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ABSTRACT

This investigation aimed at modifying the ability of phosphate-solubilizing bacteria, Bacillus
polymyxa var. phosphaticum to improve plant growth of tomatoe plants. Bactllus polvmyxa mutants
selected after N-methyl-N"-nitro-N-nitrosoguanidin (NTQG) treatments were evaluated for their
efficiency in improving growth, P-uptake and Fe-uptake by tomato in greenhouse. Only five
mutants out 1000 colonies were found to sclubilize phosphates more than wild type strain on the
basis of the solubilization index on Pikovskyaya's solid medium. Phosphate solubilization index of
the five mutants M1, M2, M3, M4, Mb were 2.56, 2.42, 2.28, 2.49 and 2.31, respectively. The
highest phosphate solubilization index was recorded by mutant strain M1 compared with the wild
type strain (2.13). The results show that all tested strains produced; in their cultures; organic
substances that chelated iron in the calcareous soil. In greenhouse experiment the results showed
that inoculation of tomato cultivar Super marmand with wild strain or mutant M1 with or without
the addition of rock phosphate had a significant effect on shoot, and root, dry weights, p-uptake and
Fe-uptake in shoot compared with uninoculated treatment (control) or amended with rock
phosphate alone. Similar results were recorded with Burchard cultivar but in general, the cultivar
Super marmand was more responsive to wild type and mutant M1 ineculation than the cultivar
Burchard. Application of hoth mutant and rock phosphate resulted in the highest availability of P
and Fe in the soil, resulted in increases about 26% in P and 26% in Fe as compared to control.
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INTRODUCTION

Phosphorus and 1iron are essential elements for plants but the concentration of total P in soils
ranges from 100 and 3000 mg P kg"l soil (Frossard et al., 2000), the variation being largely
due to differences in weathering intensity and parent material composition (Raji, 2006;
Bilgili ef al., 2008). To increase the availability of phosphorus for plants, large amounts of fertilizers
are used on a regular basis but after application, a large proportion of fertilizer phosphorus 1s
quickly transferred to insoluble form (Omar, 1998). Arpana ef al. (2002) reported that a great
proportion of phosphorus in chemical fertilizer becomes unavailable to the plants after its
application to the scil. They referred this to formation of strong bonds of phosphorus with caleium
and magnesium in alkaline pH and the same bonds with iron and aluminum in acidic soils. In
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calcarecus soils phosphorous fertilizers are fixed by calcium carbonate through adsorption and
precipitation, so their efficiency is not more than 20% (Tisdale ef al., 1993). Also, the total Fe
content. of soils 1s much higher than plants require, its bicavailability is limited in most soils,
particularly in calcareous soils (Guerinot and Yi, 1994; Lopez-Bucio et al., 2000). As a result, Fe
deficiency chloresis 1s evident in about 30% of crops worldwide (Imsande, 1998).

The ability of soil microorganisms to solubilize phosphates is considered to be one of the most
important traits associated with plant P nutrition (Richardson, 2001; Mishra et «f., 2010).
Phosphorus biofertilizers in the form of microorganisms especially phosphate- solubilizing bacteria
in rhizosphere can help in increasing the availability of accumulated phesphates for plant growth
by solubilization (Nautiyval et al., 2000). Phosphate Solubilizing Micreorganisms (PSMs) play an
important role in supplementing phosphorus to the plants, allowing a sustainable use of phosphate
fertilizers. Microorganisms are involved in a range of process that affect the transformation of soil
Phosphorus (P) and thus are integral component of the soil ‘P’ cycle. Application of PSMs to the field
has been reported to increase crop yield. Several mechanisms like lowering of soil pH by acid
production, 1on chelation and exchange reactions in the growth environment have been reported
to play a role in phosphate scolubilization by PSMs (Whitelaw, 2000; Gyaneshwar ef al., 2002,
Pradhan and Sukla, 2006; Mostafa and Abo-Baker, 2010).

Also, many microorganisms are crucial partner of plants to access Fe in the rhizosphere, they
can improve plant growth through a continuous and efficient Fe supply for growth and chlorophyll
synthesis (Masalha et al., 2000; Rroco ef @l., 2003). Different mechanisms have been suggested by
which microbial species enhance Fe availability to plants. For instance, some bacterial species
produce and secrete bacterial siderophores that mobilize Fe from soil to roots (Neilands, 1995). In
addition, certain bacterial species isolated from the rhizosphere of bean and maize plants contribute
significantly to Fe uptake by plants likely through increased Fe (III) reduction in the rhizosphere
(Valencia-Cantero ef al., 2007).

