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Summary

In 4 citrus groves of Satsuma mandarin(rootstock of trifoliate orange)
including 2 groves of organic management with neither fertilizers nor
chemicals and 2 groves of conventional management, spore of vesicular-
arbuscular mycorrhizal(VAM) fungi were identified, and changes in spore
density in soil and VAM infection ratio of roots of citrus and weeds were
periodically investigated at interval of two months from October 1996 to
October 1997. Soil and citrus leaf were analyzed for inorganic elements at
the end of observation.

The results obtained are summarized as follows:

1. Three species of genus Glomus of G. deserticola, G. vesiculiferum, G.
rubiforme were identified, and one unknown species of genus Acaulospora

was observed.

2. Numbers of VAM fungi spores were counted in the range of 10,000~
40,000 per 100g of soil with more spores in the organically-managed groves.
The least spores were observed in December in all groves, and the most
spores in April in the organically-managed groves while in February or April

in the conventionally-managed.

3. Annual mean VAM infection ratios more than 27% of citrus root were
observed in the organically-managed with the high peaks in April and
October and the minimum in August, while mean ratios less than 15%
in the conventionally-managed with the peak in February and the

minimum in different times depending on groves and years.



4. Correlation between spore density in soil and infection ratio of root
was not recognized with exception of one conventionally-managed grove

in which positive correlation was recognized at 5% level.

5. Among 16 species of 11 families of 7 orders, species of Caryopyllaceae
and Oxdlidaceae were observed to be not infected with VAM fungi. But
Artemisia princeps, Erigeron annurs and Youngia japonica of Composite,
Astrogalus sinicus of Leguminosae, Portulaca oleracea of Portulacaceae

showed high infection ratios in all groves.

6. Contents of elements in citrus leaf were correleated with neither VAM
infection ratios of root nor contents in soil, though the highest P content
in leaf was observed in the grove of the lowest available P content in
soil with the highest VAM infection ratio of root.



I.A &

AT Z(mycorrhizae)S A E8 9 W T2 ¥y YA A E
Aot FAE e AoR2ZA K4AEF9 oF 80%° w2 Fddrtn g
(Harley & Harley, 1987). Frank(1837)% &% 9 TAHF A &9 B4 Z o
AAde A gHepol whet 9 A F(ectomycorrhizae), WA F Z(endomyco-
rrhizae) 2 e A F Z(ectendomycorrhizae)?] A2 Y+A+=d, Lewis
9} Gerdemann(1975)& %3¢ ol wet #39 FFAAE A3t
T} A 7} 2] (ectomycorrhizae, ectendomycorrhizae, ericold mycorrhizae, orchid
mycorrhizae, vesicular-arbuscular mycorrhizae)2 T23Jc}h. ke F
A2 vesicular-arbuscular mycorrhizae(VAM)ol2t 1 &2 A 9l oH(Trappe,
1981). VAME %320 FEAZ7 B2 vesicules FY2 mBF22

arbusculesE dA gt} o] & Yuk 2B 2 JH ZEANE FALjo] 4

29 AHE HH3}= Lol AX F - 4P SRHAA A FES @
2 At obgy VAMo] FHE K FF A7 AL AAESFY A
(Hayman, 1983; Pacovsky &, 1986), vlZ U4 (E, T4, 43 5)9 &+
Z2, % 5o A AY, ARAEH AL AIAH L HHANYH RS

(H# 5, 1992) Tl st

AFe Ao 74%F A3t e NI EE Fvwe]l 44 Fas
o @4zt Aol A7) WEA e 1A - FR}E o] i3]
AM Qlte]l A7 A EYo=2 ¥8A Utk 2Rz HAIEF]
HEEQ 2xe HF e vhFe &4U8 AHRe] WA go 2
A3 EFFY QAT Tl FE3) FUHHOl AAEN T edd #FEAY
¥ Bray No. 1 J&Ue 3ol A9 100ppm o]z & EYFo] B
< AAolth degx REI AMANTZE F7t2 Astq EFel o

N



Aol EAF 7hesAde] wig ol AR 2E uFAL APAAHo]
Bhd Fx 2l& AolthZA F, 1989). t&o] 3tu)go Arge E%S
AL Brtotyet A gge] FFgst Ay g e WA @t
olg g 2dS vdd A5 A EF EAdtE T F%e o] &
& EFole Weks ATt A AnFeT ¥ AANS A% £
lojof gt 53] kg B RE Frldde F5E WA Rew ¢
212 VAMel tig d+= 2 7127 9 Ao}
o] A7 AFE gFY EFNAN VAME o] &3t EFFo &

