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Contents of Mycorrhizal Course : Myc luc ciia khéa hoc .

1) What are Mycorrhizas? Nim ré 12 gi ?

2) How important are they? / Why do piants need them? T4im quan trong / tai sao cdy
cin pdm ? . _

3) What plants possess them? Nhitng ciy gl c6 ching ?

4) Why do I need to inoculate plants in the pursery? Tai sao ta cin tiém nbiém nim
cho ciy ¢ vudtn wom ?

5) How do 1 select the correct fungi? 1am the nao d& c6 thé chon duge loai nim ding ?

6) What do I collect? Ta choc cdi gl ?
a) Soil . P4t
b) Fruiting bodies : Thin cdy .

7) Methods of collecting/preparing/producing fungus inoculum
Céch thitc a8 thu thip, chufa bi sin xust nfm .
a) Soil : DAt
b) Spores/macerated tissue : Mim méng / Ngim ré , diy md .
¢) Pure cultures : trong trot tinh khiét .

8) How/where/when 10 apply ? Factors promoting high mycorrhizal development in the
nursery : i
_Nhy thé nio , & ddu , khi n2o nhiém nadm vio ? Nhing yé&u 18 thic ddy ndm ré phat

tién cao & vudn wom ?

9) How does one measure success? ie what does one look for?

_Lam thé nao A€ do ludng dugc mic d¢ thanh cdng 9 C6 nghid 1a ching n6 wéng ohe
thé nio ?

10) Incorporation of mycorrhizal management practices into plant production systems -
short and long term goals

* _Hgp nh4t clia viét tng dyng diéu khidn nim r& vao k& hoach sin xuit ngin han va

muc tiéo ldu dai . :

11) How to maintain/manage mycorrhizas in the field / how to maintain mycormrhizal
biodiversity/ long term implications of planting strategy on maintaining mycorrhizal
populations

- Lam thé nao d& duy tri, quin 1§ n&m ré wén déng , lam tb& ndo d€ duy 1 ndm ré
sinh hoc da dang Su bao ham dai han clia chién lwge trdng cdy trong viét duy i va phé
bién ndm ré .




What are mycosrhizas? N&m ré 1a gi ?

The majority of fine roots found on trees in natural ecosystems are MYCORRHIZAS
- Diéu chinh y&u cla nhitag ré cy 15t duge im thiy & nhitng cdy trong h¢ sinh thii ty
nhién 12 NAM RE |

Mycorrhizas in fact occur on most plants and in most soils throughout the world

- N&m ré thyc sy xuit hién trén biu hét cdc loai ciy va dat trén khiip the gidi .

" These roots are part piant and part fungus ( mycorrhiza is a greek word meaning

fungus-root )

-R& cy 12 mot phin cla cdy va 1a mot phén cfia n&m ( ndm ré 1a mot tit La tinh ¢6
nghid 12 ndm & r€ cdy )

The fungi which form mycorrhizas are a special group of soil fungi which are
beneficial to plants _

- N&m dudi dang ndm ré 12 mot nhom dit biét cia ndm d4t t6t cho ciy tdng .

The fungi are multipurpose, accomplishing many essential functions for their plant
partoer _
- Nfm c6 thé ddng vio nhiéu muc dich hinh thanh ra phidu chifc ning thi&l i€u cho cly
ma né séng nhd .

Major types of mycorrhizas Nhiing loai nfm ré& chinh .

—¢6 bai [oai chinh xuit hién & cy :

Two main types of mycorrhizas occur on trees - a) Ectomycorrhizas : nim 1& ngoai bl
b) Arbuscular mycorrhizas:ném bui

Ectomycorrhizas are normally easy to find in native forests as they occur near o the
soil surface and close to the litter )

_ Nfm r& ngoai bi thdng thudng dé tim thiy & rimg ty nhién ching xuét hién gin mit
dat va ¢d, rdc phi 1én ching .

They are also easy 10 recognise as the fungus surrounds the tree root and can be
coloured :

- Chiing ciing d& ding nhin thiy nhu 13 1 loai p&m moc quanh r& ciy va c6 thé c6 mau
In contrast, arbuscular mycorrhizas, are difficult to see with the naked eye as the
fungus develops inside the root . Roots must be first stained and observed using a
compound microscope. ' =

- Tr4i lai nim bui kh6 c6 thé nhin thiy bing mit thudng , 12 nhitng loai ndm phét trién
bén trong r& , RE ciy trwdc tién phdi bi bién mau va dude quan s4t du6i kinh hién vi .




Figure 1 Typical shapes of ectomycorrhizae: 1) simple or unramified; 2) monopidial-
pinnate; 3) monopodial-pyramidal; 4) dichotomous; 3) irregularly pinnate,
dichotomous-like; 6) coralloid; 7) tubercle-like (from Agerer 1987).




Benefits of mycorrhizas for plant survival and growth

- Nhitng 1¢i fch cila n&m r& ddi véi sy sdg con va phét trién ciia cdy
Increase the supply of mineral nutrients, especially phosphorus to the plant
- Gia ting cung cip chit dinh dudng dit bigt la Pp cho ciy

Improve water uptake and drought tolerance

- C4i thién mach nudc va sy chiu han

Stimulate root growth

- Kich thich r& ciy phit trién

Increase seedling growth in the nursery

- gia ting cdy gidng & vudn vom

Decrease transplant shock and mortality

- Gidm sy va cham khi dem cdy di trdng va cly chét

Help planis survive and grow in poor soils and on stressed sites

- Gifip ciy s6ng 14u hon , phét trién trén d4t cdn, va trén nhilng vi tri d4 duge nhin
manh

Improve performance of difficult-to-grow tree species

- C4i ti€n qué tiinh chim s6c & nhitng cy khé phat trién .

Improve rooting of difficelt-to-root clones

- Cdi thién qu4 trinh ra ré & nhitng ciy khé ra ré .

