2
(saprotrophic), (pathogenic), (symhbiotic)
(mycorrhiza) fungus-root

“ mykes ” “rhiza ”

(Jackson, 1984)
(Kumar, 1988; Nopamornbodi, 1995)

Mark  Foster (1973) Unger
1885 Frank ' ,
3
1 (ectomycorrhiza)
20-40 (Issacc, 1992) (mantle
sheath) (epiclermis)
(hartig net)
1
class Basiomycetes ( 1) (mushroom)
(puftball)
5,000 class Zygomycetes,
Ascomycete, Deuteromycetes 2,000

(Pinaceae), (Fagaceae),
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(Betulaceae), (Myrtaceae), (Juglandaceae),
(Ericaceae), (Caesalpinaceag) (Dipterocarpaceae)
(, 2539 Chalermpongse, 1993; Brundrett et al., 1996)

I
Class Order Family Genera
Basidiomycetes ~ Agaricales Amanitaceae Amanita, Limacella

Boietaceae Austroboietus, Boieteiius,
Boletochaete, Boletus,
Buchwaidoholetus,
Chalciporus, Fistulinella,
Gyrodon, Gyroporus,
Heimiella, Leccinum,
Phlebopus, Phylloporus,
Pulveroboletus, Suillus,
Rubinoboletus, Tyiopilus,
Xanthoconium

Cortinariaceae Astrosponna, Cortinanus,
Cuphocybe, Dermocybe,
Descolea, Hebeloma,
Inocybe, Leucocortinarius,

Rozites, Stephanopus, etc.

Entolomataceae Clitopilus, Entoloma,
Leptonia, Rhodocybe

Gomphidiaceae Chroogomphus,
Cystogomphus,
Gomphidius

Hygrophoraceae Bertrandia, Gliophorus,

Camarophyllus,
Hygrocybe, Humidicutis,
Hygrophorus, etc.
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Class

Order

Aphyllophorales

Gautieriaies
Hymenogastrales

Lycoperdales
Melanogastrales

Phallaies

Russulales

Family
Paxillaceae

strobilomyycetaceae

Tricholomataceae

Cantharellaceae
Clavariaceae

Corticiaceae

Thelephoraceae
Gautieriaceae
Hydnangiaceae
Hymenogastraceae
Octavianinaceae
Rnizopogonaceae
Mesophelliaceae
Leucogastraceae
Melanogastraceae
Hysterangiaceae

Elasmomycetaceae

Genera

Paxillus

Strobilomyces

Clitocybe, Cystoderma,
Cantharellula, Laccaria

Cantharellus, Craterellus
Aphelaria, Clavana
Ciavariadeiphus,
Clavicorona, Clavulina,
Clavulinopsis, Ramaria,
Ramariopsis
Amphinema,
Byssocorticium,
Byssosporia, Piloderma

Boletopsis, Thelephora

Lycoperdon

Leucogaster, Leucophleps
Melanogaster
Hysterangium,
Pseudohysterangium,
Trapped

Elasmomyces,

Gymnomyces, Marteliia,
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Class Order Family Genera
Zelleromyces
Russulaceae Lactarius, Russula
Sclerodermataies  Astraceae Astraeus
Sclrodermataceae Scleroderma, Horakiella
Ascomycetes Eurotiaies Elaphomycetaceae Elaphomyces
Pezizales Humariaceae Peziza
Tuberaies Eutuberaceae
Geneaceae
Hydnotryaceae
Pseudotuberaceae
Terfeziaceae
Zygomycetes Mucoraies Endogonaceae Endogone, Sclerogone
Deuteromycetes Cenococcum

Miller, 1982 Brundrett et al., 1996

69
(Shores obtusa
WaII.), (Shorea siamensis Miq.), (Dipterocarpus obtusifolius Teijsm. eX Miq.),

(Dipterocarpus tuberculatus ROXb.), (Afzelia xylocarpa Craib.) (
, 2524; Chalermpongse, 1992)

2, (endomycorrhiza)
arbuscuie (dwarf treg)

vesicle
Vesicular-arbuscular mycorrhiza VA mycorrhizas (VAM)



Class Phycomycetes, Family Endogonaceae 120
Acaulospora, Entrophospora, Gigaspora, Glomus, ~ Sclerocystis
Scultellospora (Schenck & Perez, 1987 Chalermpongse, 1993)

(2525)
113 (Ptemcarpus
marcrocarpus Kurz.), (Dalbergia cochinchinensis Pierre), (Xyiia xyiocarpa (ROXb.)
Taub. Var. kem; (Craib & Hutch) Nielsen), (sindora siamensis Tejsm. ex Mig,),

(Irvingia malayana Oliv. ex A Benn.)

