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HEHZRMRATLBEALALR 13454k, ARBIB RS TFEMFTEERA 295, L F
FH 1B, & 0.45%: = FTH 2B, & 2.15%;F&W 17 8, E3L16%; AHA AR I B, &
60. 8200 A& S A2NREAMER, AREAV AR EERAALADNEH S HRF
S E P AT B Fusarium AR BB B, 5 B M EH 31.67%; KRE B Trichoderma . % & &
Penicillium #.34.% Cladosporium. % #3705 Zalerion % TR B 542, RRAMREIZEEEZREZA
EAHNEMPERFE—Z LR, 4708 Fusarium % 2 BB FERANLEATHALE
B, SHEBHROSMRBEEERZANEADARAHFN SRR FELLF BREBELW S
MM (HDAEGERBER KD, 25 H 2.835 9 Fv 4. 264 3, 5 2B L7 WH Y ERKE %
B, 4 0.939 1, dAAMUE REAF B ZE 0 A A A H AR R BE TP ERAME T F48
MZ ], RiEFF LRGN EAAAERMUER S, N1 8 45 Jaccard #5 3 #= Sorenson 3% #
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RSN RET S BE BIEERMEE 4 4
FEEGEXCREERERE. BdEESE. L2,
Gt T, MBS [ 3 X RUR [R5 fh AR IS AR R
A BB FIRR I S REVE TR 5 A BT IS R N AE R R
18 SRR G- B AR E R BN A BEE R, T
F TSR A B EL B RMIR A LR A5 25 AR, 0 IR R
E A A 28 A W R I & R BE E B R
1 #MBS5SF*

L1 RE4e

L11 HEYHAR REBENURNES RE.BE
FME . 5 W E MRS E T IR SR, =
TR TR EXESRE. T 2012 4F 6 H F 2014 4 12
A X B3R 4 4 X B 15 R R AT AR BEBURE , SR AR

BERESD 240 (R D, “TEE"MM T RILAR M EER
B A, Hax 2 NS AR E AR . R,
1T S A R TR B 45 R A R 32 T 3 R R R P Y
FIRZFIT LA 2 N3R5 5 Fl o B AR 2 9E 2 HAR
FNAEEFEM SR, BRI 5~ 14 1%, ¥ 0K
' 3:i

L12 $5fRE NEEESEERL BERALKERA
Rl 58 50 g(Z ), B 200 (D) , Mi&HE 20 g, 3
Ji§ 15~20 g, K EARZE 1 000 mL,pH HR. IR
A 0.03%HHEZERM 0. 05% 4 HEMmBWA 50 mLCE
). FEFPREE R DR EHE RS R (PDA) . D
BYHEE 200 g(GEIM) B 20 g, Bl 15~20 g, 7K E %
% 1000 mL,pH H%k.

*1 WL R 5 45 T B A B R O
Table 1 The root sampling sites of blueberry grown in Shandong
SRAE b A AT B 13 pH B HREEBA
Sampling site Latitude and longitude Soil pH value Number of root samples/ 4~
# Qingdao db4i 36°04'50", 48 120°2350" 5.6 60
&% Tai’an db4i 36°12'91", R 48 117°0541" 6.1 60
B Weihai b4 37°31'47", K £ 122°07'51" 5.5 60
M4 Yantai db4i 37°23'24", R 45 121°40"20" 5.8 60
L2 Wik 1.2.3 WAREMWEESF K DNA RS FFNE &

L2.1 FEMRRETE REMITNEAZSRIEAERS
Rbfdk . TERE— s DX Bl S R A X A ZE I 3 N 5
A~ CHRYE BERF PRI L8 B0 SR 58 1, RAE R R 25 L IER EA
B2 )5 B3R IE 10~20 em B L2 (BIBCA IR R
HEHOF % RETEREYR AR 5~10 cm =R T 25 cm
Ze A I Rl P » PR L PP A AR A0 AR % HL B, R T R
SRAEIT (8] G AR LR G FE, LHH T pH 2047, 40
AR (] S 56 2 ) 7 B A T 0 R

