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Fungal diversity in rhizosphere soil of medicinal plants in Heilongjiang Province
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1 College of Life Science, Liaoning Normal University, Dalian 116029, China
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Abstract ;. Heilongjiang Province is one of the major medicinal plant-growing areas in China. In order to understand the
population structure and distribution characteristics of fungal species in rhizosphere soil of cultivated medicinal plants, the
authors investigated and collected 220 rhizosphere soil samples in the fields of 14 medicinal plants grown in Yichun, Tieli,
Suihua, Harbin, Mudanjiang and Jiamusi regions of Heilongjiang Province during July to October, 2010. The mainly
investigated medicinal plants included Acanthopanax senticosus, Anemarrhena asphodeloides, Arctium lappa, Belamcanda
chinensts, Bupleurum chinense, Carthamus tinctorius, Codonopsis pilosula, Dioscorea nipponica, Fritillaria ussuriensis,
Leonurusa artemisia, Platycodon grandiflorus, Saposhnikovia divaricata, Schisandra chinensis, and Scutellaria baicalensis.
In this paper, we took the traditional morphological methods to identify fungal species. This study is aimed at the following
three aspects: to investigate the detailed species and distribution pattern of sporulating fungi in rhizosphere soil of cultivated
medicinal plants in six regions of Heilongjiang Province, to analyze the fungal diversity in rhizosphere soil of different

medicinal plants, to collect potentially economic fungal resources, and to understand ecological characteristics of
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rhizosphere soil fungi of medicinal plants in the studied areas.

After fungal isolation by means of soil dilution plate and soil particle plate and culture on standard media, totally 1016
fungal isolates were obtained. Based on colony and spore production, 86 fungal species belonging to 35 genera were
morphologically identified, including ten species in seven genera of Zygomycetes (7.78% ), two species in one genus of
Ascomycetes (0.69% ), and 74 species in 27 genera of anamorphic fungi (70.76% ), the left 20.77% of all isolates were
sterile on media. The results indicated that plentiful fungal diversity was present in the cultivated medicinal plant
rhizosphere soil in Heilongjiang Province. Of which the species in Penicillium, Aspergillus, Trichoderma and Fusarium were
the predominant groups of fungi, their relative isolating frequencies were 16. 93% , 14. 76% , 8. 46% and 6. 69%
respectively. The species of Gliocladium, Chrysosporium, Mucor, Cladosporium, Acremonium and Rhizopus were the
subdominant groups, their relative frequencies were 5.02% , 4.23% ,4.13% , 3.74% , 2.36% and 2.26% respectively.
The fungal population structures and compositions were different in the rhizosphere soil of all the medicinal plants.
Penicillium , Aspergillus, Trichoderma and Fusarium occured in all the 14 investigated medicinal plants, and they were the
predominant groups, but their distribution frequencies were different in different medicinal plants. The plentiful fungal
isolates of Trichoderma and Gliocladium cultured from the rhizosphere soil of various medicinal plants were of economical
significance for bio-control of medicinal plants soil-borne diseases and bio-transformation of Chinese herbal medicines.

The medicinal plants of Schisandra chinensis, Fritillaria ussuriensis and Bupleurum chinense were most extensively
cultivated in Heilongjiang Province, and the fungal diversities in the rhizosphere soil of the above three medicinal plants all
grown in six investigated regions were significantly different. Yichun was the highest in Shannon diversity index (H' =
2.9574) and Margalef richness index (R=5.6683). Jiamusi was the highest in Pielou evenness index (J=0.9200). The
fungal diversities in the six regions were different in similarity. It ranged from 0. 3704 to 0. 6315, and of which the
similarity coefficient of fungal populations in medicinal plant rhizosphere soil was higher ( Gj=0.6315) for Mudanjiang and
Suihua, while it was lower for Mudanjiang and Harbin ( Cj=0.3704). Our results showed that the factors such as cropping
patterns of medicinal plants, climate and soil environment evidently affected the fungal diversity and similarity in the

rthizosphere soil of medicinal plants.
Key Words: Medicinal plant; soil fungus; predominant population; diversity index; similarity coefficient
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Table 1 The rhizosphere soil sampling regions of medicinal plants grown in Heilongjiang Province

