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Characterization of Phosphate-solubilizing Microorganisms in Upland
and Plastic Film House Soils

Jang-Sun Suh, and Jang-Sik Kwon

National Academy of Agricultural Science, RDA Suwon 441-707, Korea

With the aim to explore the possible role of phosphate-solubilizing bacteria in soil, we conducted a survey
of phosphate-solubilizing microorganisms colonizing in upland and plastic film house soils. Soil EC, pH,
organic matter, available phosphate, exchangeable cation such as potassium, calcium and magnesium, and
total P of plastic film house soils were higher than those of upland soils. Phosphate-solubilizing bacteria
population was higher in plastic film house soils than upland soils, but species of phosphate-solubilizing
bacteria was more diverse in the upland soils than the plastic film house soils. There was significant positive
correlation between phosphate solubilization and phosphate-solubilizing bacteria in soils. Bacillus, Cedecea,
Brevibacillus, Paenibacillus, Pseudomonas, Serratia spp. were isolated from upland soils and Bacillus and

Cellulomonas spp. were from plastic film house soils.
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AEdEe AHE F9 vAlEde FU|H FAE
st A IAT, FTFAAEE S fES
FgAste FFAE FAE FES gdlse ZEE
FTaote ZEl L3l AAEE HESte Qs ¥
wote 14t Mgt ol ATH(Wu et al, 2005)

ik 7hgsltE W8 QNAE HAE 222 E
EE gEo] o]l&T & YA = 7ITes /HAE Y
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Solgty B Y E Y ui(Illmer and Schinner, 1992).
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(Rodriquez and Fraga, 1999), ¥ d3= AEHE
Aol QAF 7HEsE ] AEISHA 5AS ¢3aA AlA
A B EkE Yo R 4 JhEst 7o #
Z 9 9SS Ak

3], 1992). ¢lA7183 A AFE glucose, 10 g:
Cas(POu4)2, 5 g; (NH4)2SOs, 05 g: NaCl, 0.2 g:
MgSOs - 7TH20, 0.1 g: KCl, 0.2 g: yeast extract, 0.5
g MnSOs - H20, 0.002 g: FeSOs - 7H20, 0.002 g2
ZAS 717 Pikovskaya (PVK) ®jA]E, <lA7}&3}
AP TFS Cas(POs)2 5 g2 F7F3F rose bengal HI A=
Agaleh Aol 47 BRE AN 24 B T
S ol&3st= MIDI #4HE ARS8 tH(Nautiyal,

1999: Suh et al., 2007).
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EQ 58t EYF 3}8Hde Table 13 o] ¥ E
oF pHE 4.88~7.80, EC 020~130 dSm™', f71& 4~
44 g kg, FEQA2 55~1423 mg kg, X34 K,
Ca, Mg® 7+7} 012~163, 1.1~158, 05~13.8 cmol
kg 'Ath EFsstA Wats BEA 7k 9A4skA &
KXoy, FE AYE] {F7E 2 FAJN FEol
ALE S} ALFE] HlE| =2 Aot

Al Al A] Bl A= E 6.03~7.62, EC+ 3.80~

pud

7HeE v =

349

Ca-P, Fe-P, Al-P2] =02
Zro] o5 BF ok gE P 2gEx
o] A th.

AAAMA EFe] F 0 FHS 2386~4,973 mg
kg, Saloid-P 56~379 mg kg ', Ca-P 184~513 mg
kg, Al-P 294~675 mg kg ', Fe-PE 145~310 mg
kg oItk AW FF2 APt Ca-P7l B A
o)Atk Al Auj A o] QlAk ghEFo] WF EckH Tt &