& REAHOR o4 F A WS 1A A 2ARE A7) A8
of VAM# S #2] 483 ¥ 2xe] ¥ 739 @z VAM
T AEES ZAEY g0 439 EX 333 HE3 7EYe) AR
S BH3t o]E Abo]9 BAF S HES



II. QA

Vesicular-arbuscular mycorrhizae(VAM)o|& H AL UYEAHZF7) L& =3}
= WE9 A X(vesicles) MM FEH 7108 A ZA A EAPo]oA o]F 10~
100ime] #Ae) ARFF L T4 AZE AYAH J2, el JAFAERF
| EA3te o2 R FE= A FAH(arbuscles) ol th. ArbusclesE 7H
e AEAZWAM 4~109 F EAHET 2 F HEAEN o AstEA
thE AEN TN 2L arbusclese] FA AU Fch(Paulst Clark, 1989).
VAME o5 Za KRS Aol BFRVIESLRA o8& i
Walker(1983) VAMS] F #R/7|Eo=2A EAHY FZo g #73
& AAEHRI, Schenck F(1988)e] A¢kdt VAMT 6% (Acaulospora,
Entrophospora,  Gigaspora, Glomus, Sclerocystis, Scutellispora)<
Endogonales H, Endogonaceaefioll &3] At Morton® Benny(1990)=
IAY F2E FHo23 FAE AT 93 o]E 65& Endogonales H
dlA E&se], M2E GlomalesBE Fol 21 otadl F 719 5FB(Glomineae,
Gigasporineae) 2 3719 #l(Glonaceae, Acaulosporaceae L Gigasporaceae)
2 ARFaaAch
VAMZ 9 4L A" A9 27|19 FehE 7122 27339 VAM
o] mrEdAe FA4E A AA7A AR ur YUk 2Lt o
59 Keyv Walker(1983)9) XAl 28 2{F7|F o9 Aoz H&4
o] weoFsir) ALAHA MEH "IwHEA Schenck® Pérez(1988)2] vl
7} Trappe(1982)9] #5717} Ut
VAMT & 9|53 ALE dAste] 429 #e7t =28 F gl B9 #
57HA dALE WS o g FEY FFUHE Wl olFd] JE F
71EEQl U(P), BAN), ZEK), °oF4Zn), TE(Cu), vt2HEMg), ZF

flo
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£
ot
o
m{n

oA FFFHEImes®t Mosse, 1984; Jencen, 1982 Menge.,

TE ZANAFL BEAE S Ui

A& &7 719 Cytokinin, ABA, GAS 2& A8 328 ZHr 9IS
A ) FAE AR F#FE F7HA I tHSmith, 1988).

Ege RsEe AE9 VAM gg&d 7Avtd 43s 0zt <ibs

%7} 12mg/1{Menge, 1983), 40mg/l(Elmes®t Mosse, 1984)0 4] 21 & 9] 7+

ol A F7keht, ¥ & bR Fvhe 38 VAM #de&s 9

7320 FHAN FFE G0 B B FEUYH Sol W N4
v VAMel #Alo] g A7 % A s ool Glomus mossedl #49€
Azupzt okAd(Zn)olrl FIEH(CA) 2L TF49 ko] & ERolA
& vebdTi B 318 oH(Gildon® Tinker, 1983). 3 VAMol 7
g AEA A= old(Zn), FH=EH(C), FHMn)Y Fx7F Aol wA
= 2t Heggo®} Angle, 1990).

VAMSO] #AleE ST Eo] dagstes F719FP 1 13~20%, Zn : 16~

ot

,d
o of

25%)& AF371 % rh(Kothari 5, 1991). G &0] & EAdoA VAMS
Eulgol Qs MMAZR S (Pond 5, 1984; Copeman %, 1996), VAMol
4ad T FEYGHA U AgHoez WFo] FopHtHBussed Ellis,
1985). T & EFAAM HAE A} THAYELS VAM #AHE=22 A4 )

ot

I FAAERY A EFAFo] FolH tHRoset Youngberg, 1983).

