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Phosphate solubilizing effect by two Burkholderia bacteria
isolated from button mushroom bed
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ABSTRACT: Burkholderia contaminans PSB-A and Burkholderia ambifaria PSB-B were isolated from button mushroom bed to
estimate their phosphate solubilit. The phosphate-solubilizing abilities of these strains were assessed by measuring the
phosphorus content in a single and co-inoculation medium for 7 days. The co-inoculation of these two strains released the
highest content of soluble phosphorus (166.3 g mL") into the medium, followed by single inoculation of B. contaminans PSB-A
(143.73 pg mL") and B. ambifaria PSB-B (127.1 gg mL"). The highest pH reduction, organic acid production, and glucose
consumption were also observed in the co-inoculation medium. According to the plant growth promotion bioassay, co-
inoculation enhanced the growth of romaine lettuce much more than the single inoculation (20.4% for leaf widths and 16.6% for
root lengths). Although no significant difference was noted between single and co-inoculation of bacterial strains in terms of
phosphorous release and plant growth, co-inoculation of PSB may have a beneficial effect on crop growth due to a synergistic

effect between the strains.
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AEo] o] & F Sl Ak P& 1 FolAE 0.1%0
E-3}slth(Zou ef al, 1992). 3+ B Fof AT <Ak

& 7] gFEe] AP+, Fe'+, Ca'+ 59 dole3 A%
tod 284 AEjel AIPO,, FePO,, Cay(PO,),OH &
st AL, f71=3 dgste] phytingt 22 &
3 1A FE R Bkl EAlste] dRFA 2 s
LH9 F92 o] ¥ Ath(Suh and Kwon, 2008; EI-
Yazeid and Abou-Aly. 2011).

o]# 3 Cay(PO,);0H T3 2 =874 AFE 718
3HA71= AV E (thizosphere microorganism) %2
shRl QI TEShtS o] 83k AF7F Bol o]Fojx &
TH(Qureshi et al, 2011; Egamberdieva et al, 2015). ZH9|
Al AEASS FHeke A= tisEA Q] PGPR(Plant
growth promoting rhizobacteria)## &2 L& % A4 HE-3}
72 B FollA chelate &2 2H2-3}= succinic acid,
glutamic acid 52 714 EHlsle] B U pH A s
Ao zA g3t QAo Gl s F7HAT]AL, o= <l
& 914k AgkE ALY, Fe¥', Ca™' o] 5 dleliA &
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% W 7F&-3} <14k(soluble phosphorus) $Hg2 SXIAIA
T, gAY B4 FoFa, B dEesh 2
e FEETE B e mg Fa8 98-S sl v
AJ=o]th(Rodriguez and Fraga, 1999; Reyes et al, 2002;
Mundra et al, 2011).

Ai7tgslte] B3 A= Pantoea agglomerans
(Khalimi et al, 2012), Burkholderia cepacia (Braz and
Nahas, 2012), Pseudomonas aeruginosa (Ahuja et al,
2007), Paraburkholderia < (Yu and Yoon, 2019) 52 Al
3}, Aspergillus awamori (Walpola and Yoon, 2013) %
Penicillium rugulosum (Reyes et al, 2002)%52] &3°]&
o] &3 A=AAENE N 9 WA vHHEole] tigh &
aade] st A7AzE BuEAh £ AAHE-s)
YL L HESte] s Akge| st AR aHE
AT = AR delA, Qg3 Al Al 74,
a3 ALAHESE Mt IAHESE o] Alele] A
F2go] ogh Agatg e AU gate] #e A7A
= HIES T (Braz and Nahas, 2012; Walpola and
Yoon, 2013; Sane and Mehta, 2015; Park et al, 2016).

A:HE3st 8L 7= PGPR WAES o] &3 v
AEH 89 7S sle g & thAete] sheh] R A%
2 ARl oJa] WA E = o A} T AL
w22 ZAE AT ok wEb E3udE
o] &3 MAEHRE /et oM mBE7H
}32Rgol ofFk AgArgolu AlUAIEHE Ejlet,
Fl ol mxle 932 ZARICEAM HS 283Q
JEH 5 el o] & Zlo|t}, mebr ZHPNM =
oA ZHE FElt JAAHESE M1 Burkholderia
contaminans PSB-A ¢} Burkholderia ambifaria PSB-B &
olgat] HiA| WY B XE ApiAAS Sl F A5
o] QIi7hgshsdl ek At A E A <
a17] flste] AEES skt