L2.2 WARRRMDELMgL NERENSERA
LIS B R o ORI 8 f W 5 ARRE 23 7K
T R YR AR 7K 20 s BY A& 24 RN I TE R K b
e 3 UL FE 1026#) Ho O, HiH 3 10 min, ATEHEK ik 3
A 60 KRR B R PR 2 min, AR5 A TC B
K e 3~5 i, B TETC B B R AR A b R TSR TE K
FMTEHEBITIBIRL 1 om ZE 5 HOAR B, R By B3 IR 2 1
IRl B B i — U T T BE IR AR ) “TE K "ok
A Bz HF AR B FFEAT I — B = 5P AR B T
e TAES B 15 min, ZEAERIZAF T 8ESR, RIRAA
“THEAK”BFARAZE 5 AR ERAE T BV, T4l
BB MR AR O A0 B A BT B S
WARRRANERE, MARKEHRARERE
MM AR 78 23 CRMEIRA IR 3~10 d FFIRFEYD
F AL B 22K i, R e DR RIFE SR R B A
WG B LR 2P AR b akseaife iR, HE R
— PR B RS R — AR R — T A Uk
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FHWANEEFEER N DNA RSB HEY =50 1
Fk.
1.2.4 WHRNEEEREHK DNA ITS X B i PCR #~
H AR AR NAEEEE (DNA ITS X
Biiy PCR ¥ 3. 7= 4 4 b 2 2% 22 % 1 %50 ) O v,
PCR ¥ #47= H e AL R E N & R A PR A R Ui
4L
L2.5 WFMEE HEELEKERSFFERMITS 7
P4y MTHELS A W k. AR R A AR H A TR AR
Ik, BT B s TR, THEAEEBENEE FE
f&3E BARNETT U7 SUTTONM F1 ELLIS!™ fity 43 2%
ARG, AU TRERBAHETEHEBLEENEERKE RN
(EREXEFHT R KIRK %7 8 3 2 HE B AR
FIRABRRBAE X, B2 %ER . AR
T IR %L PDA U, 4°CokF P O, WA T8 R
KRB AE Y AR AR
L3 HdEatr

FHA BT AR AR 22 PN A B A M A 35 PR
53 BIARAR (isolation frequency, IF) : 43 B3 18 2 Y48 2 IR R
NEEFEERBE SO BEEARANEEEERENE
Dapz

Fi Shannon-wiener 255 (H )™ Pielou ¥4
FEREE (™ 1 Margalef =5 B EI(R) AT AR R 9 4
HEWBEEY LR, H=—2XPilnPi, X #.Pi &
55 1 PP AR AR B L, BT LR Pi=Ni/
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N R, Ni 56 F R~ RE L N g 2848 S
AR IYFEE. E=H'/InS,:#: H' Shan-
non-wiener ZREMETEE.S WY B, R=(S—1)/
InN, RF Jaccard F1 Sorenson #8124 22 51 b3 44 7
WMZHBANEEFEMEHARMMEMER. G=
¢/ Catb—F Cs=2¢c/(at+bD) R :c 2 2 FhE AR h
HH Y EEFEEBE e F1 0 53500 2 PSRRI
HAFBEUBEL

2 HBREHSWH
2.1 IR R AR AR A EUR A 2

IR 2 AT, B 4 A HBIXC 2 A R 0 o B R AR R
AL B R RN AR ELE 1 345 Bk, ST BHFE M4 T4
Yy e RE SR AT 29 J& BN A e i AN SR B T
RAEFE R BT VA O — 28 -T0 AL B (Sterile myce-
lia), SYEMRBIKNAEEECREINE 1R, & ke

