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Synergistic effect of phosphate solubilization by Burkholderia
strains isolated from button mushroom bed
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764, Korea.

ABSTRACT: This study investigated the synergistic effect of single inoculation and co-inoculation of phosphate-solubilizing
bacteria (PSB) Burkholderia metallica JH-7 and Burkholderia contaminans JH-15. Phosphate-solubilizing abilities of these strains
were assessed by measuring phosphorus content in culture media that were singly inoculated or co-inoculated with these strains
for 7 days. B. metallica JH-7 was found to release the highest content of soluble phosphorus (140.80 ug mL") into the medium,
followed by single inoculation of B. contaminans JH-15 (135.95 ug mL") and co-inoculation of two strains (134.84 ug mL"). The
highest pH reduction, organic acid production, and glucose consumption were observed in the medium inoculated with B.
metallica JH-7 alone compared with that in the medium co-inoculated with both the strains. Results of a plant growth promotion
bioassay showed 17.4% and 7.48% higher leaf and root growth, respectively, in romaine lettuce inoculated with B. metallica JH-7
alone than in romaine lettuce inoculated with a control strain. However, no significant difference was observed between single
inoculation and co-inoculation of these strains with respect to phosphorus release and plant growth. Although the results of the
present study did not show the synergistic effect of phosphate solubilization by the PSB strains examined, these results indicate
that treatment with PSB exerts a beneficial effect on crop growth.
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9] iRl QIS o83t A7 Wol o]Fo]
A ¢oH(Qureshi er al 2011; Egamberdieva, et al, 2015).
AN AEASS FXee vAEd A
PGPR(Plant growth promoting rhizobacteria)xt 0.2 U
AWM BEY FolA chelate EAZ 28-51=
succinic acid, glutamic acid 5¢] 714 H]5t] B
& W pH Aot AlZlo=A s} QIAke] Sl =& ST
A71aL, ol = sl 14t aﬂﬂ AI, Fe”', Ca”' o] & 5
S FPAA BEY Ul 73} 214k (soluble phosphorus) &
o FANAFH, T3 ALY SAE E9F, EU]
00%7_?5} 2 2z FEFTE EoFE Wy T8 9
kg &l= mAEolt}(Rodriguez and Fraga, 1999; Reyes
et al, 2002; Mundra et al, 2011).
258t L Egstel| #S A= Pantoea agglomerans
(Khalimi et al, 2012), Burkholderia cepacia (Braz and
Nahas, 2012) ¢ 4 =9 Burkholderia 2 o8 F9]
PSB(phosphate solubilizing bacteria)S 32| <12H7}8-3}
%] (Fernandez et al, 2008). Pseudomonas aeruginosa
(Ahuja et al, 2007) 52 M, Aspergillus awamori
(Walpola et al, 2013) 2 Penicillium rugulosum (Reyes
et al, 2002)5° FFolE °]&3 AEALEFNES] B
Wl utelgotel] thek Atade] gk AFAAE B
JEJTH EZF QMRS 58S RSt S
X“}“’ﬂ oJste] AR EHE WA= AR dHA,
Ar7+g8 At Al 7He, 2E|AL QIS Al
AA7HE3) rgo] Abole] AJEAbgol ok A3Ag
= AlUA &l #g AFAFAE BRI EATH(Braz and
Nahas 2012; Walpola and Yoon, 2013; Park ef al, 2016).
AAHE3E 58S 7+ PGPR PIA=ES o] &3 1
AEH| 59 /-2 sl S E thAsle] S| Ee] A%
2 A&l o3l HAE = oe] EEAS} TY A€
Ao 2 FAE AT AUrk. wEA EdAE
< ol&g HAERIEE Mdshks HolA mAETR]
FE g g AgAgolv AR EHE FelstaL,
LA SO A S 5—/\1’5‘*&—5'*1 U5 2522 1|
AEHE el Ego] & Zlolt. a2ejug gFolujA|
Z2HY Rt i3t Mdl Burkholderia metallica
JH-79} Burkholderia contaminans JH-15& ©|-&3lo] uj
Ao WeF Al 2] AAFE S so] B m;é:x_}&&
gelst7] st GLAHETH SAHST IE L3t
sl AEAHSEE v ashs S sttt

M= 3 SE

ol alre| 22

AA7HEs} dHH ol SAEE Foit AW SEol
As7te] SRR gelsielnt. 2t Sk
1971 2] <FFo] uixE ANF 3t vi=] 1 g& 0.85% NaCl