The aim of this study was to modify of the ability of phosphate-solubilizing bacteria,
Bactllus polymyxa var. phosphaticum to improve plant growth by classical genetic methods of
mutants with higher phosphate-solubilization activity. The efficiency of the wild and selected
mutants to promote plant growth, P-uptake and Fe-uptake was determined by using different
cultivars of tomate (Lycopersicon esculentum) as test crop in a pot experiment.

MATERIALS AND METHODS

Bacterial strain: Bacillus polymyxa strain was obtained from Desert Research Center, Egypt
which used in large-scale production of biofertilizer called Phosphorien. The strain was maintained
on Pikovskyaya's agar slants medium meodified by Rac and Sinha {(1963) having following
composition: Glucose, 10 g; Ca, (PO )., b g; (NH,50,, 0.5g; KCl, 0.2 g; MgS0,.7TH, 0, 0.1 g; MnSO,
trace; FeS0, trace; 20 g agar, at 4°C in refrigerator.

Development of mutants: The wild type strain Bacillus polymyxa mutated with N-methyl-N"-
nitro-N-nitresoguanidin (NTG) as described by Mishra and Goeel (1999). In order to estimate the
optimal NTG concentration that would lead to a B0O% killing rate, a killing curve was performed by
exposure of Bacillus polymyxa cell suspension for different time intervals to different concentrations
of NTG ranging from 25-300 pg mL ™! (dissolved in phosphate buffer, pH 7.0). Exposure of a 24 h
old cell suspension of Bactllus polymyxa to 50 pg mL™" of NT G for 90 min at 28°C in shacked water
bath resulted in a 50% killing rate. This concentration was used to induce mutations. After
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exposure, the cells were centrifuged, washed 2 times with phosphate buffer and suspended in 2 mL
sterile saline solution (0.9 M NaCl). Overnight-grown culture of Baetllus polymyxa was inoculated
in Pikovskyaya's liquid medium and was subjected to NTG treatment for mutagenesis. After NT G
treatment, the cell suspension (0.1 mL) was spread onto sclid Fikovskyaya's (PVE) medium (pH 7.0)
and incubated at 28°C along with untreated contrel for 48 h. Afterwards, the colonies were
observed on the media and were collected for further analysis. All of the possible mutants were
screened for solubilizing index (Edi-Premono ef al., 1996) (compared to parent strains) after 48 h
growth in solid PVK medium (pH 7.0) at 28°C. Mutants showing maximum solubilizing index were
selected for further studies.

Determination of solubilization index: The ability of the wild type and selected mutants to
dissolve insoluble phosphate was described by the sclubilization index: the ratio of the total
diameter {colony+halo zone) and the colony diameter (Kdi-Premono ef al., 1996). Halo zone
formation around strains growth was measured after inoculated on Pikovskyaya's agar medium
for b days at 28°C.,

Determination of pH and soluble phosphates: The ability of wild type and selected mutants
to dissclve insoluble tricalcium phosphate was measured in 100 mL aliquots of modified
Pikovskyaya's liquid medium. The wild and mutants strains were grown in 100 mL aliquots of the
liquid medium for 5 days at 28°C, then the cultures were filtered and centrifuged at 10000 g for
10 min. Soluble phosphates were assayed by chlorostannus reduced molybdo-phosphorie acid blue
method (Allen, 1974) and pH of the supernatant was measured by a pH meter.

Production of organic chelating agents: The ability of wild type and selected mutants strains
grown on PVK broth medium to produce organic substances and chelating agents capable of
complexing and extracting polyvalent mineral ions from scil was tested. Each strain was grown,
for b days at 28°C, in 100 mL aliquots of the medium in a 200 mL Erlenmeyer flask. The cultures
were then filtered and adjusted to pH 7.0 before use for Fe extraction. Suspensions of a calcareous
soil (CaCO, 161.8 g kg™) with 0.006M EDTA (ethylene di-amine tetra aceticacid), 0.006M DTPA
(di-ethylene tri-amine penta-aceticacid) and each of the wild type and mutants strains culture
(10° CFU mL™) (1:2) were prepared and shacked for 30 min, then filtered. Amounts of available
Fe extracted from the scil by each of the culture filtrates in comparison with those extracted by
EDTA and DTPA extractants were then determined using an atomic adsorption spectrometer model

(GBC 109 AA).

