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ROLES AND ACTIVITIES OF FUNGI
ASSOCIATED WITH AGARWOOD AND KRITSANA TREE IN THAILAND
Aniwat Chalermpongse

okl .‘:iiri|lnlul11.|d"l-|-y

Suvit Sangthongprao

Ynaaee

N 4 - E P R
PrEAIEIALE N A ed s s i wassf anarama adia i I Ge livea
P & - o o | - v
TUEUNTHAT [Aguilarie crossee Pierre ex H. Lec ) o u Tt e v i '-'IJiI‘iHmﬂr'ldﬂﬂ'ﬂ-'IW
1 3 A - T T - 4. i
wirzdice T dawionees wie uas ludinandmiaiu Anadne Wi Too T8
y = 4 o 5 -
R LEE O pen wounding) .La::I:.'-l'.mi}:liaﬂumum:maﬂuqnuﬁjm A Contralled
5 R i 2 ¥ R
nfeetion of fungiy Arnaunndiesiiaivaauees  wesas afgad aagaiasifiven ldsn
olp [ g v ] . P
s EEAT TR waramdeda i sar e T aungeadidisium
- i in ¥ P a2
AETH A i.h':ﬁLﬁu1'|ﬁw|'lﬁ’lﬁnr|utu'11 e amaenaend lingwon waziFas lunad e
wzafu Winseen wansTanwnTinvide livoungeo (Ager or oleoresin deposit) i E e
F S A oy ot A ai don
AUViuE e WE LAsNAanNTTUnAAHEA TR AEA 00 L WADHATED 0 nsin g e il 10]
ro ~ _— L - s 5 -
L i ean g iaa i §ider daeuiun e lussadu ias esfaonsanusuauy
. L F o - an . an -
gulil fwdlasnaneuawsraneds wadldnd noasd wlanedail eda lsiikedudaann
i s . . - i P L e ¥
'||I||'|1.'|'-IF:FF]LI11...||' Vet L B TR AR TR TIMETITIE E Vin Wnwoe
, . A i
w1l |-.nq||'ﬁﬂ:ﬁuthfui-'-r'u1’|lr-F|1J‘|r|‘|-:I1IE|n {olearesin deposith i ludifin inqwan pvawudon

& vy o » ] W] W a > H = L1
] wads en sy a WHAN 'lrl.'H l]]'lﬁ'l’.'lN HEHEL FARAFALATN LAZWIMUNARHaLD 3

ABSTRACT

survey and cxperiments ta decerming the roles and activaties of Tungi in the Formation
ol neence alees-wood or agarweod oo Kreirsana tree (Aguifars crossee Picrre ex He Lec)
wisr carried oo al Khaoyai Marional Park. Makhon Bachasima, and ather provinees. Qpen
waunding and centrelled infection af fungi were studicd. Many fungi infected in the artificial
woundings, (ungi colonized on naturally kritsana reees, wood - rotling [ungi, seed —horne and
wedling discases and myeorrhical sssociation with krilsana o agarwaod threes were isolated and
identifisd, Besults revealed thar kritsana or apar (olearesin deposiz) Tormaliei did nor correlaty

with the roles o setivities of specilic funel, as was previvusly belivved, hur it was obsiously
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formed by the inreraction af the treg host Chrough mjories or woundings w hich mighn be dereed

from the mechanical, physical, chemical ar Biological processss. However the scanlt of @

proteciive reastion al the tree host o injorics, woundings or biological myasions 1o form

oleoresin deposits in kritzana trees wis expected as the main cauzes, the Furgal inlestion in

dparwonl weuld be degreded o the qualite and redoced i wetghl of aper or krizuo.

