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From wheat field soil samples of Chang’an, Shanxi, seven multifunctional strains with the ability of 
solubilizing phosphate and potassium were isolated for its utilization as a biological fertilizer, and the 
most efficient strain named CX-7 was chosen for further study. CX-7 was identified as Paenibacillus 
kribbensis after a series of physiological and biochemical experiments, morphological observation and 
16S rRNA gene sequence analysis. The solubilization ability of CX-7 was tested in the condition of pure 
culture. The results show that 71.60 mg/L and 5.18 mg/L water-soluble phosphorus and 3.44 mg/L 
potassium can be released from phosphate powder, lecithin and potassium feldspar powder, 
respectively which means that CX-7 had the high degradation rate on inorganic phosphorus. 
Antagonistic experiment showed that CX-7 strain had widely antagonism against pathogenic 
microorganism (cotton yellow wilt pathogen, cotton wilt pathogen, wheat root rot diseases pathogen, 
wheat scab pathogens and Pestalotiopsis microspora). This suggests that the stain has potential for 
further evaluation for its use as a biological fertilizer and biological control regent. 
 
Key words:  Paenibacillus kribbensis, phosphate solubilization, potassium solubilization, biological control 
regent. 

 
 
INTRODUCTION 
 
Silicate bacteria have the ability of decomposing soil 
potassium minerals, activate potassium for the absorption 
and utilization of plant, and increasing crop yield (Sun and 
Zhang, 2006; Tang and Zhang, 2008; Xu et al., 2007; 
Sheng et al., 2001). Paenibacillus kribbensis is one kind 
of silicate bacteria, which has the effect of potassium and 
phosphate-solubilization and nitrogen-fixing, so it is widely 
used in agricultural production in China (Zhang and Zuo, 
2000).  
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In 1993, the genus Paenibacillus was defined after an  
extensive analysis of 16S rRNA gene sequences of 51 
species of the genus Bacillus (Ash et al. 1993). 
Paenibacillus is widely distributed in the environment and 
almost all the strains have one important characteristic, 
which is the ability against broad spectrum 
microorganisms by its secondary metabolites (Alvarez et 
al., 2006). P. kribbensis has been used widely and the 
majority scholars generally believe that P. kribbensis is a 
specific type of the silicate bacteria (Ross et al., 2001). P. 
kribbensis grows well on nitrogen-free medium including 
potassium feldspar, indicating its ability of nitrogen fixation 
and decomposition of the mineral potassium (Jing and Xu, 
1997). Many papers about its ability of  phosphate  and  
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potassium solubilization have been published all over the 
world, but it not widely used in agriculture for its non 
satisfied ability on solubilization of phosphate and 
potassium. 

Soil is the basis for crop production. It can provide 
mechanical support, water and oxygen, and provide the 
necessary nutritional elements for crop. Soil 
microorganisms also play an important role in the 
decomposition of soil organic matter and subsequent 
nutrient release (Han et al., 2011). Plant pathogen is one 
kind of microorganism, which could decrease the yield of 
crop. Biological control is a kind of methods to decrease 
the amount of plant pathogen, and inhibit its growth in 
order to alleviate the plant disease by one or more 
microorganism or its metabolite (Alvarez et al., 2006). It 
can prevent disease and promote growth by the 
interaction between plant, pathogen, biological control 
bacteria, the surface of plant, and beneficial 
microorganism and natural environment (Aperce et al., 
2010). 

With the purpose of screening the efficient strains which 
could solubilize phosphate/potassium and have the ability 
of biological control, the bacteria which can break down 
the mineral containing the elements of phosphorus and 
potassium simultaneously for supplying the crop nutrients 
were separated and further study was carried out on its 
ability as anti-pathogen. So, the theoretical basis for 
large-scale application of the multifunctional P. kribbensis 
can be gotten. 

In this field, many researches have been done to 
resolve the mechanism of releasing potassium and 
phosphorus (Podgorskii et al., 1988; Welch et al., 1999; 
Welch and Ullman, 1993). Other work was done to 
discover many microorganisms having the ability for 
biological control (Peypoux et al., 1984; Rosado and 
Seldin, 1993; Seldin and Alviano, 2010) but the 
multifunctional strains have seldom been reported. 
 