Protects tree seedlings against root disease in the nursery and field

- Bio vé nhitng cdy gidng chdng lai bénh t§t & vud vom va dit trdng .
Imnprove soil structure

- c3i thién cd ciu dit




What plants possess them? What type of mycorrhizas do tree species prefer?
- Nhitng cdy gi c6 chiing ? Logi nfm r& gi thich hgp vdi nhifng giong cly ?
More than 95% of all plant species possess mycorrhizas
_ Hon 95% cdc loai dong iy ¢6 nim 1€ .
Most trees possess either one type or the other although some trees can develop both

types

_Hau hét c4c ciy c6 mot loai hodc mt loai khic mic dd mdt s& cdy c6 thé phat uién
c4 hai loai : '

Most tree species, especially those in the tropics, form arbuscular mycorrhizas

- Hiu hét cdc loai cdy dit biét 12 nbiing ciy & ving nhiét ddi c6 dang nim bui .
Ectomycorrhizas are confined largely to the Pinaceae ( eg pine, larch ), Betnlaceae (
eg birch ), Fagaceae ( eg oak, beech ), Mynaceae ( eg eucalypt ), Dipterocarpaceae
and many members of the Caesalpiniaceae

- N&m ré bj han ch€ 16n & nhifag cdy .........




Types of mycorrhizas formed by each type of vegetation
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Table 1: Dipterocarp specics reporied to be ccton

s corrhizal bascd on root cxarmination.

(Only the first report for the specics in cach location is given)

¥

Genera Location Vegetation Relerence/Source
Specics
Anisoptera T
A costata Korth. *(VAM also) Thailand . Doy deciduous forest Aniwat (1987)
A, lacvis Ridl Pen. Malaysia {.owland rainforest Singh (1966)
A. marginata Korth. Kalimanlan Low!and rainforest Smits (1987)

A. oblonga Dyer
A. scaphula (Roxb.) Pierre
A. thurifera (Bleo) BL

Cotylelobium
C. malayanum Sloot.
C. scabriusculum Brandis

Dipterocarpus
D. alatus Roxb.
D. Baudii Korth.
D. chartaccus Sym.
D. confertus Slool.
D. comutus Dyer
D. costatus Gacrin, [
D. costulatus Sloot,
D. clongatus Korth.
D. gracilis Bl.
D. grandiflorus (Blco) Blco
D. hasschii Bl:
D. hispidus Thw.
D. humeratus Sloot.
D. indicus Bedd
D. intricatus Dyer.
D. kunstleri King
D. oblongifolius Bl

D. obtusifolius Teysm. o Mig.

D. sublamecliatus Foxw. ;
D. tempehes Sioot.

D. tubcrculatus Roxb.

D verrucosus Foxw,

D. zeylanicus Thw.

Dryobalanops
D. aromatica Gaerin. .
D. keithii Sym.
D. lanccolata Burck

D. oblongifolia Dycrt
D occarpa Stool.

Hopea
H. bancana (Bocrl.) Sloot.

Pcn. Mafaysia

l.uson

Pen. Malaysia
Sri Lanka

‘Thailand

Pon, Malaysia
Pcn. Malaysia
Kalimantan
Thailand

Pen. Malaysia
Kalimantan

Sri Lanka
Kalimantan
tndia
Thailand A
Sarawak

Pen. Malaysia
Thailand

Kalimantan
Thailand

Pen Malaysia
Sri Lanka

Pen. Malaysia
Kalimantan

”

Java

; " Sabah

Kalimantan -
Pen. Malaysia
Kalimantan

Java

Rainforest

Rainforest

Dipterocarp arboretum
Lowland rainforest

Semi-cvergreen forest”
Rainlotest
Diplerocarp arborctum
Lowland rainforest

"
Semi-cvergreen forest
Rainforcst -
Lowland rainforest

-
Lowland rainforcst
Wet cvergreen forest
Dry deciduous forest
Kcerangas
Lowland rainforest
Dn deciduous forest

]

Lowland rainforcst
Drv deciduous forcst
Rainforest

Lowland rainforesi
Lowland rainforest
Dipterocarp arborctum
Lowland rainforest
Lowland rainforest
Diplerocarp arborelum
towland rainforest

Dipterocarp arborctum

Mohd. Noor (1981)

Zaratc ct al. (1993)

Hong (1979
de Alwis & Abcynayake (1980

Aniwat (1987)

Mohd Nopor (1981)

Hong (1979}

Smits (1992)

Bimaatmadja in Hadi et al. (199%)
Aniwat {1987

Mohd. Nooe (1981}

Smits (1992)

Smits (1983)

Smits (1992)

de Alwis & Abeynayake (1980)
Smits {1992)

Alexander & Hogberg (1986)
Aniwat (1987)

togberg {1 9%6)

Singh (1966)

Aniwat (1987)

Smits (1992)

Aniwat (1987)

Mohd. Noor (1581)

de Alwis & Abcynayake {1980}

Singh (1966)

Smils {1992)

Nuhamara ¢t al. in Hadi ct al. (1
Unpublished data

Smits {1992)

Hong {1979)

Bimaatmadja in Hadi et ab. {1991

Nghamara ct al. in Hadi ct al. (194




¢

. dnobalanoides Miq.
. ferrea Laness.

=

. ferruginca Panjs

. iriana Slootl.

. jucunda Thuw,

. mengarawan Mig.
. montana Sym.

. nervosa King

I IITIx

. nudil’onn‘isr Thw.
. odorata Roxb.

T

H. parvifolia (Warb.) Sloot.
H. plagata (Blco) Vidal
H. sangal Korth.

Marquesia
M. acuminata Gilg.
M. macroura Gilg,

Monotes :
M. africanus (Welw.) AD.C.
M. clegans Gilg, o

Neobalanocarpus (Balanocarpus)
N. heimii (King) Ashton

Parashorea
P. densiflora Sloot. & Sym.
P. lucida (Miq.) Kurz.
P. malaanonan {Blco) Merr.

Pentacme
P. contoria (Vidal) Merr. & Rolfc
P. siamensis (Miq.}) Kurz,

Shorea
S. academia (?)
5. acuminala Dver
3. affinis (Thw.} Ashton
S. assamica Dver
S. balangeran (Korth.) Burck
S. bracteolata Dyer
" *(VAM also)
S. compressa Burck
3. curtisii Dycr ex King |
S. dasyphylla Foxw.
S. faguctiana Heim
S. foxworthyii Sym.
S. glauca King~
S. guiso (Blco) BL

Kalimantan
Pen. Malaysia
Thailand
Pen. Malaysia
" )
Sri Lanka
Kalimantan
Pen. Malaysia
i
Sabah ]
Kalimantan
Java
Pen. Malaysia
Thailand
Java
S. India
Luvon
Kalimantan

Zambia

Zambia
Tansania

Pen. Malavsia

Pen. Malaysia

Sabah

Philippincs
Pen, Malaysia

Kalimantan
Pen. Malaysia
Sri Lanka
Picn: Malaysia
Kalimantan
.f’_cni Malaysia
Kalimantan

Pen. Malaysia

Java
Pen. Malaysia

_ Kalimantan

Pen. Malaysia

Lowland rainforcst
Rainforest
Semicvergreen forest
Lowland rainforest

?

