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Abstract
The aim of this study was to determine the effect of inoculation with Azotobacter
chroococcum strains on the root yield and white sugar yield of sugarbeet, as well as on the
yield of maize, total microbial number and number of azotobacters in maize and sugarbeet
rhizosphere. The effect of inoculation on microbial abundance in sugarbeet rhizosphere was
evaluated in 2007 and 2008 at the locations of Pančevo and Rimski Šančevi. The
experimental design was a randomized, complete block with four replications. The
experimental object was the sugarbeet, cultivar Drena developed at Institute of Field and
Vegetable Crops in Novi Sad. Five strains of Azotobacter chroococcum (1, 5, 8, 10 and 14)
were used as microbiological fertilizer for sugarbeet. The strains are from NS Collection of
Nitrogen fixing bacteria registered in WFCC World Data Center on Microoorganisms
(registration number is 754 with the acronym (“NSCNFB”). The effect of inoculation on
microbial abundance in maize rhizosphere was evaluated at the location of Rimski Šančevi.
Three maize hybrids were used in the experiment: NS 444 ultra (FAO 400), NS 5010 (FAO
500) and Tisa (FAO 700) developed at Institute of Field and Vegetable Crops, Novi Sad. The
microbial abundance in rhizosphere was determined during the growing season of
investigated plants. Positive effect of inoculation with Azotobacter chroococcum was on total
microbial number and number of azotobacters in the rhizosphere. Inoculation significantly
increased maize yield, root yield and crystal sugar yield.
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Introduction
Microorganisms are important for agriculture in order to promote the circulation of plant
nutrients and reduce the need for chemical fertilizers. Beneficial plant–microbe interactions in
the rhizosphere are the determinants of plant health and soil fertility. In the era of sustainable
agricultural production, the interactions in the rhizosphere play a pivotal role in
transformation, mobilization, solubilization, etc. from a limited nutrient pool in the soil and
subsequent uptake of essential plant nutrients by the crop plants to realize full genetic
potential of the crop (Mrkovački and Milić, 2001; Jeffries et al., 2003; Dey et al., 2004).
Plant growth promoting rhizobacteria (PGPR) are a group of bacteria that actively colonize
plant roots and increase plant growth and yield. Plant growth promoting bacteria (PGPR) may
be 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 (Cakmakci et al., 2005). Bacterial
inoculants are able to increases in germination rate, root growth, plant growth, yield, leaf area,
chlorophyll content, nitrogen content, protein content, tolerance to drought, shoot and root
weight, and delayed leaf senescence (Lugtenber et al., 2002; Dobbelaere et al., 2003).
Successful examples of inoculation of maize, canola, wheat and other crops with PGPR
species Azotobacter, Azospirillum, Bacillus, Pseudomonas and Enterobacter have been
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achieved both in laboratory and field trials (Glick et al., 1997; Sharma and Johri, 2003;
Egamberdiyeva, 2007). Plant growth responses were variable and dependent upon the
inoculant strain, soil organic matter content, growing stage, harvest date and growth
parameters evaluated (Cakmakci et al., 2007). Inoculation of plants with Azospirillum could
result in significant changes in various growth parameters, such as increase in plant biomass,
nutrient uptake, tissue N content, plant height, leaf size and root length of cereals (Bashan et
al., 2004). Intensive research on associations between nitrogen–fixing bacteria and cereal
roots began as early as the 1970s. In the production of field and vegetables crops, Azotobacter
is the one which is most frequently applied. Inoculation of wheat and maize with Azotobacter
strains increased the mass of the above–ground plant parts by 26–50% and yields by 19–30%
(Jagnow, 1987). Numerous studies have established a significant impact of Azotobacter
chroococcum on production and technological properties of sugar beet (Čačić et al., 2003;
Mrkovački et al., 2009). Also, in several studies have reported that maize is able to support
free–living N2 fixers in its rhizosphere (Naureen et al., 2005; Perin et al., 2006; Mehnaz et al.,
2007) and maximal nitrogenase activity has been reported to be dependent to the maize
genotype (Picard et al., 2008). For example, Pandey et al. (1998) have reported that
improvements in yield and plant growth resulted in part from the stimulation of N2–fixing
bacteria in the rhizosphere of maize after the bio–inoculation by two PGPR strains.
The aim of this study was to determine the effect of inoculation with Azotobacter
chroococcum strains on the root yield and white sugar yield of sugarbeet, as well as on the
yield of maize, total microbial count and number of azotobacters in maize and sugarbeet
rhizosphere.

