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I nvention 5 Agarwood is a highl ense that is extrenely rare. It

has at | east ga 3000-year hi gt ommmwﬂ!’wumwl e East, China and ga an.

There are MG@/092er ences to agarwdsd’in the Iiterature BETIUSOR/E6WNd

France, and even in the A d Testanent of the Bible. Agarwood renmai ns today

the world' s nost expensive incense. The val ue of agarwood shi pped out of
Si ngapore al one each year has 10 been estinated to exceed $1.2 billion. E.

Hansen, Saudi Aranco Wrld 51: UiV AEED A6ARWOD S aromati c resinous
wood has many comon nanes including agarwood, gaharu, eagl ewood,

al oeswood, agila wood, aguru, agar, oud, ude, ud, ood, oode, jinkoh,
jinko, Ch'lIng Kuei Hsiang, Ch'gnksi fivesibang. Chi  Ku Hsiang, Huang
Shu Hsi ang, kal anbak, and grin . is used by Traditional
Chi nese, Uganai, AyAgasvedl is a highlly prizet) dricamsephat 35 @itmmely rekeedt s di leastal | y,

agarwood is ar dy f.ar, nervous. . iso ts such as.neurosis, obsessive
behavi or, and %ﬁ@t}y&?ﬁ lHﬁf’ryA_ﬁm%ﬂi @as{’ﬁf’ﬁl‘?!a?ggwhgﬁgﬁa{}:eal%d is used in
spiritual ritygfefenclrB¥girdobdirOHs littr RS BidizZsd FrincéSand evelinithé ORD | ncense,

to calmthe mnd and spirit. In Ayuravedic nedicine 20 it is used to treat
a wide range ofesimentof the Bibdes Aggrwoedrepying doday the world's mestgxasnsiven  Japan,
it is consider; TRV g.dr§,gg b 5 t | dead. In
Buddhi sm it é}g%\llle%s{ as alJr?g)jfg |ng‘?gg?pgggqfﬁﬁﬁ%g??gﬁenagoéﬁs%gbﬁeéE?&es, and it
is consi dér eetw edtimatericto ekceeth §1.2hilben.iEyHagsen) Sdudc drayee WerbgEt:2dB Wit h

The Aqui | ar | a PEEQUD: s wyBRir SRS E o THE RERT S Boh B ek hna 60
centineters i ragaivasde] gaharul bagldwead saludsivbed, fazitveded, tagarty, #as, ondagle] wd,scent ed.
Thymel aceacea@oRestey e FbGrCh Sukid BBREAJL En eiRer e 119 Febor t ed and
al | produce agqfisiafe, HidRg SRPHEANS RamnbRl, ahdeafdsaRMCi €s i1s not conpletely
clear and not all species are r ecog_n_l zed by taxonom sts. Species include
Aqui | ari a Ifal accendlhe resm is used by Tra itional Chinese, Unanai, Ayuravedic, and
Tibetan physicians. Used medicinally, agarwood is a remedy for nervous
disorders such as neurosis, obsessive behavior, and exhaustion. Agarwood is
highly psychoactive and is used in spiritual rituals. Many religious groups prize
it as a meditation incense, to calm the mind and spirit. In Ayuravedic medicine
20 itis used to treat a wide range of mental illness and to drive evil spirits away. In
Japan, it is considered by many to be sacred, and is used to anoint the dead. In
Buddhism, it serves as a major ingredient in many incense mixtures, and it is
considered to be one of the three integral incenses, together with sandalwood and
cloves.
25 The source of agarwood is the Aquilaria tree. The Aquilaria tree is an
evergreen that grows up to 40 meters high and 60 centimeters in diameter. It
bears white flowers that are sweetly scented. The genus Aquilaria is an
angiosperm taxonomically placed in the Thymelaceaceae family. Fifteen
species of Aquilaria have been reported and all produce agarwood. The
30 taxonomy of these species is not completely clear and not all species are
recognized by taxonomists. Species include Aquilaria malaccensis, A.
agallocha, A. baillonii, A. crassna, A. hirta, A. rostrata, A. beccariana, A.
cummingiana, A. filaria, A. khasiana, A. microcarpa, A. grandiflora, A. chinesis

or A. sinensis, A. borneensis, and A. bancana. Aquilaria bancana has been
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. agal l ocha, A baillonii, A crassna, A hirta, A rostrata, A beccariana,
A. cumm ngiana, A filaria, A Kkhasiana, A mcrocarpa, A grandiflora, A
chinesis or A sinensis, A borneensis, and A bancana. Aquil aria bancana
has been * MEY02M00\0 02/ 094002 PCT/ US02/ 16607 questi oned XETASPY1M0%peci es
of Aquilaria and has been placed in the Gonystylaceae famly of the
Gonystyl us genus, as CGonystylus bancanus. Gonystylus has al so been found
to produce an aromatic resin that is considered the sane as or very
simlar to agauessioded & e spasipwofiAquileriaand hes beepeplacgd Agthe fr om Nor t hern

India to Viet r}%gﬂ ' EQ'Q ilaria tree is
white, soft, erlgoglk?tggg?gﬁe ) ﬁgﬁger(]}-ép%é}?gﬁéégg%a enq%)ré{’é}h%c@ﬂ#l Under certain
pat hol ogi cal Gonystylushss alsdlissen faaditoprodudeemanenaticatsin ttae i oondideredsi n, and
eventual |y becones hard to veﬁ%é%hard. The best grade of agarwood is hard,

nearly bl ack AfSAIEAROr KR! ¥ water. I'n general, agarwood is

consi der edsi nf er i orAqaslarid trés8 ARATa%ive to0ANi £ from/Ndrthegh Indiditd Viéthath Bh& hi ng
anounts of resin. 'Ifhe_gﬁrocess of agar deposits is not fully understood. A
Dut ch paper f ladanesia3The heajthy wepd,pftherdruManatigsds white seibpved-gieingdst Bor eno”

Boschbouwkundi I d ' i L&tk n Hoogere
Aot enar en. o p ot £EREDkhe SRR QRR O PRAUBEATINALRE, 48" o)
reported the deatwomiteeomes safugatedwwishi résin, Bagd eventualidbatomesbarddo vayy di f f er ent
types of resin uced in rees. t of the.local .pgople at the tine

bel i eved t hat ha%é?ﬂﬁ%aﬁmm aﬁ’)?{ﬂ?‘ivbﬁ;‘%'idef’?%‘a’g’lﬁﬁgﬂé sREP R Hheeif ot b wi ¢ 1
the spiritioworwater. Thgentil,garwidod iscbnsilered inférive asitsippearolighterdctoneence of the

“holy' wood is .connected to supernatural 20 powers” and that agarwood was
referred to as"! B’&"?J'Fn&%m@&g%{mmrhe author also noted that "we cannot

exclude the possi bithk hioceds of api#ldepdsi9isGt AMGGHANsE A Dutohpapbr kbt cause
was unknown," that "perfect trees never have agarwood," and that agarwood

“i's formed ar 83 (Wb Seblitemsker; GHletigarpehaut van Blest emq”d?rﬂs.chbouwkenca&t hor al so
suggest 4 1tyaghiPhipl oL 62 VLIRS ARSIl e 25, 1
possi bl e t16 i Bbyctaveagaindaldr]ralsQusi-budi 265:85178%2) repogted the occurrdnceof i ficial ly
by putting f raggrr\}vogal En ﬁgr%trag\%)cfj diécrllltss%d tmggy ﬁ}fFegént types of resin produced in
trees. Most of the local people at the time believed that agarwood formed from
mysterious ways and was associated with the spirit world. The author stated that
“the mysterious occurrence of the ‘holy’ wood is connected to supernatural
20 powers” and that agarwood was referred to as “wood of the gods.” The author
also noted that “we cannot exclude the possibility of a pathological occurrence
of which the cause was unknown,” that “perfect trees never have agarwood,”
and that agarwood “is formed around wounded or rotting parts of the trunk.”
The author also suggested that salt put into holes in trees might promote resin.
25  The paper also stated that if the agarwood was infectious, maybe it would be
possible to induce agarwood formation by infecting the trunk artificially by
putting fresh cut agarwood into the stem.
Later authors also reported the longstanding belief was that agar deposits
were created as an immune response by the tree, the result of attack by a fungus.
30 I H. Burkill, 4 dictionary of the economic products of the Malay Peninsula. Vol.
I Crown Agents for the Colonies, London p. 197-205. In the 1940's and 1950's,
several researchers investigated the origins of agar deposits with varying and

sometimes conflicting results. Rahman and Basak, Bano Biggyan Patrika 9:87-
2



. Later authors also reported the | ongstanding belief was that agar deposits

were created as an i mmune response by the tree, the result of attack by a
fungus. 30 1. H Burkill, A dictionary of the econom c products of the
Mal ay Peni mem0220940821 . | Crown Agents for the Col onies, LoRgaASp2/166077- 205,
In the 1940's and 1950's, several researchers investigated the origins of
agar deposits with varying and sonetines conflicting results. Rahman and
Basak, Bano Bi@gwan Patri ka 9:87 2 WD 02/ 094002 PCT/ US02/ 16607 93 (1980).
O hers concl ud8d198M+ Othersgpsclyded that if wanuplikelydhat these was a pregificifungalingal

cause for the REAGUCHE BRAALIAMRIARE. G &nﬂaﬁa@%gg'ﬁ;gwma%%%a 6: 16- 26

(1977). It was sugges at t SIn deposits arirse as a direct
response of t(he77+ Ewasissggested tfat theeesin deposits mightratise ws & Hireat bsspensent

i nvasi on by we 5 pat.hoge d.. Rahman and.Basak .suggested that woundi ng
produced col oﬁ?ﬁrhﬁﬁ%éb%“ﬂs g’ﬁh%ér t8dvq}&'/|g$§1w ﬁg)se%xlegtdp%%ﬁ?%yd\g sits. Rahman
and Basak, sBapathig@gya#) Patrika 9:87-93 (1980). They postul ated that the
presence of an expqgsed, r ortance than

open wound seened tao, be of e i
t he presence of ce&a&mﬁn%’é?%swge&teﬁahﬁ?mmgmrﬂdw Q}ﬁﬂgpaﬁﬁ‘éy? however ,

concl uded t heighe RaREWitRYoriid 91Ed6kik dposifsU Ral@hin adiVBahk Winb Pigias nNeeded in
order to determ ne what factors were responsible in woundi 24? whi ch are

i nportant in dymkalsBb83 (1980). They postulatedithat theipsesende aflan expesed, qpewporti on of
the trees havin [ LEL | e greatly to
t he near-exti r%(ﬁllng%&é?edﬁoap g Pg o&%b&gﬁgﬂagﬁgﬁﬂeﬁ%ﬁe}é& %’@%‘&gﬁg%g%%é cal e

| oggi ng opeér atfiufg withivewdasd. rthegchowenst, amchatdtherpape byfseatiag tHae Aqui | ari a
trees are found. Thus,.the current sou&c? gf a arﬁ/og.d, t he

nat ur al | y- gr ovPikeT SIVaSa00R NEHRRFAPAR o204t fo determite WhAL SR WetSt i nct . To dat e

no one has suGgPsAdibik invwetiding/ 3R aedidiponast in Egarldepsgtion, Saudi  Aranco Wrl d
51:2-13 (Dec. 2 00?’{}1 Therefore, there_ is a grow ng need for a 20 neans to
£

cultivate Aquilari i@e@ﬁ@qﬁlathf)ﬂ’sawelép@p@aﬁm@éﬁ egs h@’r‘ﬂéﬁmﬁ source for
agarwood. Su mﬁ?ﬂ%ul?&n&f{é?trﬁé%n‘é@,}[\%i%‘a&ﬁ@& gﬁf fthe h&?{‘%ﬂﬁh&ignl%rfﬁéﬁhﬁ?s a net hod

of produci ng agarwoo ormng a Ificial wound into the xylemin
an Aqui | arlba ctan@oofiteass| Alsoilarge-scale logging operations have destroyed many

forested areas where the Aquilaria trees are found. Thus, the current source of
agarwood, the naturally-growing old-growth Aquilaria trees, is becoming
extinct. To date no one has successfully cultivated agarwood. E. Hansen, Saudi
Aramco World 51:2-13 (Dec. 2000). Therefore, there is a growing need for a
20  means to cultivate Aquilaria trees that produce agarwood as a renewable source

for agarwood.

