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Abstract

The use of phosphate solubilising Pseudomonas as inoculants
has provided an alternative biotechnological solution in sustainable
agriculture to meet the P and N2 demands of plants. Phosphate Sol-
ubilizing Bacteria (PSB) possessing the ability to solubilize insoluble
phosphate was isolated from the rhizospheric soil of Triticum sp. Of
the eight bacterial isolated, five were able to produce siderophores
and to solubilize phosphate both in Pikovskaya (PVK) and Nation-
al Botanical Research Institute’s phosphate growth (NBRIP) me-
dium. The highest phosphate solubilization efficiency was signaled
in NBRIP medium for P.putida (Ps6) isolate (22 mm) followed by
P.fluorescens (Ps11) isolates (17mm) vis a vis 19mm and 16 mm in
PVK medium, respectively. Furthermore, the results indicated that
only three isolates were able to cleave ACC into a ketobutyrate and
ammonia with a low degrees of efficacy (OD550<0.5). Thus, phos-
phate solubilization activity may be useful criteria for the selection of
effective plant growth promoting rhizobacteria to be used as biofertil-
izers.
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Introduction

To produce more food, the world will require (at least ini-
tially) more agricultural land; greater use of chemicals including
fertilizers, pesticides and herbicides; more farm mechanization;
greater use of transgenic crops; and the expanded use of plant
growth-promoting microorganisms. Of course, many of the solu-
tions to this problem that will be attempted are not sustainable
and will only be effective in the short term. Since we live in a
finite world with limited resources, any effective and longer term
solutions to providing food for the world (once the population
has leveled off) must include sustainable and environmentally
friendly biological solutions To this end, the purposeful use of
PGPB in agriculture is an attractive technology to address this
problem [1].

The large-scale application of PGPR to crop as bio fertilizers
would be attractive as it would substantially reduce the use of chem-
ical fertilizers and pesticides, which often pollute the environment.
This has a heavy impact on the natural and human environment, as
well as on human health, through the pollution of soils, waters, and
the whole food supply chain. The PGPR can promote growth of sev-
eral types of plants [2]. Furthermore, stimulation of different crops
by PGPR has been demonstrated in both laboratory and field trials.
Strains of Pseudomonas putida and Pseudomonas fluorescens have
increased root and shoot elongation in canola, lettuce, and tomato [3]
as well as crop yields in potato, radishes, rice, sugar beet, tomato,
lettuce, apple, citrus, beans, ornamental plants, and wheat [4,5].

Generally, the mechanisms by which PGPR can exert a positive
effect on plant growth can be of two types: direct and indirect [6,7].
Indirect growth promotion is the decrease or prevention of deleterious
effect of pathogenic microorganisms [8], mostly due to the synthesis
of antibiotics [9] and siderophores [10]. Whereas the direct growth
promotion can be through the synthesis of phytohormones [11], N,
fixation [11], the uptake of certain nutrients from the environment
[12] and synthesis of some enzymes such as ACC deaminase 1-(ami-
nocyclopropane-1-carboxylate deaminase) that modulate the level of
plant hormones [13], as well as the solubilization of inorganic phos-
phate and mineralization of organic phosphate, which makes phos-
phorous available to the plants [1]. The main objective of the present
study was to establish a procedure for the identification of efficient
phosphate solubilizer from soil. Our scope deals the phosphate sol-
ubilization and ACC deaminase of the mentioned species (P. putida
and P, fluorescens).

Materials and Methods

Isolation and biochemical characterization of Pseudomo-
nas fluorescents (PGPR)

The biochemical characterization was determined by means of
API 20NE; bio Merieux Vitek strips and on the basis of Pseudomonas
biochemical tests as described in Bergy’s Manual of Determinative
Bacteriology.
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Each isolate was tested for morphology, motility and Gram stain.
The following physiological tests were performed: fluorescent and
pigment production, accumulation of levan production, oxidative or
fermentative acid production, growth at 4 and 41°C. The enzymatic
activities tested were: lipase production, pectinolytic activity, starch
hydrolysis, lecithinase production and proteolytic enzyme produc-
tion.

Most of the tests conducted for their identification have been
based on physiological, nutritional tests [14] and by the use of the
Analytical Profile Index (API 20NE; bio Merieux Vitek), strains were
maintained in LB at -80°C with 50 per cent glycerol.