oX, flo

X

d

M= H 88

Qe tEskEe| 22

Ar7Hest HH ol SR ol A4
AufE7Ee] FFolm AR E e Stk 7t
B 23709] &Fo] wiHE AHst] ¥iA] 1gS 0.85%
NaCl & 99 mLo] H7l Ee}2=0] ¥of 30 7k 1%
St 5 783 89 1 mLg 0.85% NaCl §9¢] 9 mL &
71 Eefaae] Yol g4k & A EH g e o=
s o] s]4dsle] 8|49l 100 uLS National Botanical
Research Institute's phosphate (NBRIP) #] %] =3}e]
e E 3F . =S vjX]= 40°C Incubatorol] %
3L s wiAl W B FHEe]l J/9€ Colonys
THA] NBRIP vzl Althu < stod =9=2-2] shdTt. 38

tlo ol a2
~
fu
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7 =

Mol AE F 10 7o AEoA QIiHEE 58S Zhe
dHgolE WAL o] FollA A | FEEH(Clear
zone)S A= 37171 23 whkEA X S= Burkholderia
contaminans $+ Burkholderia ambifarias #2]sle] 23

o AL,

0| 4= Hiek

A £ P45k @Y Colonys zhe AW
st 5 39| gHE2]olE 7+ ZF NB(Nutrient Broth)#l <] 25
mLe] ©71 100 mL Flaskol] 3E3te] 30°Ce] &2 A
150 rpm &2 48 A7+ Bl sksint. ul F & NBRIP
A=A EIA] 200 mL7F €71 500 mL Erlenmeyer Flaskell 7}
7} 1 mL et 2ulek sidth. 2ol = F9f <Lt
&3} "tElgjole] AUAEHE ZRle] flsted B
contaminans 9+ B. ambifarias B]FSH ZHuj S 7} 7
0.5 mLA §o] 1 mLo] H=% AT sklaL, Baet
NBRIP HAIAE 2o 2 AA Tt Ealgst A
WA= 30°Ce] d-AoA 7 U7F 150 pmOE ZIRHu <k
SIAT. A E]F= control(F-HET), B. contaminans &,
B. ambifaria 7%, 218|3L B. contaminans 2+ B. ambifaria
o] BAHETTE T3t 3 3] vk Adssi

H

fl
=

Eajeket miAl = 1Y, 3Y, 59, 79A 7402 p
Al W AR, 7HEsE g, f714 AR S st
Fom uwjx] | 7hgstE e $EEAS Phospho-
molybdate blue color method (Park et al, 2016)E& 3L
atod A5kt vkl 1.5 mLE 1.5 mL Tubeol T
% CentrifugeZ ©]-&3t] 13000 rpm o2 387 YA
2 & A5NS 50mL Volumetric Flaskoll 100 pL¥-&
T AR S 8 mL WO THFTE Volumetric Flask®]
50 mL EAIA 744 AL F 10 ¥2F tl7] skdet. 7188t

°l

Me
tlo
ol

9] glgko] 2= Ammonium para-molybdate &
Aajeft whgstod gk FEULs HA HH 10 o] A
ol Spectrophotometer(GENESYS 10S UV-VIS. Thermo,
USA) £ ©l-8-3to] 660 nmoIX F8EE S 5to] w43t
e,

tiX|2| pH ¥ ZHRE 24

pH & A7} SHEA] == HFH pipet £ 2 IF
Z 2o] pH meters ©]&3te] SAIAA #iA] W 1Hx7
T #24S DNS(3,5-dinitrosalicylic acid)2 ©]-&3}
Z3A L AEFH(18mmdPx 150mmH)ol A& 1 mL3}
DNSAISF 3 mLE 7} % 100°Ce] Eo] Y= = 15
7 WA & Ao A W¥ZhgE & Spectrophotometer
(GENESYS 10S UV-VIS. Thermo, USA)E o]&3}c]
550 nm gl B EE S EAT
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HPLCOl| 2|8t 77|4t 24
71 A wijA] W ERljsk ol A g 1714
2519901 1260 series HPLC(Agilent
Technologies, CA, USA)2 AR5l EA351 T o] A4t
£l 0.008M H,S0,.E 100%= AMgsiy 2
Inertsil ODS-3V column (150 x 30 mm Ld. particle size
3um)e  ARESIROH  ZAYHREE 40°C, AE9E
(Detection wavelength)2 210 nmZ AA3IHL AlEE
AFEFYJOZ 10 ub FHs e F55(flow rate)S 0.2
mL min"Z 20 7+ #4190