Summary of the Invention
The present invention provides a method of producing agarwood by

25 forming an artificial wound into the xylem in an Aquilaria or Gonystylus tree,
and providing a means for aerating the wound. Additional wounds may be
formed either at the same time or after a discolored area has begun forming in
the tree. The wound may be formed by cutting, drilling, or chopping or by
inserting a nail. The wound is formed to reach the xylem. The wound may be

30 formed to a depth of at least about 1 to 10 cm into the xylem. In one
embodiment the wound is formed to a depth of about 4-6 cm. The wounds may

be made as a series of closely spaced wounds in the tree. For example, the series

3



~and providing a nmeans for aerating the wound. Additional wounds nmay be
formed either at the sane tinme or after a discolored area has begun form ng
in the tree. The wound nay be formed by cutting, drilling, or chopping or
by insertwozoosm2| . The wound is formed to reach the xyPEMUSTH6ound may
be 30 forned to a depth of at |east about 1 to 10 cminto the xylem In one
enbodi nent the wound is forned to a depth of about 4-6 cm The wounds may

be nade as a series of closely spaced wounds in the tree. For exanple, the
series 3 WO 02feon0dn swips asnit A0960 wosnds\man be positiened i a spigal ep 98- 100

wounds, MY DerddOThb bOBRS rhl Bk RRoRta 4tRin idlétva'draoyt St YR ds By be

positioned at ‘an interva cm apart. the present nmethod, the
aeration means nay lbtheqnesastra¢thad) thbcaeratien nicassoma)ebe amdegationaleviceind, such as

a nail, tube aqr pipe.ipserted into th und.. The .aeration i ce may
contai n aerat i Rﬁ‘glné% °ﬁ"‘]“{19»a%‘f§} Bsra’ﬁ%’ ﬁ@f,%%‘ﬁfgﬁﬂ%r%g\}@%w%“ ‘t5%xt eri or
surface. The afatibh QEViSEMbyg Coritdl afeticittiesQh itRphast it tnaylantaiogroywedn or ot her

organic material, or metal, such as iron. It may be ab'o%[ﬂ}’fb cmin
di anet er. Wheritsiexteapr aface. nEheasratiop davigrepy ke Wé%e ebalaste, bambop, WAk he

exterior of t&%ﬂkf@%gxﬁ%%&ﬁo@%ﬁ,s@cﬂﬁiﬁf by BEAHOE2 Etifr | Or of the

tree. 10 Alternativ he aeration nmeans of the present invention may be
a periodic (eligneternrdWhen inderted, the aerationglevice may ewiguthout fiom therexterioe by
scribing a patgh .of L um re tines over the
life span of t glletfefe%l.%ﬂ%&%iﬁg(?js?%crh%%g%gg%g@é}ﬁgﬂgﬂ?%gi on of canbium

adj oi ni ng 10he wound\itefiativelysthe adraticei thembs nhithe ptesentiimventioremappe gi ng a

resin-induci ng agent to 1 ell's surroundi n .wound. . This.

oot i nduct neRgEnte b, madhl swputting SRSt i REPhoy Rebinga rmy ki 1)
l'ive parenchy sk tambiumRshndiRe WouHICRE or deH @esivef the 1) spafof tHee
resin-induci ng agent may be a chem cal .agent. |f a_ chemcal agent is used,

it may kill cdteesItimayalsgbe by remaminga regigp ofcambpimpadieipingdhs wewdy| fite, Nad ,
ferric chloride, f | N ) e L.ose, 20
salicyclic acid, i ?‘é‘%giﬁ%ﬂfiz‘w@ﬁ Ve%gsytlh{éilﬁ ia@tlﬁhg?l?%gﬁp fi‘gﬁ{l%%éhﬁt% may be
1:1: 3 sodiSumcellssurfounding Biefvomnit e Abis resut-inducingagent stimanlgteswesin,

A et el R0 b ISR SO g
Deut eronyot a $ggion éStheRYlemt IhePesin-inducing agent may be a chemical agent. Ifa
chemical agent is used, it may kill cells locally. It can be, for example, sodium
bisulfite, NaCl, ferric chloride, ferrous chloride, chitin, formic acid, cellobiose,
20 salicyclic acid, iron powder, or yeast extract. In particular, it may be 1:1:3
sodium bisulfite, Difco yeast extract and iron powder. Alternatively, or
additionally, the resin-inducing agent may be an organism, such as an insect or
microbe, such as a fungus (e.g., Deuteromyota sp., Ascomycota sp.,
Basidiomycota sp.).
25 The tree that is used in the present invention is less than 100 years old,
about 2-80 years old, about 3-20 years old, or even only about 3-12 years old.
The tree used in the present invention is not growing naturally in an old growth
forest. An “old growth forest” is defined herein as a forest that is ecologically
mature and has been subjected to negligible unnatural disturbance such as
30 logging, roading and clearing. Also included in this definition are ecologically
mature forests where the effects of disturbance are now negligible. In such old
growth forests, the upper stratum or overstory is in the late mature to over-

mature growth phases. Species of trees that can be used in the present invention
4



Basi di onycota sp.). 25 The tree that is used in the present invention is

| ess than 100 years old, about 2-80 years old, about 3-20 years old, or
even only about 3-12 years old. The tree used in the present invention is
not grow nvoneoss@ly in an old growh forest. An "old gPEWUSIFSE&st" s
defined herein as a forest that is ecologically mature and has been

subj ected to negligible unnatural disturbance such as 30 | oggi ng, roading
and clearing. Al so included in this definition are ecologically mature
forests wher e indledeefor sxampletAqmilaria metascensisy 4 qgslloehegti baiberdi, A n such ol d

growth forests, URRE. ASHoshid ™ BectHna ! A, ;rﬁné‘ignat, ggﬁ{ﬁ%gfl.mﬁt ure to

AUE f!.' :
over- nmature gro phasés. Speci‘es of trees that can in the
present i nventkhastark, MOnRPodaspk) A2graadiflaB0 A. thipesis omt Isirdesis,fHr exanpl e,

Aqui | aria mal gccensi.s, A al | och A ,baillonii, A crassna, A hirta,
A rostrata, ?”ﬁé’é’ésaf‘?*ﬁﬂ-a?“g‘ﬂ‘?"“cﬁhﬁ%?é{ﬁ}f’"%"“f-i laria, A khasiana, A
m crocarpas A gr amie bregénd inventisi dlstesrosidey aghrwaoidpestiiiced by'the nistlicdeensi s, and

A. bancana, or Gonystyl us_bancanus. 5, The present inventiqgn al so provides
agarwood pr oddexaibedaliaye e prserat inyention iyher pERyides agarwopd 9B ¢ehvent i on

further provi %?av@ﬁaarm&dga}deamnaa PlERRI &%h@auapmnggiaﬁ&a1i n a

pl antation, i a greenhouse, or in agricultura | ands. "The present
i nventi on al sdands.ovi des a net hod of purifying agarwood 10 resin by

provi di ng agarwood.produced as,.descr.l rifyl he resin
from t he agarwood. T$F\Breﬁef'ngg‘é’ﬁﬁuqnn@%rﬁrlg‘glge%r%ﬁg? 8Pr5§?1§§§¥aga?(\5/\ood resin
purified aocorekimpy providiigagamidodprodliibed dsaiesaribeé above, asl pusifyingitheei n i n

conformance with ferm nolo used by those . hayi skill in the art, nanely,
2 5ol d to sarHh EEmILCRERHSaTo IR BT el PR AR LBt R b bt o ne
as a 15 exudabfrifiéd &orlhgaty tigfifethb O ThetedhitFosinT ¥ Ssell @ErdINi@SI N | ncl udes
agarwood oil (or_ other formof concentrated agarwo_od&l, which_ is an oil

\

extract cont aicﬂmfﬁgﬁmééﬁiﬁéﬂgﬁwwlﬁﬁ‘é& _.thOAglaalebm %’tne{‘_affﬁlyek liquid
with di ssol vedo e BRtEmisSHPBIRGS hilble!fahiiol BybikeMBladdad af T Om

distillation of agarwoo concentration of the aromatic
subst anced5 Tlesudateewastin extvaehfrpmipldnts: tTias teym oasindineludés agarvedotldoed agar wood

products made oMe? ongnho ch %5%8&1 agra?v%t!xpci),pv{d(l)lglllJ %ea(xj] oti)lyexgrgcﬁ containing
resinous substances. Agarwood oil is a thick liquid with dissolved resinous
substances in it that can be obtained from distillation of agarwood, and the
concentration of the aromatic substances. The present invention further provides
20  concentrated agarwood products made from the agarwood resin produced by the
methods described above.

It should be noted that the indefinite articles “a” and “an” and the definite
article “the” are used in the present application, as is common in patent
applications, to mean one or more unless the context clearly dictates otherwise.

25
Brief Description of the Figures

Figure 1. Schematic drawing of wounded Aquilaria tree at time of
harvest with nothing done to promote agarwood showing internal callus
formation produced by bundles of included phloem cells, and wound closure

30 from inside the drill wound. Surface cells also produce callus tissue and wound
closure occurs from the outer edge of the drill wound. Little discoloration forms
and insignificant amounts (if any) of agarwood may form in a very thin band

between the discolored wood and the sound, unaltered xylem.
5



met hods descri bed above. It should be noted that the indefinite articles
"a" and "an" and the definite article "the" are used in the present
application, as is conmon in patent applications, to nean one or nore

unl ess t hewooozioamn2cl early dictates otherw se. 25 Brief DEBEEUSHIOH of the
Figures Figure 1. Schematic drawi ng of wounded Aquilaria tree at tinme of
harvest wi th not hing done to pronote agarwood showi ng internal callus
formati on produced by bundl es of included ph] oemcells, and u%g cl osure
30 frominside the Kigune2Aysighematis drawing of Aqpilary tegs ¢ &@ae‘@uei% tissue
and vound ! Gl GiRGéhiich HdIQThdeREd Obfpiife 2 0BraWind Strdlt el wiRund. Little
di scoloration torns and insigniticant anmounts (1T any) of agarwood nay
formin a ver ywdunided amlicid nndtiple aeratidretubiéssnssrted into thedtesand t he sound,

unal tered xylem 5 0 002. PCT/ USO2/ 16607 Fj 2A . Sc ti draw ng
of Aquilaria tree t@ﬁgf"e%g&ﬂﬂ% e‘g‘-{‘g‘r‘}ﬁs 4m8§w&"?41eg§£qﬁlélf‘?%ﬁ§%§ﬁleﬂ§e ‘thflserted.
Fi gure 2B. 5Dr ajtvest with plastRtubdinbertsd o theQizitidrte. dfde Wadiredtdd with e aer at i on

tubes inserted into the trees. Figure 3. Schenmati¢ draw ng show ng wounded
Aquilaria tr eéoﬁ‘t‘m’cblﬂ%ﬁ@fA‘%“HQF%%@”WH“%W&W“B&%@ XN quécﬁ’ei nto the

drill hole. TrReEwWER dsadtwewiidd) Asadh sragahvedddiredie fords th 5 Bidkaad regi on
around t he wounded area extends above, bel ow and around the wound. An area

of agarwood r dstweendshadisqolored wpedanddhespungamaliered xylemq T8isAreadd wood and

t he sound, unglt | r‘O@Hﬂn roducti on gets | arger
and nore densga %%?’gtp?yréggmfbg% la{ﬁr%feﬁgi.lﬁ%gﬁg%gtoi o rgwi ng show ng the
ef fect s ofionew wourRiguresld Schahatictdrawipg showdhg the effectg ofimdw woumts. maidleese new

wounds al l ow t he agarwopd t.o. b faornmed in the new xyl.em prodyced after the
or 101 mal woundBou I EReT oRgina] wenndbese v il AU e Reairy e

