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Abstract: PGPR in mulberry rhizosphere were investigated in order to provide a theoretical basis for im-
proving the soil fertility by biological effect and reducing the chemical fertilizer pollution. The three-point 
sampling methods were carried out in mulberry soil with different fertilities in Silkworm and Mulberry Scien-
tific Research Station of Shandong Agricultural University, where the mulberry species Husang 32 were 
planted. Some PGPR were isolated from the samples and the repetitive-element PCR (Rep-PCR) genomic 
fingerprinting and biological activities were analyzed. The strains with positive biological activities were 
identified by the analysis of 16S rDNA sequence. The results showed that, based on the analysis of Rep-PCR, 
18 kinds of azotobacteria, 18 kinds of phosphor-bacteria and 23 kinds of silicate bacteria were obtained from 
the samples, respectively. PA19 and PA2 have the highest nitrogenase activities among the azotobacteria. 
PYP2, PYP4, PYP6, PYP3 have higher organic phosphate solubilizing activities than that of others. FK14, 
PWP4 have higher inorganic phosphate solubilizing activities than that of others. The potassium-releasing ac-
tivity of FK2 and FK3 were higher than that of other silicate bacteria. According to identification, 10 isolates 
with high biological activities were identified as follows: PA19 belonged to genus Mesorhizobium, PA2, 
PYP2, PYP6, PYP3 and FK2 belonged to genus Pseudomonas, PWP4 and FK14 belonged to genus Rhizo-
bium, FK3 belonged to genus Sinorhizobium, and PYP4 belonged to genus Inquilinum. 
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1 Introduction 

The rhizosphere is the volume of soil environment 
under the influence of plant roots, and the rhizoplane is 
the plant root surfaces strongly adhering to the soil parti-
cles [1]. Many microorganisms are attracted by nutrients 
exuded from plant roots and this “rhizosphere effect” 
was first described by Hiltner [2]. The rhizosphere and 
rhizoplane are colonized more intensively by microor-
ganisms than the other regions of the soil. In the 
rhizosphere, important and intensive interactions occur 
among the plant, soil, microorganisms and soil micro-
fauna. In fact, biochemical interactions and exchanges of 
signal molecules between plants and soil microorganisms 
have been described and reviewed [3].These interactions 
could impact significantly on plant growth and crop 
yields [4]. Among the rhizosphere microorganisms, most 
attentions were focused on Plant Growth Promoting 
Rhizobacteria (PGPR) in recent years [5]. PGPR are 
free-living bacteria [6], some of which can invade the tis-
sues of living plants and cause unapparent and asympto-
matic infections [7]. PGPR are not only beneficial to the 

nutrients releasing from the roots, but also have positive 
effect on the plants, resulting in a stimulation of the 
growth. 

Rhizosphere bacteria that promote plant growth are 
considered as an alternative to take the place of chemical 
fertilizer in agriculture [8]. The production and use of 
chemical fertilizer not only consume large quantities of 
energy, but also cause serious environment pollution and 
damage ecological balance. Besides, long-term applica-
tion of chemical fertilizer is likely to destroy the aggre-
gation of soil, leading to many adverse consequences. 
There is overwhelming reported evidence indicating that 
PGPR utility can be an effective way in sustainable agri-
culture. PGPR can also be utilized to develop “biofertil-
izers” so as to improve the productivity of arable land 
and to reduce the pollution caused by chemicals. The 
rhizospheres of wild plant species seem to be the best 
sources from which to isolate PGPR [9]. Plants are se-
lecting bacteria which are beneficial to their health by 
releasing organic compounds exudates [10], and a kind of 
selective environment with low diversity are constructed 

[11]. A large number of PGPR genera have been reported 
nowadays, such as Atumefaciens, Alcaligenes, Arthro-
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bacter, Azotobacter, Bacillus, Erwinia, Pseudomonas sp., 
and Xanthomonas [12-14]. 

Therefore, development of PGPR has attracted a great 
deal of attention in the area of biological control of envi-
ronmental pollution. The aims of this work were, on one 
hand, to isolate PGPR from mulberry rhizosphere, study 
its biological activities and determine the diversity of 
PGPR strains, on the other, to investigate the improve-
ment of soil fertility by PGPR in order to reduce the soil 
fertilizer pollution in mulberry rhizosphere. We isolated 
PGPR from rhizosphere of mulberry, and some strains 
with high biological activities were obtained and identi-
fied. 

