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Distribution of Arbuscular Mycorrhizal Fungi in the Rhizosphere of
Cirsium japonicum DC. for Wild Vegetables

Cho, Ja-Yong - Heo, Buk-Gu - Yang, Seung-Yul

This study was conducted to investigate into the marketing states of ‘Hangalku
(Cirsium japonicum DC.)’ for the soup stock of wild vegetables with Jangheung as
the central districts, and to clarify the distribution of arbuscular mycorrhizal fungi
in the native soil and roots of Cirsium japonicum DC. Hangalku for wild
vegetables was used for the soup stock with soft leaves and roots. Total fresh and
dry weights of leaves per 1,000won were 226.0g and 24.6g. And total root fresh
and dry weights by 1,000won were 175.6g and 37.5g. Leaf fresh and dry weights
of Hangalku per plant sold for wild vegetables were 9.1g and 0.9g, and number of
leaves was 10.8. Root fresh and dry weights of Hangalku per plant were 19.2g and
4.1g. Thirty five soil samples were collected from the native soils grown Cirsium
Japonicum DC., and mycorrhizal spores in soils were separated using wet-sieving
methods. Number of mycorrhizal spores per 30g fresh soil sized over 500um,
355~500¢m, 251~354;m, 107~250um and 45~106u4m were 0.6, 2.1, 6.0, 55.3 and
126, etc. Total number of mycorrhizal spores per 30g fresh soil were 190. Root
infection by vesicles, hyphae and arbuscules were 13%, 4% and 3%, respectively.
As a result of identification, mass propagated mycorrhizal spores by the host plant
of sudangrass were Glomus sp., Gigaspora sp., and Acaulospora sp., and so on.

Key words : Hangalku, Cirsium japonicum DC., wild vegetables, arbuscular
mycorrhizal fungi, spore, hyphae, vesicle
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UM e HEHOZ 3009F 9] A Eo] YER oj&Ho] gtort dA 204F <t
#ol FHTo] o] &HI glon, n¥A APRFIte} FA AFHLE o|fHo U Y
B9 FH9 o8 T ti Vel AL e HAHBE, aF we o|F wIF}
of RESI Ha3te Add darvt Aok (7, 1993). =5, EALe] Iy, 4F3
A g 78y 54 58 7Y o JHXE B3t FEIFTE, &9 A
AE YEE A9 o8- Sz d § S Rolth (B, 1991; 7, 2002; 7 5, 2004).

HIo AAAEF AdREAA FATA e WA 2T EXIFE 2AMElL, &
oS FRUARE ASHo g HJF Ao EY AFE FAANHE 77 =9
Ui Joh (2 F, 2004; 7 F, 2004). T2 AEATE XN RS HE EY F
oA ZE HeElel dAE £ He #AE 343 AEA B 9F & 1 FE
I FE FFE E9A 7IFAHEY AES FPAUY (Rousseau 5, 1994). =3, T
2 71F 5 BT #EAZAAME 7IF4EY WS F7HA17]12 (Dixond} Mark, 1987;
Siqueria, 1994), %¥#¢] &8 A A (Bethlenfalvay 5, 1987; Barea 5, 1993) @A Z Q)
A& AFS FAANIY. 2T FABANA 7IFHEZHY d2FY A3 e
g &9 (carbon source)E Lon, W7} VA2 Réle EY T FIGES 7IFHE

o FF F= 9&E ¥ttt (Pauld} Ducey, 1981).

oW ZWAMN B ATE FFAY ARAFAN LT GE FEFO2 B 9
£ 9779 $3ERL 2T, HED AE IAAY FHL 2A, 95A9 4
AN WY F2TY RIS ZAGOZA FEFIHES o8 BAURHY 54 /)
wel 7z A2 BEHTA LAST.
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1 e 7 Agzs

e FF) AR FRRAE Y2 B e FRAS) BoAARS

2] Aok BAFE FHOEZ B JEY FFAYE NG ZALBE WAR
A% o734

T FTHEE U2 TR BT, 94A (2T BoiAY] F9) el 1,0008%
o} Aot AR F AAE 2 dEF, 28D £F 9 UES
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2. EAIE AH