Aqui l ari a has gk ifl U ek AR praiilcedufRr iNB @riginaesuride atetlatze agar wood in
young trees nust understand its anatomy. Unli ke nost trees in the

Angi ospenae that produce phloemcells external to the xylem (grow ng out

from the' circunference of pehifiedPENiriflon otdhe Invehflo’r 0duces bundl es of

phl oem cel | s _ _ _
15 Aquilaria has a unique anatomy, and one who wishes to induce agarwood

aQ

in young trees must understand its anatomy. Unlike most trees in the
Angiospemae that produce phloem cells external to the xylem (growing out from
the circumference of the cambium), Aquilaria produces bundles of phloefn cells
throughout the xylem as well as in a layer extemnal to the xylem. This means that

20 the xylem (consisting of vessels, fibers and parenchyma cells) also contains
groups of phloem cells called included phloem or interxlyary phloem of the
diffuse (foraminate) type. When trees are wounded they respond by forming
new wood cells by the cambium. These cells differentiate and close the wound
with newly produced cells (Blanchette R.A. 1992. Anatomical responses of

25  xylem to injury and invasion by fungi. In: Defense Mechanisms of Woody Plants
Against Fungi. Edited by R.A. Blanchette and A.R. Biggs. Springer-Verlag
Berlin. Pp. 76-95). Once the wound is closed, aeration to the affected wood
stops and internal processes needing air cease. Most trees close wounds by
producing new cells at the edge of the wounded cambium. Aquilaria trees close

30 wound from inside the xylem as well as externally.

The present experiments have shown that the cambium of Aquilaria trees

reacts to wounding by producing new cells all around the wound and even on the

surface of the wound. See Figure 1. Phloem cells apparently produce new
6



t hroughout the xylemas well as in a |ayer external to the xylem This
means that 20 the xylem (consisting of vessels, fibers and parenchyma
cells) also contains groups of phloemcells called included phl oem or

i nt er x| yar wopisez of the diffuse (foram nate) type. V\heRCT’ng%“éWe
wounded they respond by formng new wood cells by the canbium These cells
differentiate and close the wound wth newy produced cells (Blanchette

R A 1992. Anatom cal responses of 25 xylemto injury and invasi on by
fungi. In: Defcem@lmmp@#ﬁcwe“v@ﬁesﬁn&ts&weod 9:@"51' quuna&}?@we OEEH™® ed by

R A Blanchett Phicem Ban8Ies on ﬁérshﬂﬁ%ro‘f\tﬁréxﬁévk\gg Sﬂehf pProdide secoBdfy) - Once

Fpl&lgfj
the wound is cl’osed, aeration to the affected stops and internal

processes needambiahéellsdhet produsdrew cells éassegl andelage theaxoumd. Larassueaasg new

cells at the edge,of the n ' . ani 30 wound
from i nsi de t%"q%? é%@g‘%\%gﬁ)( glglg'p Oﬁﬁgflp E?P l}@%{mgﬁ ?%Est{égﬁggﬁdﬁgrﬁi&nent s have
shown t hat 5t henssterbdsyinseid the ehliersufaderof @ expesed kegletnopraducesihevy by produci ng
new cells all around the wound an? even on fhe surface ﬁf t he wound. See
Figure 1. Phl sambiagbeslls, whish indum difreptinie Profuging new weedssiohat 05/ uso2/ 16607
canbi al cel | s @by 0duce new differentiated wood cells. Wund closure
occurs rapidly. P‘F’ul oem bundl es on the surface of the exposed xylem produce
secondary canbi al Adthongh werndinghegbeen syggested |t gause agarwpod the typisdle t he

wound. Large f gQﬁ%Hd?i gkl Us at the
edge of the V\E#I;’le y?ﬁ%%?ﬁoﬂ?"%&%s @%ﬁg%g t(yha enti réf]%&r ace of the
exposed xy0emwnundsiare snadevnto therdylent by edring intpithectree; thetingludediphogment i at e,
produci ng new wood .cel |.s at_close. the h ' has been
suggested to PEFEY 551'\’196‘})&‘,3 “f%@g?cﬁs&eé%“\as%§%§¥ pﬁ&lﬁgﬁ%g%g@egge pr oduced
in trees prodyey WeoRHANYOREm thik naw chibitinawill grow withirdthe svotndaide i nto t he
xyl em by boring into the tree

the | ncl Lfded hi oegﬁgr esent throaghout t he
wounded site rxé’bﬁ‘@l-_smﬁéﬁamdﬁloéﬁﬁ}b"em HOMB{- o\ d R drees NE'U\/““HB f or ned
fromthis new L4 81l ahd BloRe\Bluldaiffont AE indRISHH B trebY hewell Auisngseal s and

closes the internal wound. Aquilaria trees wth internal wounds can seal
and cl ose IWountbswbunsied skréace n§thgextstiox swefaeasof thedeeendhe pegsend| ong 15 t he

wounded sur f aGg, ol LREHSH ikt wWound YIoh € SdpPIgarlod fofifiatiohe Present
The literature has suggested that fungi growing in the wounded Aquilaria

tree may cause agarwood formation. Different types of fungi have been
suggested including Phialophora parasitica, Torula sp., Aspergillus sp.,

20  Penicillium sp., Fusarium sp., Cladosporium sp., Epicoccum granulatum,
Cylimndrocladium, Sphaeropsis sp., Botryodiplodia theobromae, Trichoderma
sp., Phomapsis sp., and Cunninghamella echinulata. With all of these fungi
suggested as a possible cause and no clear definitive research to show that a
fungus is responsible for agarwood to form, researchers have indicated “that

25  agaru arises from a much more generalized cause than previously invisaged”
(Gibson, Bano Biggyan Patrika 6:16-26 (1977)). Punithalingam and Gibson,
Nova Hedwigia 29:251-255 (1978) report a new species of Phomopsis from
Aquilaria but indicate “no evidence was obtained to show that this fungus was
the cause of the formation of agaru.” In a paper by Rahman and Basak (Bano

30  Biggyan Patrika 9:87-93 (1980)) on “Agarwood production in agar tree by
artificial inoculation and wounding” after experiments to produce agarwood they
concluded, “More experimental work needs to be done before the generation of

agar deposit is fully understood. There is no doubt that we are still far from the
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experinments show that wound cl osure stops agarwood formation. The
literature has suggested that fungi growing in the wounded Aquilaria tree
may cause agarwood formation. Different types of fungi have been suggested
i ncl udi ng MO e¥Wpdra parasitica, Torula sp., AspergillusP§BUS0ZIH607
Penicilliumsp., Fusariumsp., Cadosporiumsp., Epicoccum granul atum

Cyli mdrocl adi um Sphaeropsis sp., Botryodiplodia theobromae, Trichoderma

sp., Phonopsis, sp., and ni ngh | la echinulata. Wth all, of these fungi
suggest ed as &%@gwmt@f&%ﬁeaugﬁﬁbw gawvaféfapﬁﬁ%“r upplY oL P8H {0 show t hat
a fungus is resRRRS! l?h@pi;ﬁf'bi‘ﬂ% WRPOayal (ThieFrlivioh BISRI SMh {:I%w i ndi cat ed
"that 25 agaru arises froma nuch nore S%};neral i zed cause than previously

i nvi saged" (GW“MR@" B ol Patp3pb(il $02)discysses the fornmation obuni t hal i ngam
and G bson, X&vw A Pfd% ?nﬁé&sc%é vﬁe]w%%%ffé Boc?fr&’ﬁ‘g%ﬁxpaﬁ | es of

Phonopsi s from I ndi C no evi ence was obtained to show
that this Sunggnswmgsrees wahagameocbfThebf@ombmdedlylsuggtuﬁnga@yat‘ht 18 importanpaper by

product | on i n AuRY RS Bt o Paet Plhin P Sedial SN i ng” et or

experinents tcresyoﬁﬁu&es@gﬂdmﬁxdnmhﬁm vatigtivn” tel@derniiddlicw agapwosdignt al  wor k
needs to be done before the generati on of g}ar dt§€03|t s fully
under st ood. THemeed Reseprefubinthe present jpyentors hag fhowry that tree3ge 1579t 7 \Wo 02/ 094002

PCT/ US02/ 16607% mg& &in t@g@mtw QIR forédt M ledwe assured
supply of agarlm%H é(g@ts yTh(§ R%mandy\%g aIr lgil nter nati onal

Associ at i df ofagewegd) mdaaggmc@tilm mrprcrduﬁﬁdsn tregsat 1l ferqm1 992) ) di scusses
the formation %/353.& ted wood
from nat urall )ﬁ%égrﬁﬁg%\r%& ?rgsgg V\?\n&?#agar %gﬁgﬁ%@yﬁggﬂﬁ‘g u eBtbgi]Is)ﬁ%gestl ng
that "it is irpiticsldadtor.t o study factors such as tree age, within- tree
seasonal variation jn onsiveness nd envi.r. arl i ation"

det er ni ne how agarﬁﬁ?&v‘?%dsg?&swas wepd F‘éﬂ"e@ﬁ“t‘%‘"ﬁ?"égi’x Elitf"f’(?e@i’(’i‘taors has
shown that tr aRngeifichoftGespohsEto Woafiding, Mhsattk e6ll/youiepbbidl é@asioat THE owi ng
naturally in a forest can produce 10 agarwood and ag arvvogg has been

produced ilf t resn coptains,resexiractives hat havg armatis tsrpedies prosenti A disessed et nam
showi ng vari atghgie, iNquiiiifa i€ Diiqho HRAMit produRes poent bikdigsabitiR teWylem.

This network of phloem and parenchyma cells produce and distribute the resin
around affected areas as a tree defense reaction. It was previously thought that
only old trees could produce resin.

20 The present inventors héve determined how agarwood forms in nature
and have used this information to produce agarwood in young cultivated
Aquilaria trees. The trees may be grown, for example, in a home or cooperative
garden, on a plantation, or in a greenhouse. The present technique for producing
agarwood has been used on young plantation-grown trees, about 3 to 8 years old.

25  The technique can be performed on trees that are older than this, although for
economic reasons, it is beneficial to use younger trees. The inventors have
found that two factors are needed in order to induce the production of agarwood
in Aquilaria trees: (1) an open wound in the tree, and (2) this open wound must
be aerated.