o #7e fAGA

Z 2 $Ee]l ¥2 Aotk £3F A2 Saloid-P.
Ql
1

790 dSm’, 718 26~125 g kg, HFEATE
1,047~3963 mg kg, X184 K, Ca, Mg TS 717} EoF OJMEA  Eoi mo EEo| nAEo]
0.67~597, 69~146, 16~9.1 cmol” kg oIt} A4 AMAE 9tk o] HAEZ REe youAE
AMA EFE @ Bl WEl EC. §718 2 KEA L gn@gel 2 JPe ) PAV LEA 04
2 gFol B AFOIAL, AM) AEY Aok I 2 RolN FANE £718 5o 224 od WF
A kot AFek 2o AR EhH Bk H7l A& 545 7L Aok ek o5 S7dwst
AT, BC, f71% B FEQS B ADY Fole o) gi@ o5 mARY AUy 54 BrlsE A
FEe o mgel Hs ARAMA BN we £ 2 Aty 289 AME AAA B FAHE 4
ol Ae f7lE, HE T 0¥ 54 Ad =2t
W Ege BAM 9 2 B o S Table B3 mEs A8H B o JdAdS AL o3
29} 7tk & 91e 183~2929 mg kg, saloid-P¥ 0~ AE o] 2Eo] B48 4 A == (Omar, 1998).
19 mg kg, Ca-P¥ 5~379 mg kg, Al-PE 10~404 H A Lo} §7)38t8Ee 47 Ba) o9 A9
mg ke, Fe-PE 1~187 mg ke 'olAth FEI & 499 A4 FFPEe oA 93 A2 743
Y AE 2 ARl sl FE 2 AFEelA
Table 1. Soil chemical properties of upland and plastic film house soils.
Ex. cation
Soil pH EC OM Av.P:0s
K Ca Mg
L5 dSm’ gkg' mgkg' 0 e FEt10) N —
Upland
Sand 6.16 0.25 12 62 0.52 15.8 13.8
7.80 0.35 4 60 0.12 34 0.7
Sandy loam 493 0.65 18 234 1.26 1.1 0.5
6.49 0.20 11 55 0.33 6.3 1.7
Loam 5.70 1.30 24 1,203 1.63 7.0 2.8
591 0.75 23 1,074 1.00 2.7 1.5
Clay loam 6.65 0.25 32 1,423 0.94 1.6 0.7
4.88 0.40 44 1,243 0.82 15.0 1.7
Average 6.07 0.52 21 669 0.83 6.6 3.7
Plastic film house
Tomato 6.66 740 47 1,261 2.74 132 59
7.26 4.50 64 1,408 0.85 14.6 5.0
Lettuce 7.31 4.10 80 2,309 2.02 14.2 6.3
7.62 5.50 84 2474 248 12.8 6.0
Chinese cabbage 6.03 3.80 34 1,414 1.57 11.0 49
6.77 5.75 34 1,047 0.67 6.9 1.6
Cucumber 6.87 7.90 125 3,963 5.97 114 9.1
6.79 4.55 26 1,683 2.34 9.1 25
Average 6.91 544 62 1,945 2.33 11.7 52




350

>
o3
2
e

o)
>

Table 2. Phosphate fraction of upland and plastic film house soils.

Soil Total P P fraction
Saloid-P Ca-P Al-P Fe-P
mg kg’
Upland
Sand 439 0 10 38 35
183 0 5 10 1
Sandy loam 758 0 15 114 54
630 0 23 15 44
Loam 2,929 19 379 257 139
1,237 1 24 189 65
Clay loam 2,003 0 62 288 187
1,971 16 40 404 153
Average 1,269 5 70 164 85
Plastic film house
Tomato 3,600 56 271 330 239
2,386 113 184 294 172
Lettuce 2,578 109 246 333 145
4,781 379 513 655 167
Chinese cabbage 3,791 80 348 440 310
3,185 57 306 338 184
Cucumber 3,759 186 374 575 217
4973 183 342 675 270
Average 3,467 145 323 455 213

Table 3. Microbial number of upland and plastic film house soils.

Microbial population (cfu g dry soil)

Soil AB Ac F MB GN PoB PoF
(x10%) (x10%) (x10% (x10% (x10% (x10% (x10%
Upland
Sand 1053 14 2239 14.1 40.5 30.0 17.7
120.0 33 93.0 36.0 31.0 458 5.6
Sandy loam 80.9 45 527.0 132 92 226.6 125
166.9 425 165.9 135.7 432 125.0 11.8
Loam 1244 34 161.0 97.6 27.8 1512 129
723 14 169.4 39 255 25.0 9.1
Clay loam 676.6 20.7 1945 102.5 3135 114.6 0.7
73.7 15.6 393.6 4.6 26.2 33.6 16.8
Average 1775 11.6 241.0 51.0 64.6 94.0 10.9
Plastic film house
Tomato 2293 64.3 264.6 166.3 58.0 2822 169
269.6 2713 2654 518.3 34.0 382.0 11.7
Lettuce 3023 88.9 337.8 529.6 198.1 310.0 17.0
418.0 614 228.6 199.7 2240 171.6 6.9
Chinese cabbage 77.0 14.0 754 116.8 86.9 370.8 0.8
1322 112 109.1 76.9 31.7 396.8 0.7
Cucumber 388.9 172 146.0 2244 61.2 1372 34
285.6 70.2 1735 1,343.1 136.7 205.8 8.0
Average 262.9 443 200.1 396.9 103.8 282.1 82

AB; Aerobic bacteria, Ac; actinomycetes, F; fungi, MB; mesophilic Bacillus, GN; Gram negative bacteria, FP; fluorescent Pseudomonas, PoB;
phosphobacteria, PoF; phosphofungi, ND; not detected on the dilution
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ZHgolet & F Stk oA &alE QA dFE=
AEAR Aol e, At 7HEst 742 A E 2ol
=S HEE #PE I8 WZel (Vesquez et al,
2000) ol &IE 71T S Slrh

