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Isolation and Identification of a MHB Strain from the Rhizosphere Soil of Pinus
thunbergi Inoculated with Boletus edulis”

SHENG Jiangmei, WU Xiaoqin™, HOU Liangliang & YING Chengxi
(Faculty of Forest Resource and Environment, Nanjing Forestry University, Nanjing 210037, China)

Abstract To investigate the effect of ectomycorrhiza co-inoculated with mycorrhiza helper bacteria (MHB) on the growth
of pine seedlings, we screened MHB from 81 bacterial strains isolated from rhizosphere soil of Pinus thunbergi inoculated
with Boletus edulis (Be) or Rhizipogen luteous, and we used the methods of dry-plate, liquid co-culture test in vitro and co-
inculation to evaluate the potential MHB strains. The dry-plate confrontation assay revealed that HB12 significantly promoted
the in vitro hyphal growth of Be with an increasing rate of 34.4%. B. edulis significantly increased mycorrhizal formation in
the presence of HB12 (54.5%) compared with the no-bacteria control (36.8%). Compared with the blank control (-Be, -HB12),
the pine seedlings co-inoculated with Be and HB12 strain, Be alone (+Be, -HB12), and HB12 alone (+HB12, -Be,) could
significantly improve their mean height with increasing rates of 44%, 36% and 24.5%, and their diameter with increasing rates
of 27.7%, 22.9% and 26.5%, respectively. The MHB stain was identified based on the analysis of morphological characters,
Biolog system and 16S rRNA gene sequences homology. HB12 was identified as Bacillus cereus, of which 16S rRNA sequences
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have been registered at GenBank database under the accession number FJ040806. Fig 2, Tab 2, Ref 19
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1 HBI2BEPRE A X Bel 2 A KI5 (X17)
Fig. 1 Effect of different bacteria suspension on the growth of
B. edulis (X17)
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B P HBI 21 bR 5 Be . W E A HBI2 5 #% F1Be T B
A4, 10 moJF i M AE K IE O UL 36 2. MR HBI2, W
R Be I HB1240 B Y FB AT &5 5 0 IR 22 3k K7
(P=0.002<0.05) , Tij B4 Be iy b 31 5 X IE 22 R g 2 o
FEFHBI2 , P A Be X W Fh Be MTHBI24b B ) B FA i 25 5
Mo I 2 S 2% (P=0.006<0.05) . F Fh b B A% FA B 1 T A
RS XT AL, B3 Bef b B4y 34 K 24.5%126.5%, Hf%
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IR FLE TR (Suillus luteus) T AR 36 A (R 43 B 345 28 70
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Table 1 Effect of bacterial extracellular metabolites on the growth of B. edulis

Hikk H HAF Dry-plate confrontation A% Liquid co-culture test
Strain V% 4% Colony diameter (d/cm) K Growth rate (/%) "B Mycelia biomass (m/g) WK Growth rate (/%)
HBI12 6.61+0.32a 17.41 0.44+0.00a 28.8
CK 5.63+0.13b — 0.34+0.06b —
2 MHBENE#RSBeEEXN B E KM
Table 2 Effect of MHB strains inoculated with B. edulis on the growth of pine seedlings
e AKIRFE Growth index i
Treatment Hi LIS S it K Colonization rate (/%)
Seedling height (4/cm) Growth rate (/%)  Ground diameter (¢/mm) Growth rate (/%)
Be+HBI12 10.97+2.06a 44 2.12+0.31a 277 54.5a
HBI12 10.36+1.05a 36 2.04+0.31a 229 0
Be 9.49+2.10ab 24.5 2.10+0.43a 26.5 36.8b
CK 7.62+1.14b — 1.66+0.22b — —
99 HB12 (FJ040806)
ﬂE Bacillus cereus (FJ685763)
99 Bacillus cereus (EU855219)
i L——————— Bacillus cereus (EU350369)
9 Bacillus cereus (EF100616)
93 Bacillus thuringiensis (AY138289)
» Bacillus thuringiensis (AY138288)
i Bacillus thuringiensis (AY138287)
Bacillus thuringiensis (AY138286)
)

Bacillus thuringiensis (AY138285

Bacillus anthracis (AY138350)

70

Bacillus anthracis (AY138349)

5 Bacillus anthracis (AY138348)
W‘E Bacillus anthracis (AY138347)
99 Bacillus anthracis (AY138345)

K12 MHBRE#RHBI2(Y RS0 AL
Fig. 2 Phylogenetic tree based on the 16S rDNA sequence of MHB strain HB12
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EA KEHFFEUESE, B F MHBH T M 5 # X A5 Y
F I AL AR, b — S A Ja P R MHBAT 42 55
HR 1R Y. Garbaye S IR M (Laccaria laccata) WF 5%
b 3B 2 LA MHB, 1% MH B 8 08 B 0UHz P AL I 43
( Pseudotsuga menziesii) W] LA ik 25 42 55 BRAR JE B A9 250 0.
DuponnoisZ ¥ M N R (Glomus intraradices) 518 5
FF 18 JE MHBXUZ FF B R A W JKE (Acacia senegal) FIWTFFE 8 %
W, XU A Ak B R 1) 5 AR ) e B R I o TR
Fiah B, HAZFMHBY 48 & 1 A AR Qe 9, A0 1y 45
SR, EMRA T B (Be) FBEIR 25 AT B HB 1258 A X4
Fifr b 20 2 v T PR AR R AR e, AR A A
1, BEHIMHBIE ¥ HB12 A9 /5 FH L 22—l o2 vl 42 2k A1 A T
R EL TR BeXy FAFA i AR R A R .
AWFFERM, MHBE A B8 (14 F 3 e PR 0718, A5G
i E AR AT T MHBRE bk HB1243 B 1 28 b — 38 B 4 T 18 T AR R
B, XA T H AR AR AR AT, T R R -2 AU
R R 398 53 B3 08 240 T oK i A X S AR 4R I T 3R B L R A
PRI R AR . HB12TA B X 38 6 250 I BT 1) A= Rt AR R I Al
HEVEFH (R AR L3R, X —IN G R HBI2G MRt B A FL
PEFENE, X5 AT AIPT TR 4R — 2L
A 06 77 6 AR A5 A HB 12T B O IR 28 FLAT 1, A A5
FEW, A 5 AR L AT PRI FHS 19 ArturssondE XTAM
TR L 11 40 R BIF 5 S TR 28 FELAT TR VAL R A 7 T Y
PEHEFIRE, HVAITE R SOE R 5 PEAE T T 3 22 % i X 1 AM
W 221K b HED AMTE 220K P] B8 2 40 1) 2 FR I, X —
eSS S F T E R RIE A 5C &, A ) T IR 2F AT
B VAT B 22 AGJIUE 57 BB OB IR ). Jacek S5 AT 5T & B,
TEMR IR Z M (Cd) ISR AT, MR AP AR BT
Amanita rubescens. Hebeloma sinapizans’y 5 55 85 IR ZF {0 FT
WR AR AR A, X F B AR AR B AT W] e i 2 B R
() s 340 42 5 T RA T B EE 4 S C I B ™. MHBAR dEAE Y AR K
BRI A P AL ) G475 A8 AR A0 35 20 WL L 5 0 D T 5 AR S 6
P A HUIE | A R AR LR A T i R M 22 E K E 2 AT
187, AT 50 9 bR 25 A6 4T B HB12 B Mk 5 Be B X B A A=
KHEA B A EE R, P R AL b A i E— 20 i
AT
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