 
MATERIALS AND METHODS 

 
Soil sample, strains and isolation medium 
 
The wheat soil of Chang’an, Shanxi Province was collected. The 
topsoil was removed with a small shovel and soil samples at a depth 
of 5-10 cm were chosen. Isolation medium [sucrose 5.0 g/L, FeC13 
(1%) several drops, Na2HPO4 2.0 g/L, MgSO4•7H2O 0.5 g/L, 
potassium feldspar powder (160-180 mesh) 1.0 g/L, agar 20.0 g/L] 
was used as isolation medium in this study to separate bacteria. 
Bacillus mucilaginosus AC10012 (Culture preservation center of 
Chinese Academy of Agricultural Sciences) was used as the control 
in the solubilization of phosphate and potassium experiment. 
 
 
Isolation of strain   

 
Under sterile conditions, 5 g soil was taken and suspended in 45 mL 
sterilized water, shaken for 10 min, heated to 80°C with water bath 
for 3 min, and finally spread on the plate of isolation medium after a  

 
 
 
 
series of dilution. The plates were then cultured for 3-5 days at 
28-3°C. Colonies which had hydrolytic ring were chosen with 
inoculating needle. Solubilizing phosphate and potassium, 
screening and purification experiments was done to choose the 
strain which has the most efficient solubilizing phosphate and 
potassium ability. We named the strain CX-7 (Bizani and  Brandcli, 
2012). 
 
 
Identification of CX-7 strain 
 
Physiological and biochemical tests including catalase test, nitrate 
reduction test, starch hydrolysis test, V-P reaction, citrate use test, 
glucose oxidation fermentation test, methyl red test, indole test, 
gelatin liquefaction test and heat resistance tests, etc. were done 
according to Bergey’s manual of systematic bacterioly (Buchanan et 
al., 1974) and The Manual of Determination Bacteriology (Dong and 
Cai, 2001). Cell morphology and colony morphology of the 
separated strains were also observed. 16S rRNA gene sequence of 
CX-7 was analyzed according to the following step: total DNA was 
extracted from strain CX-7 by the method described in Seldin and 
Dubnau (1985). The procedure described by Massol-Deya et al. 
(1995) was employed for PCR amplification of the 16S rRNA gene. 
The positive primer was 27F as 5’-AGAGTTTGATCCTGGCTCAG-3’ 
and the reverse primer was 1495R as 
5’-CTACGGCTACCTTGTTACGA-3’. The amplification condition 
was 30 cycles of 94°C (3 min), 94°C (1 min), 55°C (1 min) and 72°C 
(3 min).  
 
 

Phosphate-solubilizing experiment 

 
The Olsen and Sommers method (1982) was used to measure the 
available phosphorus. Standard curve was drawn with: 0.0, 1.0, 2.0, 
3.0, 4.0, 5.0 mL  and 5.0 mg/L KH2PO4 aspiration was taken to 50 
mL volumetric flask respectively. Then, 10 mL 0.5 mol/L NaHCO3 
and 30 mL distilled water were added in each flask and shaken well. 
At last, 5.0 mL molybdenum antimony anti-reagent was added and 
color reaction was done. OD data were determined using 
colorimetric analysis at 720 nm with spectrophotometer. The 
standard curve was drawn with phosphorus content as ordinate 
against OD date as abscissa. 

CX-7 strain was cultured as: One transferred loop seed from CX-7 
strain slope and AC10012 strain slope was inoculated in 250 mL 
flake containing 50 mL seed media (0.5 g beef extract, 10.0 g 

peptone, 5.0 g NaCl，15-20 g agar, 1000 mL water, at pH 7.2-7.4). 

Strains were cultured at the condition of 30°C, 180 r/min of rotation 
speed for 12 h. Then, 1 mL seed culture was inoculated to 250 mL 
flake containing 50 mL phosphate solubilization media [0.5 g 
(NH4)2SO4, 5.0 g sucrose, 10.0 g soybean cake powder, 0.5 g 
MgSO4, 0.5 g yeast extract, 1 mL MnSO4 (11%), 1 mL FeSO4 (1%), 
10.0 g rock phosphate powder or 0.2 g lecithin, and 1000 mL 
distilled water]. They were cultured at the condition of 30°C, and 180 
r/min of rotation speed for 72 h. 