Solubilization of phosphate

Bacterial strains were tested by plate assay using Pikovskaya
(PVK) medium (in I'': glucose,10 g; Ca,(PO,),, 5 g; (NH,),SO,, 0.5 g;
NaCl, 0.2g; MgSO,-7H,0, 0.1 g; KCI, 0.2 g; yeast extract, 0.5g; Mn-
SO4-H,0, 0.002 g; and FeSO,-7H,0, 0.002 g) and National Botan-
ical Research Institute’s phosphate growth (NBRIP) medium (in 1"
glucose, 10 g: Ca,(PO,),, 5 g; MgCl-6H,0, 5 g; MgSO,-7H,0, 0.25
g, KCl, 0.2 gand (NH,),SO,, 0.1 g. A total of eight strains were tested
by plate assay using PVK and NBRIP media supplemented with 1.5%
Bacto-agar. Each strain was stabbed in triplicate using sterile tooth-
picks. The halo and colony diameters were measured after 18 days of
the incubation of plates at 28 °C. Halo size was calculated by strains
per plate were stabbed in triplicate using sterile toothpicks. The halo
and colony diameters were measured after 14 days of the incubation
of plates at 28°C.

Halo size (h) was determined by subtracting the diameter of the
colony from the diameter of the halo. According [15] to isolates were
grouped into 5 classes according to their h score; class 0: lack of halo,
class 1: h = 0-2 mm, class 2: h = 2-4 mm, class 3: h > 4 and class 4:
h > 4 and a perfectly transparent halo. Class 4 includes a qualitative
aspect of the halo, as halos of class 3 were as large as class 4 but rather
diffuse.

Aminocyclopropane-1-carboxylic acid deaminase (ACC)
assay

ACC-metabolism assay (qualitative) was carried out to character-
ize the rhizobacterial strains for their ability to use ACC as a sole
nitrogen source. The rhizobacterial strains were grown on two nitro-
gen sources (ACC and ammonium sulphate) and one mineral source
(magnesium sulphate), to observe the growth rate of the strain, for
ACC substrate in parallel to ammonium sulphate. These strains were
categorized into three groups, as strains with higher (OD550> 0.7),
medium (OD550: 0.5-0.69) and lower (OD550< 0.5) ACC-metabo-
lism rate depending upon their O.D value at 550 nm for ACC sub-
strate as compared to ammonium sulphate. ACC-metabolism assay
was proceeded according to the method (modified) described by [16].

Quantitative ACC deaminase activity was assayed according to the
method of [17] with some modifications, which measures the amount
of a-ketobutyrate produced when the enzyme ACC deaminase cleaves
ACC. The quantity of nmol of a-ketobutyrate produced by this reac-
tion was determined by comparing the absorbance at 540 nm of a
sample to a standard curve of a-ketobutyrate ranging between 0-1 and
1-:0 nmol. A stock solution of 100 mmol I"'a-ketobutyrate (Prochi-
ma-Sigma, ref: K401-10) was prepared in 0-1 mol I"' Tris—=HCI (pH
8-5) and stored at 4°C. Just prior to use, the stock solution is diluted
with the same buffer to make a 10 mmol 1! solution from which a

J Environ Sci Curr Res ISSN: 2643-5020, Open Access Journal
DOI: 10.24966/ESCR-5020/100031

standard concentration curve is generated. Each in a series of known
o-ketobutyrate concentrations is prepared in a volume of 200 x1 and
300 wl of the 2,4-dinitrophenyl hydrazine reagent (0-2% 2,4-dinitro-
phenyl hydrazine in 2 mol 1! HC1) was added, and the contents were
vortexed and incubated at 30°C for 30 min. The colour was developed
by the addition of 2:0 ml 2 mol I"' NaOH and the readings were taken
at 540 nm.

Production of ammonia

The different isolates of Pseudomonas sp. (PGPR) were grown in
peptone water in tubes and were incubated at 30°C for 4 days. 1 ml
Nessler’s reagent was added in each tube. Tubes were observed for
presence of a yellow to brownish colour for maximum production of
ammonia [18].

Siderophore production

Siderophore production was detected according to [19] study. The
bacterial cultures were streaked on the King’s B medium with and
without (50 mg/l) FeCl, and incubated at 28 + 2°C for 48 h. Fluores-
cent pigment formed was considered as an indication of siderophore
production. Further qualitative production of siderophore was tested
using Chrome Azurol S (CAS) agar [20]. Presence of siderophore
production was indicated by orange halos around the colony due to
chelation of iron which bound to CAS dye.

Statistical Analysis

The statistical processing of the data obtained from all studies
was implemented by means of dispersion analysis with the STATIS-
TICA 7 software. Data are expressed as means + standard deviation
(SD). Statistical analysis was performed with an analysis of variance
(ANOVA) and correlation, a difference was considered statistically
significant when p < 0.05.