30 Trees are wounded with a drill to make a hole into the xylem. Many
types of wounds were tried and a hole that cuts across the xylem is needed. The
size of the hole is not important. Of prime importance is that the hole must not

be closed by callus tissue. Small drill wounds may close by new wood growth
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Agarwood is a resinous wood substance that is produced by the tree as a
nonspeci fi c host response to woundi ng, insects and/or mcrobial invasion.
The 15 resin contains tree extractives that have aromatic terpenes

present. AwOdi29848%ed above, Aquilaria is unique in that PETEPQGE¥Es phl oem
bundles wthin the xylem This network of phl oem and parenchyma cells
produce and distribute the resin around affected areas as a tree defense
reaction. It was previously thought that only old trees could produce

resin. 20 The oi&s6m yehf MERt Y éwing wepidaitees Temhsite thatgrrwaind dbey s i n
nature and have used?,thi s information to produce agarwood in okmg
cultivated Aglose.arregion pbeambiymesan beas appapd the dgillypinds d, sé?%ﬁ%%é,e in a home

or cooperative_ _garden, ] ' qqﬁgl}g resent
techni que for °B‘P§H‘Hb%'@gdepa§5§%‘@l%o g’gﬁg@e‘g&hﬂg&@ggyou gH%%sa%%ggsit%n-gr own
trees, about 3$edendrepentdly ifithe waindHppearetotheicipsingc snother petlfodisted on trees
that are older than this, alfhough fo onom ¢ reasqns,. iLt,.l enefi ci al
to use youﬁgermsﬁfté‘égl.rdyl'ﬂl@sqcné@ﬁ'?ogr g’oﬂéﬁre&ﬁ?r@%mtrﬁ%ff“@m%’?'g(&:ltt{éges&ar e needed
in order to i ngheq@itinBlRnRdyal alofg e soeroftectube)intdad drill weurdd ees: (1) an
open wound in the tree, and (2) this %peg, V\ou?w er*)e aerated. 30 Trees
are wounded wileaying igprofruding opfafdhefreco |S° g ;S#e s%ﬁﬁ'ﬁeglﬂ?’ﬁ% of
wounds wer e t g ety andyanhiolk freb Boln Gokis e Wotd. [TiRs&uldyiotheraritods The

size of the hole 1s " not 1nportant. O prinme inportance is that the hole
nust not be do prewentiwoundcloswecasbaised.Snal | drill wounds may cl ose by new

wood growtly 8 VO 031 094002 PETLLUSO2 M6RRDAMIA! iR KRS tidhrs s 07 OW g

tropical trees. To wound "does h 0se, a region o
canbi um can beahdt lihe Sietiohafteh thedvle ik madeinitl wad baes that thevmere dissuptioneHi um and
del ays cal lus formation and wound ?I osure. This ﬁroceas%eﬁo s.to be done

repeatedly if IIVE&eWiedEreatss dus wiempl giga dingte;agarword farme s

dis to 5

insert a stur el aghiwood TRy ARl tBE edpic/of theov@mdi(ndoallgwhidé , or net al
tube or pipe (Wwth holes made all along the sides of t,ne tUbgé:el nto the

drill wound lageatiomgeaues)p Ha drilbwenpddsm mldrﬁébﬁtwsﬁ&ste‘@ EPBEPESe2A and 2B.
As the treg 9nQW%eils @%ﬁh@ggﬁnga&}i&%@iﬁ&tﬁubédgﬁxefrém&ﬂn%v&@ rhih wound.

These and "any ot her 0 prevent wound cl osure can be used.
larger area. See Figure 3. Many different resin-inducing substances can be
used, such as NaCl, ferric chloride, ferrous chloride, chitin, formic acid, etc.
Also microbes can be inoculated into the tree to induce a more intense host
response. Species of fungi, taxonomically from the Deuteromycota,

20  Ascomycota and Basidiomycota groups that were isolated from agarwood
columns in old growth trees growing in Viet Nam were inoculated into the test
trees. The presence of some fungi may help keep the wound open and disrupt
live cells of the tree, therefore acting as an inducing agent. The sesquiterpenes
produced in agarwood from naturally occurring resin in old growth trees and in

25  young plantation-grown trees were chemically analyzed, and the resin was the
same.

In one embodiment of the invention, the method would include a series
of drill wounds made in a spiral up the tree (30 to 100+ per tree). Each wound is
separated by a short interval. Each wound receives a tube, such as a plastic tube,

30  with many holes in its walls. The tube is inserted into the drill wound and left to
extend out from the tree 2 to 15 cm. The tube would also contain an inducing
agent. Another method would be to drill holes that are spiraled up the tree and

the inducing agent is added directly into the wounds. Each wound would be
9



10-1n order to maxi m ze agarwood production, one can disturb the tree cells
that line the hole after the hole is nmade. It was seen that the nore

di sruption of live cells, the greater the internal area where agarwood
formed. |f wo bpiogoozs drilled, agarwood forns only around PCRAIS8ALE0Of t he
wound (and only while aeration occurs). If a drill wound is nade and
substances that kill sone of the 15 tree cells (resin-inducing agents) are

i ntroduced, the resin forns over a much |larger area. See Figure 3. Many

di f ferent resistbxacniayvayanatchief cambiym aseund thelple.s Tanwaundgy@uld ey v ¢

chl oride, fer rigiscebOdrifife andeb!sbrivihaltl/6r itk used fo keeptPhdl GheaPes can be
i nocul ated into tﬁe tree to I nduce a re 1 nterise host response. Species
of fungi, taxdireesimaay beygrownin ndtere Dein greanhyeses for ag@wasd prodoction. and

Basi di onycot a grpups,.that were isol at fr I WO .colums.in old

growth trees grg‘af’ goalo?vr\pg\ﬁxg{np%gHeﬁﬁg&lﬂﬁ%g&%@%guﬁqﬁgn}uhtgepgg?tmwrees_ The
presence ofs sonme fungi may hel p keep the wound open and disrupt live cells
of the tree, therefore acting as an_inducing agent. The sesquiterpenes

produced i n agarwood from naturallyWPHE%g resinin old growth trees and
in 25 young pl ant atg.QR- g er=10 . the resin
was the sane. In (;Prggg’e %%nétﬁ o? vﬁ%@’%ﬂ%ﬁ%éﬁ?hﬁﬁgbﬁ@ ﬂ%“d@\%g& d include
a series of dirpvincemsdhyfuendslandnVietnapl were uggd fohexperimenisdatot8o 100+ per

tree). Each wound is separated by a short interval. Each wound receives a
tube, such as a plastic tube, 30 with many holes in its walls. The tube is
inserted ii0to the drill wound and | eExample lext end out fromthe tree 2 to 15

cm The tube woul d,.al so cont ai n_i pducin agent . Anot he t hod woul d be
to drill holes _thatﬁ%ﬁ‘é"eéepWP‘&ngﬁg%B’“EWésP‘r e‘”%ﬁgs‘“ﬁ%@‘ei% Phgent is
added di rect | yaétirée. Thees\Mariestsd afer @ik menhwyre ehichndepl tifouPR {HR94002

PCTI US02/ 16607 scribed to cut away a patch of canbi um around the hole. The

wounds woul d Broundegsasea t Ere aseanf discaloratinn was measurednibe exnosed drilling used
to keep the hqgle. ' r in'T6¥n gﬁ% ol houses for
agarwood pr odgé:[ﬁ'tggl?lg%aenfﬁgw ngatﬂgﬁgd’r%p egh);?dgﬁ{rﬁé gﬁggaél?%&?ﬁednustrate but
not |imt 16he simlleond batwech thecanymided discolored wood and the live unaltered wood.

After 6 months, the mean area of discoloration of six ax wounds was 6.1 cm?

ranging from 1.6 to 9.1 cm® and no distinct area of resin formation was seen.
After 21 months, the mean area of six ax wounds was 0.3 cm’ ranging from 0.0
to 1.5cm? and no resin was apparent. The results from this study show that

20 wounding trees with an ax and making shallow surface wounds does not produce

agarwood.

Example 2
Trees were wounded with a 5/8 inch drill to a depth of approximated 5

25 cm. Six wounds were made in a spiral fashion on the trunk of the tree
approximately 20 cm apart. One of the six wounds served as a control and the
other 5 wounds were filled with agarwood (approximately 0.5 g per wound)
from a tree in the forest with naturally produced agarwood. This tree had been
cut by poachers but some parts of the tree remained and some fresh agarwood

30 was obtained from it. Small sections of the agarwood were cut and put into the
drill wounds. After 6 and 18 months trees were harvested and evaluated with the

following results.

10



Trees, approximately 4-5 years old, growing in plantations in An G ang
Province or Phu Quoc Island, Vietnamwere used for experinents 1 to 8. 10
Exanple 1 Trees were wounded by maki ng six ax wounds into the main trunk on
each tree. wib exm4d0ar vest ed after six nonths were cut and FETUS¥6Hugh t he
wounded area. The area of discoloration was neasured on the exposed

| ongi tudi nal plane. Resin formation (agarwood) occurred (if it occurred) in
a 15 small zone between the wounded, discol ored wod and the |ive unaltered
wood. After G\ﬁmﬁumths he mean area of discoloration of six ax wounds was

6.1 cn® rangilgg f;rI?e nq toigeaof(ﬂ%ol%ﬂﬂono distinct area of resin

formati on was ; mean area of six ax wounds was
0.3 cn?2 ranging fromO. Contral 1. 5cn2 and.ho resin was apparent. The results
fromthis study show that 20 und| ngvé?rﬁes wi th an ax and naki ng shal | ow
surface wound$ does not 2 agar woo Exanpl e 2 Trees were wounded
with a 5/8singh drill tag aawd@cpth of apmrpximted 5 25 cm Six wounds were
made in a spiral fashi on on the trunk of the tree approximately 20 cm
apart. One of 4 he six weg#Weo&erved asld control and the other 5 wounds
were filled wisth agarv\o%ar&gg@rom mat ey 0. 5 g per wound) froma tree in
the forest vmth nat ur al roduced agarwood. This tree had been cut by
poachers but $one partsaghfrwote tree relell ned and sone fresh agarwood 30 was
obtained fromit. Small sections of the agarwood were cut and put into the
drill wounds. After 6 and 18 nonths trees were harvested and evaluated with
the foll aoi ng\ﬁeeSSIhio&thle WO 02/ 094002 PCT/ US02/ 16607 5 After 6 nonths

\é‘g;z?&ggéfg % r&ftmgﬂtscok(r)ga%tfldggol%%ntroI 11.7 2agarwood27. 6

1 Control 18.4
2 agarwood 16.9
3 agarwood 18.8
15 4 agarwood 19.1
5 agarwood 15.1
6 agarwood . 17.6

The amount of discoloration was somewhat greater than when ax wounds
20  were used and a very small region of what appeared to be resin was found at the
interface between discolored wood and sound wood. However, trees rapidly
closed and the agarwood formation process did not progress as seen in the

relatively small areas of discoloration present after 18 months.

