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Table 1 Effect of PSBs on solubilization of insoluble phosphate in NBRIP culture

LS EoEgat ) IR PER R

Strain Gram stain Water soluble phosphate (pg ml™) ol
79 + 13.251 7.13a
78 + 22.95h 6.44b
77 + 26.24h 6.23b
74 + 44.20g 6.22b
X3 - 265.17f 5.26¢
72 - 322.61e 4.59d
X5 - 486.69d 3.84e
75 - 504.91c¢ 3.85e
X6 - 543.12b 3.73e
73 - 559.57a 3.79e

E: A TFHFREERZREE (p<0.05) ;

C7 ARFREE A IR B

TR L R I PENote: Different

letters in the same column represent significance in difference between treatments at p <0.05 ( Duncan’s multiple range test) ;

» Lo - . »
“+” means Gram reaction is positive, while “—

WWEBERE 11715, G HIPRAE NS W35 AR 35 R W
pH, TEHRZ3 . X5, Z5. X6RERIA WA p H A 46
7.0FEZ=4.0LLF , T 3R A5 1Y G 7R A A7 2% B L B
AR pHABE T, AT AR 5 OOk ME VA M B R £k (1 v
fiE HLAR A [R5 o
2.2 REEERN E KR RS89 R

VEIE BERE I BORING 5 G £ 40k, HEFh e
DL R KR AR 2R 0 WA g Bl 5 E@Pikovskayafé‘?&ﬁ%qﬁ ,

means Gram reaction is negative

SRR R, SRR X AEAE LIAR 2820 B b B UR ) 5
FRAE AR, DLEOKIR R AR, TR
e (VBRI HAR/WVE AR ) IMR/NKRIT XS >
X6 > 73 > 7Z5>78 > 79 > 74 > 77, BaRill5
FALE AR WY o 107 DL F KRR 2R 53 W4 R flk
TR FER ST, SR M AE W RIK IX6 > XS5
> 75> 73>74 > 78 >79 > 77, BT kK]
X EKRBGERERER (F2) .

%2 FREHEIRRAS DD BIROERE L KR

Table 2 Growths of the strains on substrate using corn root exudate as sole carbon source

» AR EAED W AR TR A K
‘[ﬂ *}'k Diameter of phosphate solubilization Diameter of bacterial D/d Bacterial population
Strain halo (mm) colony (mm) Lg (cfuml™)

77 5.6 4.2 1.33 5.44¢g

79 12.9 9.1 1.42 5.60f

78 8.3 5.7 1.46 5.64f

74 10.9 8.1 1.35 5.85e

73 15.8 8.5 1.86 6.07d

75 7.5 4.7 1.60 6.50c

X5 10.9 5 2.18 6.73h

X6 11 5.1 2.16 6.86a
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MR SRS FIEEGY, TR EHAED A
B R TEER R, RS A 4 B 3R
ok L Bk SRR T TR 2 A A R
Ko BRI, HEX6MZ4HE = A TA A FIEL 2
&, BEHRZ8RE™AETAA, [AURRE™ ARk ak Ak, Ptk
XSARE = ATAA, [HA] 7= A Rk A4

R3 BEHEX5. X6. Z4. Z8FEHE G| ZEE R Sk EIARIE R

Table 3 Productions of indoleacetic acid (TAA ) and
siderophore by Strain X5, X6, Z4 and Z8

Fk Strain M| ZERIAA Bk K Siderophore
X5 - +
X6 ++ +
74 +++ +
78 +++ -
T+ AURBERAE A TAASCE B, -7 R