Greenhouse experiment: The trial was carried cut in the Greenhouse of Scil and Water
Department, Faculty of Agriculture Assiut University. A pot experiment was conducted in 2008
season to study the effect of wild strain and selected mutant M1 on plant growth, P uptake and
Fe-uptake by tomato plants in calcarecus sail collected from El-Gorahib Experimental Farm of
Assiut University. The physical and chemical properties of scil are presented in Table 1. The
experiment was established with 8 treatments: without rock P material or bacterial inoculation
{control), rock P material 0.3%, incculation with wild strain, inoculation with selected mutant M1,
rock P+wild strain, rock P+selected mutant M1, Tomato seed varieties Burchard and Super
marmand obtained from the Ministry of Agriculture, Egypt were sown in trays (30x50 em, 10 em
deep) containing sieved clay soil mixed with 3% peat moss and watered twice a week. After 45
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Tahble 1: Sail physical and chemical characteristics

Property Values
Sand (g kg™ 602
Silt (g kg™ Y 305
Clay (g kg™ 93
Texture Sandy loam
pH (1:1) 8.2

EC 11 @Sm™) 112
Organic matter (%) 0.25
CaCO;(gkg " 161.8
Total N (%) 0.003
Available P (mg kg™ 5.30
Available Fe (mgkg™) 2.15

days, similar healthy seedlings (15 em in length) were uprooted, inoculated or un-inoculated with
separate culture of the strain used before transplanting in black pots, 30 ¢cm in diameter containing
5 kg sieved clay soil collected from Assiut Kxperimental Farm. The wild type and mutants strains
were grown each on 100 mL aliquot of nutrient broth (NB) medium and incubated at 28°C for 5
days. The cultures contained about 10° CFU mL™ determined on plates of (NB) agar medium.
Dipping the root of seedlings in broth culture wild strain or mutants for one hour made inoculation.
Two seedlings were transplanted in each pot and 5 replicates were planted for each particular
treatment. Flants were irrigated when needed and fertilized as usual {IN-fertilizer, in urea form,
at a rate of 215 kg N ha™). After 40 days from transplanting, plants were uprooted, washed and
used for determination of dry weight of shoot and roots. Dried shoots were ground and submitted
to the acid-digestion using a 2:1 HNO, HCIO, acid mixture for the determination of P and Fe. To
analyze mineral elements, scils were sampled for chemical analyses before the experiment and after
harvesting the plants. At harvest, following root removal, soils in the whole pot, were mixed dried
and sieved (2 mm screen) and analyzed for available P and Fe.

Statistical analysis: Data obtained were subjected to statistical analysis by using the statistical
computer program (StatSoft, 1995). Differences among treatments were tested by ANOVA and
mean values among treatments were compared by Duncan's Multiple Range test at p =0.05.

RESULTS AND DISCUSSION

After subjecting B. polymyxa to mutagensis with NT G, only five mutants from out 1000 colonies
were found to solubilize phosphates more than wild type strain on the biases of the solubilization
index on Pikovskyaya's solid medium (Fig.1). The highest phosphates sclubilization index was
recorded by mutant strain M1 (2.56) compared with the wild type strain (2.13). The strains were
further studied for their ability to solubilize insoluble phosphates in Pikovskyaya's liquid medium
containing tricalcium phosphate. Amounts of phosphorus solubilized from tricaleium phosphate by
the wild type and mutant strains are shown in Fig. 2. The selected mutant strains of Bactllus
polvmyxa significantly solubilized more phosphates than the wild type strain.

The maximum amcunt of P solubilized (2.88 pg mL™) was recorded for mutant M1 which also
recorded the highest phosphate solubilization index, 2.56. The result also show that the lowest
amount of phosphates solubilized was recorded by mutant M3 (2.41 pg mL™). Figure 3 shows the
pH values of the strain cultures after 5-days growth on the Pikovskyaya's liquid medium (adjusted
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Fig. 1. Solubilization index of the wild type (WT) strain and mutants (M1, M2, M3, M4 and MB)
grown on Pikovskyaya's solid medium for 5 days
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Fig. 2: Released-P by the wild type (WT) strain and mutants (M1, M2, M3, M4 and M5) during 5
days of incubation on Pikovskyayva's broth medium
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Fig. 3: Final pH values of the wild type (WT) strain and mutants (M1, M2, M3, M4 and Mb)
cultures after 5 days incubation on Pikovskyaya's medium adjusted to pH 7.0
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Fig. 4. Amounts of extracted Fe by the wild type (WT) strain and mutants (M1, M2, M3, M4 and
Mb5) cultures compared with DTPA, EDTA and Pikovskyaya's medium