25 Example 3
Trees were wounded with a 5/8 inch drill to a depth of approximated 5
cm. Six wounds were made in a spiral fashion on the trunk of the tree
approximately 20 cm apart. One of the six wounds served as a control and the
other 5§ wounds were inoculated with pure cultures of fungi isolated from fresh
30 agarwood obtained from natural forests in Vietnam. Five different fungi,
representing different species of Ascomyota and Deuteromycota, were used.
The genus and species was not determined but culture morphology indicated

each fungus represented different genera. Only cultures proving to be successful
11



4agarwoodl15. 6 5agarwoodl2. 6 6agarwoodl6.0 After 18 nont hs WundTr eat nent
Area of discoloration 1Control 18.4 2agarwodl16.9 3agarwoodl18. 8
4agarwood19. 1 5agarwoodl15.1 6agarwoodl7.6 The anount of discol oration was
somewhat gWERR2@940Ran when ax wounds 20 were used and a WETAYSEHKPY7 regi on
of what appeared to be resin was found at the interface between discol ored
wood and sound wood. However, trees rapidly closed and the agarwood

formati on process, did not progress as.seen (n the relatively small areas
of di scol or at iferstisatingagamogd were Wt“i@?‘ﬁﬁé‘;twa‘ﬂﬁ @"S%‘Wlé’é‘? W#r e wounded
with a 5/8 in 4l | i wer e
made in a spi %gfﬂégét?ﬂgg“%ﬁdﬁ e '? f}i’gtﬁﬁ&g{aﬁiﬁhgﬁ%trﬁgg&i Xg‘g}"éﬁi%’%‘%&;‘;& go cm
apart. One of fohalded nutvients.d€ultaes/ weregroven fopAtwegks emitie patémalpexteact 5 wounds
were inocul ated, with e cul t.ur f . o t : agar wood
obt ai ned fr omsﬁgﬁtﬁiealﬁéigwgqug lélor?ﬁ%fegt“ﬁg%ﬂg E}f\&i&éﬁ% ffﬁféi'flfé{\l % ?\ug%nygg
representi 89 dhddubinEAftes 618 gl 21f mésthothy otes weere hideestat mdthofollowinyy e used.
The genus and speci es was not determ ned but cul ture norphol ogy indicated
each fungus réf#‘)‘gé@’ﬁfee‘&’tﬂi’ erent genera. Only cultures proving to be
successful 11 WO 02/ 094002 PCT/ US02/ 16607 for stinulating agarwood were to
be identified to species after field data was obtained. Fungi were grown
on sterile oatAfts@pmemhented with nmalt extract broth for added nutrients.
Cul tures were g for Zumeks ON tha QariRbibragskract substrate. Drill
wounds i nocul a‘re%‘rh‘ﬂ%%he fungus/oat 5

i noculum 18ftdr 6, 18 afdndl ntreated t he tr&ds were harvested and the

fol |l owi ng

2 Isolate F-4 20.2
3 Isolate F-5 17.7
4 Isolate F-9 14.6
5 Isolate F-24 15.6
15 6 Isolate F-32 11.7
After 18 months
Wound Treatment Area of discoloration
1 Control untreated 8.8
20 2 Isolate F-4 7.7
3 Isolate F-5 12.5
4 Isolate F-9 8.6
5 Isolate F-24 1.6
6 Isolate F-32 13.3
25
After 21months
Wound Treatment ‘Area of discoloration
1 Control untreated 10.2
2 Isolate F-4 8.6
30 3 Isolate F-5 11.4
4 Isolate F-9 10.8
5 Isolate F-24 9.9
6 Isolate F-32 11.7

12



results were obtained. After 6 nonths Area of discoloration Wund Tr eat ment

1Control untreated24.8 2l solate F-420.2 3lsolate F-517.7 4l solate F-914.6

5lsolate F-2415.6 6lsolate F-3211.7 20 25 30 After 18 nonths Area of

di scol or at Wno208¢082l Tr eat nent 1Control untreat ed8. 8 2I sol BCEUS241p667

3lsolate F-512.5 4lsolate F-98.6 5lsolate F-241.6 6lsolate F-3213.3 After

2l nront hs Area of discoloration Wund Treatnent 1Control untreatedlO. 2

|2:| Z(Z)I ate F-48.6 3lsolate F-511.4 4lsolate F-910.8 5lsolate F-249.9 6lsol ate
-3211.7 12

The results indicate that the common fungi associated with fresh
agarwood in Vietnam did not significantly stimulate agarwood to form. The area
of discoloration and intermediate area of very slight amounts of resin production

5  was similar between the non-inoculated drill wounds and wounds receiving pure
cultures of fungi. No significant increases in agarwood production occurred

over the three harvest dates.

Example 4
10 Trees were wounded with a 5/8 inch drill to a depth of approximated 5
cm. Six wounds were made in a spiral fashion on the trunk of each tree
approximately 20 cm apart. Two of the six wounds served as controls and the
other 4 wounds were inoculated with different types of nutrient growth media
(used to culture microorganisms in the laboratory) or soil.
15 Treatments included:
-- Control no treatment
-- Difco Malt Extract (ME) approximately 0.1 g added per wound
-- Difco mycological agar (MYCO) approximately 0.1g added per wound
-- Difco yeast extract (YE) approximately 0.1g added per wound
20 -- Soil approximately 0.25 grams of soil from the plantation where the

tree was growing was added per wound

After 12 months

Wound Treatment Area of discoloration
25 1 Control no treatment 16.7

2 ME 11.2

3 MYCO 12.3

4 YE 8.1

5 Soil 7.3
30 6 Control no treatment 6.4

13



WD .02/ 094002 PCT/ US02/ 16607 The results indicate that the common fungi
associated wth fresh
agarwood to form The area of discoloration and internedi ate area of very
sl i ght anmoWQe/094002esin production 5 was simlar between PREUVSHALSHNocul at ed
drill wounds and wounds receiving pure cultures of fungi. No significant

i ncreases in agarwood production occurred over the three harvest dates.
Exanple 4 10 Trees were wounded with a 5/8 inch drill to a depth of

appr oxi mat ed Hftes gl mgnthswounds were made in a spiral fashion on the trunk

VRRgoxi nat el mgd%gﬂp apar #yaTd/Ris%loHﬁ%nSi X wounds served as
€ tnoculated wth different types of

nutrient growlh nedia Costel modreatmentir e nmi dx®or gani sns i n the | aboratory)

of each tree
controls and

or soil. 15 Treatnents i

agarwood in Vietnamdid not significantly stinulate

| uded: -- ControlJzno treatnent Difco Malt

Extract (IVE) oyt'pproxi mat €'y 0.1 g added per Wiound -- Difco mycol ogi cal agar
(MYCO appsoxizmately 0. My@dded per wound 16:8 Difco yeast extract (YE)
approxi mately 0. 1g adde

soil fromthe

| antatio

S{Ea,re]r wound 20 -- \%gli I8 approxi mately 0.25 grans of
ere the tree 9. growi ng was added per wound 25

30 After 12 magnths Areaggfi di scol oration Wygrsd  Treat nent 1Control no

treat nent 16. 7

10

15

20

25

30

6

2VE1l1l. 2 3MYCOL2. 3 4YE8.1 5So0il 7.3 6Control no treatnent6.4 13

Control no treatment 12.6

These results indicate that no inducement of agarwood was found when

just nutrients used to grow fungi in culture were used. Soil placed into the drill
wound also did not stimulate agarwood formation. All wounds had evidence of

wound 6losure from surface cambium cells and the included phloem cells of the

xylem produced new cells to close the wounds from within the drill hole.

To test

Example 5

if different types of compounds could stimulate agarwood

production, 5/8 inch drill wounds were made approximately 5 cm into the main

trunk of young plantation trees and different materials used to treat the drill

wounds. Chemicals used were from Sigma Chemicals Inc. St. Louis, Missouri

or Mallinckrodt Inc. Paris, Kentucky. One drill wound per tree received no

treatment and others received one of the following treatments:

Chitosan — purified chitin approximately 0.2g of chitin was added per

Formic

wound

acid — approximately 0.1g of formic acid was added per wound

Sodium chloride — approximately 0.2 g added per wound

Cellobi

Lime -

ose — approximately 0.2 grams added per wound

approximately 0.1 g calcium carbonate added per wound

Trees were harvested after 12, 18 and 21 months.

14



WO .02/ 094002 PCT/ US02/ 16607 5 After 21 nonths Area of discolorati on Wund
Treat nent 1Control no treatment6.0 2ME7. 2 3MYCOLl6. 8 4YE10.8 5Soil 10.5
6Control no treatnent12.6 10 These results indicate that no i nducenment of
agar wood waMD G2009#092when just nutrients used to grow fungPCTSEINGEr e were
used. Soil placed into the drill wound also did not stinulate agarwood
formati on. Al wounds had evidence of wound closure from surface canbi um
cells and the jpcluded phloemcells of the xylem produced new cells to
close the wourtRErZammB hin the drill hole. 15 Example 5 To test if

different typegomid conpoungsamieat! d sti MibpéfiigeRimead production, 5/8 inch

drill wounds were nmade approximately 5 cminto the main trunk of young
plantation trdes and di fGoatreliio treatesntal s usdel to treat the drill 20 wounds.
Chem cal s used, were fro hﬁ Chemicals Ingg St. Louis, Mssouri or

Mal |'i nckrodt I'nc. Paris, Kentucky. One drill wound per tree received no

treat ment &nd 3ot hers refermiedcidne of the fd8>w ng treatnents: Chitosan -
purified chiti‘{laapproxi ﬁgﬁly 0.2g of chiti Jas added per wound 25 Formic
acid - approximately O. of formc acid § added per wound Sodi um
chloride - approximatel Lifle2 g added per wouxgl Cel | obi ose - approxi mately
0.2 grans added per wound Line - approxinmately 0.1 g cal cium carbonate
added per wourfd 30 Tree&elebigseharvested aftef 12, 18 and 21 nonths. 14

10  After 18 months

Wound Treatment Area of discoloration
1 Control no treatment 254
2 Chitosan 22.1
3 Formic acid 18.6
15 4 NaCl 44.7
5 Lime 18.7
6 Cellobiose 203
After 21 months
20 Wound Treatment Area of discoloration
1 Control no treatment 11.1
2 Chitosan 3.8
3 Formic acid 31.8
4 NaCl 36.4
25 5 Lime 9.7
6 Cellobiose 7.4

These results indicate that the reaction area within a tree and area of
discoloration can be increased with compounds that kill live parenchyma cells
30 around the wounded region of the xylem. Deposits of agarwood resin were
formed at the edges of the discolored regions. Substances like formic acid that
have a low pH and NaCl that has a high pH both can disrupt live cells and induce

greater amounts of agarwood than the control wounds. As the tree grows and
15



WO 02/ 094002 PCTI US02/ 16607 5 10 15 20 25 After 12 nponths Area of
di scol orati on Wund Treatnent 1Control no treatnmentl1l.2 2Chitosan9.0
3Form c aci d28.5 4NaCl 49. 3 5Li ne10. 0 6Cel | obi 0se9.9 After 18 npbnths Area of
di scol or at Who2#92 Tr eat ment 1Control no treatment 25. 4 2E@&TUS8UHYT 1
3Fornmic aci dl18.6 4NaC 44.7 5Li mel8.7 6Cel | obi 0se20. 3 After 21 nonths Area
of di scoloration Wound Treatnment 1Control no treatnentll.1 2Chitosan3. 8
3Form c aci d31.8 4NaCl 36.4 5Li ne9.7

wounds are closed the affected area decreases. Other substances like chitosan,

cellobiose and lime do not increase the area of discoloration within the tree at the
concentrations tested. However, if added at amounts that are detrimental to live
cells adjacent to the wounded area it did have an effect. Microscopic

5  observations indicate that the cells around wounds treated with NaCl or formic
acid react extensively and phloem cells are filled with resin. These cells do not
have the ability to produce cambial initial cells and wound closure is delayed.
Substances that affect the live parenchyma cells and phloem cells in the xylem
stimulate resin production and induce agarwood production. They also inhibit

10  wound closure from the outer cambium as well as new cells formed by the

included phloem.