Results and discussion

Among the eight isolates (Pputida (Ps6, Ps10) and Pfluorescens
(Ps2, Ps4, Psl1, P4, P9, P10)), five were phosphatase positive, and
have shown positive result for ammonia and siderophores production.
However only three isolates had variable ACC-deaminase activity.

Phosphate solubilization

Eight isolates were tested for semi-quantitative phosphate solu-
bilization activity; most of the isolates (5) were classified as class 4,
whereas 3 isolates showed no apparent halo (Figure.1). Undoubtedly,
the medium used to test phosphate solubilization activity of selected
PSB indicated that isolates can grow on glucose as sole carbon source
and solubilize Ca, (PO,),. On the basis of halo observations and mea-
surements in medium, glucose and Ca, (PO,), seem to be essential for
phosphate solubilization whereas the yeast extract is a nonessential
component of the medium. These findings are consistent with [21]
report, the amount of glucose as a carbon source played an important
role in the phosphate solubilization. Moreover, the rate of the phos-
phate solubilization was increased with increasing concentrations of
glucose.

Phosphate solubilization ability of Pseudomonas sp. 2 increased
by about 30% in the absence of either yeast extract or (NH,),SO,.
In the absence of both yeast extract and (NH,),SO,, the phosphate
solubilization ability of Pseudomonas sp. 2 was enhanced by 12.5%.
It was interesting to note that by simply omitting yeast extract from
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Figure 1: Class of the semi quantitative phosphate solubilization assay on
the basis of halo magnitude.

PVK consistently higher phosphate solubilization levels were ob-
tained [21]. This further proved that the presence of yeast extract in
the PVK medium was inhibitory to the phosphate solubilization com-
pared with NBRIP medium.

Comparative studies on NBRIP and PVK with eight bacteria in a
plate assay showed different results, however, in NBRIP, the P solubi-
lization was more efficient compared to PVK medium for all the five
strains. Efficiency of phosphate solubilization by the strain Ps6 and
Ps11 in NBRIP was significantly higher compared to PVK with a di-
ameter of 22 mm,17mm vis a vis of 19mm and 16 mm, respectively.
The ability of the strains to solubilize phosphorus in both media was
also maintained at a higher level throughout the duration of 18 days
(Figures 2 & 3). This further augments well for the use of NBRIP as
an efficient phosphate solubilization medium over PVK.

Figure 2: Halo size (h) of phosphate solubilization on Pikovskaya (PVK).

The physiology of phosphate solubilization has not been studied
thoroughly. Some studies indicate that certain mineral elements play
a role in this process. A critical K concentration is necessary for op-
timum solubilization rates, while Mg and Na seem to be important
in some fungi but not in Pseudomonas strains. The role of N and P
uptake remains controversial [22].

Figure 3: Halo size of phosphate solubilization on National Botanical Re-
search Institute’s phosphate growth medium (NBRIP).

J

Our results are in accordance with those of other studies such as
[23] and [21], who found that NBRIP is more efficient than PVK
medium. Pseudomonas spp. and Bacillus spp. were found to have
more phosphate solubilizing capacity than the other genera (Vibrio,
Alcaligens and Corynebacterium). On plate assays, Pseudomonas
showed larger zones of solubilization indicating an efficient solubi-
lization of insoluble and fixed phosphates than the other strains [24].
[25] While studying the Porto Novo waters reported Pseudomonas
spp. and Bacillus spp. as dominant inorganic phosphorus compounds
solubilizing microbes.

Phosphate Solubilising Bacteria (PSB) has provided an alterna-
tive biotechnological solution in sustainable agriculture to meet the
P demands of plants. These organisms in addition to providing P to
plants also facilitate plant growth by other mechanisms. Current de-
velopments in our understanding of the functional diversity, rhizo-
sphere colonizing ability, mode of actions and judicious application
are likely to facilitate their use as reliable components in the manage-
ment of sustainable agricultural systems [26]. PSM include largely
bacteria and fungi. The most efficient PSM belong to genera Bacillus,
Rhizobium and Pseudomonas amongst bacteria, and Aspergillus and
Penicillium amongst fungi [27]. According to [28] the fluorescents
Pseudomonas are known as good phosphate solubilizers against 4zo-
tobacter and the Rhizobia species”.

The colonies that had higher solubilization zones (selected PSB)
were purified and screened based either on the solubilization index on
Pikovskaya and NBRIP agar for ACC deaminase activity.

ACC-deaminase activity

Qualitative results of ACC assay revealed that only PS4, PS11
and PS10 strains metabolized ACC into a ketobutyrate and ammo-
nia with a low degrees of efficacy (OD,, <0.5). PS4, PS11 and PS10
showed a low amount of ACC deaminase activity (105, 85, 41 nmol
h' ACC-deaminase activity, respectively) where in other strains no
activity was recorded.