to pH 7.00). As indicated from the results obtained, the pH of the broth was found to decline with
all strains and the highest acidity was produced by the mutant M1 (pH 5.32). The solubilized
amounts of Phosphates and the determined phosphate sclubilization index for the strains
are compatible with the acidity produced in their cultures. This indicates that the organic
acids produced during the metabolism of glucose are the main cause of solubilization
{(Hwangbo et al., 2003). Solubilization of insoluble phosphates by microorganisms is mainly by
production of organic acids and chelation substances (Singh et al., 1980; Luo ef al., 1993). The
phosphate solubilization ability of wild and mutant strains of Pseudomonas fluorescens had been
reported to be accompanied by decrease in pH of the medium (Katiyvar and Goel, 2003). Two
mutants of Pseudomonas corugata were found more efficient than wild type strain for phosphate
solubilization activity across a range of temperature from psychotropic (4°C) to mesophilic (28°C)
in aerated GRC medium containing insoluble rock phosphate (Trivedi and Sa, 2008).
Asad-ur-Rehman et al. (2003) reported that the Aspergillus niger mutant UV-M9 was produced
by giving UV dose to pre-grown mycelia for enhanced citric acid production.

The ability of wild type and mutant strains to produce organic substances in their cultures
which can chelate iron (or other polyvalent elemental ions) from soil was tested in a laboratory
experiment. Figure 4 shows the amount of Fe (ppm) extracted from calcareous soil by filtrate of the
wild type and mutant strains compared with those extracted by nutrient broth medium, DTFA and
EDTA. The results show that all tested strains produced in their cultures organic substances that
chelated iron in the soil. The extracted amounts of iron by the mutant strains cultures were 4.08,
3.84, 2.92, 3.82, 53.15 and 2.63 mg kg™' soil for the mutant M1, M2, M3, M4, M5 and wild type
strain, as compared with 1.60, 4.90 and 4.03 mg kg™ scil, respectively extracted by PVK broth
medium, DTPA and EDTA.

These results show the difference in amounts of extracted Fe by mutant strain cultures, being
highest by mutant M1 and lowest by mutant M3 culture. The data also show that the iron
extracted by M1 culture (4.08 mg) was more than that extracted by EDTA (4.03 mg) but less than
that extracted by DTFA (5.12 mg). It is also noticed that mutant M1 produced the highest acidity
of all tested mutant (pH 5.19), as shown in Fig. 3.

Nevertheless, the extracted amounts of Fe by wild type and mutant cultures are probably
produced by organic chelating substances other than acidity, since the pH of the cultures and PVIK
broth medium, as well as the extraction sclutions EDTA and DTPA, was adjusted to pH 7.3 before
extraction. It 18 well known that numerous organic substances that are formed in scils, such as

181



Int. J. Soil Sci., 6 (3): 176-187, 2011

folvic and humic acids, have complexing ability, largely due to content of oxygen-containing
functional groups such as COCH, phenolic OH and C = O groups of various types. Aminoe and imino
groups may also be involved (Stevenson, 1982). Moreover, evidences are presented by many
investigators, about the formation of organic substances, in microbial cultures, having metal
complex capability, like vitamin, nucleie acids, amino acids and hormones, in addition to the
presence of organic acids (Stevenson, 1982),

Berrow et al. (1982) studies the trace element levels extractable by 2-Ketogluconate (2-K(3),
ammonium acetate, acetic acid, EDTA and DTFA in three different soils. They concluded that
2-Ketogluconate obtained from a batch culture of an Erwina species, was able to extract more
cobalt, nickel, zine, iron, titanium and vanadium than ammonium acetate and was equal to EDTA
and DTPA in extracting copper, manganes, molybdenum, nickel and zinc. The capability of
2-Ketogluconate to extract more Co, Ni and Zn and considerably more Fe, Ti and V than
ammonium acetate at the same pH indicates that it is chelating a portion of the non-exchangeable
form of these metals in soil. Microbial isolates forming poly-basic organic acids as tartaric and citrie,
oxalic, formic and glycolie acids are found more effective in chelating Ca and Fe than other organic
acids (Banik and Dey, 1982). Kucey {1988) showed that the addition of 0.05 M EDTA to sclutions
containing inscluble copper and zinc compounds had the same sclubilizing effect as inoculation
with Penicillium bilaji . But, reduction of the solution pH to 4.0 by the addition of 0.1 N HCI did
not result in metal 1on solubilization.