;

T

2 457, 3

Argstriste] dolx Aujstden e BEAH
= 7Yt ARSI SRl HES "2 $(NH,),
C0,20 mgKg', KCI 60 mg Kg'Z 7} Potv}t} 2]2]3t5)
om 2le (Cay(PO,),S 350 mg Kg' A7) slem g
Z7AS HFSA %2 Control, Control + TCP (Tri-
Calcium phosphate) #|2]5*, B. contaminans YH3 <} B.
contaminans + TCP 22|, B. ambifaria ¢+ B. ambifariai
YH4 + TCP 8]+, 283 A HEFE B. contaminans
YH3 + B. ambifaria 2} B. contaminans YH3 + B. ambifaria

YH4 + TCP HE72 % 8 /2] A28 o8] 47

AT n=3). FEZ wFNL 25 mL NBHIR] o] w3t

AFEREAE Ao AMESIGen | Y 7HHeE 7 XEY 1 mLAY

T F9 Qirgst vHEEoks 42t HEsS wek  wisidlem Eo 10w At 124 EujEHEE J
BAEE IS W B wXEe a3E vk Fsidh vigeith 9] o), e Z 9le] & e
8t FFE o83 Potd S sl 2018 5€Y 6 o], AALo)E FHst Agvith AAEsE v st
FE 20189 6¥ 5U7HA] F 45 9t TEUE FY AT},

Burkholderia territorii LMG28158.
Burkholderia cepacia ATCC25416.
Burkholderia seminalis R-24196.
Burkholderia anthing R-4183
Burkholderia cenocepacia LMG16656
Burkholderia metallica R-16017
Burkholderia contaminans LMG23361.
Burkholderia arboris R-24201
Pseudomonas mesoacidophila ATCC31433.
|: Burkholderia stabilis ATCC BAA-67.
94 wkholderia pyrrocinia DSM10685.
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Caballeronia sordidicola LMG22029.

Burkholderia territorii LMG28158.
Burkholderia cepacia ATCC25416
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Burkholderia metallica R-16017.
Burkholderia contaminans LMG23361.
Burkholderia cenocepacia LMG16656
Burkholderia pyrrocinia DSM10685.
Burkholderia stabilis ATCC BAA-67.
Burkholderia difisa R-15930.
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Fig. 1. Phylogenetic tree showing the position of isolatephosphate solubilizing bacterial strains PSB-A and PSB-B with respected
to related species. The scale bar indicates 0.005 substitutions per nucleotide position and accession number are given in
parenthesis.
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NBRIPHj Aol 3|4 & o] gale] oate]gh A
o4FE T T8 277t & F dF(PSB-A<} PSB-B)
£ FF Awste] 16S rRNA 24714498 #4514
NCBI Genbank System= ©]-&3ld H7I4<EE E1sHA
t}. &l A3} Eelit PSB-A Burkholderia contaminans
LMG23361¢F  99.79%°] #AMdS RIS, PSB-BE
Burkholderia ambifaria CPO 0004429} 99.93%°] A3
2 B9IthFig. 1)

7185t 2lof e

Q1AkzHFo] FH-E NBRIP HAHIR| ol Ha]dS whe
T FAHEESIAL vl 2 wiAd 7185k
o] kg AT v 17hol| wEk 7HE-shE <19
Fo o JT iR e}t A HES vix] BE w39}
of 71 E%oH, A HES wiAl= 3YAel 1663 ng
mL'E2 7P =%, & iR A B contaminans
PSB-A 9] 143.73 ug mL", B. ambifaria PSB-B 127.1 ng
mL" 9] oAt (Fig. 2). 2H4H o2 @ HF7HY &
Al FETAAM S 7HEsta ATt SR Y FAIHE
oJgk & AURA] G BEEA] Tt

o 19

HiX| L pH2| 5}

AA7HE3E o] Mg A= o] ASo] 71
upet QJAA7HES} o] At {714k wet pHHSH
YERA E}. viF 717F F<F ZF vix] o] pH W= J
= 1930 pH7F §438] ZAadhs AeS 2o v 3d
Z}oll B. contaminans PSB-A= 3¥3}ol| pH 3.9% 71
e e RIL, B ambifaria PSB-BE 5¥€3}el| pH
32 7P W g BT SAIEE TS S vid 3
Aa}oll pH 4.06°-2 7P WdTh(Fig. 3). 2+ A2 72F

