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Bt SEMAEHLT; BORZI 4 (Russula rosea
Persoon 1796 ) BIFRIE L4 . 2T 8145, HEN
W, FIAR P 2L AR R A R 4L ai R B DUIE —
TR A, P HRE, RE S 5K R 5
W, Mir#s A 200~500 JG-kg™, AT IR,
FEA R S 13T A o R AL AN EC LT s 2T
i JE R L B A 2 HAME TR AR B, A
2. BRI FOCREEFRYIT, MUEAEE
. KIEH . MEF4E5ETiRe, B A PUEL ., S
L PO, JRARE EE AT AT A 5
FRIREO, ZEEARAEN Ml TR E 82 Rl B A
4 M 22 PRl 2y e, Horb, RN LS FIE R LD
I EAEEN BN E. KRG 5BORL
AMUTEWRIE A 5225, M HRG R em>™,
H TR T N TARSS . fERpSN S 52h, RILK
PRIZT 4 FBCL AT 2 A7 T ) — Xk

AWFUUR BT 2 FhAAE AR FLR L
BT 255 FIK IR 21 23 A AR PR AN E AR B - 583 (4
WL OER) MERIFENS, SR lllumina MiSeq —
AL ) A TR 43T, il s 2 Fpar
HEARPR SRR PR T3 WIS S 22 5, ik
FHR ARG B TR, 255 H3EPfb PR URD 2 Fhar 4
MAESE, R 2 PR E R Z . AR L AL a
WHKAE

1 REHBI

TEJ7 AR A Mg N7 420 2 ( 116°16'58 " E,
24°5'25" N ) SRAR B JK A LTk B LT 48 2 FhliF A=
B AN AR TR, SR AR AR I 32 B Bl O 28
( Castanopsis fissa (Champ. ex Benth.) Rehd.
et Wils. ), 2R 2L 45iR 7% TAK I, 1% M X i 4k
147 m, ETWHGEFRIR, FEN 21.4 C,
AEREIK N 1 776.1 mm,

2 R

21 HmXRE

T B ANEE SR K BT A A B PR AT 2 A B 4T
T, FHENE RS B E 2T 25 b A9 EE 0~10 cm
TV AIRER L FERRK LG . H S L e iR
SRS 1 m iy, BUAE 0~10 em 1 +354E AR
HRBR 1. FR T PR 12 B 20 4 AE R AR P A
i, ARMRBR EHERE VT LSLRIM . ¥ LIARER
WRBRSAEMRPR R 535153 R 2 4y, — 3 ATCH A

B4, WARBMLRE, £-70 CIKHERTEHT
Sy FOKF R I PRSI SE e [ SR
K, KRR35t 2 mm 6, T34 s
FE o SRAEHLN) 3L, HE AR IET, RR NI
WA IEMR PR3, RG MK A #i M br 14 ; BK
JARR B 145
2.2 tTEEBEEERNUE

+3% pH AUk (wiv) 12 2.5 [ pH510
FiR BT s A MRS (ot P B R Ak
FES S SR R BRI e e
R SR BB PR A B 12 1 - B BT L £ Tk 0 s T
AR A R I e e
23 TEMEMSEEST
231 13 DNARIR, PCR¥F 3 Am 5 FREL
0.30 g -4, &M LA TR Ezup A 11
DNA it 4 0550 & 1 W1 42 B 11 DNARES, FIH
NanoDrop 2000 435t )t B 11K il DNA ¥ & Fir 4l
¥, Wi DNA 4l ODoygmgo 28 T 1.8~2.0 [,
DNA ¥ F>50 mg-L™",