INTRODUCTION

Kritsana is the treg, classtfied in the genus
Aggeelorrve (Family - Thymelacaceas), The (ree
species maturally vccur in Iodia, Bangladesh,

China, Burma, and exrend throueh Soul beast
Aciit to the Philippines (Ding Hou |, 1960,
1964y, Only 3 our of 15 species of the plinl
have koewn o distribute in Thailand:
Aggielieeei crussne Plerre ex H. Lec., AL wieloc-
censy Rosk (Sve. A, geodfocts Boxbo, and
A swbintegre Ding  Hou (Siripatanadilok,
1982],

Kritsana or agarwond tree is o large
evergreen tree, LE-21 m in helght and 1518 m
i ginth, with a moderately scraight and often
flered stem. The sound wood 15 soft. lieght
and elastic, I1s white (o pale vellowish white
and has no characrerisric ndor.  Anatomically
it I5 featured by the absence of growlh rings,
medivm sized 1o small vessels borne mostly
in radial pows of 34 and numerons longitadinal

interxvlery strands of included phloems con-

sestimg ol solt bast apd some [bers, The
heartwaod is nor distiner (Prachakul, 1989),

The agareaod is known as Agar (Hindi),
Sasi (Assamese), Indian Caglewood (Trade)
and  kritsana (Thai), This wood conlsins
patches of oleorcsin deposits. 1L has been
eoterad into trade of Thailand since G00-706

veurs ugo [Anuwalvanarak, 1942 under the

name Agar or kritsana {incence or Tragran
woudl),  Uhiz has been prized since time im-
memarial in Egvpt, Arakia and throwghouot the
Basl tor use wy imcence, perfumes, drues,
stimulant, cordial towe, carminative and enters
into several compoond prepaatons Catal and
Kapur, 1982,

Previously scientists helieved thar agai
was regarded us a pathological product formed
ws Lhe resull of a [uwogus diseass whoch bad
lreen idenritied the funegus myecliom present
i the cells of e disessed wod as belonging
1o the growp Fuogi Dmperfecti (Talalwddin,
19771 But recently Rahman and Basak (1980),
Fahmn and Khiza (19843, and Gibson (1977)
reported that there was no primary role of any
specilic fangus in the formation of agar as was
previously believed,

Ayear consists of irmegular patches of dark
wood highly charged with olearesing within
the triink of Beanch, The agar-bearing (rees
have 4 somewhat hke dizeased appearance,
and the olecresin is wsually found where the
branches looscn out from the stem. Apar is
found frequently in young trees about 20 vears
old, but the tres about 30-60 yvears have the
highest agar concentration {Gibson, 1977;
Rahman and Khisa, 1954).

Agar is found inthe market in che form
of chips and splinters and also with blocks.
Apar has a slightly bilter aromatic taste and
peculiar edor comparable to that of sandal-
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wood or of ambergris, 1L burns with a hrighe
frame or smowlders giving off a pleasanc odor
of valatile oil, True agar is hard, heavy, brown
wnid rich an resin, Black and heavy agar com-
mands the fighesl price in the market. A softer
wnd wellowish white variety iz of compara-
itvelv mferior qualite. [t s used of volatile
uil disrilfalion eottape indusics called agar
erter (Rao and Bhaca, 1959,

This smdy  aims e iovestigate and
examine the role and activilies of Tungi in the
formation of elegoresin within Krisana tree
{Acwelaria crassnal,  Lung, as woed yoiring
‘ungl. shseises and myveorrhizal associalion

were jlsa stodied.

METERIALS ANTY METHOIYS

Infection of Fungi in Arlificial ¥ ounding

Experiments 1o determing the role and
aclivities of tungi infected n the arificial
woundings and agar formation in Kritsana
tree Cdguifuria crassigl were conducted al
khao Yai National Park, Nakhon Ratchasima
Provinee, Central Thailand. Four sizes of
Kritsana trees) GBH 69, 100, 100 and 108 v
were selected. The individual tree was wounded
by a sharp-edged chizel Cor miaking scuare
holes of 2.5x2.5

were assigned for cach of five treatments in

cim, Three replications
a tree; open wounding {contraly, Santar 5M

surfaced  paint, Sancar Smo+- suclaced ol
saint, Sancar A surlaced paint, and Santar A
4 surtace odl paint. The experiment was lasied
for 2 months, Afler 2 monarhs, the upper and
lower parts of wounding holes were removed
our at a depth of 2.5 cm Far drawing of test-
block sumples. The test blocks then quickly