UES 9744 (32F)9 RN 227 TAE 287 A%t A FETE T4
o2 % 357) AGojA 3t oz 47 AJAY =¥ EFE AARAT 42 ¥
o} 23 ESS o 6~7kg A% 335} polyethylene bagsl] Wo] A-2#% 3 (4T, darkroom)
o] H@sldA AP A3 Py FI2H AE JRE #As] Astd IAHA
Wals 4% F FAA £ (10m¢ formaline + Smé acetic acid +200mé ethanol)oll 133}
T 7 Tl A3t

3. 2 LA 29

A FET AGA Adste HEE AL AN T2 TAE 27
At ALES WS oA 2o (Fig 1)

Sampling the soil materials from the rhizosphere of Cirsium japonicum DC. and storing (4°C, darkroom)
Mixing the soil samples thoroughly
Weighing 10g fresh soils and drying overnight for the estimation of soil moisture content
Weighing 30g fresh soils to separate the mycorrhizal spores from the soils
Wetting the soils for 3~4 hours
Washing repeatedly with 2lmm sieve using tap water
Sieving 750um to remove roots and coarse debris
Wet sieving to select 500, 354,l250, 106 and 45um sized spores
Adding sievings to water and first centrifugation for Smin. at 2,000rpm

Discarding floating dtbris with supernatant

Suspending pellet in 50% sucrose then centrifuging for Imin. at 2,000rpm
Washing the mycorrhizal spores with water

Supernatant washed on 45/m sized sieve to remove glycerol before vacuum filtration

Mycorrhizal spores on filter paper were kept in petri dishes (4C, darkroom)

Microscopic examination (x200) and spore sterilization

Fig. 1. Isolation of mycorrhizal spores using wet-sieving methods (Daniels2} Skipper, 1982).
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UER 43 A7 AshE B 30gg BE & F 4xEol dEste] 500, 354, 250, 106
2 45um 59 mesh FE APHIGTE AP E ZARE thA] 50% glycerol &-fof] SIS0
o, Y9AEE (2,000rpm, Smin.) 3 F EF XS B3t 4T BAstHA A Hn]
7 (Zeiss, Stemi 2000-C)3}oll Al X2} Ao} Exte] & Fejo] ARSI Fdd FAbe
W7o 23 7ES WAs7] st 2% Chloramin T 2802 1037 FHAFS I,
100ppm Gentamycin®} 200ppm Streptomycin @) © 2 1587t 243t & a2 A 23l 4
Tell B3t

4. 4734 R LT AR 54

i

g4 77 el A godd] we #37g ZAMS Phillips$t Hayman(1970)9)
oz $3Ah F, FAA S0 A3t BAgE A7 & °F 10em Zol2 A}
£ ¥ 10% KOH o2 90T LxoA ]9 Aol uwhe} 20308 A= Aesta] 4%
B2 3-43) A% 7o} Wy £ alkaline hydrogen peroxide ¢ ©. 2 FWA|7]31, ThA] 2% HCI
2 A4 3}3F & 0.1% Chlorazol black E G20 2 Gasle] Fstdn]7 (Olympus, PM-20)
ol A 2o S AT (Brundrett 5, 1984).

5. WA #Z¢9 &+ %

GBS 947 2UA R FaR EAE SuaaE NFASE
F ¥AE digeg ZFAEte Mortond Benny (1990)¢] Glomales & EHF7|&, INVAM
Species Guide ¥ ETI - Window's Version of Arbuscular Mycorrhizal Fungi %ol 7]z 3} &

g3t (Fig. 2).