Rl A% 9 DNA FE 5 43 i EC TR ITS A
W 16S ST Ty S . B ITS 514 B2
24 300 bp, H1¥F5)k: ITS1F (5-CTTGGTCA
TTTAGAGGAAGTAA-3' ) Al ITS2R ( 5'-GCTG
CGTTCTTCATCGATGC-3") "9, 40 16S 514
J¥%1% 338F (5-ACTCCTACGGGAGGCAGCAG-
3') #1 806R ( 5-GGACTACHVGGGTWTCTAAT-
3') P BB K EFEZ N 468 bp., 20 yL PCR 1%
RIVRZY . 5 x PCRY ML 4 uL, 2.5
mmol-L™" dNTPs 2 uL, 2.0 g-L™" 4= 1 3% & R
# (BSA) 0.2 uL, 5 pmol-L™" iF & If 51 ¥4 0.8
uL, Taq DNA E&F 0.4 uL, 50 mg-L™" DNA f%
Mt 2 puL, ddH,0 9.8 uL. PCR J i ¥ 34 72 5 24
Jg. 95 °C HiAEME 3 ming 95 °C 4EE 30's, 55 C
Bk 30s, 72 C i 45 s, 335 MEH; 72 C
FEff 10 min; 4 °C {77, PCR ¥ ¥ffifH] 2% (i
FARTRLG ) B RE I R VKA TR, A5 A% 1Y
FE 26 2 325 £ YA wl HEAT lllumina MiSeq
PE300 XUl ¥ .
2.3.2 MELSH @i MiSeq PE300 XLl ¥ 3k
PRI IR T HLEEE, X IR A T P A TR 08 S B i
AL . PEHCE B >20. K >100 bp ¥
b5 MR R i 0y barcode 15| Yy JF 51 I ¥
I, 2BR R W B9 barcode 5 51
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FIH FLASH vA.2.11 B pK iixs reads Bf 3 18—
FIF5, PHEE T 5 i KA BC LR <0.2 IIFE N
HRUFH, HATIREHT

i FH Uparse v7.0.1 B{EXE BT A B 5 A8 S50F
FIHET 97% HIARRIMESES T OTUs R, 7EREH
P LRSI, 153 OTUs [REFS, Frixit
R E 558 1] RDP classifier D1 ey 5 5048 1
HEAT LA B A RS B o FCRA Y X e e
4 Unite ( Release 8.0 ) 2; 4II B 4 b X #0405
4 Silva (Release138) P2, 254 Xt dl lifs
ST DA B[R S 7E 45 3 2K iy b 2 B
. HERRERZHEENI, BREAETY, #h
XSG 285 S A 2, - 49 B B RN 2 T AR A )
MrEi], Y0 e/ IMEAS B e 0BG TS24 il
VI 9 OTUs B2 5 B H] Qiime v1.9.0 1154
mh YIRS . Chao #5%%. Shannon #6505 a Z4f
PEFREL. Chao $8EUS WYIFPHES F 5, Shannon
TREUS YRR I, 2R

T HEANTE ) DI RE F Sid@ i PICRUSE Xf OTU
FERHFATIRAEAL B, AR OTU X N 1y
greengene id, 5 KEGG (¥ EWE47 He X}, nI4k
PR AFEATEAS [ T30 [ A T R 21 120,
24 SFitEKESH

fii ] Excel 2016 #1744 Aiab 3, Jfif47IE
BArHT, fFEIERE H 7 2 55 0 a8 H

SPSS 21.0 #ATH X Duncan 75 20, %X
I 0 4l AR SR BOTF- A A ehR R 1R 22, FESTHF KT
p<0.05 ", FFIARFERRFEERELES, F
FAHF R R Z R AL . WAFEARTER K L AYE
ARG ESSMAT EZANEFNHELT, EH
Welch's t £ 5 #E 47 H 443 AP, I8 STAMP
RAEHEA T2

3%t HHEAN B . ) OTU Bdis kT Lt
Bt HEF 4T (DCA) P8 DCA 42 1 kR
B K )EH<3, HRMH RV 41.01E5F
vegan T IUA ST (RDA), #HITREAS . mRE
5 bR R

TEBACE L, WrFh i 2 B i B B DL R - 4380
AW 5 3 P AL A Spearman FH S 3 B 24
f#ifl R v 4.1.0 i& 5 ' Pheatmap 1241, #|H
R 155 4 il BEPE 4 U TE T 17K A Fh AR X
FREEFEIRE

3 RN

2 ThLT TR BR5 3E4R BR T IR 1L 14 R
2 FhLT ZEARPR S A EAR PR AL PE e I . UK
TR 2T 4 RN ECER AT AR B 38 A B HLAKk ( p=0.047 )
AR (p=0.046 ) % m TIEMPR 1, £+
HpH, AMAMARBTERARE (K1),

3.1

F1 2 MLAERRSIERIR T IEE R
Table 1 Physicochemical properties of mycosphere and bulk soil of two species of Russula
B A LB AREAE A R A R
Sample pH SOC/ (g-kg™ AN/ (mg-kg™ AP/ (mg-kg™ AK/ (mg-kg™
RR 4.22+0.11 a 38.80+3.69 a 327.984+30.38 a 10.404£3.38 a 241.52+42.44 a
RG 4.25+0.06 a 35.39+6.07 a 281.06+52.77 a 6.97+x1.15a 307.30£32.35 a
BK 4.46+0.08 a 12.8847.81b 132.48+86.95 a 2.44+2.03 a 112.14+51.54 b

i CPHEHRERZ . RRABOBLGHIRFR L% RGAKNLAGERIR L%, BKOYIFRR L%, NHE.
Notes: Meanszstandard error. RR stands for the mycosphere soil of Russula rosea, RG stands for the mycosphere soil of Russula

griseocarnosa, BK stands for bulk soil. The same below.