T Eoke] EAW Fo ulAEAS Table 3H¥ &
N AFE 723~6766%x10°, AT 14~425%10°,
AP 93.0~527.0x10°, &4 vRA B2 39~135.7 %
10, 218 SAT 92~3135%10°, A4+ 71838 A
250~226.6X 10", QUAF 7483t AV 07~17.7%10°
cfu g ol AT, EAE T ol gtk d#
A 7HEs MAES APl HlEl Alte] B2 HE
2 EEZSL JUT

A AR Eoke] 714 At 77.0~418.0x% 10",
W 11.2~889X10°, AP 754~337.8%X10°, F2
A wpAE s 769~1.3431%x10", 18 AT 317~
2240x10°, <14t 7183} Al 137.2~3968x10", 14k
7F8s AP 07~17.0%x10°, 1813 B/F&S 87~
266°] AT

7

91 0147}—%}1:1@ A= Aol B
A EoH, AAIME S AlgS W Bk B

Table 4. Ratio of phosphate-solubilizing microorganisms to
bacteria, and fungi in upland and plastic film house soils.

Soil PoB/AB PoF/F
%
Upland
Sand 2.85 0.79
3.82 0.60
Sandy loam 28.01 0.24
7.49 0.71
Loam 12.15 0.80
3.46 0.54
Clay loam 1.69 0.04
4.56 043
Average 8.00 0.52
Plastic film house
Tomato 12.31 0.64
14.17 0.44
Lettuce 10.25 0.50
4.11 0.30
Chinese cabbage 48.16 0.11
30.02 0.06
Cucumber 3.53 0.23
7.21 0.46
Average 16.22 0.34

PoB; phosphate-solubilizing bacteria, PoF; phosphate-solubilizing fungi,
AB; Aerobic bacteria, F; fungi

WA EgAH MTH B FES FAGAL,
B 54 ARl BE A%AE v
(PoB/AB)3} Aite] W3 Q17HE3h Abga )

to o

(PoF/F)& Table 44¥ 27z} 1.69~28.01%, 0.04~
080% At vlAE] st Aa7bEsa] v&S A}
Aol wls] Aol =2 Ago|Aoy EAE {9

gk zpole= & o ATk

A AR E9ke] PoB/ABS PoF/FE ztzb 353
~4816 B 0.06~064R 0™, T EfA el Zo] <l
27FEsE ARl HiEl Ab7bE st Aol HE o
=9kttt AAFEE AFHl &S Al AR A AL
Aae T ESAA =2 FEE Eh

A4 7He3t g S714d Aol dig #l&S &
A F71= FEFol =2 AAAMA Eok

ok
R [}
o @9 B¢ Q4 sHesE UEs

1o
o
flo T
5

A E=2 FEoI
AL 7HE 3 Fig. 13 2] LSD 5% FEllA
o]/ del Sl&el #FHAY. T IHA EE

Pantoea agglomerans®] <14+ 7}£§}b3 CaHPO: 1367
mg L7, hydroxyapatite 1357 mg L7 @ Cas(PO1)>
1312 mg L7017 (Son et al, 2006), QAF7}-LBIAFAIHF
o] 93t tricalcium phosphate®] 7}&3= 38-760 ug
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Pseudomonas, Mycobacterium,
Micrococcus, Bacillus, Flavobacterium, Rhizobium,
Mesorhizobium®} Sinorhizobium <°] U TtH(Asea et
al, 1988: Salih et al,

1999). T3t Perez et al.(2007)2

1989: Rodriguez and Fraga,
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Fig. 1. Correlation between phosphate-solubilizing bacterial
population and phosphate-solubilizing activity in upland and
plastic film house soils.
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Table 5. Phosphate-solubilizing bacteria isolated from upland
and plastic film house soils.

e

Soil Species

Bacillus sp. 3-1
Bacillus sp. 5-1
Bacillus sp. 7-2
Bacillus sp. 7-3
Bacillus sp. 8-1
Bacillus sp. 8-2
Cedecea sp. T-1

Upland

Brevibacillus sp. 6-1
Brevibacillus sp. 6-2
Brevibacillus sp. 5-3
Brevibacillus sp. 6-3
Serratia sp. 2-2

Bacillus sp. 12-1
Bacillus sp. 15-1
Bacillus sp. 15-2
Bacillus sp. 16-2
Bacillus sp. 13-1
Bacillus sp. 16-1
Cellulomonas sp. 13-3

Plastic film house

Cellulomonas sp. 14-1

Burkholderia, Serratia, Ralstonia % Pantoea 52| ¢l
Whgs ATE RASAGL @ vhot 2ol W ol
7hed e TR JAHE S Aol Eckel A
28kl ),

w3 A A A Eokell A EEE AxHEs
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Brevibacillus% , Paenibacillus% ,
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