*2 EENERRENEBEAR
Table 2 Composition of endophytic fungi from blueberry
B B & SEHR
Order Family Genus Isolation frequency/ %
H )/ Penicillium 9.29
MAEHIF} Moniliaceae KB )@ Trichoderma 10. 86
B E Moniliales IR Aspergillus 0.97
8 BE BB Tuberculariaceae Y )8 Fusarium 31. 67
24N Fungi Imperfecti WEMEALR} Dernatiaceac kLR Alternaria 3.05
R E Torula 0. 59
¥R7EHL H Sphaeropsidales PR HIF} Sphaeropsidaceae W E B )R Phomopsis 0.82
M 571 H Melanconiales 571 R} Melanconiaceae R Cplindrocar pon 074
WL EHJE Pestalotiopsis 2.83
Montagnulaceae Paraphaeosphaeria 1.26
i B Pleosporales Pleosporineae S Z E %) Paraphoma 1. 64
Setophoma 0. 30
#5 H Capnodiales Cladosporiaceae B %)@ Cladosporium 8.40
% e €T B Botryosphaeriales %% i & % B} Botryosphaeriaceae % Ve B )& Botryosphaeria 1. 34
Pseudeurotiaceae 22 T J® Geomyces 0. 89
FIEH B Helotiales 75 Bl Leotiaceae FREHR Zalerion 1
Cadophora 0.97
F-HETE Ascomycetes Chaetosphaeriales Chaetosphaeriaceae Chloridium 0.22
|6] 2 5% B Diaporthales 6] & 5% 8} Diaporthaceae |6] BE 5% )& Diaporthe 0.97
P H B Hypocreales 5B R Nectriaceae HRBER Gitberella L3t
MIR5E® Nectria 0. 89
#E 7 H Microascales /NBEBE R Microascaceae Pseudallescheria 1.19
wRFH E Xylariales B 7B} Amphisphaeriaceae 8L EHR Pestalotia 0. 82
Rhizopycnis 2.30
% B Eurotiales &P} Eurotiaceae BB )R Thielavia 0. 45
3R B Sphaeriales B WPl Chaetomiaceae E55H)E Chaetomium 1. 04
YR Phycomycetes F&% B Pythiales FE %P} Pythiaceae JE% )& Pythium 0. 45
JE¥8H B APhyllophorales ZILE R Polyporales 7B Trametes 0.89
$H-F B Basidiomycetes
B H Cantharellales fAHBEP Ceratobasidiaceae BB Ceratobasidium 1.26
ToHBIEHE Sterile mycelia 5.42

B 0. 4520 HF T8 2 MR, TR BB 2. 15005 738
B 17 AR, SRRSO 311690 TR ELEE 9 JB , &
PR BB 60. 8200,
2.2 IWRBRIBEFRANEEE W ZE R0

MR 3 X B R SRR N AE L ER K
ProT s, oA AR R £, & R R B0 60. 82,
RUABERTEERAPERWERELE. RAER
Fusarium I REBRIGERHR R DA EE LS
B HIREE, S ER B 31, 67%, BRABITFERR AP
ML AE R, MIARER Trichoderma .F )@ Penicillium.,
B8 Cladosporium EHEMLE Zalerion 433 & H Ak M

BUi 10. 86%6.9. 29%6.,8. 40% . 7. 14 %, R AR 5 15 H IR R
P AL ERE, T Chloridium R Setophoma T BEEXL
SR 3 M4, RINARARIBESRATHHBANER
L

N TR) it e VR AR AR A AR LT A R R L RURN S5 A
TE—E LR & W B TEA R 5 &l 2R RN
REAR, ARREHHESREANERERX REH
WA, [F]—HR 3 i AR R R 5 AR R N A H T
RS HERHAR ML FEE—EEZR. 784 M
X2 MR s R, NBIE“H " ERR R P E
REMNERRFEERE, AH 238, BRHMEFE”
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FRETE IR R T RS E B R R Fusarium, 53
BAAR A B R 54. 73%6 M 59. 39%6 . Mg 7R
ZFHhoEd 2 BNAER, KA RBFIAER
Trichoderma J3E1JE Fusarium .5 )8 Penicillium FFL
)& Cladosporium, 53 B IR AR 45Kk 15.72%.11. 32%

10. 06 %6701 9. 4390 . HAMX AR IE AR R IR AT
J& Trichoderma .8 ¥ )& Fusarium.® & J& Penicillium
FIRHE Cladosporium §b , FETEIE Zalerion W2 #
WA R .