RAE U AT B RY L ES bR AL
Sampling region The investigated medicinal plants Amount of soil samples
(P TR SEDURE S BT AR 5E R B 35

B FURT - UURE Sl oI g RERE T A RRE B X 41

2314 FRT SFDURE S8 5B A8 248 S 35

W AR FUMRT O UURE S oI RO AR SE RS EE R B 46

HAHT TURT P DURE BT A5 R R TOIN Je HEE AR 58S 38

AR FRT - DURE S8R £ RERE T 25

FIRT P DB RIS A M X I AR T 5 i LA

1.2 HHEREIE

R R RV AN - HEROR AR AT T SRR I 20 B, 70 B R B P 20 3R 4 (1) MR-
15 FRHU10 g HHERE AT 90 mL JCR/KAY =M K = MfiUE THER AR 25—30min , i + 500K
IS BT I K AR BIRR BRI 10 59 T EREI, IR T mL B AR 9 mL TRRUK IR, 58
I VRTHIRAD I RAEE 107 AYETRI, PRI 107 Tl 1 mL, BB A A 9 mL I /K IR IR A5 B
R 107 AB TR KIS R 107 A SR BRI, TR 1072 1107 107 MV BRI ImL B T4 57
M SR TS 2 0, SOHLITFAHIZE 40 C A I ML 7 IR A5 5 BT 25 °CHiE g
FRAEEFR , (2) LHEWRT AL OB /) i AT IR EAE 0. 005 g 7247, A3 HI RIS 5 HC 4 50 BOAT 7 B 1
T INPLLL SR A AR 2 W R RRILE T 25 CHIRSFRANRR, 5—T7 d 5, %40
BB EL G VST IR AT K B B v R S A DR Tl
1.3 TIEERRYLE S E

3 1o S T 22 PRI ST N LA 77 b A K B AN TR 2 RN 14 L 1 9% e e AL PDA B

http ; //www. ecologica. cn



232 A E = 334

FdL e HE ARiERS F5 5L (SNA (SMA .CYA .CA MEA PCA ¥ 5:48) FirfTaifbss s, T 25 ClHaliE s
Bt 5—15 d Ja etk BAeE B kT B0 SR, 2 A OC BB 02 Scmk ' i T TR S E
1.4 HdEabag
Sy B AR T AR W B I SRR , A3 BRI A K
IF B (% )= Fo— 03 B EELCRR) /T 4 B S B (R ) x100%
B FEE R Z FE K38 45 Shannon Z2FREVEFE AL (H') | Pielou ¥12] BEFE 20 (J) A1 Margalef 3= & i 5 %4
(R) AT M1

Shannon Z T %L H =- ZPilnPi (1=1,2,3,---,n)
Pielou YJ%5] 454k J =H'/InS
Margalef 35 B84 R=(S-1)/InN

K, Pi 25 @ P RE S SR L, AT DU Pi= Ni/N SR NiCRER § R RIS RS VR B A
QNI E S = SR el R 7/ E USR8

Jaccard FHAIPEFE 4L

Ci=c/(a+b-c)

K a, b 53 R WA AE BE 2R rh FL TR B AR R 2, ¢ S P AR B SIS A rh R ) EL TR R B R B, TH T LR
WA RS BT EE . AR Jaccard AHMAE R BRI X G 09 0. 00—0.25 I AL 5 G
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15 70.76% , 530 & H B Penicillium 14 F | M85 JE Aspergillus 12 N, KB Trichoderma 8 A~F1 | Bl
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J& Scopulariopsis 5% 2 M0 WA TR Alternaria V22108 Arthrinium AR & Beauveria AR Chloridium Ab
MR Exophiala JEFEFLIR Gonytrichum JAMELE Geotrichum AiHRALE Graphium 22355 )&/ Papulaspora 25 j5 5%
J& Phoma B F S Trichophyton\%ﬁﬁ?é'}% Trichurus K157 )R Wardomyces N Clonostachys &1

