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Abstract: [Objective] To screening mycorrhization helper bacteria (MHB) which were facilitation to
the quantity of mycorrhiza and the growing of mycorrhizal seedlings. [Methods]| Pinus armandii was
an experimental tree species, and eleven bacteria were isolated from rhizosphere soil of Tuber indicum
as experimental bacteria. T. indicum inocula and different concentration bacteria were inoculated on P.
armandii seedlings. The MHB were ascertained by statistics and analysis of the quantity of mycorrhiza,
plant height and ground diameter of the P. armandii mycorrhizal seedlings synthesized by T. indicum.
[Results] Pseudomonas sp. JCM 5481 (P143), Streptomyces sp. EN31 (S191) and Variovorax
paradoxus (V633) of 2.4x10° CFU/mL had highly significant role in promoting (P<0.01) the quantity
of mycorrhiza, plant height and ground diameter, as well as Pseudomonas chlororaphis (P11) and P.
corrugate (P127) of 0.8x10° CFU/mL had significant role in promoting (P<0.05) the quantity of
mycorrhiza, plant height and ground diameter. Different concentration setting of four Pseudomonas
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showed each strain has its suitable concentration respectively. [Conclusion] Five MHB were obtained
in the experiment, and indicated that the concentration of bacteria was a key factor to get MHB.

Keywords: Tuber indicum, Mycorrhizal synthesis, Mycorrhization helper bacteria
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RIS SR o AREEA I DN B RE B 5 R [
FHBAAR B SR I ZE 5L, A2 LLPA BT 70 ) e 2
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Table 1 Different microbes and amount of inoculum

BBk 5 oSl TS AR S
Number of bacteria Type of bacteria Concenggléli)]?lr?{;) acteria The quantsletz d(;fﬂl;ls/corrhlzal
P11B1 Pseudomonas chlororaphis 0.8x10° 15
P11B2 Pseudomonas chlororaphis 2.4x10° 15
P11B3 Pseudomonas chlororaphis 4.0x10° 15
P127B1 Pseudomonas corrugate 0.8x10° 15
P127B2 Pseudomonas corrugate 2.4x10° 15
P127B3 Pseudomonas corrugate 4.0x10° 15
P143B1 Pseudomonas sp. ICM5481 0.8x10° 15
P143B2 Pseudomonas sp. ICM5481 2.4x10° 15
P143B3 Pseudomonas sp. ICM5481 4.0x10° 15
P579B1 Pseudomonas fluorescens 0.8x10° 15
P579B2 Pseudomonas fluorescens 2.4x10° 15
P579B3 Pseudomonas fluorescens 4.0x10° 15
S767 Streptomyces scabiei 2.4x10° 15
S191 Streptomyces sp. EN31 2.4x10° 15
A222 Acinetobacter johnsonii 2.4x10° 15
A336 Acinetobacter oryzae 2.4x10° 15
AS558 Acinetobacter lwolffii 2.4x10° 15
A659 Acinetobacter guillouiae 2.4x10° 15
V633 Variovorax paradoxus 2.4x10° 15
CK CK 0.0 20

Note: CK: Mycorrhizal seedlings without bacteria.
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MR AL EAR),

{#H Excel Fil SPSS V13.0 (http://www.spss.com.cn/)
X TSR 1T ANOVA 3477 22004 M i 522

‘A

ST (P<0.05), I8 ] Excel fHUA [RI AL A 7%}
ML, bR, A2 AAEIE K, A4 SPSS V13.0
Bl 25 IS IR 2248, FE B AR A B ) 1 2
E5,
2 HRE540
2.1 EHIRFESUE

12 AL BT AR LA B A TRHIE L 411
PAVE R BE R, OB AR Y 43 3 322 DL = SOR
(Dichotomous) (K] 1A .B) IR (Coralloid) (K] 1C.
D)Sif T Z A5 32, B 2-5 mm; JE
#h(Main axes)F ; K47 (Unramified ends)tkak
UERIRRAR; TG E; REDEHE, HAOSMERZ,
22 HIREEFZITS R

XPEREA AR AR LA TRAR SR . ks Fr A
G, SitdRER TR 20 RE—xt
ANTRI A 38 2 [ () B 25 5 61T ANOVA “F-3477 253
I ATER =25
221 FAEMEREREMBRBAIFM: 7ELH
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11 AR AN AR EE N ) TRAREI L S CK 25 % Bt
17 BT 22508, I8 MK P<0.05 B2
S, P<0.01 BrZESH R, £ 3 B AN
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ANTR] PR3 A R K ST 25 AR T2 B T R S0 A
2 5(P<0.01),

1 EDERESELRTE BN EERINRFS

Figure 1 Morphological characteristics of ectomycorrhizae of Tuber indicum with Pinus armandii

T AL B: “3UHRER; C. D: HHPRER.