In greenhouse experiment an attempt was tried to study the effect of inoculation with wild type
and mutant with or without rock phosphate {0.3%), on growth, phesphorous and iron uptake by
tomato (cv. Super marmand and Burchard) and available P and Fe in the scil 40 days following
the planting were presented in Table 2. Addition of rock phosphate to the soil non-significantly
increased available F or Fe compared with control (without inoculum and without rock phosphate
fertilizer). Inoculation with wild type (B. polymyxa) or mutant M1 resulted in significant increase
in P and Fe availability in the soil, in which mutant M1 was more efficiently than wild type.

Application of both mutant and rock phosphate resulted in the highest availability of P and Fe
in the soil, resulted in increases about 26% in P and 36% in Fe as compared to control. The data on
Super marmand inoculation (Table 3) show that the addition of rock phosphate alone caused non-
significant increases in shoot and root dry weights and Fe uptake while a significant effect on P
uptake. Also data show that inoculation of wild strain or mutant to the soil with or wathout addition
rock phosphate had a significant effect on shoot and root dry weights, P-uptake and Fe uptake in
shoot compared with control (without inoculum and without rock phosphate fertilizer), or
amended with rock phosphate only. The treatment incculated with mutant M1 plus rock
phosphate was stimulative; inducing the following sheoot and root dry weights, P uptake and Fe
uptake in shoot; 41.2, 57.5, 26.2 and 34.3% compared with control in percentage increases,
respectively.

Data on Burchard cultivar inoculation (Table 4) show that in general, the cultivar Super
marmand was more responsive to wild type and mutant inoculation than cultivar Burchard. Similar
to Super marmand, inoculation with mutant M1 plus rock phosphate was the most stimulative;
inducing the following % increases in shoot and root dry weights, P-uptake and Fe-uptake in shoot;
31.7, 41.1, 25.1 and 28.3% compared with control respectively. In accordance with the results
obtained in the present pot experiment Narula et @l (2001) investigated the establishment of
phosphate dissolving strains of Azetobacter chroococcum, including scil isolates (wild type) and their
mutants, in the rhizosphere and their effect on the growth wheat cultivars (Triticum aestivum L),

182



Int. J. Soil Sci., 6 (3): 176-187, 2011

Table 2: Effects of inoculation with wild type and selected mutant on available P and Fe (mg kg™) in soil planted with tomato cultivars

Super marmand Burchard

Treatments P Fe P Fe
(Control) 8.3¢ 2.9¢ 8.0¢ 2.6¢
Uninoculated+RP 9.0 3.2 8.7 3.0¢74
Inoculated with WT 9.4 3.4 9.1°4 3.3%¢
Inoculated with M1 10,27 3.6% 9.5% 3.5%
Inoculated with WT+RP 10.7% 4.2 10.4% 3.9%
Inoculated with M1+RP 11.3° 4.5% 10.8° 4,17

RP =Rock phosphate, WT = Wild type, M1 = Mutant strain No. 1.The values in column followed by the same letter(s) are not significantly
different by Duncan's multiple range test at 5% level significant

Table 3: Effects of inoculation with wild type and selected mutant on dry weight and uptake of P and Fe of tomato cv. Super marmand

Dry weight (g plant™)

Treatments Shoot Root P-uptake (mg plant™) Fe-uptake (mg plant™)
(Control) 415 0.68 1.77° 0.42°
Uninoculated+R.P 4.37 0.85° 1.95¢ 0.47°
Inoculated with WT 4.51° 0.92° 2.08% 0.55%
Inoculated with M1 5.79° 1.10% 2.21%® 0.50%
Inoculated with WT+RP 6.23% 1.48* 2,282 0.61%
Inoculated with M1+RP 65.89% 1.60* 2.407 0.642

RP = Rock phosphate, WT = Wild type, M1 = Mutant strain No. 1. The values in column followed by the same letter(s) are not
significantly different by Duncan's multiple range test at 5% level significant

