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FEE A AR T 7 AR UL2Y FAE A AR R AR R LT 20 A1 1 00 AR e R ML R, B IR SRWT .7 R 25 RS 1 g
5 AM ERIE R R AP R | HASE 245 FTAE YT s P AR 1 e ) 22 5 W1 ., R R R AR B 09 46 7% B B i ,29. 0 /g -, B
MR G IR 5, 100% o SRR E T8 B ek, 4.7 /g, IRF ISR IRFAR,4.5% , L8 E AM HIH 4 8§ 63
fi, HorP BREERE R ( Glomus) 39 Fi JCAH 28 55 )& (Acaulospora ) 18 Fit | F il %55 & ( Gigaspora) 4 Fi & B 1 2 55 )& ( Scutellospora ) 2
Fifr, For Glomus Acaulospora NHE PR G. melanosporum NPLHF, TERARMFE AM HE M FEE , Shannon-Weiner

RECH IREN1.29, ROR S & IR X0 EAOC il 7% B 5 pH (B 2 UMD F i £ 25 pH (. TUHDC 5%
FM . TG ST B REM 2 35 IEAR G ; Shannon-Weiner T840 H 5 A DTN 035 (R OC ; ¥ 20 B 5 A HLBT 4672 B 25
TR, B THIX AM FIEHIR T4 £ 5 SRR S 18 FA YA E, TIEEF X R YR 5% 5 Fh 9325 | Shannon-
Weiner F8%0 J ) BE A2 HLANIR] . 9 SE B AM LT AR WH AR I H 7 H 2454 0 A Pl B2 A3k 2 55 o 3 ¢ D RN B AR
KGR AM HIE ; 24T TIER T RYR YFh 2R

Colonization rate and diversity of AM fungi in the rhizosphere of seven medicinal

plants in Xiamen

JIANG Pan, WANG Mingyuan "
Department of Bioengineering and Biotechnology, HuaQiao University, Xiamen 361021, China

Abstract; The distribution, colonization rate and diversity of arbuscular mycorrhizal ( AM) fungi in the rhizosphere of
seven medicinal plants species in Xiamen, Fujian province were studied. The spores of AM fungi were isolated by modified
method of wet sieving and decanting technique and identifled based on spore morphology and subcellular characters. The
results showed a strong symbiotic relationship between seven medicinal plants and AM fungi. The highest spore density
(29.0 cfu per g soil) was found in Rhus chinensis while the lowest (4.7 cfu per g soil) was in Michelia figo. Spores of
Gigaspora occurred rarely and only in Houttuynia cordata Thunb. , and Scutellospora only in Rosa laevigata Michx. Glomus
melanosporum was most frequently associated with the 7 medicinal plants species. The highest mycorrhizal colonization
(100% ) was recorded in Camptotheca acuminata Decne while the lowest (4.5% ) was in Houttuynia cordata Thunb. The
results indicated that sixty three species of four genera of AM fungi were isolated, of which thirty-nine belonged to Glomus,
eighteen to Acaulospora, two to Scutellospora and four to Gigaspora. Meanwhile, Glomus and Acaulospora were the dominant
genera of the seven medicinal plants and G. melanosporum, A. excavata, G. ambisporum, G. clarum, and G. geosporum

were the prevalent AM fungi. The highest species richness (26), Shannon-Wiener index (H) (2.29), and evenness

HEE TR A ARBHEIES (2011J01222) AR RS A A 51335 H (08BS410) 5 SR AN TR 11455 H (2010N0123)
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(0. 83) were found in Rhus chinensis, Rosa laevigata Michx. , and Mirabilis jalapa Linn. , in contrast to the lowest one in
Houttuynia cordata Thunb. (9) , Houttuynia cordata Thunb. (1.06) and Rhus chinensis. (0.39). The frequency ( F) and
importance value (I) of Glomus and Acaulospora in all the plants were higher than 50 percent. As the soil characteristic
may play an important role in the ecological distribution of AM fungi, available P, available K, available N, organic
matter, pH and electrical conductivity of the soil samples were investigated. In the present study, the colonization had no
significant correlation with the soil factors. Spore density had a highly significantly negative correlation with pH values (P<
0.01). Species richness correlated significantly negatively with pH (P<0.05), and had a highly significantly negative
correlation with electrical conductivity, while highly positive correlation with spore density ( P<0.01). Shannon-Wiener
index (H) had a highly significantly negative correlation with organic matter ( P <0. 01 ). Evenness had a highly
significantly negative correlations with soil organic matter and spore density ( P<0.01). These results indicated a high
diversity of AM fungi in Xiamen. The effects of soil factors on colonization rate, spore density, species richness, Shannon-
Wiener index (H) and evenness all varied with host plants. The colonization rate, spore density and species richness had
negative correlations with pH values, available P, available N and electrical conductivity. The colonization rate and
Shannon-Wiener index ( H) had positive correlation with available K and evenness had positive correlation with available K,
organic matter, pH and electrical conductivity. AM fungi may be a potent biological resource which can stimulate the growth
of medicinal plants. This study provids a valuable germplasm and theoretical basis for AM fungal biotechnology to apply to

medicinal standardization on planting.