3.2 2 Thel FEXTIR BRI A ¥ & R R R0

WIS XT 2 FPLT AR PR S AR PR A . HA
()l B AT, Bl ug . s, BoR
CIFEARPR . KA LT ZEARBR A AR R - 20 B 4 4R
4 39685, 40 681, 33 688 LA WEIE; HFLT
TR PR . K A £ 25 AR bR A AR AR B 38 B 0 4K
19 46 151, 52 073. 65 339 54 5B . 2 fher
T AR PR 5 AEAR PR - e A A0 B . LR S B 4 A

OTU % H i fs Btk &3y ia Tor38 (1), Bt
BN (4 A BERTHE 58 22 i e 30 i B
) OTU DilkRAK . TEARBITCH, H IR L3k
132914 4~ OTU, MR ILAE 536 4~ OTU,
2 FheL g MR 34N Chao 8450 = Tk
PR+ ( p=0.03), Shannon #5%0{% T IEAR b
T4, 2 PO GRS AN B SR 25 N
(£ 2), EHPEEHEZHEM DRI, KR



%64 AR, G BOERLLGERUR A LL G AR PR S MR v S R B 55

1600 - o
1400 1

1200

-
o
o
o

800

OTU %k
Number of OTU

600 |

400
/ - RR
200 H - RG
- BK
0 . . . .
0 4000 8 000 12 000 16 000

B

Number of reads

OTU %
Number of OTU

—RR
— RG
— BK

2000 3000
L3

Number of reads

0 1000

T RROVECZIZERPR L8 RG WK PNLIEEARPR 1985 BKOVIEMRPR LI, A: HH; B: FFE.

Notes: RR stands for the mycosphere soil of Russula rosea, RG stands for the mycosphere soil of Russula griseocarnosa, BK stands for bulk

soil.A: Bacterial; B: Fungal.
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Fig. 1

PR+ EE TF Chao $5%% ( p=0.034) F1 Shannon
58 (p=0.01) 3% & T BUBE 20 o6 AR By 1 0%

Rarefaction curve of mycosphere and bulk soil in two species of Russula

(%2),

®2 2MAERRSIERRTEMED S SRR ERI T

Table 2 Diversity index of mycosphere and bulk soil microorganism of two species of Russula

B 41 Bacterial H i Fungal
Sample Chao?% Chao index Shannonf&#{ Shannon index Chao#5% Chao index Shannonfi& %t Shannon index
RR 1724.65+11.97 a 5.7610.04 ab 140.75+£10.45 b 1.5840.22 b
RG 1650.96+47.92 a 5.63+0.14 b 215.57+23.31 a 2.95+0.17 a
BK 1457.40+27.87 b 5.96+0.05 a 169.08+5.73 ab 1.804£0.27 b

3.3 2 MLIEENRERUE Y EHE SRR

2 P2l BAR PRAI AR B - e B 2 24 441
W], 5], H, AZEET] (Proteobacteria ).
W2 #F # 11 ( Acidobacteria) . % % B |
(Chloroflexi) Akt F ] ( Actinobacteria ) & £ %
AT (KB 2A); T4 ( Ascomycota ) |
1 F B 1] ( Basidiomycota) 1 % & T I']
( Zygomycota ) H FE M E R[] (K 2B). KA
21 4 P BB 21 25 W AR B + S8 2 i h AR TR T 1)
(p=0.017). MM ®I] (p<0.01) M TEHK
HHF R (p=0.002) #5837 HEAR By -1
(Kl2),

FEANE B TR R R 445 D8, AR TR E
( Variibacter) . #4714 iz J& ( Acidothermus) . 1&
H M % W )& ( Bradyrhizobium ) . Candidatus_
Solibacter J& #1 Burkholderia—Paraburkholderia )&

