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Diversity of endophytic fungi in walnut and screening of control strains of walnut canker disease
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Xiaofei*

(College of Agriculture, Tarim University, Alar 843300, Xinjiang, China)

Abstract: [Objective] In order to understand the endophytic fungi population diversity and community
structure of walnut trees, and investigate the differences of endophytic fungal communities in different
tissues (stems, roots and branches) of walnut in southern Xinjiang. At the same time, in order to screen out
the biocontrol fungi which can not only prevent and control walnut canker disease, but also promote the
growth of walnut seedlings. [ Methods] The endophytic fungi were isolated from different tissues of
walnut by conventional tissue separation method. The endophytic fungi were classified and identified by
morphological and molecular biology techniques. The population distribution and diversity of endophytic
fungi in walnut were analyzed according to Shannon-Weiner diversity index (H'), Pielou's evenness
index(E), Margalef's index(M), separation rate, separation frequency and Srenson's similarity
coefficients(Cs). The plate confrontation method was used to screen the antagonistic strains of walnut
canker disease, the indoor pot method was used to study the growth promotion of the strains, and the
control effect of the biocontrol fungus on walnut canker disease was determined by the inoculation test of
isolated branches. [ Results ] A total of 129 endophytic fungi were isolated from 210 tissues of 10
50-year-old walnut trees, of which 58 were isolated from stems, 42 from roots and 29 from branches, with
a total isolation rate of 61.40%. The 129 endophytic fungi belonged to three phyla and 18 genera, among
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which ascomycetes were the largest with 122 strains, 94.57% of the total number of fungi, five were
zygomycetes, accounting for 3.88%, and two were basidiomycetes, accounting for 1.55%. The 18 genera
of fungi were Fusarium, Alternaria, Nectria, Chaetomium, Phaeosphaeria, Leptosphaeria, Dactylonectria,
Mortierella, Penicillium, Sarocladium, Talaromyces, Corynespora, Aspergillus, Acremonium, Rosellinia,
Phoma Dothiorella and Ceratobasidium, among which Fusarium and Alternaria were the dominant
populations, with the isolation rates of 18.10% and 12.30%. The Shannon index H', evenness index E and
richness index M of stem endophytic fungi were the highest, which were 2.452, 0.603 and 8.129,
respectively, followed by root, each index is 2.067, 0.553, 5.847, While the Shannon index H', evenness
index E and richness index M of root endophytic fungi were the lowest, 1.804, 0.535 and 3.993,
respectively. The highest similarity coefficient between stem and root endophytic fungi was 0.84, while the
lowest similarity coefficient between stem and branch was 0.66. On the whole, the endophytic fungal
groups were different among different tissues. Some fungi, such as Phoma, Rosellinia, and Chaetomium,
were found only in stems, but not in roots or branches.Three antagonistic strains (SF01, SF05, SF08) were
obtained by screening. Based on morphological characteristics and molecular biological identification
results, SFO1, SFO5 and SFO8 were identified as Dactylonectria torresensis, Chaetomium globosum and
Penicillium rubens, respectively. The inhibitory rates of three antagonistic strains against Cytospora
chrysosperma were 71.20%, 73.50% and 68.50%, respectively. Inoculation of isolated branches showed
that SFO1 had the best preventive effect on walnut canker disease (80.10%), while SF08 had the strongest
therapeutic effect on walnut canker disease (83.40%). All three strains had the ability to produce iron
carriers, among which SF05 had the strongest ability to produce iron carriers. SFO1 and SFO5 have the
ability to solve phosphorus, SFO1 and SFO8 have the ability to dissolve phosphorus, and SF08 also has the
ability to produce protease. Compared with the control, three antagonistic strains significantly promoted
the root length, plant height, fresh weight, dry weight, stem diameter and other agronomic indexes of
walnut seedlings (P << 0.05). However, there were differences in growth promoting function among the
three strains.Therefore, whether the mixed bactericides of the three strains can improve the ability of
disease prevention and growth promotion remains to be further studied. [ Conclusion] Endophytic fungi
of walnut in southern Xinjiang were abundant in diversity, but their distribution was uneven, and their
distribution characteristics were tissue-specific. In general, the diversity of endophytic fungi in stems was
higher than that in roots, and the diversity of endophytic fungi in branches was the lowest. Stem
endophytes were most similar to root endophytes because of their spatial location. Because the branches
were pruned every year, the number of endophytic fungi species was relatively small, and there was a great
difference between stem endophytic fungi and branch endophytic fungi. Ascomycetes had the highest
frequency of isolation in different tissues of walnut because of its strong reproductive ability and
adaptability. Three biocontrol strains SFO1, SFO5 and SF08, which had good control effect on walnut
canker disease and promoted the growth of walnut seedlings were screened out. The result of research
showed that the three strains were different and complementary in both disease control and seedling
growth promotion, which has laid a good foundation for further research and development of mixed fungi.
The studied results have provided a new material and way for the biological control of walnut canker
disease and the cultivation of strong walnut seedlings.
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YN A TH (plant endophyte) J& 78 H A 1E S — € B Be sl M B ARG TR 2. 2H 2R [A] B A
B A RUE SRR YA A RAE S e EE KB P R B b @ S B S A G R, — T
TONEERMAE KR REISRBNGE R, 5— I AL EE T A 5 RGP sE B 15 5
HEMEEEDNAEKRE, (EdtmFAKR, SHER, WA IS RS TR %% R gk
B BRI A A ) 0 T R R A A B O B A N AR U R AR AR TR AL, TR
THEMEA MK RS, HMRKZ L, ZEME SABEARRE. AURFMA . RIE
Rl —fBUE0L T, B FHEYER P, BN AR EMIEMFEZ B2 mn. B
NBEE EPRER N, FE R R AR 0. RIS, RERREE B A8 1 F AR PRI AR B 254