KRR A TAADE B A Note :
bacteria capable of producing IAA or siderophore, while “-”

strains of bacteria unable to produce IAA or siderophore

2.4 BB X E KBRS AL

FEROR R AR 0 B — VA BE TR (XS5, X6, Z4,
78) M AT (Z8+X5+X6+Z4 ) W FE KK K+
A s S AR s WL L BT L, R
VSR AL IR, JOIe EoRME R . TE . MR 2B
o - HEA RO R BN B T R R T B
WRZAM IS XA LA W E 22 . BEME AR
F14) Ak $HE S 58 4 A PR — ALK ) Ak B B R N . B R
HL—VEBRIEZ8 . XS5, X6, Z4AhHAY R At HE
Jn25.6%. 23.9% . 20.0% . 27.36%, E4H LM
Mg %t B IN35.5% ; B Rh B —IEBE N Z8 . X5,
X6, ZARE Rk T, BRI IN26.2% |
47.0% . 23.4% . 33.9% , 5 £ TH Ak BRI 45 %F R 54
N73.5%; $EFER—WEWERZ8 . X5, X6, Z4KbH
1) FE PR 4 i A X BRI fi137.4% . 49.5% . 41.0% .
86.4% , Z A HALFINF T I 142.6%; M 415
ARBEE, HMMR R ZS . X5, X6, Z44b

«, n . .
‘+” denotes strains of

T BRI IN12.6% . 15.2% . 11.3% . 28.4%, &
TR AL B HE T 68.9%
2.5 BMEMHS FENFEE

K WRXS . X6, Z4FIZ8116S rDNAKLP 7
A EGenBank F 317 Blast L X, Bk X55
Pseudomonas fluorescens ( JF449445 ) [y [ PEIA
#]100% ; X655 Pseudomona spoae (DQ536513 )
B[R] PP 15 2199% 5 WMk Z4 5 Bacillus megaterium
(HQ423376 ) , Bacillus megaterium IMER B5-
12 (FJ772019 ) {4 PR 53 51 15 2415 5199 % 5
¥RZ8 5 Bacillus subtilisf [ B 100% . K H
S BERXS . X6, Z4FNZ 8RN 52 7 1 5 5 B
iz Ffclustal X 1.8 1 F 7 £ | X g, AR
( neighbor—joining method ) i Mega4. 15X {4:44
HAGKER, VIL%EXS, X6, Z4, 284} ]
N ARAALTE (P fluorescens ) . F AR I
(P. poae) . B RZFEFHE (B. megaterium ) F
W FZEHIAT R ( B. subtilis )

3 i ®

W AE A U TR AL R R, e
PR AERIE Oy AR K7 i o 28 2 R AR
R LT e T i S A e MR P 4 A iR Y i
Wi (Azotobacter. Pseudomonas. Rhizobium .
Actinomycetes ) IR EE0E B ok, R B AH
W) AR B T L AR W A K Rl R g L BT
rh R IR 5200 2 A B AR A 1Y e O W R AR,
BRI ) HOR 5 L R IR A — 8 LHGT
HWkB. megaterium ZATEFEIH 55 F5 46 0 1 W 550 %
N 46.86, fHIE B BCREMRG™ (P
fluorescens X5, P. spoae X6 ) ALBLRRURLS, G
R ERB. subtilis Z8WWIETRWRRCR AN 25.61, FAL
MBS ARG (P fluorescens X5, P. spoae X6 )
A PR ROR AR S o T R, AT RE S T R O W Y
IAAF K, WHEB. megaterium 74 . B. subtilis 7.8
RESrWAIAARYRE Do (3R3) , XA W A= K iy
WAERE S, 55—, 0T R85 i 0 i e AR Br
MIERA K, N2 YR R GG S T
M T AR AR B, L S0 45 R R W AE W)
GREEF IR B — B, KE9R8 dJE, Btk Bacillus
megaterium X14 ( G*) £ £ KAR PR E 5 1 502 5 e
¥rAcinetobacter parvus X32 (G™) & IMEEYL,
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Fig. 1  Effects of phosphate-solubilizing bacteria on growth of corn relativel to strain of the bacteria
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Screening of Phosphate-solubilizing Bacteria Adaptable to Corn and
Effects of the Bacteria on the Growth of Corn