Materials and Methods
The effect of inoculation with Azotobacter chroococcum on sugarbeet and microbial
abundance in sugarbeet rhizosphere was evaluated in 2007 and 2008 at the locations of
Pančevo and Rimski Šančevi (Serbia). The experimental design was a randomized, complete
block with four replications. The length of the experimental unit was 10 meters, the width was
2 meters. The experimental object was the sugarbeet, cultivar Drena developed at Institute of
Field and Vegetable Crops in Novi Sad. Five strains of Azotobacter chroococcum (1, 5, 8, 10
and 14) were used as microbiological fertilizer for sugarbeet. The strains are from NS
Collection of Nitrogen fixing bacteria registered in WFCC World Data Center on
Microoorganisms (registration number is 754 with the acronym (“NSCNFB”). The strains
were grown on Fiodorov medium in liquid culture. The soil was treated with 2 l ha-1 of
inoculum (cell density of 109 in 1 ml) added to 300 l ha-1 of water. No treated soil were
designed as control. Three maize hybrids were used in the experiment: NS 444 ultra (FAO
400), NS 5010 (FAO 500) and Tisa (FAO 700) developed at Institute of Field and Vegetable
Crops, Novi Sad. Before seeding the maize, a mixture of Azotobacter strains (5, 8, 14) was
introduced into one half of the experimental plot. One liter of inoculum with the cell density
of 109 in 1 ml was dilluted in 300 l of water and sprayed into the soil. The microbial
abundance in rhizosphere was determined during the growing season of investigated plants.
The total microbial count was done in soil agar (dilution 106), the number of azotobacters in
Fiodorov medium (dilution 102) (Jarak and Đurić, 2006). After harvesting, the grain yield
(with 14% grain humidity) was measured in t ha–1. The data were processed by analysis of
variance and the significance was expressed by LSD test.

Results and Discussion
Effect of Azotobacter on sugarbeet: root and white sugar yield
The average yield of sugarbeet in both locations, achieved in this study in consequence to
Azotobacter application, was 68.92 t ha-1 or 3.10 t ha-1 over the control. All Azotobacter
strains exhibited positive effects on sugarbeet yield. The maximum increase in root yield – 2.8
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t ha-1 was achieved by strain 8. For Pančevo location average yield increase was 4.11 t ha-1.
The highest root yield on location Rimski Šančevi were obtained with strains 10 and 8 (2.64
and 2.25 t ha-1 over control). In Pančevo the highest effect on root yield were with strains 1
and 5 (4.63 t ha and 3.40 t ha-1 over control) (tab.1).

Table 1. Effect of Azotobacter chroococcum strains on root and white sugar yield of sugarbeet
(t ha-1)

Root yield of sugarbeet (t ha-1)

Location Control Strain 1 Strain 5 Strain 8 Strain 10 Strain 14 Average Increase
(t ha-1)

R. Šančevi 68.55 69.32 69.28 70.80 71.19 70.71 69.98 2.09
Pančevo 65.18 69.81 68.58 68.53 67.56 67.52 67.86 4.11
Average 66.86 69.56 68.93 69.66 69.37 69.11 68.92 3.10

White sugar yield
R. Šančevi 9.71 9.89 9.78 10.11 10.21 10.04 9.96 0.25
Pančevo 8.58 8.79 8.74 8.77 8.46 8.69 8.67 0.09
Average 9.14 9.34 9.26 9.44 9.33 9.36 9.31 0.17

LSD
0.05 3.61 0.51
0.01 4.78 0.68

CV (%) 9.22 10.33

The average yield of sugar obtained in both locations by Azotobacter application was 9.31 t
ha-1. A positive effect on calculated sugar yield was achieved by applying all five Azotobacter
strains while the biggest increase was recorded in the case of strain 8 (9.44 t ha-1 or 0.3 t ha-1

over the control. On location Rimski Šančevi the highest yield of white sugar were with
strains 10 and 8 (with increase of 0.5 and 0.4 t ha-1 over control). In Pančevo the highest
increase in white sugar were with strains 1 and 8, 0.21 and 0.19 t ha-1 over control (tab. 1).