N~
A~ oo o©

——B. contaminans

= e
[SERN)

—&—B. ambifaria

——B. contaminans +
B. ambifaria
—e—K. oxytoca

Soluble P (X 10 pg mL?)

o N B O

Time (Days)

Fig. 2. Comparison of efficacy between single inoculation and
co- inoculation of Burkholderia contaminans and Burkholderia
ambifaria on phosphate solubilization. Values given here are
the means of three replicates (n=3).
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4 B. ambifaria
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Time (Days)

Fig. 3. Comparison of pH change during single and co-
inoculation of Burkholderia contaminans and Burkholderia
ambifaria. Values given here are the means of three replicates
(n=3).

o)5z9] ol Qo) wiek sUx}e pH 4.92 B2l
FAAHNZT] Klebsiella oxytoca BTt 1714 A2 ol
E5e I F AU

HiX| LH ZHRE Y5}

HiZ] W] gol3le glucose ko] Wshk= WY 19 &
EE ATelA 50% ol IA Aoy o]+
w79 F7A) 2 o) WEE 2 mg mL xS B
n) 3k fFo)Qith. AFHo s vk 19 F HF A 10 mg
mL"'oA B. contaminans PSB-A €} B. ambifaria PSB-B
o] A AF wjAoNA 2.72 mg/mL'E Ve, ©d
AEuA 2] 73 B. contaminans PSB-A & 4.68 mg/mL",
B. ambifaria PSB-B9] 73-%- 2.87mg mL"' 2 el
A o2 vl 195 glucose $Hde] PSB-AE 53.2%,
PSB-B: 71.2%, Z8]3L PSB-A ¢} PSB-BE &4 H%
gk 7390l 72.8%7F 7Haste] Al kel & ztol7t gl

12

10
——B. contaminans
—&—B. ambifaria

——B. contaminans +

Glucose (mg mL1)

4 B. ambifaria
—e—K. oxytoca

0 1 2 3 4 5 6 7
Time (Days)

Fig. 4. Comparison of residual glucose in the medium between
single and co-inoculation of Burkholderia contaminans and
Burkholderia ambifaria. Values given here are the means of
three replicates (n=3).



o}, FANZTR Klebsiella oxytoca 9.19 mg mL 5
o} glucose®] o]&5o] AA8] E=UTH(Fig. 4).

HPLCO| 2|8t /7|4 B4

G JE B FA HLl oal el o8] A E
= 1A FF 2§98 451 flste] HPLCREA
of oty 8F FEF7IAF glutamic acid, gluconic
acid, oxalic acid, malic acid, lactic acid, citric acid &
succinic acid®] RT % S A3t v dold Fo
ARE 714 244, BE JE oA gluconic acid,
lactic acid, malic acid, glutamic acid % acetic acid 7}
HEEHoH, Park er al2016)°] <8 BIE citric
acid, succinic acid®} oxalic acide= HEFA] &4t} o]
% gluconic acid ¢ malic acid®] F=7F =%,
glutamic acid, acetic acid ¥ lactic acid = o} %
FolATHRIZPAA]). FL2 #7145 F gluconic acid ©
W 5 AN B, contaminans PSB-A & 123 mg
mL! FFoIUL, FAHETE 134 mg mL'o2 7%
=0 B, ambifaria PSB-B A& AUlFoz e
20|tk (Table 1). ¥FHO| malic acid®] ®%& B.
ambifaria VX =4 AZEo] Wi 39l B. ambifaria
GAHET7} 8.7 mg mL, BAIHETE 9.9 mg mL'e
2 7P =3 28y F 37 7 SYHES SARE
of &%k fo] FFe 714k F7tadE jIe, +F
T 2 w7 mEt A T8 [N R 9
FEe] xpo7} R ATH(Table 1).