49 99 mLo] ©7l Zepxo] Yol 30 £k I3 &
2est g 1 mLE 0.85% NaCl mﬁ l 9 mL &7 &
gz Ho] A% T 3jAglS ko o 2 gk
O 34ste] 349 100 uL-S NBRIPHIA| o] =2slo] +F
FEYE 3T =23 wx]= 40°C Incubatorol] ¥ vl

et WA W T o] FA4E ColonyE THA
NBRIP wj=] o] Achul ’5‘}0:] gt 19709] Al
5 F 5709 AFlA AdAHEst 588 Zh= BElgo}
E AL o] oA wlA] Ul FH3(Clear zone)S 3
Ast= =77y A wEA XS Burkholderia
metallica JH-7$} Burkholderia contaminans JH-158 ©]-&

sel A staict.

0= HHet
%‘iﬂﬁ%k% F3ke FAske @Y Colonys Zh= A
T Z9o| vtegolE Z+Z NB(Nutrient Broth)¥l#] 25
mLo] 71 100 mL Flaskell E3te] 30 °Ce] 3240
A 150rpmOE 48 AJZF FIRgHfFatdeh. Al S
NBRIP 4Aui=#] 200 mL7}F &7 500 mL Erlenmeyer
Flaskoll Z+ 7z} 1 mL AZEsle] Ewujekslgor. 2812 5
9] AAHE-S} vtElgote] AR aAE ERlsH] Hst
oy B. metallica JH-79} B. contaminans JH-15% w3t
ekl S 742 0.5 mLA o] 1 mLo] HES SAIF
FoFAIL, etk NBRIP HAMAIE thx-o 2 A s3]
o}, Bl ket AR = 30°Ce] A eA] 7 L7 150 pm
o7 ZEm|ElATt. A8 control, B.metallica JH-T,
B.contaminans JH-15 2 B.metallica JH-79} B.contaminans
JH-15 SAI-EFeIH 3 3] §HE HE3t3)

Hotfmﬂzlbl ,331, 591, 793} 202 pH, ¥l
A AR, 83 sl B, /18 AR 5
on w0 U Agae sl s Phospho-

molybdate blue color method(Murphy and Riley, 1962)
£ zuste] BT i) 1.5 mLS 1.5 mL Tube
of T-& ¥ CentrifugeE ©]-&3l 13000 rpm o= 3&-7F
AEE] T 45N 50 mL Volumetric Flaskol]l 100 pL
Ho & whAAekS gmL o] ZESFE Volumetric
Flask®] 50 mL EAA7HA] #¢ 5 10 27 Bi7]38kAct.
7HestE <Qle] $Efo] WS4E  Ammonium  para-
molybdate A ot whgsto] X1g FEELS HA Y
10 #o] At Fof| Spectrophotometer(GENESYS 10S
UV-VIS. Thermo, USA) & ©]&3}o] 660nmoll F4%=
£ S7gste E4skel.

Hix|e| pH H &FE BN
pH = MA7E A=A B=E Dt pipet S 2 LA
F 2ol pH meters ©]-&3sto] S5t wiA] W &7



FEoA 2 HE E81% Burkholderiad2] A3714-31 -

T 42 DNS(3,5-dinitrosalicylic acid)HS ©]|-&35}]
ZA AL AN EH(18 mmdx 150 mmH)o| A1 F 1 mL3}
DNSAI¢F 3 mLE H7F 5 100°Ce] 2ol li= 2] 15
B WA & 2o A Y¥ZhsE & Spectrophotometer
(GENESYS 10S UV-VIS. Thermo, USA)Z ©]&3}]
550nm oA FFEE A 3A

HPLCO| 2|8 77|t 24

Fr71Ak A A2 S8k ol AT 771
Abe AR, AFH EAEHS™ 1260 series HPLC
(Agilent Technologies, CA, USA)S ARE-3le] E431%
T}, o] B4 Sl 0.008M H,S0,Z 100%2 AHS-3191T
ZH1S  TInertsil ODS-3V  column (150x30 mm ILd.
particle size 3 pm)S A& e ZHLEE 40°C, 7
Z 317 (Detection wavelength)>210 nmZ A4 33 Al
B ASFYLRE 10 uL FY3HRe
2 02mL min'& 20 £7F A& Th.

