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ABSTRACT

Objective: The main objective of the present investigation is to isolate plant growth promoting rhizobacteria (PGPR) strains from three different
zone of rhizosphere and arhizosphere soil, observing bacterial density and exploring rhizosphere effect on the bacterial community.

Methods: Maize rhizosphere soils were collected from twelve different locations of Jharkhand. Various microbial populations (like Pseudomonas spp.,
Azotobacter spp., phosphate solubilizing bacterial spp. and Azospirillum spp.) were isolated from the different variety of maize rhizosphere. These
strains were obtained through pour plate technique by using PGPR specific medium. To explore rhizosphere effects on the bacterial community, some
physicochemical properties of arhizosphere soil and rhizosphere soil were measured and the soil bacterial community which helps in plant growth
through direct and indirect mechanisms called plant growth promoting rhizobacteria (PGPR) detected by morphological and biochemical
characterization. PGPR was purified and subcultured in their respective medium and stored at 4°C to maintain throughout the experiment.

Results: Total 65 isolates of Pseudomonas strain, 34 isolates of Azotobacter strain, 49 isolates of phosphate solubilizing bacterial strain and 34
isolates of Azospirillum strain were isolated from maize rhizosphere. The pH of rhizosphere soil was lower than arhizosphere soil and rhizosphere
soils contain more moisture than arhizosphere soil. Highest moisture % was found in Deoghar (26.90%) followed by Dhurwa (21.73%) and Tamar
(21.21%) rhizosphere soils. Microbial population was highest in rhizoplane zone. Organic carbon, available nitrogen, phosphorus, potassium and
sulphur were found more in rhizosphere soil than arhizosphere soil. High quantity of organic matter (1.52%), available nitrogen (272.83 kg ha1),
available phosphorus (73.64 kg ha'1), potassium (317.42 kg ha'!) and sulphur (66.60 kg ha!) were present in rhizosphere soil.

Conclusion: This study reveals that rhizosphere soil characterized by greater microbial population and their activity which enhance soil fertility

through increasing moisture, pH and available nutrients in soil to promote the growth of plants.
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INTRODUCTION

Rhizosphere soils are root associated soil which has rich microbial
population and it is high microbial activity zone. The term
“Rhizosphere” was first given by Hiltner [1]. Bacterial population
which helps in plant growth is called plant growth promoting
rhizobacteria (PGPR). The term “PGPR” was first proposed by
Kolepper and Schroth [2] to describe effect of PGPR on plant growth
after inoculation to seed. Bacteria have a very broad pH range where
they can survive. The rhizosphere pH is usually lower than
arhizosphere soil in 1-2 units [3, 4]. PGPR are the most numerous
organisms in the soil averaging between 101° to 102 organisms per
gram of rhizosphere soil. More than fifteen percent of the root
surface area is covered with rhizosphere specific microorganism.
Microbial root colonization covers 15-40 % of the total plant root
surface [4, 5]. In comparison with arhizosphere soil, pH is lower and
organic carbon content and organic matter is usually high in
rhizosphere soil. Soil microorganisms like Pseudomonas spp.,
Azotobacter spp., phosphate solubilizing bacteria and Azospirillum
spp. have enhancing capacity by promoting the secondary growth of
roots. Pseudomonas spp., Azotobacter spp., phosphate solubilizing
bacteria and Azospirillum spp. have been isolated from the
arhizosphere soil, rhizosphere soil and roots of a variety of plants
including cereals and grasses. Inoculation with indigenous PGPR
strains is an important procedure to enhance crop yields and soil
fertility. PGPR isolates could be inoculated into crops by either soil
treatments, seed treatments or foliar treatments. Rhizosphere
concentrations were enriched in nutrients relative to arhizosphere
soil [6, 7].

PGPR isolates like Pseudomonas spp., Azotobacter spp., phosphate
solubilizing bacteria and Azospirillum spp. are commonly found in
soil and associated with plant roots namely rice, maize, wheat,
legumes, potato, tomato, soybean etc. Rhizosphere colonization by
PGPR strains has stimulated the growth of the different variety of
plant species. The success of interaction between plant and PGPR

strains depends on the survival and persistence of these bacteria in
soil and the effective colonization of the rhizosphere. Soil minerals,
moisture, pH, plant varieties, amino acids and root exudates are the
survival properties which may contribute to increase the population
of PGPR strains, rhizosphere colonization and the initiation of
mutualistic interaction by PGPR strains.

