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ABSTRACT

Ninety one bacterial strains isolated from the rhizosphere of maize, wheat, clover and rice plants
were screened for their plant growth promoting activities. The results of in vitro assays showed that all
rhizobacterial isolates had the ability to produce indole acetic acid (IAA) in presence or absence of
tryptophan (L-TRP) with a wide variation observed among them. Auxin production, however, by some
isolates was enhanced when culture media were supplemented with L-TRP. The results also showed
that 11 rhizobacterial isolates were able to solubilize calcium super phostphate Cas; (PO,4), on Bunt and
Rovira medium. These isolates were tested for nitrogenase activity and cyanide production.
Consequently, the more efficient isolates, namely Wh5 and Rh6 were identified to the species level in
Cairo MIRCEN (ASU) as Micrococcus luteus and Bacillus licheniformis and isolate Mh4 was
identified by 16S rRNA analysis as Pseudomonas aeruginosa. The antimicrobial activity of the four
selected plant growth promoting rhizobacteria (PGPR) was assayed against six phytopathogenic fungi
and two phytopathogenic bacteria. P. aeruginosa showed the most powerful effect against all the
tested fungi and Erwinia carotovora pathovar carotovora. Also, these four selected PGPRs were
tested as bio-inoculants for maize plants in pot experiments. The results showed that the application of
bio-inoculants alone or combined with half of the recommended dose, significantly increased the dry
weight of both shoots and roots of maize plants.
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INTRODUCTION

Biofertilizer is a substance containing living
microorganisms, which, when applied to seeds,
plant surfaces, or soil, colonize the rhizosphere
or the interior of the plant and promote growth
by increasing the availability of primary
nutrients to the host plant (Vessey, 2003). These
bacterial genera stimulate plant growth through
mobilizing nutrients in  soils, producing
numerous plant growth regulators, protecting
plants from phytopathogens by controlling
or inhibiting them, improving soil structure and
bioremediation of the polluted soils by
sequestering toxic heavy metal species
and degrading xenobiotic compounds (like
pesticides) (Ahemad, 2012). Bacterial genera
like Azotobacter, Azospirillum, Pseudomonas,
Bacillus, Burkholderia, Caulobacter,
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Chromobacterium, Erwinia, Flavobacterium,
Micrococcous, Serratia, Rhizobium,
Bradyrhizobium, Mesorhizobium, Streptomyces
and micromonospora are reported as the most
significant PGPRs in soil (Ahemad and Kibret,
2014). Microbial synthesis of IAA has been
known for a long time (Patten and Glick, 1996).
It is reported that 80% of microorganisms
isolated from the rhizosphere of various crops
possess the ability to synthesize and release
auxins as secondary metabolites. Spaepen and
Vanderleyden (2011) reported that IAA acts as a
reciprocal signaling molecule affecting gene
expression  in  several  microorganisms.
Consequently, IAA plays a very important role
in rhizobacteria-plant interactions. Glick (2012)
reported that IAA affects plant cell division,
extension, and differentiation, stimulates seed
and tuber germination, controls processes of
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vegetative growth, initiates lateral and adventitious
root formation, affects photosynthesis, pigment
formation, biosynthesis of various metabolites,
and resistance to stressful conditions. N,-fixing
and P solubilizing bacteria are important for
plant nutrition by increasing N and P uptake by
the plants, and playing a significant role as
PGPR in the biofertilization of crops. Trials with
rhizosphere  associated PGPR, indicated
significant increases in plant growth of maize
plants under field conditions (Gholami et al.,
2009) and promoted plant growth, facilitated
soil metal mobilization and enhanced Cr and Pb
uptake on pots experiment (Braud et al., 2009).
The application of microorganisms to control
diseases is an environment-friendly approach.
It's suggested that competition for nutrients,
niche exclusion, induced systemic resistance and
antifungal metabolites production are the chief
modes of bio-control activity in PGPR
(Lugtenberg and Kamilova, 2009). Nowadays,
inoculation with PGPR is a major asset for
biological agriculture. This approach is
receiving much attention as a way to reduce
chemical fertilizer doses without affecting crop
yield. Furthermore, the use of indigenous PGPR
can be an added advantage since it can easily
acclimatize to the natural conditions. Thus the
present study was carried out to isolate and
identify some PGPR from the rhizosphere of
legume and non legume plants growing in
Sharkia Governorate, Egypt and investigate their
impact on maize plant growth parameters.