3. (ectendomycorrhiza)

(Pinus resinosa All, pinus sylvestris L, Pinus ponderosa Laws.), Spruce (P/cea

abies (L) Karst.) Rhizoctonia sylvestris, Mycelium radicis
atrovirens (Harley & Smith, 1983)

2
Family Genera

Aceraceae Acer

Angiospermae Araliaceae, Didymopanax

Betuiaceae Ainus, Betuia, Carpinus, Cory'us, Ostrua,
Ostryopsis

Caesalpinniaceae Afzelia, Uapaca, Anthonona, Bauhinia,
Beriinia, Brychystegia, Cassia, Eperua,
Erythrophleum, Gilberttiodendron, instia,
Isoberiinia, Julbemardia, Microberiinia,
Monopetalanthus, Paramacrolobium,
Tetraberiinia

Casuarinaceae Aiiocasuarina

Cistaceae Citrus, Helianthemum, Tuberaria

Corylaceae Corylus
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Cupressaceae
Dipterocarpaceae

Fabaceae

Fagaeeae

Gnetaceae
Gymnospermag

Jugiandaceae

L etospermaceae
Meliaceae
Myrtaceae

Mimosaceae
Nyctaginaceae
Palmae
Papiiionaceae
Polygonaceae
Rhamnaceae
Rosaceae
Salicaceae
Sapindaceae
Tiliaceae
Ulmaceae

Genera
Cupressus, Juniperus
Anisoptera, Shorea, Balanocarpus,
Cotylelobium, Dipterocarpus, Dryobalanops,
Materia, Vatica
Gastrolobium, Gompholobium, Jacksonia,
Mirbeiia, Oxylobium, Percopsis
Castanopsis, Fagus, Lithocarpus,
Nothofagus, Pasania, Quercus,
Trigonobalanus, Castanea
Gnetum
Abies, Cathaya, Cedrus, Larix, Keteieeria,
Picea, Pinus, Tsuga, Pseudolarix
Carya, Juglans
Leptospermum
Owenia
Agonis, Allosyncapia, Angophora, Baeckea,
Compomanesia, Eucalyptus, Eugenia,
Leptospermum, Melaleuca, Tristania
Acacia
Neea, Pisonia
Euterpe
Ormosia
Cocoloba, Rhamnaceae, Rhamnus
Pomaderris, Trymalium
Crataequs, Dryas, Malus, Pyrus, Sorbus
Populus, Salix
Allophylus, Nephelium
Tilia

Ulmus
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Loccoria Sheath Thelephoro

Unidentified
Basidiomycete

Rudialing hyphae

L (
Harley & Smith, 1983)

Zak (1973)
Abies, Larix, Picea, Pseudotsuga Tsuga
pyramidally pinnate
monopodial, bifurcates  coralloid
2
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ry
7 5

4 ~ ~ . R
(B
5

2. 1) simple or unramified,
2) monopodiai-pinnate, 3) monopodiai-pyramidai, 4) dichotomous, 5) irregularly pinnate,
dichotomous-like, 6) coralloid, 7) tubercle-like (  Durall et ai.,1996 )

! !
(Hacskayio et ai., 1965)
' 18-27 (Harley & Smith, 1983)
!
France Reid (1979) Amanita citnna (Schaeff.), Amanita muscana (L
ex Fr), cenococum graniforme (SOW.), Pisolithus tinctorius (pers.) Coker & Couch,,
Theiephora terestns (Ehrh. EX Fr.), Suillus grannulatus (L X FI’.), Suilius tomentosus
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(Kauffm.) Singer, Sheii & Dick, Laccaria laccata (Scop ex Fr.) Berk. & Br. Hebeioma

crustuliniforme (Bull, ex St. Am.) Quel. 97
-10 48 P. tinctonus
Hagem agar 42 (Monoh & Gbadegesin, 1980)
2.
2-7
10-15 (Harley
& Smith, 1983)  Cenococum geophilum F.: Fr.tS
(Trappe, 1977)
3.
45- 55 (Hung & Trappe, 1983)
Willenborg etal (1990) - Paxiilus involtus
(Batsch : Fr.) Fr. 5 2545
4,