Tahble 4: Effects of inoculation with wild type and selected mutant on dry weight and uptake of P and Fe of tomato cv. Burchard

Dry weight (g plant™)

Treatments Shoot Root P-uptake (mg plant™) Fe-uptake (mg plant™)
(Control) 3.39¢ 0.63¢ 1.67 0.38¢
Uninoculated+R.P 3.85° 0.774 1.864 0.41°4
Inoculated with WT 4.05° 0.7 1.97 0.43%
Inoculated with M1 4.16° 0.88" 2.05% 0.46"
Inoculated with WT-+RP 4.732 0.98% 2.13¢ 0.50%
Inoculated with M1+RP 4.972 1.07= 2.232 0.532

RP = Rock phosphate, WT = Wild type, M1 = Mutant strain No. 1. The values in column followed by the same letter(s) are not
significantly different by Duncan's multiple range test at 5% level significant

They found that the mutant strains performed better than the scil isolates for in vitro phosphate
solubilization (11-14%) and growth hormone production (11.35%). Seed inoculation of wheat
varieties with phosphate-solubilizing and phytchormone-producing A. chroococcum showed a better
response over the control. Mutant strains of A. chroococcum showed a higher increase in grain
(15.20%) and straw (15.10%) yield over the control and better survival (12-14%) in the rhizosphere
as compared to their parent soil i1solate (P4). Mutant strain M15 performed better in all three
varieties in terms of increase in grain yield (20.8%) and root biomass (20.6%) over the control.
Cupta ef al. (2002) developed of Cd, N1 and Cr-resistant of phosphate sclubilizing Fseudomonas
sp. NBRF 4014. Mutants were stable under non-selective pressure. However, they were able to
promote root and shoot elongation in soybean in the presence of metals unfamiliar to wild type.
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Using sterilized soil amended with either soluble or rock phosphate, inoculation with mutants
of Pseudomonas corrugate showed greater positive effect on all of the growth parameters of wheat
plants compared to the wild strain in greenhouse trials (Trivedi and Sa, 2008). Genetically modified
strains of Penictllium rugulosum were able to stimulate growth of maize plants by means of
increased P uptake (Reyes et al., 2002). Improving availability of P in soils with bacterial
inoculation or with combined inoculation and rock phosphate which may lead to increas P uptake
and plant growth was reported by many researchers (Wahid and Mehana, 2000; Sahin ef al., 2004;
Han et al., 2006). Omar (1998) reported that application of rock phosphate to non-sterilized soil
with bacterial inoculation increased P uptake and shoot and total dry mass of wheat plant. A plant
growth promoting effect of phosphate solubilizing bacteria like Bacillus may be related to their
ability to produce plant growth regulating substances, such as TAA (Sattar and Gaur, 1987,
Leinhos and Bergmann, 1995; Sheng and Huang, 2001). Also, the production of other metabolites
beneficial to plant, such as antibiotics and siderophores, has created confusion about the specific
role of phosphate sclubilization in plant growth stimulation (Kloepper ef al., 1989). Several
researches show that microbial inoculation enhances plant Fe uptake. Masalha et af. (2000) stated
that plants (maize and sunflower) cultivated under non-sterile condition grew well, showed no Fe
deficiency symptoms and had fairly high Fe concentration in the roots in contrast to plant grown
in the sterile medium. It may be therefore assumed that microbial activity in particular their
siderophores 1s of pivotal importance for plant Fe uptake. Soil micrebial enhancement of Fe
acquisition by red clover by producing siderophores which increase Fe bicavailability and auxins
which increase Fe(III) reduction capability (Chong et al., 2008),

CONCLUSION

In general, this result indicates that it 1s possible to select. efficient strain of Bacillus polymyxa
through mutagenesis, which may improve availability of P and Fe in soils, plant growth and P and
Fe uptake by plants. Inoculation of wild strain or mutant M1 to the soil with or without addition
rock phosphate had a significant effect on shoot and root dry weights, p uptake and Fe uptake in
shoot of tomato plants compared with control (without incculum and without rock phosphate
fertilizer). Also, the treatment inoculated with mutant M1 plus rock phosphate was the most
promotive in all tested growth parameters. In future we should investigate the stability and
performance of the phosphate solubilization trait once the bacteria have been inoculated in sail, in
both wild type and mutagenesis strains.
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