the plants. Conversely, it was seen that the growth
of chickpea plants significantly increased, when the plants were inoculated with phosphate-solubilizing
test bacteria in the presence of Caz(PO4)2. Namely, co-application of any test bacterium and Cas(POa4)2
caused a significant increase in growth of chickpea seedlings (treatment group 4). Significant increases
in growth parameters can mainly be attributed to greater P uptake by the plants. This is because, the
present experiments revealed that the maximum P content was detected in the plants which were grown
in the presence of test bacteria and Caz(POa). (treatment group 4 plants). The similar increases in P
uptake in the presence of phosphate solubilizing bacteria have been also reported for other plants such
as Phaseolus vulgaris, Lycopersicon esculentum and Stevia rebaudiana in the previous studies (Peix et
al., 2001; Han and Lee, 2005; Kirankumar et al., 2008; Rahi et al., 2010; Mohamed et al., 2011,
Kuntyastuti and Sutrisno, 2017).

From all the results obtained, it was clear that the maximum increases in shoot and root lengths as
well as total sugar, protein, dry matter and phosphorus contents were achieved with the isolate IPB 26.
This isolate was identified as Pseudomonas aeruginosa according to morphological and biochemical
characteristics as well as FAME and 16S rRNA analyses (GenBank accession number: MW092004).

This result was in good agreement with those reported by investigators, which showed that Pseudomonas
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strains possesed high potential to promote growth of different plants (Buch et al., 2008; Ahemad and
Khan, 2010; Patel et al., 2011; Prasad and Babu, 2017). Therefore, use of P. aeruginosa IPB26 as
biofertilizers can be accepted as an efficient approach to replace chemical phosphorus fertilizers for

sustainable cultivation of chickpea plants.
49 Pseudomonas brennerii DSM 15294
35‘P Pseudomonas panacis KCTC 12330
60 Pseudomonas yamanorum DSM 26522

Pseudomonas migulae JCM 21628

84

96 Pseudomonas antarctica DSM 15318

97 L— Pseudomonas trivialis DSM 14937
Pseudomonas viridiflava DSM 11124

Pseudomonas vranovensis DSM 16006

Pseudomonas aeruginosa DSM 50071
100 b————1BP26 (MW092004)

0.005

Figure 1. Neighbor joining phylogenetic tree on the basis of 16S rRNA gene sequence data of the isolate IBP26 (GenBank
number: MW092004) resembled Pseudomonas aeruginosa at a high rate (98.5%).

It has been reported in the literature that plant growth promoting rhizobacteria (PGPR) may have
other potential properties such as the synthesis of phytohormones, N fixation and being biocontrol
agent, in addidion to the solubilization of inorganic phosphate and mineralization of organic phosphate
(Almas et al., 2009; Hayat et al., 2012; Oztekin et al., 2015; Sahin and Dénmez, 2020). For example,
several authors have informed that PGPR are capable of producing phytohormones such as indole-3-
acetic acid, cytokinin and gibberellin promoting plant growth (Mehnaz et al., 2001; van Loon et al.,
2007; Gupta et al., 2012; Patel and Saraf 2017). Considering this information, the fact that there is no
change in the growth parameters of the treatment group 3 plants can be explained by the failure of test
bacteria to produce phytohormones or to fix nitrogen. That is, the test bacteria had probably only
phosphate solubilizing potential. However, we consider that co-culture of P. aeruginosa IPB26 and other
plant growth promoting bacteria (nitrogene-fixing and/or phytohormone-producing bacteria) may be
tested in future agricultural studies. This is because, the co-application of phosphate-solubilizing bacteria
with nitrogene-fixing and/or phytohormone-producing other PGPR is accepted as an alternative
approach in agricultural studies. Even, co-cultures provide more balanced compared with separate
inoculations (Rodriguez and Fraga, 1999). For example, when phosphate-solubilizing Agrobacterium
radiobacter was combined with nitrogen fixer Azospirillum lipoferum, more improvement in grain yield
of barley could be achieved compared with single inoculations (Belimov et al., 1995).

CONCLUSION

This study revealed that application of P. aeruginosa IPB26 in the presence of CasPO4 gave rise
to significant increases in the growth parameters of chickpea plants. Therefore, use of P. aeruginosa
IPB26 as biofertilizers can be accepted as an efficient approach to replace chemical phosphorus
fertilizers for sustainable cultivation of chickpea plants.
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