Day by day our population is increasing and our agricultural land is
decreasing due to the concrete network. There is need for lots of
food to fulfil nutritional requirements of growing population and
huge land for production of plenty of food crops. Unfortunately we
have limited land and we had great challenges to solve this problem.
Crops need several nutrients to reach their maximum potential yield.
Initially, soil fertility was increased by use of chemical fertilizer but
frequent use of chemical fertilizer decreased crop yields and soil
fertility and give an adverse effect on the environment including soil
and water deterioration and contamination. There is another
problem associated with chemical fertilizer is its increasing cost,
wide gap between supply and demand. That is why we search
another option to combat this problem and we found one and only
safe option is microbial consortia which contain beneficial soil
microorganisms.

MATERIALS AND METHODS
Sample collections site

Maize plants with rhizosphere soil are collected from selected
district of Jharkhand like Ranchi (BAU Kanke, HEC Dhurwa, Bundu
and Tamar), Ramgarh (Patratu), West Singhbhum (Chandil), East
Singhbhum (Darisahi), Simdega, Gumla, Loherdaga, Daltonganj
(Chianki) and Deoghar (table 1). Rhizosphere zone is divided into
three zone (i) Rhizosphere zone (R zone), (ii) Rhizoplane zone (Rp
zone) and Endorhizosphere zone (ER zone). Rhizospheric soil (0-15
cm) and plant sample were collected from above locations and
brought to laboratory. Bacteria were isolated from different rhizotic
zones of rhizosphere.
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Table 1: PGPR isolation from soil collected from different
location of Jharkhand

S. No. Location Maize variety

1 BAU Kanke SUWAN composite
2 Dhurwa Kanchan 25

3 Bundu Kanchan 25

4 Tamar BM1, P11, PR1/A
5 Patratu +self 1025

6 Chandil SUWAN composite
7 Darisahi SUWAN composite
8 Simdega SPPM

9 Gumla SUWAN composite
10 Loherdaga SUWAN composite
11 Chianki +self 1025

12 Deoghar SUWAN composite

Analysis of physico-chemical parameter of the arhizosphere
and rhizosphere soil

Moisture and pH: Moisture content was determined as per method
described earlier [8]. A weighed quantity of the soil was heated at 105
0C for 4-5 h and the loss of weight was expressed as moisture
percentage of the soil. The pH was measured with the help of pH meter
to maintain the soil-water ratio of 1:2.5 as described previously [9].

Nutrient analysis (organic carbon, available N, P, K and S) of
arhizosphere and rhizosphere soil: Total organic carbon was
determined by rapid titration method described previously [10].
Available Nitrogen was determined by alkaline potassium
permangnate method [11]. Available Phosphorous was determined
by Olsen’s method [12]. Soil was extracted by neutral ammonium
acetate solution and exchangeable potassium was estimated with
the help of flame photometer [9]. For estimation of available
sulphur, sulphur was extracted with 0.15% calcium chloride solution
from soil and determined by the monocalcium phosphate-
turbidimetric method [13, 14].

Isolation of PGPR strains

Different PGPR isolates were isolated by using selective or non
selective media. 10 g soil from the rhizosphere of maize plant from
selected site were taken and prepared 10 fold dilution series up to
106 by serial dilution method. One ml aliquots from 10-¢ dilutions
were poured on plates containing respective media. The aliquots
were spread on the plate by clockwise and anticlockwise movement
under aseptic condition. PGPR were isolated from the arhizospheric
soil, rhizoplane and endorhizospheric soil of maize crop fields from
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different location of Jharkhand during 2010 and 2012 in different
field conditions. The population of Azospirillum spp. in soil as well as
root were enumerated by employing MPN method. This method
based upon the pattern of positive and negative growth of Azospirillum
in the tube inoculated with a consecutive series of dilutions of the
soil/root samples. Based on the number of positive tube the
population estimated with the help of MPN table [15, 16]. The
rhizosphere effect on microbial population can be measured by
comparing the microbial population (cfu) between the rhizosphere
soil and arhizosphere soil for which the R/S ratio was employed [17].