A.  Only arbuscular formed in mycorrhizal roots; "Azygospores" produced on the apex of a
sporogenous cell of a fertile hyphae; auxiliary cells formed --------------- GIGASPORINEAE
With a single family Gigasporaceae(B)

B.  Germ tubes produced directly through spore wall; inner flexible wall

group absent; auxiliary cells finely papillate or echinulate Gigaspora

BB. Germ tubes from germination shield; inner flexible wall group always present; auxiliary cells
knobby, broadly papillate, or smooth Scutellospora

AA. Arbuscules and vesicles formed in mycorrhizal roots; “Chlamydospores”
produced terminally or laterally on or within fertile hyphae; auxiliary celis not produced
GLOMINEAE(C)

C.  “Chlamydospores” formed apically from fertile hyphae Glomaceae(D)
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D.  Fruiting body of a sporocarp composed of spores will lateral walls adherent to one another;
connecting hyphae embedded in a central hyphal plexus; chlamydospores in a single layer

except at the base; base composed of sterile hyphae Sclerocystis

DD. Fruiting structure a sporocarp not formed as in “D” above; spores also produced singly or in

loose to tight aggregates in soil, less commonly in roots Glomus

CC. “lamydospores” formed from or within the “neck” of a sporiferous saccule

Acaulosporaceae(E)

E.  Spores arise laterally from the neck of a sporiferous saccule -------c---ececmcmee-ve Acaulospora

EE. Spores formed in the neck of the sporiferous saccule Entrophospora

Fig. 2. Classification of GLOMALES species (Morton2 Beny, 1990).
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1 -4 43R Az

Agd Ao AAA AN FLFege oo s AHR Ave IA4AY £F YL
ZAMSE A= <Table 1, 2> S5 2o}

Table 1. Market research for Cirsium japonicum DC. in conventional local market. Data
were obtained in Jangheung, Jeonnam in 17. Apr. 2005,

Characters Investigation
Investigating date 17. April. 2005.
Conventional local market Jangheung

PlUEl(57), HYE(8S), FH(TT), BEF<IAA> A(69.9),
EUE7), WLUi(57), #(81), 2AF(81), =ER)(72),

FE I A(66), EBH67), SAU(65), EBT(ST), WEH(68),
FUE(70), Bvlel(63), BH(S8), B2(55), = 9(89),
SEUE AA(T2), BH6D), BT H(68), FE(GH),
CIE(53), H=|(68), "H(54), Q4H(50), A-¢-2 2(T),
AZE(63), 2H(74), BT, AHR60) T 34F

Wild vegetables on the market
(age of seller)

Total number of sellers for wild

vegetables 8

Total number of sellers for

Cirsium japonicum DC. 24
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Characters Investigation
Ave. age of seller for
£ 69.5
Cirsium japonicum DC.
Distribution ratio of Cirsium japonicum 93

DC. to the total wild vegetables (%)

< ™
EOHA, B S, B, e, BFUE, Erive, 27, ﬁ%}, D11°4 =FUF 4
Z e, 42, A, 293 B AHx F F 34F]
i En ATk AT U= Boja IS BH AN 504 FHko] l7le HRAT
79] 60~704) o}Foz FALE AT

Table 2. The commodity standard of Cirsium japonicum DC. for wild vegetables.

Cirsium japonicum DC.
Characters

Top Root
Purpose Soup stock Soup stock
Total fresh wt. (g/1,000won) 226.0 175.6
Total dry wt. (g/1,000won) 24.5 375
Total fresh wt. (g/plant) 9.1 19.2
Total dry wt. (g/plant) 0.9 4.1
No. of leaves 10.8 -

FUE FAM FAA (F2FHY Bl v Y o 93% AxE FHEa YR e,

B Bofate] A2 69.54) = AR ZAIHAG. 28R 9, P, kst 2
gl F9 7150 e Aoz ¢ suvtet AE AWNE UEFY FH9
e 42 gle YRR = ¥ATF7} AtE BS GEESIL ZolEAY 4¥E
7 demg FF AF HERY FF o8 B 4% dE A7V WY A
Azr= At

AAA AN FEFHT A
% gt

FEFHgE FFHLEZ FF AU AANA BFHT Jde AFAE 99 ¢33 59
AR, el 2 HEA AA Fo] olgHT ANeH, 1 §xE A TAY =R

HEg

o2

A9 F4¢ 2AY AhE Table 29} Fig. 3 5

e
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(Fig. 3-A~C). ¢, & JHE A== sdHedl, AFAGAME Fdolgde 558
Aoz FFET YA 2, A FFAAME FALURE FEILE ARHANR
AN #rf=n JReH, IAAE 8 FeldA winlF, 2AkE, 2, & # AYE 73
A B A2 eiErE 3w (Fig. 3-D).