AR R R A,

PR 0 3 B2 e Ve SR U e AR AR L i 858, JH A 35 A B ™ b ) i R A A 1
e . AZBEIE R RO RS B . R, B RO AEAEREE X, e, AR ZBEEEE
BRE. WEFEERERR, —BREWRER S0%LAT, ™ HE RBHRRRIL 100%, F ML %5
PRIETZOL. SR HE R 20 fB G 7 i A BTG . e e pnG, b DUk EBia v 1, R
MALSEBE AR AR B RN B AR AE . M5 Y @i, mANG A 24a. 5. Sl
P, BEA B b 2B iR w ok B R A iR . T H AR ER 7 REM IS HIN F, AR R B A
PR MIVER, G o7 a0 12N S G SR AT ) — R 2 R R 25 AT 1R A — PR SR B R e, ANUREAT
AR I 22 e R R A SR, TR X Il e ) i R AR R AR A EAE T Rk,
TR A A R TR, R BRI R R A R SR B AR B, AT ST R AZ B AS R 444
FBNAERE, RAEESREAN D 7 A 8 W J L, Gevt ik 2 HEdE, ik
X AZ BRI 20 T B A I SCR IOAE DU AR, SR S 9 SRR IR R T 5 BU RO i Bk &l v e A4
12 F B AR B S AR AR TS DU AR AR B 0 IR IR 28R, A D SEAZ M 7 b ) {2 e Jre A A7
IR

1 MRFEE
L1 REHH
L1 ks

P A% Bk 2 23R R R AR T s A e @ v e A AR — T =141 (N 40°22'33", E 80°03'45") , bk
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—HREARAF, WD-9413D) , fHIRIEFRFE (TEILMET , GXZ) , &HIEIEKEHR
(B IR EIT AR B A BR A 7], LDZF-30L) , BT K7 (_E i 3 A 28 TR A &, FA2004N),
AW BT (BRI 4EYE B Es ), LW60OLT) ; FLA K41 DNA P #2 BUR 7 & . D-% 4 b
BHERY . PRATANEL . AR, KRR A8, 6% IREMRMIAT . MIRE:. AER. LKZELY
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(D) HRFEHESEN, FRENALRSAIARBIAXETEEERRT, REEEBFTEETHARK
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KEHEL4E, BLEEZHN PDA TR EH#HITAL, BHRAEHEE 4 CTRERE.
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7 7d, REMEBEWHFER. REARER, 2R (AELEEFMH) PHHFEEITNLEE.