After culturing, the fermentation broth was centrifuged at 4000 
r/min for 20 min; supernatant fluid was taken and the constant 
volume was 50 mL. The sediment was ground for 10 min in the 
mortar with 1.0 g quartz sand. The lapping liquid was treated by 
centrifugation at 4000 r/min for 20 min; supernatant fluid was taken 
again and the constant volume was 50 mL. The two times 
supernatant fluid were mixed together. 

Soluble phosphorus was measured using the same methods. 10 
mL mixed supernatant fluid was removed to 150 mL flake, then 10 
mL 0.5 mol/L NaHCO3 and 35 mL distilled water was added, at last 
5.0 mL molybdenum antimony anti-reagent was added and color 
reaction was done. After10 min, OD data of fermentation broth  was 

dict://key.0895DFE8DB67F9409DB285590D870EDD/transfering%20loop
dict://key.0895DFE8DB67F9409DB285590D870EDD/distilled%20water
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Figure 1. The plates of solubilizing potassium and phosphorus 
(inorganic and organic). A. Solubilizing potassium ore powder 
screening plate. B. Solubilizing inorganic phosphorus screening 
plate. C. Solubilizing organic screening plate phosphorus. 

 
 
 

determined using colorimetric analysis at 720 nm with 
spectrophotometer and the blank contrast absorption date is 0. 
Soluble phosphorus content can be measured by comparing that 
with the standard curve. 
 
 

Potassium solubilization experiment  
 

Standard curve of potassium can be drawn according to 
sodium-tetraphenylborate methods (Zhang and Zuo, 2000). The 
procedure was as follow: 0.0, 1.0, 2.0, 4.0, 6.0, 8.0 and 10.0 mL 2.0 
mg/L KCl aspiration were taken to 25 mL volumetric flask. Then, 1.0 
mL formaldehyde-EDTA masking regent and 1 mL 
sodium-tetraphenylborate solution were added and shaken well. 
After 15 min, color reaction was done. OD data were determined 
using colorimetric analysis at 420 nm with spectrophotometer. The 
standard curve was drawn with potassium content as ordinate 
against OD data as abscissa.  

The broth was centrifuged at 4000 r/min for 20 min; supernatant 
fluid was taken and 1 mL formaldehyde-EDTA solution was added. 
Then, 1 mL sodium-tetraphenylborate solution was added and 
shaken well. After 15 min, color reaction was done. OD data were 
determined using colorimetric analysis at 420 nm with 
spectrophotometer and the uninoculated media was the control. 
 
 

Antagonism experiment  
 

Pathogenic microorganisms including cotton yellow wilt pathogen, 
Cotton wilt pathogen, wheat root rot pathogen, wheat scab 
pathogens and Pestalotiopsis microspora were used in this study,

 

and they are all preserved in the lab of Hebei Academy of 
Agriculture Sciences, China.  

For confrontation test, 5 strains of pathogenic microorganism 
were inoculated in the PDA media [potato 200.0 g (potato was 
peeled, diced and boiled for 30 min, and filtered with gauze), 1000 
mL water, glucose 20.0 g, agar 15-20 g] slope. After 7 days, 1 mL of 
sterilized water was added to the slope and spore suspension was 
made. The new 50 ml PDA culture medium was mixed with 1 mL 
spore suspension. Then, 20 mL medium was poured in the culture 
dish to make plate. For confrontation test, 2.5 mm hole was 
perforated in the pathogenic plate. 40 µL CX-7 strain fermentation 
broth was poured in the hole, then cultured at 28°C for 3 days. The 
inhibition zone was measured (Simone et al., 2012). 
 
 

RESULTS AND DISCUSSION 
 

Isolation of CX-7 strain 
 

After 3-5 days culturing, seven strains  which  had  the 

ability of solubilizing phosphate and potassium were 
separated from the soil sample (Figure 1). Of the seven 
strains, strain CX-7 had the highest ability of solubilization 
of phosphate and potassium. According to the ability of 
solubilization of phosphate and potassium, CX-7 was 
chosen as the most efficient stain for future study. 

                                
 
Observation of cell morphology and colony 
morphology 
 
The colony of CX-7 strain was milky write, round, convex, 
transparent and viscous and the diameter was 2.0-5.0 mm. 
The cell was long rod-shaped and the size was 2.5-3.8 
μm × 0.68-0.93 μm (Figure 2). 

 
 
Physiological and biochemical characteristics of CX-7 
strain 
 
Physiological and biochemical characteristics of CX-7 
strain were done according to “Berger’s Manual of 
Systematic Bacteriology”, using E. coli as the control 
strain. The results can be seen in Table 1. 