Effect of Azotobacter on sugarbeet: total microbial and Azotobacter count
Microbial populations in both locations were more numerous in the treated variants than in
the control. The average total bacterial count was 223.16 which was 34.3% higher than the
control. The biggest effect on the total number of microorganisms was achieved in the case of
strain 14, and the largest increase in Pancevo location – 56.02%. The highest effect on total
microbial number was achieved with strain 1 on location Rimski Šančevi (27.9% over
control) and with strain 14 on location Pančevo (99.1% over control). The number of
Azotobacters was increased by all tested strains. The actual increases ranged from 34.3 to
53.1% compared with the control. The highest increase in the Azotobacter count was obtained
in case of strain 8 (tab. 2).
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Table 2. Effect of Azotobacter chroococcum strains on microbial abundance in sugarbeet
rhizosphere

Total microbial count

Location Control Strain 1 Strain 5 Strain 8 Strain 10 Strain 14 Average Increase
(%)

R. Šančevi 185.57 237.43 219.07 202.63 225.97 234.35 217.50 17.2
Pančevo 146.66 228.06 255.23 225.29 225.68 292.02 228.82 56.0
Average 166.11 232.74 237.15 213.96 225.82 263.18 223.16 34.3

Azotobacter count
R. Šančevi 23.03 36.40 39.27 39.26 32.85 40.73 35.26 53.1
Pančevo 58.84 83.53 83.38 84.98 82.40 80.81 78.99 34.2
Average 40.93 59.96 61.32 62.12 57.62 60.77 57.12 39.6

The highest number of Azotobacter was obtained with strain 14 on location Rimski Šančevi
(76.8% over control) and with strain 8 on location Pančevo (44.2% over control) (tab. 2).

Effect of Azotobacter on maize: yield of maize
In all three hybrids, the grain yield was significantly increased in the variants with
Azotobacter compared to the control. The increase in yield in NS 5010 was highly significant.
Grain yield was higher by about half a ton per hectare, in relation to the control (tab. 3).

Table 3. Effect of Azotobacter chroococcum strains on maize yield (t ha-1)
Hybrid (A) NS 444 ultra NS 5010 Tisa Average
Ø (B) 9.898 9.008 9.496 9.467
A. chroococcum (B) 10.294 9.649 9.889 9.944
A.c.- Ø 0.396 0.641 0.393 0.477

LSD
0.05 0.484 0.395
0.01 0.669 0.546

Effect of Azotobacter on maize: total microbial and Azotobacter count
Microbial population with three examined hybrids, were numerous in the treated variant than
in the control. The average total bacterial count was 120.5 which was much higher than the
control. The biggest effect on total microbial count was achieved with hybrid NS 5010. The
number of Azotobacters was increased with inoculation. The highest increase in the
Azotobacter count was obtained in case of NS 444 ultra. The number of the examined
microorganisms was also dependant upon the maize hybrid (table 4).

Table 4. Effect of Azotobacter chroococcum strains on microbial abundance in maize
rhizosphere

Total microbial count
Hybrid (A) Tisa NS 5010 NS 444 ultra Average
Ø (B) 9.3 5.3 11.9 8.8
A.chroococcum (B) 23.4 252.5 85.5 120.5
A.c.- Ø 14.1 247.2 73.6 111.6

Azotobacter count
Ø (B) 42.2 29.5 40.5 37.4
A.chroococcum (B) 60.1 44.7 79.7 61.5
A.c.- Ø 17.9 15.2 39.2 24.1