%3 AEMXRAERAMESRANEEETEHNAR RS BEIRE
Table 3 Composition and isolation frequencies of endophytic fungi of blueberry from different sampling sites and cultivars
SR ‘ ﬁﬁ}fﬁ$ Isolation frequency/ % N -
#H % Qingdao %% Tai’an i Weihai M & Yantai
Fungal genus “WFE”“Bluecrop’  “# 75" Duke’ “W F”‘Bluecrop’ “#75”‘Duke’ “WF”‘Bluecrop’ “#:75”‘Duke’ “¥=F”‘Bluecrop’ “H 7" “Duke’
REEHLE Alternaria 0. 00 1.31 6. 38 7.95 3.14 4.02 0.70 2.70
B )& Aspergillus 0. 50 0. 87 0. 00 0. 00 2.52 3.45 0. 00 0. 00
% S R )8 Botryosphaeria 0. 00 0. 00 0. 00 0. 00 2.52 4. 60 1.41 2.70
Cadophora 0. 00 0. 00 0.71 1. 99 3.77 1.72 0. 00 0. 00
fHEE)E Ceratobasidium 0. 00 0. 00 0. 00 0. 00 4. 40 1.72 2. 82 2.03
EFWJR Chaetomium 1. 49 0. 00 0. 00 0. 00 1. 26 5.17 0. 00 0. 00
Chloridium 1. 00 0.44 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
Bt )@ Cladosporium 8.96 6.11 7.09 9. 93 9.43 5.75 9. 86 11. 49
H:H#)FE Cylindrocarpon 0. 00 0. 00 1. 42 2. 65 1. 89 0.57 0. 00 0. 00
6] e 55 )& Diaporthe 0. 50 1.31 0. 00 0. 00 2.52 2.87 0. 00 0. 00
Y )8 Fusarium 54.73 59. 39 28. 37 19. 21 11.32 12.07 21.13 28. 38
22 BB Geomyces 0. 00 0. 00 1.42 2.65 0.63 2.87 0. 00 0. 00
IR Gibberella 1. 99 2.18 0.71 1. 99 2.52 0.57 0. 00 0. 00
MIRFEIR Nectria 1. 49 0. 00 0. 00 0. 00 4. 40 1.15 0. 00 0. 00
Paraphaeosphaeria 0. 50 0. 87 1.42 4. 64 1. 26 1.72 0. 00 0. 00
R2£ 5% )R Paraphoma 0. 00 0. 00 0. 00 0. 00 4. 40 4. 60 2. 82 2.03
H®JR Penicillium 6.97 6.55 12.77 9.27 10. 06 10. 92 8. 45 11. 49
8 ZEHUR Pestalotia 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 4.93 2.70
WL EHE Pestalotiopsis 1.99 0. 87 0.71 1. 99 0. 00 0. 00 11.97 7.43
2L S8 Phomopsis 0. 00 0. 00 0. 00 0. 00 0. 00 2.30 2.82 2.03
Pseudallescheria 1. 99 0. 87 0. 00 0. 00 1. 89 0. 00 3.52 1.35
JEEE)R Pythium 0. 00 1.31 0. 00 0. 00 0.63 1.15 0. 00 0. 00
Rhizopycnis 1. 49 0. 00 5. 67 6. 62 0.63 1.15 2. 82 2.03
Setophoma 0. 50 1.31 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
K% )& Trichoderma 6. 47 7.42 14. 89 11. 92 15.72 10.92 12. 68 10. 14
YRR Thielavia 1. 00 1.75 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
8 BB Torula 1. 49 1.75 0. 00 0. 00 0. 00 0.57 0. 00 0. 00
REJR Tametes 0. 00 0. 00 0.71 2. 65 2.52 1.72 0. 00 0. 00
WHEHL)R Zalerion 4.98 3.49 7.80 8. 61 7.55 8.05 10. 56 8.78
THIBERE Sterile mycelia 1. 99 2.18 9.93 7.94 5.03 10. 34 3.52 4.73