MATERIALS AND METHODS

Rhizosphere Soil Samples

Soil samples were collected from the
rhizosphere of maize (Zea mays L.), wheat
(Triticum aestivum L.), clover (Trifolium
alexandrinum L.) and rice (Oriza sativa L.)
plants grown in Sharkia Governorate, Egypt.

Isolation and Purification of PGPR

A total of ninety one isolates of rhizobacteria
were isolated by serial dilution plate technique.
Ten grams of each soil sample were placed into
250 ml Erlenmeyer flask containing 90 ml of
sterile distilled water. After serial dilutions up to
107, 1 ml aliquots of these suspensions were
transferred onto petri dishes, and mixed with

Nutrient Agar medium (Difco, 1985). To isolate
specific PGPRs, other media were used, namely:
King's B agar medium (Starr et al., 1981) for
IAA production, and Modified Ashby's medium
(Abd El-Malik and Ishac, 1968) for Azotobacter
isolation. After incubation at 28°C for 48 hr.,
morphologically different colonies on the
different media were isolated. These isolates
were screened for several traits, i.e., IAA
production, phosphate solubilization, nitrogenase
activity, antibiotic resistance, antimicrobial
activity and cyanide production.

In vitro Screening of Bacterial Isolates for
their Plant Growth Promoting Activities

A modified colorimetric method was used for
the determination of 1AA (Ashgar et al., 2000).
The ability of the isolates to solubilize
phosphate was assessed using Bunt and Rovira
medium (1955) modified by Abd El-Hafez
(1966). Nitrogen fixation ability was determined
by the ability to grow on Burk's nitrogen-free
liquid medium (NFM) (Subba, 1999).
Nitrogenase enzyme activity was measured by
the acetylene reduction assay technique in the
Agric. Microbiol. Dept., Soils, Water and
Environ. Res. Inst., Agric. Res. Cent. (ARC),
Egypt, according to the standard procedure of
Hardy et al. (1973). Cyanide production was
detected as described by Bakker and Schippers
(1987). Resistance to some antibiotics
(Penicillin (10 mg), Streptomycin (10mg), and
Tetracycline (30mg) were tested by the
conventional disk-diffusion method as described
by Grammer (1976).

Identification of the Selected Rhizobacterial
Isolates

Four of the most efficient isolates were
selected on the basis of sharing 4 to 5 PGPR
traits, in order to be identified to the species
level. Two isolates were identified in Cairo
MIRCEN, Faculty of Agriculture, Ain Shams
University and one isolate was identified in
Sigma company using the 16s rRNA technique.
Azotobacter chroococcum was identified in our
laboratory based on the microscopic,
morphological characters and pigment when
growing in Ashby's nitrogen free medium Hofer
(1944).
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Determination of the Antimicrobial Activity

The antagonistic activity of each PGPR
isolate was tested on plates against six different
phytopathogenic  fungi  (Fusarium  spp.,
Rhizoctonia spp., Botrytis spp., Verticillium
spp., Sclerotium spp., and Helminthosporium
spp.) and two phytopathogenic bacteria (Erwinia
carotovora p.v. carotovora and Erwinia
carotovora p.v. atroseptica) which were kindly
provided by the Dept. of Plant Pathology,
Faculty of Agriculture, Zagazig University.

Application of the PGPRs as Bio-Fertilizers
in Combination with Chemical Fertilizers
in an Insect Net-Proof House Experiment

The pot experiment was conducted with 8
treatments (3 replicates each) on May 2014, in
the Insect Net-Proof house of the Department of
Soil Science. Sandy clay soil collected from
organic farm was passed through a 10 mesh
sieve and autoclaved at 121°C, 15 Ib pressure for
1h (Clay % , 36.1; Silt %, 17.0 ; Sand % , 46.9).
Plastic pots of 30 cm diameter were also
sterilized. Each pot was filled with 6 Kg soil/
pot. Maize seeds were surface sterilized with
0.1% mercuric chloride for 2 min and rinsed six
times with sterile distilled water. Sterilized seeds
were soaked in combination of broth cultures of
A. chroococcum, + either of B. licheniformis, or
M. luteus or P. aeruginosa containing about
1x10® CFU/ml for 30 min. Chemical fertilizers
were applied at the recommended dose or half
dose of each of ammonium sulphate (20.6% N),
calcium superphosphate (15.5% P,0Os) and
potassium sulphate (48% K,0) fertilizers. Five
inoculated maize seeds of respective treatments
were sown in each pot. After two weeks of
sowing, thinning was done to leave 1 seedling
per pot. Un-inoculated seeds treated with
nutrient broth were sown in pots as controls.
Pots were arranged in a completely randomized
block design, and each treatment was replicated
three times. Pots were irrigated with tap water to
maintain 50 % of the water holding capacity,
and the experiment was terminated after 45 days
of planting.