Key Words:; arbuscular mycorrhizal fungi; medicinal plant; soil factor; colonization rate; species diversity

MELF R (Arbuscular mycorrhiza, AM) H & —28 4 &5 B, W AEY HA ) Z iz ek, BiiTae S
80% LA I Wi AL AT OB BRTAR T IS BRTAR A1) T 1 R 85 402 A 400 X5 95 T 38 I WA, 38 S A A i
DRt AR WA, A1 1E 25 FHAB A 08053 0 65 B0, P o i R AB A 1 7= i A 0y TR SR AR A
SCZFIAEY) AM BT BEUR AR A A RN A O RIS 2 AT DGR , oKk B 4 1 X 3 DR T 7 1Y 38 2 A
Y1 AM ETR A GAR AT 0T 9T, 45 R R WA 30 M4 24 FH AR ) BE 0% 2 AR TR AR, 7 s 24 HTAE ) 1Y
78.9% , A A5 PR T AL [T 10 RS FHRIYAR BBl AM L BR BE VR AN S0 A, S5 I 10 R 2 A A
IR HRR T3 Y AM ELER 3 J8 23 i, Radhika 56165 ELRE P 5 11 111 36 FhZG TR AM EUIR 2 AL AT
TS, A AR W] 30 FhE HIAEY BEAS T BN AR L0 B0t AM ELTE 5 8 42 Fh (R DU T ] b DX 25 AR )
AM EEZFE 7 T 1 40E .

JE 1AL TR LS 118°04'04" UL 24°26/46" , M ARV AR L IX., (57 T AP sty Z2 M, o v e Bie 2 A
ST V@ R S e RN Z T AR BIBE R & 1200 mm , 4FF- Y S0RAE 21 °C &2y, Ol & T 98 A IR H
DR SR 6 2R O 25 AL AR B B T A A 8 BRI, AR ST ad X B 1] 7 sy WL 245 AR )
AM EEGER o340 S5 SRR B G 09 23 A, TR IZ O D25 AR ) AM LR I 2060 X AM &
T A W) BORALE P 2GR T AR b A AR A 52 5 I BT DR AN BRI A | R T AR B IX ) AML LI P52 T
VERAREEE X,

1 #EFFE
1.1 FECREE

2010 4F 10 HAEJE T TRME L (24°44'N,118°17'E) . RZ2 11 (24°35'N, 117°56'E ) S5 Hb | i 1 B AN JF 2 1)
TR ( Michelia figo. ) fERL ( Houttuynia cordata Thunb. ) FERBA (Rhus chinensis. ) A JE%% ( Hibiscus
mutabilis L. ) B ( Camptotheca acuminata Decne. ) &A% F (Rosa laevigata Michx. ) .8 A1 ( Mirabilis jalapa
Linn. )7 A FHHEY) , A EPIFEHLEI 6 % , BARAEYI I 0—30 cm &I AF, B0y 4F 1—2 kg, IF BV G A 40
R R  BEAS SHF MSL %  ICERIARFEDIR | om AREE, T AM B R YR E , X T 5L 2 mm
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1.2 BRI

AM FLH R Y445 Phillips Al Hayman"®' 72, SR J5 Pk 30 A 4I/MRBEE R, 76 B 5B N W8 B R
SEFIFIANR, MR YR IR Abbot 25 A R ST, BB AR YL AR BOE 5 A BAR BEEU E A b, %
TR AR R R Y%

FHAZ YR (% )= H TRAR IS AR BeE A iR BB < 100 %

A AM ELTR ARG ot SR ARAEAZ GO PEAG A0 8 A FE AR R AM LI R YL B SRR 5 H
PP SN 5 AFH,0—5% R 1 H;6%—25% H 2 9;26%—50% F 3 H;51%—T5% K 4 H;76% —
100% H 5 %,