RESULT AND DISCUSSION
Rhizosphere effects on physico-chemical properties of soil

Rhizosphere soil is wetter than arhizosphere soil. Highest %
moisture was recorded in Deoghar rhizosphere soil (26.90%)
followed by Dhurwa (21.73%) and Tamar (21.21%) due to waste
products and secretions. Constant moisture was recorded B. A. U.
Kanke and Patratu rhizosphere soil (fig. 1). These findings are
supported by previous study [18]. Among the twelve places of
Jharkhand, soil pH varied between 4.5 to 9.7 indicating that
PGPR could grow usually in neutral soil (seven places out of
twelve), somewhere in acidic soli (four places out of twelve
places) and exceptionally in alkaline soil because bacteria can
grow and survive on very broad pH range (one out of twelve
places). These findings have earlier been reported previously by
several workers [3, 4]. Rhizosphere soil pH was lower than
arhizosphere soil except Chianki, B. A. U. Kanke, Tamar, Patratu,
Simdega and Loherdaga rhizosphre soil have neutral pH that
indicates sufficient growth of PGPR in this soil. Rhizosphere soil
from Dhurwa, Bundu, Chandil, Darisahi, Gumla and Deoghar have
acidic pH that might be due to release of organic acids, amino
acids, sugars and proteins. Chianki rhizosphere soil shows
alkaline pH. PGPR was grown on acidic, neutral and alkaline pH
because bacteria have a very broad pH spectrum where they can
survive. Results observed during present investigation may be
supported by the work carried out previously [18, 19]. The
rhizosphere pH was generally lower than the arhizosphere soil
like Dhurwa arhizosphere soil pH 5.2 and rhizosphere soil pH 4.5
followed by Bundu arhizosphere soil pH 6.9 and rhizosphere pH
5.5, Chandil arhizosphere soil pH 6.2 and rhizosphere pH 5.4,
Gumla arhizosphere soil pH 6.2 and rhizosphere pH 5.3 and
Lohardaga arhizosphere soil pH 7.0 and rhizosphere pH 6.0. The
pH values were not significantly different between arhizosphere
and rhizosphere soil of Tamar, Patratu, Chandil, Darisahi,
Simdega and Deoghar. Obtained findings are in agreement with
the results described in previous reports [3, 20].
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Fig. 1: Difference in moisture (%) and pH of arhizosphere (abbreviated as “A”) and rhizosphere (abbreviated as “R”) soil collected from
different location of Jharkhand
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Organic carbon (Oc) is life line of soil that improves the soil fertility
by enhancing a great proportion of nutrients, cation and trace
elements that are important for soil growth and it also buffers soil
from strong changes in pH [21]. Our result indicated higher organic
carbon content, available nitrogen, phosphorus, potassium and
sulphur in the rhizosphere soil than arhizosphere soil (fig. 2). Our
result is supported by the findings of Liu et al. [20]. Highest organic
carbon was found in Chianki (1.52%) rhizosphere soil followed by
Bundu (0.96%) and Simdega (0.69%). Organic carbon was more in
B. A. U. Kanke, Chandil, Darisahi, Simdega, Gumla, Chianki and
Deoghar. Organic carbon was constant in Dhurwa rhizosphere and
arhizosphere soil. Organic carbon was less in Patratu and Lohardaga
rhizosphere and arhizosphere soil. In case of Tamar, organic carbon
was more in BM1 and PR1/A maize rhizosphere than arhizosphere
soil, and organic carbon less in P11 maize rhizosphere. Available
nitrogen was more in eleven places out of twelve places maize
rhizosphere except Simdega arhizosphere and rhizosphere soil had
constant value of available nitrogen. Highest available nitrogen was
found in Gumla rhizosphere soil (291.55 kg ha?) followed by
Deoghar (272.83 kg ha') and Lohardaga (263.42 kg ha'!). Available
phosphorus concentration was high in rhizosphere soil than
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arhizosphere of B. A. U. Kanke, Dhurwa, Bundu, Tamar (BM1,
PR1/A), Patratuy, Chandil, Darisahi, Gumla, Lohardaga, Chianki,
Deoghar and was less in Simdega and Tamar (P11) rhizosphere.
Highest available phosphate was found in Deoghar rhizosphere soil
(73.64 kg hal) followed by Chianki (64.69 kg hal) and Patratu
(63.84 kg ha?). The findings of high available nitrogen and
phosphate in rhizosphere are supported by several researchers [22,
23] and low in this region are supported by Turpault et al. [24].