2 Materials and Methods 

2.1 Samples 

The field soil was located in the mulberry forest with 
different fertilities in Silkworm and Mulberry Scientific 
Research Station of Shandong Agricultural University, 
where the monoculture of Husang 32 lasted for more 
than five years. The rhizosphere soil samples were ob-
tained by three point sampling method from mulberry 
soils, each of which 1kg of rhizosphere soil sample was 
collected from the upper layer of soil around 15 cm depth, 
according to literature [15]. It was carried out during 
November. The maximum and minimum temperature 
were 25℃ and 20℃, respectively, and the average rela-
tive air humidity was about 65%. 

2.2 PGPR Isolation from Mulberry Rhizosphere 

In the lab, the soil loosely adhering to the roots was 
removed aseptically, and the firmly adhered soil was 
suspended in flasks with 90ml sterilized water. The 
flasks were incubated in a rotary shaker at 120 rpm under 
28℃ for about an hour. After that, roots were taken out 
from these suspensions and washed by deionized water 
to remove the soil particles. Then the surface of roots 
was sterilized by ethanol and the sample was macerated 
with mortar and pestle in sterilized water. Ten-fold dilu-
ent of the washing liquid were prepared and spread agar 
plate containing different culture media followed with 
incubation at 28℃. The azotobacteria, organic phosphate 
solubilizing bacteria and silicate bacteria were screened 3 
days later and the inorganic phosphate solubilizing bac-
teria were selected after 7 days of incubation. 

2.3 Repetitive-element PCR Genomic Finger-
printing (Rep-PCR) 

The isolates of the four types of PGPR were analyzed 
by repetitive-element PCR genomic fingerprinting. The 
primer of Rep-PCR was BOX-AIR (sequence: 5’- 
CTACGGCAAGGCGACGCTGACG-3’) and the bacte-
rial genomic DNA were extracted as the PCR templates. 
The reaction mixture contained 2.5μl 10 × PCR Buffer, 2 
μl 10 mmol/l dNTP, 1.5 μl 25 mmol/l MgCl2, 2 μl 

10umol/l primer solution, 1 μl DNA template, 0.15 μl taq 
polymerase, and the volume was complement by double 
distilled water to 30 μl. The PCR procedures were as 
follows: step 1, 95℃ for 7min; 35 cycles of step 2, 94℃ 
for 1min，53℃ for 1min and 65℃ for 8min; step 3, 16 
min incubation at 65℃. The analysis of PCR products 
was performed by Cross Checker Software and the clus-
tering scheme of the isolates was constructed by the pro-
gram of SAS 8.0. 

2.4 Biological Activities of the Isolates 

Nitrogenase activities of azotobacteria were deter-
mined by acetylene reduction methodology (ARM). The 
phosphate solubilizing activities of phosphor bacteria 
were determined by the method of H.A. Alikhani [16].The 
potassium-releasing activities of silicate bacteria were 
estimated by determination of potassium content with 
Flame Spectrophotometer. 

2.5 Amplified Ribosomal DNA Restriction 
Analysis (ARDRA) 

The genotypes of representative isolates were deter-
mined by ARDRA. Full-length of 16S rRNA gene frag-
ments were obtained by PCR amplification with forward 
primer “ACGGCTACCTTGTTACGACT” and reverse 
primer “AGAGTTTGATCCTGGCTCAG”. The reaction 
mixture contained 2.5 μl 10 × PCR Buffer (200 mM 
Tris-HCl, 500 mM KCl, pH adjusted to 8.4), 2.5 μl 10 
mmol/l dNTP, 2.0 μl 25 mmol/l MgCl2, 1μl primers solu-
tion (10μmol/l each); 0.5μl Taq polymerase, 1μl template, 
and the volume was complement by double distilled wa-
ter to 30 μl. The PCR procedures were as follows: step 1, 
94℃ for 3 min; 35 cycles of step 2, 94℃ for 1 min, 54℃ 
for 1min and 72℃ for 1min; step 3, 10 min incubation at 
72℃. 

