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Effects of solid biofertilizers of phosphate—solubilizing fungi on maize growth and the bacterial community
structure in rhizospheres

CHEN Sha-sha, SUN Min, WANG Wen—chao, LI Zhen, WANG Shi—mei’, DAI Le—tian, XU Yang—chun

(College of Resources and Environmental Sciences, Nanjing Agricultural University, Jiangsu Provincial Key Lab for Organic Solid Waste
Utilization, Nanjing 210095, China)

Abstract : Phosphate—solubilizing microorganisms (PSMs) play important roles in phosphorus cycling, and can convert insoluble P into
available P. The application of phosphate—solubilizing biofertilizers is an effective way to improve the P utilization of soils. In this study, two
strains of Penicillium oxalicum NJDL-03 and Aspergillus niger NJDL—-12, with distinct abilities of phosphate solubilization, were applied to
an incubated soil sample. The P release was evaluated in the soil using abundant carbonates. In addition, the growth of maize and the bacte-
rial community structure in the rhizosphere was studied. The results showed that NJDL-03 and NJDL-12 were more effective in solubilizing
phosphorus than Enterobacter sp. San8. The results of the maize pot experiment showed that the soil availability of P for NJDL-03, NJDL-
12 and San8 increased by 4.36, 5.03, and 0.71 folds, compared to CK. The dry weight of plants treated with biofertilizers NJDL-03, NJDL-
12, San8, and Substrate, increased by 67.14%, 67.70%, 33.96%, and 24.04% respectively, compared with CK. The abundance of Firmicute
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bacteria in the soil was significantly lower than that in CK. Moreover, the populations of Sphingomonas, Mycobacterium, Plesiocystis, and

Halotalea were significantly increased after the application of the biofertilizers, while for Lysinibacillus and Lysobacter, the effect was oppo-

site. Phosphate—solubilizing biofertilizers could obviously increase the soil availability of P and promoted the growth of maize.

Keywords: Penicillium oxalicum; Aspergillus niger; available phosphorus; solid—state fermentation; bacterial community structure
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(1)PDA K7 375 . T4 2 200 o, # 45 B% 20 ¢, H.0
1000 mL, EJE 20 g, pH 557 4%

(2)NA B FR AL A N 3 o, B 10 g, NaCl 5 g,
Bifg 20 g, H,0 1000 mL,pH{H 7.0,
1.3 AMERLTESR

At R B 2 B TR T JRUBH B2 3R 2
B Je (A B 358 ) AR P o W 1,

ik NJDL~03 F1 NJDL~12 F PDA “F-#i |94 4 55
F%, F 28 CHiFR 4 dJm , IO TR A= 38 ER 7K Pk U il i
TRV, BRI BN T4 A i, A R Rk
JE K F 10°4 - mL; 7 ¥k Enterobacter sp. San8 - NA
KRR 2 d, B0, KB RIS, A JCTRE AR 2
ERK B San® TR, U A1 4L, San8 i 1A F) 10°
CFU-mL", 43 $IHUNJDL-03 . NJDL—12 ] 1 & W %
San8 [# & W 50 mL 0 FRE A 250 g i 20 H i 1Y 1
HErh, B Rk NJDL-03 \NJDL-12 % San8 %}~ 4b BHi%
BHSANELE P REANZEREX I (CK) , £ AP E T
28 CHiFr o 43R HTEH BT LL 8 1R 15 2% pHS -
3C pH T4 S R - 398 350l 5 i AN pHAEL
14 BiEREG LR

WP R R R i . R R LI &
KBS N« MBI S - A BT =8:2:8:1:1, K%

R T ENEREUMER

Table 1 The soil basic physical and chemical properties

R pH M TClg kg™ 2% TN/g kg AR TS/g - kg A TP/g- kg T AP/mg - kg
7.84+0.10 12.87+0.25 1.23%0.06 0.1120.01 0.45+0.02 3.44+0.37
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Figure 1 The changes of pH and available phosphorus in soil with

different treatments over time
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Figure 2 Comparison of phosphorus content in the leaf and root of

NJDL-03 NJDL-12

maize with different treatments

R2 EHRNIDL-03FNIDL-12 ER M EF R BIERE PR THE
Table 2 The number of spores of NJDL.—03 and NJDL~-12 in different fermentation media

B FR A2 Medium NJDL-03 NJDL-12

KIERC /7 1 Fermentation medium 1/x10°/> g™ 4.33+0.11 1.66+0.12
2

KM )7 2 Fermentation medium 2/x10%4~ g™ 46.7+0.32 1.33+0.17
g

R3 AELEINEREKPE I

Table 3 The effect of different treatment on growth of maize with different treatments