TEr B ARAT I 2% TR SR D O R e 2, R SEUT 20. 77 % |, & AR VLA # 25
FEHYIAR PR 3 rh i KB R IR S B 2R BE . Penicillium | Aspergillus | Trichoderma . Fusarium J& 2 ¢ 1148 #%
B 25 AR AU AR P - J98 v mT BH 0 3 1 o 288 P i e 22 O 2 A, 2001 o 3 T PR Y 16.93% (14.76% 8. 46%
6. 69% , & 245 FH FL ¥ MR b £ 38 vp i A M BE . 1T Gliocladium . Chrysosporium . Mucor , Cladosporium |
Acremonium Rhizopus 7359 5 B bk S BUHY 5. 02% 4.23% 4.13% 3.74% .2.36% H12.26% , 2245 FIA AR Br
I B WA EFIEE, Paecilomyces F1 Alternaria 72 55 = KA HEFHE, 20515 1. 48% F1 1. 18% (£ 3) .
Clonostachys . Exophiala . Geotrichum . Gonytrichum  Mortierella . Papulaspora | Trichophyton W MREAU N 1, & BIp
VLA AR 25 A AR B+ 3 b iR A7 B TR VR
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Table 2 The fungal composition in rhizoshphere soil of medicinal plants in Heilongjiang Province

BB 4 HEREL Amount of fungal strains ik
Fungal genus FORT T BN SR SR S A RSEE R 43 A T B aqE Total
3L Absidia 2 1 0 1 0 0 0 0 0 0 0 0 0 1 5
KT Acremonium 8 5 1 0 0 1 1 1 2 0 0 1 1 3 24
BENS AR Alternaria 4 2 2 1 0 1 0 0 0 1 0 0 1 0 12
a8 Aspergillus 20 18 15 7 11 12 9 5 9 6 15 9 6 8 150
522 H00J8 Arthrinium 1 0 0 1 0 1 0 0 0 1 0 0 0 0 4
FIERE Beauveria 1 1 1 0 0 0 1 1 0 1 0 0 0 0 6
E5E)& Chaetomium 3 1 0 0 0 0 0 0 0 1 0 1 1 0 7
WA S Chloridium 0 0 0 0 0 0 1 0 0 0 0 0 0 1 2
4:10J& Chrysosporium 10 8 3 2 6 3 0 1 1 1 2 2 0 4 43
KiH)@ Cladosporium 11 2 6 0 1 2 3 1 0 2 2 1 3 4 38
KeREREJE Clonostachys 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1
INFEERIUEE B Cunninghamella 1 0 0 1 0 0 0 0 0 1 0 0 0 0 3
HMHFEJE Exophiala 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1
BRALTEJE Fusarium 8 13 5 4 3 3 5 3 8 3 3 3 3 4 68
H BB Geotrichum 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1
K B2/ Gliocladium 11 8 1 7 1 7 4 0 2 1 2 2 5 0 51
HUFRFEHEE Gongronella 0 1 0 0 0 1 0 0 0 0 0 0 0 0 2
JEREfLJR Gonytrichum 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1
KRS Graphium 1 0 0 0 1 0 0 0 1 0 1 0 0 0 4
Ji§ 558 Humicola 2 0 0 0 1 0 0 0 2 2 0 0 0 0 7
Wi E B Mortierella 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1
B Mucor 5 2 3 2 4 5 3 1 3 2 3 3 4 2 42
RBEH & Myrothecium 0 1 0 0 0 0 1 1 1 0 0 0 0 0 4
T Paecilomyces 2 1 3 0 1 1 0 1 0 1 0 2 0 3 15
Y BERE T Papulaspora 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1
HEJB Penicillium 24 18 11 19 8 9 16 15 9 7 11 5 14 6 172
225 5B Phoma 1 1 2 0 0 1 0 0 0 0 1 0 0 0 6
MFZ IR Rhizopus 5 3 4 1 1 1 0 2 2 2 0 1 0 1 23
T EE B Scopulariopsis 1 1 0 0 0 0 0 0 1 0 0 0 0 1 4
AKFEI® Trichoderma 15 10 9 3 5 8 7 5 6 4 5 3 4 2 86
EBEH B Trichophyton 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1
BREIE Trichurus 0 1 0 0 0 0 0 0 0 0 1 0 0 0 2
BHRTEIR Verticillium 2 1 2 1 0 1 0 1 0 0 1 0 0 1 10
RPEE B Wardomyces 2 1 0 1 0 0 0 0 1 0 0 0 0 0 5
15558 Zygorhynchus 3 0 0 0 0 0 0 0 0 0 0 0 0 0 3
TeAta R