Fifth International Scientific Agricultural Symposium „Agrosym 2014“

225

The potential use of Azotobacter as biofertilizer has been rewieved by Mrkovački & Milić
(2001) who concluded that inoculation with these microorganisms occasionally promote plant
growth probably by mechanisms other than biological N fixation. Azotobacter has been used
as a potential fertilizer to increase sugarbeet yields (Stainberga et al., 1996; Antipcuk et al.,
1997). The results obtained in production fields in the Vojvodina Province inoculated with a
mixture of Azotobacter chroococcum strains (NS Betafixin), showed that the sugarbeet yield
was increased by 3.08 t ha -1 in 2007 and by 6.18 t ha-1 in 2008 (Mrkovački et al., 2009). In
previous studies, the increases in the root yield of three sugarbeet cultivars treated with
Azotobacter strains were from 0.65 to 3.7 t ha-1 respectively, as compared with the control
(Čačić et al., 2003). Antipcuk et. al. (1997) obtained increase of 2.6–12.7% relative to the
control plot, in two year study of Azotobacter influence on sugarbeet yield with no nitrogen
mineral fertilizer additions. The introduction of Azotobacter into the soil increased the
sugarbeet yield 17–24% in relation to the control (Steinberga et al., 1996). Sahin et al. (2009)
conclude that inoculation significantly increased root and sugar yield of sugarbeet over the
control. Single inoculation with N2–fixing bacteria increased sugarbeet root yield by 5.6–
11%. Increases of white sugar yield by 680 kg ha-1 and by 1050 kg ha-1 were achieved in
production plots in the Vojvodina Province in 2007 and 2008, respectively (Mrkovački et al.,
2009). Rodelas et al. (1999) concluded that the yield of sugarbeet, carrot and cabbage was
increased by 10% in the case of Azotobacter application. Some researcers have showen
negative or no effects of EMC (effective microorganism culture) application on crop growth
and yield (Kinjo et al., 2000; Formowitz et al., 2007; Daiss et al., 2008). Our previous studies
(Mrkovački et al., 2002, 2008; Mrkovački and Mezei, 2006) showed that the total microbial
count in the rhizosphere of inoculated sugarbeet was increased by 45.7 % or from 35 to 118 %
in relation to control. According to results of Govedarica et al. (2004), with introduction of
Azotobacter, biological activity in soil increases and yield of maize depends on hybrids and
applied strains. The increase in yield can be due to the influence of Azotobacter chroococcum
which fixes up to 90 kg N ha-1 a year which increases the nitrogen pool and biological activity
of soil (Irissarri and Reinhold–Hurek, 2001; Hajnal et al., 2005; Raimam et al., 2007). Using
Azospirillum as PGPR bacteria, Okon and Labandera-Gonzales (1994) obtained an increase in
maize yield by 15–25%, and by 40% when inoculation was combined with fertilization. They
were also reported a constant increase of the yield in medium–fertility soil and observed
possibility of replacing 35–40% nitrogen fertilizer by using biofertilizers. Inoculation of
maize increased shoot dry weight from 63–115% (Biari et al., 2008). Plants secrete through
the root different organic and mineral substances which are used by rhizospheric
microorganisms for nutrition. Even though the plant is the same, the number of
microorganisms in rhizospheric soil also depends on hybrids and varieties within the same
sort (Walker et al., 2003). A large number of rhizospheric microorganisms, including
azotobacter, produce growth substances such as auxins, gibberellins etc. Biofertilizer PGPR
inoculation significantly increased maize growth, seed maize yield as compared to treatment
without inoculation (Yazdani et al., 2009). Important characteristic of Azotobacter assosiated
with plant improvement is excretion of ammonia in the rhizosphere in the presence of root
exudates which could explain why the inoculation resulted in a slightly higher total N content
in soil (Wu et al., 2005). Egamberdiyeva (2007) examined the effect of PGPR on the growth
and adsorption of nutrients of maize in two different soils and concluded that inoculation had
a better stimulating effect on plant growth in soil with lower nutrient content than in rich.

Conclusions
The inoculation increased yield of the studied sugarbeet variety and maize hybrids. The total
microbial count and azotobacter count in the rhizosphere of sugarbeet and maize were
increased by inoculation. Long-term positive effect of PGPR may result in improvements in
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plant growth and sustainable food production with a positive relation toward the environment
and economy of production. Overall, the results suggest that inoculants could be used to allow
reductions in the current high rates of fertilizer and the resulting environmental problems
without compromising plant productivity. However, it should be noted that no microbial
inoculant can be universal for all systems as the effectiveness may be affected by plant type,
soil type, and some other factors. Further greenhouse and field studies should provide more
definitive information about the movement and uptake of macroelements (N and P) to plants
with the impacts of PGPR–based inoculants.

Acknowledgements
This study was supported by the Ministry of Education, Science and Technological
Development of Republic of Serbia, Projects No TR 31073 (2011–2014).

References
Antipchuk AF., Rangelova VM., Tatsyurenko OV., Shevchenko AI. (1997): Effect of

Azotobacter on the yield and quality of sugar beet. Mikrobiol. Zhurnal. 59: 90–94.
Bashan Y., Holguin G., De–Bashan LE. (2004): Azospirillum–plant relationships:

physiological, molecular, agricultural and environmental advances. Can. J. Microbiol.
50: 521–577.

Biari A., Gholami A., Rahmani HA. (2008): Growth promotion and enhanced nutrient uptake
of maize (Zea mays L.) by applaing plant growth promoting rhizobacteria in arid region
of Iran. Journal of Biological Sciences 8: 1015–1020.