Available potassium was more in maize rhizosphere than
arhizosphere of Dhurwa, Tamar, Patratu, Chandil, Darisahi, Gumla,
Lohardaga, Deoghar and less in maize rhizosphere with respect to
arhizosphere of B. A. U. Kanke, Bundu, Simdega and Chianki. This
observation is supported by the findings on sorghum [23] and
review of McNear [5]. Highest available sulphur was found in
Chandil rhizosphere soil (66.60 kg ha'1) followed by B. A. U. Kanke
(54.06 kg ha') and Dhurwa (32.75 kg ha1) (fig. 2). Available sulphur
was more in rhizosphere soil than arhizosphere of B. A. U. Kanke,
Dhurwa, Chandil and Darisahi. This is in accordance with the results
described previously [25, 26]. Available sulphur was less in
rhizosphere with respect to arhizosphere of Bundu, Tamar, Patratu,
Simdega, Gumla, Lohardaga, Chianki and Deoghar.
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Fig. 2: Differences in available nutrients in arhizosphere (abbreviated as “A”) and rhizosphere (abbreviated as “R”) soil collected from
different location of Jharkhand
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Fig. 3: Population of Azospirillum species in maize rhizosphere soil collected from different location of Jharkhand

Rhizosphere effect on microbial population and microbial
activity

High level of moisture in the rhizosphere attracts microorganisms
than elsewhere in the soil. That is why high population was found in
rhizosphere with respect to arhizosphere soil. Identified soil
bacterial population was Pseudomonas spp., Azotobacter spp.,
Phosphate solubilizing bacteria and Azospirillum spp. This work is
partially supported by the work of Shi et al. [27]. Soil pH affects on

rhizosphere microbial population. There were also differences
between population at R zone, Rp zone and ER zone. Pseudomonas
spp. (PSD), Azotobacter spp. (AZT), phosphate solubilizing bacteria
(PSB) and Azospirillum spp (AZS) were isolated from different
rhizosphere zone. PGPR population was generally higher in Rp zone.
Although there were more PGPR population in Rp zone than R zone
but it may be also depends on types of PGPR strain and different
places from where soil samples were collected. PSD population were
high in Rp zone of eight places out of twelve except Chandil, Chianki
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and Patratu. PSD population was high in R zone of Chandil and
Chianki maize rhizosphere. In case of Patratu maize rhizosphere,
population of PSD (144.89 x 106cfu), AZT (66.30 x106cfu) and PSB
(54.35 x10¢cfu) were highest in ER zone with comparison to R and
Rp zone (table 2). AZT population was highest in R zone of B. A. U.
Kanke, Bundu, Darisahi and Simdega maize rhizosphere, highest in
Rp zone of Dhurwa, Gumla, Lohardaga and Chianki maize
rhizosphere and highest in ER zone of Chandil and Deoghar maize
rhizosphere. PSB population was highest in R zone of Bundu and
Gumla, highest in Rp zone of Dhurwa, Simdega, Lohardaga and
Deoghar, highest in ER zone of B. A. U. Kanke and Darisahi maize
rhizosphere except PSB population highest in arhizosphere soil of
Chianki. Same highest PSB population (113.30 x 10¢cfu) was found
in Chandil maize rhizosphere. In case of Tamar, maize rhizosphere
soil sample was taken having three maize varieties BM1, P11 and
PR1/A had shown different population density of PSD, AZT and PSB
in different zone according to different maize variety rhizosphere.
PSD population was highest in Rp zone of BM1 and P11 maize
variety rhizosphere but PSD, AZT and PSB population 36.36 x 106,
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6.42x 106 and 10.30x 10¢ was highest in R zone of PR1/R maize
rhizosphere, respectively. AZT and PSB population was highest in Rp
zone of BM1 variety maize rhizosphere and AZT and PSB population
was highest in R zone of P11 variety maize rhizosphere (fig. 3).
Tamar maize rhizosphere had highest AZS (3.50x 106cfu) population
followed by Chandil (0.64x 10¢6cfu). Lowest AZS (0.09x 106cfu)
population was found in Dhurwa followed by population (0.16x 106
cfu) in Chandil maize rhizosphere (fig. 3). This work is supported by
the work of Bowen [28] and Sylvia [4]. The dense and active
microbial population interacts with the roots and within it. The
microbial activity in the rhizosphere indicates rhizosphere effect.
The rhizosphere effect can be measured by comparing the microbial
population (cfu) between the rhizosphere soil (R) and the
arhizosphere soil (S), for which the R/S ratio is employed. The R/S
ratio was highest in Simdega (43.39) followed by Bundu (31.65)
and Lohardaga (30.95). Lowest R/S ratio was found in Chianki
followed by Darisahi. Rhizosphere of different places was affected
the R/S ratio (fig. 4). This finding is supported by the result
described earlier [17].