1.3 AM FLRAAET 5 B F e

AR HRERE10 g KT 4, FIRBIR AT — BB Ok B IR AM R, AR R e
U ST SRR & A R AN U (0 e B2 & X (1 IAREZ | 2 /N S 81 T Rl o = 33 ) | O N 1 R = |
(7K Melzer's i8] \PVLG (R CMmEE-FLR-H) ) A7 R, 26 A9 b S0 I o 6 A R /N R B 2 4t
T s RV ERHME IR TR S50 vl B Melzer'’s 1RGRI UG 60 BE B2 P4 2 W 00 4R 53 S g, %
AR AR R AR AE BERT A AR 255 DL LB 25 L iR Schenck 25 A VA BRIAR %822 F ) B2 [ B
AM H A 0 (INVAM) BYIRGHT 73 2534 (htp - //invam. caf. wva. edu) , 32 B A 3¢ 558 ARFFIIE 4F 2R &
R EHITRNE L E
1.4 3P40 e i

TIPSR A RO | H R 4 R A R A A R 0L  NHL F-HCL
MR TROR R - OGRSk, pH (I 2 BBk 1 ol 510
1.5 AM EHZFMNE

ZRBRSE R AT AM B F B (SR) VB (SD) MU (F) AHXEZ B (RA) | Shannon-Wiener £
FEEFEEC(H) A 2% () o

615 B ( SD ) 8 AH PR Bl 55 5 -39 v BT 15 96 145 .

SD = T A 14/ + 1 S AR %L
FPAGFHE (SR) Fe R AR A 72 3 A 1) AM BB FPAGERE

SR =AM FLIA SRR g/ -+ HE SRS
BREE (F) 5 HBUUR 5 %Fh BT B9 8 BB e P H B
F=(HJ@ sifh it BB A% x100%
FHXT 22 B2 (RA) 48RP A BE R S A RO g LR
RA= n(HJREMAYAFED) /NCIZHBIX AM EF 1T 250 x100%
G
I= (F+RA)/2

RV 43 B 050 R FRAH X 22 BE P38, K AM B PR B He SR A (1) %) 5k 3 555, B 1>50% R3S
(F) ,30% <I<50% & W@ (Fh) ,1<30% /0 ULJ&E (Fh) o

Shannon-Weiner index #J ZAEPEFEEL(H) ,BBEE 1 05 N MR BEHLEEAS, HAD @ AMEBCH N, T
P,= N/N, i H oI 4631

k
H=-7 (PInP)
i=1

Pk AR R AM B RREG P, iz A AM LR i (70 T HIZAE S TR B AL
Yohx o)
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FH, H 4 Shannon-Weiner $8%0, S b RAE S AM EEFECH .
1.6 Hdlantr

K H SPSS 18. 0 BB HEAT B 2 7 22 ( One-Way ANOVA) 43 #1 Fl1H Pearson 15 %5F AN [R] PR [] 9 19 #H G
I3
2 HRESH
2.1 PR

JE T30 X7 2 AR AR Bl L PR M B L3R 1, &R PR TEAN [ 1 25 P AR 1R B A e B iy 22001, & &R
SRR & 5253904 564. 31 mg/kg 545.93 me/kg, 7 E T HAL 5 FRARY) ; SERHTHBB 10 1R
261.78 mg/kg, .35 (= T HAWL 6 R YY) ; #1875 A ik & A LT pH B3 %14 616. 90 mg/kg 163.77 g/kg,
7.14 g/ke, Y0 3w T HAM 6 R L EFHE SR K 212,20 ws/cem, B35 1w THAM 6 Filbd .

&1 7 WMARAEWRELEERER

Table 1 The basic soil properties of 7 medicinal plants

s it B B R A BHLB GRS

iEL7] 7E e ) Available Available Available Organic Electrical
; Latitude Elevation pH o

Plant Available / P K N matter conductivity

m

/(mg/kg) /(mg/kg) /(mg/kg)  /(g/kg) /(ps/cm)
B M. figo E118°03.269"  N24°45.507' 31 564.31a  94.55¢  394.28b  117.96b  6.61d  144.35¢
Tl 5 H. cordata E118°03.269"  N24°45.507' 31 545.93a 94.27¢ 616.90a 163.77a 7. 14a 212.20b
R R. chinensis E118°03.301" N24°45.745' 104 57.78¢ 73.70d 335.38¢ 118.05b 5.72¢g 46.75¢
ARFESE H. mutabilis E117°56.654"  N24°35.600' 175 16.65d 101.54b 199. 18¢ 106.01c 6.20e 137.10c¢
ER C. acuminata E117°55.921"  N24°35.288’ 170 27.91cd 50.33f 255.31f 83.39%¢ 5.91f 50.70e
BT R. laevigata E118°17.407" N24°44.774' 97 12.81d 59. 66e 279.08e 79.90f 6.82¢ 63.45d
O] M. jalapa E118°16.297" N24°44.636' 54 114.27b 261.78a 308.34d 87.40d 7.00b 271.40a

