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1. Imtroduction

Acacty mamngin Wind 15 a [sguriinoes e Seces @ the sublamily Memosoideas, The
natural digtribldion of A4, mangium stretches from Aru siand In the Moluecas and Hen Jave {the
eaglem maat part of indonesia), to the Alver Odoma In the Western Dlvision of Papua New
Culnea and down o e aeithemn part of Quaansland, 0 Queanslend, A, mamgium is Tound
wihera rainkall sxcasds 1ADDM and s most frequant where ramiell excesds 2,006mm. K s
mAped 1 toberate & wida fanpe af sodl Bypes, lslally on the aoid side of pH 5, prefeming heavy
solls with high cley and eilt fractions, oflen with knr avaitable phosphorous.,

A manpirn sprsars by be poe of the mos! promising species fior ree planing programs in
the humit roples, whena | has mscartty been Inbiotucad. The suceaes of A, mangium is primariy
dua to Its rapkd growih rats, robusdness and wide mnge af usss. Whan planted a3 an exollc, [§
haz oftan shdwn an ungpectedly goed parformanca, and hes now been widely plantad hmough-
ol trapleal Asls, Ibe Pacilie klends, Weal Afice, and the Amaencas. Being a ralativaly new
plantallon specles, # has not yal, hawever, been thomughly sludied, and [@le Informalion and
a¥padlence on it heg ep lar been gathemd, There are many aspects which nead to be studied
and developad before Twr I polant|al ol this specles can e aszsmszad

A mangium wak introdiesd 1o plantabien hrasty in Sebab in 1966 by D, |, Nichplson, [n
15E7, planle raized wera planied ag a firebreak in U Kudad (now knovm ag Jalan Madu, Plate
1-A) ahd ina regearch plots al the Gum Gum and Sibuga Experment Stations, Plants from ssed
collmations at Jalan Madu werm planbed a1 Liu Kulod end Sock plantationa and sesds from Gigm
SUm stard ware used ko astabilsh Ial plols al Lapgrmsnies

Since the eany 1980'3 A, MRS was planied widaly In Malaysia SAFODA [Sahah
Foregdry Devalopment Authorityl, formed in 1976 1o astablizh 1omest ptantations on land dfagraded
by shifing cultivation and ogging, planted A mangivn 43 a forest plantallon spackes. I was
neticed thal A, - mamgiurm had better borm than A awvictdiformis, SAFODA now has 20000 ha. of

A mangium plantadlar.

A muanginin hae baan ramarkehly free from diggess problems until moanty. o 18281, hean
of in A, manpium was mparted 0 Sabah by Gibson (1581 from tirning af & 44 manths old
seed stang where 12% of tha hinnmg had heart oL A simdlar observatlon was made in four
yeass ofd thinnings from Kemasut plantation In Pandnsular Maleysda (Les 1885). Lee {1988)
also corductad an exienglve shdy oF heart not W toar, Tive and alx years oid siands In same
plantation. From her shudy, she jound that disenlovrmation and beart i n A mangiort were
caused by furgal invagion of poorly healed wounds, especially those [aft by branch stubs,

Zanamily, mosscutiure plentations are kngwm (o be veny gugceptible o diseases and
peele. Hear rol causes koss i quantity and reduction n quality In lorest praduclion. Giecn
{1561) wanlified heart rot a3 a mefor potentlal prablam In future planttbion forastry with A,
mFANL in 3abah. Furthammore, i waa recommancded that a survay of #13 prablem e conduct-
e at the earliest cpporiunity. However Ip date, no detalled rasearch of haart ot In A, mangi
{Flate 1-8) hias been conductad,



2. Mebwisls end mathods
(Same pradiminany sunay of Neart rot N AERcHE maniT)

Acacls mangium 1aes possessing tlgne of posalble dacay, such g4 8 dest ar Brokan
tyarches, decayed Yranch stube or cankers ware marked. The sekected Irees wara falled and
cul inke 1.2m lengths with a chainzaw. Vartical extent of Beart rol In 8ech tree wab pbaarved by
=pbtting the Yoge ko halves and the infection couls were sxarined in aach e afscted by the
mt, A lotal of 22 A manpgium trees wens collactad Trom s SAFODA project sies.

b4 survey of haart rot on A mangiurt i) SAFODA plantahons)

Tha survey of heart rat was camiad oul 2t 14 A, mangium planfafiors m lour SAFCHDA
meofacd £lieg, 1.8, Borgkol, Lumat, Ulu Kukat ard Hinarat, Thay wars frofm b to seven yeam old
and nine years od plantations. 0 Ihe sekoctad A, mangium plariatians, 10 ree x 30 tree shidy
phole (plot A-R) ware lait aut and then len Inges ware selecied by Iha manner shosm In Figure 3.
Doataliad dezcription of each piot it shown 1o Taike T,

Tha salected trees wars felled and tola! helght (TH), each beanch hasght {DH, LBH} and
tameter al brazst height (DBH} &5 axprossad In Flgume 2 werd measured, Afler measuring,
pach Imee was ol with chalinsaw into logs appmxdmalely 1.0m 0 kenglh and the kgs wate aken
back to Kinandt lor evalualion of deeolouration and decay. The logs were sawn axially with
chainsaw and the sbsence or prosenca, lenglh and width of digcalauratian and decay wers
reconded Fipure ). From these maults, dizesse sevadty of sach fnea wee svaluated as shown
tn Tahle 2.