Table 2: Observation of microbial population in maize arhizosphere (abbreviated as “A”) and rhizosphere (abbreviated as “R”) soil
collected from different location of Jharkhand

S. No. Location Sample PSD cfu 10¢ AZT cfu 10¢ PSB cfu 106 Variety
1 B. A. U. Kanke A 3.45 4.60 5.75 SUWAN composite
R 41.36 43.46 132.86
Rp 101.55 42.13 135.39
Er 38.68 24.88 166.06
2 Dhurwa A 5.00 2.00 2.00 Kanchan 25
R 23.33 19.33 10.00
Rp 43.33 48.33 16.66 Kanchan 25
3 Bundu A 0.37 3.75 17.80
R 28.1 78.68 71.15
Rp 29.22 22.48 8.99
4 Tamar A 19.75 7.15 3.87 BM1
R 14.06 28.60 4.55
Rp 65.85 31.51 4.61
A 9.044 3.57 3.81 P11
R 42.42 14.06 1091
Rp 56.48 4.85 0.40
A 3.93 1.61 3.87 PR1/A
R 36.36 6.42 10.30
Rp 20.12 0.40 7.51
5 Patratu A 11.80 2.17 1.09 +self 1025
R 47.06 38.04 12.61
Rp 7.17 9.78 5.43
Er 144.89 66.30 54.35
6 Chandil A 1.88 1.81 2.60 SUWAN composite
R 35.87 10.54 113.30
Rp 6.80 2.95 8.61
Er 28.32 60.40 113.30
7 Darisahi A 39.56 43.24 9.46 SUWAN composite
R 115.42 85.2 37.83
Rp 246.05 82.02 18.86
Er 123.03 56.80 40.90
8 Simdega A 22.02 1.12 2.24 SPPM
R 88.09 92.00 38.3
Rp 115.00 86.94 115
Er 13.34 17.25 0.4
9 Gumla A 3.41 1.14 27.99 SUWAN composite
R 4.76 2.38 29.27
Rp 29.75 29.75 5.47
10 Lohardaga A 0.40 15.91 21.53 SUWAN composite
R 1.20 14.35 59.8
Rp 89.70 23.92 75.71
Er 13.51 21.53 17.1
11 Chianki A 34.5 12.43 4.14 +self 1055-6
R 40.00 11.43 3.77
Rp 17.14 17.14 2.99
Er 5.71 1.14 2.29
12 Deoghar A 2.95 11.37 16.6 SUWAN composite
R 25.40 10.16 52.83
Rp 31.75 44.45 76.2
Er 14.73 63.50 67.69
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Fig. 4: Rhizosphere effect on R/S ratio in soil collected from different location of Jharkhand

CONCLUSION

In general higher moisture percentage and soil pH was recorded in
rhizosphere soil with few exceptions. Critical perusal of data
revealed that higher organic carbon, available nitrogen, phosphorus,
potassium, sulphur and microbial population was noticed which
reflects positive rhizosphere effect. Bacterial population
Pseudomonas spp., Azotobacter spp., phosphate solubilizing bacteria
and Azospirillum spp. were isolated from maize rhizosphere.

ACKNOWLEDGEMENT

Facility provided by Department of Soil Science and Agricultural
Chemistry, Birsa Agricultural University, Kanke, Ranchi, Jharkhand,
India is greatly acknowledged.

CONFLICT OF INTERESTS
Declared None
REFERENCES

1. L Hiltner. Ueber neuere Erfahrungen und probleme auf dem
Gebiete der  Bodenbakteriologie  unter  besonderer
Beriicksichtigung der Griindiingung und Brache. Arb DLG
1904;98:59-78.

2. JW Kloepper, MN Schroth. Plant growth promoting
rhizobacteria on radishes. Proc IV Int Conf Plant Pathogen
Bacter 1978;2:879-82.

3. H Marschner. Mineral Nutrition Plants. 2nd Edition. Academic
Press London; 1995.

4. D Sylvia. Mycorrhizal symbioses. In: Sylvia D, Fuhrmann J, Hartel P,
Zuberer D. eds. Principles and applications of soil microbiology.
Upper Saddle River, NJ: Prentice Hall; 1999. p. 408-26.

5. DH McNear Jr. The rhizosphere-roots, soil and everything in
between. Nature Education Knowledge 2013;4:1.

6. PA Naumavo, E Kochoni, YO Digabe, A Adjanohoun, M Allagbe,
R Sikirou, et al. Effect of different plant growth promoting
Rhizobacteria on maize seed germination and seedling
development. Am | Plant Sci 2013;4:1013-21.