MEI Xinlan' SHAN Anqi' JIANG Yi' WEI Zhong' WANG Yuyao' WANG Shimei' SHEN Qirong'
XU Yangchun'™  LIU Jian®

(1 National Engineering Research Center for Organic-based Fertilizers, Jiangsu Collaborative Innovation Center for Solid Organic
Waste Utilization, College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, China )

( 2 Institute of Agricultural Sciences of the Yangize River Bank District, Rugao, Jiangsu 226541, China )

Abstract Phosphate-solubilizing bacteria ( PSB ) are a group of beneficial bacteria capable of
hydrolyzing organic and inorganic phosphorus from insoluble compounds. P-solubilization ability of the
microorganisms is considered to be one of the most important traits associated with plant phosphate nutrition.
A number of PSB strains have been screened out from soils in laboratory, however, few reports are available
on their successful application in fields. More and more evidence suggests that root colonization of PSB is very
important for phosphate solubilization; therefore, survivability of PSB in plant rhizosphere is one of the basic
principles for PSB screening. In present study, 20 strains of PSB with phosphate solubilization halos ranging
from 7.9 ~ 20 mm were isolated from the rhizosphere of the corn growing in calcareous soil with the Pikovskaya
medium plate method. Ten of the 20 strains of PSB, coded as X3, X5, X6, Z2, Z3, Z4, 75, 77, 78
and Z9, with bigger phosphate solubilization halos were further tested for phosphate-solubilizing capacity in
the NBRIP medium. Results show that gram-negative ( G™) PSB (X3, X5, X6, Z2, Z3andZ5) solubilized
much more phosphate than gram-positive ( G*) ones (Z4, Z7, Z8 and Z9 ) did. The mean phosphate
concentration in the NBRIP medium of the G~ PSB treatments was 449.7 pg ml™', with phosphate concentration
in Treatment G~ PSB Z3 being the highest, reaching to 562.2 ug ml™'. However, the highest phosphate
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concentration obtained by G* PSB was only 46.9 pg ml™'". In further experiment, 8 strains of PSB ( G": Z4,
727, 78 and Z9; and G™: X5, X6, Z3 and Z5) were evaluated for corn root exudate utilization capacity.
All of the 8 strains of PSB were found to be able to utilize corn root exudate as sole carbon source and the G~
PSB grew much better than G* ones. Consistent with the findings in the culture in NBRIP medium, G~ PSB
solubilized much more phosphate than G* PSB did when using corn root exudate as sole carbon source. Based
on phosphate-solubilization and root exudate utilization capacities, two G~ strains of PSB, X5 ( Pseudomonas
fluorescens ) and X6 ( Pseudomonas poae) , and two G strains of PSB, Z4 ( Bacillus megaterium ) and
7.8 ( Bacillus subtilis ) were selected for further experiment to test their IAA and siderophore production and
phosphate solubilization capacities and effect on corn growth in greenhouse. X6 and Z4 was found to be able
to produce both TAA and siderophore. Z8 was able to produce TAA but not siderophore, and X5 was able to
produce siderophore but not IAA. The greenhouse experiment shows that application of mixture or any one of
the four strains of PSB increased corn biomass and soil available phosphate, as compared with the control ( no
inoculation ) . Z4 was found to be the highest in effect on plant growth ( plant height and dry weight ) among
the four tested strains of PSB. The treatments inoculated with mixture of PSB strains were significantly higher
the treatments inoculated with only one single strain in soil available phosphate content and corn biomass
Therefore, it can be concluded that X5 ( P. fluorescens ) , X6 ( P. poae ) , 7Z4 ( B. megaterium ) and Z8
( B. subtilis ) are potential PSB that can be prepared into a mixed inoculum or an efficient bio-fertilizer for
use in areas deficient in P to improve overall performance of the crops therein.
Key words Phosphate-solubilizing bacteria ( PSB) ; Indoleacetic acid (IAA ) ; Siderophore; Root

exudate of corn; Complex bacteria; Plant promotion effect
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