Lowland rainforcst
Lowland rainforest
Rainforest

Loowland rainforcst
Lowland rainforest
Dipterocarp arborctum
Rainforest
Semi-cvergreen forest
Dipterocarp arborctum
Wet evergreen forest
Ratnforest

Lowland rainforest

Miombo

Miombo
Miombo

Lowland rainforest

Lowland rainforest

" Lowland rainforest

“+

Rainforest

Nursery

Rainforest
Lowland rainforest
Rainforest
Lowland rainforcst
Rainforest

Logged over forest
. Lowland rainforcst
- Dipterocarp arboretum

L.owland rainforcst
Lowland rainforest
Rainforest

-

Smits (19492}

Mohd. Noor (1981)

Aniwal (!g}%?}

Singh (1966)

Ashton (1982}

de Alwis & Abcynavake (1930
Smits (1992)

Mohd. Noor (1981}

Unpublished data

Smits (1992)

Sctiabudi in Hadi e al, (1991)
Mohd. Noor (1981}

Aniwat (1987)

Nuhamara et al. in Hadi et al. (1991)
Alexander & Hogberg (1986)

- Zarate et al, (1993

Julich (1985)

Hogberg & Picarce (1986)

Hogberg & Picarce (1986)
Hogberg (1982)

Singh (1966)

Mohd. Noor (1981)

Unbubl. data

Tupas & Sajise (1976)
Mohd. Noor (1981)

Ogawa (1992a)

Mohd. Noor (1981}

de Alwis & Abeynayake (1930)
Mohd. Noor (1981} ’
Smits (1987) " -

Mohd. Noor (1981)

Suhardi et al, {1992)

Noratii (pérs. comm.)
Nuhamara ¢t al in Hadi ct al. (1991)
Singh (1966}

Lec (1992)

Smils {1992}

Mohd. Noor (1981}




henryana Pierre
hypochra Hance
.javanica K, & V.
. Johorensis Foxw,
. lacvis Ridl.

LK

. lamellata Foxw.
. leprosula Miq.

L N

. lepidota (Korth.) Bl
. macrophylla (de Vricse) Ashion
. macroptera Sloot.
. maxwelliana King
. 4
. mecistoptleryx Radl,
. obstusa Wall,
. ovalis (Korth.) BL.

wrtn b winnn

. ovala Dyer ex Brandis
. palembanica Miq.
. parvifolia Dyer

L n

w

. pauciflora King

17

. pinanga Schefl,

. platyclados Sloot. ex Foxw.
. polyandra Ashton

. robusta Gacrn. f.

. roxburghii G. Don

. s¢lanica (Lamk,) Bl

. seminis (d¢ Vricse) Sloot.

. sericciflora Fisher & Hance
. scabrida Sym.,

. siamensis Miq.

. smithiana Sym.

. sienoptera Burck

turnvmm;munnnmhnhnn

S. sumatrana (Sloot. ¢x Thor.) Sym.

n

. talura Roxb.
S. teysmanniana Dyer ex Brandis

Vatica

Vatica sp. 1

V. chartacca Ashton

V. papuana Dyer cx Hemsl.
V. rassak (Korth.) Bl

V. sumatrana Sloot.

V. umbonata (Hook. {.) Burck

Vateria

V. indica L.

Vateriopsis

V. seychellarum Heim

Thaitand
Pen. Malaysia
Indonesia
Kalimantan
Pen. Malaysia
Kalimantan

-
Pen. Malaysia
Kalimantan
Pen. Malaysia
Sarawak
Pcni: Malaysia

"

Indongsia
Thailand
Pen. Malaysia
Kalimantan
Pcn. Malaysia
Java
Pen. Malaysia
Kalimantan
Pen, Malaysia
Kalimantan
Java
Kalimantan
Pen. Malaysia
Kalimantan
India
Thailand
Java

"
Pen. Malaysia
Sarawak
Thailand
Kalimantan
Java
Kalimantan
Pen. Malavsia

1"

!
Kahmantan
Pen. Malavsia
Kalimantan
Java
Kalimantan

S. India

Potied plant

Semi-cvergreen forcst
Rainforest
Agrolorestry arca
Lowland rainforest
Rainforest
L.ow!and rainforcst
Lowland rainforcst
Lowland rainforest
Lowland rainforest
7

Lowland ranforest

?

Dry degiduous forest
Lowland rainforest
1.owland rainforest
Rainlorest

?

Rainforcst

Lowland rminforest
fowland cunforest
Lowland rainforcst
Dipterocarp arborctum
l.owland rainforcst
Rainforest

Lowland rainforest
Moist deciduous forest
Drv deciduous forest
Dipterocarp arboretum
Rainforest

Kerangas

Dry deciduous forest
Lowland rainforest
Dipierocarp arboretum
Lowland rainforcst
Rainforest

Lowland rainforcst

Lowland rainforest
Lowland rainforest
Dipterocarp arborctum
Lowland rainforest

Wect cvergroen foresl

Abcrdeen greenhouse

2

>
“ww

Aniwat (1987)

Mohd. Necor (1981) 3
Nuhamara in Supriyanto ¢t 5 (1;
Smits (1992)

Mohd. Noor (1981) N
Julich (1985) :
Smits (1992) *,:
Singh (1966)

Bimaatmadja in Hadi ¢t al, (199,,
Berriman (1986)

Chong (1986)

Singh (1966)

LA o

Becker (1983)

Hadict al, (1991} :
Aniwat (1987 H
Singh (1966) -

Bimaatmadja in Hadi et al, (l99“ :
Mohd. Noor (1981) s
Hadi ct al. {1991} -
Mahd. Noor {1981) . 3
Bimaatmadja in Hadi et al. (1997,
smph (1960)

Smils (1992)

Nuhamara ¢t al. in Hadi ct al. “995
Smits {1992}
Mohd. Noor (1981)
Smits {1992)
Bakshi (1974)
Aniwat (1987)
Nuhamara ¢t al. in Hadi ct al. (1997)
Hibau in Hadi ct al. (1991}

Mohd. Noor (1981)

Alcxander & Hogberg {1986)
Aniwat (1987) S
Bimantmadja in Hadi ct al. (1991
Sctiabudi in Hadi ¢t al. {1991)
Smits (1992)

Mohd. Noor (1981)

kit

Smits (1992)
Singh (1966)
Smils (1992)

Hadi & Santoso (1988)
Smits (1992) ~

Alexander & Hogberg (1986)

Unpublished data




.. C6 hon 5000 dong nim dvdi dang ndm ré .