Example 6
Analysis of the chemical composition of natural agarwood and
15  experimentally produced agarwood was done by identification of the
sesquiterpenes present. Samples were extracted in methylene dichloride at
37.5°C and nitrogen used to reduce the volume to no less than 0.1 ml. A
methylating agent was added before injecting into a Hewlett-Packard 5890 gas
chromatograph with a 15m x 0.25mm DB-1 column. The injector temperature
20 was 280°C. After four minutes the initial column temperature of 50°C was
raised at 10C/min to 340°C. The eluent was detected with a Hewlett-Packard
5972 mass selective detector with the interface at 280°C.
Samples of low, medium and high quality agarwood obtained
commercially from Singapore merchants had levels of sesquiterpenes that ranged
25  from 0.3 to 10% of the sample. Sesquiterpenes included, aromadendrene, B-
selinene, y-cadinene, a- and B-guaiene. The levels of sesquiterpenes from
samples of agarwood from the experimental trees were at 0% (control wounds)
to 1.5% (NaCl treated drill wound treatment after 12 months). Sesquiterpenes
included aromadendrene, B-selinene, y-cadinene, a- and B-guaiene and a-

30  humulene.
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6Cel | obi 0se7.4 These results indicate that the reaction area within a tree
and area of discoloration can be increased with conpounds that kill live
parenchyma cells 30 around the wounded regi on of the xylem Deposits of
agarwood r e ee/oa002 forned at the edges of the discol or e®CTAEPHHE7
Substances like formc acid that have a |ow pH and NaC that has a high pH
both can. disrupt live cells and induce greater anounts of agarwood than
the control wounds. As the tree grows and_ 15 WD 02/ 094002 PCT/ US02/ 16607
wounds are closed the affected area ¥38MPlsks. Ot her substances |ike

chi tosan,  cel | obi qRuARddI IRl eREHRISE thBeloRiRAs Bh ol 2t on

within the tree at e concentrations tqsted. wever, | ed at anmounts
that are det r ioservatheteffettiof svound bike araopultipletwaunds éreagaoveatbfdrmatem. i t di d

have an effec M cr Qscopi G . rvations indi cate that the.cells around
wounds treat egl.wvﬁ"fﬁhq\ﬁsdp%&x"?%%&%ﬁmmégfigm}e«geéggme%] eﬂ&?@’é’?‘?"iﬂ&%ﬁ? oemcells
are fill edsw tiltortksxylem b diRaree e Fowr rows 8hfive wicutds efe rldd dppyoxiratpiyoduce
canbial initiagl cells and wound c] osure is | ayed. . Substances. that affect
the live par e%c‘fWﬁ%?’Ee&F@‘Péﬁ Ml éYﬁr%'_é‘PﬁH%atSﬁ °[‘%€te£‘ﬂﬂls_e‘?ﬂ‘_§‘ FieRLA%i resin
producti on angriidree AA00K10RACred SRAHEbdrR Mras dilt@t Aosfd éadh ighdup oF@owWound
closure fromthe outer canbiumas well as new cells fornmed by the included

phl oem Exanplveouwsdanbressswerebarvested afies 4B somthso hpe avep pbdiseslonati@tur al  agar wood

and 15 experi s‘iﬁg‘?l‘ﬂiﬁ is Ll kon of the
sesquiter penesc g‘ggrggggwe anp lg‘go‘\%g?ge‘%%? ?%@?%‘g&{}ﬁsuﬁeﬁﬁ%gﬂ%éé %‘l‘égh oride at
37.5 C andoni tdﬂscgbmtionedﬂtaomegmogi kgsin/ﬁ)hucrbglong theefigess Themnmltipld . A
gas. chr omat odreABE VS 8 SRR porgab Bk pn O ol frofnd e bt ¢ 00
tenper at ure 2Gvotag cid8ife.wasidbiayed Siniglesmalt @il Woendshddeah a et WotldimReper at ur e

of 50C was raised at 10C/mn to ?40C. The eluent was detected with a
Hew et t - PackaPiPduseignifigant amopais of Jgaryeaddesip sings they veuldiclessrapidly, a4t 280C.

Sanpl es of | owyt grRedhs-dPrlfple wehindiahde! loseab YRS off MieAtdaRfisruptedaiRr ci al |y
from Si ngapore nerchants had | evels of sesquiterpenes that ranged
15  normal functioning of the xylem and stimulated agarwood production.

Example 8
Fourteen plantation grown trees on Phu Quoc Island were used to test
different treatments. Each tree received 8 wounds that were spiraled up the main
20  trunk of the tree separated by approximately 20 cm. A range of different types
of wounds and treatments as well as controls were made on each tree. Each
treatment was made at a different location on each tree to insure that location of
wound did not have an effect. Trees were harvested after 15 months and taken to
the laboratory for analyses.
25 Treatments included:

1. A surface wound approximately 5 x 5 cm was made by cutting
the bark and removing the bark tissue to expose the xylem. No

drill hole was made.

2. A 5/8 inch drill wound was made approximately 5 cm into the
30 xylem.
3. A 5/8 inch drill wound was made approximately 5 cm into the

xylem and a 5 x 5 cm section of the bark removed around the drill hole

17



25 fromO0.3 to 10% of the sanple. Sesquiterpenes included, aronmadendrene,

~i selinene, y-cadinene, a- and P-guaiene. The |evels of sesquiterpenes
from sanples of agarwood fromthe experinental trees were at 0% (control
wounds) t walo2i®aNaCl treated drill wound treatnent aftePCTUSHIROHS) .
Sesqui t erpenes included aronadendrene, t3-selinene, y-cadinene, a- and $
-guai ene and a 30 hunul ene. 16 WD 02/ 094002 PCT/ US02 /16607 Exanple 7

Mul tiple, small drill wounds were made at three |ocajjons on each tree to
observe the effect and a%%ﬁ‘a@&%3§ﬁ3“ﬂm4\ﬂ‘?‘}5‘rléSMH?H%‘}dﬁgt%ﬁ‘ﬁg%ﬁod f or mati on.
Twenty hol es appr oxg ely 5 mmin dianeter were drilled approximtely 5 cm
5 into the xylemof the tree. Four rows of five wounds were nmade

approxi mately 2 crh apaSame@s $lipat vith appraximately 03 gafad - hratio@f &auat er val s on
different sides of, the tree, A f S cutout around
each group of 20 \XB{?Hggg‘mﬁsﬁ%‘ggA\]ggﬁe s%%@é?@ﬁé?%@?@%@?hs. The area of
di scol oratison caused bgainBas #hwith approximatbyudds of ® a2estiedf NaCjember
resulting in a large area of, 10 discol oratigon.with, sone agarwood resin
formed al ong the ed&é‘i‘.‘&‘ﬁ@“ﬁﬁ?‘t"gﬁ?%’%ﬁMhﬂgggé’PV’é‘B to di srupt normal
functioning of cellgs ar @ymd at BEbWHIHEppARENatN 0B dHlads4 fRiowEDifde! ayed.
Single small drill wounds nmade in a tree would not produce significant
amounts of agar woodeastsxtrackandesterile, Aquilgsigisawdysbse rapidly, but groups of
mul tipl e wounds rmage cl @ﬁﬁkés#?gﬁ i a gfbxirﬂﬁel 08 FaSy: RLB G EfBurh> nor mal
functioning of the xylemand stinu atg agarwobod production. Exanple 8
Fourt een fdlant ati obisgoeand sterde Agnil®lasa®@dest. | sl and were used to test

different treatnents. Each tr recei ved 8 tchat . {.+al ed up the
main 20 trunk of %he tSé@eg‘EggP‘gtv@@? r“éfup%%iyi%%oef{aa%%{:t%owl?%nge 01P

di fferent types of nwpieAtirothinDifcs anltERiics: sksilobhilaia sewdist.ol s were nade on
each tree. Each treatnent was nmade at a different |ocation on each tree to
insure that |location of wound did not have an effect. Trees were harvested
after 15 nonths and\fepl§honths, § 6es ROV M ah®brodBRY tY #RSlabotRtory RAL NEN S

i ncl uded: , . . .
15  analyses. The area of discoloration and resin formation was determined by

splitting the tree through the wounded region and area affected measured using
an image analyzer. Area (cm?) was determined for all wounds in the

longitudinal plane. Each value is a mean of 8 wounds. -

20 WoundTreatment Area of discoloration/resin
1 Surface wound ‘ 14
2 Drill wound 46.3
3 Surface wound and drill wound 273
4 wounds/ ferrous chloride 1125
25 S wounds/ NaCl 48.1
6 wounds/ yeast extract 28.6
7 wounds/ sodium bisulfite 182.0
8 wounds/ nutrient media 343
30 This study showed the effectiveness of several treatments for the

production of appreciable amounts of agarwood in young Aquilaria trees.
Surface wounds do not produce agarwood. Deep penetrating wounds may

produce some agarwood as long as the wound site remains open. Compounds
18



1. A surface wound approximately 5 x 5 cmwas nade by cutting the bark and

renovi ng the bark tissue to expose the xylem No drill hole was made. 2. A
5/8 inch drill wound was nade approximately 5 cminto the 30 xylem 3. A
5/8 i nch dWa2/080hd was nade approximately 5 cminto t hePCRAVSEH6ENG a 5 x

5 cmsection of the bark renpved around the drill hole 17 WO 02/ 094002
PCT/ US02/ 16607 and approximately 0.3 g sterile Aquilaria sawdust added to

the drill wound. 4. Same as #3 but with roxj mately 0. 39 1:1 ratio
of ferrous cHabehallenggibe fyige crlls %ﬂﬂé«?@%\;&dﬁ@t@d@w ?eog_-wdri Il

wound. 5 S.  SgiBuRSidhfitdd erodRilorie Bl 3hy offerthefticats thatdligrajtithe of Nad and
sterile Aquilaria sawdust added to the drill wound. 6. Sane as, #3 but with

appr oxi mat el y nom®a) fusictigning of kiving treedells) inergaseoaaea efdiscplaratigngvithin j | e
Aqui | ari a sawgust . L& oximately 0.3g of a 1:1 ratio
\g%lsréeﬁlagd th%%o&ﬁg?iaiﬁ&g%éﬁ]foﬁﬂpﬁ.

of sodium 1 Ite an qgui larra sawdust. 8. Sane as #3 but
with approgximately 0.3g of a 1:2:4 ratio of Difco nutrient broth: D fco
malt extract: sterile Aquilaria sawdyst. @fter 15 nonths, 8 trees were
harvested and brought to the | abor atg?‘@)“? P 15 anal yses. The area of

di scol oration and wgghdtréeRghBWing bt tWaSites ithidhdgdddng ab@bh biricafuiahe tree
t hrough the wounded regi on and area affected meas_ur&d using an imge

anal yzer. Ar elanddkpn . Yisteamrandiui(m, fipmam), sersiven S ppends Bt diet udi nal
G acoi or at  on P E RS R B o e TR0 HRRA! ace wound
and drill 1QoutdnRdf éch tree in a spiral fashion separated by approximately 20 cm. All drill

wounds were scribed to remove a 5x5 cm area of bark around the wound.

Fungal treatments consisted of three different types of Basidiomycota obtained

from Aquilaria trees in Vietnam. These isolates were not identified to genus but

culture morphology indicated they were different genera. Cultures were grown

15  on sterile rice supplemented with malt extract. Cultures were grown for three

weeks before inoculation.