2.3 IARBIEE AR R N AERE SR

2.3.1 BIFMBHRANERFAMSHEEREE AE
ATTRIE WL IARAE 4 A SRAE X o] f R B E AR R N
HEHEMHSHMKFFEEZS . NARRNEE L

B2 MRFERNRA P OERBHRENERER
FRE—BOHR 29 R, 5 ERAEH A R, MO
TEUHIR AR P BRI AR RN 23 IR, F R AR A
B FHRAR PO BRI NERFR R R,

F4 EERANEEHRAFNSEMER

Table 4 The diversity indices of endophytic fungi in roots of blueberry

FAEHD A TR BRFR L SRR FEERE Bof); i3 ¢

Sampling sites Cultivars of blueberry Species Diversity index Richness index Evenness index

H5 “1% 3¢ Bluecrop’ 18 1.818 1 3.205 5 0.629 0

Qingdao “¥t: 757 Duke’ 17 1. 694 0 2.944 6 0.597 9
E3e “1% 3¢ Bluecrop’ 15 2.179 7 2. 829 0 0.804 9
Tai’an “¥t: 757 Duke’ 14 2.478 2 2.591 0 0.939 1
B “1% 3¢ Bluecrop’ 22 2. 800 4 4.142 9 0.906 0
Weihai “ft: 75”7 Duke’ 23 2.8359 4.264 3 0.904 5
me “W ¢ Bluecrop’ 14 2.400 2 2.623 2 0. 909 5
Yantai “ft: 75”7 Duke’ 14 2.304 8 2.601 4 0.873 3
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22 & ARG 2 Pk s SR R R B 3RAE 1Y
WAEFHBFEERMK, N 14 B. BE M NSRS
BHOFEEEHRBR R 43910 2.835 9 Fl 4. 264 3,
22 M50 35 R B (B B » 7 0. 939 1,
2.3.2 FRIEIEFEAR R N A TE R BRSO R R B
WX 2 FPAERIE R B Jaccard $8EUFN Sorenson F8%L /Y
THET, KRB 4 - REEHL X 73 B3R5 1 N A BT B
BERIFEITE 2R BUFE 0. 33~0. 73(F 5), i B i &
Z I N AR BT R B EL A R A U BT Z A
Jaccard FEEFN Sorenson FEE 43 HI 8 0. 57 F1 0. 73, RIE
AU SR , 4% 1 X 2 ] 4 PN AR LB AR LR R L F
LR S SRR 2N, BAERE DRSS 4 DREE
i DX R IS AR 2R AR EL AR B AR BRI

x5 EERZNEEFHME

48 B FE b X 1B 4R UM R 2

Table 5 The similarity coefficients of endophytic fungi in
roots of Blueberry from different sampling sites
KA R H5 £ B e
Sampling site Qingdao Tai’an Weihai Yantai
%1% Qingdao 0.42 0.57 0.36
#&% Tai’an 0.59 0.52 0. 40
i Weihai 0.73 0. 68 0.33
M & Yantai 0.53 0.57 0. 63

R AP AL LR Jaccard #51, L A Sorenson 151
Note:Jaccard index(above diagonal) and Sorenson index(below diagonal).

3 #it5itig

BRI LR IEE R RN ERERREH#ET T
TARERISE, DA 2 PRI AR R A0 B 4 e AR LT 29
J& XN A AR AR S A DA RS R X R AR RNAE R
BARIFR IS B X R 45 70 L 2 AR PR AR AT LR A AT
PR R R BRALB Fusarium 21 R B35 EREAR R
WEREBEWRHZER, KBR Trichoderma . F 5B
Penicillium i 1)J& Cladosporium &S Zalerion &
WARSERE . W W H KRG = L AE R Y B
WRRES B 1 F BB Penicillium EWH . NIF] B &
HRAFETENERETE, ARFE R EEREAN
AEEWNF AR FE—E 27 SNERRER
TEARR A AR R R, R R R 3 A i 2R R Y
AEHXREWFEESR . XF 2500882 A F
R S EE AT — G B, X MR E
FEFHE—L AR . FIRBAFHY N A R ENE
—MNAEREYF L ES TGN AERE TR SR
WL NCR 2 Rk B B B R E IR N B E L E R
FZR B SRS R R 05 .