Do tree species forming the same type of mycorrhizas prefer the same or
different species of fungi?

- Nhifng dong cdy thich hgp mdt dang ném r& hay nhidu dong ndm khéc nhau ?
a) Ectomycorrhizas

There are more than 5000 species of fungi which form ectomycorrhizas

This is because ectomycorrhizal tree species may prefer their own group of fungi

- Diéu nay bdi vi ndm r& ngoai bi & ciy ¢6 thé thich hgp nhém nim riéng clia ching
hon . '

The fungi found on the roots of Dipterocarps are unlikely to be the same as those
which associate with Eucalyptus ‘

_ N&m duge tim thiy & nhitng & ciy Dipterocarps khong gidng nhy ndm thich hgp véi
ciy eucalyptus .

However within the Dipterocarps, species of Shorea, Dipterocarpus, Dryobalanops and
Hopea are kown 1o share the same range of fungi

- Tuy nhién trong vong nhifng cdy Dip.... , ddng ciy ........ va Hopea dugc biét c6 thé
chia s& pham vi nfm gidng nhau '

b) Arbuscular mycorrhizas : N&m moc thanh ting mang bén trong ré céy .

In contrast, only 150 arbuscular mycosrhizal fungi occur in nature

- Tr4i lai chi ¢6 150 loai n4m ré moc thanh ting ming béa trong ré cdy xuAl hién trong

ty nhién .

This means that arbuscular mycorrhizal tree species ( ie the majority of tropical tree

species) will tend to share the same fungi with each other

- Piéu nay c6 nghii 13 nhifng dong ndm bui ( nhitng loai nim chioh & nhitng ddng cly -
phiét ddi ) s& tham dv chia s& nhitg loai n4m gidng nhau cho nhau . '

r
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Tropical tree species showing the types of myéorrhizas

Ectomycorrhizas

Caesalpiniaceae

Afzelia
Anthonotha
Bauhinia
Brachystegia
Cassia
Erythrophleum
Gilberttiodendron
Julbernardia
Monopetalanthus
Paramacrolobium

Dipterocarpaceae

Anisaptera
Balanocarpus
Cotylelobium
Dipterocarpus

- Dryobalanops

Hopea
Parashorea
Sheea

Veetico

Euphorbiaceae

Aldinia
Uapaca
{or Uapacaceac)

Myrtaceae

Compomanesia
Eucalyptus
Eugenia
Melaleuca

they prefer

Arbuscular mycorrhizas

Apocynaccae
Alstonia
Holasshenia
Wrightia

Leguminosae
Acacia
Adenanthera
Albizia
Arachis
Calopagonium
Cassia
Centrosema
Dalbergia
Desmodium
Glycine
Inga
Leucaena

Milletia
Parkia
Phaseolus
Pithecellobium
Psophocarpus
Pterocarpus
Pueraria
Sindora
Stylosanthes
Trifolium
Xylia

Lythraccace
Lagerstroenia

Meliaceae
Aglaia
Amoora
Aphanamixis
Azadirachta
Cedrela
Chukrasia
Khaya
Melia
Swietenia
Toona
Walsura

Verbenaceae
Gmelina
Tectona
Vitex




What source of inoculum do trees prefer?

Dipterocarp tree
AN
*{, Dipterocarp
\ seedling
7

K

Eucalyptus tree
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Why do I need to inoculate plants in the nursery?
- Tai sao ta cén nhiém ném cho ciy § vudn wom ?
In forestry and ornamental horticulture;
- Cho trdng rimg va phuc vy nghé 1am vwon .
Trees inoculated with mycorrhizal fungi in the nursery
- Nhitng c8y dugc ching vdi ndm 1€ & vadn vom .
1) Anain increased seedling vigor and are thus equipped to survive
the stresses associated with shipping, handling and field planting
Lam gia tag sdc manh va vi th€ gitp cdy sdng 14u hon v6i chuyén chd bing tau,

bing tay va trdng trén ddng

and 2) Grow betier when outplanted to; va ph4t wrién 5t hon khi ra ngoai

- a) environmentally stressed ; bdo v& méi trudng
and b) degraded sites ; gidm vi i

This is in part because such sites are likely to contain insufficient
inoculum of the type you require for the seedlings you are
outplanting. Nursery inoculation therefore enables the forester to
outplant seddlings with the ability to cope with a wide range of
adverse sites.

biéu nay thinh mét phin bdi vI nhitng vi tef rdng chy nhu 1A thi€u lién quan dén chit
d€ phi€m vio cdy , loai ma cdc ban yéu cdu & ciy gidng dem ra ngodi trdng .




How do I find the correct source of inoculum for the tree I wish to inoculate?

- Lam th& nao ta c6 thé tim duge chit tiém nhidm dig cho cdy ma ta mudh tidm
nhiém ? :

For indigenous tree species ( eg Dipterocarpus, Hopea, Shorea ) ;

- ¥d¢i nhitag dong cdy bdn x¢ . .

Find a mature, undisturbed forest growing under similar climatic and edaphic
conditions to the site where you wish to plant

- Tim mét c&y dd tredng thanh , rimg khong bi x40 trén , phat rién dudi mot khi hiu va
diéu kién thé dudng gidng nhau dén vi tri ma ban mudn tudng

Locate mature trees within the forest of the same or very similar species

- Nhifg cdy trudng tharh § dia phwdng trong rimg ¢6 nhitng dong gidng nhau . -

For exotic tree species ( eg Eucalyptus ) ;

Vi nhimg gidng cdy ngoai lai :

Examine wide range of young and mature trees locally

- Th¥ nghi¢m trén ving réng 16n v6i nhirg cdy nom va ciy trwdng thanh & dia phuong .
H no fungi can be found, consider making fungal collections where the tree species you
are interested in grows indigenously

- Néu khong c6 logi nim nio c6 thé dwge tim thay , hra § dén viéc thu thip n&m nhén
tao nci ma nhiing ddng ciy ban quan t4m ph4 tién & bdn x¢