trinsfarred to keep in cleaned plastic bags for

8kl

isolating lungt wod examinmg Lhe agie fecma-
tion in the laboratory, All tesi-block samples
were first examined for sucface discoloration.
If contaminalion was suspected, il was amed
immediarely before incubaring. Small picces
of fest blocks were drawn aseptically with
4 replicates from wounded wood wnder ot
surTace including the zone of dark-brown and
white areas, then were mcubaled o sterile
hurmid chacnbers (plastic Boves) and persi-dishes
by blotter and PTA agar merhod (Meergaard,
19773 for 3-7 days under dacknear ulizaviole
light (MLIVY for 12512 hr cyeles ar room tem-
perature {307 £ 37 ). After Fungt sporulating
over the test samples, thear charactenstics on
genera and species were examined and iden-

tified in precentage occurrence,

nfection of Fongi in Mulorally  Formed

Agarwaod

Turing study period, survey of Krirsana
or agarwood 10 natural occurrence had been
atlempled, Agerwnod samples were collecred
and srudied. Funpi associated with agarsood
samples were investigared and identitied wsing
the methods described in 1. Matural agaiwood
were collected from various localions @ such as
Khao Yai Malional Mark ac Makhon Katcha-
wrre and Prachin Buri Provinces; Khao Sai Dao
Wildlife Sanctuary at Chanthabun Provinee:
and Trang Wildlite Sanctuary at Trang Pro
vinee, liumediately after collection, all samples
were expmined fer the presence of fung
colonized in agarweod, The methods of Neer-
gaard (1977} as derailed in [ owers emploved
for dircer incubation and isolation of asso-
ciated fungr.  [dentification of funwi was

reporied in percentage vccuTene.
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Survey was made ra investiale the necn-
rence of waod rotiting fungi decaved in agar-
wood of Agudesio spp. The higher Tengi in
the: sroup of Basidiomyeoling (Hymenomyeeres),
and Ascomyventing inlecled in standing trees,
decayed en tree runks, woeod, tombers. branches
and barks were collected, iden(ilied and re-

corded.

Seeidl-Boroe snd Scedling Diseases

Fruits and seeds of Aguiaria crosseo
were cillected from Khao ¥ai Maticoal Park
andd Khao Sei Dao Wildlife Sanctuary. Froits
were braken ool and then the mlernal seeds
were taken off. Two Buodred seeds were
placed] i the petridish with 10 seeds each and
then incubated vsing the blotier and PLA
iz methesds as deseribed hy Meergaand (1977).
The presence ol associated fungi was izalated
and identified after 5-7 clays incubation under
L2412 b XL lights dark cycles at 30° = 37 .

Mycorrhizal Association

Mycorrhiza colonized on tree roots of
Agquinrie spp. has plaved the vital role (o
the growth and nuirient uptake of the plant,
Koots and soils at 10-20 em depth along the
thizosphere of Apar tces were collected Tom
Khan ¥ai Marinal Park, The spils mixed with
tres rools were brought to extract in the labao-
atory by wel steving and decanting technigues
as deseribed by Gerdemann and  Nicolson
(19630,
seperated fram the soils, cleaned and Fxed

The lateral and shorl roots were

in 3w ghiearaldehyde. The fechniques for
clearing and staining roots snd wssessement
of mycarrhizal roots were nsing the rechnigues
ol Phillips und Havman (19700, Mycorrhizal

dvociilien on treg roots was visualized and

cxamined by slerec-and  compound microe-
scopes. Azyeospores and chlamydospores of
endomyecorrhizal {vesicular — arbuscolac) fungi

were isolated and identified.