Ab P Treatments % F Plant height/mm ~ #K Root length/mm 8 Fi Fresh weight/g #k" it Dry weight/g+ ¥ IH-4%2 (SPAD) Chlorophyll
CK 38.73+3.15b 34.10+1.44c¢ 13.38+1.00d 9.07+0.24c¢ 26.33+0.45¢
Substrate 43.753.65b 37.40+1.71b 20.8622.01c 11.25+0.23b 28.630.21d
San8 46.78+2.51b 37.60+2.11b 21.8620.88¢ 12.15+1.33b 30.430.65¢
NJDL-03 55.07+3.86a 45.90+1.78a 32.23+1.30b 15.1621.22a 35.0020.66h
NJDL-12 57.78+1.56a 46.07+0.93a 34.81+0.47a 15.21£0.78a 36.10+0.36a

TE AR FRERORTE P<0.05 7K EA BEME2ES. T,

Note: Different letters indicate statistically significant difference at the P<0.05 probability level. The same below.
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(Actinobacteria) FI 2 #T [# [ ] (Acidobacteria) , I, =4~
AT E B4R BIEF T 50% .20% F110% A7,
WS WAT ] (Bacteroidetes ) L2825 1 [ ] ( Chloroflex ) |
ZE B 1] (Gemmatimonadetes ) X JE U 1] (Verru-
comicrobia) , 2 5§ 20% , H: 41 JE BE T8 ] (Firmicutes ) 3=
FEAL 5 19%~3%, £ A 34 CK 3= B2 W b B AIG, A o 2%
Z 5k

25U R FEE>1% A 23408, F R A
N Gaiella J& , TR J BE 23 11 IR AT @ ( Conexibacter) .
Subdivision3_genera_incertae_sedis 2 Bt | Povalibacter
J& , 2 I R 1R (Sphingomonas) TR 1 ¥ M &
(Aciditerrimonas ) Fl T 21 #F1 J& (Solirubrobacter ) 2% ,
T A2 B> 1% HAFE W35 M 22 S i 4w & HA 24
43 93 Sk i U B T @ (Sphingomonas ) FI 2 5 BR R

RAIRERIZ 2R A RYE T
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Figure 4 Relative abundances of bacterial phyla
with different treatments

J& (Ohtaekwangia) . San8 4b ¥ (1) + 3 Sphingomonas
FRERR R, CK Y 143 £% , NJDL-12 B AL AL 3  CK
[ 1.11 /%, NJDL-03 PR LA P 5 CK 25N B . Oh-
taekwangia “EFERE T NJDL-03 B AR AL BRAN | Hi4x 45 Ab
PRYE CK BN . F 18 <1% (1 9 A4l 17 Ja8 45 b ¥ 2 [
25 0 2, JUH IR 2 R 2 AT )& (Lysinibacillus)
FRE AL PR CK 25 AR s LR F2 40 18 Jm
(Opitutus) , 4 F. 1 # JE NJDL-03 2 NJDL-12 4b 3 5
= 5 5 330, 17 20 7R R IE San8 A2 Substrate 40 FE
5 CKAH L 22 AN 2.2 5 20 B 81 & (Mycobacterium )
INBETR & (Plesiocystis ) FIg £h #1176 J& ( Halotalea ) B 3
JE &AL BRARXS T CK X4 B S A3, B0 e Ak 3
J5 W R & (Lysobacter ) HiXF F CK A Frid /b

3 e

A KA VA BT, X T A - R R B
HEWAER o ¥ B R R T A NIDL-03 F1 A il 5
NJDL—12 2 52 55 % 43 B AR A7 W I W RIOCR B0 i i A=
Yo FRa A R B R B KM R T B,
FEAR T 38 pHAE, #2081 Rl & i, R a5as
55 45 d, B Fk NJIDL-03 Al NJDL-12 &b # -+ 32 1) 1 {0

F4 RNELEF L ERERENTH

Table 4 The changes of soil enzyme activity with different treatments

LEF Treatments TEMETE Soil sucrose/mg-d™-g™! JIR T Soil urease/pg+d™-g”! rFPE W AR I Soil neutral phosphatase/wmol -d™'+ g™
CK 28.47+1.88b 312.15+49.45h 5.6120.18d
Substrate 30.10+2.01b 339.06+43.72b 7.19+0.50¢
San8 30.40+2.76h 371.19+42.41b 7.59+0.29hc
NJDL-03 42.631.95a 488.04+41.26a 8.73x1.32ab
NJDL-12 44.55+2.10a 500.00+28.82a 9.56+0.81a
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RS> AEGERFRTETERRERH(BARF0.1%) HEETL