Apart from the above physiological and biochemical 
characteristics, many growth experiments were done. 
Strain CX-7 grew optimally at 30–37°C and grew optimally 
between pH 6.5 and 8.0. It grew optimally in the presence 
of 0–2% (w/v) NaCl. Strain CX-7 grew at 10°C and 44°C, 
but not at 4°C or temperatures above 45°C. It did not grow 
in the presence of 5% (w/v) NaCl. All these characters 
were basically found to have physiological properties that 
allowed their distinction from Paenibacillus spp.  
 
 
The phylogenetic tree and the analysis of sequence of 
CX-7 strain 

 
By amplification and purification methods, strain 
CX-7sequence was obtained. The resulting 16S rRNA 
gene sequence of strain CX-7 (1442 nt) was compared 
with the 16S rRNA gene  sequences  (from  GenBank 

dict://key.0895DFE8DB67F9409DB285590D870EDD/antagonism
dict://key.0895DFE8DB67F9409DB285590D870EDD/pathogenic%20microorganism
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Figure 2. Colony morphology and Cell morphology of CX-7 strain. A. Colony morphology of CX-7 strain. B. Cell 
morphology of CX-7 strain. 

 
 
 

Table 1.  Physiological and biochemical characteristics of CX-7 strain. 
 

Experiment name Strain CX-7 

Aerobism test facultative anaerobic 

V.P. test - 

Nitrate reduction test + 

Indole test + 

Hydrolysis of starch test + 

Catalase test + 

Glucose fermentation test + 

Mannitol fermentation test + 

Xylose fermentation test + 

Maltose fermentation test + 

Lactose fermentation test + 

Sucrose fermentation test + 

Fructose fermentation test + 

Methyl red test - 

Phenylalanine deaminase - 

Lecithinase test - 

Gelatin liquefaction test + 

Utilization of citrate salt + 

Hydrolysis of casein test  - 

Urease test - 
 

+, representations positive; –, representations negative. 

 
 
 
database) using the BLAST program 
(http://www.ncbi.nlm.nih.gov/blast/) to determine an 
approximate phylogenetic affiliation; gene sequences 
were aligned with those of closely related species using 
CLUSTAL W software (Thompson et al., 1994). Blast 
software was used for manual editing of the sequences 
and a phylogenetic tree with 1,000 replicates of bootstrap 
was constructed using Neighbor-Joining methods (Kumar 

et al., 2008). The sequence homology was up to 90% 
compared with the 16S rRNA sequence from GenBank 
(Figure 3). The phylogenetic tree of the standard strain 
was constructed. 

By colony morphology, bacterial characteristics and 
determination of physiological and biochemical reaction, 
according to “Berger’s Manual of Systematic 
Bacteriology”, the strain tested was preliminarily identified  
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Figure 3.  The phylogenetic tree based on 16S rRNA gene sequences showing relationship between 
CX-7 strain and the standard strains. 

 
 
 

Table 2.   The ability of phosphorus and potassium solubilization of CX-7 strains. 
 

Strain   
Organic phosphorus Inorganic phosphorus Feldspar Powder 

Average OD Content mg/L Average OD Content mg/L Average OD Content mg/L 

CX-7                 0.120 5.18 2.710 71.60 0.029 3.44 

AC10012 0.221 3.83 46.06 0.013 1.50 1.50 

 
 
 

as Paenibacillus kribbensis, which was named CX-7. 
 
 
The ability of solubilizing phosphate and potassium  
 
The soluble phosphorus content in the broth was 5.18 and 
71.60 mg/L respectively in the organic phosphate 
solubilization medium and inorganic phosphate 
solubilization medium by the methods of molybdenum 
antimony anti-colorimetry.  

The soluble potassium content in the broth was 3.44 
mg/L potassium solubilization medium by the methods of 
tetraphenylboron sodium colorimetric.  

The ability of solubilizing organic phosphate, inorganic 
phosphate and feldspar in powder in contrast with that of 
AC10012 strain; 3.83, 46.06, 1.50 mg/L respectively. It 
was lower than that of CX-7 strain (Table 2). The content 

of organic phosphorus was increased by 35.2%, inorganic 
phosphorus was increased by 55.4%, and the potassium 
was increased by 129.3%, which indicated that CX-7 was 
an effective stain on the solubilization of phosphorus and 
potassium. 
 