(2) REEERNS TEE. HEKEME PDA FiRLE, 28 CIERIEF, FEKEEKETRHRN 23, B
ZFEIBNZ 0.1 ¢ FhEFE 22, FIAEREERELYA DNA RiEHMIZ XTI EEE DNA. IEFEEBERA 4 ITS1 #0 1TS4
18 1TS REFY. REIEFRK (25 uL 4K %) : PCRmix 12.5 uL, ER5149%& 1 pL, 44 DNA 2 uL, ddH.0
# B 8.5 uL. PCR ¥ #&M: 94 °CFRZEM 5 min, 94 °CZTME 3555, 48 °CIBN 40s, 72 °CHEM# 1 min, k35
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A SCHHE F Microsoft Excel id sk AIEEFE, JF4# F§ SPSS 26.0 #E47 7 2= M2 5 B & o, A 4k
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M 210 SR I BRI AR FUB 129 R, WAEE BB AN 61.4%, HA 2Eir & 58 #,
IR=27.6%, IF=44.9%, &40 55 H 42 ¥k, IR=20%, IF=32.5, B4 85 H 29 ¥k, IR=13.8%, [F=22.4%,
AN () ZH 2R A 1 P A BT 1R 2 SRR oy B A M s BMRAK A ZE >R > K (R 1D o 129 BRE W R R
T3 18 8. HARTHET 122 ¥k, (HLILIk 94.57%, BG5S M, & 3.88%, HTFHEI 2%, X
17 1.55%0 129 bk A A2 B 1 2 A 8 T8 0 1 8 (Fusarium) VEEM )& (Alternaria) « W55 J& (Aspergillus ) «
BREFCH JE (Chaetomium) « 5 % W J& (Penicillium) 25 5% J& (Phoma) « &% 72 J& (Rosellinia)
T B W & (Sarocladium) « /NERIE T )& (Leptosphaeria) « Dactylonectria~ ¥ 1 # )& (Talaromyces)-
Wi Bk )8 (Phaeosphaeria)  PefHJE (Corynespora) « /WG JE (Dothiorella) « B
(Ceratobasidium) ¥V H & (Acremonium) - MIR5EH B (Nectria)  #ifHJE (Mortierella)
F 18N E. HhRT) B MBS RE N AEE, 2 EES NN 18.1%. 12.3%; HICHMARFEHE
&, S RN 4.76%; NG E S B R R, XN 0.48%.
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Table 1 The species distribution and isolation of endophytic fungi in walnuts

HE (&) E R B e p S
Fungi (genus) stem root branch Isolation Relative frequency/%
rates/%
%k JJ 4 J& Fusarium 16 12 10 18.10 29.40
HiA% U )8 Alternaria 12 8 6 12.30 20.10
FRE 5 )& Chactomium 5 3.81 6.20
2 /%78 Phoma 2 - - 0.95 1.55
J3£ 1% 7% 1 J& Rosellinia 2 - - 0.95 1.55
T M % 1 J& Sarocladium 1 1 1 1.43 2.33
/NER IS JE Leptosphaeria 3 1 1 2.38 3.88
Dactylonectria 1 1 3 2.38 3.88
45 )8 Talaromyces 2 1 - 1.43 2.33
& ER 5 B B Phaeosphaeria 3 1 2 2.86 4.65
FEfll B J& Corynespora 2 1 - 1.43 2.33
7% 4 J& Penicillium 2 2 - 1.90 3.10
il % B J& Aspergillus 1 - 2 1.43 2.33
/X 3.1 J& Dothiorella 1 - - 0.48 0.78
fH1#H T J& Ceratobasidium 1 1 - 0.95 1.55
i 154 1% )& Acremonium 1 2 - 1.43 2.33
IR 7 )& Nectria 2 6 2 4.76 7.75
WAt 14 )& Mortierella 1 3 2.38 3.88
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KABFRIGE H. FEHIEH D, FEEEHE M. B E S9865, DM ANAEEEZ M, 4
Rk 2 Fron, AEEAFT B NA B 2 FEEREEORR, FARIBE & BRI A 2K (2.452)
>R (2.067) >4 (1.804) ; EFLIEHNZE (8.129) >R (5.847) >k (3.993) ; H5JEHREL
HNZE (0.603) >HR (0.553) >4 (0.535) o [k, WELREH. FEEEBRENSSERECRE,
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Table 2 Endophytic fungal diversity index in walnut stems, roots and branches

% FETET b E3 W -
Diversity indices Stem Root Branch
wFARBEHH a5 Yoo "
Shannon index H' ’ . .