ARG RSN EEEAR S, P ALEE
ERrEYE R, — BB T X N B A S X
W SfEE B EE B AT, BT RE &7 4k S
YiIE IR & . A0 P. vaccinii, B. dothidea, F. solani J2& “#t

SRR B LR, P. vaccinii FF HETE SRR
R MR RO ZE RO e B TR, X T A 7 X AR
KBRS . B. dothidea W] 5| L HEREAL T B 7 » e K 5
) Wk R 1) 2 7 5 3 259 . F. solani R EE W HE YR
R AT MR Y AR Z FAE 4, a0 52 i A (Acer negundo)
i (Solanum melongena) ¥R J& )1 & (Ligusticum sinense)
B 55 9 3 B 2 200 T AR e BT B T HL S A 2
EEZ’]-ZQ] R

VLA , MY N A EL TR PP 6 08 HH B 2R B D RE FY
WM R B R B R AR MERS, KEH
(Trichoderma ) 2 E % EE W AP, AR IEH, B
DB E RS SRR S E Y 4 K BS0E 5 ik
G E EY, R BB AELRENN
REBENAEEE IR, Ak — 2D IF &Y B IA T K 1) i
e TFE R SH . DL K BT A W 1% P 0 5 7 R 55 AR AT
T IR SEELA

Wi LLI R A A A TED FR R R BT R, R A R R
Wr & R T ARMDCORFE M ERRRNERERNZ
FEPERI L — PR ST R BB 2, X F R N RN R N
HHEEZHENT R R T E., BN E SR
TAEREERE b, 8 3 — 20 %t 43 89 i 9 AR I #4737
5%, ANNAE LT 5 0 A 1 SR AR ML 2 T B 5 O kAR
R AR A EL TSR & O i R R AR R R A R
XFE
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Diversity of Endophytic Fungi in Roots of Blueberry

LIU Fenghong
(Agricultural College,LLudong University, Yantai,Shandong 264025)

Abstract : Shandong is one of the major blueberry growing areas in China. By the end of 2014,the planting area was about
3 000 hm® and the annual production was about 50 000 tons. In order to explore the community structure and distribution
pattern of endophytic fungi in roots of blueberry,healthy root samples were collected from four main planting locations,
which were Qingdao, Tai ” an, Weihai and Yantai. The sampled blueberry belonged to 2 cultivars, viz. , ‘Bluecrop’ and
‘Duke’. A total of 1 345 strains of endophytic fungi were isolated from root samples. Based on morphological methods
and molecular techniques, 29 genera were identified, including one genus of Oomycetes (0.45%), two genera of
Basidiomycetes(2. 15%) , seventeen genera of Ascomycetes (31.16%%), nine genera of Fungi Imperfecti (60.82%), the
residual 5. 42% of all isolates were not identified. The results showed that plentiful fungal diversity was present in the
roots of cultivated blueberry plant in Shandong Province, of which the species in Fusarium was the predominant groups
of endophtic fungi,its relative isolation frequency was 31. 67%. The species of Trichoderma , Penicillium,Cladosporium
and Zalerion were the subdominant groups. The fungal population structures and composition of endophytic fungi varied
with cultivars and sites,and also had regularity to a certain extent. Fusarium occurred in all the 2 investigated blueberry
plants. The fungal diversities in roots of the two blueberry plants all grown in four investigated sites were significantly
different. ‘Duke’ of Weihai was the highest in Shannon diversity index(H =2. 835 9) and Margalef richness index (R=
4.264 3). ‘Duke’ of Tai’an was the highest in Pielou evenness index(E=0. 939 1). The similarity coefficients of fungal
populations in roots of blueberry were highest in Weihai and Qingdao(Cj=0. 57 and Cs=0. 73).

Keywords : isolation frequency; dominant population;diversity index;similarity coefficient
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