L
éé

<= (flow rate)

g:‘:xHHHM%J
29 QLES Helelolg 247t EARL W 5
wz—aﬁ% o AL o 528 s

[e} ]\__
of AFE ol &% Potd L it} 2017 59 5UFE
20173 6% 2A7A] F 45 B9 %—ww ﬁ*@*ﬂﬁrﬂ
tjgre] 240 Ausia e AF= BESEE FYst

o] ARREIA T 3Rt AES T —?(NHZ)ZCO320mgKg ,
KCl60mgKg 'S Z} Potvlth A28l o €18 Cay(PO,),
£ 350mg Kg' Astelen Agzde HEs &
Control, Control + TCP (Tri-Calcium phosphate) *]2]7-2}
B.metallica JH-7, B.metallica JH-7 + TCP, B. contaminans
JH-15, B.contaminans JH-15 + TCP, B.metallica JH-7 +
B.contaminans JH-15, B.metallica JH-7 + B.contaminans
JH-15 + TCP HF A7 & 8 7I¢] Ag+E |85t
ARt (n=3). FFZ Y2 25 mL NBHIA|ol] ul
o]:f‘;]_ o]JO A3 0 ™ 1 F =201} VAo =2 7t XEY |
mLA st e o 108] 3Xste] = Hujg
T5 HJFokAnt. wiFritt olo] o], de] &, o]
Bedo], MALolE F4ste] Aelritt AAwstE
H] L5k o
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NBRIPH|A|of] 3|43 & o]-&ate] gl gh At
a4TE T FH8e] 277 & F 45 (JH-79‘r JH-15=
HE Awste] 16S RNA FAAG714LS BA5H
NCBI Genbank SystemS ©]-83}] 7|4 gE 21313
o). 3l A3} JH-72 Burkholderia metallica®} 99.64%
9] AEAHS WAL, JH-155 Burkholderia contaminans

Z387 185
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Fig. 1. Phylogenetic trees showing the position of the isolated
phosphate solubilizing bacterial strains JH-7 and JH-15 with
respect to related species. The scale bar indicates 0.005
substitutions per nucleotide position and accession numbers
are given in parenthesis.

9} 99.71%°] 7542 EATh(Fig. 1).

7125t olo| &

o1akzbro] SH4-¥l NBRIP AR o] Ha#4S HE
Stal wjF7I 7k mE wiAY 7HEstE Qle] RS &
sttt wieF 1921 B. metallica JH-7S & 4
%3 wix] 7} 74.78 ug mL'E 7P E=9kon | 3 A}

e JH-79F JH-155 B4 HE3 wiA17} 79.58 pg mL'=
7P o, 5 AxOlM B metallicas 140.08 pg
mL", B. contaminans 135.95 pg mL', BA] HEujA =
134.84 ug mL'8A4 RE AgFox H)$=d £Fo0 = 1}
Ef SAIEEC gk AR a7} IATHFig. 2).

HiX| L} pHO| H5}

v 717kl e wizle] pH Wste HE 1 ¢ ¥ pH
7.0914 pH 4.5 FF0 82 F243] 72dto] %?J_ HE A
B. metallica pH= 4.52, B. contaminans= 4.57°113L,
SAHES pHE 4547 @Y HJF5H% 2 Aol veht
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Fig. 2. Comparison of phosphate solubilization during single
and co-inoculation of Burkholderia metallica JH-7 and
Burkholderia contaminans JH-15. Values given here are the
means of three replicates (n=3).
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Fig. 3. Comparison of pH change during single and co-
inoculation of Burkholderia metallica JH-7 and Burkholderia
contaminans JH-15. Values given here are the means of three
replicates (n=3).

2 okgitt, RE wjokrolA wjk 32 T How 7hast
o] B. metallica®l pH= 4.02, B. contaminans= 4.18, _L
B2 BZAHEL 41882 ZAHHYOH, 3U T 93]
& pH7t F71ehe 3 HATHFig. 3).

HHX| LH ZHRE HS}

HHX] Y Fold= glucose SHaFe] Wah=s vl 1Y &
E A olA 50% o) TA Ao 1 o] ul

79 F74A 7 Ze] Wy} 0.01 mg mL! FEe] v

g Folth A &2 Wi 7Y ¥ B. metallica T
HEu A= HA 524 mg mL'IA3L, B. contaminans

£ 538 mg mL" 0|01 FAIHZE 3 ujA]7} 4.83 mg mL!

