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Screening and analysis of plant growth-promoting properties in inorganic
phosphate-solubilizing bacteria from maize rhizosphere®
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_ﬂiﬁm This study was designed to screen the inorganic phosphate-solubilizing bacteria (PSB) plant growth promoting
capacity from maize rhizosphere to provide strain resources for the development and production of microbial fertilizer. This
was based on the halo formation of screening medium to identify the phosphate solubilizing capacities of isolates. The Mo-Sb
method was used to further analyze the phosphate solubilizing activity of the strains. The plant growth promoting properties
of strains were evaluated by the production of indole-3-acetic acid (IAA), siderophore, N,-fixation, production chitinase, and
antimicrobial activity. Pot experiments were employed to evaluate the potential plant growth promoting ability of pure culture
and microbial consortia of PSB. The results showed the isolation of 34 strains from the maize rhizosphere that showed phosphate
solubilizing activity. The amount of phosphate solubilization by isolates ranged from 33.74 mg/L to 273.44 mg/L. Ten strains
(29.41%) possessed at least three of the plant growth promoting properties. Strains PSM16, PSM27, and PSM30 harbored plant
growth promoting properties including the production of IAA, siderophore, chitinase, and nitrogen fixing ability. A total of 18
strains (52.94%) showed antimicrobial activity, and strains PSM12, PSM22, PSM25, PSM27, and PSM34 possessed antimicrobial
activity against 5 pathogens. Pot experiments showed that the PSMO01, PSM12, PSM16, and PSB consortia all increased the maize
biomass, promoted the height and root growth significantly (P < 0.05) under available phosphorus deficiency, and improved soil
available phosphorus. The best results were observed in the PSB consortia. The 16S rRNA gene sequences analysis demonstrated
that the strains PSMO01, PSM12, and PSM16 belonged to Bacillus aryabhattai, Paenibacillus sylvae, and Pseudomonas moorei,
respectively. This study provides strain resources for the development of biofertilizer and indicates that the PBS consortia is a
good candidate to be applied as a biofertilizer to enhance soil fertility and promote plant growth.
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Table 1 Preliminary results of inorganic phosphate-solubilizing strains screened