Statistical Analysis

The data were subjected to one-way
analysis of variance (ANOVA) and least
significant differences (LSD) using Duncan's

multiple range test (DMRT) at P < 0.05.

Statistical analysis was performed by using
SPSS software (Tedesco et al., 1995).

RESULTS AND DISCUSSION

The rhizobacterial, isolates were screened
in-vitro for the basic characters as PGPR, then
the most effective isolates were identified and
used for the field experiment.

Screening of the Isolated Rhizobacteria
for some Plant Growth Traits

Eighteen rizobacterial isolates were selected
according to their ability to produce IAA in
presence or absence of tryptophan (L-TRP).
IAA was determined in colour-based assay
(Table 1) using King's B medium and Salkowski
reagent in the presence of 5 mM |- tryptophan.
Auxin production by the tested rhizobacteria
was enhanced with wide variation, when culture
media were supplemented with L-TRP, and thus,
was considered as IAA-producing rhizobacteria.
On the other hand, in the presence of L- TRP,
some isolates were superior in their IAA
production, i.e., Rh6 (53.70 mg I*), Mh4 (42.79
mg I™), Ch7 (24.34 mg I™"), Wm8 (23.60 mg I,
Wb1 (15.34 mg 1) and Wh5 (13.56 mg I™).
These results confirmed those obtained by
Yasmin et al. (2009) who reported that most of
the PGPR isolates required L-TRP precursor for
IAA production. They mentioned that three of
the isolates, showed 6 to 9 folds increases, in
IAA production when grown in media with L-
TRP. Our results showed also that not all
isolates responded to the precursor application,
e.g., Mh2, and Ck2 showed no considerable
increase in IAA production with L-TRP
addition. Such discrepancy of the non-
responsive isolates to the addition of L-TRP can
be explained by the existence of five pathways
in bacteria for the bio-synthesis of IAA, some of
which are not L-TRP-dependent (Verma et al.,
2010). As for phosphate solubilization, the
largest clear zones on modified Bunt and Rovira
medium were observed in Wm2, Mb3, Ch7,
Rh6, and Cb5, being 13, 11, 11, 10, and 10 mm,
respectively. Conversely, seven isolates were
unable to solubilize the phosphate. The clear
zones formed by the tested bacteria may indicate
the excretion of organic acids, which have high
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Table 1. Plant growth promoting activities of different PGPR strains In vitro

Code of isolate

1AA equivalent P-solubilization Grownon N

Nitrogenase = Cyanogenesis  Sensitivity to antibiotics

(mg 1Y) Diameter (cm) free media enzyme activity p diameter incm
moles C,H,
mi/hr.
= @

ey a S~ £ £~

2 g¢ Ef € TE

gh 25 28 S8 58

& [

Mm3 0688 331 0.00 ND ND - - 1.2 -
Mb3 184 6.94 1.10 ND ND - - 22 -
Mb4 342 491 0.37 ND ND - 2.0 3.0 30
Mhi 5.26 6.54 0.97 ND ND + - - -
Mh2 132 1.43 0.47 ND ND + 20 3.0 15
Mh4 253 4279 0.63 ND ND + - - -
Wm2 163 213 1.30 ND ND - 20 30 1.0
"Wms 225 2360 0.71 +H+ 18.6 ++ °ND ND ND
Whb1 133 1534 0.00 + 1.43 - - 25 -
Whi 316 1112 0.00 + 141 - 15 20 -
Whs 163 1356 0.00 + 0.97 +++ - 2.0 -
Wk4 0.30 4.86 0.00 ND ND - 1.0 2.8 -
Cml 4.25 498 0.00 + 0.08 + 15 2.0 -
Ch2 2.06 8.38 0.00 ND ND - 24 3.0 12
Chb5 364 790 1.00 ND ND - 25 30 3.0
Ch7 383 2434 1.10 ND ND + 1.0 35 22
Ck2 4.25 455 0.87 ND ND - - 18 -
'Rh6 202 5370 1.03 ND ND - 15 16 -

IMh4: Pseudomonas aeruginosa.