VAMT X ate] 42 ¥¢e] Eeld A& (Sreenivasa®t Bagvaraj, 1988),
2% (Scherck®t Schroder, 1974), Al A ¥ 3HGemma®t Koske, 198%), pH %
o] R9¢l(Havman¥ Tarares, 1985)0l 2]3}o] <3 d& whi=c}ly 3}ich ¥z
Z 2ol 9lo] Gemma$t Koske(1988)x= QoA 1085 ofg3) 39747
ES IAURE Ho|trt 574 Apole] 71 e IAUWEE LhebWtta



BustYth VAM#Y ¥zae AEAF H 58748 o3 @2
o}t A (7}, 1991).

<guate FAFE2 diFd A7 F FA%8DA A ¥ ERHUG A%

B F2 AT B AT A gl o]FojHeH ol #

2 A7 A Foiol 7193

VAMe] 73 A& v Xy 93(Graham¥} Syvertsen, 1985)3 Al X Al
AT =9 uidelrt VAMTF 798 vAE 9 3%(Nemecd} Tucker,
1983) Sl WA 19704 %E B Q771 o]FoiAH o VAMT 9
A ZEQ) Glomus intraradices®l #9E ZEFEY AFo] FAT Cu¥Zol
Eo AFA 93 VAMTY WA o] A=At Graham 5, 1986). A4
22 AL Fof YT WAL 2 G intraradices?| ZAHE #FEF H|
49 AEo 7ME 2EHEE FRE W HEAY FAFH 9 F¥ £
Ao 7tgd #EFAA A dvEddn B uEJHGraham §, 1987).
VAM# Y Zgd &3972E A% o Fhon FFHe 3&Fe] ¥2
B4 ] FA Jeb(Yogesh 5, 1996), VAM¥ o Z9d 2FH#L
N Ade FAAR JHAo] 3w oo s Hu AT A5E WA U
B} 3u) o]t FIA AES MAITE Bk dth(Yogesh &, 1995).
& VAMT S #A s 289 et 24 g 7R ¥o4X EFFTY
AJYES F7E BY o FREE FF3A HE TIFFeEN WA
e ZRAATE Bax Aokdshi 5, 1993). FelvedolA #AEREo=
st e AR dEA 18F Y VAME HFAA #& VAMZ 5F
(G. velum, G. caledonicum, G. merredum, G. macrocarpum, Acaulospora
sp) e ArA st & F = AvH(Viyanak 9t Bagyaraj, 1990).

WAZFZ AFE 20382 AEqA VAMTY £e53 2 £F4E9 o4&
AE ZAEE Aol Rz AFHIo|tHaLg o], 1984). ol F {2yt IdF

:10



HE9 FEEAL VAMTSY TR, 48R 2&(EH4 3, 1991 o] ¢}
F, 1992; ©] &, 1994) 59 Aehd, £7A, A HPSo] o] FHY

VAME tiF£9 S EA 27 ajie o2 Hehe FAF2H
o A og FHARA LEEHO Jrh. VAMS dHoz AFIe
£  Pinaceae(& 7 #)9 Fagaceae(FuF-3), Ade] gl WAFE}
8t= Orchidaceae('tZ )9} Ericaceae(W @i @) 12lx #2& FAE

2] ¢+ Chenopodiaceae(H o} ), Cruciferae(4l 23}#}), Fumarriaceae(3

P

ol
oZ

3 M3, Cyperaceae(AtZ23}), Commeelinaceae(® 2 #E3}), Polygonaceae
(el E3HE A Ao ZE 2B BEE AF4A VAMS B F v
I BT o}, 1993). _

AT FEY EST 38T IALYEE 2AE A7 B3 HAAT
(2 51984, & 5, 1985) Z2#ee] AR s A=A @ton #9
AEE HA G BHEA FATZY olfd #I AT A o]FoA
AR et



L A5 % ¥4

L EFANE 2 I A4

o] Ayol ALgE ERH W= AFEY 4] FELAN APSA ®
z AWBE 32 Y AFE $2VFY FFAYECILE AA)e
AFrwsa B4 ZFANAALA BFF) 227 929 e AR
RL A7)EANE HT e A AAFA TEE, 5FF FHD)T o
QRH FFNFAEA EEE) 270 AT

E%e) AAE 27 19963 109 30YRH 19973 10977 249 A
2 73 AASATG. 7 BEFAAA ATY FEFUF FAL A5 o)A
7 £ Faod B4 5~10cme) F& AAsta Eeldgd R o Qo
AYAE AL F 4Co) YRR BHAG. BERE HHY EFIA A
it 22 Re F 10% FAAE4(13md formalin + 5m¢ acetic acid +
20ml 50% ethanol®) E@M)o] §1AY EE Eojgd B o Po] 4y
N2 e § 4CH WARBIAY. g2 el NEX FHo 2L
2247 B 9 A 27 Wwest FAS WAooz wpsHA.