ACC deaminase has been found in a wide range of Gram-negative
[29] and Gram-positive bacteria [30]. In certain PGPR the enzyme
ACC deaminase cleaves ACC to form a-ketobutyrate and ammonium
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and thereby lowers the level of ethylene in developing or stressed
plants [16]. The PGPR containing ACC deaminases are present in var-
ious soils and offer promise as a bacterial inoculum for improvement
of plant growth. When ACC deaminase-containing PGPR colonize
the rhizosphere, they can act as a sink for ACC and keep ethylene lev-
els below the point where root growth is impaired [6]. Such activity is
important during normal plant development and also protects plants
from the deleterious effects of environmental stresses, including phy-
topathogens, flooding [31], drought [32], and heavy metals [30].

Ethylene is an important phytohormone, but over-produced eth-
ylene under stressful conditions can result in the inhibition of plant
growth or death, especially for seedlings. PGPR containing ACC de-
aminase can hydrolyze ACC, the immediate precursor of ethylene, to
a-ketobutarate and ammonia, and in this way promote plant growth.
Inoculation of crops with ACC deaminase-containing PGPR may as-
sist plant growth by alleviating deleterious effects of salt stress eth-
ylene [30].

Production of ammonia

Out of the five isolates tested, PS4, PS11, PS10 and P10 were
found to be ammonia producers. These results are in close agreement
with those of Joseph et al. (2007) who revealed the production of
ammonia commonly detected in the isolates of Bacillus (95%) fol-
lowed by Pseudomonas (94.2%), Rhizobium (74.2%) and Azoto-
bacter (45%). Similarly, [33] isolated the Pseudomonas putida from
the rhizosphere of Pisum sativum. The organism exhibited a battery of
PGPR characteristics and was also found positive for the production
of ammonia.

Development of yellow-brown color was observed after addition
of Nessler’s reagent indicating a positive test for ammonia produc-
tion. It has been reported that ammonia production indirectly
influences the plant growth. Pseudomonas fluorescens strain MA-
4 was efficient in ammonia production and significantly increased
biomass of medicinal and aromatic plant such as Geranium [34].
Ammonia production was detected in 95% of the isolates from the
rhizosphere of rice, mangrove and effluent contaminated soil influ-
encing plant growth promotion [35].

Siderophore production

Results revealed that five isolates produced siderophores, the
highest rate 53.6uM and 53.3uM was recorded for P4 and P9, re-
spectively. Distribution of siderophore-producing isolates according
to amplified ribosomal DNA restriction analysis (ARDRA) groups,
reveals that most of the isolates belong to Gram- negative bacteria
corresponding to the Pseudomonas and Enterobacter genera and Ba-
cillus and Rhodococcus genera are the Gram-positive bacteria found
to produce siderophores [36].The two strains Fluorescent Pseudo-
monas and Pseudomonas fluorescens NCIM 5096 along with P.
putida NCIM 2847 produce maximum yield of hydroxamate type of
siderophore in the modified succinic acid medium (SM) [37-40].

Statistically and in order to confirm the correlation between
phosphate solubilization and the other PGPR traits we performed a
regression analysis for the screened strains, it appears that there is
no a significant relationship between the phosphatase activity, ACC
deaminase and siderophores production. Although we found a sig-
nificantly positive relationship (#’= 0.98 and P= 0.001) for phosphate
solubilization in both medium. Even though the correlations obtained
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in the present study are not statistically significant, this disparity can
be attributed to the direct and independent action of the PGPR strains.
According to there are numerous Phosphate Solubilizing (PS) bacte-
ria that possess the ability to synthesize a key enzyme, 1-aminocyclo-
propane-1-carboxylate (ACC) deaminase.

Conlusion

The use of biofertilizer such as N, (nitrogen) fixing and phosphate
solubilizing bacteria (PSB) can reduce chemical fertilizer applica-
tions and consequently lower reduction cost. The use of PSB as bio-
fertilizers PGPR in order to increase the productivity may be a viable
alternative to organic fertilizers and could decrease the environmental
problems associated with conventional chemical fertilizers, which
also helps in reducing the pollution and preserving the environment in
the spirit of an ecological agriculture. In addition to biological nitro-
gen fixation, phosphate solubilization is very important in enhancing
the soil fertility. PSB play an important role in supplying phosphate to
plants, which is environment-friendly and sustainable approach. Fur-
ther study is required in this area to gain a more accurate understand-
ing of the potential agricultural benefits of Pseudomonas-mediated
biofertilization.
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