3 Results and Discussion 

3.1 Rep-PCR Genomic Fingerprinting Analysis 

Rep-PCR analysis of 85 PGPR isolates was per-
formed, and the clustering scheme was constructed by 
SAS 8.0 (Fig.1). It is showed that 20 isolates (the fifth, 
ninth, fourteenth, sixteenth, seventeenth, nineteenth, 
twenty-second, twenty-fourth, twenty-ninth, thirtieth, 
thirty-first, thirty-second, thirty-fourth, thirty-fifth, thirty- 
sixth, thirty-seventh, thirty-ninth, fortieth, forty-fourth 
and the forty-ninth) had the same repetitive-element PCR 
genomic fingerprinting, and other isolates had the par-
ticular repetitive-element PCR genomic fingerprinting of 
their own. Therefore, the 85 PGPR isolates were divided 
into 49 clusters at the species level. By the analysis of 
Rep-PCR, 18 kinds of azotobacteria, 18 kinds of phos-
phor bacteria and 23 kinds of silicate bacteria were ob-
tained from mulberry root. It is also revealed that the 
patterns of Rep-PCR were specific for different bacterial 
species and strains.  
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Fig.1 Cluster analysis of PGPR Rep-PCR fingerprints 

3.2 Nitrogenase Activities of Azotobacteria 

The codes for the 18 kinds of azotobacteria were PK1, 
PA2, PA3, FA20, PA19, PA23, FA17, FA8, PA4, FA1, 
FA10, PA13, FA15, FA4, PK5, PA20, FA9 and FA2, 
respectively. The measurement of nitrogenase activities 
showed that different strains of azotobacteria had differ-
ent nitrogenase activities, ranging from 11.07 to 388.37 
nmol C2H4/ hml. PA16 showed the highest activity of 
388.37 nmol C2H4/hml, while FA4 had the lowest activ-
ity of 11.07 nmol C2H4/hml. PA19 and PA2 had higher 
nitrogenase activities than that of others. By ANOVA 
analysis of SAS 8.0, the activity values of FA16 and PA2 
were notable different from others. The P-value was 
smaller than 0.0001, which meant the model was highly 
significant. 

3.3 Phosphate Solubilization Activities of  
Phosphor Bacteria 

The codes for 18 kinds of phosphor bacteria were 
FWP8, FWP1, FWP9, FWP6, PA4, FK14, PK1, FWP11, 
PA23, PYP3, PWP3, PWP6, FK11, PYP2, PA13, PWP1, 

PYP6 and FA2, respectively. The organic and inorganic 
phosphate solubilization activities were determined with 
lecithin plates and phosphor plates, respectively. 

For organic phosphate ones, turbid circle formed ex-
cept bacteria FYP5 in lecithin plate 24 h after inoculation. 
The diameter of circle size varies from 0.92 to 1.86 cm. 
After incubated for 72 h, palpable turbid circle were 
formed with the diameter ranging from 1.44 to 2.89 cm. 
The values of the organic phosphate solubilization activi-
ties of phosphor bacteria were analyzed by the method of 
ANOVA using SAS 8.0 software, and the P-value was 
0.0029. PYP2, PA13, PYP6, PYP3 had higher organic 
phosphate solubilization activities than that of others. 

For inorganic phosphate ones, transparent circle 
formed in phosphor plate 24h after inoculation and the 
diameter of circle size varies from 0.82cm to 1.97cm. 
After incubated for 72h, palpable transparent circle were 
formed with the diameter ranging from 1.41 to 2.89cm. 
The values of the inorganic phosphate solubilization ac-
tivities of phosphor bacteria were analyzed by the 
method of ANOVA using SAS 8.0 software and the 
P-value was less than 0.0001. FK14, FK11 had higher 
inorganic phosphate solubilization activities than that of 
others.  

Strains of FWP8, FWP6, PA4, FK14, PK1, PWP3, 
FK11 and PWP1 had no organic phosphate solubilization 
activities but had inorganic phosphate solubilization ac-
tivities. Strains PA23, PYP3, PYP2, PA13 and PYP6 had 
no inorganic phosphate solubilization activities but had 
organic phosphate solubilization activities. Strains FWP1, 
FWP9, FWP11, PWP6 and FA2 had both organic and 
inorganic phosphate solubilization activities. 