Chips & x Strm were ctat from discoloured end decayed padians of heart wood, Thay wara
gtarlizad by prcadies shown In Figure 4 and heobated on coftume mediem 8 rao teityberatns,
PDA {Polato Dextroas Agar) was umeed as tltune rsdium |nihis sty

{# surviy of heart rel In plots with difterent growth ratas)
The survey of haart rel was camed out al 5 years old plantallong in Lumal, Two plols Ea,

H-1 and H-2 wem aetSahed In compartmend 22 and 23, Growlh of A mangium in each com-
AR, waa Ba folows -

Gormgay Tt 22 23
kean DEH 18.3 cm 13.0&m
Maimumn DEH 24,6 248
kenimeam DEH 8.5 6.5
Wean Haight 188m 148 m
hdaxirnim Hedght 23.0 0.5
Minlmum Helght 116 &3

In plot H-1 snd H-Z, 20 Iress that had digmelers of about 20cm and t5cm regpecively,
wars zalected. Tha solactad Tress were feled ared 104! helght (TH3, each branch heighl {CH,
LBH} and digmetar at breasl haight (DBH) were measused on Movember 14 and 18, 1841.
Maazuring meltnds weda the same a8 manllanat ADove.

(A& suney of hean et in 2pacing tHael plols)

The survey was canducted at three spacing lal plabs al SAFODA~IICA project site al



b1l

Kinatut, 1.8 -1 [apacing 1.0 % 1.0m}, 1-2 {24 % 2 1m} and 19 [4.2 % 4.2m) In August 1989, Five
trenn A WHRTR b Cted feom BRch Fh‘L M““ﬂhﬂ rrrotiods vida ok SR Te B3 T80 nd b,

A survay of kear ot in provenance Inal plobs}

Tha sunvey was conducied et five povenance trel plots at SAFDDA-JICA project site al
Kinar, e J1 (whyanball, Australm), J-2 (Balamuk, Papua New Guinea), J-3 [Barum, PHG),
Jod {Bakah - Uk Kok, Melayei) ehd )5 {Sebab - 3530, Malnysia) [0 Auguet 1903, Five feas
wine Bylacted fram sach plit, Msazaring mgthods waig tha sams s mgrionad abows.

{A sutwvay of hear b In pruneng trial plola)

Plot= from pruning liaks wars asdabEched in 2 years old plantallan (planied in October
1858} ar Kingrut. Minety Irges werg pruned betwaen 1.0m and 2.6m In helghl on January &,
181 and thirty mees were not pruned (K-4. Pruned Tees ware divided Into thiee treatmenls.
Prundng ecars (wounde) of two reatmonts were {roated with Topzin (K=3) Ihat genteined fungi-
cides and callua promoting substance and palnt {K-2) that contalned fungickdes only, Onae
reatmert or contraf (K-1) was Iregied with nothieg. Diameters of five flxed pruning scars wera
measursd on axch sampis Ires. Assasams wene conductad on Janusry 5, May 21, September
21, 1841 and Janpary 5 19582,

On Decemnber 3, 1901 (11 months after pruning), Hwee tees won falled fom each plot
and nd pruring phot. The discoloration and decay of note (pruning paita) were exambined after

sphitiing 1he fops Ihmough the pruning paris.

On Algest 10, 1803 {18 moniks altar pruning). 1on Ireas wane salacied and falled from
anch plot and discolaration and decay in knots end heart wood were examined after apitiong the

logs through tha pruning parts.
{A survay of et ol In A sevionorms and Acasia s

Byrway wag condhcted ab the atoetum sstabllshed at 1rarot whare & years 0id A.
frarilon, A, Gl and hybekt of A avviariformE and A, mangium ware planted, Ten
troan wens seboctad am cach pial Le. L1 {4 mangphvm, L2 (A suroutforms), L-3 fybrid) on

July 28, 1993 Meazuring malhots wiak Heer sarms as rmisntlonisd above,
(Divespas lournd In foreat numeniss and plartatione}

Tha survey al other diseases on A maagom was conducked et slx SAFDDA prosec sitas
ghemam balow from Movembar o December 1953,

(1) Bonpko Forest mmeery and plantations Decontber 8, 1980
2] Bumany Plaratans MNavernber 28

@ Kammaiod Farest nursary and plartalione Moyember 28

(#}  Kinant Forest nirggry, arhoteben and plarkarions

{S)  Luenat Forest mssery end planiallons Dacambar 12

{&) Punteh Fovas] nurseriag and plantallons Dacember 12

{7} UuKuat Forest nursery and phantstons Movember 27



Mosk af the diseased materials were axamined microscopically and slide specimans warg
prepared. For the isalation of microorganisms from the diseased matenals, diseased parts wers

sterilized and cultured on Potato Dextrose Agar {PDA) medium.
iDie-back In plantations)

For & survey of die-back, two Irees (M-A and M-B) that showed die-back symptom were
falied in fen vears ald plantation at Kinarut on Movember 11, 1991, The outer bark of felled [rees
were removed and dead parts of inner bark ware examined at the project site at Kinarnut. Hoot
condition was also examined.

(Troe mortally n plantations}

For & survey of tree morality, two plots that had 10 x 10 trees, were established in 12
years old plantation at Hobut on Navember 21, 1981, All trees in the two plols were checked and
divided into sound, abnomrmal and dead, and a distibution map of motaity was mada. To invest-
gate the causal agerts, two trees were felled and stems and roots wers carried to project site at
Kinarut, Dead pars of inner bark in stems and rocts were examinad afler remowving the outer
bark. Fungi wera isolated from the living inner bark near the dead one.

4.  Results and Discussion
3.1, Some preliminary survey of heart rot in A, mangium.

In A. mangium trees, it was observed that sound sapwood was pals yellow to straw colour
while sound heartwood was pale olive brown to grey browin. In comparison, discoloured heart-
wood was purple to black In colour (Plate 2-A) and decayed heartwood had a light yellow to
bleached straw colour (Plate 2-B). Inclplent decay was more difficult to detect, but was Inter-
mediate In color between normal heartwood and advanced decay. In some specimens, the zone
of incipient decay was found o be surrounded by & circle of dark brown stain. This zone is
significantly darkar than normal haartwood.