2 ¥A%% % AT XAUE 24}

¥ B2+ wet-sieving and decanting® ' (Pacioni®} Rosa, 1992)¢] ¢}
o] 22 dtdt. EFAE 100gS 500me beakero]l ¥ F% &< 350m o
g § FElHdE AsA Aol EFYo] HEE Fo 10~152 HAI H
300, 145, 38me] AE Az HA 4AYE wUsich A9 FA S 53] vk



& o5 11 glycerol F84& 250m¢ Al-del 4/5 A= a9 ZHA 9 A}

=3 7hsteq 2 EEol & H 3083 AAAHG FHAE BmA A

2
s

223 HAME S beakerdl &7 0.0IM CaCL® o 10m 9o
H 1InE FH3tq AF AW P (x40)& ol &3t VAMT EAFE Ma &
¥AHefE #2319 3L Microscope Image Analyzer(Leica, U. K.)& o] &3}
oq F9 MU BFEL F9d. VAM ¥AE Schenck® Pérez(1988)9)
Manual® Trappe(1982)2] Synoptic KeysE& °¢]&3to FAH3AcE EUF
YAAEE 7 F YA ZAS AlTd B ¥AFE HFste ey
=3

3. VAMT 49 & ZA}

e e FA2Eee VAMW Z9 £ Phillips® Hayman(1970) 44 ol
el zAbe QT &, Al2e] oA vrtA @A FolEy F%ES o] &3}
of #o €& EFUAE AAT g5 AL F2E 10% KOH &0 £
Aol ¥ol 90T 1083 74dd o 7ol £%24 RArh Alkaline
H:0: &8 7h8te] 420X 10~2023F A1 & 73] #%&E=2
At Alkaline H:0;& 3m¢ NH;OH, 30m¢ 10% H:0., 567ml &+%2& &%
3 wEATh AL e E 1% HCl £%99] 3~427 F7FFA07) thA
TEEEZ Mo 0.01% acid fuchsin @4 &fo] Zojg+= nvlo]Ad W
coverg A9 90T 2%=ollA 123 7h&F A1 AT 0.01% acid fuchsin 9
A g 875ml lactic acid, 63m¢ 4% &, 0.1g acid fuchsing &3t T
EUTH

A IS Iom AR A2 FH 50709 ZHAHGEE BHEo HEHY]

A (x40)2.2 fungal hyphae, vesicules, arbusclesE2l ZA R E $H<13}o

rr

>,

—
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ool EAlshe BEE VAMTO ¥4V Aew tFen g Ho=
VAMZ 798¢ Adsact 7 2284 AT 2dee BEstel

I A2 Zege= s

e = (FE9 ¥ dA4/F 9Fd Pe AAF)X100

4. B3 A=A 4

1997 109 30 4749 @Bl 247k o] 5~10cme ¥ #FEY
S AH}AT HHAY ELFS FAT F 05mmAE FAANUNFE FHAR
2 A28t pHe ES% & 15 8 &9 g FoA glass combination
electrode2 ZA3} AL F7]82 Walkey-Black®¥ (Nelson 3} Sommers,
1982), #d A+ 2020 Digestion System(Tecator, Sweden)o.2 ¥ &35t
Kjeltec Auto Sampler System 1035 Analyzer(Tecator, Sweden)Z ¥ 213}
At #2942 Bray NO. 1'Ho.2 A3 A (Olson 3} Sommers, 1982).
284 Fo]l (K, Ca, Mg)e IN ammonium acetate2 F%3lad Atomic
Absorption  Spectrophoptpmetry (Philips  SP9-800, U. K.)z2 ZA3Yc}
(Tomas, 1982).