(Cao & Crawford, 1993) Thapar (1988)
Scleroderma bovsita FI., Astraeus hygrometricus (Pers.) Morg.
Cenococum graniforme (SOW.)

(France & Reid, 1982; Harley & Smith, 1983; Ek et al., 1994)

Scheromm et al. (1990) Hebeioma cylindrosporum
Romagn. 10
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D (fungicides)

(Mardisubroto & Wardana, 1982)
(Torstensson & Wessen, 1984)

Marx Rowan (1981) Benodanil
3.4, 6.8, 13.7, 21.3 Modified Melin-Norkran (MMN)
Pisdithus tinctorius (PelS.) Coker & Couch, Thelephora
terrestns ENrh. ex Fr. Captan 1.0, 2.0, 3.9, 8.8

Hutchison (1990)
| Boletinus, Boleteiius, Boletus, Chalciporus, Lectinum,
Suillus, Xerocomus, Pisolithus, Rhizopogon, Scleroderma, Hydnangium, Laccaria,

Hygrophorus, Thelephora Paxiilus Potato Dextrose
Agar (PDA)  Benomyl 10
Cenococcum geophilum Fr.. Fr., ! Hebeioma, Lactarius, Russula
PDA Benomyl
6.
Gliotoxin Griseofulvin (Jackson &

Mason, 1984)

11

Marx  Ruehle (1986)

Pinus taeda L. Pisolithus tinctonus (Pers.) Coker &
Couch. 2 ! 3

Rousseau et al. (1994)
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! 75  Skinner

Bowen (1974) -32 Pinus
radiata D. Don. Rhizopogon luteolus FI. & Nordh.

dimming Weinsten (1990)
Pinus ragida Mill, ] Pisolithus tinctonus (Pers.) Coker & Couch.
AlP04 Cuming (1993)

! AlP04

Williamson Alexander (1975), Ho Zak (1979)
Phosphatase Phosphatase

p-nltrophynylphosphate, Calcium Phytates (Jackson & Mason, 1984; Allen et al.,1981)

90 (Harley &
Smith, 1983; Jackson & Mason, 1984) Soluble orthophosphate (Harley &
Loughman, 1963), Soluble polyphosphate (Martin et al., 1983; Harley & Smith, 1983),
Polyphosphate granules (Chilvers & Harley, 1980; White & Brown, 1979)

1.2 !
!
(Marx, 1969a)
(antibiotics) Marx

(1969D) Marx Davey (1969) Leucopaxillus cerealis Val.
piceina Diatretyne nitrite Diatretyne 3
Phytophthora cinnamomi  Sinclair (1982) Pinus resinosa
Ait, ] Laccana iaccata (Scop.. Fr.) B. & Br.

Fusanum oxysporum
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1.3 '
'
26-86 (Hadie & Leytonn, 1981)
Duddrige (1980) Rhizomorph
' Suillus bovinus (L. :Fr.) 0. Kuntze
3H20 Pinus sylvestris L. Foster (1981)
' Rhizomorph
2 Polysacharide gel
Jennifer (1983)
1.4 '
Jones Hutchinson (1988) Birch
(Ni) Colpaert
Van Assche (1992) Pinus sylvestris L.
. n Denny Wilkins (1987)
Zn '
Entry (1994) Pinus ponderosa
Laws Pinus radiata D. Don.
Strontium-90 ("Sr) 3-5
2
2.1
N, P K '

(Harley & Smith, 1983)
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Vogt Edmonds (1980) fruiting body
fruiting body N, P
K 3, 2-7 4-22
2.2
80-90

(myceiiai network)
Soderstrom  ( 1993)