Incipient decay exhibited physical properties intermadiate betwean those of decayed wood
and healthy wood. In general, the wood got softer and easier to cut as the hean rot becama
more advanced. Care should be taken not fo confuse the physical properties of inciplent decays
with thosa of juvanile hearwood in A, mangium, as both had simllar propertias.  Juvenile wood
was most likely o be found near the pith and in younger stem seclions.,

Fesults of survey are shown in Table 3. It was found that decayed branch stubs, dead
branch and wound were good indicators of heart rof In A. mangium of various ages. Table 3
indicates that man-made and other Injurles (Including fire scars) act as faverable entry points for
the Infecton to younger A. mangium trees. On the other hand, in the case of older trees the mest
common point of entry appeared to be branch stubs and dead branch.

It is therefora highly desirable that artifical pruning of A. mangium be conducted at an sarly
stage while the branches are still of small diameter so that the resutting wound is small and can
heal over rapidly. Selection of trees which produce fewer branches or those that self-prune
efficiently is probably Important in reducing the incidence of heart rotin A. mangiwT,

It is nat sure what parcentage of A. mangim wood are affected by heart ot in SAFODA
plantations. But i would appear that good quality timber and ehips could not be obiainad from




rotted trees, bacatss calllloss and lgnin would be decomposod and Ezed by haart ot fingl.
Mare detalad regesch B ndigpenosa.

32 Asurvey ol haatt red on A mangiun n SAFCHDA plantations.

The maln osctives of this survey are & Tollkows:
(1) Todetermning the parcantage of INckdaence of eart rof i plantalons of 4, A,
{2) Todalommina ths rolatienship betwaon the ncidancs of faart rot and rae age.

{3} Tofld ol the efeckian codrt of dacay fLoyi

Fromm this year's obeervation of heart rot in A, mangher, [Fwas rsconikmed that the type of
o] decay was whitd 1o caused by whits rol fungus thal producad enzymes for digeston of
both cellulcee, the main structural compaorent of wood and lignin, 1he gecond mest ahundar
compene of wood, &g the disease pegnassad, the heartwond of A, rmanginn bacamea white
yalow ([Flate 2-B, disesse moex A3} and soft. Degayed porione appeared singy (Plabe 202,
distyae indsd Aeg and were emoved sasiy wilh inpannad. FliaaBy, (ha hsad wood becanme hok
lsw (Piete 2-E).

Ag abeady shown In Table 2, fve dicoaca Index ware docided according to progress of
Sgecoboration and decay in heamwaod of A mangiem, and five  degress of dissase sevarlty
jdrg from aeventy of wood decay were evaluaied and weme given t sach diseass |ndax. S0
each dlseass sevearty was comesponded 1o each dsease index it this study. O the fve dease
Indexes, R and R4 (digaase zaverly 3 and 4} weme defned es haart mot bocausa thaser DS
wollld hiens degiraded commartial vahue lor sawlng andior pulpon.

Cotailed reaulks af heard vt survey In Acacly manplum sre shown In Table 4. From Fable
4, percantags of Inokdance of hean rot and disease seventy in each plat are summarizad and

shown in Tabbe 5.

It was avider that incidence of heat /of and disease gaverly depended on tree ages.
Haar rol could accur at four years old trees and incidence of heart mit inceased with aga of
trees. FPemanrge of mcidence m thiz survey ranged betwaan 10 and 50%. Dissats savartly
also meraased wilh agea.

Diseaea sevedty of tress undet threa yaars okl was 0101, K means (hat ey st did not
hava degay it thalr heariwood. Four and five years okl treas heve 10 0 4005 heart rof, but
avarans dlssass savertly was balwaan 1 and 2

Thara was a lendancy Tor more than sk vears old trees to have diserse severty 3 and 4,
Thie indicatad ihatl all reea an 1he avarege had decay and diacoloration.  also indicated that
dizesse savardy ol treas avar saven yaacs old wars rmore sovers and about B0% of treas wem
sultering from heart rot,  Furthermore, anough attendion shpuld e peid that 20% of tresa in
sevon end nne yaars old plansiions ware dissase Index R (diseaso savority 4).

ifeetion cours In trees of disease ndex s and R4 ware examined in detsil. Hasulis ae
gummarized In Table B infectlon couns of haart rof in A, mangien were as fallows:- dead
branch sib (Plals 9-A), gadd branch (Fate 3-8}, unhsaled pruning wound (Plate 3-C), uphealed
branch stut (Plate 3-0), forked injury {Ptals 3-E) and squitral damage (Piate 3-F),



Table & indicated that about 50% of infection courts were dead branch siubs and dead
branches. So it i evident that heart rot fungus of A. mangium mainly Invadas from dead
branches.

Hear ol fungus also Invaded from wounds caused by many reasons. In this sludy, it was
indicated that wounds produced by imegular pruning were imporlant infection court, However
plantaticns bumed before were not included in this study, it was generally known that fire scars
{Plate 3-3) were imporiant entry points of some heart rot fungl,

It is known that A. mangiurm has many thick branches that do not drop easily. From results
mentioned above, it seems that dead branches are indispensable to disease cycle of haart rot in
A, mangium. Fesults of the relaionshnip Detween free age and dead branch height are shown In
Figure 5. Figure 5 indicated ihat as A. mangium grew older LBH (height to the lowest Iving
branch) increased rapidly. In contrast, DH (height to the lowest deed branch) increased
gradually. For example, DH of 3 and B years old tree wera 1.7m and 2.9m and LBH of same
aged tree were 6.7m and 11.8m respectively. |t is clear that differance of the formar twa is very
small, but there is great difference between the latter two. |t means that dead branches of A
mangium remained on the stem for long years. Figure 5 also Indicated that A. rmangium treas
had many branches whean they were ahoul three years ~'d.

Ta find out the frulting body of hear rot fungl, the A. mangium stands al Gum Gum and
Jalan Madu, the aldest A. mangium slands in Sabah, were vistted. In those areas, several kind
of fruiing bodies were collectad, but commeon frulting bodies that seem to cause heart rot in A,
mamgium were ol found.

From the isclation study, mainly six species of fungi were isolajed in discolored and
decayed poriicns of heartwood. Amaong those species, Phiziophora spp., Macrophama spp. ard
an unknown ane were isclated from discolored heartwood. Phialophora spp. was isolated most
frequently. This fungus is well known for causing discolomtion of woods in many living trees.

From decayed hearwood, three white sterile fungl were isolaied and distinguished from
one another by their colour and colony type on cullure medium, A more extensive sludy |5
needad to identify these fungi clearly.

It is inferred from the results mentioned above that heart rot will oceur and progress in
Acacia mangium as shown in Figure 8.

Ona and two years old A, mangivm trees have little dead branches, but three years old
ones will have increasingly many dead ones. it is generally known that chamical changes take
place in the wood when lrees are wounded by some reasons (Rayner and Boddy 1988). Dead
branches are thought 1o be one sort of wound. In these wood, some micro ofganisms, for
example bacteria and non-decay lungi called the ploneer wound invading fungl, become active
and dizcoloration occurs. After the wood discolors, decay fungl infect and decay begins.

In the case of A. mangium, plonaer fungl will invade fram dead branches of about 3 or 4
years old trees, and cause the discoloration of wood. After that, heart rot fungl invada from the
same dead branches and cause the decay of heartwood in about 5 o 6 years old trees. In mara
than 7 years old trees, the decay advances and heariwood become soft.

From this study, it i concluded that Acacla mangium trees are very susceptible to hear

rot. So it will appear that kasses in wood quantity and quality of A mangiim from haart rol 1S very
high. If it is proposed to produce good sawlogs, it is highly desirable that artificial pruning of A.




mamgreat ba conducten at an early stsge while the bramches ars ol of sal dismedar &4 (hal the
retcuultivng wrapnd is 3mall s gan heal e rapidly.

A3 faclers afeding on Iha incidance of heart ol
231 A survay of haart tod In plets with differerd grovdh raies.,

To clarify the reaticnehip bebwesn growth rede af AL Mangian and Ihe Incidance of haart
raf, & survey was conduclad al twe plods al Lumet,

A% shown In Table 7, soniflcant dfferences in i height and dismeder at treast halght
wete datsclod bawean plot H-1 and H-2, Avarage height in plot H-1 atd H-2 wara 20.3m and
15.7tn and averaga DBH of thent were 21.0cm ard 14.00m eapectively,  Judglng freen the aver-
age height and DBH of sampled Irees, phol H-1 |s regarded a5 good she, while piot H-2 seems io
be poor aite.

It is evident that thers are significant dffarences IR the Incidence of heart rof betwean tve
alats (Tehla B). In phal H-1, 7% of taae wara already suffered (rom hearl ot (Ha or R4, while
anty £5% of Irees ware A3 inpkal H-2. Comparsd with results raporned In Teble 4 (plot B-1 and
P2, growth mta and parcantage of heart rl in trees of plot H-1 wese exiramehy hlgh. On tha
alher band, paresnlsqe of Rseased reas resulte in plot H-2 ware similar to kil in plot -1 and
D2,

The mesuliz of the study showed that the incldance of heart ToF was higher [h bigger
Hiarvasled ¢laze ez This Imphy that the faster the growth rate of the A, mampism ree, tha
higher 12 i suacepliblily Lo heart @ Irfaction. K 35 hewsvar difficull 1o eanfirm that good growth
trees or treas 4mwh on pood sites are susceptible 1o heart rol diseasa from these resuits
bacauss the parcartage of dEsased rees In plot H-1 was ahnanral and almost ad reas I this
pol wara attacked by ambrozle beettes several Kmas.

Thana may be sdhar bodlc or abwtlc fectom that alfact tha cotumance of Mart ot (n A
mangum, but it |3 pmbable Hhar good geowth trass 1end o have mamy hick Fanches thal wi
remaln on 1he ¢lem for 8 few yeam after tBe-back. From tham, haart rot fungl Wil be abls i
irvede tha heard weod of A manglum.

The rough vodume of discoloured amd decayed woad Inogach kg was determined frm i
weard &t ihe upper and shown in Table 8. The amoun! of disstiourad wood in the traas of pol
H-1 and H-2 ranged 79 - 18% and 0% - 8% respectively, And the amaund al heart rol ranged
1% - B%5 and 05 - 11% . Tha maximum volume of woad aflected By disoctoration and decay in 8
mee was 35% in the b years ofd plantalion.  Even though the percentege of vohima les dus to
heant rot was small, but I8 oecunancs would affect the quality of sawlogs 2 be prodieed Irom
et plastaliors.

3.3.2 A survey of hearl vt n spacdng tral plois.
The survey was cardocted b three spacing el plois, 1.0 % 1.0m, 24 & 2.1m and 4.2
x 4 2m on August 16, 1993 (Tabke f). Callacted treex ware 5 years ok, Hesulls gl survey ar

erown I Table 10,

The £lza of branches wag langer 28 wider spacing (1-3) than these A clesar apacing {(-1). It



is axpacted that heart rot fungi iInvade large sized branches easier and wider spacing is expeclad
1o have more severe damage. However both the percentage of heart rot and disease severity at
closer spacing (1-1) were the highest among the three plots because they had many dead
branchas and many wounds on their stems probably produced by trees rubbing agains! sach
other. It is probabls that fungl easily mvade from their branches andfor wounds and cause heart

rod.

3.3.3 A sunsey of haart rol In provenance trial plats,

Tree form differs between provenances. To deferming any cormalation belwaen provenance
ared incidence of heart rof, 8 survey was condusted in provenance trial plots on Auglst 10, 1893,
Five trees were selected from five provenance plots (Table @), Le. Whyanball, Acstralia (J-1),
Balamuk, Papus New Guinea (J-2), Barumn, PNG (J-3), Sabah - Ulu Kukit, Malaysia {J-4) and
Sabah - 5558, Malaysia (J-5). Results of survey are shown in Table 11.

The disease sevarity of two provenances from Papua Mew Guinea was higher than other
provenances and heart rot (diseass index is Ra or Rs) necurrad only in them, On the contrary,
disease severity of two provenances from Malaysia was low. The reason why diseass sevariy =
different among provenances is unknown but it Is expected that tree shape and size of branches
affect incidence of hear rat.