7. RD Yanai, H Majdi, BB Park. Measured and modelled differences in
nutrient concentrations between rhizosphere and bulk soil in a
Norway spruce stand. Plant Soil 2003;257:133-42.

8.  CH Wright. Soil Analysis-A hand-book of physical and chemical
methods. Thomas Murby and Co London; 1939. p. 173-5.

9.  NL Jackson. Soil chemical analysis. Prentice Hall of India Ltd,
New Delhi; 1973. p. 498.

10. AJ Walkley, Black CA. Estimation of soil organic carbon by the
chromic acid titration method. Soil Sci 1934;37:29-38.

11. BV Subbiah, Asija GL. A rapid procedure for the estimation of
available nitrogen in soil. Curr Sci 1956;25:259-60.

12. SR Olsen, CW Cole, FS Watanabe, LA Dean. Estimation of
available phosphorus in soils by extraction with 0.5 M NaHCO3

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

(pH 8.5). United States Department of Agriculture Washington
DC, USA; 1954. p. 939.

L Chesnin, CH Yien. Turbidimetric determination of available
sulphates. Proc Soil Sci Soc Am 1950;14:149-51.

LE Ensminger. Some factors affecting the adsorption of sulphate
by Alabama soils. Proc Soil Sci Soc Am 1954;18:259-62.

Y Okon, SL Albrecht, RH Burris. Methods of growing
Azospirillum lipoferum and for counting it in pure culture and in
association with plants. Appl Environ Microbial 1977;33:85-7.
WG Cochran. Estimation of bacterial densities by means of the
“most probable number”. Biometrics 1950;6:105-16.

R Atlas, Bartha R. Microbial Ecology. New York: Addison
Wesley Longman; 1997. p. 694.

XF Zhang, L Zhao, S] Jr Xu, YZ Liu, HY Liu, GD Cheng. Soil
moisture effect on bacterial and fungal community in Beilu
River (Tibetan Plateau) permafrost soil with different
vegetation types. ] Appl Microbiol 2013;114(4):1054-65.

] Rousk, PC Brookes, E Baath. Contrasting soil pH effects on
fungal and bacterial growth suggest functional redundancy in
carbon mobilization. Appl Environ Microbiol 2009;75:1589-96.
D Liu, S Fang, Y Tian, SX Chang. Nitrogen transformation in the
rhizosphere of different tree types in a seasonally flooded soil.
Plant Soil Environ 2014;60:249-54.

A Leu. Organics and Soil Carbon: Increasing soil carbon, crop
productivity and forms profitability. In: Managing the Carbon
Cycle’ Katanning Workshop 21-22 March; 2007. p. 19-26.

Q Zhao, DH Zeng, ZP Fan. Nitrogen and phosphorus
transformations in the rhizospheres of three tree species in a
nutrient poor sandy soil. Appl Soil Ecol 2010;46:341-6.

KK Lee, SP Wani, KL Sahrawat, N Trimurtulu, O Ito. Nitrogen
and phosphorous fertilization effects on organic carbon and
mineral contents in the rhizosphere of field grown sorghum.
Soil Sci Plant Nutr 1997;43:117-20.

MP Turpault, C Uterano, JP Boudot, ] Ranger. Influence of mature
Douglas fir roots on the solid soil phase of the rhizosphere and its
solution chemistry. Plant Soil 2005;275:327-36.

B Kotkova, ] Balik, ] Cerney, M Kulhanek, M Bazalova. Crop
influence on mobile sulphur content and arylsulfatase activity
in the plant rhizosphere. Plant Soil Environ 2008;54:100-7.

Z Hu, S Haneklaus, S Wang, C Xu, Z Cao, E Schnug. Comparison
of mineralization and distribution of soil sulfur fractions in the
rhizosphere of oilseed rape and rice. Commun Soil Sci Plant
Anal 2003;34:2243-57.

JY Shi, XF Yuan, HR Lin, YQ Yang, ZY Li. Differences in soil
properties and bacterial communities between the rhizosphere
and bulk soil and among different production areas of the
medicinal plant Fritillaria thunbergii. Int ] Mol Sci
2011;12:3770-85.

GD Bowen. Misconceptions, concepts and approaches in
rhizosphere biology. In: DC Ellwood, JN Hedger, MJ Lathon, JM
Lynch JH Slater. eds. Contemporary Microbial Ecology. Acadmic
Press, London; 1980. p. 283-304.

222


http://aem.asm.org/search?author1=Erland+B%C3%A5%C3%A5th&sortspec=date&submit=Submit�

