WO 02/ 094002 PCT/ US02/ 16607 CULTI VATED AGARWOOD Background of the

I nvention 5 Agarwood is a highly prized incense that is extrenely rare. It
has at | ea®to2/0s08000-year history in the Mddle East, Chi maTarsd2/dapan.
There are also references to agarwood in the literature of India and
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 ngapor e al one each year has [ exceed $1.2 billion. E.
Hansen, Saudi Arancto World 51%8E2WWA%%§§V6 S aromatic resinous
wood has many comon namnes including agarwood, gaharu, eagl ewood,

al oeswood, agil a wood, aguru a ar, oud, ude, uq, ood, oode, jinkoh,
jinko, Ch'lng Kuei Hsiang, ng, Chi Ku Hsi ang, Huang
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agarwood is a309®®éatlﬁmrynﬂIthbd\dﬁddl@lEssvrCClﬁﬁ@aﬁUIalpaﬁSTmaléﬁb%l& ObSGSSI ve
behavi or, and exhaustion. Agarwood is y psychoactive and is used in
spiritual ri fifaqegce%ﬁgarwep @1@9%‘“‘@?%[&%”5@1?@8‘1 Francegng eqeminthe Odth i ncense,

to calmthe %ggmaﬂ%f%rw lﬁbe Aghrivgby A sctoa'@ﬂehgk%?m@mb&t eﬁéﬁ%d to treat

a w de range of nental ness and to drive Irits a I'n  Japan,
it is consi dereusebyheanlpetod agerwead slegpedamd of Smgamfetalmnamm}nyeat hss dead. In

ddhi i ot ingr.edi i dit
P Come | Ger BEFL SRR 48 obq e 2GR £ ey e ickees otk e i th
sandal wood a(@ec. 20004 ThisZRorhie: ZOMbEEWOSd REIRNB D rirfort ﬂaﬁnéquuh&ﬁ?a tree.

The Aquilaria tree i's an evergreen that grows up to 40 neters gh and 60
centi neters hgardpedngebary, ¢aglewsedy dlogswobd, dgilewerod, agmt, agas oswpele] yd,scent ed.

The genus Aq ar.i O; m..t.axono nth

Thynel aceacege £ gﬂ? Ijmioﬁlj’frﬁg’ggh%gg?l SIS, ﬁhﬁ?ﬁggﬁa&m% &B‘ported and
all produce m&[mgdHuIrlfgesmBHsmﬁg(QdmmbalafaxﬁfgeﬁﬂsaiﬁﬁcI es is not conpletely
clear and not all_species are recogni zed by taxonom sts. Species include

Aqui | ari B mal accehB¢ isinds useddpy Trgdivgnal Chipgse) Uranal, Aymravedigsanmh, A. hirta,
A rostrata, Tﬁetﬁ%%?ﬁﬁfaﬂ@ Aysel ‘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  1tis 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



cunm ngi ana, A. filaria, A khasiana, A mcrocarpa, A grandiflora, A
chinesis or A sinensis, A borneensis, and A bancana. Aquilaria bancana
has been W0 029092002 PCT/ US02/ 16607 questioned as a tru@CIso/es0Df

Aqui l aria and has been placed in the Gonystylaceae famly of the Gonystyl us
genus, as Conystyl us bancanus. Gonystylus has al so been found to produce
an aromatic resin that is considered the sane as or very simlar to

agarwood. 5 4epstibred & o theespedieeoNAiiileiatand Asd vechplavediid thaern India to
Vi et nam and _| ndonesi a.. The healthy wood of the Aquilaria tree is white,
soft, even- gianydyaceag famihpof he Koty s @ansy eshpiyseiis. banages. cert ai n

pat hol ogi cal Lt L DGR %l gr&‘g@ : L5k resin, and
eventual |y bggg%%m%g%zal%%&\%rfy tg}fjp. %gﬁ: es tlg?%s(&j“eﬁltgf gac\g&igrlg\ne@rgg is hard,
near |y bl acktharsdms ianksverleimipdrac eghrivood 0 water. | n general, agarwood is
considered inferiqr as.it appears lighter ip tone, wth_ dimnishing
anmount s o? resi n. ~HBIRY EREE & r&?ﬁlvaé‘h Slagf%%ﬂf”étg?@ Thdie to Yigtpemaudr st ood. A
Dut ch paper fjiefsisl 9B Ke&ltﬁj{wgﬁﬁ'%lfih%’ﬁﬁ@lﬁﬂa'frk@fs VIR0 SED W e 3RinMaSt  Bor eno”

Boschbouwkundig Tijdschrift Tectona U tgave der Vereeniging van Hoogere
Anbt enar en bijd i iscemtedBuberhiteshbnelit n UNdeterettaingmitiodegicdl ndndidénsg Bik- 892)

reported the occurrence of agarwood i.n Borne di scuss many different
types of resPWO(?SS’S%Odn?srﬁau’lrggcig}tﬁw&’ aBﬁ_eY‘?TguﬁB'gbemB%%rrgg%Yerﬁ’ he time

bel i eved t haharagahyeed gf e BB dgdrivabl isRasd, flehPyBlaviedifd SRk WA fasAGhat ed with
the spirit world. The author stated that "the mysterious occurrence of the

“holy' wbbd Watesolirgsacall agarwoeg éy erasidered inripoasdt eppearsdightestn togar wood was
referred to " ;Pﬁ 0 “ The author also noted that "we cannot
excl ude the ggggpﬁ%h?{f 0 agsp%t%ﬁ%?'ogi cal occurrence of which the cause

was unknown, " t haThe¢ pecéssof agar@eposite wariot falleurrigestovdo dA Dutdnsipéh@émagar wood
"is formed a nded or yotting parts of the trunk." The author also

suggest ed t h%:t(%%sn(g'lp}tl\g temake HastearqehoytragdVest Berener Hesehborwkpndie2s The
o 150 TR S U o O S 0,
by put tisng Bosbiveran indpdetiaald Qast-ndi A&:851-882) deported thebbarsned sO report ed
the |ongst anggia.lr']\goob ilnif?c;rngova z?ndt 1?&uss% %ang/ed?ggrie;[ltstypes 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



were created as an i mmune response by the tree, the result of attack by a
fungus. 30 |I. H Burkill, A dictionary of the econom c products of the
Mal ay Perwosuloat00d/ol . | Crown Agents for the Col onies, Lomdarugo2/1d697- 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 Biggyan Patrika 9:87 2 WD 02/ 094002 PCT/ US02/ 16607 93 (1980).
O hers concl 831€P80ha®thets cumsluded thaeit was halikdly draethseswas s peeiffci fangdlngal

for th dygt i f d. G. Bapo Bi n Patrjka 6:16-26
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by weak 5 pathogens. | man and Basak suggested that wou g produced
col or changesf tha sterrhtessuesoef the trée woneunds hetbrssbsequentépasionsy WRakman and
Basak, Ba{no Bitggé%an é(JDatri ka 9:87-93 (1980). They postul ated that the
presence of B 8 'sed, open wound seened to be of nore inportance than

the presence of CRahBhmaiPBSdaR Sugiesttd tHal Rbunding Prdtiuded@31Bchadf)n hovever,
concl uded their paper by stating that further investi gatl on was needed in

order to det&envsd Wiatomecalenresipedapositse Frbhmanisnd Bag ndiBiggyamhi ch ar e

i nportant in &S ol BN - I i 4 [ of e snal roportion of
the trees ha@?ﬁ%@ﬁgﬂwsg?f?}%ﬁ?%ﬂ%ﬁ% tid%@ﬁ% h% ?I%Fg,otfg R %é’%ﬁngr eatly to
t he near - ext wooid ssemef toa¢ of mbre iffposthmoedharpthe preseice oflceMainlspsie-ofcal e

| oggi ng gper ati ons have destroyed many forested areas where the Aquilaria

trees are’ fo .I.W*FWE@,W?‘H@- &J’F?”el}ﬂweé’.%rc%’épl ed tb&j&?%ﬁ%é?’ stafigg that
natural | y-grﬂlwheﬂm%ﬁggﬁm& AL ﬁqrdrﬁel'ttf)?igt%n’gln%l}g?a??z{&&%gg xtiaet. 10 date

no one has success cul ti1vated agarwoo nsen, Aranco World
51: 2- 13 ( DecrespgBd)e inhamding; hidhhsee anpetaat pragar depositied. f or a 20 neans to