 
Antagonism effect against pathogenic microorganism  
 
CX-7 strain had antagonism effect against five pathogenic 
microorganism. The results can be seen in the Figure 4. 
The CX-7 strain inhibition zone area against cotton yellow 
wilt pathogen, cotton wilt pathogen, wheat root rot 
diseases pathogen, wheat scab pathogens and 
Pestalotiopsis microspora were 298.43, 334.56, 278.89, 
314.03 and 314.67 mm

2
 respectively which indicated that 

strain  CX-7  had  antagonistic  activity  to   several  

dict://key.0895DFE8DB67F9409DB285590D870EDD/feldspar%20in%20powder
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Figure 4. CX-7 strain antimicrobial spectrum. A, Wheat scab pathogens. B, 
Pestalotiopsis microspora. C, cotton wilt pathogen; D, wheat root rot 
diseases pathogen. 

 
 
 
phytopathogenic fungi. 
 
 
Description of Paenibacillus kribbensis CX-7 
 
P. kribbensis CX-7 was isolated from the field of Chang’an, 
Shanxi province of China and preserved in the center of 
Hebei University, China. Cells were facultatively 
anaerobic rods with dimensions of 2.0-5.0 mm on 
isolation media. Gram-variable, ellipsoidal spores were 
formed in swollen sporangia motile by means of 
peritrichous flagella. Colonies were cream-coloured, 
circular to slightly irregular in shape, flat to low convex 
and translucent on isolation media. Optimal growth 
temperature was between 30 and 37°C; growth occurred 
at 10 and 44°C, but not at 4 or 45˚C. Optimal pH for 
growth was between pH 6.5 and 8.0; growth was inhibited 
below pH 4.0. Growth was optimal in the presence of 
0–2% (w/v) NaCl; growth occurred in the presence of 4% 
(w/v) NaCl, but not in the presence of 5% (w/v) NaCl. 
Catalase reaction was positive, and Oxidase and urease- 
reactions were negative. Gelatin and starch were 
hydrlysed. Nitrate was reduced to nitrite. L-Arabinose, 
glucose, mannitol, xylose, maltose, lactose, sucrose and 
fructose were utilized  

Strain CX-7 had high activity of solubilizing inorganic 
phosphate, organic phosphate and feldspar powder. The 
content of organic phosphorus was increased by 35.2%, 
inorganic phosphorus was increased by 55.4%, and the 
potassium was increased by 129.3%, which indicated that 
CX-7 was an efficient stain on the solubilization of 
inorganic phosphorus and potassium. The activity was 
higher than the control strain AC10012 and DMS6 and 

DMS5 reported by Yan et al. (2009). 
On the other hand, strain CX-7 had antagonistic activity 

to several phytopathogenic fungi including cotton yellow 
wilt pathogen, cotton wilt pathogen, wheat root rot 
diseases pathogen, wheat scab pathogens and 
Pestalotiopsis microspora but strain POC 115 only had 
the ability against the dermatophyte fungus Trichophyton 
rubrum (Simone et al., 2012). 
 
 
Conclusion 
 
From the soil samples of wheat field in Chang’an, Shanxi, 
seven strains of silicate bacteria were isolated and the 
most efficient strain named CX-7 was identified as P. 
kribbensis. 

The solubilizing effect of inorganic phosphate, organic 
phosphate and feldspar powder by CX-7 strain was done 
via laboratory experiment. The ability of solubilizing 
phosphate and potassium was higher than that of 
reference strain AC10012. 

CX-7 strain had antagonistic effect against many 
pathogenic microorganisms. The inhibition zone area 
against cotton yellow wilt pathogen, cotton wilt pathogen, 
wheat root rot diseases pathogen, wheat scab pathogens 
and P. microspora  were 298.43, 334.56, 278.89, 314.03 
and 314.67 mm

2
 respectively, which indicated that CX-7 

has a widely effect against pathogenic microorganism. 
Not only the mineral phosphorus and potassium can be 
activated when inoculated with P. kribbensis CX-7, but 
also many plant pathogenic microorganisms can be 
inhibited. It was seldom reported in the domestic and 
foreign literature. But the basis of solubilizing  phosphate  



 

 

 
 
 
 
and potassium and inhibiting pathogenic microorganism 
should be studied further.  
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