Note: A, B: Dichotomous mycorrhiza; C, D: Coralloid mycorrhiza.
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Table 2 Effects of different levels of bacteria type and amount of inoculum on quantity of mycorrhizae,
plant height and ground diameter of Pinus armandii

21T R R AR SR Wl WAEHE
Bacterial Concentration of bacteria : : The mean of ground

I (CFU/mL) The mean of mycorrhizae The mean of plant height (cm) Bt (o)

P11 0.8x10° 247.50+25.93 28.63£1.76 3.15+0.45

2.4x10° 188.67+19.95 24.88+3.40 3.07+0.26

4.0x10° 218.17+41.24 27.37+2.68 3.07+0.37

P127 0.8x10° 296.67+34.79 26.52+1.20 2.98+0.45

2.4x10° 216.17+49.00 27.77+1.58 3.11+0.31

4.0x10° 288.33+51.98 27.67+2.78 3.10+0.30

P143 0.8x10° 285.00+£34.41 27.55+3.57 2.92+0.40

2.4x10° 469.00+£51.02 29.45+3.21 3.38+0.19

4.0x10° 281.00£74.01 26.67+3.61 3.16+0.40

P579 0.8x10° 157.00+33.85 25.37+2.85 2.86+0.37

2.4x10° 153.33+£31.66 24.42+2.87 3.15+0.45

4.0x10° 254.83+43.87 29.87+3.10 3.52+0.29

S767 2.4x10° 176.83+42.86 27.63+4.78 3.24+0.34

S191 2.4x10° 319.00+18.98 29.17+1.51 3.31+0.35

A222 2.4x10° 403.83+77.51 28.70+2.42 3.00+0.41

A326 2.4x10° 172.83+29.55 29.00+5.46 3.22+0.30

A558 2.4x10° 289.67+53.00 28.28+1.54 3.00+0.32

A659 2.4x10° 207.83+46.18 25.67+3.26 3.06+0.29

V633 2.4x10° 358.33+68.20 28.36+3.23 3.04+0.27

CK 0 234.00+41.69 24.20+1.35 2.73+0.48

#3 TREZRLETRELRNERESATED T

Table 3 Analysis of population variance of the quantity of mycorrhizae synthesized on Pinus armandii under
different factors

SRR I HEE I ¥J5 FiH P{E
Sources of variation Degree of freedom Sum of squares Mean square F-value P-value
Bi% Model 11 710 978.2 64 634.38 32.393 99 <0.001
%2 Error 60 119 715.5 64 634.38
&UFI Total 71 830 693.7
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Table 4 Analysis of population variance of the quantity of mycorrhizae synthesized on Pinus armandii under different
factors and levels

7 SRR i H ST AI by FfH P1E
Sources of variation Degree of freedom Sum of squares Mean square F-value P-value
FEH Model 11 457 235.1 41 566.83 22.247 02 <0.001
2 Error 60 112 105.3 1 868.422

S Total 71 569 340.4
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Figure 2 The quantity of mycorrhizae synthesized on Pinus armandii under different bacteria
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Figure 3 The quantity of mycorrhizae synthesized on Pinus armandii of CK and under different
concentration of Pseudomonas

TE: A-D: P11, P127. P143 I P579 (R [mIHe AL FE (1) AR AL
Note: A—D: The quantity of mycorrhizae under different concentrition of P11, P127, P143 and P579.

x5 FREZLETHELLERSSEAES T

Table 5 Analysis of population variance of the plant height synthesized on Pinus armandii under different factors

AR SRR H SEIr ¥75 FiH P{E
Sources of variation Degree of freedom Sum of squares Mean square F-value P-value
%% Model 11 471.4394 42.858 13 3.919 752 <0.001
=% Brror 60 656.033 3 10.933 89
ST Total 71 1127.473 0

F6 RIEBAACE R TR B E S

Table 6 Analysis of population variance of the plant height synthesized on Pinus armandii under different
factors and levels

AR SRR H SF-J5 %5 F1{H P1{H
Sources of variation Degree of freedom Sum of squares Mean square F-value P-value
7 Model 11 339.486 7 30.862 420 3.799 439 <0.001
=2 Error 60 487.373 3 8.122 889
& Total 71 826.860 0
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Figure 4 The plant height synthesized on Pinus armandii under different bacteriae
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Figure 5 The plant height synthesized on Pinus armandii of CK and under different concentration of Pseudomonas
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Note: A-D: The plant height under different concentration of P11, P127, P143 and P579.
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Table 7 Analysis of population variance of the ground diameter of mycorrhizae synthesized on Pinus armandii under
different factors

ki Sl B F-J5 ¥5 F{H P1{H
Sources of variation Degree of freedom Sum of squares Mean square F-value P-value
157 Model 11 3.720 686 0.338 244 3.524 333 <0.001
B2 Error 84 8.061 813 0.095 974
S Total 95 11.782 500

=8

FREREFKFFGHTELREDRTEDN

Table 8 Analysis of population variance of the ground diameter synthesized on Pinus armandii under different
factors and levels

7 SRR F 750 ¥y FfH PfE
Sources of variation Degree of freedom Sum of squares Mean square F-value P-value
FEH Model 11 4.867 183 0.442 471 4.160 915 <0.001
1%7= Error 84 8.932 550 0.106 340
SF Total 95 13.799 730
4.0 r a a a
a
E 35¢ ab a T l ab ab ab ab
Ele T & _ I 4 1 I 1
- 3
5 25}
@ §
2 = 20r
T oI5t
3
5 1.0}
o
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6 ARIMAELIETRLELIRE IR
Figure 6 The ground diameter synthesized on Pinus armandii under different bacteria
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Figure 7 The ground diameter synthesized on Pinus armandii of CK and under different concentration of Pseudomonas
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Note: A—D: The ground diameter under different concentration of P579, P11, P143 and P127.
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