Rh6: Bacillus licheniformis. ND: Not Detected

affinity to chelate calcium ions (Yasmin et al.,
2009). Out of the eighteen selected isolate, only
5 isolates were able to grow on N-free broth
medium, indicating the N, fixing activity of
these isolates. The Table also shows that
nitrogenase enzyme activity of the tested wheat
isolates ranged between 0.97 and 18.6 i mole
C,oHy/ml/hr., with isolate Wm8 showing the
highest nitrogenase activity reaching up to 18.6
i1 mole C,H4/ml/hr. This isolate was proven to
be A. chroococcum, asymbiotic diazotroph,
based on the microscopic, morphological,
and pigmentation characters. Cyanides are
biocides that have a poisoning effect against the

Wm8: Azotobacter chroococcum.

Wh5: Micrococcus luteus.

hytopathogenic agents. Table 1 shows a positive
cyanide production by seven of the tested
isolates, which differed in production level. This
was expressed by a remarkable variation in color
from vyellow to orange-red. Isolate Wh5
recorded the highest positive reaction revealed
by a strong orange-red pigmentation, followed
by isolate Wm8. Over the last decades many
studies have reported the natural activity of
some fungi and bacteria against pathogens, and
this is considered as a very appealing alternative
to the use of chemicals (Bhattacharyya and Jha,
2012).
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Regarding the sensitivity to antibiotics,
isolates Mh1l and Mh4 showed high resistance
(no inhibition zone) to the three antibiotics used
during the preliminary screening test. All other
isolates were sensitive to tetracycline and
formed inhibition zone ranging between 12 and
35 mm in diameter. Ten isolates were sensitive
to streptomycin, and six were sensitive to
penicillin. Antibiotic resistance of the candidate
PGPRs confer them the ability to grow and
compete with other microorganisms producing
antibiotics in their microhabitats, and such
competition capability by itself is one of the
modes of activity in PGPRs. These results are in
agreement with Lugtenberg and Kamilova
(2009) who reported that many rhizobacteria can
survive in soil along with microorganisms
producing antibiotics.

Determination of Antimicrobial Activity
of the Selected PGPR

One of our goals was to obtain indigenous
isolates that have the ability to produce
antimicrobial ~ agents  against  pathogenic
microorganisms. Therefore, the antifungal and
antibacterial activities of the selected PGPR
isolates were assayed against six different
phytopathogenic fungi and two phytopathogenic
bacteria and presented in Table 2. It can be
shown that P. aeruginosa is the most powerful
against all fungi while, B. licheniformis and M.
luteus showed moderate effect on the tested
pathogens. All the tested PGPRs were effective
against E. carotovora p.v. carotovora (the
causative of soft rot) Czajkowski et al. (2009).
Verma et al. (2013) have reported that P.
aeruginosa was capable of IAA, siderophores
and HCN production and also showed mycelial
growth inhibition against Fusarium oxysporium
and Rhizoctonia solani.

Effect of Inoculation with Selected PGPR
Isolates and/or Chemical Fertilization on
the Growth of Maize

The effect on maize dry weight

Data in Table 3 show that the dry weight of
maize plants increased in response to
inoculation with A. chroococcum combined with
either of P. aeruginosa, B. licheniformis and M.
luteus with or without the two doses of chemical
fertilizers. Without chemical fertilization, A.

chroococcum + M. luteus was the most efficient
combination for roots dry weight which
amounted 9.36 g/plant. While A. chroococcum
+ P. aeruginosa gave the highest shoot dry
weight, i.e. 13.82 g/plant. Similar observations
were obtained by Gholami et al. (2009) who
reported that seeds inoculated with PGPR
increased dry matter accumulation and yield of
maize plants under field conditions.

Regarding the means of the two-microbe
inoculations (A. chroococcum plus either of M.
luteus, P. aeruginosa or B. licheniformis), they
showed the highest shoots dry weight, being
23.06, 21.13, and 18.58 g/plant, respectively
without significant difference (P< 0.05) between
them. As for the roots means of the two-microbe
inoculations, they were similarly better than the
mixture of inocula and the control, with the
treatment containing M. luteus being significantly
higher than the rest of them. Jiang et al. (2008)
reported significant increases (P < 0.05) of root
and shoot dry weight of maize plants (75%) and
tomato plants (30% to 54%) when the soil was
inoculated with Burkholderia J62, compared to
the uninoculated soil. Such increase in the plant
shoot and root is most likely due to the increased
nitrogen fixation caused by A. chroococcum
(Table 1) and the availability of other nutrients
caused by the three other bacterial species, as
well be shown below.