ESANE AHY A AHE JAEE T0CHAA AZANF 23do &
MAgZ 39 48 AR 03g° conc-H.SO; 7ml, #3132 A(10.35g
K»,SO,; + 3.5mg Se, Tecator, Sweden) 1¥¢-S ¥ 3. 2020 Digestion System
o2 FaEAct AAN)E Kjeltee Auto Sampler System 1035 Analyzer
2 X3 Q(P)2 Ammonium vanadomolybdate® &2 A 3o
4220nmell Y FREE FAHALH FIFE(K, Ca Mg, Zn, Cu) TFE

Atomic Absorption Spectrophotometry 2 23 8} c}.

_11_



Iv. 23 2 %
1. VAM# 53

4719} AE2UESAA F38E VAMEAE 258 47 Glomus 9] 3%
% Acaulospora % 1F0] FR 5Tt

Glomus deserticolay M %(sporecarp)7} #2E A tony el ¥z
2 2YSATHIY 1. X2 Me SRFAu)HolA F4 wmx HPAG 1}
Ehigleny, £2e] Pehs Ak oz FPo|ny NEFL 80~120mol 3 F
Hol viEd Fegz A AL 140 50~75me) FAE vt
X & W(laminated wallol At F2FAlE %02 3 A} recurved) =
29 7) (funneD B 0.2 5~65me] F& 7Fx v ¥zete] BB Bl 9~1(m
2 b dWon #AMY #E 1.0mHeloldrt. ol e EANoZ yo}
Glomus deserticolaZ & 35t}

Glomus vesiculiferume 2E ZFE YA 1% #AIHJow oy ¥z
ot ¥ A IH(sporecarp) 7t R EHATHLF 2). LML FHE-Av| Pl 4 Q&
#AE Hi 9on ¥Z= F¥(clavate) HelE vrebydch ¥zo] z:v)=
50~100m Z712 #FEHAeH AR 14e)y 2~4m FAR =%
(lominated wall)®) HERE BHTE o3 2 ZTAHef L Ao o]
(slomus vesiculiferum®. 2 %33}l

#FE FEATARE A cluster el 2 @Y EXE #BFHE Glomus
rubiforme©] L3 A AFACH LY 3). EAE T (gicbal) T e oy
Hlclavate) 0.2 M L= MG o 42~60 X 37~48me Z7)|E 7}
ek FAHLE ghhe] BZFoz pAs oeFe HI 2Ros 2-Gyp

FAAL, o) g3 2L EAOT Glomus rubiformeoE R G},



Fig. 1. Chalamydospore of Glomus deserticolal’Trappe).
A) x 1000, Whole spore. B) <400, Whole spore.
C)Yx 1000, Broken spore.

- 13 -



Fig. 2. Chalamydospore of Glomus vesiculiferum((Gerdemann

and Trappe).
A} > 1000, Whole spore. B) X200, Sporecarp. C) X 1000,
Whole spore.
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Fig. 3. Azygospore of Glomus rubiforme{Gerdemann and Trappe).
A) X400, Broken spore. B) X200, Broken spore. C) > 1000,

Partial broken spore.

- 15 -



Fig. 4. Azygospore of Acaulospora sp.
AYX 400, Whole spore. B) x 400, Whole spore.
C) X 1000, Partial spore.

_16_



e 90~100m 270y HRArHANAN Z2ME g Aculosporad o] X
AE 1Fo] FRHAAe, € FFAAA /M EE7F & ER2A 0HE
¥ azygospore)Wt TE XA FHZ FEAFHJOH FAe LR (hyphal
terminus)© WA 2 Uty 47, e @ V|2 Wo}l Acaulospora sp.E
12k FA3 ALY 4).

478l FEYAA sfHAE FHHE VAM ¥AE Shenck® Perezd)
Manual(1988) 3 H]A] EAA7)AM zto]E Holed], o] Ayelr ¥zt
A7)e] ¥ols #AA 812 wus )

2. EYF ¥R w3l

#Ed BEY 100g7 sRT2E EAFE A7|E ¥3E A Aie
g 5ol vEbl frleRes #BeEste EAN = AA R dodME
499 Ea77F 7bE B3 893 12499 AU durHel g 3= @ELF
B9 2 BELAME 499 7HE B 89l HAAW 1299 FojE 3

il 109 o) F trFa) 447t FEF) ForEh whd, MAEA & F
U= 843 12€0] HAAE veie AL fr)vHes #Ystes
HaEdol et 2 HAgoIAA ¢ 290 HuANE ¥ F FAZ FAEA
oho 1293 249l frle ez BEste BEU dure g st 7F
A Atole] A5 olo] LA Aol YA A FAA = #
ZlsMer fYdte AEUNAN EAF7E gdh 9Tl 108 7E g
 3Y7HA) L EAUEE Holgrt 5~79 Aleld] 7HF we ¥ARUEE
LebictE 2 31(Gemma®t Koske, 1983)7F U=t o] A FollA FApsutz
295 69712 EA57E Ba 893 1299 L4547 FHQoh

i

_17_
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1L 4 229 EY 100g B QYT TAFTE YEd AQd /7159
o2 BYde UG EEaA FFLAAE 2600070 o]4Qd HlEe A
HH g e A AAZAA FEAAAAE 200007 HYgAed A T
(1984)0) AFEUW 6742 d #EY EFS A E9% 100g F 116~456
Mol $2AFE B1d AEYes 4 58 IALEE 33 F dAJh
F7) s A gEAds dwrde] FEATY Aol IwrBdA FYALE
of W& ZA(Grahams, 1986)%t #3u|m A|v| o3t EARFA FA(F
5, 19902 Alg €

Table 1. Annual mean spore density and infection ratio of VAM fungi in
4 citrus groves

Site Spore density Infection ratio
Doryun 29661a” 35.14a
Dosoon 26243ab 27.85a
Sangwi 18554b 9.85b
Seogwipo 20541ab 14.85b

“Mean separation in columns by Duncan’s multiple range test, 5% level.

_19_



3. VAMY 49 &

I" 62 A7 ZFEES A Aol frlvyez e £
W EE A4 FEAY AE e 969 1090 4% VMY 1, 248
973 4¥e] 51%E 7HF Fhort AnkAQl WMEHFMNE F gEFUNA
7ol 1083 490 FAd&ol 1 1297 89l Ro} E}F Eago] W
o} v E3gTh GRkAYE = AAY HAAE AA gEFdoAE 299
FaEe] 7HE Fob 20% AFAoH vz A7) Wil g A

o] Yo WIEZr {7vy FEUANA Hr}h gt

2 gdeY dUTE DS B f7l5HY Ed0 T gEYoMe
Zbzh 35, 28%<91d wste] duk@e|o) ZFYNME 15% vljwte g w g
FF Abgo] VAMET #E-& JAgctn Az

IR A7) ®gtet gENe] ZEENe] BAE Lolr7) 93
YAAFE 73 AR 2), AAE 24 ZFAANT =084 5% F &
oAl el Aol JAAFAR YR AEYolAE ARaA} Q- A @

—

[

[=]

]

o>

%t
T oo i AHANA FEOZ AAEE 17F9 4ES %

oAlM EAAEe} Fe A& Atold Feo Fu@BA} dAHAGT UL
LHI, 1986), Y9 A AoA] AI7|E 2 ZAGE o] Ao

o] AAAFA it ol Hel AP miAE FAGTH EAF A v
© 849 %e] 27 dqFoletn Azdc)

a9 78 VAMZY g9 4383 F(Artemisia princeps)e] %2 ALz o2
A B EZ R FAE vesiclest WATALY] 5SS s
# 3& 19963 10956 19973 89717 2714 A2 4719 AE A
AT zHxe] el da] VAME S ZAdqFEE A ZHolth 7H 11§

e
2l
E
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Table 2. Correlation coefficients between spore density and infection ratio

of VAM fungi observed through the vearin 4 citrus groves

Site Correlation coefficients
Doryun 0.50ns
Dosoon 0.46ns
Sangwi ‘ 0.1ns
Seogwipo 0.84*

_22_



Fig. 7. A)x100, Citrus root infected with VA-mycorrhizae.

B)x 100, Artemisia princeps root infected with VA-
mycorrhizae. C) x50, Observed interal fungal hyphae
in Artemisia princeps.