Cakmakci R., Donmez D., Aydin A., Sahin F. (2005): Growth promotion of plants by plant
growth–promoting rhizobacteria under greenhouse and two different field soil
conditions. Soil Biol. Biochem. 38: 1482–1487.

Cakmakci R., Donmez MF., Erdogan U. (2007): The Effect of Plant Growth Promoting
Rhizobacteria on Barley Seedling Growth, Nutrient Uptake, Some Soil Properties and
Bacterial Counts. Turk. J. Agric. For. 31: 189–199.

Čačić N., Mrkovački N., Mezei S., Kovačev L. (2003): Effect of Azotobacter chroococcum
application in sugarbeet. A Periodical of Scientific Research on Field and Vegetable
Crops 38: 271–280.

Daiss N., Lobo MG., Socorro AR., Brukner U., Heller J., Gonzalez M. (2008): The effect of
three organic pre–harvest treatments on swiss chard (Beta vulgaris var. cycla L.)
quality. European Food Research and Technology 226: 345–353.

Dey R., Pal KK., Bhatt DM., Chauhan SM. (2004): Growth promotion and yield enhancement
of peanut (Arachis hypogaea L.) by application of plant growth–promoting
rhizobacteria. Microbiol. Res. 159: 371–394.

Dobbelaere S., Vanderleyden J., Yaacov OY. (2003): Plant growth–promoting effects of
diazotrophs in the rhizosphere. Critical Rev. Plant Sci. 22: 107–149.

Egamberdiyeva D. (2007): The effect of plant growth promoting bacteria on growth and
nutrient uptake of maize in two different soils. Appl. Soil Ecol. 36: 184–189.

Formowitz B., Elango BF., Okumoto S., Muller T., Buerhert A. (2007): The role of effective
microorganisms in the composting of banana (Musa ssp.) residues. Journal of Plant
Nutrition and Soil Science 170: 649–656.

Glick BR., Changping L., Sibdas G., Dumbroff EB. (1997): Early development of canola
seedlings in the presence of the plant growth promoting rhizobacteria Pseudomonas
putida GR12–2. Soil Biol. Biochem. 29: 1233–1239.

Govedarica M., Jeličić Z., Jarak M., Milošević N., Kuzevski J., Krstanović S. (2004):
Azotobacter chroococcum as alternative to conventional fertilization in the production
of maize. Yugoslav Union of Biological Sciences, Seria A. Plant and Soil, 53 (3): 217–
222.



Fifth International Scientific Agricultural Symposium „Agrosym 2014“

227

Hajnal T., Jarak M., Milošević N., Jeličić Z. (2005): Influence of bacterization on the number
of microorganisms in the rhizospheric soil and the lengh of the above ground parts of
maize plant. Contemporary Agriculture 54 (1-2): 77–84.

Irissarri P., Reinhold–Hurek B. (2001): Azoarcus sp. strain BH72 as a model for nitrogen–
fixing grass endophytes. Journal of Biotechnology 106:169–178.

Jagnow G. (1987): Inoculation of cereal crops and forage grasses with nitro gen–fixing
rhizosphere bacteria: possible causes of success and failure with regard to yield
response – a review. Journal of Plant Nutrition Soil Science 150: 361–368.

Jarak M., Đurić S. (2006): Laboratory Manual of Microbiology. Faculty of Agriculture, Novi
Sad.

Jeffries P., Gianinazzi S., Perotto S., Turnau K., Barea JM. (2003): The contribution of
arbuscular mycorrhizal fungi in sustainable maintenance of plant health and soil
fertility. Biol. Fertil. Soils 37: 1–16.

Kinjo T., Perez K., Almeida E., Ramous MAG., Oliveia JO. (2000): Plant growth affected by
EM–Bokashi and chemical fertilizers. Nature Farming and Environment, 1: 33–38.

Lugtenber GB., Chin A., Woeng T., Bloemberg G. (2002): Microbe–plant interactons:
principles and mechanisms. Antonie van Leeuwenhoek 81: 373–383.

Mehnaz S., Weselowski B., Lazarovits G. (2007): Azospirillum canadense sp. nov., a
nitrogen–fixing bacterium isolated from corn rhizosphere. International Journal of
Systematic Bacteriology 57: 620–624.

Mrkovački N., Milić V. (2001): Use of Azotobacter chroococcum as potentially useful in
agricultural application. Ann. Microbiol. 51: 145–158.