The effect on total nitrogen

Results in Table 4 reveal that the total N
content of maize plants was significantly
influenced by inoculation with PGPR isolates as
compared to their respective uninoculated
controls. The maximum increase in total N
content without fertilizers in shoots was
observed in the case of inoculation with
A. chroococcum + M. luteus followed by
A. chroococcum + P. aeruginosa which
recorded 145.5 and 131.3 mg/plant, respectively,
while it recorded 73.9 and 48.5 mg/plant,
respectively in roots. There were significant
increases over the control in the nitrogen content
in shoots and roots of maize when fertilized with
half of the recommended dose showing values
of 302.7 mg/plant and 116.1 mg/plant,
respectively, for plants inoculated with
A. chroococcum + B. licheniformis. When the
same combination was applied along with the
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Table 2. In vitro antifungal and antibacterial activity of the selected PGPRs strains

Tested organism PGPR strain

B. licheniformis M. luteus P. aeruginosa

Rhizoctonia sp. - - +
Fusarium sp. - - +
Fungi Helminthosporium sp. + + +
Botrytis sp. + + +
Scelorotium sp. - - +
Verticillium sp. + - +
Bacteria E. carotovora p.v. carotovora + + +

E. carotovora p.v. atroseptica - - -

Table 3. Effect of inoculation with the selected PGPRs combined with chemical fertilizers on
maize shoots and roots dry weight

Inoculation Shoots (g/plant) Roots (g/plant)

OF YaF 1F LSD Mean OF YaF 1F LSD Mean
Control 680 718 7.75 067 7.24 467 555 587 033 536
A. chroococcum +P. aeruginosa 13.82 1986 29.70 180 2113 564 793 11.70 0.87 8.42
A. chroococcum +B. licheniformis  9.49 2259 23.65 154 1858 4.37 10.88 12.86 1.05 9.37

A. chroococcum +M. luteus 12.73 18.86 3760 123 23.06 936 9.81 1640 0.78 11.86
Mixture of inocula 764 729 847 042 780 570 563 6.77 054 6.03
LSD 132 106 1.28 6.79 0.68 0.67 0.72 2.90
Mean 9.54 1376 20.34 5.72 7.38 10.08

LSD =6.14 LSD =2.81
LSD interaction 0.56 0.57

0 F: without chemical fertilization, ¥2F: half the recommended dose, and 1F : the recommended dose.
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Table 4. Effect of inoculation with the selected PGPRs and chemical fertilizers on maize shoots

and roots nitrogen content

Inoculation Total N content (mg / plant)
Shoots Roots
OF Yk LSD Mean OF %F 1F LSD Mean
Control 759 80.2 1013 37 83.0 385 544 640 17 523
A. chroococcum + P. aeruginosa  131.3 239.6 3752 8.7 2487 485 73.0 1373 3.0 86.3

A. chroococcum + B. licheniformis 97.7 302.7

A. chroococcum + M. luteus 1455 243.3

3224 91
4149 8.0 2679 739 1095 2203 6.0 134.6

240.93 39.8 116.1 157.3 3.0 1044

Mixture of inocula 845 972 1019 33 949 536 580 846 1.2 654
LSD 5.2 6.7 67.9 12 19 45 36.6
Mean 102.4 178.6 255.2 50.2 76.8 125.6

LSD =614 LSD =235
LSD interaction 5.6 2.6

0 F: without chemical fertilization, %2F: half the recommended dose, and 1F : the recommended dose.

full recommended dose, the values were 414.9
and 220.3 mg / plant in shoots and roots,
respectively. Our results contradicted with those
obtained by Shaharoona et al. (2008) who
mentioned that the increases in fertilizers doses
reduced the efficacy of inoculation as indicated
from a significant negative linear correlation (R?
= 0.94; P=0.03) between percent increases in
nitrogen use efficiency in response to
inoculation with P. fluorescens and N, P, and K
fertilizers. In addition, Attia (2012) found that
maximum increase in total N content was
observed in case of inoculation with B. brevis
followed by P. fluorescens under unfertilized
conditions. Regarding the mean of chemical
fertilization for each inoculation treatment, A.
chroococcum + either of  P. aeruginosa,
B.licheniformis or M.luteus showed the highest
significant N content in shoots / plant, while in
roots the combinations of A. chroococcum +M.
luteus and A. chroococcum + B. licheniformis
were much higher than any other treatment. It is
noteworthy that Fallik and Okon (1998) reported
that Azospirillum inoculation induced increasing
phosphorus, nitrogen and potassium content by
maize and sorghum root through improving root
system.