What do I collect from each chosen tree?
Ta thu th§p gi tif cdy chon ?
The primary sources of ectomycorrhizal inoculum for containerized seedlings in
nurseries are ;
- ngudn goc nguyén thily clia ndm ré ngoai bt duge tiém nhidm cho nhitng tdi biu dyng
ciy con § vudn wom Ia :

1) Soil : B4t

A mixture of the fungi you wish to use should be present all the year
round in the surface 20cm of soil, within a 2 metre radius of the tree you
have chosen
- M4t hén hgp ndm ban mudn st dung nén dé hién dién trong sudt ndm trong vong 20
cm wén bé mit dit, trong pham vi bdn kinh 12 2 m cda cay ban di chon
2) Fruiting bodies : Thin ciy

Ectomycorrhizal trees may produce fruiting bodies but usually only in the
wet season. Most fruiting bodies look like mushrooms ; some are shaped
like balls and can be found on the soil surface.
Nim r& c6 thé dugc 120 ra & thin ciy nhung thwdng chi & mda mwa . Hiu hét thin ciy
trdng gidg nhy ndm ; m§t s& 6 hinh cdu va c6 thé fm thsy & wén mat dat .
They provide either a direct source of inoculum (ie spores ) or the
material for producing pure cultures.
- Chéng cung cdp cho hozc ngudn tiém nhiém tyc tigp ( c6 nghia 12 mim méng ) hoac
nguyén liéu cho sdn xu4t wdng tinh khiét .

For arbuscular mycorrhizal trees, the primary sources of inoculum are; -
Vi nhitng loai nim ré ph4t trién bén trong 1& , ngudn géc nguyén thiy cia chal tidm
nhi€mli:

1) Soil : Pat

and 2) Spores produced within the soil : mdm méng dudc tao ra trong dat .

These spores are only used for producing plant (pot) cultures These
cannot be grown on artificial media in the laboratory. =
- Nhilng mdm mdng nay chi dwac s dung d€ sdn xu4t ciy trdng . n6 khong thé ph4t
trién wong mdi tredng trung tinh nhin ta0 & phong thi nghiém .




B rve veriors

a
.

Russula

Amanita

Scleroderma

Most common genera of ectomycorrhizal fungi forming fruiting bodies
within dipterocarp forests
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Soil inoculum
- 44t nhiém nim :
Advantages ; thudn lgi .

Easy to collect ; d& thu thip .

Easy to prepare : d& chuin bj

Easy to inoculate : dé tiém nhiém .

Available entire year : ¢6 gia tri trong nhiéu nim .

Disadvantages : bat Igi

Must be used soon after collection : Phdi dirge sif dyng ngay sau khi dwgc thu
thip .

May need to collect large volumes to inoculate all containers : C6 thé cdn thu
thip & dé 16n d€ nhi€m cho t41 ¢ cdc tdi bdu .

Inoculum quality is inconsistent : chit lwgng nhiém khong d8ng nhit .

May introduce weeds and plant pathogens 10 the nursery : C6 th€ mang cd va
mA4m bénh dén vuin vom . ,

This form of inoculum should be used only if other forms of inoculum are wnavailable
Dang cbal nhiém ndy dudc st dung chi n&u dang chit nhiém khic khdng c6 gid i .




Method of applying soil inoculum to ectomycorrhizal and arbuscular mycorrhizal
trees

- Céich thifc d€ tiém nhim vio dét nm ré ngoai bi va ndm ré phdt trién bén
trong ré&.

Collect soil from surface 20 cm of soil in a 2 metre zone around chosen tree(s)

- L4y d4t trong pham vi cdch bé mit 20cm v bdn kinh 12 2m quanh cay dwde chon .
Place in clean plastic bags

- Dit trong mét tdi nilon sach s& .
Leave litter and stones at site
-Bd dirdc va d4 .

At nursery, mix up all soil inoculum as evenly as possible; do not remove tree roots {
cut up if necessary )

3 v wom , Han hdp ddt nhidm cang phdng cang tGt, khéng di chuyén r€ ciy ( cft di
néu cdn )

Do not expose soil inoculum 1o direct sunlight, high temperatures

- Khong d€ d41 nhiém tiép xdc tryc ti€p duéi 4nh ning mjt trdi , nhiét 46 cao

Evenly mix 90% nursery soil and 10% soil inoculum (more, up to 20%, if available )
and place in containers as normal

- Hon hdp bing 90% dit & vuon wom va 10 % d4t nhidm (hon, d&n 20% , néu c6 gia
tri ) va dit vao tdi bdue nhv thwdng 18 .

If it is not possible to mix the soil inoculum with the nursery soil, the soil inoculum
could be placed as a layer, 1/3 rd of the distance from the top of the container

- N€u khong th€ rén dt nhi€m véi ddt vt , 4t nhidm c6 thé dé thanh 16p, 173 tir
dinh cia di béu .
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Inoculum from fruiting bodies ( ectomycorrhizal trees only)
Nhiém nfm & thén cdy ( chi & ndfm r& ngogi bi )
a) Spore/macerated tissue inoculum

- Mim mé&ng / ngidm diy md vio ch§t nhidm .
Advantages : Thudn lgi

Easy to collect : D€ thu thip .

Easy to apply : dé 4p dung .

Spores can be stored at 4 C until required : mdm mdng ¢6 thé duge dy triy &
4C cho d#n khi dudgc ydu cdu .

Can apply specific fungi or mixtures of fungi : C6 thé 4p dung v6i ndm dat
biét hoic nadm hép hop .

Disadvantages : Khé khin

Only produced once a year, and then for a short period : chi dude sdn xuit 1
14n trong ndm , v4 sau d6 cho 1 chu k¥ ngin .
Must be collected while fresh : Phii thu thip trong khi cdn tudi
May not be produced in sufficient quantities for nurserys needs : Khong thé
sdn xuat ding s& lugang cho nhu ciu & vudn wom .
* Inconsistent quantity and quality produced from year to year : Phdm chal
khong ddng nhit va phdm chat dude sdn xudt tir ndm nady sang ndm khic .
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Inoculum from fruiting bodies ( ectomycorrhizal trees only )
- Nhiém ti¥ thén cy .

b) Pure culture inoculum : tiém nhidm & tréng trot tinh khi&t .
Advantages : thuin Igi

Can be grown in the laboratory ; C6 thé ph4t ti€n & phong thi nghiém
Can be produced whenever required by nursery : C6 thé sin xut dugc b4t
k¥ lic ndo dwge iéu cdu .
Can select best fungal clones : C6 thé chon dwde ddng nfm 18t nhit .
Easy to apply : D€ 4p dung
Can be maintained easily in laboratory : C6 thé bio quin dugc dé dang

trong phong thi nghiém .

Disadvantages : Khé khin

Number of fungi that can be grown in the laboratory is still low
S6 lwgng ndm c6 thé phét trién trong phdng thi nghiém vin con thp .

Although the preferred method, it does require a longer lead-in before it can become
fully operational :

Mic dit 1A céch thich hgp , 06 vén y&u cdu mot sy chim séc 1au dai trede khi ¢6 thé s
thanh qué trinh hoat déng ddy dd .




. . - -
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Method of preparing and applying spore/macerated tissue inoculum to
ectomycorrhizal tree seedlings

- C4ch chudn bj mdm va 4p dung mim mdng / ngdm didy md vio chat nhim d€ nhiém
ndm ré vao ciy ging .

1) Spore inoculum : mim méng tiém nhidm .

This is usually only possible if the fungus produces a ball-shaped fruiting body; it is
usually very difficult to collect sufficient spores from mushroom-producing
ectomycorrhizal fungi. Always record the exact location where you colfect.

- Thudng chi c6 thé néu ndm tao ra nfm dag ciu trén thin cdy ; khé thu thip dd ngudn
sdn xudt ndfm n&m ré . ludn ghi nhin chinh x4c dia phwong thu thip .

Spores are coliected from ball-shaped fruiting bodies ( known as puffballs ) by
breaking open mature specimens and removing the spores 1o plastic or paper bags.
Keep spores of each species you collect in separate bags.

- Mim mdng dugc thu thip tir nhifng n&m thin ciy ¢6 dang tron ( cdn goi la nfm trdng )
bd déi mad v4t d trwdn thanh , 1y mAm mong vio mét tii nolon hoac wi gléy Gif
mdi dong mdm mdng khdc nhau vio ting t6i ridng biét .

Dry the collected spores for 1 or 2 days at room temperature and low humxduy

- git mdm thu thip dude & phong khd , c6 d6 §m thip khodn 1-2 ngly .

Store the spores ( in separate bags for each species ) at 5 C. Spores can be stored in
this way for at least 1 year.

- Bdo qudn mim ( trong nhitng tdi ridgng biét ) § 5 C. mim c6 thé duge bdo quin = cich
nay trong 1 nim .

Many ways exist of preparing spore inoculum - each with their advantages and -
disadvantages. The simplest method is to spray plants with an aqueous suspension of
spores. Spray plants with 1 species or a mixture of species.

C6 nhidu cch d€ chudn bi ngudn nhifm mdi c4ch déu c6 wu , khuyét diém . csch don
gidn nhit 14 xit nw6e vao nhifng ciy c¢6 mdm ndm . Xit nwdc vao cdy véi 1 hoac nhidu
dong hén hgp .

Always add a few drops of a wetting agent when preparing suspension

- Ludn thém mét it dd £m cdn thiét khi ngimg chudn b .

Aim 10 spray each plant at a young age with 1-2 mg of spores (there are about 1
million spores in each mg)

- T4p trung xjt vdo mbi ciy lic cdn non véi 1-2 mg mém mdng ( 1triéu mim/lmg )
Do not allow the applied spores to settle on the soil surface; spray the plants
immediately using the same container with clean water

- khdng dit mim di dude thit vio cdy trén mit dit ; xit ngay vao cdy ding trg cing 1ndi
bin dude rita sach s& .




2) Macerated tissue : Ngim diy mé .

Mushroom-like fruiting bodies should be collected ( remember to record where ) when
young and fresh. Separate each species into different ba gs.

- Ndm trén thin nén dugc thu thip ( nhé ghi 1ai noi thu thip ) khi cdn non va twdi . Dt
moi ddng vao méi ti riéng biét khdc nhan .

Chop up or macerate the collected fruiting bodies of each species separately using a
blender

- chit nhé hodc ngdm thin ciy d4 duge thu thip ciia méi dong riéng biét sit dung pha
trfn .

Apply as an aqueous suspension of 1 species or a mixture of species to containerized
plants and water-in well

- 4p dung ngung &m cda méi dong hodc 1 hén hgp nhiéu dong trong 1 tii biu dung ciy
va giit audc . '

This type of inoculum should be a pplied immediately and not stored for future use
- loai ch4t nhiém niy nén ding ngay khéng nén triy lai ding trong twong lai .

1




- N N S I B EE N N S A S D B B e e
L |
. Ty, . .

How to inoculate using spores/macerated tissue from fruiting bodies

a) Spores

b) Macerated tissue

\\ téfjﬂh ‘»"f’i‘:@

Remove spores,

dry and keep in

store at 5 C Spray on aqueous
suspension of spores

place caps of fruiting bodies of the same
type on soil surface for 14 - 24 hours

|
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remove fruiting bodies and plant

Place fruiting bodies

in blender Spray on aqueous
' suspension




Method of preparing and applying pure culture inoculum to ectomycorrhizal
tree seedlings

- Céch chuin bj vé ing dyng nhiém tréng tinh khi€t vio nfm ré céa ciiy gidng .
Collect young, fresh specimens of the fungus you are interested in culturing.

- Thu thép ldc con non , miu n&m tudi ma ban quan tim rdng .

If you collect a large number of fruiting bodies of the same fungal species, each
fruiting body should be treated as a clone. Keep them separate.

- n&u ban thu thip trén 1 s& lugng 16n thin cdy cia 1 dong ndm , mbi thin ciy dwdc coi
nhy 1 dong . Gif riéng bigt .

Record where you collected the fruiting bodies from: ghi nhin lai ndi thu thip .
Transport the fruiting bodies to the laboratory quickly as they may disintegrate within
hours. Deal with immediately or place fruiting bodies at 5 C overnight.

- chuyén thin cdy dén phdng TN nhanh chéng viné c6 th€ phan hiy trong vong 1 gi%s .
X1t Iy ngay hozc dit thin ciy d noi ¢6 5C qua dém .

Remove clean, bacterial-free tissue from inside the fruiting bodies you have collected
in a laminair flow cabinet and transfer the tissue explants to special nutrient media.