A more detalled survey should be carried oul In spacing and provenance irial plots, i
possible, In 7 or 8 year-oid plantations, 1o verily the relationship between spacing or saed
provenance and the incidence of heart rot because only fiva trees were examined in this sunvay.

3.34 A sunsey of heart rot in pruning trial phats.

To attempt to determing the effect of pruning on the incidence of heart rot, sUNVeys were
conducted in pruning trial plots,

A= mentioned in 3.2, it was found that heart rot fungl invaded mainly from dead branches,
Ik is also known thal A mangium has a poor self-pruning ability. So the stands should be
artifically pruned to improve the quality of the timber and 1o prevent the invasion of heart rot
fungi. To survey the effect of pruning on the Incidence of heart rof in A. mangivm, plols were
established in 2 years old pruning tnals. Trees wane prunad on January 5, 1981, and pruning
scars were freated wilh chemilcals. The diamaeter of five fixed pruning scars were measured.

Results amne shown in Table 12,

In all plots, size of pruning scars decreased with time. In pruning plot (K-1), averaga
diameter of pruned scars diménished till 16% and aboul 50% of branches were covered
completaly in 12 manths after pruning. In plot K-3 where pruned scars were treated with Topzin,
recovering rate of branch was very fast and over 60% of branches wara covered completaly after
12 months, There were no differences between paint reaiment and no freaimeant. From Table
12, i was clear that plot K-3 freated with Topzin, had good ability fo heal the sears of pruning.

Digcoloration and decay of knals in pruning trial plots ware examined in 11 months and 13
months after pruning. Results are shown in Table 13 and 14, H is clear that percentage of
discolored or decayed knots were very high in the A. mangium trees with no pruning (K-4). Al
five years old, trees in that plot had 70% of discolored or decayed knots.




Table +5 shows the occumenca of dacoloralion or Rsard b on A_ mangiunt (n pruning wial
plota. Dlaease pevaly was bow nplet K-3 and K-1 but pereentage of head ral wes no diflersnce
Amonyg plots sxcapt Taprin reated plot. The reason lor thia raauk was probably that raas In this

shudy plot were pruncd al about 7 vaul-old when they alrsady had dead Branches,

From I results of Table 12.15, LB avicant thal pruning 15 sfectve 0 hitkdenng heart ol
fungl from mvading In A, maEagium and praventing heant mt. According 1o free 808, raes R e
ro pruning piot hed many Jdead brarches and dieease geventy s more severe, s o be dasired
Ll firsl prunineg shaoukf b4 dona gt about crie yaar ald when branches am still Iving-

24 A survay of heard rot on A, auiceliornis and Acscls hybrid,

It |% sald thal A. AlRcuiTormds sesms to have (633 head nol bacauas I ks known that i has
thin branches comparad to A mangium. Bul no survey of haar rot was eonducted in A ausoet-
farmis and Acecia hybrid, To determing fha incidence of dieccloralion and haart ot on them, a
EUrvey was camed out st the arboretum where & years old A. mangiorm, A. aurcuiformis and
hylorid of A, auricuformiz and A, mangivm were plantad, in July 1383,

The incidlance of hsarl ol &k dlsasass savary 0 A masgunpiot (L-1) wars 50% and 2.2
respectivety  (Tabks 18). These restulte wore Eame &3 pravious surveys, On the other hend,
diseaga sevarly n pol L-2 CA, gurkaiforrms and L-3 (hybrid) were 0.8 and 1.0 respectively and
thay did not have heart rot. They were remamably different in degres fram plal -1 {4
mangiurm). Thie survey showed that 5 years old A audculformis and the hybad af A, susounl-
formis andd A, mangim had no bear ot s suppcessd thal A, auiciiorms ie regigtant 1 heert
/. To determins the suscept|biity of A Auricidfiomis to heart rot,  noculation Lest was con-
ducted by wsing seversd fumgl Isclkatsd from decayed et wood on A mangium.  After one or

o yaars, reautt of 1he inoculehon exparimant wil Re SAmins.

3,5, A suvey of giher diseases of A. maagurin SAFGDA plantallons.
351, Okseses foured Inlorest rursardss and plarlatons.

Sewvaral dizeases have baen reported on A, mangiorme Gl ninw {Khamis 1582} Bul 1heta
hiva been ne accurrence of goerdpue damage by those diseases.  In SAFODA nomssries and
plantations, a survey of diseases was candueied in Heverber and Decamber 1889,

Three kind of diFaabes wing colacisd an A mEngim [n nueseras ad prantathons darmg
the survey spert Irarm heat ref. Thase wata damping-ofl (Fusanum so), SoMy mokd (unknawn)
and Spolting {Fesieifiooss sp was maknly 1salaled). Seoty mold on leal (Plate 4-A) was
absanmad frequanthy in both tursedes and plantations bul Severs tamage by this sooty mald ang

gthar two digaases wees el faand.

4.6.2. Dee-back in plantationa

It was found that die back n A, mangivm occured In plantations 21 Kinant (Plate 4-C) and
plhar SAFODA aroas. To examine ths czusel agente ot die back, bwo A, manglum trages, M-A
and M-B, were collected from ten years oid plantatian {plol M} In ¥lnand where die back had
bean ohserved several years batom.



Height of M-A was 4.0m and inner bark of it was dead between 1.2m and 1.6m in height
(Fre 7Y, and almost all heart wood was cecayed, In M-B, height was 7.0m and inner bark was
Al dend batwaen 4. 0m and 4.8m haight (Figure 7) bul decay was nal osenved. Fruiting bodies
wiarg ol found on ihe dead par of trees, but Macrophoma sp. was wsalatad frequenthy from living
irer bark near the dead part (Plate 4-C), Mecrophoma sp. was also isolated from canker pans
of siem that was sometime cbserved on relatively upper parl ol A. mangium trees. Death and
abnormality were not observed in the root tissues and no fungl were isclated from them. Khamis
{1962} repored that die back on A mangivm oocurred in the areas whare soils were pood in
nutrients and mainly podzolic with a hard pan at about 40em depth, which had profound effect on
root penetration as well as walter infiltration, Soi condition in surveyed area was the same as thal
Khamis mentioned. It seems that soil condition effected occurrence of die back but the patho-
genicity of Macrophoma sp solated has not been confirmed, It is, howewver, closely comelated to
pocurrence of die back on A, mangicm.