3.4 Potassium-releasing Activities of Silicate 

bacteria 
The codes for 24 kinds of silicate bacteria were FK7, 

FK14, FK8, FK4, PA6, PK1, FK3, FK1, FA17, FK2, 
FK6, FK4, FK11, FK4, PK23, PK17, FA6, PK12, FA1, 
PA13, FK23, PK7, PK5 and FK5, respectively. The po-
tassium-releasing activities of silicate bacteria were in-
vestigated by Flame Spectrophotometer. The concentra-
tion of K+ in each culture was higher than control. K+ 
concentration of FK2 and FK3 were higher than that of 
others, which achieved 190mg/l and 187 mg/l. 72 h after 
inoculation, and increased 40.79％ and 40.60％ than 
control. 

3.5 Sequences Analysis of 16s rDNA 

10 isolates with high biological activities (PA19, 
PA2, PYP2, PYP4, PYP6, PYP3, FK14, FK2 and FK3) 
were selected for strain identification. 16S rRNA gene 
fragments of 10 isolates (about 1.5 kb) were sequenced 
and analyzed utilizing the tool of BLAST on NCBI web-
site. 

The strain PA19 showed high homology (97-99%) 
with genus Mesorhizobium. Phylogenetic tree of PA19 
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was constructed using DNAman software with sequences 
of different Mesorhizobium and Brevibacillus latero-
sporus species from Genbank database. It showed 97% 
identity with Mesorhizobium sp. 90 (AY225391), which 
indicates this isolate belongs to genus Mesorhizobium. 

Isolates PA2, PYP2, PYP6, PYP3 and FK2 showed 
high homology (95-99%) with genus Pseudomonas. 
Phylogenetic tree of PA2, PYP2, PYP6, PYP3 and FK2 
was conducted by DNAman with the sequences of dif-
ferent species of Pseudomonas obtained from GenBank 
database. PA2 showed 98% identity with Pseudomonas 
sp. KBOS03 (AY653220). PYP2 showed 98% identity 
with Pseudomonas sp. c58 (AB167219). PYP6 showed 
99% identity with Pseudomonas sp.An15 (AJ551153). 
PYP3 showed 96% identity with Pseudomonas sp. 
P97.26 (AY456707). FK2 showed 99% identity with P. 
veronii strain A1XB2-5 (AY512619). It indicates that 
these isolates belong to genus Pseudomonas. 

The isolates FK11 and FK14 showed high homology 
(97-99%) with Rhizobium genus. Phylogenetic tree of 
FK11 and FK14 was conducted by DNAman with se-
quences of different species of Rhizobium obtained from 
Genbank database. FK11 showed 98% identity with 
Rhizobium sp. tpud. 40a (AY691399). FK14 showed 
97% identity with Rhizobium sp. tpud. 40a (AY691399). 

The isolate FK3 showed high homology (97-99%) 
with genus Sinorhizobium. Phylogenetic tree of FK3 was 
conducted by DNAman with the sequences of different 
species of Sinorhizobium obtained from Genbank data-
base. FK3 showed 99% identity with Sinorhizobium sp. 
(AJ012211). It indicates that this isolate belongs to genus 
Sinorhizobium.  

Isolate PA13 showed high homology (98-99%) with 
genus Inquilinum. Phylogenetic tree of PYP4 was con-
ducted by DNAman with the sequences of different spe-
cies of Inquilinum obtained from Genbank database. 
PA13 showed 98% identity with Inquilinus ginsengisoli 
(AB245352), which indicates that this strain belongs to 
genus Inquilinum. 

The sequences obtained in this study were registered 
in GenBank nucleotide sequence database. The accession 
numbers of strains PA19, PA2, PYP2, PYP4, PYP6, 
PYP3, FK14, FK2 and FK3 were EF462392, EF462383, 
EF462379, EF462370, EF462378, EF462368, EF462364, 
EF462372 and EF462385, respectively. 

