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Effect of Plant Growth Promoting Rhizobacteria on Growth and Nutrient
uptake of Maize (SC.704)
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Table 1. Some physical and chemical properties of soil prior to planting

' Ges Depth b 55 oo sb) <l el Sk e JToS 0 o i
(cm) FC% _sl); Texture K P oM oC (dS/m)
(mg/kg)  (mg/kg) % % EC pH
0-30 30 Clay sandy 201.6 8.2 0.7 0.42 0.5 7.2
loam
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Table 2. Activities of plant growth promoting and organic and mineral P solubilizing bacteria used

in the study
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Mineral P solubilizing Organic P solubilizing
Bvl 4.15 - - 2 82.22 433 1.9 1442 4.15 2.97
Bv2 4.04 - 0.64 2 85.72 436 201 127.1 4.30 2.71
Rm42 4.04 1.8 0.16 4 96.41 4.67 1.2 - - -
Rm43 4.74 2 0.23 2 84 5.86 1.5 - - -
Pf12 2.09 6.02 1.01 3 52.5 4.82 3.86 68.24 4.92 2.23
Pf54 3.09 4.96 025 3 63.21 491 3.63 70.12 4.79 2.71
Pf29 4.61 4.33 - 3 64.12 4.36 2.73 90.43 4.21 2.36
Pf39 2.84 4.46 067 2 32.01 5.65 1.5 43.39 6.13 2.43
Average 69.54 5.21 1.56 58.96 5.15 1.77
JETCAS Lome 55 S8 o 4 b dla i St Ay pe -

-2 no production

*: halo to colony ratio in CAS agar medium.
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The color of filter papers 1,2,3 and 4 was yellow, creamy, pale brown and dark brown, respectively.
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Table3. Results of variance analysis for the effects of different treatments on some growth
characters of maize

o c;ﬂf 63‘2:-); SIPRCCEpEy 6y Sas 05 S5 gl
Sogrc.e ° Root weight  Biological yield Plant height
variation
Sl e
Mean Squares
| <
- 2 0 0.01 43.6
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s
22 0.01 0.007 69.6
Error
Ol s o 2
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152
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Error
Ol ol o 2
S 10.3 6.33 7.04 9.68 10.16
C.V.

.ul{g)bd:&ﬁﬁ.bjM)}C‘_iich.wJJ)‘J@M‘M)Jbé@)})‘}@#%}@%‘ﬁﬂ%) %
* and ** are significant at the 5% and 1% probability levels, respectively.
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Table 4. Mean Comparison for the effects of different treatments on some growth characters of

maize
s S pT A o 4’;?’ > G;ICW
iologica ant
Zn Mn o Fe P N yield height
¢SS 530 8 e olS S0 8 o O 5 e 8 sl
mg/kg plant mg/pot g/pot cm
P54 36.1 18.3 15.38 9.1 24.4 1.17 81.8
Pfl12 37.5 17.75 12.8 9.5 25.2 1.42 89.9
Pf39 31.7 17.5 12.2 7.6 20.8 0.97 83.1
P29 35.1 15.5 12.1 8.1 21.5 1.21 75.1
Bvl 35.9 16.1 11.8 24.9 22.5 1.35 89.3
Bv2 34.7 15.4 11 19.9 21.1 1.0 83.2
Rm42 34.1 17.1 12.2 14.8 21.9 0.91 82
Rm43 38.8 17.5 12.5 20.5 29.6 1.05 90.1
Mixture of strains 33.8 14.75 12.4 17.5 26.1 1.55 89.9
Control 30.05 13.3 9.1 5.07 12.4 0.82 71.1
FE oS 45
Full application of 32 139 107 53 186 1.06 80.2
recommended
fertilizer
G355 4o Fdeo 3001
Application of 50% 35.9 13.9 11 57 217 1.22 82.6
of recommended
fertilizer
LSD (df=22, a<0.05) 6.06 1.7 1.42 2.03 3.86 0.14 14.04
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Introduction: Maize (Zea mays) is one of the most important crops with high
nutritive requirements. Due to the characteristics of its rooting system, which
occupies large volumes of soil surface, maize develops a great deal of interaction
with soil microorganisms and as a result, it is greatly influenced by soil microbial
communities. Pseudomonas and Bacillus are the most important PGPRs that
increase plant growth directly or indirectly via different mechanisms such as
production of plant hormones (auxin, cytokinin, and gibberellic acid). This may
result in increased plant root mass and root branching, ultimately contributing
to the increased rates of nutrient uptake by roots. The inoculation of plants with
Pseudomonas fluorescence increases plant growth through the production of
growth stimulants such as indole acetic acid (IAA) and cytokinins (Vikram et al.,
2007). PGPRs can also indirectly induce plant growth via protecting plants from
pathogenic injuries. The aim of this study was to evaluate the effects of PGPR
bacteria on growth and nutrient absorption of maize plant.