2 7P 9 s vEi oy ddH8E S sAEE
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Fig. 4. Comparison of residual glucose content. during single
and co-inoculation of Burkholderia metallicaJH-7 and
Burkholderia contaminans JH-15. Values given here are the
means of three replicates (n=3).

o frela=9] zkel7t ;I ThH(Fig. 4).

HPLCO]| 2|5t
1:]—01 XJZ tﬂ E}\] 7(4

S7|AEM
ol oJa) Felatol olal A=
= f71e] FF 2 TS w46 918kl HPLC
Ao fJste] 8% FF714t glutamic acid, gluconic
acid, oxalic acid, malic acid, lactic acid, citric acid &
succinic acid®] RT ¥ =S AX A TH(Fig. 4). vl
o} Fof] AgH
acid, glutamic acid, malic acid ¥ lactic acid’} H=5|
O}, acetic acid, oxalic acid, citric acide HET A
okttt & HE oA glutamic acid 9} lactic acid7}
kAL, gluconic acid, succinic acid % malic acid &
olF W2 FEoltt. 53] glutamic acide GEHET
2 FA HEA A BF AEEJ 0w vjg 5 Al
A 7P B ol HAEHO| B contaminans’t 7V =
< w2 Yoy AEE folaEe] Zfol7t /il
tH(Table 1).

714 B2 3} gluconic acid, succinic

_4

H

T o
4% TE AMARS B3 AKEARE 2A) 9B
17 ¥t 4% F 27 F Aole] A

-ir] A& ztolg =
AbatSint. A2 AT E o] dol, 9o F, ¢
o] & g HEjZolo] WslE ZASIATE (Table 2). €]
ol B. metallica A7]7F7F 2.60 cm 2 7P =%,
HAA Dol B. metallica + TCP A 2]+7} 5.50 cmZ 7}
=99 ™, B. contaminans + TCP AHg7= o] Z3}
gl do]o] H3oA 0.87 cm & 3.87 cmE 7FE =4t}
gk o] = FAIFHE + TCP A2 FolA 6.67 cmZ
w2 AGE o AuA oM E dLdZETH FA
o] 9] ZpolE ERIT F gIRlT). o] 4

_4
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Table 1. HPLC analysis of organic acid by single and co-inoculation of Burkholderia metallicaJH-7 and Burkholderia

contaminans JH-15

Gluconic acid (mg mL")

Oxalic acid (mg mL")

Day 1 Day 3 Day 5 Day 7 Day 1 Day 3 Day 5 Day 7
JH-7 ND' ND ND ND ND ND ND ND
JH-15 0.41+28.4 ND ND ND ND ND ND ND
JH-7+JH-15 ND ND ND ND ND ND ND ND
Succinic acid (mg mL™") Glutamic acid (mg mL™")
Day 1 Day 3 Day 5 Day 7 Day 1 Day 3 Day 5 Day 7
JH-7 0.04+4.94 0.04+0.32 0.04+0.37 0.04+6.75 0.06£1.97 0.06+38.4 0.11£13.1 0.08+13.8
JH-15 ND ND ND ND 0.11+33.8 0.15+29.1 0.16+31.1 9.10+0.13
JH-7+JH-15 ND 0.03+3.51 0.03+5.14 0.03+£7.26 0.08+6.80 0.11+8.85 0.11£10.6 0.10£16.2
Malic acid (mg mL") Lactic acid (mg mL")
Day 1 Day 3 Day 5 Day 7 Day 1 Day 3 Day 5 Day 7
JH-7 ND 0.02+0.52 ND ND ND 0.15+4.30 0.15+30.0 0.04
JH-15 ND 0.04+6.77 0.02+9.04 ND 0.09+8.60 0.18+13.7 0.15£18.0 ND
JH-7+JH-15 ND 0.04+9.89 0.03+17.9 ND ND 0.18+17.2 0.13+14.1 ND
Acetic acid (mg mL") Citric acid (mg mL")
Day 1 Day 3 Day 5 Day 7 Day 1 Day 3 Day 5 Day 7
JH-7 ND ND ND ND ND ND ND ND
JH-15 ND ND ND ND ND ND ND ND
JH-7+JH-15 ND ND ND ND ND ND ND ND

'ND: not detected.Values given here are the means of three replicates (n=3).