= RS M
icirfsiﬁfﬁlex M 8.129 5.847 3.993
BSR4 E

] 0.603 0.553 0.535
Evenness index E

23 BMNEEERENES

T EARUE R BT R, RS 2R A R A RO ARLL, MRUE Cs ».0=0.84; ZREEHL
W2 18] P A L 22 S LR, AU REL Cs 2o, =0.665 TR 5 4% P9 AE R AL Cs =081, HE 4k
KA B AR AL 2 18] N A2 BB SRR ZE R BOK .
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Table 3 Similarity coefficient of endophytic fungi in different parts

I3 B AL lind 053 E
Separated parts Root Branch Stem
2% Stem 0.84 0.66

¥ Branch 0.81
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M 129 RN A B T, S kRS 3 MR R BRI T R B R BURCR N AR BB, il e 44
A SFO1. SFO5. SFO8 (K 3) . MINEKEIRE, SFO1 Al SFOS5 4 vk (1) 30 B 4 J A % L i@ i PDA
BRI AT Y 8, (F 45 R IR HL AR b )0 o B 1 22 AR s T SFOS J3 I A4 TR 420 5 AN 43 A A 1A PR
JA T, ASREAESER IR PRI Y8, RS R R R L B Gkl 3 bk PN AR I B TR B 2R
R T1.2% 73.5% 68.5%, FMEEBCRAN L, Fitk, EEEE M SFO1. SFO5. SF08 {f 4 HAn 4B
B AT 5 22

A.SFO1 ¥ 2R s B. SFO5 HIE MR ; C. SFO8 #MIE AR ; D. Xt
A. Bacteriostatic effect of SFO1 on C. chrysosperma; B. Bacteriostatic effect of SFO5 on C. chrysosperma;
C. Bacteriostatic effect of SFO8 on C. chrysosperma; D. Control.

B 3HREHENZREEHEOIIERR

Fig. 1 Antifungal effect of 3 strains of biocontrol fungi against C. chrysosperma
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SFO1 7f PDA ¥ 723k FA KRS, H0.56 cm-d!, WIET IR AAGEL, BE/E#HEIA% B
MEE R R, HLREIR, HFREHEZR ﬁﬁ}ﬁz%ﬁa‘é RIEHALT . SFO5 78 PDA #4953 b A4 Ko
FEMNT R, N 1.14 em-d?, WEKEE, WHLBL. 9ER, KWHAF ™4 . SFO8 /£ PDA ¥ 7%
B EAKEERE, N047 cm-d!, EIERZIR, qﬂﬂ%ﬂl&ﬁ%@, IEMEHfA, HhEsEen, KL
=

D <t G
. c, ‘ \
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A. SFO1 JE % E; B. SFO5 [TE 74 &l; C. SFO8 R IE; D. SFOI (IR 2214 E. SFO5 R £14; F.
SFO8 1) 1 22 ] .

A. Colony diagram of SFO1; B. Colony diagram of SF0; C. Colony diagram of SF08;D:Mycelia
diagram of SFO1; E. Mycelia mirror diagram of SF05; F. Mycelia diagram of SF08.

2 3IBEMEEKNEERESHAEZERMER

Fig. 2 The colony morphology and mycelium microscope of 3 biocontrol strains
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SFO1 T Pk rDNA-ITS % K 20 /¥ )5 , 43 21 (1) F7 514K B2 554 bp, #25 GenBank 3843 % 5% 5 4 PP301358;
SFO5 1% ¥k rDNA-ITS 7 51K & 4 540 bp $24¢ GenBank $£13 & 3 5y PP301359; SF0O8 % Fk rDNA-ITS
AN 552 bp, B35 N PP301360. Al MEGAS.1 # 44 1# Fl Neighbor-Joining ¥: 4 & 3 T ITS
HRFIIRAE KRB . EF TR SFO1 E k5 Dactylonectria torresensis i1 T [F]—7 32 (K 3) , &
2K AT, SFOS Witk 5 Chaetomium globosum 51T [ — 433 (K 4), SFO8 Wi #k 5 Penicillium rubens
MFE—2% (E5) , Fit, 48RRI SFO1 k4 E N D. torresensis, ¥ SFO5 T k%
ENERESCH C. globosum, ¥ SFO8 WPk % € Nr=4.7 % P. rubens.
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90| OMS14930 Dactlonecivia iorresensix isolale ALSS

OM3 14939 Dacivlonectria tarresensis isolate ALYS

MIIBGS 183 Dacivlonectria torresensis culture CBS: 129086
MN2IBROT Dacrvionecivia esremocensis isolate TWI191

MHS&63 182 Duciylonectria estremocensis culture CRS: 129083

ORO90964 Dactylonectria rordeicola sitain NNIBRYG27733

HUBT133922 Dactelonectria hordeicola sirain 1Y 135

09, MNOOT7548 Dactylonectria panciieprata strain CGMCC3 19983
ORT735055 Daciylonectria pauciseptoiy isolate YILGROS