RESULTS AND DISCUSSION

Infection of Fungi in Artificial Woonding on
hkritsana Tree

In Tablez 1, the accurrence of agarwowd
il funpal infeceion in Kritsana rree (Agui-
lgrig croesod were recorded to determine the
tale and activities of fungl by woundings in
4 sizas of selected Kiilsanma trees; DBH &9, 100,
100 and 108 em; freafed by 5 ireatmencs:
contrel (open-wounding), Santar Sh sur faced
padnt only, Santar S8+ surfaced oil painr,
Santar A surfaced paind wnly, ol Santar A 4
surfaced il paint. Results found that there
were Tungal mfections in the treatmenes of
contrnl [open wounding alone), Santar =M
surfaced paint only and Santar A surfaced
paint ealy; bul oo incidence of fungal infeccion
in the treatmencs of Sancar 38 + surfaced ol
paint and Santar A+ sorfaced oil paine, As
ilhesrrated in Tahle | ir was indicated (hat
whether fungal infection or nor, the agar
formation in Kritsana trees could be occurred.
These incidences could be further explainakble
that the role and activities of fungi had no
ellect 1o farm (he agarwoosd beciuse woundings
and injurics in Kritzsana trees could lead 1o
form apar or oleoresin deposits. This experi-
mental result was similar ro thar found o the
studies of Rahman and Basak (1980), Rahman
anmd Khisa (1984 and Cibson (1977). They
were repoaried that there was no primary role
of any specitic tungus in the formation of

agarwnnd as was previously believed,
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Table 1. Experiment to determine the role of fungal infection and woundings in the formation

of agarwood an Kritsana tree (4 guilaris ceassrg) treated by Tungicidal pacies, surfieed

il praints and conirol

Fungnl Infecen In Kedsenm dress Conbailin DR

of of

T'resimenes Tree no, 1 Tree wo, 2% Treeno. 5 Tree no. 4°

CCZEM WY eim) WGHH T @i 4GRH L0 cin) (DEH 108 ey T0Es infertinn agarwoml

Coeirel aprmsamnling

iane| + + + t t Tes

b

. Sontal 5M oswrfaced

jrsind vnly i i i i i Yo
k. Samtar &M+ sucfaced

ail paint Yieg
&, Fanlar A surfpowd

paint only ' + ' t ' ew

&, Rantar A4 suilaeat oil

prini - - - = - o

Mule 4+ Tungel infoction

ko langal infection

v pesiilrs ab 3 replicares

Table . Fungi sssociated with agaoweod e blocks Trom arcificial wound of ees at

=

1%,
IEN
14,
13,

Khao ¥ui Mational Park

Frequencies of associuled Fongi

Fungus spreics Maiter Muethod FINA Meiliod
(%) %y
Flusariue axysparsns Schlecht 10.0 11.4
Heeirpondiplencdion theobromae Pal. 8.3 8.3
Bacreria 6.7 5.0
Flisarinm 5. 11 -

. Mucsr Bdemials Webhmer B3 .
Rhicopus sp, 33 (K]
Aspergiifus riger Gr. 3.3 LG
Perdeiflisnn sp. 33 1B
Fusarium siovars Booth L& =
Frichoderma viride Pers. 1.4 1.6

. Choeramium spirale Lopfl 1.6 1.6
ladnsposiem 5. 1.6 1.6
Curvwlarie funsto [Wakk.) Boed (] 1.F
Fithonivees s (3
Cephalosporivm 50, 1.6 1.6

v kpnwa (0 be parasitic
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In Table 2,
corded were listed with preceniage oocurrence
by blotier and PTYA methods. Fileen species

al fungi and bacteria were idenfified and

the fungi and bacteria re-

severil of these were saprophviic, bul few were
possibly parasitic {e.p. Fusariunt 0x0sR0nme
and Bofryodiplodia theobrommoe). The tung:
found include 14 deutercmyectes (Funel lm-
perfectiy and 1 bagrerium. The species of Tungi
dentified were sunilar 1o that found in vlbe
studics {Gibson, 1977; Rahman and Basak,
1 Bk R,u.tulnan and Khisa, 1984 and Suhan-
senee ar all., 198d).