# .V o vesicle, H @ interal fungal hvphae.
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Table 3. Degree of mycorrhizal infection in weed roots

Weed species
1996
Gramineae (8 7})

Poa annua (M) o)

Alopecurus uequulis

var. anurensts (54 %)

Poa sphondylodes
(¥ol¥F)
Digritaria unguinalis

(uped o]y

Compositae (g}
Artemisia princeps 35
{+++}
Frigeron unnurs
(R R
Youngiu juponica

(] u o))

Labiatae (333}

11-"

Mosla  punctulata e

1z

Lamium amplexicaule

(e eba) -1
Carvophyvllacese (4377}

Stellaria media (¥ 35 (-]

Cerustium  holosteoides
var.fullaisunense

(AL
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Table 3. (being continued)

Time of observation

Weed species
eed species Oct. Dec. Feb. Apr. Jun. Aug

1996 1996 1997 1997 1997 1997

Liliaceae (% 33})
Ophiopogon  japonicus
(2G99 EF)

{(+4) <+

Portulacaceae (4]49] & 3}) (+)
Portulaca oleracea [+] (++4]
(v &

Rosaceae (%7 3}) (+) |
Duchesnea  chrysantha <7 < (O K G
H=g7])

Leguminosae (Z1})
Astragalus sinicus
(2+&4)

(H4)

Violaceae (A1) ¥ 3}
Viola mandshurica
(A ¥ %) (+}

Oxalidaceae (38 o}%}t3})
Oxalic cornicalata

(33 o1xl)

Cyperaceae(A+ 2 3}) R /
Cyperus amuricus }::] )
{++}

($5A)

* (), in Doryun; ¢ >, in Dosoon; [ 1, in Sangwi; { } , in
Seogwipo.
* Degree of infection ! -, none; +, less than 20%; ++, 20~40%, +++,

more than 40%.



16f89) 3%

71& 3} (Urticaceae), & o} ZHChenopodiaceae), 4 % #H(Caryopyllaceae), 4] =}

]

AAE zARSHH T A2 3HCyperaceae), & Z 7 Juncaceae),

3} ¥}(Brassicaceae) ) ¥ FESL 2 A ¥= Aow A Y
(Paulzt Clark, 1989), o|®¥ ZALlNE M ZF3te) ¥ E(Stellaria media)e 7
Bol HA e Aoz AAE Aoy Atz HHFANY (Cyperus amuricus) s
20~40%9) #ALE BAchk Aol Yol Oxalic comicalata)) = 7
A A @tk MY wE& #EES B9 AL TR Z(Artemisia
princeps), N Z(Erigeron annurs), ®2|Wo|(Youngia Japonica), 329l
A3 (Astragalus sinicus), ¥ &39] 28] S(Portulaca oleracea) O 2 A %)
ol & FFLe B ol% Zdeo] ¥ B2E FAoZ 2y
Mo g AEY dart ddn gadn

1. 74#d g Qe $714

g
uﬂ:
ot

2de) pHob #71%, N, P, K, Cadl #%& 47 #9004 o)} 2r}
(F 4. B3 AT RN f718 %) Be Ae de pEan
= el sRbsols] dRelv e R olt Au| el Ao Aol
leld Aoz 4ztdth gEAC) N P K, Mg g3 2204 weh 4
o]7} Aot Ca, Zn, Cusl FE AB AL o7t UAHE 5).

YAUESG gl Y we A A EFF FEAN FHe AR

kot (£ 4) W P Fako] = A JERIGTHE 5).



Table 4. Chemical properties of soil in 4 citrus groves

Mineral contents

Sites Or(%;:;uc pH
‘ N(%) Plmg/) Ki(mg/l) Mg(mg/l) Calmg/)
Dorvun 8.06c 56la 0.18¢c 0.35¢ 308.30b 135.53a 496.33ab
Dosoon 21.04b 4.84b 0.44b  372.00b 287.70b 151.03a 400.33bc
Sangwi 738 397c 0.20c 1.21¢ 492.00ab  139.07a 201.33¢
Seogwipo 3068a 5.0lb 06la 1,101.33a 678.70a 143.47a 700.00a

“Mean separation in columns by Duncan’s multiple range test, 5% level.