Materials and Methods: In this experiment, of the 51 bacterial strains extracted
from alfalfa rhizosphere, 8 superior isolates of Pseudomonas, Bacillus and
Rhizobium (Pf54, Pf12, Pf39, P29, Bvl, Bv2, Rm42 and Rm43) were selected
based on their growth parameters performance in the previous studies (Besharati
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et al.,2017). The experiment consisted of twelve treatments: 8 bacterial isolates,
a mixture of Pseudomonas fluorescent, Rhizobium and Bacillus isolates, (T9),
control without fertilization and inoculation (T10), low-input chemical treatment
(50% fertilizer recommendation) (T11) and full application of chemical fertilizer
(T12), which were arranged in a complete randomized block design with three
replications.

Five maize seeds were sown in pots at 3 cm depth and one week after emergence,
the number of plants per pot was reduced to 3. From planting till harvest, the
phytotron chamber temperature was maintained at 25-28 ° C, relative humidity
was from 50 to 70%, and a period of 12 hours of light 60,000 lux (day) and 12
hours of darkness were used. The measured traits included plant height, plant dry
weight, root dry weight, root to shoot ratio, root length and the concentrations of
N, P, Fe, Mn and Zn.

Result and Discussion: The results showed that the greatest plant heights of
90.1, 89.9, 89.9 and 89.2 cm were respectively obtained from PF12, BV1, pf54
and T9 treatments. The highest nitrogen uptake occurred with RM43 and mixture
of isolates treatments. The most effective treatment was found to be the mixture
of all bacterial isolates (T9), which resulted in a 83 % increase in maize plant dry
weight relative to control. Martin et al, (1982) reported that inoculation of maize
seeds with azotobacter and pseudomonas bacteria respectively increased the plant
dry weight by 17 and 21 % as compared to control (Zahir et al, 1998)

The Bacillus treatment increased phosphorus uptake by 3.5 times as compared
to the control. PF54 treatment caused the highest Fe concentration in maize shoot.
The mean absorption of phosphorus increased when the plant was treated with
the mixture of Bacillus, Rhizobium and Pseudomonas (T9), which was 249% of
the control. The highest (18.34 mg/kg) and the lowest (13.38 mg/kg) Mn shoot
concentrations were respectively related to PF54 and control treatments.

Conclusion: Application of the bacteria strains significantly reduced the plant’s
need for nitrogen, iron, manganese and zinc elements, where the Bacillus was the
most effective PGPR in this respect. The mixture of strains and the use of Rhizobium
bacteria (RM42 and RM43) raised phosphorus absorption of maize shoot about
2.5 times of the mean value. All the Pseudomonas and Rhizobium strains used in
seed inoculation have the ability to produce siderophore. The highest and lowest
zinc concentrations in maize were observed under RM43 and PF540 treatments,
respectively. Preparation of inoculum from two strains of Bacillus bacteria, two
strains of Rhizobium bacteria and four strains of selected Pseudomonas bacteria
and inoculation of maize seed before cultivation with these bacteria and using only
one third of the recommended nitrogen and phosphorus fertilizers together with
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the bacterial treatments can compete chemical fertilizers and significantly increase
the growth indices and shoot nutrient concentrations in maize as compared to the
full application chemical fertilizers alone.
Keywords: Bacillus, maize, Pseudomonas, Rhizobium
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