91, OR437978 Ducndoneciria anthuriicols isolaie ZOR-Rh1-3
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3 MIIE65179 Dactylonectria vitis culture CBS: 129082
il
ONOTI6TT Daciylonecivia vitis isolate UTMGCT 18288

NR 137304 Frichoderna afroborzicnem CHS 124620
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FIG.3 Phylogenetic trees of SFO1 based on rDNA-ITS

o5 MHB60353 Chaetomium mareoticum culture CBS:782.71

MIIB6 1698 Chaetominm mareotictm cullure CBS:802 .83

MHRE1727 Chaetomiym muelferi culture CBS:192 .84

991 MH860963 Chuetomium muelieri cullure CBS:663.75

74

MILIB61662 Chactomium perlucidum culture CBS:590 83
— IOOL MHE64729 Chaetominm perlucidum culmre CBS: 127845

—— NR_ 144857 Chaetomiim novozelandicum CBS 124555

92 OM237147 Chaetomium globosum isolate TIU JAN34
' 100] @ SFOS
MIIBO 1603 Chaetomium convolutum culture CBS:313.83

99 WMHEB38900 Chaetomivm pachypodioides culture CBS:632.66
99 | MIIR60358 Chaetomium pachypodioides cullure CBS:790.71

NR 145333 Staphylotrichium coccosporum CI3S 364 58

—
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Fig. 4 Phylogenetic trees of SF05 based on rDNA-ITS



96— NR-137800 Penicillium yezoense CBS 350.59
98[ I NR-138351 Penicillium roseoviride CBS 267.35
NR-138355 Penicillium trzebinskii CBS 382 48
NR-121298 Penicillium quercetorum NRRL 3758
NR-144837 Penicillium cinereoatrum CBS 222 66
82 499[}% 153210 Penicillium pagulun CBS 139166

99 NR-138335 Penicillium gracilentum CBS 599.73

4‘?&]6998 1 Penicillium estinogenum CBS 329.59
88 NR-111501 Penicillium zonatum CBS 992.72

WL NR-121230 Penicillium raperi NRRL 2674

100, @ SFO8

4{ OMB372687 Penicillium rubens strain PeruHIB01Z03
80 NR-103687 Penicillium polonicum CBS 222.28

4100rNR- 144866 Penicillium robsamsonii CBS 140573

NR-103685 Talaromyces proteolvticus CBS 303.67
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Fig. 5 Phylogenetic trees of SF08 based on rDNA-ITS
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P I T R A S A P TR ROCR WL 6, HTIEITT LA Y, e A Bl A TR VA PR I PR A B B AR R O
REWE I 0 P AR A AR L2 R B LA . TR 5 Bd mT LUE Y, 3 b A ol 1 X A B TR 2 T 1 905 28R
£ 77.06%~80.10% 2 [, H:tf D. torresensis K B WU R B B 42 90 0 85 4 T RIS 280 R e i 1 00 3
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Table5 Preventive effect of biocontrol fungi fermentation solution on walnut branches in vitro test

73 I BT HAR SRV ES

Strain Average diameters of lesions/cm Preventive effect/%
D. torresensis SFO1 1.01+0.11 b 80.10+£2.21 a

C. globosum SF05 1.32+0.18 b 73.40+3.12 a

P. rubens SF08 1.11£0.21 b 77.60+3.78 a

CK 4.97+0.24 a -

AR PR I EHRAEZE, P FRAEE RREREEEKY (p<0.05) . FF.
Note: Data in the table are means + standard deviations, the different small letters in the same column
indicates significant difference at 0.05 level. The same below.

A. XFH; B.SFOI BB AR %%; C. SFO5 1AK% D. SFO8 B A 4.

A. CK; B. SF01 isolated branch; C. SF05 isolated branch; D. SFO8 isolated branch.
B 6 3 HREMEARBRZME SRR

Fig. 6 Prevention effect of three strains of biocontrol fungi on walnut canker disease
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Table 6 Therapeutic effect of biocontrol fungi fermentation solution on walnut branches in vitro test

g P9 BT T35 B AR VBITROR

Strain Average diameters of lesions/cm  Therapeutic outcome/%
D. torresensis SFO1 1.01£0.19 b 80.07+4.01 a