Mrkovački N., Čačić N., Kovačev L., Mezei S. (2002): Response of sugar beet to inoculation
with Azotobacter in field trials. Agrochimica (1–2): 18–26.

Mrkovački N., Mezei S. (2006): Quantitative characteristics of rhizosphere microflora of
sugarbeet depending of fertilization. Plan and Soil 55 (1): 67–72.

Mrkovački N., Mezei S., Čačić N., Kovačev L., Nagl N. (2008): Microbial abundance in
sugarbeet rzizosphere inoculated with Azotobacter chroococcum. A Periodical of
Scientific Research on Field and Vegetable Crops 45: 241–245.

Mrkovački N., Mezei S., Čačić N., Kovačev L., Nagl N. (2009): Effect of biofertilizer
application in sugarbeet. A Periodical of Scientific Research on Field and Vegetable
Crops 46: 175–180.

Naureen Z., Yasmin S., Hameed S., Malik KA., Hafeez FY. (2005): Characterization and
screening of bacteria from rhizosphere of maize grown in Indonesian and Pakistani
soils. Journal of Basic Microbiology 45: 447–459.

Okon Y., Labandera–Gonzales CA. (1994): Agronomic applications of Azospirillum: an
evaluation of 20 years worldwide field inoculation. Soil Biol. Biochem. 26: 1591–1601.

Pandey A., Sharma E., Palni LMS. (1998): Influence of bacterial inoculation on maize in
upland farming systems of the Sikkim Himalaya. Soil Biology & Biochemistry 30: 379–
384.

Perin L., Martinez–Aguilar L., Castro–Gonzalez R., Estrada–De Los Santos P., Cabellos–
Avelar T., Guedes HV., Reis VM., Caballero–Mellado J. (2006): Diazotrophic
Burkholderia species associated with field–grown maize and sugarcane. Applied and
Environmental Microbiology 72: 3103–3110.

Picard C., Baruffa E., Bosco M. (2008): Enrichment and diversity of plant–probiotic
microorganisms in the rhizosphere of hybrid maize during four growth cycles. Soil
Biology & Biochemistry 40: 106–115.

Raimam MP., Albino M., Cruz MF., Lovato GM., Spago F., Ferracin TP. (2007): Interaction
among free–living N–fixing bacteria isolated from Drosera villosa var. villosa and AM
fungi (Glomus clarum) in rice (Oryza sativa). Appl. Soil Ecology  35: 25–34.



Fifth International Scientific Agricultural Symposium „Agrosym 2014“

228

Rodales B., Gonzales-Lopez J., Pozo C., Salmeron V., Martinez–Toledo MV. (1999):
Response of faba been (Vicia faba L.) to combined inoculation with Azotobacter and
Rhizobium leguminosarum bv. viceae. Applied Soil Ecology, 12 (1): 51–59.

Sachin DN. (2009): Effect of Azotobacter chroococcum (PGPR) on the Growth of Bamboo
(Bambusa bamboo) and Maize (Zea mays) Plants. Biofrontiers, 1: 37–46.

Sharma A., Johri BN. (2003): Growth promoting influence of siderophore producing
Pseudomonas strain GRP3A and PRS9 in maize (Zea mays L.) under iron limiting
conditions. Microbiol. Res. 158: 243–248.

Steinberga V., Apsite A., Bicevskis J., Strikauska S., Viesturs V. (1996): The effect of
Azotobacterin on the crop yield and biological activity of the soil. In: Wojtwies A.,
Stepkowska J., Szlagowska A. (ed.) European Nitrogen Fixation Conference (2),
Poznan, Poland, Sept. 8–13, Book of Abstracts, 191.

Walker H., Grotewold E., Vivanco JM. (2003): Root exudation and rhizosphere biology. Plant
Physiology 132: 44–51.

Wu SC., Caob ZH., Lib ZG., Cheunga KC., Wonga MH. (2005): Effects of biofertilizer
containing N–fixer, P and K solubilizers and AM fungi on maize growth: a greenhouse
trial. Geoderma 125: 155–166.

Yazdani M., Bahmanyar MA., Pirdashti H., Esmaili MA. (2009): Effect of Phosphate
Solubilization Microorganisms (PSM) and Plant Growth Promoting Rhizobacteria
(PGPR) on Yield and Yield Components of Corn (Zea mays L.). World Academy of
Science, Engineering and Technology 49: 90–92.