LA BIAN FRERT 0.1%, KN FELEMAME
J& . FERT 50 M@, B LA A K R LT AR B
SEYN A 1) AE AT )R ( Variibacter ) ( p<0.01) |
Candidatus_Solibacter J& ( p=0.033 ). HE%E T JE
( Sorangium) ( p=0.029) . 4 # #/F & &
( Mycobacterium) ( p< 0.01) . Singulisphaera
J& ( p=0.023) . Isosphaera )& ( p=0.001) . #%
JKI )& ( Bdellovibrio ) ( p=0.034 ) FIZEZEHAT 1A
J& ( Paenibacillus) ( p=0.005) & 3% & T IE MR bR
T, X SETT R R 21 4k R A K Y 3 AR A B A4
W MAELE R ( Actinospica) ( p=0.016) .
WY 2 PRI )@ ( Sphingomonas ) ( p=0.023) .
Chthonomonas J& ( p=0.001) #1 Vicinamibacter
J& (p<0.01) 558 &ML TAEMPr 4% (K 3A).
TE - SRR RIS 250 A B, K PR 20 2 RN B 21 4
AbFR—32, Ui = Z R RS AR, i —
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Fig.2 Community composition of mycosphere and bulk soil in two species of
Russula at phylum level ( A: Bacterial B: Fungal)

S0 IR TR 21308 BT 4 AR B - SR TR R 1 T LA
KB, KL %5 AR By 4 BE A0 AR R AT R
( Variibacter) ( p=0.022) . Bryobacter &
( p=0.023) FZFA:4¢ & ( Blastochloris) ( p=
0.008 9) & THILLT ZEARPR L IRANT , 1M 44
2 5 J& ( Acidothermus) ( p=0.013). 7 A FF I
J& ( Mycobacterium) ( p=0.044) . Reyranella
J& (p=0.009). £FZ ¥ " )& ( Ktedonobacter)
(p=0.013) F1% I/ MF# )& ( Rhodanobacter)
( p=0.013) .25 fIk T Br 8L 41 % AR P 1 3 40 78
(L 4A ), X BEBHAS [R) 21 7% Hp (%) 1 358 40 o £ 35l
BRI 22 5 .

T EEE R ERER 146 18, AEE
( Trichoderma) . #{ %5 J& ( Mortierella) . ¥
%)@ ( Penicillium ) . ##*£% J& ( Tomentella) F
KL E & ( Gliocephalotrichum ) “f 3 % () EL A
J& o FERT 50 M@, P 214 A BT AR B
WHB P AKEE ( Trichoderma) ( p=0.023) .
HH#IE (Penicillium ) ( p=0.038) Fl Hypomyces
J& (p=0.038) 3w TALMPR 458, 17 S 2h)E
(Pisolithus ) (p=0.023 ). W& (Cladosporium )
( p=0.030) FIHLlEEFCHL)E ( Pyrenochaetopsis )
( p=0.003) I EALTAEM PR 48 (& 3B). #f
— SRR PR 21 2 R BB AT 4 A AR B - S EL R A T L
B, RIECR A AR PR 13 B R ¥ Oidiodendron

J& (p=0.018 ) FIAEJE ( Trichoderma ) (p=0.018)
BEE T KNLLGEARPR DA, KL PR -
BEELE Y Cladophialophora J& ( p=0.049 ). #l#%
£ E & ( Pestalotiopsis) ( p=0.023). #l¥5%
J& ( Paecilomyces) ( p=0.020) FI 77 2= #) J&
( Arthrinium) ( p=0.044 ) 5% & T B LT 25 4R
PRt B (B 4B ), XELE5 R RPIAF L4
FEHA A AR A 257
3.4 TEEAERARERRE YRR

RDA Z5 5 50l AR BR . FEA IR Z
R X 2 PR PR SRR BR 3 (40
W ELR ) 7E 97% /KF 1Y OTU i#47 RDA 43177,
Z5RERW]: 2 WA ZL s AR B LA i S AR AR PR -3
FERAHIERCIE , WL 22 W, 1 2 Fhergitt
A AHEEAGR , TRFASHARL, SRR AT 45
RAEH (K 5), it X B 55 k17
3T, K3 pH 534N (p=0.020 ). HH (p=
0.048 ) v Z AU AH OGS, BEHT pH J2 52
I RIS SR B R R