-
o~
’—T
A

’FSJ *@rrzb%— ZAFe7] 918t
£ Al AL
) golo] vislE ARSI
TT < A JAET BF A
gl rel gjz2te) Hls) *gerl =R, 53] TCP(
TS H7E Al BRE ARFelM ASS53 33E
®o] 1 % B. ambifaria + TCP Ag]7-2] ¥¢] 141

g Zdol7} z+z; 10.98 cm ¢} 21.6 cm E 7P B

ﬁ,

g\l —ﬁ
m{o 4=

UERATHTable 2). 23802 TCPE A7}8HA) &2 B.
contaminans 372+ B. ambifaria A&7, 2183 § ]
HETe B8l TCA H7Heh Be AgolA 7-9% <

o] A&FHaHAE Uepd AL IhEshto] F7 }i
FTHE TCPE wsllsty AEo] &8 & e 19 &
Zo] F7H7] wiEolZtal AAZIG. 2y viA|E o] &
FAY Aaele gy AT o3 35 A5
UA] 23k Yeh A= efsteu, 1(P) 298 EF ¥
AFEG A HEsht& *}%O}Uq Aol ofgk P A4A
7} F7vstal Ao FXE e ohE A2 3 (Rodriguez
et al, 1999; Suh et al, 2008; Park et al, 2016)2} A}
AFE Btk

(

F

Q >

Table 2. Comparison on growth of romaine lettuce after 4
weeks inoculation with Burkholderia contaminans and
Burkholderia ambifaria.

Treatment Root length (cm ) Width of leaf (cm)
Control 15.7+2.11 8.59+0.7
Control + TCP 14.3+1.0 9.25+1.1
K. oxytoca 16.4+0.2 9.81+0.6
K. oxytoca+ TCP 15.5+1.4 8.5¢1.5
B. contaminans 20.1+0.8 10.24+10.8
B. contaminans + TCP 21.36%2.5 10.15+0.5
B. ambifaria 20.5+1.6 10.70+0.6
B. ambifaria + TCP 21.6+4.2 10.98+0.6
}Z‘rj;mmm""“m +Bambi- ) 0ean 9.90+0.8
fi;;"f“;”é’;“m tBambi- ) 7225 10.21+0.4

Values given here are the means of three replicates (n=3).

Table 1. HPLC analysis of organic acid between single- and co-inoculation of Burkholderia contaminans and Burkholderia

ambifaria.

Gluconic aicd (mg mL")

Malic acid (mg mL™)

Day 1 Day 3 Day 5 Day 7 Day 1 Day 3 Day 5 Day 7
B contaminans 1.39 11.12 12.33 10.02 0.82 2.11 1.78 0.90
’ (+0.72) (+1.26) (+1.18) (£0.79) (0) (£1.23) (+0.56) (£0.06)
B. ambifaria 0.68 5.251 5.96 3.37 1.90 8.73 6.26 3.36
’ (0.06) (£0.59) (+0.18) (£0.62) (£0.05) (£0.8) (£1.73) (£0.14)
B .contaminans + B. ambifaria 1.77 12.27 13..40 7.37 1.50 9.92 8.19 7.05
’ ’ (£0.60) (£1.18) (£1.06) (£2.89) (£0.15) (+£0.68) (£1.31) (0.75)

Values given here are the means of three replicates (n=3).
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H Q
oA 2 RE gk JAWHESE Burkholderia
contaminans PSB-A®} Burkholderia ambifaria PSB-B2]
]1:_]_—012-12_ =i E/\]X—]Z_oﬂ =1 (13__}\]-7]__9_§_ 9/] /\]1;]]]
23 9 AFAASEHRE AT 1Mol EHrE
NBRIP %*xﬂHHXMl welas ek silE 7HeQlat
(soluble phosphorus)&&=S HPLCO ]3] #2493te] <14t
7]“9‘§]rh*°‘ A A, v 39kl SAHETT 166.3
ng mL", B. contaminans 143.7 pug mL", B. ambifaria
127.1 pg mL'9] =02 Yeht F Fo) Qg
7rel AR &g AR Z AT} vk AT b
Al W pH ¢} #F glucose & HIlE BE HE oA
M 1 39 F pH 70914 pH 40 SE2 Hasige
™, glucose S %7] 10 mg mL" <14 4.3 mg mL"
Tl R AZEH WHEsksH A fAkE AEE
BT} HHOJOE]"“ o] f714F #4243} gluconic acid °F
12.3 mg mL" ¢} malic acid °F 7.9 mg mL"' 528 7}
& =A AEENeH, ARHOE T Algto] #H|sh=
714kl WA &) pHE A7), 1At 7183 friest
= T8 USRI F AT HE 45 F A5 A
FxfolE  ZAKSE Ad, TCPE #H7lekAl 22 B
contaminans 3%, B. ambifaria 3FT < A HIFT
of Hl3] TCA 7K BE AHFollA o 7-9% <
/‘3% AEg#7E nlov, GdHEH SA8S 71l
9] ztolE 1T = gl
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