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Paenibacillus terrae new strain NK3-4 and its functions
YU Wen-Qing LIU Wen-Zhi HU Guang-Min SUI Wen-Zhi"

(Institute of Agricultural and Poultry Products Comprehensive Utilization, Heilongjiang Academy of Land Reclamation
Sciences, Jiamusi, Heilongjiang 154007, China)

Abstract: [Objective] The aim of this paper was to obtain a bacterial strain which has the ability of
degrading mineral phosphorus, potassium and silicon, controlling plant disease, and fixing nitrogen.
[Methods] Soil was collected from rhizosphere of soybean (Glycine max), then selected medium
supplemented with potash feldspar was used to enrich bacterial strains exhibiting ability of degrading
silicate. Dual-culture plate method was used to gain a bacterium which had the strongest ability of
antifungal activity to the soybean root rot pathogen Fusarium oxysporum. After that, the activity of
degrading mineral potassium, silicon, and phosphorus of the bacterium was tested by shake flask
method, meanwhile the optimized Ashby’s medium was used to test the activity of fixing nitrogen.
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The isolated strain was identified through morphology observation, physiological and biochemical
tests and 16S rRNA gene sequence analysis. [Results] A bacteria strain named NK3-4 was isolated
from rhizosphere soil of healthy soybean in field. The bacterium inhibited F. oxysporum growth with
inhibiting belt of 8.0 mm width on plate. The concentration of dissoluble potassium in medium con-
tained potash feldspar was 15.0 mg/L higher than that in medium without potash feldspar, and the
concentration of dissoluble silicon was 131.7% higher than the un-inoculated control after cultivation
for 24 hours. The concentration of dissoluble phosphorus was 4.8 times of the un-inoculated control
in medium with calcium phosphate as only phosphoric source after cultivation for 8 days. The con-
centration of dissoluble nitrogen was 4.6 times of the uninoculated control in Ashby’s medium after
cultivation for 15 days, and the nitrogen content fixed in the bacterial organism was 12.7 mg in one
liter of medium. The identification showed that the NK3-4 strain was a new strain belongs to
Paenibacillus terrae. [Conclusion] Strain NK3-4 is a new strain of P. terrae with multifunctions, it
can be used as a potential microorganism for exploit of biofungicide and biofertilizer.

Keywords: Paenibacillus terrae, Fusarium oxysporum, Nitrogen fixation, Biofungicide, Biofertilizer
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Figure 1 Antagonistic effect of NK3-4 strain to soybean
LA root rot pathogen Fusarium oxysporum on plate
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Table 1 Concentration/content of K, Si, P and N (x£s, mg/L)

Treatment Dissoluble Bacterial | Treatment Dissoluble Dissoluble Bacterial

K organism K ! Si Dissoluble P N organism N
Medium contained ~ 127.3£0.8a  22.00+1.08a : Cultivation with ~ 140.0+£7.9a 64.0+2.9a 9.7+0.8a 12.7+3.6a
potash feldspar i bacterial inoculum
: Cultivation
Medium  without  112.3+1.3b 17.3£1.0b | without bacterial  88.7%3.8b 13.3+1.1b 2.1x0.07b 0b
potash feldspar i inoculum
(P=0.05).

Note: Different letters in the same row means the difference was significant (P=0.05).
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Figure 2 Morphological cell and spore of NK3-4 under microscope, colony form of NK3-4 grows on silicate medium
and potash feldspar medium
B NK3-4 .
Note: A: Morphological cell and spore of NK3-4 under microscope; B: Colony form of NK3-4 grows on silicate medium; C: Colony
form of NK3-4 grows on potash feldspar medium.
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Figure 3 Neighbor-Joining phylogenetic tree of strain NK3-4 based on 16S rRNA gene sequence

GeneBank

Note: Numbers in parentheses represent the sequences accession number in GenBank. Numbers at each branch points indicate the
bootstrap values on Neighbor-Joining analysis; Bar 98—100 represents sequence divergence.
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Table 4 Utilization of part N source by strain NK3-4

N source
Produce alkali Growth
Glycine 4+ _
L- L-Phenylalanine I+ I+
L- L-Alanine 4+ 4+
: L- L-Lysine 4+ 4+
F 2 EHE NK3-4EBEEBE LT L L Asoarticacid
Table 2 Part physiological and biochemical ) -Asparticact * *
characters of strain NK3-4 L- L-Leucine + +
Items Results L- L-Isoleucine = +*
Gram stain A L- L-Arginine I+ I+
Indole reaction - L- L-Histidine + +
M. R M. R reaction = L- L-Methionine - 4+
V.P V. P reaction + L- L-Tyrosine = 3
Starch hydrolysis F L- L-Proline = +
H,S Produce H,S = L- L-Threonine + =
Gelatin hydrolysis + L- L-Alanine + =
Peptonize milk 3 L- L-Tryptophan - 4+
Lipin hydrolysis - L- L-Glutamicacid 4 4
Grows in LB + L- L-Homocystine 3 3
" L- L-Cystine — +
Grows in Ashby’s liquid medium it yealoads N N
3 .
Grows in silicate medium C Vitamin C + +
1% NaCl Grows in 1% NaCl A 6-
2% NaCl Grows in 2% NaCl - 6-Benzylaminopurine
2003
- S - 24 6 AM141
%3 Etk NK3-4 HERH BRI A E R o4
Table 3 Utilization of partly C source by strain NK3-4
HPL-003 (26]
C source Prod.uce Produce N,O MH72
acid gas [27] 3
Glucose F +
[28]
Lactose 4 —
Sucrose 4 4
Mannitol - -
+ —
Carboxymethylcellulose sodium
Humic acid i =
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