cultivate Aquilaria trees t.hat .produce agarwood as a renewabl e source for
agar wood. Summar yjngef ldF‘ﬁtéﬁﬁaheléﬂfﬁ‘(‘?ﬁm\"‘ﬁé’r?fg’ég%‘h?fdtm\tfé?ﬁl?aé’wgpargﬁwsdes a met hod
of produci ngdig@aiivRddetiVuctisd, WIHERhdidd PReatlith tHeteat-e¥Heaen bPhaulahe xylemin
an Aquilaria or Gonystylus tree, )
1 stands of tress. "Also, large-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



and providing a neans for aerating the wound. Additional wounds may be
formed either at the sane tinme or after a discolored area has begun form ng
in the twea2/0%4ve2 wound nmay be formed by cutting, drilling@cTarSozippi ng or
by inserting a nail. The wound is formed to reach the xylem The wound 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 nmade as aofepimds, sichak abaitysOsitloesindnunasbd positivmed iree spifdupeanpl e, the
series 3 WD 02/094002 PCT/ US02/ 1660 of vvourfdg, such as about 30-100
wounds, may BESpbRS WPERSINBhdSPosHiqnsd ataf infreval pfaboutRemaniids may be

positioned at an pif@pHY&knthe®b®uhe éergtmrﬁrﬁearn%mdy%detiheaepgu%%%bicget hod, the

aeration neans nmay be an aeration de\(l ce 1inserted into the wound, such as
a nail, tubeinsertgsl ipto thaseunddsuchesa niig twworgipelineerted intertht wonndleVhece nay

contain aﬁrati on holes in ittand/0é ‘I?rh ma%lf. on(gai.n rooves on its exterior
sur f ace. hea%{éttl%ﬁ OB CE B yBE Qs Byit gpddar it g yﬁﬁWB’d‘og,mQ\Xf’de or ot her
organi ¢ nat efth akteriét surt@| ThSatedtioadelice haylde MR JTP1RAAE WantbosMbsd

di ameter. Wien inserted, the aeration device nay extend out fromthe

exterior of or efhenqrganic suattiiahor amptlt sugh ppirgs Brmdyrhembone2 extieri or of the
(ree, 10 A g S OSSR TR M LTRR gipnpon Y b

a periodic -woun wound. i by

scribing a p#athelreefsuckhababoik 2te U emtffen Welsxterionef the tfger e ti mes over the
life span of the ree.. It may al.so be by renoving a region of canbium
adj oi ni ntf t he woufiternpHecly the asratioRmgs afdhe RIesHt MYeRIEMAYBE §i ng a

resin-induci Re Qe tg.,trﬂomilﬁ,g@@.woﬁn@iﬂgBpﬁa@@é gat BRiR b Qirdin

resi n-i nduci hg agent™ st mulates resi production in-t ree 5% may kil l
| i ve par enchpateh ¢fdansbimmeumohdithe woontholedr maygitiones @ivet the lify spamof Thee

resi n-i nducin ent y he a chem cal. agent. |If a. .chem cal agent is used,
Cmay kil BE% ARy b EmodRe g eipp Pl ARSI BIE G VBV T te, Nad |
ferric chloride, T8spRYht SURId HEy al6didvbive ap PRl REInAndEghd SnpPRe. 20

salicyclic acid, iron powder, or yeast extracf. In particular, it may be
1: 1: 3 sbi ueallsissupingieg theiwapody dhistresrinducingzagent stiorulgseandein.

'g‘lr égrmng?r: Vgtgﬁgdgéiogﬁg ?llhe; tiéége? é}l(;) Ilrn)ﬁy k}lpﬁverp?a%énrclzhwg e . $Sodif ttl:ll% Wrr)%}‘/ldé) an
region of the xylem. The resin-inducing agent may be a chemical agent. If a
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



m crobe, such as a fungus (e.g., Deuteronyota sp., Asconycota sp.,

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

| ess t harwD@@oymazr s ol d, about 2-80 years ol d, about 3-2@cyamoxia@ht, or
even only about 3-12 years old. The tree used in the present invention is
not growing naturally in an old growh forest. An "old growh forest” is
defined herein as a forest that is ecologically mature and has been

subj ect ed t oincbgkj fgr bxample,nbpilnal ndiledcandig it egsliothapd. BOIIGHQYL ng, roadi ng
and clearing. Also ipcl uded in tglug definition are ecologjcally mature

forests wher @4HE 4t #iEe 4 19T dosf RaSEHEY G e CHBRISERS §i B89 41 such ol d

growt h f or eSkpuidnl€4 YUpRRScaspd, ot YR EA SHRRkis\ ¢ A. Rinkh§s | At e mature to
over- mature growth phases. SpeCies of trees that can be Used in the

present i nvebtrneenss, W0 H2apoa) 2r PORYUSEObAEEAIFs. | ncl ude, for exanple,
Aqui |l ari a mal accensis, A, .agallocha, A .baillonii . _frassna hirta, A
rostrat a,aS A beccgﬁ? Bisent K‘.V%Hﬁ?ﬂﬁclﬁcbprgﬁ’ges Agarmopgpfogﬁ.c%fby ﬁﬁé’éefﬂé(ﬁaﬁ A.
nicrocarpa, descgbeidbiokt.OTRe prdsent MvRAGHS fultheprovides Agriood\fronPPfr&eensi s, and
A. bancana, or Gonystylus bancanus. 5 The present invention also provides

agar wood pr oBl@¥@dn Byropigeardenhwdisplagfaien iiha gregblcuse, ortie agried@ral i nventi on
further provt'aggss agarwood froma tree grown in a hone garden, in a
pl antation, 1n a greenhouse, or in agricultural |ands. The present
invention al so prowe plesendinventiotkled pluidet ¥ integhaiga paeidrng 40arvesd n by
provi di ng agarwgod pr.oduced as descri bed abqve, and purifying the resin
fromt hel%aga‘ie%d’d'.m‘?ﬁémﬁraé%ﬂo‘jipﬁ?fﬁﬁf"?éﬁdqsﬁ‘f“??@boﬁﬁcﬁﬂdd’&%ﬂ@&mﬁood resin

purified aCCI%EiqiiﬂQnH%_a%Qliﬁoo'@tﬂQ%r smﬁﬁmﬁl "HLRtr P Iiﬁ SUREHyRALELR 1N
conformance wth term ol ogy used by those having s?q T the art, nanely,
a solid to potfiedsiecirdmigita thasrmethiodu Ihe tginbTresiit mmsebharesiibst ance obt ai ned

as a 15 exudate or as extract frogmplants.. Thjs termresin, includes
agar wood oi |Cﬁ?maBE%Eﬁﬂfwﬁ?gycwaé’ﬁﬂl%&F Vl&éél‘ﬁbﬁdﬁf mmaﬁﬁ?y’é an oi |
extract contgjiitdgofi-sEHisoRY EmEPASLARGER T ANRENRAGbRidcelobtathddik gk |1 qui d
w th dissolved resinous substances in it that can be obtained from

distill a5 one)@ﬂatg@aam@gtraghﬁomméants. This term resin includes agarwood oil (or

other form of concentrated agarwood), which is an oil extract 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



concentration of the aromatic substances. The present invention further
provi des 20 concentrated agarwood products nade fromthe agarwood resin
produced w¢ ioetoozret hods descri bed above. It shoul d be notred/usezicsbhe
indefinite articles "a" and "an" and the definite article "the" are used
in the present application, as is common in patent applications, to nean
one or nore unless the context clearly dictates otherwi se. 25 Brief

Descri ption of t hd&igirg@resSdhenatie dfawitGebeAquilatiadreavha gvasfworndediadl Aqui l ari a

tree at tine _qQf harvest w.th nothi do 0 pronote agarwood show ng
internal cal F‘ﬂ?wr}b?mqwliﬁlam d%rﬁ?xﬁdhé&&g ‘?ftﬁﬁqeﬁl WSH oem cel | s,
and wound cl Wﬁ@ecﬁﬁldf}fa@:jﬁlﬁlﬂﬁleggraﬁhﬁtlﬂfek tdse@tineh thowetace cells al so

produce callus tissue and wound closure occurs fromthe outer edge of the
drill wound. Litt FéiguresSedcbematiodgraporgabowangivourslied diquileamtreaanimé sf (i f any)

of agarwogd formin.a ry thin d, .petwe t he di scpl ored wood and
t he gound? uﬁ’g'?('fagr“élg} ééﬁit%’rﬁ\‘ig%%@@“‘@é?@gﬁﬁﬁﬁgﬁr @%‘EFZW?L%%WCP“YFBUF e 2A
Schemati c dr syding bidul AGUAlddcoRréd Reichhisdundake WouEaGaNdndbaridd h aeration

hol es inserted. Fingure 2B. Drawing of trees that were wounded and had
nul ti pl e aer Belpyrandgpumdithewoned) Anetsatofhaganveed res fpume irsa thdhleandt i c

drawi ng show i i j f hatvest with plastic
tube insert 2‘8&%&%&@%@&8@?% L’ﬂé‘? g‘.l& {Frggcélﬁ}v(\ilaghg%ée%t)%é% '?hls a§%aa‘fv¥um bisulfite.
A di scol or edagegbodpridactich gdielavgen adehoss desesi@niahee. above, bel ow and

around tge wound. _An are%ﬁof agarwood resin forns in_ a thick band between
the di sctf ored woBEWRE- PsBegisravmeshowmedhs gliests ofmavws waprds made agar wood

producti on dgbcu h JenicR Bl glHal GoflR!SFhedd flw Wollfids %%“thg%gﬁw%od§§ngmt! ¢
drawi ng show ng t he effectg of new wounds rrage about ear after original
wound. Thes efarmed wothedswalylewptddacabatentmbrigindd avouhds aredndde. t he new xyl em
produced after the original wounds are nmade. Detailed Description of the

I nvention 15 Aquilaria has a uni que anatony, and one who wi shes to induce

agar wood Detailed Description of the Invention

15 Aquilaria has a unique anatomy, and one who wishes to induce agarwood
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 external 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



in young trees nust understand its anatomy. Unlike nost trees in the
Angi ospenae that produce phloemcells external to the xylem (grow ng out
from thewoimomober ence of the canbium), Aquilaria producesTasoglies7 of
phl oemcells throughout the xylemas well as in a | ayer external to the
xylem This nmeans that 20 the xylem (consisting of vessels, fibers and
parenchyma cells) al so contains groups of phloemcells called included

phl oem or i nbaﬁkﬂay&ﬂlxs th parlicohiew differetitfatadseodd ellanwaing)cldsuizeoccien trees
are wounded t he }slg) ond by, forming _.new wood cells by the canbium These
cell's differ &M éi‘t Ehlore tngies op e WslaReIo! e ERPItEdKylepY Matesdceaidnsy

(Bl anchette Eaxﬁblall&?l% 1hafgg§d%% ﬁé\lz %St[-]%'a?%ﬁ? 9{%3@ K’é%lﬁﬁ‘ tL?ir 'UuWaé’et and

i nvasi on by fungi. ense Mec anisnms o0 ant s gal nst Fungi .
Edited by R mouﬁﬂlsaimlhmmtose hypdnk p%odt&i@csalluSpirtimgége-dfethé agundBsiiiken. Pp.

76-95). ce the wound is.closed, aeratjon to the affected wood stops and
i nt ernal rog}@ggtéges%@étgp(i@egppre &@‘ée orf\yhgf_:xmsg ol 8%85%8%% by produci ng

new cel |'s at c4hisiapdas, Which hﬁtu\“@&@fé%ﬁtﬁ@”ﬂbﬁﬁ&m@ﬁé&’v hafold@ellé Bafcisiose 30

wound frominside the xylemas well as externally. The present experinents
have shown t Hgtwaund. canbi um of Aquilaria trees reacts to wounding by
pr oduci ng new cel even on the, surface of the

wound. See Fi gur elAithO%hI o%l?’ﬂ%g%g ?ag%ﬁﬁlbﬁlfg@ﬁ%?@ OTABR AT QY E1S P13 094002

PCT/ US02/ 1668pes 6ewbindds tig lateSprbli@ied i Qéééﬁﬂod{l&‘é’ndla%flﬁ&)ﬂt i1p4rgdcpod cell's.
wound cl osure occurs rapidly. Phloem bundles on the surface of the exposed

xyl em pr BYuc¥ourdssig apage l%%Fﬁﬁ’l"éllle%bY pering o Wé@@d@e toludediphlpery seal and
close the V‘Dgﬁggléld%g ShoRthk 36dind SX\.’%)%{&kq%acgé) n{n)? 1%%3 Qfe\& %}Q{(ﬁ@uc' ng

callus at th %e Woun ees |ns entire
surface of tNewexq&mﬁbdnmyﬁmmtbnsmdwmmbnﬂmwmgfdwarithﬁﬂhésvoumﬂudch in turn
i cells that close. the wound. Although

\?\/:)Ll;lglr ﬁgt L:L eﬂ@’g‘r Oxg{"lfgl%_’in ta@g\év’co\é\gsg fideraglay ol Aduparia igescwith ntgrpals of wounds
that are progygqet daf s«t:aﬂ %ﬁ& clBE@Q'Hﬁlﬁls'}?blﬁ%rﬁﬁ‘QQQof thE tREL dd W@l A alord Wounds
are made into the xylemby boring into the tree, the 1 ncl udeda oem
present tihr othghrowmndehsirfaoe nflthe exterier steﬁwmofahdtrncayﬂm oEsEe new canbi al
cells. experiments show that wound closure 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 including Phialophora parasitica, Torula sp., Aspergillus sp.,

20 Penicillium sp., Fusarium sp., Cladosporium sp., Epicoccum granulatum,
Cylimndrocladium, Sphaeropsis sp., Botryodiplodia theobromae, Trichoderma
sp., Phomopsis 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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New wood fornmed fromthis new cambiumw || grow wthin the wounded xylem
This seals and closes the internal wound. Aquilaria trees wth internal
wounds cawoseab40and cl ose wounds fromthe inside of the treggsayiasel | as

al ong 15 the wounded surface of the exterior surfaces of the tree. The
present experinments show that wound cl osure stops agarwood formation. The
literature has suggested that fungi growing in the wounded Aquilaria tree
may cause agdevebepingndofitechwguesDvifitlewentd prgyids amfisshiredgupplanod apaen  suggest ed

i ncl udi ng Phi al opheor arasjti.ca, rul .. .Asperqgil | us , 20
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Cyl i mdr ocl adieidmisBaaesR BsS. S1 3 P63-1 Bot10y DY dRt@diatht isakitione, Trichoder ma
sp., Phonopsis sp., and Cunninghanella echinulata. Wth all of these fungi

suggest ed asagarpe’s pr proyidgs migineronts \irwnet afsriediweoddioragetiraly to show t hat
a fungussis O%Ré){s}gés%lﬁ% LOL-wBER R oh&uﬁé’ Bgﬁi;gg:ﬁ%&ﬁgﬁﬂflﬁgrﬁg&én’?d' cat ed

"that 25 agaru ar a nuch re gener previ ously
i nvi saged" {(dG@thdofactoBasueh Bs gey age, Rathin-ttee @addmaPar(ali8d ) ) . Puni t hal i ngam
and G bson, Nova, Hedwi gia 29:251-255 (1978) report a new specjes of

Phoropsi s f r ERFPOIEHIFRFSEr 1 BYIropmaniahyasiatipn’ @ etramine Rexsagveedhisd to show

that this fugtgg%dwﬁ%seawheomgg?es%t iﬁ%ﬁtJr?ﬁ;{Elehl;?/g éﬁg(t i[%g%%’is"nolt n a paper by

Rahman and B (Bano 30 "Bi ggyan Patrika 9:8 on " Agarwood
producti on | mpgtnt (Magedyoungrttees nati gadwingmatiraty iorn farsdt vvoprdduvg” aft er

experinmepnts to produce agar d t hey oncl uded, " Mor xperimental work
needs to'be Of f%ﬁég%@\gﬁi’ﬁ%f)%?’ipéﬁg%ﬁgﬂh*@%ﬁﬁ a&%%%‘%ff%f tfully

under st ood. C%él%&%h‘ie%l NRadeishh ViltAim WRowing vafidtidn ihake Edvrontdast is ot

02/ 094002 PCT/ US02/ 16607 devel opnent of "t echni ques which woul d provide an

assured suppfiticst fagtpir  products. " The paper by Rao and Dayal

(I'nternational As iati.Q f . Wood nat om. s ulletin NS, 13:163-172
(1992)) di scussesigﬁ#g%grlaﬁ??sbnr? ot 0895%38 eglﬁgls&r%éﬂcaggyﬁ?e’CtFe&aé&pi C Views
of affected wegedifionvaatsponde ty wouddiay ingcts@aphrmitiobagd aivasien. Thoey

concl ude by suggesting that "it is inportant to study factors such as tree
age, Wi thl n- esBeontainsdres exirastives thehhave aroraafirdsEiepessient. afg dispissebnnent al

variation” t 900‘41‘3:[ E&ﬁﬂa’?ﬁ ig'Qx‘fYqﬁ‘tgﬂlrtH@rqulioﬁuces phloem bundles within the xylem.

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 have 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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formed. Research by the present inventors has shown that tree age is not
i nportant (planted young trees not growing naturally in a forest can
produce IWoagasiwond) and agarwood has been produced in tr@es/mp2/idsnee

di fferent geographical |ocations in Vietnam showi ng variation in the
environment is not a critical factor. Agarwood is a resinous wood
substance that is produced by the tree as a nonspecific host response to
woundi ng, insegts and/or gi.crobial invasion.. The 5.resin contains tree
extract igves PRRI Pl E 2L o%]%tf%rgwiné%oé)hceaz& P konifsur aa?%ec‘ﬁ%‘glélad%gﬁg?/te,

Aqui l aria i sclesd,Quegibil of Bahbitin dah dduaesopil dedriluislings Thig Rivdvedexyl em
Thi s network of phloem and parenchyma cells produce and distribute the
resin ar ouneeabiacandflelyys sallusformationand arasad glosurge thhimprogess peedsbe evi ousl y

h h h i 1. [ t
have det er mi RBRRTSPaea e FOMEaRRIRAT B LOSHE, At PRARAERL T nvent ors

i nformati®n e agtudeplagiy, baabod, woodwn gtier bigautmesteriddger hatal abé bees. The
trees may be grown, for exanple, in a ho or cooperative garden, on a

pl antation, BiPe{(Hith haleégmﬁlsgﬁéfonsﬁﬁe ﬁﬁ@%gﬁﬁheﬁmmw drif WBRtuci ng
agarwood_has i UKL PLradt Sl 19BaraE SXnliRBEAs ARAYE o0 8 vears
old. 25 The %eg%ﬁ%ilﬂﬁggggﬁgge perftgr med ongl%reeé@?hat é/}se o?xﬁeﬁl?bt hsgn this,
al t hough f or theguloapmyvanty hasmwee $rom ¢losisg bervedindi Jhescandsmyothagethadsees. The
i nventors hayve found té]a#? t WO fgctors are needed in order to induce the
product i on 0%0955%1?\36“8@ FIOSUE AP B P3¢t rees: (1) an open wound in the tree,

and (2) this Op_enM‘&ﬁ@ﬁoffh@ﬁmi&%&w&ﬁ%dlﬁﬁoﬂ:r&@%a@ﬂﬁtd\f\@Wﬁe‘é caigh a drill
to make a hole into the xylem ny types of wounds were tried and a hole
t hat cuts acthesking the heleladier the holeold aerde TiHavassseomthet the meorh dissurition et

| mpor tant. qivé) rélﬂ13 ie%?e:%htr%cigtei altaﬂ%twlfe?s%é"ag\b'gocm’é%e@ Off a],lgﬁ& 1{%' gs\?\% by

cal lus tissue.” Snal wounds may clo new wood g

02/ 094002 PCIillkd)3¢ara60d formistonlyarotl theatdgd of thasioud (kdrgly waje cal trees.
To insure that the wound. does. not close, a region of canbium can be cut

around the dRSTRYORRAGAES)- Hisidiilh weires madg and shsfanaesdhet kakserpe okl us
formati ofls ande Ui ¢reSimAitlicing dg¥nts) BeAfESACBE S resh forms over a much

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



be done repeatedly if the wound appears to be closing. Another nethod is to
5 insert a sturdy plastic, banboo, wood or other organic material, or netal
tube or wope/nfwoth hol es made all along the sides of thepoahesp2iesdnd t he
drill wound leaving it protruding out of the tree. See Figures 2A and 2B.
As the tree grows, the tube prevents the tree fromclosing the wound.
These and any other nethods to prevent wound cl osure can be used. 10 In
order to nmaxicrited tagerasaydc patdchfchimbium anend dre bilst Thdwbhistweadd 6€l | s t hat

line the hole after the holc(ai i S rrag.e. Ié/wgs seen that the more disruption
of live cel MSPeGIELOYFT MmeAndngy sCHpime gt/ oL faUmgmasdtodesp Hsolpls epdted. | a

hole is drilf&QdmAURINONE if RITR ogrﬁg grieexme& foPge4864 9ifodgt;§on\éound (and

only while aeration occurs). If 'l wound 1S made" an ubst ances t hat
kill some of tHee foHowingeexemiples ate iptended todUustrage agert Hinitathe invetti@duced, t he
resin forgs over a much |larger area. See Figure 3. Many different

resi n-i nduci ng substances can be wused, such as NaC, ferric chloride,
ferrous chloride, chitin, formc agxXAVEICES A so nmicrobes can be
inoculated into the tree to induce a nore intense host response. Species
of fungi, taxonomlE®Es|appiaxsmatelyet-Daeare plshrgrootiag imwlamgtionsioArGing

Basi di onycot q i arwood cqlunmns in old

growt h trees%o(rl’é%%%aPpﬁ%ogﬁglﬁéfmwm%%n?%ﬁg%ﬁﬁ@g? (grae xipﬁ?%le?tﬁg tf)?s]t trees. The
presence of sone fungi may hel p keep the wound open and disrupt live cells
of the tree, therefore acting as an_i nduci ng agent. The sesquiterpenes
producedl(?n agarwood from naturaIIyEd‘@HWﬂng resinin old gromh trees and

'n 25 young plant kdcoQrofl Q¥hdell B Shaleif BEWohd ik fe kP Humfl the Tesin

was the sane. In one enbodi nent e 1 nvention, woul d i ncl ude
a series of eathittee. Woeesdisrvestee after six mpnthawerpeut laed splaehodgh the 100+ per

tree). Each wound .s arateid.b a short intergal. Each wound receives a

tube, such a¥ W& ?ﬁ{%@ﬁ%",o ?@céofﬂlowlﬂ?ﬂsw iof the &xpRasd s. The tube is

inserted int Ibngfﬂ&iiﬂz{liplldnemﬁﬂ_f&%tﬂo_ﬁk%gah?oocﬁ)&k@tﬂpeﬂ#it Bé&ﬂehpﬁlt;{]r ee 2 to 15
ucing  a me

cm The tube would also contain an in gent. Anot her od woul d be
to drilllhol #Balt gane bgteeenhe woeniledpdisdedored seod and theHeeiumdlercdwoadent i s

added direct J&ﬁeli @&%n*h@?th%gg %rea%?%ﬂc%ya%gnvé?g&%x%ou%ds 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



WO 02/ 094002 PCT/ US02/ 16607 scribed to cut away a patch of canbi um around
the hole. The wounds woul d be inspected over tinme and new scri bi ng and/ or
drilling weadobmokeep the hole open. Trees nmay be grown PCTASOAI@@ODr N
greenhouses for agarwood production. The foll ow ng exanples are intended to
illustrate but not limt the invention. 5 EXAMPLES Trees, approximtely
4-5 years old, growing in plantations in An G ang Province or Phu Quoc

| sl and, Vi et Adter 6wtoathssed for experinents 1 to 8. 10 Exanple 1 Trees were
wounded by i ng SIX ax vvounds |nto the main trunk on each tree. Trees
harvest ed af /HIE] it A fdigcologafiony) j ¢ t hrough the wounded area.
The area of ¢iscol orat C8hdRsS measuregl on the exposed [|ongitudinal plane.
Resin formation (agarvvooHS occurred (|} it occurred) in a 15 snall zone
bet ween the fwounded, dagaeeboted wood 2nd the |ive unaltered wood. After 6
nmont hs, rT$r|3an area of di s‘gol orati 02 :i)f Ssi X ax wounds was 6.1 cn®

rangi ng f 1.6 to 9. 3BEWB%nd no di é¥inct area of resin formation was
seen. Afterq2l nonthsagdhgodrean areaj9p six ax wounds was 0.3 cnR ranging
from0.0 to 1.5cn2 andgno resin was apparent. The results fromthis study
show t hat 205 woundi ng #ga&&eodyi t h an akZ.and maki ng shal | ow surface wounds
does not progluce agar ngExarrpl e 2 ees were wounded with a 5/8 inch
drill to a depth of ap#)om ed 5 2 m Six wounds were nmade in a spiral
fashion on the trunk of the tree approximately 20 cmapart. One of the six
wounds served as a control and the other 5 wounds were filled with
agarwoodlo( ap*ﬁftérxmrﬂpé‘lh? 0.5 g per wound) froma tree in the forest with

naturally pr%ﬂﬁ@’ﬁre@%nY‘DOdAregmfﬁls%g?ati%ﬁd been cut by poachers but some
parts of the agarwood 30 was obtained fromit.
Smal | sectiohs of the @garolood were cl84and put into the drill wounds.

After 6 and 18 nonths trees &Nere harv&séed and evaluated with the
following results. agarwoo ;

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



10 WO 02/ 094002 PCT/ US02/ 16607 After 6 nonths Wund Treat nent Area of

di scoloration 1 Control 11.7 2 agarwood 27.6 5 3 agarwood 22.1 4

agar wood wWB.0é/09domngar wod 12.6 6 agarwood 16.0 10 After pC8/usoridss?
WundTreat nent Area of discoloration 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
anount of discoloration was sonewhat greater than when ax wounds 20 were
used and a vémpstismidtingraggivaodoferedrete idpefadad speridsenfiee field daswisound at t he
interface between scol ored wood soqun od. ver, trees rapidly
cl osed and tﬂg{e 4 S Ve §TRY R OR sg‘i’&%‘éa§§5‘mp e‘gb%\ﬁ%sﬁxgéc g%%tﬁ in the
relatively SK@'aHdé’dﬁﬁﬁexﬁE dufeel %&tgrewnrf&ezs%e&ksqa‘nttﬁé oéﬁnai?ehrh%t 25 Exanpl e
3 Trees were wounded with a 5/8 inch drill to a depth of approxinmated 5
cm Si x wounéébsitetee DrdUwoundsan@piat@d Wfthﬁtﬂ fongiovere fidled muthkthe furighg/oatr ee

appr oxi ely 20 cm of t X _wounds ser control and

t he otﬂgsi i gln sAvver nac‘)l}:aﬁ% eyt ﬂfehtreﬁﬂwgre G eéisang]%ﬁefg“ W&ol at ed
fromfresh S&Samﬁwmqmtgmhﬁdal ned fromnatural forests in Vietnam Five
different fungi, representing different species of Asconyota and

Deut eronycota, were used. The genus and speci es was not determ ned but

cul ture norphglPg¥,doagdi cated

Wound Treatment Area of discoloration
10 1 Control untreated 24.8
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



each fungus represented different genera. Only cultures proving to be
successful 11 WO 02/094002 PCT/ US02/ 16607 for stinulating agarwood were to
be i dent i Woad/obmospeci es after field data was obtai ned. PaTgiSOweF687 gr own
on sterile oats supplenented with nalt extract broth for added nutrients.
Cultures were growmn for 3 weeks on the oat/malt extract substrate. Drill
wounds inoculated with the fungi were filled with the fungus/oat 5

i noculum After 6, 18 and 21 nonths the trees were harvested and the

following resultg, were obtained. After 6 nths Whund Treat ment Area of
di scol orati on 10%?e Esshlts i thg%té SECBIOB tungl agogietedpyith g@?hZ 3 Isolate

F-5 17. 7 4 hephab& il vibtrh Bid ndt LisRIRhRIY stfulde aBarbroof th $GhAl Fhdardd 11 7
After 18 m)ntﬁ"ls_ Wund Treatnment Area of "discoloration 1 Control untreated
8.8 20 2 | sobhdiecdioratign and Btdrmediatecarea & vEPY §light aingonta o rdsirdpr8ddetiob | sol at e
F-24 1.6 .6 |solate F-32 13 3 25 After 2lnonths Wund Treatnent Area of
di scol orat i 0N im't‘%ﬁgf’t&iee’[ﬁ r Qflg‘&cui@?éd’é& rOgPdt @%ﬁu@.s 6°CCBE"BPY €0l ate F-5

11. 4 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



4 |solate F-9 10.8 5 Isolate F-24 9.9 6 Isolate F-32 11.7 12 WO

02/ 094002 PCT/ US02/ 16607 The results indicate that the conmmon fungi
associ at ewowiztobsohz esh agarwood i n Vietnam di d not signifi eamusp2/sdéedmul at e
agarwood to form The area of discoloration and internedi ate area of very
slight anmpbunts of resin production 5 was simlar between the

non-inocul ated drill wounds and wounds receiving pure cultures of fungi. No
significant Afler 2hseatlisn agarwood production occurred over the three

har vest dategé Eaanple 4 ég 1rees mere‘mou oed mnth a 5/8inchdrill to a
depth of app 1 s Ay A et a spiral fashion on

the trunk of jeach treeco@@gqgmhgﬁhghy 20 cpgapart. Two of the six wounds
served as controls and the other 4 wounds were inoculated with different
types of nutZient growMEnedia (used to ciélkture microorganisns in the

Iaboratop¥)Egr soil. 1?“; atment s |ncludeg6 -- Control no treatnent --
Difco Mal tract (ME (gérOX|nately 0.1 gdded per wound -- Difco
nycol ogi cal agar (MYCOyEgapproximately 0.1 gopgdded per wound -- Difco yeast

extract (YE) approximately 0.1 g added per wound 20 -- Soil approxi mately
0.25 grans of soil frod®dhe plantation whet@5the tree was grow ng was

added per wognd After lg@ d Trea nt Area of discoloration 25 1
Control no treatnent 1é8 QNE§T¥R%R 3 wCO'12.3 4 YES8. 1 5 Soil 7.3

10 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 élosure from surface cambium cells and the included phloem cells of the
xylem produced new cells to close the wounds from within the drill hole.

15

Example 5§

To test 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

20  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

wound

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

Sodium chloride — approximately 0.2 g added per wound

Cellobiose — approximately 0.2 grams added per wound

Lime — approximately 0.1 g calcium carbonate added per wound

30  Trees were harvested after 12, 18 and 21 months.

14



30 6 Control no treatnent 6.4 13 WD 02/094002 PCT/ US02/ 16607 After 21
nont hs Whund Treatnent Area of discoloration 1 Control no treatnent 6.0 2
ME 7.2 5w8 ¥M@416.8 4 YE 10.8 5 Soil 10.5 6 Control meTiUseteement 12.6
10 These results indicate that no i nducenent of agarwood was found when
just nutrients used to grow fungi in culture were used. Soil placed into
the drill wound also did not stinulate agarwood formation. Al wounds had
evi dence of Afsuddmyndsure from surface canbiumcells and the included

phl oem cel | SV?f ntdhe xyl TLRr0 uced ne ecel Ids tlo l ose the wounds from
wi thin the dn%ﬁﬁe—fg—é%#glﬁ%&—é@g—%ms o rent types of conpounds

coul d stinul at e agar woQ@dntrpY tusiment, 5/ 8 iipeh drill wounds were made
approximately 5 cminto the main trunk of young plantation trees and

di fferent rraéeri al s uséditpgant reat the dril P020 wounds. Chenicals used were
fromSig em cal s | St..jLouis, Mssoygic or Mllinckrodt Inc. Paris,
Kent ucky@OﬁCg drill V\ogﬁgmgélrcmtree recei vegg‘r%o treatnent and others

recei ved one4of the foNa@hM ng treatnents: @aBtosan - purified chitin
approximately 0.2g of chitin was added per wound 25 Formic acid -

approxi mately 0.1g of F¥Pfic acid was added®fer wound Sodium chloride -
approximatel y 0.2 g addefhese Wwound Cel | obygse - approximately 0.2 grans
added per wound Linme - approximtely 0.1 g cal ci um carbonate added per
wound 30 Trees were harvested after 12, 18 and 21 nonths.

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 447
5 Lime 18.7
6 Cellobiose 20.3
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



14 WO 02/ 094002 PCT/ US02/ 16607 After 12 nonths Wund Treat ment Area of
discoloration 1 Control no treatnent 11.2 2 Chitosan 9.0 5 3 Formc¢ acid
28.5 4 NaOl024%4082 5 Linme 10.0 6 Cellobiose 9.9 10 Aftercrasmomichs Wund
Treatment Area of discoloration 1 Control no treatnent 25.4 2 Chitosan
22.1 3 Formic acid 18.6 15 4 NaCd 44.7 5 Linme 18.7 6 Cell obiose 20.3
After 21 nmonths 20 Whund Treatnent Area of discoloration 1 Control no

treatment 1lywdyudd<t LRSS affectdd Rk Hb&ead6d. dOt:ﬁ%r SibsthnbGike3Bitdsadd S Li ne

9.7 6 Cellobiose 7.4 These results indicate that the reaction area within
a tree and asdlpbistse apd Bmgldomet mrﬁa@@ﬁhetaraeamgirSé@lgwlommﬁun&mﬁwm@q hat kill

live par enCh?%eﬁt%t{\é)%st %dar l%&peve{, hfgad\éigéj&da%g un %hgtgargﬁetﬁ'lor 24 em/e Deposits

of agarwood T med es 0 I'SCO regl ons.
Subst ances | td4R addfpicBitGo & Woirldad arehatvcﬁdaa\bm difdcanmiidvasdopichat has a hi gh pH

bot h can, dlsrupt live cells and induce
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, p-
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, o- and 3-guaiene and o.-

30  humulene.

16



greater amounts of agarwood than the control wounds. As the tree grows and
15 WO 02/ 094002 PCT/ US02/ 16607 wounds are closed the affected area

decr easeswo@herosubst ances |i ke chitosan, cell obi ose anedriuse2/aasonot
increase the area of discoloration within the tree at the concentrations
tested. However, if added at amounts that are detrinental to live cells
adj acent to the wounded area it did have an effect. Mcroscopic 5
observations indicate that the cel | E£xamplad wounds treated with NaC or

formc acid reac xt.ensi and phloemcells are fjlled with resin.
These cells do noi\’I Eiﬂ%!\?esni‘%]gé‘ﬁbwp}"ﬂ wge g HBE@I%HW‘QPS PRicashdreedel | s and

wound cl 03Uf6b§e§ve‘iﬁ€%ﬁ8& ofw%uﬁﬁﬁeaﬁérﬁuhﬁﬂe @Bﬁﬁd%tor{[ 66@1’0% sggchyma cell's

and phloemcells in the xylem stinulate resin proddction a I nduce
agar wood pr o@wniymlesmespxahstglw Siminbintdidi@eteowend drilled tappzroknmtelw‘jecmut er
canbi um as wel I | oem . Exa 6

Anal ysi s of F2 eﬁ‘é’ﬂﬁi f&lc%rr?‘ﬁog ‘t"irc?ﬁlsé’fftﬁﬁg L?lug& ‘é{afam%g&l’af?&lmi‘s

experinment al b )énpefpﬁdu CEEbupg af WoRHsWase efade ab30 & eiveivhisCart difreredf siide
sesqui terpenes present. Sanples were extracted in nethylene dichloride at

37.5 C and nPfthedss éslélzl@@mr%am@%th@h@rkmsmowcarwdle@slsgmamfam m. A
g, RaRs WigeAdedaeliod Sl VaSRANAE DK BePolBlldiilagpoard 5890

gas chromat ograph 'w

t enper at ur e edisedlsy 280MallAfrillewoiralgcoaltsvet @@getﬁéerdsﬁltlhlgaﬂl anﬁrkélﬂfféafo@ nperat ure
of 50C ra| ed at 1 mn to 340C. The eluent was detected with a

Hewl et t - ck °@§?’2W Seme ggarvood desiie farped aloggithe edess Fhemulinde at 280C.

Sanpl es of | QWundE‘%@MH‘t@HQrdg't thl?df%ﬂc 1¥nﬁg%ngdar9LH{dathQ%un&somae rcially

from Si ngapore nerchants h l evel s o qui terpenes that ranged 25 from
0.3 to 10% oWwouikclgsurpvas dSayeli Singlpemel dnﬂoﬁmnhdslmade onatteadoeldamot ( 3

sel i nene, y-cadi nene -guai ene, The.l evel s of .sesquiterpenes from
sanpl es of a%rgamosagipﬁgarﬂtflwgur&agpg%ﬂ?%espr%t rould ¢ &fff’ ‘Elﬁ'r ol wounds)
to 1.5% (NaGhutlgréis & nilitdiple mammaa@@bwtogatmﬁén thé urée'aﬁé?ﬁ)tcd the

Sesqui ter penes i ncluded aromadendrene, (3-selinene, y-cadinene, cc- and
(3-guai e ammgl functioning of the xylem and stimulated agarwood productlon

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



30 humul ene. 16 WO 02/ 094002 PCT/ US02/16607 Exanple 7 Multiple, small

drill wounds were nmade at three |ocations on each tree to observe the

ef fect ofwaomandiosz ze and nul ti pl e wounds on agarwood f or n®CiTarso2/1660ent y

hol es approximately 5 mmin dianeter were drilled approximately 5 cm5 into
the xylemof the tree. Four rows of five wounds were nmade approximately 2
cmapart. G oups of wounds were nmade at 30 cmintervals on different sides
of the tree. A 10zddapmoanatelyd.tgwerianiquilasa sandusuiddad omthd deidich gr oup of
20 wounds. Trees were harvested after 18 nonths. The area of discoloration
caused by the sma™°"8%i 1| wounds coal esced together resulting in a |arge
area of 10 discol grati gamwiat B3 59%@9@&%%&;%9'3% offfarlnﬁiau%' fi*&uH%e edges.
The nmultiple wounds served to disrupt nornmal ctioning cells around

t he wounds and V\ohindd@ammmlﬁev&aguld@amyehhst&dn«ytcethsrdmllllwcim&I wounds made

in atree.wuld ngt pgoduce, significant ts. 0 d.resin since
they would close Papid ?meaf)ﬁ?‘"g[ﬂc?%?xg?at?rﬁ%t@ i | 15% mﬁﬂ@ﬂdosel y
together on the t g@eRledAgiilapheswaReaddedne (BRI WoGtd. oni ng of the xyl em and
stinmul ated agarwood production. Exanple 8 Fourteen plantation grown trees

on Phu Quoc I sl anfi- wer 8ae a¢i#3 butywish appapximatet0.3goé atlikratio of Btif tr ee
recei ved 8 wounds éa@ﬁéﬁt%{ﬁfd’%rﬁg‘ﬁqﬂﬂp“&% g{al n 20 trunk of the tree

separ at ed by apprgm na range of > di fferent types of wounds and

treatnments as wel 7. as Sﬁmw@%bwmmﬂ@uﬁmwﬁobgbfﬁ 1 fatielof sédigat NeEnt was
made at differeg Iocgérfron on each tree to insure that |ocation of wound
di d not ve an ePwulfif serde naudanasaygisted af t er 15 nont hs and taken to

the | aboratory fog anag%ﬁﬁ@ﬁs #?ﬁutmlﬁf"& &Eﬁlaieﬂﬁd) @g 154 SeRWerige Wwound

approximately 5 x cmwas nade |ng and removing the bark
ti ssue to expose mlttaelxty‘dre!ﬂm DiNoo rrmilt|dxtra¢to$tenMa°squmde sawdusA 5/ 8 inch drill
wound was rmade approximately 5 cminto the
After 15 months, 8 trees were harvested and brought to the laboratory for
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 ' 1.4
2 Drill wound 46.3
3 Surface wound and drill wound 273
4 wounds/ ferrous chloride 112.5
25 5 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



30 xylem 3. A 5/8 inch drill wound was nmade approximtely 5 cminto the

xylemand a 5 x 5 cmsection of the bark renoved around the drill hole 17
WO 02/ 0949022/00002JS02/ 16607 and approxi mately 0.3 g st er ipca/vAgeridear i a
sawdust added to the drill wound. 4. Sane as #3 but wth approxi mately
0.3g of a 1:1 ratio of ferrous <chloride and sterile Aquilaria sawdust
added to the drill wound. 5 5. Sane as #3 with approximately 0.3g of a 1:2

rati o of NaGhateidllesgeghe¢ livindguaild @vinad thawdilistovadd adthe x yldne (edg.iNdClywound. 6.