Mycelia sterilia 1 7 4 1 0 1 2 6 0 0 4 6 4 35
Mycelia sterilia 2 9 8 3 2 4 8 3 7 0 1 3 7 1 60
Mycelia sterilia 3 5 7 5 0 0 0 2 3 5 2 0 1 0 30
Mycelia sterilia 4 7 0 4 4 3 4 1 5 4 2 5 4 2 47
Mycelia sterilia 5 0 6 6 2 0 3 7 9 0 5 1 0 0 39
S Total 176 125 87 48 51 74 71 70 59 48 56 45 58 48 1016
J&%L No. of Genera 29 22 15 14 12 29 12 13 14 16 12 13 10 14

HBR ¥ Schisandra chinensis; - Dl Fritillaria ussuriensis; ¥ L Acanthopanax senticosus; ‘% 111 J& Dioscorea nipponica; %% Leonurus
artemisia ; Ei| Bupleurum chinense; WA Scutellaria baicalensis ; & A5 Platycodon grandiflorus ; W Codonopsts pilosula; 425 Arctium lappa ; SIRSS

Anemarrhena asphodeloides ; 51T Belamcanda chinensis; Bl A\ Saposhnikovia divaricata; 2I4€ Carthamus tinctorius
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Table 3 The isolating frequencies of the major fungal genera in the rhizosphere soil of medicinal plants in Heilongjiang Province

H )B4 Fungal genus Iy B Relative frequency/% — EL# /B4 Fungal genus SYBHFR Relative frequency/ %
TCHIZERE Mycelia sterilia 20.77% 558 Penicillium 16.93%
28 Aspergillus 14.76% KEEJE Trichoderma 8.46%
oL IR Fusarium 6.69% KT 88 Gliocladium 5.02%
4 1JE Chrysosporium 4.23% E&EE Mucor 4.13%
KiftlJ& Cladosporium 3.74% FE A8 Acremonium 2.36%
HREJE Rhizopus 2.26% B Paecilomyces 1.48%
BERS AR Alternaria 1.18% HE Others 7.99%

HoAl . A% 23 )@ BT (FRRECN S 10 A4>) 7050 o SRR L ) B A0

PRFARPR -3 43 B A M LA R S i 2 34 51 33 JB ELPE . TCAIZERE 2 14 Pzl FIRE P AR By + 498 B0 0 rh 4l
AR ZEHE (BN TR E T 5 AN HEIEFHE I BAFE R SHE . BRICAISHESN, FOR T MR Br 38 ) O] S5
AR IR AR, EAT 5 F T AR B A 3 B R R AR B AR X 2 B AR A R 13, 64% (11.36%
F18.52% o MF-DUBEARPR 48 rb 2 25 i 26 JR B0, HAR S 0 &R & 8 M), e b7 Dk
R P 38 LR R B RR B AN 2 B AR AT N 14.4% 14.4% F110.4% , MEEBIAR R+ 38 b2y B 75 21 20 )&
P LA IR S T 5 B RUREE &, T o5 S AR R 8 T R AR 50 %) A X 4 8 1 38 433l oAy
16.22% \12.16% F110.81% , HA 11 M2y YRR - h BRICAZRBEIL, B 5 E 58 K58 fdjfi
R R R 3 B 2SR
2.2 BT 3 FhE 2 AR PR L R A LS A AL 2R