Infection of Fungi in Naturul Aparwood and
Kritsama Tree

As depicied in Tahle I,
detected were known 1o be saprophylic exeepe

mast fungi

anly that Fusarium oxpsporum was known
Lo be parasitic in highest Trequengies (L0
11.6%), Borrpadiplodie theobromne was found
o he the second largest froguency (8.3')
This species was [reguently known as Gacul
tative saprophyte which aftenly caused diseases
in tursery soils, seeds, seedlings and many
ather Lree species in forest plantatiens in the
tropics.  In natural sgarwond fungis Mucoer
hiemaliy, Rhizopes oo, Aspergiliny aiger,
Pericilliven sp, Fusarium spp., fechodermo
virige, Chaetaminm spirale, Cladosorium sp.,
Curvidario tunate, Pithomyees sp., and Cephg-
fosparivm sp, were predominantly found.
It was evident that agarwood decayved by
varions fungi would be lead to decrease in
weight and degrade (he gqualicy of agarwoond,

Tahle 3 showed 11 species of wood-
rotring fungi decaved on Kritsana lree (A gui-
lurie cressray,  Ganodermoa dppdanem, a

white rot, Found 1o cause butt and heart rots

1 163=171 (199

in standing trees and dead trunks, Garodermo
fucictune, white 1or, was also known o causc
rool and butt rors of standing Kritsana trees.
. oemdossuam, also o white rol, was detected
o decay on bull suad heart rars on dead scumps.
Pheflomus forveus and  Sterswm astrea, un-
koown rot type, were Tound to decay on dead
ranches. Porogramime celofeodar (on brahches)
and Blewroevheiia parcizens (on dead trunks)
cawsed white rot degradation.  Aduarasming
confTuens, M, foerides and Cmphafing 5o,
decaved on dead wood and bark of A, crassene,
Nulars hvpoxplon (Ascomyeoling © Sphserialest
also gavused white rol on bark, Most wond-
rofring fung listed in Table 3 demonstrated
white rol types which they were capable of
degrading hemicellulose, cellulose and lignin
in agarwocd, These Tungi have played very
important diseases on standing rrees and dead
agarwond; if Aquitorie species are caised in
industrial plantations, those rotring-fung
should be avoided.
Seed-Borne and Seedling Discases

Tahle 4 delineated 14 species of seed-
horne Fungi detected from 200 Kritsans seeds.
Most prominent fungl isolated were Aspergiilus
Srovan (AEY), Mucoe s (27%), Botrvodiplodic
theohromae (200}, A, miger (9%0), Rhlzapus
sp, (9%), Cwrvederfe fuooaie (3%), Clados-
porium ap. {(3%0), and Choeetomine sp. {2%0).
Yery small regquencies were decected by Tricho-
dermia vivide (1), Versiciffium sp. (1%],
Frisqrium ocysporsm (1%), Peronaphythor
Hehii (1% aned bacteria (L %), The mast impor-
tant parasitic fungi were Hodryodipledio theo-
Brosnge, Fusarium sp. Verveiltium sp., Frse-
rivm oxpsporum and Peroncphyikora Soh.
They cose sead and seediing diseases (7 que-
weries  specially  Peronopkyiiora okl was
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Table 3, Wood - rotting Fungi from patural wounds on Aguilerio crassne ol Khao Yal

sativnal Park and at Khao soi Dae Wildhife Sanciuary.

Fungus spreies

I, Epaodermea aplemenay (pers. ex Walle )
Part.
. e dweialer (11,0 Karsc,

L)

. Ghcoltoysun (Fr Karst,

. Phelfinus ferrens (Perscy Boet G,

L

. Sterewrn osirew (Fro Fr.

o

- Poragrgonne cafvicedor ASace.) Lowe

. Moresariuy confivens (Fr) Pers.

A, M_foetidlus {Sow.) Ir,

4 Chprherling sp.

0. Peprocphells porreens (Pors, ex Frod
Sing.

il Xplore Bypoxelen (L.b Grev.