- Chuyén di r¥2 , m8 vi khu#n ty do & bén trong thén ciy ban c6 th€ 14y trong 1 14t
méng chdy trong v v vin chuyén md phin tich dén chat dinh ditng trung tinh d3t biét .
Mycorrhizal fungi can be grown in both liquid and solid media at 20 C.

- N&m r& c6 thé ph4t uién trong cd chat trung tinh 16ng va 84t 320 C.

As each fruiting body is a clone, do not place tissue from 2 different fruiting bodies in
the same culture vessel.

- M6i thin cdy 12 mét dong , khéng khéng dit 2 mé ti’r 2 thAn cly riéng biét vio cing 1
binh trdng .

Initially it is best 1o use solid, agar media so that any contaminant fungi and bacteria
can be observed and removed.

- Ic ban ddu t6t nhat 13 s& dung dit, chit agar trung tinh v} th€ nhiém n&m va vi khudn
c6 thé duge quan s&t va duge di doi

Retain the portions of each fruiting body which remain after culturing. Dry at room
temperature and place in a berbarium for reference and future identification.

- Gift lai ohifng phén cd lai ciia m3i thin ciy sau khi ct . dé khé trong phong dién hoa
nhiét 46 va dit trong phong tidu bdn thyc vit dé nghién cttu va tim ra tén trong twong lai
Successful cultures can be produced in larger quantities in solid media for use in the
nursery. So far the number of ectomycorrhizal fungi successfully cultured is limited.

- Tréng thinh cdng ¢6 thé cdn xudt & s6 lugng 16n trong d4t trung tinh d€ ding & vudn

wom . ,
About 10% inoculum mixed with nursery soil is normally used for inoculating

containerized plants.
- khdan 10 % hdn hop chat nhiém véi d4t vudn wom thudng ding dé nhiém ciy wong tii

biu
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Isolation methods for ectomycorrhizal fungi

MYCORRMIZAL ROOT

muslin bag-—%
with e

mycorrhizas

surface __ |
sterilant

transfer
to
dist.H,0
and
shake )

cut up mycorrhizas and
spread onto agar plate

— 1

FRUITBODY

tcadstool

earthhall or
truffle

et
o

break open cap
or gieba and
remove lissue

gleba

SPORE GERMINATION

remove ¢lean pieces of
spore-bearing tissue and
attach to petridish lid
with sterile lanolin

allow up to 16 hours for
spores to drop.Replace lid.

inspect datly
for contantination

\

“k-—{:——: ______,,_________.__..-—_____-;-_-_-_:,
£
after 2 weeks add
aseptic seedling
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Hagems medium

MgSQ, 7H,0

K H, PO,

NH, Cl

Fe Cl, (1% soltn)
Glucose

Malt extract
Thiamine HCI
*Agar

Dist. H,0

m rrhizal Fungi

05¢g
05¢g
05g
0.5 ml
50¢g.
508
50 ug
100 g
1000 ml

Modified Melin Norkrans' medium (MMN)

Ca Cl,

Na Cl

KH, PO,

(NH,), H PO,
Mg S0,.7H,0

Fe Cl, (1% soltn)
Thiamine HCI
Glucose

*Agar

Dist. H,0

Potato Dextrose .Agar (PDA)

*Omit if solutions are required, ie for vermiculite/peat or liquid culture tn fiasks.

Potato extract
Dextrose
*Agar

Dist. H,0

0.03¢g
0025 ¢
05g
0.25g
Q.15g
1.2 ml
100 ug
100g
100 g
1000 ml

2000 g
20.0¢g
150¢g
1000 mi

il




Preparation of inocula - ball-shaped fruiting bodies

=N =]

Complete fruiting
body

Herbariuvm
CHRI

First take some spores
from centre of
unbroken fruiting body

Place rest of spores in a
bag, dry and store at5 C

Keep remains of fruiting
body in herbarium

Do not take spores for cultures

ey \n-_—__“—'-ﬂ-i
Peon VT
(>R 2
T
Broken fruiting SRR
- body =l _
Herbarium
CsR &

Remove all spores into
a bag, dry and store

Keep remains of fruiting
bedy in herbarium
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Preparation of inocula - mushroom-shaped fruiting bodies
_(all fruiting bodies must be collected fresh)

A Pure Culture
e, v > lti_m_c_ I
- S—
—_— )
T .
™ Herbarium
CoR 3

Fil

.

[

CSR i
Herbarium A
keep fruiting body cap,

after use, in herbarium

remove most of stalk

%)

First remove some clean
tissue

Keep remains of fruiting
body in herbarium

—':_: C\i.D l::'_‘)
l/\\ )");\_-.AIK'-,
CSR 4

¢) Macerated tissue inoculum

Herbarium

cs¥

First remove representative
portion for Herbarium

Use rest of fruiting bodies

( of same type ) for
macerating and inoculating
aursery plants
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Encouraging high mycorrhizal development in the nursery

- N&m r& ngoai bi phdt tri€n ndm ré cao § vudn v'dm : ,
Development of ectomycorrhizas in the nursery following inoculation may be affected
by;

- Viéc phét trién ndm ré & vuda vom theo cﬁch nhi€émndm sau c6 thé bi dnh hudng bdi ;
a) Soil factors such as pH, drainage and moisture, fertility and

- Y&u td dat, nhw 4§ Ph, sy thodt nwdc , va phin bén

b) Cultural practices such as soil sterilization and the application of
pesticides/fungicides

- Thyc hanh tedng trot nhw khif tring d4t va xi& dung thud trY v4t hai , n&m hai .

Try not to overwater.

- Khong dé ngfip nwéc .

Both pesticides and fungicides, if used in the nursery at high concentrations, will
decrease the formation of mycorrhizas. ,
- Cd thudt trlr v4t hai va théc tif ndm hai néu x¥ dung 3 vuom wom voi dy tinh cao s& la
gidm luwong nim 1é .

In particular, the application of high levels of fertilizers _may'severely reduce
mycorrhizal developmént

- Dat bigt sit dung lugng phin bén cao c6 thé 13m gidm nghiém trong sy pht trién cla
ndm ré .

Encouraging hlgh mycorrhlzal development in the nursery may not only increase plant
vigor but could also reduce costs.

- Nam ré ngoai bl ¢6 lvgng ph4t trién n&m ré cao & vudn vom c6 thé khéng chl 1Am ting
thém stic manh cho cﬁy ma con 14 gidm gi4 thanh .

ird




How does one measure success?

- Lim th&€ nao d€ do Iwdng duge 39 thanh céng ?