Treatments included:
1. Control wound receiving sterile rice
2. Fungal culture 97-14-5
20 3. Fungal culture 97-13-7
4, Fungal culture 97-11-25
5. Control wound receiving 5g sterile Aquilaria sawdust
6. Approximately 0.5g of a 1:4 ratio of sodium bisulfite and sterile
Aquilaria sawdust
25 7. Approximately 0.5g of a 1:2 ratio of salicylic acid in sterile
Aquilaria sawdust
8. Approximately 0.5g of a 1:4 ratio of ferrous chloride in sterile
Aquilaria sawdust
30 After 15 months two trees were harvested from each location and brought

to the laboratory for analyses. The mean area for each type of wound was

calculated.
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4 wounds/ ferrous chloride 112.5 25 5 wounds/ NaC 48.1 6 wounds/ yeast
extract 28.6 7 wounds/ sodiumbisulfite 182.0 8 wounds/ nutrient nedia
34.3 30 This study showed the effectiveness of several treatnents for the
product i onw 02z99e002ci abl e anounts of agarwood in young AqRCTAISIHI66}Tees.
Surface wounds do not produce agarwood. Deep penetrating wounds may
produce sone agarwood as |ong as the wound site remai ns open. Conpounds 18
WO 02/ 094002 PCT/ US02/ 16607 that challenge the living cells around the
drill wounds il@cetipnKenTem(e. g. NaCd, sodiumbisulfite, ferrous chloride,

and any ot her WE@@ Shmefthat di srﬁ& of Piscold@ttioRlcn?Unctioning of living tree
cells) increa scoloratton wthin the tree and the anount
of agarwood rdsin fornedonGolExanpl e 9 Youn@2th ees growing at two sites, in
hone gar dens glnd on agrigz_(tjl‘tgg.lral | and (Konl4T rn, Vietnam and Nui Cam
Vietnanm, recédived 8 wounas per tree. Drill “wounds 5/8 inch dianeter were
drilled approg mately 59giminto the main 108t unk of each tree in a spiral
fashi on separated by ap%oxi r;ately 20 cm All_drill wounds were scribed to
remove a 5x5 @m area of 2Bat®around t he woddd. Fungal treatnents consisted
of three different typegogpfroiBasi di omycota ahtiai ned from Aquilaria trees in
Vi etnam These isolates were not identified to genus but culture

nor phol ogy i ndi cat ed t h8pdiwaytisulfitef er ent gedeéra. Cultures were grown 15 on
sterile rice s;.lppl enent Sgliéylit:}iciﬁalt extractyggoul tures were grown for three
weeks before i'noculation. Treatnents included: 1. Control wound receiving
sterile rilfe &. Fungal Fembuswhtorde- 14-5 20 18.4 Fungal culture 97-13-7

Location Nui Cam
2

Wound Treatment Area of Discoloration cm
1. Control 15.5
15 2 97-14-5 18.2
3 97-13-7 312
4 97-11-25 209
5 Control 20.6
6 Sodium bisulfite 56.9
20 7 Salicylic acid 25.5
8 Ferrous chloride 233

This study indicated that the three different basidiomycetous fungi used
did not result in extremely large areas of discoloration and the area was not very
25  different from control wounds. It also indicated that the reduced concentration
of sodium bisulfite used in comparison to example 8 caused a reduced amount of
discoloration and agarwood resin. Although less area of discoloration was found,
agarwood resin did form at the discolored/sound wound interface. When this
wood was removed from around the wound and burned it produced a distinctive
30 agarwood aroma. Some compounds such as salicylic acid and ferrous chloride
did not produce large areas of discoloration and apparently must be applied in
sufficient concentration to affect the living cells in the xylem adjacent to the drill

wound. For example, in this experiment ferrous chloride was used ina 1:4
20



4. .Fungal culture 97-11-25 5. Control wound receiving 5g sterile Aquilaria
sawdust 6. Approximately 0.59 of a 1:4 ratio of sodiumbisulfite and
sterile Aquilaria sawdust 25 7. Approximtely 0.5g of a 1:2 ratio
salicylic waad40dterile Aquilaria sawdust 8. Approxi rra?EWJS@”Eﬁ@mof al:4
ratio of ferrous chloride in sterile Aquilaria sawdust 30 After 15 nonths
two trees were harvested from each | ocation and brought to the |aboratory

for anal yses. The nmean area for each ty aI cu ed. 19 WO
02/ 094002 Pdﬁwz’/lwuﬁam@ﬂﬁe@@%g i© H‘S\FQ@ ‘(lj‘?fh alll%nt Area of

Di scol oration @%@ﬁ Wad ifa P14atho WHIT grbdter 48 h 517.5
5Control 11.1 gSOdI um gfﬁn}?sﬁ% egz&zd78al | c?tlﬁ’l C agrl dleé. QOlgllgﬂ?frrgiéshoa

chl ori de18. 4 land agarwaod\prodwsion pthe avouadadeifm.Ar ea of Di scol oration cn®
1Control 15.5 297-14-518.2 397-13-731.2 ’

5 Example 10
Iron nails placed into the experimental trees showed a small but

significant amount of agarwood when harvested after 6, 15, or 18 months.
Reactions observed in the xylem indicate that iron stimulates resin production
and iron nails or other sources of iron affect agarwood formation.

10

Example 11
Young trees 5-6 years old growing at two locations, Nui Cam and Kon

Tum, Vietnam, were wounded by making 5/8 inch drill wounds into the xylem
to a depth of approximately 5.0 cm. Wounds were placed in a spiral up the tree

15  separated by approximately 10 cm. A 5x5 cm area of bark was removed from
around the wound and a plastic tube inserted into the wound. The plastic tube
had aeration holes drilled into the sides and shallow grooves made into its
surface to facilitate air movement along the tube when inserted into the tree (see
Figure 3). The tube extended out from the tree approximately 10 cm so the hole

20  will not close for many years. This tube will insure that the wound will stay
open and air will be available to the inner wounded xylem. In addition to
wounds receiving only the tubes, other wounds with tubes inserted had a
combination of 1:1:3 sodium bisulfite, Difco yeast extract and iron powder
added (the iron powder was a 99.6% Fe powder manufactured by J.T. Baker Inc.

25  Phillipsburg, NJ). Other compounds that cause a localized disruption of the
normal functioning of xylem and phloem cells can also be used to prevent
internal included phloem from producing secondary cells (that couid close the
wound from the inside of the drill wound) and to disrupt a greater area of cells in
the xylem. As long as the wound remains open to the air, agarwood will

30 progressively accumulate. The greater the disruption of live cells around the
wound (without killing the tree) the greater the agarwood production. The tree

must remain alive for agarwood to form, as dead trees do not form agarwood.
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497-11-2520.9 5Control 20. 6 6Sodi um bisul fite56.9 7Salicylic acid25.5
8Ferrous chloride23.3 This study indicated that the three different

basi di onycet ous fungi used did not result in extrenely |arge areas of

di scol or at Man02Mdboehe area was not very 25 different fromPEERSPBIONTouNnds.
It also indicated that the reduced concentration of sodiumbisulfite used
in conparison to exanple 8 caused a reduced anmount of discoloration and
agarwood resin. Although |less area of discoloration was found, agarwood
resin did for rAsthe treeguéivaesl weask additional hadesvere made toallow thegena ofi s wood was

renoved from r %@dwﬁxo\’)@}ﬁ‘i‘gth@ﬂgwli%%e@a%u} r _oducepl a distinctive 30

agar wood ar ong e ounds such ic acid and ferrous chloride
did not produce |arge areas of discoloration and apparently nust be applied
in sufficient concentration to affigt H@e #iving cells in the xylem.
adjacent to the drill wound. For e , I'n this experinent ferrous
chloride wgs used iTReed léca&dZQMo@&ldﬁ@MﬁtaﬂﬁﬂdW&ﬁM&mtm with

sawdust and noderate anmounts of discoloration were observed. In previous
experiments | twayaded using 3 384nch: drilltgeidspthiof ppripxmetsly Xemu Y Qunds Wersact i on

and agarwood R AGNGH L Gl PshiBE oNBIHEGoYE Bouda il X AEPILE ol 0N nai | s

pl aced into t exper rment trees showed a“snma significant anount
of agarwood wi¥ourdaweesplectdsd toSrcnbapatts Over time, thowohmmls weReestoundesl tobser ved

in the xylemindicate that |r st| |ron nail s
or other sour &E& wol’%ﬂs%ﬁc e %ﬁ%ﬁ%ggﬁ%ﬁun@%ﬁ?& ti% oung trees
5-6 yearsiold agywouﬁ@clahurévml thexeareaonﬁyletﬂam theyweredthéaked addir n, Vi et nam

wer e wounded by ma i i nch, drj wounds jnta the lem .,to a depth of
appr oxi mat el y T&W YRSYI Femopihs, F%f’c‘%‘ﬁe ?"ﬁ"‘%‘legb\"ﬂ’a% tﬁé}stWPémﬁ ee

depending on the size of the tree. These studies show that repeated mechanical
wounds that are made deep into the xylem kept the wounds open by preventing
external cambial wound closure and internal secondary cell growth by the

15 included phloem. Localized areas of agarwood accumulated immediately

adjacent to the wound as long as the wound remained open.

All publications, patents and patent documents are incorporated by
reference herein, as though individually incorporated by reference. The
20 invention has been described with reference to various specific and preferred
embodiments and techniques. However, it should be understood that many
variations and modifications may be made while remaining within the scope of

the invention.
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15 separated by approximately 10 cm A 5x5 cm area of bark was renoved from
around the wound and a plastic tube inserted into the wound. The plastic
tube had aeration holes drilled into the sides and shall ow grooves nade
into its WOo@aeezo facilitate air novenent along the tuBETHAEA6IHsert ed
into the tree (see Figure 3). The tube extended out fromthe tree
approximately 10 cmso the hole 20 will not close for many years. This tube
will insure that the wound wi |l stay open and air will be available to the
i nner wounded WHAINS GLABMEPISon to wounds receiving only the tubes, other
wounds with tubes i Egg,p(p' ' 1:1:3 sodium bisulfite,

D fco yeast e?t'ractﬁ(]gﬁgﬁ)??ggﬁgg&ner ad()zldec_l ?ﬁigél ron powder was a 99.6% Fe
powder manuf act ur eda)py Jormingerkastifigialowound iR ithe Xyherm in ap Aqwilariaof her

conpounds that cau i di sruption of the normal functioning of
xyl em and phl oem cgﬁngﬂ&g’%ajg{”éggbe used to prevent internal included

phl oem from produci(by sprovidiag y meess for {erdtag towouhdc| ose the wound from the
inside of the drill wound) and to disrupt a greater area of cells in the
xylem As |long as the wound renains open to the air, agarwod wll 30

progr essi vel y maccunthe atethodldfelaith @ afuether ddenpHlising wepiehtiny sidpslaiand/oe®] | s ar ound
the wound (without killing the tree) the greater the agarwood production.
The tree nust remain alive for agarwood to form as dead trees do not form
agarwood. 21 VO OZ/ﬂ%ﬂ%ﬁad%ﬂ;‘a' 92, AE6H 5tePS a APl B 58 r&fchied ARY avo0d,

addi tional holes were nmade to allow the zone of agarwood to nove into the
new xyl emI10Fi gur e 4lscoloredraptachas begnfpreing irbatresl in two | ocations, Nui Cam
and Kon Turn, Vietnam were wounded using a 5/8 inch drill to a depth of
approximately 5 cm Wunds were placed in a spiral fashion on the tree
fromthe grountd |i righewethodtof ctaiva 3¢ whemin the/vepeatis! weundingliaetie 3 to 5 cm
apart. Over tine, t£§ vvo;inds were rewounded to keep the wounds open. This
was done whenever tH#&° @ appeared to have 10 any wound closure. In

t hese areas of Vietnamthey were checked and rewounded every 2-3 nonths.
Trees were wounded with 30 to 70 wounds . dependi ng on the size of the tree.