Table 5 The abundance of main bacterial genera in different treatments

4 1% J& Bacterial genera CK Substrate San8 NJDL-03 NIDL-12
Gaiella 3.78+0.60a 3.03+0.98a 3.35+0.51a 3.99+0.25a 4.11+£2.29a
Conextbacter 3.01+0.15a 2.21+0.51a 2.89+1.09a 2.91+0.60a 2.56+1.08a
Subdivision3_genera_incertae_sedis 2.96+1.66a 3.21+1.17a 3.08+1.04a 2.37+0.55a 3.07+1.28a
Povalibacter 2.84+0.34a 3.04+0.25a 2.97+1.12a 2.62+0.08a 2.49+0.49a
Sphingomonas 2.73+0.12b 2.97+0.27ab 3.91+0.73a 2.43+0.50b 3.02+0.98ab
Aciditerrimonas 2.61+0.76a 2.51+0.47a 2.41+0.61a 2.99+0.57a 2.67+0.86a
Solirubrobacter 2.57+0.24a 2.27+0.58a 2.86+1.12a 2.65+0.32a 2.55+0.82a
Gp6 1.84+0.20a 3.24+1.10a 2.51+0.42a 2.91+1.28a 2.71+0.93a
Thermoleophilum 1.72+0.17a 1.27+0.41a 1.41+0.43a 1.78+0.12a 1.65+0.78a
Gp7 1.50+0.18a 1.74+0.13a 1.69+0.29a 1.67+0.73a 1.70+0.48a
Sideroxydans 1.50+0.53a 1.37+0.59a 1.45+0.15a 1.43+0.46a 1.52+0.25a
Gemmatimonas 1.40+0.74a 1.38+0.30a 1.25+0.11a 2.20+1.11a 1.50+0.76a
Haliangium 1.12+0.42a 1.35+0.15a 1.20£0.29a 1.37+0.12a 1.14£0.01a
Ramlibacter 0.97+0.15a 1.22+0.33a 1.24+0.21a 1.17+0.19a 0.96+0.21a
Desulfocarbo 0.96+0.12a 1.03+0.31a 0.94+0.16a 0.69+0.04a 0.80+0.30a
Bradyrhizobium 0.93+0.19a 1.18+0.27a 1.16+0.13a 1.02+0.27a 1.14+0.54a
Ohtaekwangia 0.92+0.52ab 1.00+0.41ab 1.35+0.55a 0.53+0.08b 1.20+0.50ab
Sphaerobacter 0.86+0.25a 1.15+0.25a 0.72+0.34a 0.70+0.07a 0.87+0.27a
Lacibacterium 0.84+0.25a 0.93+0.17a 0.88+0.24a 1.19+0.30a 0.91+0.09a
Gpl0 0.81+0.37a 0.90+0.14a 0.74+0.05a 1.07+0.09a 1.03+0.21a
Kofleria 0.81+0.35a 0.85+0.17a 0.74+0.14a 1.07+0.48a 0.82+0.06a
Gp4 0.68+0.22a 0.91+0.17a 0.83+0.38a 1.10+0.31a 1.19+0.33a
Aquabacterium 0.61+0.10a 1.34+0.45a 0.92+0.42a 0.79+0.48a 1.06+0.47a
Lysobacter 0.74£0.03a 0.57+0.09ab 0.76+0.05a 0.60+0.17ab 0.53+0.15b
Skermanella 0.70+0.07ab 0.62+0.04ab 0.79+0.23a 0.63+0.06ab 0.55+0.02b
Mycobacterium 0.33+0.13b 0.57+0.05a 0.36+0.04ab 0.42+0.08ab 0.41+0.20ab
Azoarcus 0.30+0.12ab 0.30+0.06ab 0..21+0.03b 0.44+0.08a 0.18+0.08b
Plesiocystis 0.26+0.08h 0.29+0.05ab 0.26+0.04ab 0.36+0.05a 0.27+0.03ab
Lysinibacillus 0.23+0.06a 0.11+0.04b 0.12+0.02b 0.10+0.07b 0.12+0.01b
Halotalea 0.09+0.02b 0.18+0.07ab 0.17+0.09ab 0.20+0.09ab 0.25+0.09a
Opitutus 0.09+0.02b 0.09+0.04b 0.09+0.04b 0.22+0.06a 0.17+0.05a
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