FORT P DURE Se A B VT A AR R DXz MR AR KW 25 A, e e B ek
MRS A PRI Al XS5 A, LA AR . A 3 Bl AR o B AR 02k 43 0 B AT TR AR BR
TR R,
2.2.1 OR[EIHLIX 3 B 3224 AR AR B 18 FL TR 22 R AR A

FERIEITAR 6 A RAEH A 0] 1 245 ATAE AR PR HIE LAV 2R MK e 22 57 (R 4) . NEAE Y
Bow DA BRI PR X Y fe e, 2h 0 85 21 25 @ B, A i AR, A B 31 14 SR B, AL IX
HZAENEFE R () T IR EU(R) Bk, 20 3 h 2. 9574 F1 5. 6683 , MHAE A 1y X EL B ¥ 51 BEFE 0 (J) B
5,4 0.9200,

F4 BRIHNMAHEMRIMEIZHRAEYREIEEEMENSHEEENR

Table 4 Diversity indices of fungal communities in rhizosphere soil of three main medicinal plants in six sampling regions of Heilongjiang

Province
SR b A5 B k3¢ ZREERREL ¥R FEE
Sampling region No. of Genera No. of isolates Diversity index(H") Evenness index(J) Richness index(R)
RS 25 69 2.9574 0.9188 5.6683
79 23 78 1. 6300 0.5199 5.0497
24k 14 49 2.3973 0.9084 3.3403
ORI 20 78 2.6208 0.8748 4.3611
FEPHE 17 58 2.5591 0.9033 3.9405
HEAHT 17 43 1. 6066 0.9200 4.2540

2.2.2 A[RIHLIX 3 Fofr 5 24 FAE AR s A 39 T 28 R AR AR

FERIEITAE 6 A SRAFE 1 o5 (0] 245 FHAE P AR s 498 B0 18 1) R A BL 1 R B0FE 0. 3704—0. 6315 Z (8], i i {HL
R FHT S AR 0. 6315, SR 4 FHT 506 /RIER 0.3704 (K 5) o MR Jaccard AR I, 4 Hu X 22
[ () EL TR AL R AL T SR ARL S AR Z 8], BAORE | BRIBTIA 6 A RAEH DX Y 25 FHAE AR B 1
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SEFCR A HERH R

x5 BRIL6 MREFMEXIMEIEAHRAEYRELBEFBLERE(G)

Table S Similarity coefficients of the fungi isolated from rhizosphere soil of three main medicinal plants in six sampling regions of Heilongjiang

Province
?i fﬁg“l s B it R HFHT FEAS Jiamusi
& 1.0000 0.5000 0.4444 0.4516 0.5000 0.5000
B 1.0000 0. 4800 0.4828 0.5385 0.5385
24k 1.0000 0.4167 0.6315 0.5500
W IR 1.0000 0.3704 0.4231
HEFHT 1.0000 0.6190
A 1.0000

3 itig

KT 25 MY N A B SRR T e W REVR SRR R Gt s i s 270 i e 2 A AR B
BEH N REMRGER D . AT EIRITA 6 A~ i DXk 55 19 245 FAE P AR Br 3380 i b 29 g s
FE HECEE 35 JE 86 i, X AN [F] Y 24 AR ) LA S AS ) b DX 24 A 0 AR B 1 388 BCR B AR AR | X R o0 A R 26
PR S HEAT T BT, WFSE S SRR, R Penicillium M %58 Aspergillus . KF5 )@ Trichoderma N A0
J& Fusarium FLIEERIRTTE 25 AR PR LB B R385, X 5SCA M T AR LIRS
BEVE AR AL 22 S ) 24 FAE AR B b 7 7 T 1 BB TR (H G B B R A B Ao A B
AR ZESE, W FARPR R b &R &R MR R N B, 596 4 H 2 0 10 7 A B Lk
THPR A A5 25 AR, A RIFR 2 AR PR 1 8 LB AP S A E R AR K22 57, HAHRIFP 2R
PR BB AT R 22 5, 3K 22 57k T I P A TR) 245 PR 22 200 400 10 AR T T s i g 54