Plants will be growing with increased vigor, appear very healthy and of high quality

- Ciy s& phit trién ting thém stfc manh , c6 diu hiéw khde manh va c6 chil ludng cao .
Seedlings/cuttings will possess abundant fine roots and mycorrhizas.

- Cdy gifng , canh gidm s& c6 phidu r& 16t va c6 nim & .

For tree seedlings inoculated with ectomycorrhizal fungi, the presence of active fungus
should be clearly evident pennealing the soil.

- Vdi cdy gidng duge nhiém nim ré , c6 nJ:uéu nam ré hoat déng , nén dé€ thim hét vio
ddt ty nhién .

Increased fine root development will ensure each plant possesses a balanced root to
shoot ratio and a higher fine root to coarse root ratio.

- Gia ting ph4t uién € 161 sé bio d3m mébi cﬁy ¢6 Iugng ré can bing dé c6 1l 18 chdi va
ré t6t cao hon tf 1& ra ré kém .

Seedlings/cuttings with this form will be able, on transplant, to soon actively take up
nutrients and water from the soil, thereby improving the chance of survival and early
growth.

- Cdy gidng , cinh gidm vdi dang ndy s& ¢6 thé dé chuyén ra ddng trdng , tich cuc hoat
dgng s6m 14y chit dinh dudng va nudc tir dat, tir 6 cdi thién cd hdi song sét va phit
trién s6m .




- - Th¥ nghiém § ndi ndo § vudin wom c6 thy hanh dnh hudng dén sv ph4t tién cla nim
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Incorporation of mycorrhizal management practices into plant production

systems

- diéu khién nhiém nim d¥ng dyng vio hé théng sin xuét cdy .

Short term goals

- myc tiéu ngin han

Consider the various options for inoculation which have been described

- Cin nhic chon Ita c4ch nhidm khic nhau m3 d3 dwde md 3 .

Initially develop simple inoculation programmes using soil inoculum and
spore/macerated tissue inoculum (when available)

- Ldc ddu ph4t trién chwong trinh nhidm nfm don gidn , s& dung d4t nhiém va ngudn /
ngdm mé nhiém ndm .

Begin on a small scale and with well-designed studies in the nursery that include
controls _ .

- B4t ddu rén mét m&u shd véi mot ki€u 15t , nghién ctu & vudn vom d€ ¢6 thé theo doi
t8ng quét . _ |

Examine whether ary nursery practice (e.g. watering, fertilization, and
pesticide/fungicide application) affects mycorrhizal development

Ie . :
Long term goals : Muyc tiéu lin dai

Consider implementing a pure culture inoculation programme

- Cén nhic thi banh chwong trinh nhiém n&m trdng tinh khiét . ,
Become familiar with techniques for assessing mycorrhizal development in order to
monitor the success of each inoculation system tested

- Trd nén quen thudc v6i k¥ thuit d€ ddnh gi4 sy phat trién cda ndm r& d€ quan st sy
thanh céng clia méi hé thdng thi nhidm ndm .

Include mycorrhizal and fine root development as useful measures when assessing
overall seedling quality in the nursery

- ndm ré néi chung va 1€ 16t phdt trién nhv cich thitc hitu dung khi d4nh gi toan b ciy
gidng & vudn wom .

Follow inoculated nursery plants after outplanting to the field in order to identify the
best fungi/source of inoculum and inoculation system to use in the future -

- Nhitng ciy & vudn wom duwge nhiém bing nhifog cich trén ddy sau khi ra ngoai dé
trdng duge ddng nhit hod nam 16t ab4t / ngudn chat tiém nhidm va hé théng tiém nhim
st dung & twong lai .
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Management of mycorrhizas in the field

- quin Iy n#m ré trén déng .

Nursery inoculation enables the forester to increase mycorrhizal diversity at sites
suffering environmental stress and to re-introduce them to those which have been
damaged by activities such as logging

- St nhiém ndm & vudn vom HAm cho cdy rimg 6 thé gia ting sy da dang ndm r& & vi
tri méi trwdng nhin manh cho phép va dé t4i nhiém chiing cho nhitng ciy khic véi
nhitng hoat déng nguy hiém nhw dén cay

Mycorrhizal diversity is important for long term forest sustainability

- Nam ré€ da darg thl quan trong cho k& hoach git vilng ritng 1du dai .

For ectomycorrhizal trees, in particular, many fungi not only take up nutrients and
water but also help 10 accelerate litter decomposition. They therefore play a central
role in nutrient cycling withir the forest ecosystem.

- V6indm ré , dit biét nhiéu loai n4m khéng chi 14y chat dinh dudng va nwdc ma cdn
gitip rdc mau phin hiy . Ching & 46 di quay vong diéu khién vong dinh dudng trong
vong hé thdng rirng sinh thai .

Maintaining mycorrhizal diversity at a particular site depends upon how the forest is
managed.

duy trl tinh da dang cla ndm r& § 1 vi tri 44t biét my thude vao viéc quin I¥ rimg nhw
thé ndo .

If one tree species is removed from a site and replaced by a tree species supporting a
different mycosrhizal type, then the original mycorrhizal flora may be severely
reduced.

- Néu 1 dong ciy dugc di il vi trf va thay th& bdi 1 dong cdy chdng dd 1 loai né’m
khic, sau &6 ngudn gdc ndm & hé thyc vt cb thé bi gidm ngiém trong . |
This is why nursery inoculation is important as it ensures that, whatever the site
planted, seedlings are always outplanted together with their own fungi.

§ ..

} Dy 12 nguyén nhan tai sao viét nhiém ndm & vudn vom quan trong nhy né chit chin

thé, 3 vi tri nio ciy duge trdng , cy gidng ludn dude dem ra ngodi trng v6i ndm

riéng cia né . . L

AR RAfRA TN

HAPPY NEW YEAR !!!




Impact of land use on mycorrhizal type/population size

Mixed
Dipterocarp Forest Agriculture

\‘\"é.-'//,‘ Ve
Moderate to high levels of
arbuscular mycorrhizal inoculum
Little ectomycorrhizal inoculum
Lower diversity of species

- Degraded unused locations

.f_/_*—‘__._.___——-—/"’) "&M

High levels of ectomycorrhizal
and arbuscular mycorrhizal inoculum

™~

Low levels of arbuscular
mycorrhizal inoculum
Litde to no ectomycorrhizal
inoculum

Low diversity of species
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