2.5.3. Tree moality in Plantafions

Recently it was observed thal iree morality in A. mangium plantation occured in several
areas in SAFODA. Field survey was camiad oul in & 12 years old plantation (plot N) at Hobut
{Plate 4-D). To examine the causal agenl, newly dead (N-A) and abnommal bees (N-B) were
colleched.

In plot N-1, BE% of the trees were already dead and 2% of the treas were abnormal (Figure
8. On the other hand, 71% of frees were dead and 4% were abnormal in plot N-2 {Figura ). It
is nol chear in plot M-1, but distdbution of sound, abnormal and newly dead trees were concen-
irafed in plot N-2. |t was also cbsensed that abnormal trees were distributed near newly dead
trees.

Callected trees were examined to determine whather the inner bark at each 1m height of
stem was dead or alive. Newly dead tree (N-A), still with dead leaves, was 21m height and had
living inmer bark till 14m height. Only the upper 4m was dead. Abnormal tree (N-B), had yellow
o scattersd leal, was 20m in height and the inner bark was still alive till the top.

Baots af both froes were alzo examined.  And it was lound that 30% of inner bark wara
already dead on the lower Side of the roots in both trees (Plate 4-E). Judging from the symptom
ol the rool, it seems that tree mortality are caused by red root disease. It is known that causal
agent & Ganoderma pseudeferreum, causing death of pines, rubber and oil palm. It Is also
obsarvad that the root of dissased trases bear a dark red rhizomarphic skin which blackans with
age. The red colour becomes more distingt after Infected roots have been welted (plate 4-F),
The attacked wood is discoloured raddish brown or brown mottied with whita patches. In
advanced stages of decay, the wood becomes light, dry and friable and honey combed, and a
Brown network of lines appears an the surdace of the wood under the bark,

In both plots, it was observed that shrub trees near the dead A, mangium weare also killed

by this disease. it seems that the disease spreads by oot contact with dead free. As information
of thie disease on A, mangium is stlll lacking, it is desirable that a detailed survey be carriad oult.
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Canciuslon

Heart rot & the rmeowst Important dissase in A mangium In SAFODA plantdicens. Tha
Incidencs of hegrt oot i considaered sarpus it SAR0DA planatons.

Heart il m A, rreandturr wes lop mal camkad Dy winite rot tungs (Gausal fungus could net be
idertifiod).

Inckdoncs of heart rot orginaled Irom dead brenches. twas avidant that heart /ot 1ungi in
A, rmamgiart would wade maindy from dead branches. Thaey also Ivadad from wounds

caused by equimel, fire ard physical damags,

Tha Incldancs of heart vl & A mangiwn pantations B SAFODA aged two 10 nine yean
oid rangad fram 0 to 50%. Al fve or sle yeem old plantations, more than 40% of tha
sampes aleady had haat mt Incdancs of haart ro! wes folnd o ba poelthaly eorrelatod

lo age.

i |8 supposed that the incidence of hear rot in A mangyive woukd have cosrolallan with
siiviouiium sctvities for exampis pruning or spacing trial,

i kg0 had comelaticn wilh sita condition and sasd-scucas, aspacisly Ia dagree of the
discoloration amd feart rol whech wene differsnt betwacn the provanances.

it I= concluded thal pruning 1& affective In preventing A. rangiim hear ml.
It was ewident thel 5 yoars old A auieutiorms and tee hyiord et A. auricutiformia and A,

mangtum had no haart rot  From thia fact, Here is a possiblity that haart ral In A, mangirt
tan be contmolled by & disease-resistant breedng.
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Aecommendsibon

i = very OImcull t protect Aok e igiurT Fees [T Nean fol diseaba Bnirmediaidy, || s
stronphy renommanded from tha sland point of forasl patholioy that A, sasmem should ba
plantad lor pupwood on a seven oF eight years rotetion until o protecive syetem and
tachnijua |3 padscid.

Il is cigar thal heart et lungue N A, maagiym mainky invadas from daad branchas. Sl is
imposant o astabizh a melhod © coniral bearch fonmalionproduction In dhe rear fulure. kit
ix recommended that the acllve dewiled sarvey sheld be continuesd at BAFOOA afess I
detarmina the retationahip between sibicullues! 2etiviies and he Incedance of heart rot In
A mErgiim, 1or exanphe e effed] of pruning and chemicel traatment, apacing, sita condi-
tion and B¢ o,

It Ix alzs recommandad that A msrugunt with ne-forked and thin branch be selected as
CPT (eandidale-phus-dras) Az aady &5 possile and survey of heat rot In A gurkcuiiammis
end nybrd o A, mangiomn and A, aunicoliornis ol ba carried ot

The Icrest plartalkens of lirge scate monocullus ame keown 1o ba vary suscaptible bo pasls
and diseases. L 1s recommended that while A masgian planting should continue, other
HTmiging spocies shoukd aizc be tad,

The impottance of heart rat in A mangiss can scamaly ba imdarratad. Hear ot disaase
has & high potandal for loss to forest produstion In guantty in addiion ta raduction i
tpaailty. Bl meammendsd hal betore ahtall hegt ot dgease in A manglut ba glvan ta
the redaled stal in thadning,

1 |g probabbe that dlzeases and pekts) problams 71 A mangom  plantatons will ba
sannUs (R the near iumure. But our knowladga about tham in tropical ateas |8 st elkdng. B
ig recommpndad thal the spacmiiale of diaaages (and peals) shaudkd be mned in SAFCDA.