C. globosum SF05 1.15£0.21 b 77.30+4.21 a

P. rubens SFO8 0.86+0.28 b 83.40+3.38 a

CK 5.07£0.24 a

A. XTHE; B.SFOl MBS AR %%: C.SF05 MK %; D. SFO8 B A H %% .

A. CK; B. SF01 isolated branch; C. SF05 isolated branch; D. SF08 isolated branch.
7 3 BRERE & BRI R R AT

Fig. 7 Treatment of walnut canker disease by fermentation broth of three strains of biocontrol fungi
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M8 FTLAE th, 3 MRAZ B 3 R A% Bk 4 i 38 A B R AR OR . AR 7 BE R A, AH Lo R
AR B AR TAZ R A T ARG bR, B E L TR 2 ERE R S REIREEH (p<0.05).
Hordr D, torresensis 880 FAC L HEE (p<0.05) , P rubens Re T ZF R HRELK (p<
0.05) 5 C. globosum I P. rubens R Lt Z2FF M, C. globosum BEXG A T IR M & 3 DR
Ve RERENENERES THE (p<0.05) , HEKEZRAHE,
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Table 7 Growth promotion effect of biocontrol fungi fermentation solution on walnut seedlings

o N _ By il AN

itk P IR gFE  TRE =H )

Strain Plant height/cm Root Fresh weight/g Dry weight/ Stem Number field
& length/cm EAVE DY WEIBWVE  iameter/mm  of leaves

CK 18.07+£0.20d 15.3+0.70d 13.9+1.20c¢ 4.46+x0.80 b 3.40+0.27 ¢ 16£0.00 d

D. torresensis SFO1 36.33+0.87a 20.9+0.37c¢ 30.1£2.57b 12.47+0.87a 4.68+0.28 b 21+0.00 ¢

C. globosum SF05 30.17¢1.51 ¢ 23.17+1.19b 37.4+0.73a 13.14+1.31a 5.49+0.15a  29+0.00 a



P. rubens SF08 33.63£0.69b 26.87+£0.76 a 38.07+1.76 a 13.83+0.69a 5.94+0.01a  25+0.00b

A. SFO1 X% B4 B I A4 R s B. SFOS [ A R s C. SFO8 [FIfe A= 2R
A. The growth-promoting effect of SFO1 on walnut seedlings; B. The growth-promoting effect of

SF05 on walnut seedlings; C. The growth-promoting effect of SFO8 on walnut seedlings.
B8 HFEABRZMRSENREER

Fig. 8 Growth promotion effect of biocontrol fungi fermentation solution on walnut seedlings
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Table 8 Growth promoting capacity characteristics of biocontrol strains

R =l BB fifp PR

Strain Producing protease  Phosphate solubilization = Dissolve phosphorus  Siderophore

D. torresensis SFO1 - 0.15+0.01 0.21+0.02 0.11£0.01

C. globosum SF05 - - 0.56+0.03 0.35+£0.04

P. rubens SF08 0.52+0.04 0.38+0.06 - 0.33+0.02
3ot #

AR, AFHLEA N A MR AR 2 51, ZNAERE 2R, F5 ERE.
5] BE AR 0 TR ARG 4%, Ul B 9 AR LR 0 A B B — o A 2 I M, IX M EHIE T Hoffman 5016)
W LG, BN AR L 2 A1 52 B0 3 F Y B S AN [F A 23 A PR AR AR 1t 22 S I 5 o AH B
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iR . W22 SERDIE AR, HEDN S g 2R e 00 R B 8 0y M OC, AR M R AR, BRAE
XTAZ Mk bl B 25 AT B B BRT, DLIHIE R IF R T 35 72 B0 2 45 A, e S BRI AR B PP
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[F] BT 19, 150 B 3 7 288 B0 TR AR At SRR B BRI AR AR R S, A G A B A K (AR T B AEE
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Ryt — B 5T .
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FRAO A B R R E B iz — o A TE AL BEAS [F 4 2353 BS 3RA5 3 BRAN U0 A% Bk 5 02 i LA AR
B, T B i ak g e AR R AEERI N AR B, S8 E D AN D. torresensis. C. globosum . P.
rubens, 3 1R 3L B0 BE 22008 B AR K 2% B 3838 18 B 77% A b o W SR IG I 3 PR I B R IR AL 1)
Brkaht, MHEBBAERK ., s, BERE. s, ZHERSR SRR LA RER#EER (o
<0.05). fRAEFEFTI LRI, D. torresensis B A MW W0 F2EkEUARE ), HE=EAMRE; C



globosum B A fRWE . P8 EKEE T, BB =R ABERE J1; P rubens EHVEBE. 72 &E A B
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