Fig. 3. Hangalku (Cirsium japonicum DC.) leaves (A), roots (B), whole plants (C), and
mixed commodity (D) for the soup stock of wild vegetables.

AAAFAA BoiEn gl dAA] I 1,009 A Fo] 226g A Pov, AZ
o] 2AS P 3 A 24.5g AEY Ao2 ZAEJT £8, FAREL IAF el
73¥ 1,0009% FA= YAFo] 175.6g, ZEF] 37.5g A=A FAHAe 159 T
74 1089 A=l KAE JH 8 9 FAH2 LR o8 it =3, 1579 H
T AGE BAFL 9.1g, DEFL 09z A=A1, e 15T AAFo] 1928, AEF]
41g A= o] WuiH D Qe ROE ZAFHAG

2. EFAE AF

JAANN BT A FAS A Petel B FEF AQY IAH 4R
24 £de AFSATE EFe £ 3570 AN nEoz AAAYH, | AR T o
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2p Bejel #od 7R 4 BE ARSI T A F ¥ele) god AY9S #EE)
et Rl g FEEZ WESA FHT F FAA £ (10n¢ formaline + Sm¢ acetic acid +
200m¢ ethanol)ol) 1A &ted AR&s}HTH

3. ¥ EA &4

Shs

UEE 447 (Fae A EdA AT 28 EGL god XAE B
3t #dEA EFA EF Al FollA 30gE AFdte FxE =T F 500,
354, 250, 106 % 45um 5] mesh WE A3l FITY TAE B R FHeAT
(Fig. 4). g, 937 YA EFA Eelst TA= 4T B@sden, 44894
(Zeiss, Stemi 2000-C)3}ol| A A48+ A= Fig. 594 2t}

Fig. 4. Mycorrhizal spores isolated from the soil grown Hangalku (Cirsium japonicum DC.).
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Fig. 5. Spore density of arbuscular mycorrhizal fungi in the soil grown Hangalku (Cirsium
Japonicum DC.).
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TodY ¥ 498 HY 377t 500um o] Fe 0.67] AHXE, 355~500ume 2.170 AL,
251~354ume= 6.07] R E, 107-250ums 55.37) A%, 45~106ime 1267) FEQ Ao g A%
Ak ¥ 2718 45 E BY 100 o}8 A=r) 714 2ol B¥siga, dutyes
250um ©]3t Az AVIE ZtE AITY EAA Aoz FAEHAY (Fig. 9).

4. B7H 99 F2

s
m

9 54

ez olgalt RAA RN WY F2TY BEE 2ABHY] Ashe] Phillipssh
Hayman (1970)2] W} o g °é7é-=.’]ﬂ BE X s9e.H, 0.1% Chlorazol black E 48l
(Brundrett 5, 1984)2.2 |3 & 3307 (Olympus, PM-20)3}ol| A} A3} o} (Fig. 6).

Fig. 6. Root infection by arbuscular mycorrhizal fungi (AMF) occurred in the roots of
Hangalku (Cirsium japonicum DC.) for wild vegetables (A: arbuscule, B: hyphae,
C: vesicle).

HES JAHY ReYE dnFog A3 B A F2T9 2GS #E8 A,
9737 P A Fig 6-Bot 22 FAKhyphae)7} T AH AT A Bl W29 R A
ke ¥ R Aol ujx A ks 7R FAV) AAsta 24 GRS F43
o 71F4Ee HEE FFee ¥ 9%y 9L I} (Allen, 1992; Harleys} Smith,
1989). &, B Yie) e A AEEZRE 7279 A% s g9 @2
F AA) FF3E Ao Busa ok (Allen, 1992; Harleys} Smith, 1989). 222 %u] o]
M NFHED FITTY YR TFo) olFojAe FAE abusculeZ BT HI Yed],
B AFME TALE TAHLE arbusculeo] BFE AT} (Fig. 6-A). ¥yt o} ]}, Fig. 6-CS}
2o] vesiclex #AFJe], T Y AENA vesicle gF 9 AA71Ro 2N FAH
o} (Allen, 1992; Harley2} Smith, 1989).
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Fig. 72 JE8 A4 el Ba]o)A] vesicle, hyphae ¥ arbuscule 59 &3t #& ZHEES
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Fig. 7. Mycorrhizal root infection by hyphae, vesicles and arbuscules in the Hangalku
plants (Cirsium japonicum DC.) for wild vegetables.