4 Conclusions 

PGPR research is becoming more and more popular in 
the area of biofertilizer in recent years. The characteristic 
of improving soil fertility is considered as an important 
measure to control soil chemical pollution. In this study, 
we investigated the diversity and biological function of 
PGPR in mulberry soil. The results indicated that there 
are many kinds of azotobacter, phosphor bacteria and 

silicate bacteria colonized in mulberry rhizosphere, 
which showed high biological activity as a type of bio-
fertilizer. Mature technologies for determination of ni-
trogenase activity, phosphate solubilization activity and 
potassium-releasing activity were applied in this research, 
and 16S rDNA gene detection was proved to be an effec-
tive way for identification of bacteria in the investigation. 
It is suggested that the PGPR isolated from mul-
berry rhizosphere have the potential of controlling of the 
soil chemical pollution. The research hopes to provide a 
theoretical basis for improving the soil fertility by bio-
logical effect of PGPR and reducing the soil pollution 
caused by chemical fertilizer. 

References 
[1] Kennedy, A C. Principles and Applications of Soil Microbiology, 

Rhizosphere [J]. 2005, 242-262. 
[2] Hiltner, L. Uber neuere Erfahrungen und Probleme auf dem Gebiet 

der Bodenbakteriologie und unter besonderer Berucksichtigung der 
Grundungung und Brache. Arbeiten der Deutschen Land-
wirtschaftlichen Gesellschaft 1904, 98:59-78 

[3] Werner, D. Signalling in the rhizobia-legumes symbiosis. Plant 
surface microbiology [J], 2004:99-119 

[4] Han Antoun, Danielle Prévost. Ecology of plant growth promoting 
rhizobacteria. Biocontrol and Biofertilization [J], 2005:1-38 

[5] J Domenech, S B Ramos, A Probanza G J ALucas, M F J Gutierrez. 
Elicitation of systemic resistance and growth promotion of Arabi-
dopsis thaliana by PGPRs from Nicotiana glauca:a study of the  
putative induction pathway. Plant Soil [J], 2007, 290:43-50 

[6] Kloepper, J W, Lifshitz R, Zablotowicz R M. Free-living bacterial 
inocula for enhancing crop productivity. Trends Biotechnol [J], 
1989, 7:39-44. 

[7] Sturz, A V, Nowak J. Endophytic communities of rhizobacteria and  
the strategies required to create yield enhancing associations with  
crops. Appl Soil Ecol [J], 2000, 15:183-190 

[8] Sonia E Fischer, Sandra I Fischer , Soledad Magris, et al. Isolation 
and characterization of bacteria from the rhizosphere of wheat. 
World J Microbiol Biotechnol [J], 2007, 23:895-903 

[9] Ramos Solano B, Pereyra de la Iglesia MT, Probanza A, et al. 
Gutierrez Man˜ ero FJ. Screening for PGPR to improve growth of 
Cistus ladanifer seedlings for reforestation of degraded Mediterra-
nean ecosystems. Plant Soil [J], 2006, (287) 59-68 

[10] Lynch JM. The rhizosphere. England: Wiley - Interscience, Chich-
ester [M],1990 

[11] Marilley L, Aragno M. Phylogenetic diversity of bacterial commu-
nities differing in degree of proximity of Lolium perenne and Tri-
folium repens roots. Appl Soil Ecol [J], 1999,13:127-136 

[12] Meshram, S. V. The importance of rhizobacteria mobility in bio-
control of bacterial witt of tomato.Soil Biol Biochem [J], 1992, 
24:287-293 

[13] Chen W. Factors affecting suppression of pythium damping-off in 
container media amended with compost. Phytopathology [J], 1987, 
77:755-760 

[14] Muthukumarasamy R, Revathi G, Lakshminarasimhan C, et al. 
Influence of N fertilisation on the isolation of Acetobacter di-
azotrophicus and Herbaspirillum spp. From Indian sugarcane va-
rieties. Biol Fert Soils [J], 1999, 29:157-164. 

[15] Malik K A, Zafar Y, Hussain A, et al. Associative dinitrogen fixa-
tion in Diplachne fusca (kallar grass). Biological Nitrogen Fixation 
Technology for Tropical Agriculture [J], 1982,503-507 

[16] H A Alikhani1, N Saleh-Rastin1, H. Antoun, et al. Phosphate 
solubilization activity of rhizobia native to Iranian soils.Plant and 
Soil [J], 2006, 287:35-41 

 

309

Conference on Environmental Pollution and Public Health

978-1-935068-16-7 © 2010 SciRes.