[EER7S T R BAR K fif e B A

[ES W% HAE K S B A

Strain  Colony diameter (d/cm) Hydrolytic circle diameter (D/cm) Dbid Strain  Colony diameter (d/cm) Hydrolytic circle diameter (D/cm) Dbid
PSMO1 0.80 +0.02 3.02+0.02 3.76 £0.07 | PSMI8 0.81 +£0.02 1.22+£0.02 1.50 +0.03
PSMO02 1.01 £0.01 2.51+0.01 2.49+0.02| PSMI19 0.79 +0.01 1.19+£0.01 1.49 +0.01
PSM03 0.91 £0.01 2.20+0.02 2.41+£0.04 || PSM20 1.50 +£0.02 2.224+0.02 1.48 £0.02
PSM04 0.90 +0.02 2.11£0.01 2.36+0.05| PSM21 0.81+0.01 1.17 £ 0.01 1.44 £0.01
PSMO5 1.24 +£0.01 2.71+0.02 2.19+0.03 | PSM22 0.90 +0.01 1.30 +0.02 1.44 +£0.02
PSMO06 1.02 +£0.02 2.13+0.00 2.09+0.04 | PSM23 1.01 £0.01 1.41 £0.01 1.40 £ 0.02
PSMO07 0.81+0.01 1.72 £0.02 2.13+£0.01 | PSM24 0.91 £0.01 1.26 +£0.01 1.40 £ 0.01
PSMO8 1.05 +0.02 2.04+0.01 1.94+0.03 | PSM25 0.81 +0.01 1.08 +0.02 1.34+£0.01
PSM09 1.09 £ 0.01 2.09 +0.02 1.92+0.03 | PSM26 1.31 £0.02 1.71 £0.03 1.31 £0.01
PSM10 0.72+£0.02 1.31 £0.02 1.83+£0.06 || PSM27 1.11 £ 0.01 1.41 £0.01 1.27 £ 0.00
PSM11 1.06 +0.02 1.82 +£0.02 1.73+£0.04 | PSM28 1.12£0.02 1.40 +£0.02 1.25+0.03
PSM12 1.23 +£0.03 2.03+0.03 1.65+0.02 | PSM29 1.03 £0.02 1.31£0.02 1.27 +£0.03
PSM13 1.50 +0.02 2.50+0.01 1.67+£0.02 || PSM30 1.02 £ 0.03 1.26 +£0.01 1.23+£0.03
PSM14 0.75+0.02 1.20 +£0.01 1.61 £0.04 | PSM31 1.79 £ 1.01 2.19+0.01 1.22 +£0.01
PSM15 1.01 £0.01 1.53 £0.03 1.52+0.02 | PSM32 1.02 +£0.02 1.23 £0.01 1.21 £0.02
PSM16 1.02 +0.01 1.54 +£0.02 1.51+£0.01 | PSM33 1.40 +£0.02 1.71 £0.01 1.21 £0.02
PSM17 1.45+£0.02 2.21+0.02 1.53+0.02 | PSM34 1.01 £0.01 1.21 £0.02 1.20 £ 0.01
F2 THEERRE AR R
Table 2 Phosphate-solubilizing capacity of inorganic phosphate-solubilizing strains
Fitk Strain 45 % 7 i Available phosphorus (p/mg L) pH Bbk Strain 45 & & &t Available phosphorus (p/mg L") pH
PSMO1 273.44 +1.15 470 +0.01 PSM18 103.64 £ 0.53 5.59+0.02
PSM02 267.17 £ 0.61 471 +0.01 PSM19 89.68 +=0.39 5.87+0.02
PSMO03 197.62 +0.82 4.87+0.02 PSM20 61.55+0.54 5.70 £0.02
PSM04 165.92 £ 0.92 4.95+0.02 PSM21 130.86 + 0.43 5.87+0.02
PSMO05 183.63 +0.57 5.08 +0.03 PSM22 48.85+0.30 6.20 £ 0.01
PSMO06 169.29 +0.58 5.24+0.03 PSM23 56.60 + 0.47 5.92+0.01
PSMO07 152.87 +0.53 5.53+£0.01 PSM24 101.55 + 0.31 6.19 £0.01
PSMO08 137.08 +0.89 5.17 +0.01 PSM25 41.59 +£0.29 6.22+0.01
PSM09 123.51+£0.48 5.49 +0.01 PSM26 128.90 + 0.43 5.77 +0.01
PSM10 136.28 +0.39 5.54+0.02 PSM27 44.94 +0.38 5.99+0.02
PSM11 140.67 = 0.39 5.20+0.02 PSM28 83.45+0.60 4.86 +0.04
PSM12 103.68 £ 0.58 5.33+0.03 PSM29 65.46 +0.53 6.24 £ 0.56
PSM13 82.52+0.34 5.79 £ 0.02 PSM30 89.35+0.57 5.94+0.01
PSM14 148.33 +£0.47 5.70 +0.02 PSM31 66.78 +0.38 6.16 £ 0.01
PSM15 150.70 = 0.46 5.87+£0.02 PSM32 33.74 +0.20 6.77+0.03
PSM16 113.21 £ 0.41 5.22+0.01 PSM33 66.43 +0.13 5.55+0.02
PSM17 74.42 £0.37 5.85+0.01 PSM34 37.77 +£0.70 6.23£0.01
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Fig. 1 Relationship between pH value and available phosphorus in
culture medium.
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Table 3 The capacity of growth promoting and antibiosis of inorganic phosphate-solubilizing strains screened

S[%_ HE IAA 1 . R Ni%loéen JLTEI F?Z?’ilflm Pﬁtﬁﬁh@m Eﬁtﬁ%uﬁ . ﬁj?tj}l’r{%jfl@ If;%jflfa
train (p/mg L") Siderop-hore fixin Chitinase raminearum infestans oxysporum solani oryzae
g & L ysp V-