U8 frzel ey F27dYd I8 HE vesicle 13%, hyphae 4% 9 arbuscule
3% TOoEXM F20% AxY T AEES BEth 28y ojyd 72 TE e 47
A AJTAER FojE AFE Az, YE] 4AHAY AsdAt AZE 54 2
EYe] olsaty 579 BAE o 2AE ot UE Ao ALHAYG. =8, AFE
THOE Ay MGRAdA dAFegE o]EoE TAHE £x UEER o&HI e
AMAEQL GHAE Al & & A R d2TE AEAAR PEst, SEGAR
B AZHoZ2 HE M AZAAE FAAE A7/ €88 HoE 4G

5. A 229 5 %

ol

Fig. 8& UE-§& A2 A7t AM3te g FAFAHY 28 EYolA #20 TAE £
o FUaBAE NFHEZ WFFH T F 2T IAE A EYstd @R
Al TEFE Aol

UEE 4479 UM 23 TAE JFAEQ] FEagEFE o R dEFESA
3 F A B ey, Eelg #ET ¥ A= Morton Benny(1990)2) Glomales & 2§
715, INVAM Species Guide 2 ETI - Window's Version of Arbuscular Mycorrhizal Fungi 5-&
Azete FASAT A AT Glomus sp., Acaulospora sp. @ Gigaspora sp. 0.2 <}

sioleul, Glomus sp.9] 548 2 2 eI ARE 737 7 7R9] P& ol
2Qith. E3, Acaulospora spe WA N Aol T T RS o]FYon,
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Ir

Y2 B3 23S o]FU. Gigaspora sp.= 500im ©]/49] FHOoZA B dToA
glE g2 XA FAAME 7HF & Y Ao pFEJS

Fig. 8. Photograph of mycorrhizal spores (x50) isolated from the soil grown Hangalku
plants (Cirsium japonicum DC.) for wild vegetables (A: Glomus sp., B: Acaulo-
spora sp., C: Gigaspora sp.).

N.# =

ol

Agd FFE FALE & AMGFE-dN 'dgF e FEHLE A £ YER
woiE e ALY FF 3 P B3 Rl YA F2TY BEXE ZARBIY
o UE§ ddFe R d £ Rt AL ol4HT glouﬂ 1,0009 %
FaF Yo AAFI AEF BAE 226.0g7 24.5¢ I=Hh = 1,00099 B9 A@z}]-é—
= 175.6g, AEFL 375 A=A BT Ae YES I4HY 15 %1—4 AAZF
9.1g, AEFL 09g Ax%oH, d4e BT 1087 =G =3 REE "@21]75'°]
192g, AEF L 41g A= Gh £ 357) NG 2A EYS AFF F IAE Aarde &
sl AL A3 500um o)L 0.6 AL, 355~500ume= 2.17) A=, 251~354me 6.07)
A5, 107-250me 55370 AE, 45~106ime 1267) Axgon, EF 30g B HF 1907 A
o ¥AQUER EEIHY JEE 4AFA9 ReoA WA F2d 3 oSS
B vesicle 13%, hyphae 4% 2 arbuscule 3% 5 & 20% A9 798 rYt L83
EAE pdagled AAHFEA dF $A% F AT YL AN A Acaulo-
spora sp., Glomus sp. ¥ Gigaspora sp. 2.2 T 5}

(=AY 12005 4. 12. HF=FFH45Y 1 2005. 6. 8]
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