{ASCOMyCnTn)

Lipnwn o cause severs damage as downy
mildew and damping-off discases on seedlings
in nursery wirhin a few weeks after germination

[rom sceds.
Mycorrhizal Association

Mycorchizal fungl associated with k-
qana tree {Aguilaria crrassng) 2rown in natural
habitat were siudied at Khao Yai Mational
Park. Azvgospores and chlamydospores of
vegieular-arbuscular myveorthizal (WYAM) or
endomyeorrhizal fungi were extracted from
10-200 em soil depth along the tree roots and
rhizosphere of natural Kritsana trees using wet
sieving and decanting technigques as described
by Gerdemann and Micolson (1963). The most
commanly ohserved WAM fungus was iden-
tified as Womus spo This VAM spocies waz
believed ro promoste the tree growth and sup-
porced the mutritional uptake and nutrent

Twvpe of Fol Injuries

Whitc o
While rol

Lutt & Teart 1ol on staosding free
Root & butl rol on living Lres

White rot  Butr & heart rot on deasd trec
Lnknown  DMecaved on branches

Unknown  Decaved on branches

White tor Decaved an kranches
Unkpown  Decayed on dead wood
LUaknown  Decaved on dead wodd

Uipdenown  Dwegred o frk

White ror Decaved an dead crunk

White ot Decayed on bark

recveling of Kritsana rrees in nature. 17 Knit-
sang rrees is raised oo a large scale plantations
in future, the VAM fungus Cilames s,

should be propagated amd develaped in the

seedbeds before transplanting into field sles.

CONCLUSLIONS

['he rode and activities of fungt affecting
in arriticial woundings and natwral associatien
with Kritsana or agarwood trees were studied.
The results could be concluded as the (ol
lowinigs

1. Ac exhibited in Table |, it was con
cluded that there was no specific role and
activities of fungl in the formation of agarweod
or olearesin deposits in Krirsana trees bt lead
ra degrading and diseolorating in the living
trees, Al fungl imperfecti such as Fusarim
oxysponm, Batryodiplodia theabromae, Tri-
choederma viride, Cladosponium sp,, Curailaria
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Tahle d. Seed — bhorne discases investigated trom the 200 seeds of Agueflorie crassng ar Khao

¥ai Mational Park.

Funpus species

Frequency by Blotter Meihod

{Toh
1. Aspergitius favws Gr, 44
20 Mucor s, ar
2. Botrvodiplodia cheabromae Par. 20
4, Aspergitius wiger Gr. 9
5, Rhizepus sp, 9
f. Curvalarig ierare (Wakk,) Boed. 5
7. Cladasporium sp. 3
& Chaeromium g, 2
o Pusarivem 5p. 1
T Frichodermie viride Pars. 1
Y1, Ferticillivm ap, 1
*12. Fusarivm oxysparien Kchlocht 1
=3 Poevoropfiethore Sefld Chen ex Bo el al 1
14 RBacreria 1

* Harasinie Tungl

== Mo, |} feund rocaase downy mildes and Gamping - ol discouse o soeclines ol AQuiiies crosses wirhin a few weeks

AITED pErTRiARRIAIL.
fupaty, Aspergillus spp., Penicillium sp. and
nther bacteria (Tahle 2) had heen recorded

a5 pioneer invaders.

2. Many wood-roting Dengi, as indicated
in Table 3, were nsually known as white rot
tvpes of decay and cawsed root o, butl and
heart rots, decaved bark, broken hranches
and zap rol through open woundings of Krit-
sana rrees. This proup of fungl noecmally
caused damape and weakened the growth of
Kritsana 1ress,

3. From the resufts of this experiment
it maght be concluded thar under nacural
condition spar or kritsana formation is ini-
ttated through the interaction cansed by woun-
dimgs or injuries {physical. mechanical. cheon-

cal and binlogical actions) followed by invazion

of pioneer fungi and hacteria which entered
prunacily through the openings created by
broken branch sfubs, insecis, birds or animals,

4. Ax provided in Table 4, there were
many seed-borne fungi and bacteria colonize
on Kritsana seeds,  These microprganisms
damuged to the quality and viability of the
segdds and could be transmmilted (o cause severe
damage of Kritsana seedlings in nurserics and
younger trees transplanted.

5. The VA mycorrhizal lomuy sp. was
identitied tfrom extracted soils along the Lres
rools of Krilsana trees,

fi. Further should

iy ehecidare the synthetic mechanism ol physio-

researeh vz made
biochemizal processes io the lormation of
rlecresin deposits of agarwood within K-

SAnA Tees.
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