Sanme as #3 but,.with roxi mately 0.3g of 1:4 ratip of D fco yeast
extract and %‘ldé}F’ilﬁ’@u&ﬁgifg%??sacﬁ‘ﬁ%u%‘ganfOt%ﬁﬁe‘&écaifégﬁ SRR tRC appr oxi mat el y
0.3g of a 1:dorhal iicRbnif®EF iing HQe l@éu%ghgcgéag? %%{éé&fdiic%lq?%d »@ftm]ﬁczawdust-

8. Sane as #3 but with approxinmately a l:2:4ratio of D

nutrient br othhtrepand thermiounead agacwoodstesinifomnetqui | ari a sawdust. After 15
nont hs, % trees were harvested and brought to the |laboratory for 15

anal yses.” The area of discoloration and resin formati on was determ ned by
splitting the tree through the woungigdmptg9on and area affected neasured
using an image analyzer. Area (cnR) was determ ned for all wounds in the
| ongi t udi nal pl an¥OUERESEs ZEAWIBE jak tvep stesingpe gagslensiand opagtinuidml eat nent

Sur tace wourd SHEhE R R NGl €55, YRR e BNt PR YS S 25 s
wounds/ NaCl DAB wbun8s Susundsdiameies tverxdrilkdtapp@®x@matélyvioem distd tisodhium bi sul fite
182.0 81 0WO utrlll(ljrﬁ(/o elajl}:l{ {rgenitn arrs':f‘gria?fa:s%}lllibr? 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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30 This study showed the effectiveness of several treatnents for the
producti on of appreciable amounts of agarwood in young Aquilaria trees.
Surface vwword®9ao2 not produce agarwood. Deep penetrating \ROTNS2/masy7
produce sonme agarwood as |ong as the wound site remains open. Conpounds 18
WD 02/ 094002 PCT/ US02/ 16607 that challenge the living cells around the
drill wounds in the xylem(e.g. NaCl, sodiumbisulfite, ferrous chloride,
and any ot heLocdtemKoml Buthhat di srupt the normal functioning of living tree

cells) increase t}ile rea of discqloration.within ,the tree and the anount

of agarwood %—Q—E@&Hﬂn %%ﬁ%il@ﬁ%@m%‘-grow ng at two sites, in
home gardensiand on agtipgibtural |and (Komy Furn, Vietnam and Nui Cam

Vi etnan), received 8 wounds per tree. Drill wounds 5/8 inch dianeter were
drilled appréximately 87dmS nto the main 1046runk of each tree in a spiral
fashi on sgpagat ed by a?*?-ﬁ??(?i mately 20 cm drill wounds were scribed to
renove a 5x5°cm area o

bark around the wouhd. Fungal treatnents consisted
of three dif#ierent type®10f25Basi di omycota ophsained from Aquilaria trees in
Vi etnam These isolates were not identified to genus but culture

nor phol ogy i Adi cated t ke€)lere different gthéra. Cultures were grown 15 on
sterile ricegsuppl enen i It extrac Cultures were grown for three
weeks bef ore6i nocul at i gﬁaueﬂr&eg;tlﬁngnt s incl ugze'?j: 1. Control wound receiving
sterile rice7 2. FungaBaloglitucid 97-14-5 201&9 Fungal culture 97-13-7 4.
Fungal c@tu e 97-11- 2? 5. Cgptrol wound rfcgi ving 5g sterile Aquilaria
sawdust ©’ pr oxi mat ef §TYSS €a 1:4 rati®%of sodium bisulfite and
sterile Aquilaria sawdust 25 7. Approximately 0.5g of a 1:2 ratio of

salicylic acid in sterile
Location Nui Cam

Wound Treatment Area of Discoloration cm?
1. Control 15.5
15 2 97-14-5 18.2
3 97-13-7 31.2
4 97-11-25 20.9
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 in a 1:4
20



Aqui l aria sawdust 8. Approximately 0.5g of a 1:4 ratio of ferrous chloride
in sterile Aquilaria sawdust 30 After 15 nonths two trees were harvested

f rom eachwioarabéioon and brought to the |aboratory for analpgaassoz/idee’ mean
area for each type of wound was calculated. 19 WO 02/094002 PCT/ US02/ 16607
Locati on Kon Tum Wund Treatnent Area of Discoloration cn2 1 Control 22.7
2 97-14-5 14.5 5 3 97-13-7 18.0 4 97-11-25 17.5 5 Control 11.1 6 Sodium
bi sul fite 52raionwvifedawaybtiand aviddrat&afodils 8f decalaation Weanr dtdervéd. th  Locat i on
Nui Cam WoundTreat nent. Area_of Discoloration ¢cn2 1 Control 15.5 15 2
97-14-5 18. 2PHVipps gxpefimenisit was ysedyin ajlsl saglogvithseregist prgpunty ofreaghogodi um

bi sul fate 56,9 2%&0&%1"08&&{0% iRMwdmdad x§lefer rous chloride 23.3 This study

i ndicated that the three different basidi onycetous fungi used did not
result in extrenely |arge areas of discoloration and the area was not very
25 different fromcontrol wounds. Ih al S f'ondi cated that the reduced
concentration Xample

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 could 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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of sodium bisulfate used in conparison to exanple 8 caused a reduced anount
of discoloration and agarwood resin. Although | ess area of discoloration
was foundwo cagatoomod resin did format the di scol ored/ soumrdTas02th607
interface. Wien this wood was renoved from around the wound and burned it
produced a distinctive 30 agarwood aronma. Sone conpounds such as salicylic
acid and ferrous chloride did not produce |arge areas of discoloration and
appar ent | y mAsthdxeecagrpivined wood, addifiondl éoles e@rcmads @tdllon the zahd ett t he
living cells in the xylem adjacent to the drill wound. For exanple, in
this experi né%ﬂrWP%ff F%‘égv%mt% eIV 88U a 1: 4 20 WO 02/ 094002

PCT/ US02/ 16607 ration wth sawdust and noderate amounts of discoloration
were observed. In previous experinments it was used in a 1:1 ratio with
greater anpunts of reaction and agBExample k2 oducti on in the wounded xyl em

5 Exanple. 10 Ironnails placed jnto t experi t trees showed a smal |
but sigrﬁficant LGt Mea ‘%g‘&? BPh Hl@?%@&allm’ .1e%1,am1§13ere0r 18
nmonths.  Reagblifitd RS /8 Gndhirihe o fiapgioxdhBelyPémi Wsu Wapd at es
resin production and iron nails or other sources of iron affect agarwood

formation. 1plagsdangs spiralifasiyomgn thedess foong theegroundoling wyr inta thg ceawit. wo
| ocati ons, I d Ko rn, Vietham. wer,e wounded by making 5/8 inch
drill V\Dund’s\woﬁlcg%%% pxly egr%tgtgocr%a ept(gv% méeplpi)hreoy?lﬁ@f&ei}e ."V(?ugﬂ?(pt\(/*bunds

were placed kéepahspousds dpent rreistw:seaoiléw&emleaﬂﬁdvdzmagwe@f@drfamw 10 cm A
5x5 cm area of bark was renmoved from_ _around the wound and a plastic tube

i nsert ed' 4 nt #t Weurotlagre. Tdhpeasess of Vigteam they verse shackpd pd es drilled into
the sides anfé\n%{dﬁ%é&t)él’}’rgg; Q-QWﬁéntH@dﬁeENQre'v&cﬁmﬁ%&'ﬂtgéﬁ (t5 90 hitate air

novenent al ong when i nserted rnto t See Igure 3). The
t ube ext endedependingoarthd siee of the trag pTioese stk ghahvo tharepeated endsbardcal0 wi | | not

cl ose for man s. Thi ube w ]l insyre that the woynd will stay open
and air will “%\éﬁ/‘g\%?ﬂ%ﬁnég‘% @eePH’étOithWébﬂelﬂgﬂ‘iﬂﬁga WOPNEHOPDYRIBTHHBA ¢ O
wounds 1 ecei %itédaldinbidl Reounl RESurehl ShteMRIRESH MY belf HBG%h bpaRrted had a

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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conbination of 1:1:3 sodiumbisulfite, Difco yeast extract and iron powder
added (the iron powder was a 99. 6% Fe powder manufactured by J.T. Baker

I nc. 25 PWDlokiopwburg, NJ). O her conmpounds that cause a | @caltisamtb607

di sruption of the normal functioning of xylemand phloemcells can al so be
used to prevent internal included phloem from produci ng secondary cells
(that could close the wound fromthe inside of the drill wound) and to

di srupt a gr AT IS(daAIMEDdSl s in the xylem As long as the wound renains
open to the air, agar d.w |l 30 progressivel.y accunul ate. The greater the
d?sruption 0 'Iiv2“39£8§ogpﬁﬁﬂﬂngﬁ&n“§8§ﬁﬁm?ﬂfg%out killing the tree) the
greater the agarwpgd prgiisg hPRifitRewbi/Eintd Sk yle@TRI ih Ahki¥@ialopr agarwood
to form as dead trees do not form agarwood. ZI WO 02/ 094002