R [l —FU B b R AR [ R R AE 0. 05 K B 2857 B3

2.2 AM HREFES

M2 ATRUE 7 Fh2G A AR ]t e b 70 B M 1AM LR 4 J& 63 Bl P Bk 52 I ( Glomus ) 39
i TCHE RS JE (Acaulospora ) 18 Fi B {225 & ( Gigaspora )4 1 )& B {255 & ( Scutellospora )2 Ffr, Ho b R 4%
B I MR 5 SR AL 7 PR YAR XA 0 A, A3V E . FEIKEEE (G, melanosporum ) 757 T2 FHRE IRl +
B A, AL PRl N3 TR B A (A excavata ) \ WIS ER B B (G, ambisporum ) | W BR 5% 25
(G. clarum) HIBRPEFE(G. geosporum) HALHEF  FLES T REEE (A, foveata) ANVITCHEBERE (A, scrobiculata) |
WAIRRETE (6. arenarium) 5 O IKPER (6. badium) K AMIBRPEE (G, dolichosporum) | MR IKBE T (6.
reticulatum ) "AF VLRI A B 2R (G, albida) Sy iR E 2R (G, decipiens) W RKRE AR (G. gigantea) |
HARE R (G. margarita) SEWNE FAARERE (S, calospora) iBWIE E B (S. pellucida) 7R TCHE HE 5
(A. cavernata) MFRIRFER (G. wversiforme) SEANFE | Fh 2 HIAE AR o0 A R /0 WLAD SRR ACHR ] AM EL 5 Fh
Kz, 21k 26 i R AR AM FpEdb, HA7 9 F,

®2 MEEREEE7 HHREVRENSHER/ (1T/gt)
Table 2 The distribution of AM fungi in the rhizosphere of 7 medicinal plants

AMF & Fh G iy A R =) BT e ]
AMF species M. figo H. cordata R. chinensis H. mutabilis C. acuminata R. laevigata M. jalapa
Gigaspora G. albida 0.1
G. decipiens 0.1
G. gigantea 0.3
G. margarita 0.1
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AMF T
AMF species

s
M. figo

i

H. cordata

A e

R. chinensis H. mutabilis

B

C. acuminata

ST SERA
R. laevigata M. jalapa

Scutellospora S. calospora
S. pellucida

Acaulospora A. bireticulata
A. cavernata

A. delicata

A. demannii

A. denticulate

A. elegans

A. excavata

A. foveata

A. gedanensis

A. koskei

A. lacunosa

A. laevis

A. polonica

A. rehmii

A. rugosa

A. scrobiculata

A. spinosa

A. tuberculata
Glomus G. aggregatum
. albidum

. ambisporum

. arenarium

. australe

. badium

. brohultii

G

G.

G.

G.

G

G

G. claroideum
G. clarum

G. clavisporum
G. constrictum
G. convolutum
G. deserticola
diaphanum

dimorphicum

Qan

. dolichosporum

o

dominikii

. etunicatum

. fasciculatum
. fecundisporum
. fragile

geosporum

S I D

halonatum

o

heterosporum

o

intraradices
lamellosum
luteum

. macrocarpum

. magnicaule

[ SR N

. manihotis

0.6

0.1
0.1

0.1
0.2

1.6

No o 2
O = =

0.3

0.1
0.1

0.2

0.1
0.1

1.2
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AMF i B a4 HA K P ST A
AMF species M. figo H. cordata R. chinensts H. mutabilis C. acuminata R. laevigata M. jalapa
G. melanosporum 1.5 5.6 20.4 4.6 2.8 3.2 1.4
G. monosporum 0.1

G. mosseae 0.4 0.1

G. occultum 0.1 0.1

G. pansihalos 0.1

G. pustulatum 0.4 0.1
G. reticulatum 0.1 0.1 0.1

G. spurcum 0.1

G. versiforme 1

[\*]

3 AM ECRRR > B R 22 HE A B

H13% 3 n] 1, BREE R Jm OB R AE 7 M2 FTAE Y B 3 B AR X 22 18 R o B AR o, 2 7 PR
P SR . B AR O R A rp e B R AR R R R B 5 S B A e R R U S T A
ML, SR TS

R3 THHEAEY AMAEERSBENSENE(F) A3 EE(R) MEEE()
Table 3 The frequency ( F), relative abundance( RA) and importance value(/) of AM fungi genera of 7 species of medicinal plants