Careful walkching al A. mamgium plantaticns 18 necassary i find dieesses (and peaie}
oncunvans and i poavent sprasd of the desases [and pasts). And 1§ wll ke necagsary o
exchangs the dismases and pests informaetion of each praject. K is regommended Ihal
farest dissases (and pasks) damage eport syetem should be established In SAFQDA.

Ta pretect A fasgmrtt from hean mot, § will ba essental o collect the micamation about
heart rot and qiher diseases In A, mangum. [t 15 rscomended that & closs celatlanship
showlld b aslahbsned wilh the (ol palbvaloglisl al Foresl Rasexrch Instlute B Kapong,
tha Linlversiy Aghculurs of Makayaia In Sardang, Sslangor and Flamnt Faihokogists ab State
Agricutture Aesesch Center in Tuaran,
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Diagram lMuslraling progress of diseoloration and decay in heartwood of degcrd
AL,

A - Grneand o years oid Acsei menpiom trees have only [ittls dead branch,

g : Threa ygars 0id ongs have incredsingly many teed ranchas,

£ ;  Haat rd lunpus begng 1o mvada Irom dead branches and/or dead branch
alubs of thras o four years old raes.

b : Discoloralon Is produced in Reartwoad of faur of fwe years old Iraes.
Fumgus occaskanally invades from other branches,

E : Some para of discoloralion progiess tcward decay belwaen live and
EBVBN YaaErs old,

¥ ;| moa than seven & alght vears old tress, desayed heart wood becnmas
g0l gradusathy.
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Tabde 1. Destrplion of slady paala.
Treg Dale ; Date
Fit  Lecality Ager of E”{:m':' ;"” ol Remarka

fymars)  plarhing sAMpling

A-1 Borwgkol 2 Moy, E0x20 e, 4
1985 1990

-2 Kinarut g Cac. 21x2.1 Dec, 21
1388 1530

B-1 Bangkal 3 Mar. A0%x 3.0 Dec, 5
1587 1950

-2 Borgkol 3 ApIr. 20 x30 Dec. 6
1887 15t

-1 Bongkat d Chep 30%3an Dar 5
16455 1850

2 Lurnat 4 Dt 2HxB5 Dec. 14
1988 199

-1 Bangkot B A0 30 Dexe. &
15485 1350

-2 (WIETEATLT 5 Apr. acxiln Dec. 19
1585 1930

E-1 Timbang & Dec. 20 MertLral
Muanggaria 1584 THNT fg-qeneration

F-1 Borvgical 3 Ao x 3D Diae, 4
1583 1850

-2 Elcngl:'.ul T A0 x 30 Dac, 4
1883 1050

G- Hanarnut 8 A0x a0 Mew, 28
1881 1840

-2 [ &ly=T141)) B acx 30 Moy, 2B
1881 1950

~a Bonpkol 2 30x30 D, 4
1851 190
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Table 2. Evaluation of discoloraton and decay of heart wood in A, mangism.

Dispase Descrption of discalralion Dirseast
Indgx end decay in heart wan<d savarly
FHO Sound wood or 1es3 than 1 m of discolared |
parl is chserved,
A bLenglh of discolored part extends more than 1 m. 1
A2 Ema parl ol wood, less than 1 m, are decayed. 2
A3 Lenglh of decayed part exctereds mone than 1 . 3
Hd Doceyed parl |8 softenad and saslly ramoved. 4
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Taklad. The incidopes of nead ot and miaction courts in A mangutn pRHatons.

Tres T age Halght DEH Point of Loealty (b Noe {c)
he. fymars) im) fam} rvvasian (a}
1 i 27 4.2 BS Fu
2 2 110 105 Wo BU
3 1235 143 o BO
i g 120 158 B= BO Fr
5 136 1.5 - HA
] 11.8 11.0 -- BO In
7 &b 10.9 - BC
a 0.3 B4 Wi Ba
L 4 13.0 17.0 BS BO Pr. in
10 18.4 125 - LA )]
1" | 1338 Wo B
12 3 1843 134 - BU Pr
13 17.3 125 BS BL in
14 & B0 WO Ki
DB
1l 15.6 148 BS B In
41 T 15.2 - BS Kl Fr.In
1 14.5 W Ki Fr. In
BE
)=
14 17.1 0.8 ES =] Fr
i 16.7 13.7 DR Py In
210 B 155 155 OB B
21 3 il B& HA Fr, In
]
22 19.1 15.1 Wi A In
¥
BS

{a}BS . Branch Sub
DR : Oead Bench

WO L Whound
— Mo Head Rot
L PU ;¢ Pureh KA Kararmetol
Bl : Bunang L o Blby Kukot
B2 : Bongked Kl : HKinarut
(e} Pr @ Pruning n : Ingect {Fin holes)




Table 4. Detadad msulls of haart cat survey in A, mangiam.
TH ©DH 1BH FH DBH Disoass Pointof
Fiot TreaMo. o v i {mi fm]  everfly invasion | oaes

A-1 b | 101 - 0.4 1405 Q
2 83 05 12 140 g

3 78 07 18 BA 0
q Ak 1.2 17 28 a
5 72 07 08 8.0 0
5 75 03 0F 7.8 g
7 B1 G715 31 n
3] Ba 18 14 Or Q
=] Ba 1.1 1.7 B 1
0 7B 10 13 o4 g

Aua_ B.1 .5 1.3 5.5 a1
A2 y 70 B4 18 43 43 g
2 54 07 AT &7 0
3 87 11 21 5.0 0
4 73 05 14 a7 6O 0
5 94 05 18 BB 2
g g7 115 1.1 B2 Ly}
7 66 04 07 5 0
g 104 03 0B 5.2 ;.
4 Bz oz 4B 8.2 L]
10 RS 05 10 8.0 0
A B3 05 1.2 4.0 7.1 q
B-1 1 24 185 B1 45 16 1
: 185 18 72 8.5 1
3 137 1.7 .7 2.1 1
i 143 20 T3 &7 180 1
5 120 15 65 &0 108 1
& a8 15 &8 1.4 ¢
T 134 1.7 hB 55 1]
B 142 18 82 B4 138 o
B 115 15 BB 7.5 o
5 122 14 64 1.4 o

fve. 184 17 B7 57 111 b5
-2 1 B8 15 21 8.0 o
Z 11.2 1.5 4.1 4.8 7.4 Q
a 123 15 41 45 184 o
4 1.7 1.0 27 111 4]
5 123 13 34 74 187 ]
§ 161 17 3D 5.8 a