200
2.3
Collembola Nematodes (Warnock et al,
1982) Master (1978)
19
3.
3.1
(Astraeus hygrometricus (Pers.) Morg.), (Amanita
Caesarea FI.), (Amanita Sp.), (Russula sanguinea Fr.,

Russula lepida FI., Russula emetica (Scha. ex Fr.) Pers. ex S.F. Gray),

(Russula delica Fr.), (Russula virescens Fr.), (Boletus edulis Bull.),
(Tylopilus rulrobrunneus) ( , 2539) Marx (1992)
Tuber melanosporum Tuber ucinatum Quercus spp.
Truffle 3-5

20,000-28,000 (Waish, 1996)

3.2 Fruiting body

Cortinarius,
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1 Boletus edulis BU”.,
Pisolithus tinctonus (Pers.) Coker & Couch. (Rice &
Beehee, 1980)

3.3

Arnold (1988)
o Fellner ~ Peskova (1995)

' 20 lignicolous
55

!

1 (soil or humus containing natural inoculum)
1 Inoculum
10- 20 (Mikola, 1973)
2
2 (spore inoculum)
' Pisolithus tinctonus (Pers.) Coker & Couch. , Rhizopogon
spp., Scleroderma spp., Astraeus hygrometricus (Pers.) Morg.

(Marx et al., 1991)
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! P. tinctorius 1
1 (1.1 X108 ) (Marx & Bryan, 1975; Marx et
al., 1976; 1978; 1984 ab; Marx, 1976)
( 18 %) 5
(Marx et al., 1991)
spore inoculum
spore inoculum
4-6 (Marx et al., 1984a)
3 (mycelial or vegetative inoculum)
vermiculite peat moss Modified
Melin-Norkrans (MMN) 3-4

(Marx & Kenny, 1982)

10,000-20,000
(Marx et al.,1992)

Lactarius spp., Cortinarius spp., Russula spp. Gomphidius spp.

(Molina & Palmer, 1982)

Sylvan spawn laboratory
Pisolithus tinctorius (Pers.) Coker & Couch.,
Hebeloma crustuliniforme (Bull, ex St, Am.) Quel., Laccaria bicolor (R. Mre) Orton
1 ( 285 ) 2.1
(Marx et al., 1992)



19

Trappe (1977)

, (host specificity), , ,

(pH) |
pH
pH

Marx (1992)

L.

2.

3. (inoculum)
4,

Pisolithus tinctorius
Pisolithus tinctorius (Pers.) Coker & Couch. 1 Class

Holobasidiomycetes, Series Gasteromycetes, Order Sclerodermalales, (Kendrick, 1992
Brundrett et al-, 1996) 33
(Marx, 1977)

Mg Al (Marx

& Ruehle, 1988)
p. tinctorius
70 (Marx, 1977)
40-42
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(Momoh & Ghadegesin, 1980)
(Golden brown
or Mustard) (2525) P. tinctorius

Pisollthus tinctorius
Pisolithus tinctorius (Pers.) Coker & Couch.
Pisolithus arhizus (Pers.) Rausch.
Pisolithus arenarius A. & .
Dyemaker * false, stone puffball, Puffball, Bohemian truffle,

Dead man ° foot, :
Sclerodermataceae
p. tinctorius 5-10
8-25
(pear-shaped) (club-shaped)
Peridioles ! 7 - 115
(Jordan, 1995)
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(Eucalyptus camaldulensis)
Eucalyptus camaldulensis Dehnh.

River red gum, Red gum, River gum Murray red

gum
Myrtaceae
12-38 112-152 ( , 2525)
24-37 50
2 30-230
1 600 '
250-625 29-35
11-20 1 -6
54 (FAO, 1981)
|
(National Academy of
Science, 1980)
500,000 (National
Academy of Science, 1980)
(2530)
800-1200 20



(Pinus kesiya)

22

Pinus khasya Roye Pinus kesiya ROyle ex

Gordon

( ) )
Khasia pine
Pinaceae
Coniferales
15- 35 80- 90
22-65
2.5 -3.5

3 fascicle (fasciculate)
(sheath)
10-25 2 male cone female cone

350-2,500
1,000
1,000-1,600

( ., 2534:
2536) ' ‘
(resin) (rude terpentine oil)
(rossin)
(vanish)
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