3 X 50 A8 KT R TR R A iR 4T
Spearman FHCHESMT, 4R EIR: ARG (AN),
AW (AP) . MK (SOC). A4 (AK)
J—2, pH NHAY—2, BEHT pH X R
AR (Bl 6). fE HEMETD, BRITEE
( Variibacter) ( p=0.049) . M % H &
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Fig. 3 Community composition of mycosphere and bulk soil in two species of
Russula at the top 50 genera (A: Bacterial B: Fungal)

( Sorangium) ( p=0.025) . 4r & +F & /&
( Mycobacterium) ( p=0.038) . R 7 & J&
( Rhizomicrobium) ( p=0.005) . % 4 4t i &
( Blastochloris) ( p=0.030) . Reyranella g
( p=0.036) . % 5K 1% J& ( Bdellovibrio) ( p=
0.020) it H i i J& ( Kitasatospora) ( p=
0.049) 5 pH £ B %A, Chthonomonas J&
( p=0.007 ). Aquicella)g ( p=0.013) FIF L
K& ( Roseiflexus) ( p=0.015) 5 pH & i % 1F
#H 5% ; Candidatus_Solibacter J& . #i % & &
( Sorangium ) F1 Mucilaginibacter &5+ SOC .
AN, AP Fil AK & &} 3 1F /1 ¢, Chthonomonas

W] 5 + 3% SOC. AN, AP il AK & & 3 1 #] %
(I 6A), 73R, A%J& ( Trichoderma ).
¥ 81 % )@ ( Mortierella) . K 3k R % I8
( Gliocephalotrichum ). Z:%5J& ( Chaunopycnis )
1 JE ( Sepedonium ) 5 pH & 2 A ¢,
5H PR R EFEIEMX; Amium & . G538
( Pisolithus ) #1 [ 4& % J& ( Aphanoascus) 5
pH 2 W EIEAC, SA N, AK 2 I 2E ¢
(&l 6B),
3.5 2 FhargExt HIEME AR IIRER R

3 X 2 b 21 g A PR 5 AR AR B 18 40 TR AR
KEGG {1l B B A R T N RO 2200, &
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95% confidence intervals
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Fig. 4 Comparative analysis of mycosphere soil microorganisms of
two species Russula at genus level (A: Bacterial B: Fungal)
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Fig. 5 Redundancy analysis (RDA) between soil physicochemical
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The Effect of Russula rosea and Russula griseocarnosa on
Microorganism Structure of Mycosphere Soil

YU Fei', LIANG Jun-feng®

(1. College of Forestry, Shanxi Agricultural University, Jinzhong 030801, Shanxi, China; 2. Research Institute of
Tropical Forestry, Chinese Academy of Forestry, Guangzhou 510520, Guangdong, China)

Abstract: [Objective] To provide a theoretical basis for the conservation and propagation of the two spe-
cies of Russula and the realization of artificial cultivation, the mycosphere soil microbial communities of
Russula rosea and Russula griseocarnosa was analyzed, and the soil microorganisms that promoting the
growth of the two species of Russula were screened. [Method] The community structure of mycosphere
and bulk soil microorganisms (fungi and bacteria) of two species of Russula were analyzed by Illumina
MiSeq sequencing technology, and evaluated comprehensively based on soil physicochemical property.
[Result] The mycosphere soil microorganisms of the two species of Russula were slightly different. The
dominant mycosphere soil microorganisms of R. rosea were Acidothermus, Mycobacterium, Reyranella,
Ktedonobacter, Rhodanobacter and Oidiodendron, while the dominant mycosphere soil microorganisms of
R. griseocarnosa were Variibacter, Bryobacter, Blastochloris, Cladophialophora, Paecilomyces and Arth-
rinium. Bacteria (Variibacter, Candidatus_Solibacter, Sorangium, Mycobacterium, Singulisphaera,
Isosphaera, Bdellovibrio and Paenibacillus) and fungi (Trichoderma, Penicillium, and Hypomyces) were the
common growth promoting microbes of Russula rosea and R. griseocarnosa. pH was the key factor affect-
ing mycosphere soil microorganisms. [Conclusion] The two species of Russula can specifically select soil
microorganisms that are beneficial to their growth according to their growth needs and form different micro-
bial community structures. The mycosphere mycorrhizal auxiliary bacteria that were screened out in this
study can provide theoretical basis for the preparation of special microbial fertilizer and artificial propaga-
tion promotion of Russula, which has great promotion for the sustainable utilization of Russula, the expan-
sion of understory edible fungi scale and the improvement of economic benefits.

Keywords: Russula rosea; Russula griseocarnosa; mycosphere soil microorganism; community
structure
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