ZREPEFR BN R /O LRI R SOREVR 0 Z R0, 5 BEFR B R S e FCL T Al B =F & PR A B S R AR 8K
2 I WL TR R AT e AR TR A, TRE (A 3R 2502 s e 9 4 A () b DX 1 A 2 s A DU B 1) i 224
B ASCUURBITIAS F 7 W TR 7 DUREAISESH Sy SR SRR A T 40 M, R BRSSO ], 3 3 b 24 A )
PR R+ B FLRFP R ZRE KO (10 25 S 80K MR BE LI, Rl AR AR 4L 5 R R A B iR 5 S
A ) IR R LA S N R R 2 (AR 355 1 it A KO ) s ma s AR G, B Bk D) Ak it A
YL ARHIAE L D AR AR, RIEIEIR & S A LS, (B2, DB 0 TR 7 DUBE RS2 5A R AE 7 =X AAKT #h
MR, HLDT AR5 AR R T DX A A BRI R Ao e b 7 X, Tk 0 s DX 20 DA A FERR AR 32, AR
TR S R AR R SO PR A B R 2R KO AR 25 S AR R B A A P 2R T b X X
3 P2 AR A 7 2 DA R AR 7 =000 32, R X 4R K IR 7 2, ARl i, T A, AR e H I R £
FEPEART8 R o AR AR B X e AT TR AR 2 A A F R (HRP AR DX A7 - SR AR G 22095 b A, K IR A
FeAL BT DLHAR B A 38 HL A 2R ACOPAIR (R HI ) BE AR AR, U X R LR A R R IR e (24
AR E] AT e B TR DX PN 308 A 25 S R K WU . BRI O DUBE R SE S AE G R i
FVEEAR B35 e AR, (H 2, l TG RIS A5 R DX b 37 B A A AT A LR DL R B A1, 25 1
JIEaA , 245 AR B P 5 2O AR s - 398 L P 2 RE AP AR AR B R i) (] I A5 2 A7 R 8 PR 50 0 JH: - 18
FIRZHEMACERAT —E W52, AR SCIR SR 25 R S i 1 AR 35 A 35 AN [R) %) 24 A ) AR B 1 18 B T 2 AE PR AP AR
ANTRIRE S BIREI , 5 BRRE 5 0 Rz it AR B ST 4 A — S0, R T ARG R L e i 1 3 EL I 40 B BB A
SEUE T, T RE R BOR AT IR BRI VR A K ARSI BT R AR B D3 b A SR X AN P S R L T A
BEIEA T VI SE 2 (AR H DNA 2017 900 0rsE ) |, B LA, BRI 52 3545 19 SRR VT A8 25 T AR 0 AR s 1 498 EC TR
Z ARG LE

ARBEH Trichoderma KT8 Gliocladium JEAEH TE AW, BT 0T 2A 4 KGR FEA FE 5T
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A A MR AT B R R 2 R AT R BUAE B R T E A R HGE AR B ROR
T B IR AR A2 T BB BB 202 AR IE BRI VAR 25 HITAR AR B 1398 vh 3 25 15 B R B3 8 b
86 PR TraE )& 2 B 51 4k, A B i 18 2 0] F T AL A% 0 35 B IR A SR B R bR . 3 o, Ik BEAR R G
TR TR AL 25 TR T PE A3 MR FE OB AR 2, 1T ELA R O 356 1 T B s A e M Y L B T
T SE I Y LT T H RE M2 A OAR B b 7 Bk A . ANTRI 28 TR AR R m i AN Ta] , HAR By 3 vh
A EZUECE FA AL 2 TR E M o O D RE L B BT, AN IR 5870 B AR A A R L B AR o 4 T 3t
HE AR P 2GR M B WETE BRI TR I R SR
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