PCT/ US02/ 16607 ASonysylug &ee,gdw new wood, additional holes were made to

al l ow t hec zone of , . agar vesinto. new xyl em (Figure 4). Exanple
12 5 Tr eess | ocat e&b)ig %?(ﬁ%%gm%ssforﬁ%ﬁngﬁegﬁo nﬁ%n Turn, Vietnam were
wounded using a 5/8 inch drill to a depth of approximately 5 cm Wunds
were placed_in a spiral fashion gn the tree fromthe ground line up into
the crown. Wounddhadiethodiofeclaimyd, fgthst ompriung repestiig stepsa, angfos buounds wer e
rewounded to keep the wounds open. This was done whenever the wounds
appeared to have 10 any wound closure. In these areas of Vietnamthey were
checked and 3r ewoUheedtiederfylazm2, mhatelhrsstepbraesl/onbr ae vepemdédftsid h 30 to 70
wounds g pendi ng ,on thg Si ze gf the tree. These studies show that repeated
mechani ¢ (F woundgiseqigze éfeé’zl}?é ESHLRPMINGB theHEex y| em kept the wounds open
by preventing external camnbial wound closure and internal secondary cell
growt h by the 15 included phloem Localized areas of agarwood accunul at ed

i medi at el y 4adj adbamethedtaielamn dnwhersin thngenssted noundimgds ingthei ned open. Al |
publ i cations, pat gnt aad eoatent docunents are incorporated by reference
herei n, as though ]isf‘log?]i?l &0 | y incorporated by reference. The 20 invention
has been described with reference to various specific and preferred

enbodi ments and techni ques. However, it should be understood that nmany
15 5. The method of claim 1, wherein the wound is formed by cutting, drilling,

or chopping or by inserting a nail.
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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variations and nodifications may be nmade while remaining within the scope
of the invention. 22 WO 02/094002 PCT/ US02/ 16607 WHAT IS CLAIMED IS: 1. A
nmet hod ofwpreademong agarwood conprising (a) form ng an ar trcfricsoatiéenpund
into the xylemin an Aquilaria or Gonystylus tree, and 5 (b) providing a
means for aerating the wound. 2. The nethod of claim11, further conprising
repeating steps a and/or b. 3. The nethod of claim?2, wherein steps a
and/ or b ar el2.epedhethetfodesf clrim D) wiibizrothe sedksarf e uhds alegsitiohas aiaag i n t he
tree. 4. The nmethod of claim3, wherein the repeated wounding is in the
di scol ored area. %ers?IOfﬁEO%ét%apw claim1, wherein the wound is forned
by cutting, drilling, or chopping or by inserting a nail. 6. The nethod of
claim1l1, wherein the wound is formed to reach the xylem 20 7. The net hod
of claim 1, WhereiThe methodmfinbiimd, Wbenebctht ecratiolepiehnsoifs aataeratiemdéviadbout 1 to
10 cn1inp£ t he xylen14F. ﬁﬂg netgod of claim1, wherein the wound is forned
to a depth of abolFT'ALIBIOME WO8NY  The nethod of claim 1, wherein a series
of closely spaced wounds are nmade in the tree. 10. The nethod of claim?9,
wherein the series of wounds are positioned in a 30 spiral up the tree.
11. The met hbll of The wiethod of glaan d Bwb@einohe exsatiisdeyics imadeil, tub8oMO 02/ 094002
PCT/ US02/ 16607 1&;pe?rﬂ%rt5¢fn@°%e%ouglhai m 9, wherein the series of wounds are
n a

positioned at an erv of "about™ 5 cm apart.
10 15, The method of claim 13, wherein the aeration device comprises aeration
holes.
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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13. The nmethod of claim1l, wherein the aeration nmeans is an aeration device
5 inserted into the wound. 14. The nethod of claim 13, wherein the aeration
devi ce i swa mapdop2t ube or pipe inserted into the wound. PeTAR02/1dve7 et hod
of claim 13, wherein the aeration device conprises aeration holes. 16. The
met hod of claim 13, wherein the aeration device conprises an exterior
surface having grooves. 15 17. The nethod of claim 13, wherein the aeration
device is pl2&ti cThémethod.of claim@2pwhatinghe aergtiori meamtieainadnthlpie-met al . 18.
The net hod of claim (ﬁ \Agtgrel n the aeration device is about 2 cmin 20
dianeter. 19. TheVABidRgobeqount 13, wherein the aeration device is made
of iron. 20. The nethod of claim 13, wherein the aeration device extends
out from 25 the exterior of the tree. 21. The nethod of claim 20, wherein
t he aerati on24levi The methedds claun 1f whenein the meass fomaénabing theevenader i or of t he
tree. 2. The nethod of .claim erein the rati on neans

peri odi c5r2e- wounth 16t S‘frf?én%%téh %@ﬁ%ﬂggiwﬁa&%‘ﬂ@%@m 23. The
net hod of claim ZQmey@ﬁrqhdﬂhfemPa@@ftﬁéh@a nmeans is a nonthly re- woundi ng of
t he wound. 24. The nethod of claim1, wherein the neans for aerating the
wound 5 conprises scribing a patch of canbium around the wound one or nore
times over t%a l'fﬁeﬁgﬁgd%ffcfanﬁ lt{h%?neﬂ%?d fu;l:[ﬁg 9%} Olfem%kf are ot he et hod
further conpfri'sing renov (f §IRg the %/ou d. 10
26. The net hod ofoﬂxiaﬁibli\mﬂ;,adjohﬁngrﬂieh@dmﬂurther corrprl si ng appl ying a resin-

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,
NaCl, 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



i nduci ng agent to cells surrounding the wound. 27. The nethod of claim 26,
wherein the agent stinulates resin production. 15 28. The nethod of claim
26, wher ewpo 2loetoaggent kills |ive parenchyma cells aroundpcraSspusded
region of the xylem 29. The nethod of claim 26, wherein the resin-inducing
agent is a chemcal 20 agent or an organism 30. The nethod of claim 26,
wherein the organismis a mcrobe or insect. 31. The nethod of claim 29,
wherein the chenmi cal agent kills cells locally. 25 32. The nmethod of claim
30, wherein the chem cal is sodiumbisulfite, NaC , ferric chloride,

ent
ferrous chl of?de, T EﬁFFﬂWd‘%8@#Pé4awpﬁf“U@FﬁHEP6§UDa”§QWD€V@WDC acid, iron
powder, or yeast gqxtj Bta éoﬁ%db%f@%%gw of claim?29, wherein the

chemi cal agent is 1: 1 'um , Difco yeast extract and iron
powder. 34. The net hod of cl aim 26, mherein the mcrobe is a fungus. 25 WO

02/ 094002 P uso2/ 1 The f clai ere| the fungus is
Deuteronysotaé Hﬂg ﬂl?éé?ﬁlaérﬁ wgrg} 16 198 bt 1555 an})O(gh * met hod of

claim1l1, wherein the tree is | ess than 100 years old. 37. The met hod of
claim 36, wherein the tree is about 2-80 years old. 38. The nethod of

cl ai m 36, wh&?t.ei nThéimethodefichimBéuwvh@emOhy ag s abbut 2-8Q 9e8B90ldThe net hod of
claim36, wherein the tree is about 3-12 years old. 40. The nethod of claim
36, wherein the tree is tree not growing naturally in an old growth

forest. 15 438, Thgheicthed oftlagh36/MvB&einthetred 13 dbbex 3-2@9edr§ of the species
Aquilaria malaccensis, A agall ocha, A baillonii, A “crassna, A hirta,

A. rostrdta, A beccarlana A. cumm ngi ana, A filaria, A khasiana, A

M Crocarpa, 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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A. grandiflora, A chinesis or A sinensis, A borneensis, and A bancana,
20 or Gonystylus bancanus. 42. Agarwood produced by the nethod of claiml.
43. Agarvwodzfopamrz a tree grown in a hone garden, in a plamcatisomieeon a 25
greenhouse, or in agricultural lands. 44. A method of purifying agarwood
resin conprising (a) providing the agarwood of claim42 or 43, and (b)
purifying the resin fromthe agarwood. 30 45. A conposition conprising
agarwood resif pupirhetod afpaifilingighvdodeesinesipdsing cl ai m 44. 26 WO
02/ 094002 PCT/ US02/ 16607 . 46. A nethod of, purifying agarwood resin
conprising (a) pr@duci FYugae aeRsosd aeroading ta bemethodelitdyimok. a8 ai m 1, and
(b) purifying the h[)esi guﬁ%g?thg%sﬂ%m aﬁwﬁgd A conposi tion conprising
$| fied accor &e

agarwood resin pu Ing to the thod of claim46. 27

5 47. A composition comprising agarwood resin purified according to the

method of claim 46.
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