Table 5. Mineral contents in the leaf at 4 citrus groves

Mineral contents

e N(%)  P(%) K(mg/) Mg(mg/) Calmg/l) Zn(mg/1) Culmg/D)
Doryun 2.36b°  0.39ab  1040.0ab 0.26b 1.76a 0.01a 0.01a
Dosoon 2.22b  0.34b 606.6b 0.35a 1.18a 0.06a 0.11a
Sangwi 292a 0.38b 816.0ab 0.45a 1.55a 0.0la 0.01a
Seogwipo  3.10a 0.48a 1266.7a 0.28b 1.36a 0.04a 0.07a

“Mean separation in columns by Duncan’s multiple range test, 5% level.
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a0 wekbq HEAFY AigtEe] Fdi®tkE 7|&£9 ¥ a(Nielsendt
Safir 1982; Bolan#} Robson 1984)¢} 9 2] ghc},

Fele] VAMAT &t gul Fr182dEAbolo) 48 A58 73 Ax
(3£6) P= 06002 & A&l vl 2A Jelwtor o440 945X

FSI RlA AETS ARAFI e 2o,

Table 6. Correlation coefficients between contents of various elements in
leaf and VAM infection ratio of root or contents in soil

obseved in 4 citrus groves

Element with VAM infection with contents in soil
_ N 0.60 0.10
P 0.10 0.57
K 0.0008 0.438
Mg 0.42 0.01
Ca 0.18 0.01
Zn 0.01 -

Cu 0.01 -

NS
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Shen(1994)& Wl K& o] g &3dtes Fasita stfdcd 2 48434
AXME Fd&ol QW KFFolle 4 vlAA &= Rz dddHoun
Krikum(1980)2 Ca® 32 nlgd g€ HE=AdA 238 ko sgou
2 AgeAe #9327 9t VAMo| Zn, Cu® 77149 % F5E& F31%
e ¥ i(Viyanak 5, 1990)%= g2 & d3dAMe 2 o dge 3
ol & HolA FUTHIE 5).
71E0 Hugte g2 o] 4¥M A9 EE 447 VAMT ZEE&3} @
dol glv Aoz vehd AL EYF 449 o] @FA wet 2ol
T FEF7E A7) WEoletn Az
Ao g FEHR VAMT ZE€39] dAe 2L 219 EFdA H7t
slojoF & Zo|rh

-—

AT(E 4 FFERAE tpE Aoy
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V.3 8

Tl Wo s #ejsis 2Eds Yvtael g s 2EY 72 22K & 43
AN #EY EFH vesicular-arbuscular(VAM)T# EAE FA3IT EGy

¥AETel 2 EANE )R Fx WMo VAMF 29S¢ WaE 199
1085 E 19979 109702 2709 F o2 zAst g o tlBol xA} 7
e E¢ 74EU S B3 A8 o5 e 2o

1. VAM¥ X2+ Glomus$: 323G, deserticola, G. vesiculiferum, G,

rubiforme) 3} Acaulospora®; 1% (Acaulospora sp.)°) %45 ¢t}

2. VAMY A EF B9 100g% 10,000~40,000712) W82 2A s =
d, 771 Z2dolA 84 Ut ZE ZFYolA 1294 TAAE} 7}
F kot MR B AVE f7% ZELAAE 490 QA w AukTtg

dE el 29 £ 429090}

3.0 7ER ] VAM Zd82 7% 22Ul AhF 279% o] el
oul 493t 109 71 =3

x
=2
N
N
o
AT
flo
rE
rg
e
[
o)
AL
ol
¥
rlo
=2
R
-lr

QA 15% viwte|dom 289 HAmAE BYT HAAE Mol Al7)=
#Edt gl et g

4. XA EWele) VAMY Zd$ Abololi= 1o Ayt & o] Abwto)
1A = Aok
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5. 7TH 11H 16fE9 RAx®eE AFHse VAMTS A& S ZAS Ay
A %3} (Caryopyllaceae)®t 7§ o] 81 #H(Oxdlidaceae) A= Z4gE A ggron,
= 3} 7 Composite)?) % (Artemisia princeps), N %% (Erigeron annurs), ¥
2] ¥ o|(Youngia japonica), ¥ FHLeguminosae)! A& % (Astrogalus sinicus), 2
v] & 3} (Portulacaceae)®] 2]¥] 8 (Portulaca oleracea)e AA QoA ¥L 7Y

&5 Bk

6. FEFS VAMT #d&°] 71 & AN EUdF FAQNF
Fol 7hd sttevle AW P ol 7 E=RAT QW Fr19EE g
4 ele VAMT #d & I EYT FUI4EE &2 Alold ZadAE
A=A et
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