Table 2. Comparison on growth of romaine lettuce after 2 weeks inoculation with Burkholderia metallica JH-7 and Burkholderia
contaminans JH-15

Treatment Shoot lengih Root lengtrlll Number of leaves Width of leaf Total lengt}l

(Cm Plant™) (Cm Plant ) (ea) (Cm) (Cm Plant™)
Control 1.10+0.78 0.97+0.51 433058 0.50+0.78 2.07+0.57
Control+ TCP 0.4040.46 0.77+0.25 4.00+3.46 0.170.21 1.17+0.21
B. metallica 2.6043.13 0.80+0.40 3.0042.65 0.17+0.06 3.40+2.82
B. metallica+TCP 2.53+2.03 2.9742.41 3.67+1.53 0.3740.55 5.50+4.92
B. contaminans 1.23+1.99 1.63+0.15 4.00+2.00 0.27+0.29 2.87+1.91
B. contaminans+ TCP 0.97+0.21 3.8043.63 3.67+1.15 0.87+0.55 4774346
BBCZTEZﬂEZS 0.13%0.15 2.40+3.64 333321 0.80+0.53 2.47+3.49
B. metallica+ 1.47+1.33 1.40+0.87 6.67+2.89 0.5020.70 2.87+1.33

B. contaminans+ TCP

The values were calculated with the differences on plant growth between 1 week and 2 weeks after inoculation with the isolated strains. Values
given are the mean of replicates (n=3).

S8 Eol ApIesETte] AEgol o)g AU En X Q

£l 5 giglont, #577h tapel Ha) Q)
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Fig. 5. HPLC profiles of organic acids isolated from the medium of Burkholderia metallica JH-7 and Burkholderia contaminans
JH-15 after 3 days incubation. a) eight standard of organic acid 125 ppm; b) B. metallica JH-7; ¢) B.contaminans JH-15; d) co-
inoculation of JH-7 and JH-15. Peek number: 1, glutamic acid; 2, gluconic acid; 3, oxalic acid; 4, malic acid; 5, lactic acid; 6,

acetic acid; 7, citric acid; 8, succinic acid.

+S HE3HL dflzl" 718212 (soluble phosphorus)$HF
< HPLCO) 9J3)] &AI8te 1AH83lsS 5748 A,
B. metallica 140.08 ug mL", B. contaminans 135.95
pg mL', 283 BAHE 134.84 pg mL' £ 2 Jeh}
T F9 QILHE-s wHH|Elobke] FAIHEF A o3 A4
A ga77F gk, viA] W pH 9 ZH5 glucose $HaF W3}
T BE JETFAM v 19 F o] WSt o] Fo

# pH2| 7§~ %7] pH 7.0014 pH 4.5 =07 743}
qom, ZHF glucose TS %71 10mg mL"' oA
53mg mL' $EO02 HAEHo 1 olFde & wis
Holx] gFo} IMTEsksat AL A A ES B
HjFeoe] {714k EAE3 succinic acid, glutamic
acid, malic acid, lactic acidE 1T 4 U SH, Park

et al(2016)°l ]3]l BiH AA7HE-slte] Aol g
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FEo X 2R Eelet Burkholderiad2)

gluconic acid ¥ oxalic acide AEHA &UTE F714F
ZolA lactic acid 9} glutamic acid 7} 7Fg =& kel
0.18 mg mL" 3 0.16 mg mL 'S YERAICH | succinic
acidi= B. metallica SIA % SR1IFSL, th-2] F7]4F
ol WiF 1¢ ¥ 3 F A== AHE Emoi"i 71
Ztol wiA|e] pHE FAAZIAL Q1A 7HE3tE frEshe
Fo HAYS gIF F AT HF 17 —r9]' 27 5
7rel Asatols AR A @A, de] dole
2.60 cm £ B. metallica X2]77F 7V =3kaL, AA 40|
= B. metallica + TCP 2|77} 5.50 cmZ 7P =3%S
W, B.contaminans + TCP 2]+ 4] Z3} #g]Zo]
o] WslellA] 0.87 cm ¢} 3.87 cmZ 71§ =Uch. ok 9
o] = FAHF + TCP A2lFolA 6.67 cm= 7 =
< AHE B AN E GLHETH SAHET
o freleEe] zpolE I T Ao, oE A
frAbeh oo} v ekl S A9 QeSS JES
BE AgTolA g AN aRE e o EA F
FTAEA QIWHE S-S AHEshH A& A8 ool
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