PSMO1 14.26 £ 0.74 + - + - - + + +
PSM02 997 +1.02 ++ + - - - - - -
PSMO03 - - + - - - - - -
PSM04 1.23+0.12 - - - - - - - -
PSMO5 2.54+0.21 +++ - - - - - - -
PSMO06 16.51 +0.94 ++ - - - - - - -
PSMO07 3.57+0.21 + + - - - - - -
PSMO08 5.03 +0.63 + - - - - - - -
PSMO09 3.24+0.18 ++ - - - - - - -
PSM10 8.15+0.42 ++ - - + - - - -
PSM11 3.61 £0.31 - - - + - - - -
PSM12 10.92 +1.32 +++ - ++ ++ ++ ++ ++ ++
PSM13 7.85+1.08 + - - - - - - -
PSM14 3492+ 1.44 - - - - - - - -
PSM15 3.57+0.27 + - - - - - -
PSM16 23.22+0.55 +++ + + + - - - -
PSM17 39.89 £ 1.19 ++ - - - - - -
PSM18 7.77+0.16 + + - - - - - -
PSM19 3.96 £0.23 - - - + - - - -
PSM20 - + - - + - - - -
PSM21 6.08 +£0.13 +++ - - - - -
PSM22 0.81 +0.21 +++ - ++ + + + + +
PSM23 2.93+£0.49 - - - + - - + -
PSM24 0.17 £ 0.06 + - - - - - + _
PSM25 - + - +++ ++ + + + +
PSM26 - + + - + - . B} B}
PSM27 0.81 +£0.02 + + ++ ++ + + + +
PSM28 1.49 £ 0.41 ++ - - - - - -
PSM29 0.53+£0.27 +++ - - - - + + _
PSM30 11.49 + 0.46 +++ + ++ - - - -
PSM31 2.08+0.18 +++ - - + - - + -
PSM32 - ++ + . B T 4 B i
PSM33 3.95+0.15 + - - + - - - R
PSM34 - ++ - R ++ + + + +

T T 28 28 9 9 14 6 8 10 7

Number of positive strains

+: KRB /NS BRI, +: 0-5 mm; ++: 5-10 mm; +++: > 10 mm; -: TEHCR.
+: Hydrolysis ring size or antibacterial intensity; +: 0-5 mm; ++: 5-10 mm; +++: > 10 mm; -: negative.

http://www.cibj.com/

Chin J Appl Environ Biol ) JH 53551244k



382 T RAR b TE ALV A 1 00 0 26 R AR 230

R4 ERERNENEREMRRIER

Table 4 The biomass and conventional root indexes of maize

_ M HH AR A W) Weight of plant (m/g) AR 2248458 Conventional root index
i Plant height oI W B RIEERB OPHRALRE Ave  HAK UK
(hfem) Aboveground Underground Length (//cm)  Suf. area (4/cm®)  diameter (d/mm) Tips Forks
CK 31.03 + 1.55d 10.54 +0.15d 4.02+0.23d 1669.37 + 13.4le  278.72 + 1.25¢ 0.517 £ 0.022¢ 2778 +43e 8227+ 133e
PSMO1 36.86 + 1.03¢ 17.35 +0.48¢ 9.89+£0.05c 1995.41 +0.62d  431.10 + 5.89d 0.683 +0.003¢c 3548 £28c 9485+ 109d
PSM12 40.07 = 0.98b 23.28 £0.28a 10.99 £ 0.21b  2560.62 £4.54b  537.72 +0.80b 0.734 + 0.010b 4374 +28b 14371 +71c
PSM16 39.94 £ 1.19b 20.38 £ 0.29b 10.13 £0.42¢  2267.71 £36.97c  522.19 £2.0lc 0.816 £ 0.007a 3027 +74d 13218 +238b
424 Consortia  42.49 +0.99a 23.35+0.22a 11.68 £0.32a  3219.69 £27.33a  609.04 £ 0.04a 0.600 + 0.014d 5872 + 132a 16436 + 557a

P <0.05 (LSD).

B2 EHRIEREBERR.

Fig. 2 The growth promoting effect of strains on maize growth.
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Fig. 3 The content of available phosphorus in rhizosphere soil.
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