AM EL AM fungi genera

Acaulospora Glomus Gigaspora Scutellospora
EEM. figo F/% 100 100 0 0
RA/ % 53.19 46.81 0 0
/% 76. 60 73.40 0 0
IR H. cordata F/% 100 100 100 0
RA/ % 4.88 87.80 7.32 0
/% 52.44 93.90 53.66 0
ERIKAK R. chinensis F/% 100 100 0 0
RA/ % 2.41 97.59 0 0
/% 51.21 98.79 0 0
KR H. mutabilis F/% 100 100 0 0
RA/ % 49.15 50.85 0 0
/% 74.58 75.42 0 0
HEW C. acuminata F/% 100 100 0 0
RA/ % 3.64 96.36 0 0
/% 51.82 98.18 0 0
ST R. laevigata F/% 100 100 0 100
RA/ % 13.33 84.44 0 2.22
/% 56.67 92.22 0 51.11
EIEFHT M. jalapa F/% 100 100 0 0
RA/% 1.37 98.63 0 0
/% 50.68 99.32 0 0

2.4 AM HREZHAE

YR ARYER MFHZE MaYFESE Shannon-Weiner F850(H) A (J) W 4 TR ZH 0K
RPN S B, &R R 4 P RTR ST 2 R RE R 1 %, SRR REREIATH 100% , 6k
TR A 4.50% o AR BB Bl R 29 /g + 26, R E E T HAL 6 FEY) ., ST
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Shannon-Weiner $840 H 555, o0 2. 29, 3% = T HAb 6 FPAEY . SR F SRS B i, 4351 0. 83.0. 79,
BEETHAL S FHEY , SEMTHEERIC, BA4.7 /gt BAREEMGEERMKN 9, FAIEE Shannon-
Weiner 858 H 5] BEYSFAI, 435 1,06 .,0. 48,

R4 THHEREY AM EEERE BRERMSHEER

Table 4 The AMF colonization, colonization level and diversity index of 7 species of medicinal plants

SRV BRE , e Al lie
Y B % Ti%ffﬁ ?@%&&h s Shannlon-Wemm Y5
o colonization Spore density . index Evenness
Plant colonization . ; Spore Richness
Level Spores/ g soil H J
T M. figo 71.5¢ 4 4.7e 15¢ 2.14b 0.79ab
2 H. cordata 4.5e 1 8.2cd 9d 1.06g 0.48d
KA R. chinensis 88.5b 5 29a 26a 1.29f 0.39%¢
ARFEHE H. mutabilis 13.5d 2 11.8b 12cd 1.51e 0.61c
=W C. acuminata 100. 0a 5 11b 15¢ 2.04c 0.75b
EPETF R. laevigata 16.4d 2 9c¢ 20b 2.29a 0.76b
LRFT M. jalapa 84.0b 5 7.3d Iled 1.98d 0.83a

2.5 AM EFE5 -5

YRR AM LR S 3 A OGO R L 5, R Y F 54 TN 73 J0 WM 6 T % 5 pH
(BN S35 A G s P 2 5 pH (R 3 TR G | 5 i 3 bl S 2 7R DG | 5 46 28 B Al I 3 1E AH 2K 5 Shannon-
Weiner 68 H 54 AL 2 2 (ARG ; 2 5] BE S LG 6 %85 BE A S 38 R K

RS 7 HAREY AM BRI LIEETF EEEXES T

Table S Correlation between AM fungi and soil factors of 7 species of medicinal plants

R P R K i N AL H (i SD
Available Available Available Organic pH Electrical L Spore
P K N matter conductivity Colonization density
R P 1.000
HR K 0.019 1.000
aifi% N 0.832** -0.008 1.000
AL 0.752** -0.129 0.864 " 1.000
pH 0.513 0.479 0.541* 0.256 1.000
IR ¥ 0.441 0.839 ** 0.412 0.314 0.748 ** 1.000
RYR -0.188 0.193 -0.291 -0.395 -0.505 -0.183 1.000
SD -0.431 -0.277 -0. 161 0.068 -0.719 ** -0.526 0.296 1.000
SR -0.401 -0.436 -0.303 -0.263 -0.602 * -0.752"" 0.336 0.734""
H -0.222 0.070 -0.517 -0.797 ** 0.097 -0.173 0.300 -0. 486
J -0. 066 0.361 -0.389 -0.670 " 0.333 0.215 0.227 -0.736*"
# 7E0.05 KV L WEMK, + + 7£0.01 KV L BEMI; SD.HF%5E SR AFR,H, Shannon-Weiner 154, J . Y951 &

3 iFig
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