The effect on total phosphorous

In all cases, the mixture of inocula were
much less than the two-microbe inoculation,
which may be due to the negative interaction
(inhibition effect) among all the bacteria when
mixed together. Inoculation with the PGPRs
increased the total phosphorous content with
increasing the levels of calcium superphosphate
(along with other fertilizers). This could be due
to the efficiencies of these isolates as phosphate
dissolving bacteria as shown in Table 1. Similar
to the general trend shown before, the mixture of
inocula showed much less increase in P content
compared with the two-microbe cases, which
may be due to the antagonism between the
microbial inocula. These results are not in
agreement with those of Attia (2012) who
indicated that P. fluorescens or Azospirillum
brasilense resulted in significant increase in P
content/plant but the efficacy of the inoculation
decreased with increasing the levels of
phosphate fertilization.

The effect on total potassium

Data in Table 6 show that total potassium
content was positively influenced by bacterial
inoculations under all levels of fertilization
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Table 5. Effect of inoculation with the selected PGPRs and chemical fertilizers on maize shoots
and roots phosphorus content

Inoculation Total P content (mg / plant)

Shoots Roots

OF YaF 1F LSD Mean OF YaF 1F LSD Mean
Control 288 313 395 27 332 117 218 272 15 202
A.chroococcum +P. aeruginosa 465 920 1445 92 943 130 346 640 37 37.2
A. chroococcum +B. licheniformis 49.0 128.8 156.9 6.8 111.6 122 471 806 39 46.6

A. chroococcum +M. luteus 628 101.8 1880 123 1175 293 399 1050 45 581
Mixture of inocula 374 436 452 26 421 156 263 481 25 300
LSD 4.1 5.00 9.2 29.0 1.7 2.6 3.9 21.1
Mean 429 73.7 1079 16.3 324 625

LSD =28.1 LSD =10.6
LSD interaction 5.7 2.6

0 F: without chemical fertilization, ¥2F: half the recommended dose, and 1F : the recommended dose.

Table 6. Effect of inoculation with the selected PGPRs and chemical fertilizers on maize shoots
and roots potassium content

Inoculation Total K content (mg / plant)
Shoots Roots
OF %F 1F LSD Mean OF % 1F LSD Mean
Control 100.6 115.7 1579 29 1247 606 725 904 26 745

A. chroococcum +P. aeruginosa 206.4 349.5 530.6 9.2 3622 91.7 1139 1915 49 1324
A. chroococcum +B. licheniformis 162.3 403.6 4620 7.3 3426 76,5 1657 1989 4.4 147.0

A. chroococcum +M. luteus 2079 3615 763.3 10.0 4442 1704 1579 2651 43 1978
Mixture of inocula 118.4 1448 166.3 2.8 1432 1113 97.6 116.7 1.8 1085
LSD 3.2 38 8.4 116.0 3.0 24 3.9 34.1
Mean 151.8 252.7 398.8 100.0 114.8 163.2

LSD =100.2 LSD =30.6
LSD interaction 53 2.9

0 F: without chemical fertilization, %2F: half the recommended dose, and 1F : the recommended dose.
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compared to the un-inoculated controls the
positive effect was significant (P< 0.05) in all
cases, except for the full dose of mixture of
inocula in shoots. Under chemical fertilization
the three combinations i.e., A. chroococcum +
either of P. aeruginosa, B. licheniformis or M.
luteus showed highest K content in shoots as
well as in roots. However, the mixtures of
inocula was much less effective than the two-

microbe inoculation, which may reflect
antagonistic effect among each other.

Many studies showed that bacterial
inoculation  significantly increased nutrient

contents of plants. Increased nutrient uptake by
plants inoculated with PGPR has been attributed
to the production of plant growth regulators at
the root-soil interface, which stimulate root
development and results in better absorption of
water and nutrients from the soil (Zimmer et al.,
1995).

From the above results, it can be concluded
that rhizobacteria isolated from the rhizosphere
of maize, rice, clover, or wheat plants, i.e., A.
chroococcum, B. licheniformis, P. aeruginosa,
and M. luteus are promising plant growth
promoters that improved the growth and
chemical properties of maize plants. Further
field studies are needed to investigate the role of
PGPR in improving the yield of non-legume
plants.
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