These st udiSes Show Theaethosnfglaim 1nwherawithewoundds farmed Ry cuttipg dsiling. deep i nt o
the xyl em kept the yopnds QR8Y if¥nidpa\Rll | N9

6. The method of claim 1, wherein the wound is formed to reach the xylem.

20 7. The method of claim 1, wherein the wound is formed to a depth of at

least about 1 to 10 cm into the xylem.

8. The method of claim 1, wherein the wound is formed to a depth of about
4-6 cm.
25
9. The method of claim 1, wherein a series of closely spaced wounds are
made in the tree.
10.  The method of claim 9, wherein the series of wounds are positioned in a
30 spiral up the tree.

11.  The method of claim 9, wherein 30-100 wounds are made.
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ext.ernal canbi al wound closure and internal secondary cell growh by the 15
i ncl uded phl oem Localized areas of agarwood accunul ated i nmedi ately

adj acent to the wound as | ong as the wound renai ned open. Al publications,
pat ent s and@exede02docunment s are i ncorporated by referen®ETAO¥I07 as

t hough individually incorporated by reference. The 20 invention has been
described with reference to various specific and preferred enbodi nents and
techni ques. However, it should be understood that many variations and

modi fi cati ons lday Hdemetodgiiclaim PeWh'FTPFM’@C serienofvounds areqositioned atian

i nvention. 22 WO O%tgr%%p&?abgw _6607 WHAT IS CLAIMED 1S: 1. A met hod
of produci ng agarwood conprising formng an artificial wound into the
xylemin an Aquilaria or Gonystyl us tree, and 5 (b) providing a neans for

aerating the und, 2 further conp r.isi.n repeatlng
steps a and/ O"i@ gheﬂfg“ﬁe"?ﬁgﬂngfwg‘frﬂflratrl?'?aerw&né‘?aﬂs Si28ggm Qoﬁﬂ?‘ﬁ are

r epeat ed a‘ster a 18seHebimed e @@uad.ea has begun form ng in the tree. 4 The
nmet hod of claim 3, wherein the repeated wounding is in the discolored
area. 15 5. The nethod of claim1, wherein the wound is formed by cutting,
drilling, or 1Qh0pﬁ1h991e9{odt&f claltf €8 t\bﬁwclﬁ‘&ﬁade}atloﬁde\x&els'Iq{ahqué’(f)r claiml1,
wherein the wound is forned to reach the xylem 20 7. The method of clalm
1, wherein the woumipeiinsefted inteithe voandiept h of at | east about 1 to 10 cm
into the xylem 8. The nethod of claim11, wherein the wound is fornmed to a
depth of about 4-6 cm 25 9. The nethod of claim1l, wherein a series of

cl osel y spaced5wouMis nethod ofellin il 3, wheeesin theaeration ddlie: contprises fatonai m 9,
wherein the seri eshgfeswounds are positioned in a

16.  The method of claim 13, wherein the aeration device comprises an

exterior surface having grooves.

15
17. The method of claim 13, wherein the aeration device is plastic, bamboo,
wood or other organic material, or metal.
18. The method of claim 13, wherein the aeration device is about 2 ¢cm in
20 diameter.
19. The method of claim 13, wherein the aeration device is made of iron.
20. The method of claim 13, wherein the aeration device extends out from
25 the exterior of the tree.
21, The method of claim 20, wherein the aeration device extends out from 2
to 15 cm from the exterior of the tree.
30 22 The method of claim 1, wherein the aeration means is a periodic re-

wounding of the wound.
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30 spiral up the tree. 11. The nmethod of claim9, wherein 30-100 wounds are
made. 23 WO 02/ 094002 PCT/ US02/ 16607 12. The nethod of claim9, wherein the
series of wounds are positioned at an interval of about 5 cm apart. 13.
The met hodWss 02409400t 1, wherein the aeration means is an aé’FaﬁsbﬁIWVi ce 5
inserted into the wound. 14. The nethod of claim 13, wherein the aeration
device is a nail, tube or pipe inserted into the wound. 10 15. The net hod
of claim 13, wherein the aeration_devi e conpr.ises aeratio hol es. 16. The
met hod of cl ai2 13?@\11"@@&@!4@@&‘%?%%”@@9@3&‘8“Hk?ﬁ?)?‘?éé%o Y xteri or
surface having groQygs in%éfﬂa@woﬁﬁ‘&% met hod of claim 13, wherein the aeration
device is plastic, banbod, wood or other organic material, or netal. 18.
The net hod of claim 13, wherein the aeration device is about 2 cmin 20

di aneter. 19. ,The t ho f | M . i I vice is nade
of iron. 20. ‘F%‘e rrgﬁ?l'c’)’(?ﬂ'c?? oéﬁfaalﬁ}rlnllégerel er e]?%\&ts E%%gfgaﬁg??ﬂgﬁ%d&ﬁ” ce extends
out from 285 the exémprises safbingwepdtclesf cadbiumTareunkthh eaund on¢ aimer20, wherei n
the aeration device extendg Oét froer}&Z] to 15 cmfromthe exterior of the
tree. 30 22. The rimMSHAVSAICHESANOT YGRS n the aeration neans is a
periodic re- woundi ng of the wound. 24 WO 02/094002 PCT/US02/ 16607 23. The
met hod of claim 22, wherein the aeratign neans is a.nonthly re- woundi ng of
the wound. 2425The Themsthedef claim;l nthe methed fther coMBPRERHEEMOYINEAIEGP ng t he

wound 5 conprises geLIliRg adjoRfthEthe Woui@mdi UM around the wound one or nore

10
26.  The method of claim 1, the method further comprising applying a resin-
inducing agent to cells surrounding the wound.
27. The method of claim 26, wherein the agent stimulates resin production.
15
28.  The method of claim 26, wherein the agent kills live parenchyma cells
around the wounded region of the xylem.
29.  The method of claim 26, wherein the resin-inducing agent is a chemical
20 agent or an organism.
30.  The method of claim 26, wherein the organism is a microbe or insect.
31.  The method of claim 29, wherein the chemical agent kills cells locally.
25

32.  The method of claim 30, wherein the chemical agent is sodium bisulfite,
Na(l, ferric chloride, ferrous chloride, chitin, formic acid, cellobiose,

salicyclic acid, iron powder, or yeast extract.

30 33. The method of claim 29, wherein the chemical agent is 1:1:3 sodium

bisulfite, Difco yeast extract and iron powder.

34.  The method of claim 26, wherein the microbe is a fungus.
25



times over the life span of the tree. 25. The nethod of claim1, the method
further conprising renmoving a region of canbium adjoining the wound. 10
26. The nmethod of claim 1, the nmethod further conprising applying a resin-

i nduci ng ayame2a9¢o0zel | s surroundi ng the wound. 27. The ne®PhEFSB¥166¢7ai m 26,
wherein the agent stimulates resin production. 15 28. The nethod of claim
26, wherein the agent kills |live parenchyma cells around the wounded
region of the xylem 29. The nethod of claim 26, wherein the resin-inducing
agent is a chemical 20 agent or an organism 30. The method of claim 26,

wherein the organi pepof cl ai m 29,
wherein the chgm c:fl%zlralgegr?\otd%% aﬁts?gcellférélﬁocaflu?%’!s l%églgﬁwé ﬁét hod of claim
30, wherein the chestamlcomgpnBasidiospchrasp.bi sul fite, ferric chloride,
ferrous chloride, chitin, formc acid, cellobiose, sallcycllc acid, iron
powder, or yeast extract. 30 33. The nethod of claim29, wherein the

chem cal agent3gi s Ihé netioddifeliim B whéréintilee trdd if ess than 300 gears 6ldr and iron
powder. 34. The nethod of claim 26, wherein the mcrobe is a fungus. 25 WO
02/ 094002 PCT/ US02/ 16607 35. The nethod of claim 34, wherein the fungus is

Deuteronyota sg. ., 7heGRMCAYFRIaRR 36, \ﬂ?e?élﬂ't&rfyéé%?ooﬁm 86y6ﬁs olihe method of
claim1, wheréin the tree is | ess than 100 years ol d. . The net hod of

cl ai m 36, vvherel n the tree is about 2-80 years ol d. 38 The met hod of

cl ai m 36, wher i t he net hod of
cl ai m 36, v\/ner3 in bﬂlgﬁeﬁlﬁog oifglﬁﬁgﬁ’tw% %gﬂygge;egs% gt3£g yg%ﬁ -Erret hod of claim
36, whereilp the tree is tree not grow ng naturally in an old growh

forest. 39.  The method of claim 36, wherein the tree is about 3-12 years old.

40.  The method of claim 36, wherein the tree is tree not growing naturally in
an old growth forest.
15
41.  The method of claim 36, wherein the tree is of the species Aquilaria
malaccensis, A. agallocha, A. baillonii, A. crassna, A. hirta, A. rostrata,
/i. beccariana, A. cummingiana, A. filaria, A. khasiana, A. microcarpa,
A. grandiflora, A. chinesis or A. sinensis, A. borneensis, and A. bancana,

20 or Gonystylus bancanus.
42,  Agarwood produced by the method of claim 1.

43.  Agarwood from a tree grown in a home garden, in a plantation, in a

25 greenhouse, or in agricultural lands.

44. A method of purifying agarwood resin comprising
(a) providing the agarwood of claim 42 or 43, and
(b)  purifying the resin from the agarwood.
30
45. A composition comprising agarwood resin purified according to the
method of claim 44.
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1 15 41. The nethod of claim 36, wherein the tree is of the species
Aquilaria nmalaccensis, A agallocha, A baillonii, A crassna, A hirta,

A. rostrata, A. beccariana, A cunmngiana, A filaria, A khasiana, A

m cr ocar paWo ®/0%402Andi fl ora, A. chinesis or A sinensis, RCTHSPHEENS| s, and
A. bancana, 20 or Gonystylus bancanus. 42. Agarwood produced by the method
of claim1. 43. Agarwood froma tree grown in a hone garden, in a
plantation, in a 25 greenhouse, or in agrjcultural lands. 44. A nethod of
puri fyi ng agarfood A wethad ebpusHying aganeed (SN ORPRENEhe agar wood of cl ai m 42
or 43, and (b) puglfyi i h i conposition
conpri sing agar wooéé)r es?ﬁ)dgﬁﬁg?%ggazi%g?gimr%ot 0 t%tg&ﬂ%%cﬁﬂgﬁﬁg%ﬁcl aim44. 26
WD 02/ 094002 PCT/ Ugt)2/ 1¢adfyingahe rsimfrompthe@garpwedf yi ng agar wood resin
conprising (a) producing agarwood according to the nmethod of claim1l, and
(b) purifying the resin fromthe agarwood. 5 47. A conposition conprising
agarwood sesi4n. purA éongsbsiton eompriging agatwend rexih porifiaf accoding td the 27

method of claim 46.
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