7 105 18 27 10.3 o
B 116 15 25 108 1

b 133 15 27 35 183 o
® 119 14 40 47 135 ’

A, 115 15 A 4.9 123 0.3




TEDIG 4, (oo inLmd)
Pl Tres No. T DM L1BH FH DBH  Dissasg IF"umt af Hamar
{m M [ {m] {oeny sevarly  invaslon
C-1 1 14.6 1.7 g4 12.5 0
2 151 3.4 i.p 12.0 3 BR
3 167 1.8 B2 ak 17.8 2
4 150 24 a.7 111 4]
5 15.8 24 8.1 12.4 o
B 150 =r a1 101 12.4 i
¥ 148 20 T2 134 0
B 124 21 7.6 9.1 0
B 14.2 25 To 35 163 n
10 127 1.6 €.1 48 128 2
AT ) 14,7 o2 r.7 8.5 130 1 ¥ 2]
c-2 1 125 1.0 4.3 BB 4 BR
2 120 08 8.6 B3 ¥
a 156 48 &7 B 136 3 BAR
4 168 11 8.2 13.5 p
5 154 L1 8.1 100 12.4 0
E 148 11 8.3 15.5 2
7 134 08 &9 10.0 3 BA
8 133 14 i g2 3 BR, WG
d 140 D2 7.9 1.0 104 o
18 140 04 7.6 0.5 ¥
Ava. 142 a8 &8.3 24 11.2 1.7
b1 1 T2 24 6.5 10.8 4
2 1340 i L 122 1
3 135 1.7 58 765 11D ¥
4 122 1.7 3.2 5.8 170 3 L] &4
5 12,7 24 3E 158 2
L 1241 1.5 h.a B4 1
K 134 1.¥ A8 1858 v}
B 12.9 21 3.1 73 14T 4 Wi B4
L oY 1.7 35 69 108 0
10 T.B 1.2 &0 BB 4]
A, 1.8 18 4.2 8.7 124 11
0.2 1 138 2R 47 100 163 1
2 t4.4 11 a7 1d.6 a BRH I
e 4.0 1.3 8.8 4.5 15403 3 BH
4 4.1 1.6 7.4 7a 123 1
& 18.3 1.0 &7 e 1840 3 BR. WO BO
g 14.1 1.5 >3 g5 BT 1
ri 14.0 7.4 4.3 a0 144 2 iy |
8 1.3 1 48 52 100 1
L 14.0 1.1 52 79 127 5 BH N
10 139 14 8.4 35 1848 2
A, 137 1.3 5.2 831 158 20
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Tabder 4. {eonlinwedg)
TH CH 1.[ FH OBH Disoass Palrt of
Flot Tree No. mi  {my (i (md  {em)  severly invaslon Remaris
E-t 1 18.1 1.2 31 14 52 i
2 Mg 24 94 B5 175 1
3 186 4 124 132 4 BR, WO GA
4 1.2 a1 124 T 121 2
E 198 =22 €8 15.9 0
a8 182 48 115 24 1158 0 BR, WD CA N
7 196 33 0.3 14.7 1
8 174 22 1% K2 108 a BA, WO
9 196 27 128 76 128 2
10 B4 28 Q5 A6 174 3 BH, WO
Ave, e 27 45 13.5 2.0
F-1 1 195 1.7 111 A8 17 -
2 208 38 124 73 145 ) =3
2 188 22 X 128 2
4 201 an B.0 184 3 BR
£ 204 1.5 pPE TA M2 ) BR.WD M
& 161 aft 113 TE 14F 3 BR,WO M
7 205 232 121 12 204 =
H 200 1.2 127 51 184 o
+ 19.5 1.5 125 134 1
149 109 1.3 Pl 174 4 B3R [
AL, 198 23 108 70 168 o4
F-2 1 18.2 a2 a.0 55 181 2 N
2 96 25 104 B4  Th4 2
3 207 21 123 67 1T.B | BA I
.| 208 21 107 107 o
] 122 RE 107 155 2 [}
<] 20.0 1.7 100 183 1
7 195 I | 15.0 4 ER ]
A 181 2.6 6. 152 3 BR 1]
g 19.7 29 110 ag  IET i]
10 1349 20 100 16.0 3 BR iN
B, 198 2.4 142 B4 174 20
G- 1 175 an 83 118 z S0
2 1753 3.0 87 150 2 a0
a 180 53 B& 155 4 Wil
4 138 a3 3.9 120 )
3 150 4.0 4.2 181 3 Wo
& 159 3.5 Bz 164 3 Wi (= )
T 168 a4 24 14.9 4 Wwo (=)
B 15.0 23 8.9 12.5 7 I |
7 183 98 59 34 185 & W 50
10 B4 2.5 4.2 g5 1
Ave, 180 az &3 34 148 25




Tabia 4, {oorimuad)

T™ DH LBH FH DEH Digsase  Podilof Bomarks

Pl Tree Mo.
res fm) gy ey (W (em)  Gevedry  Invasion
G-2 1 8.5 1.8 20 ga 4 W 1]}
2 B4 24 32 £.3 BB 1 i}
a3 3 z8 2.7 44 145 1) 54, DI
4 30 3.8 4.7 GE 157 3 Wit sS4, ol
g 9.8 il 2.8 GE) 1] (]
i 131 pel- ) 4.4 an AT | W s, DF
T 11.F -8 28 128 1 S04,
a 118 36 50 a0 134 3 Wa &0
8 132 A 4.0 15.5 3 wo
1Q 101 26 ad 11.1 v} H
Avg. 105 28 as 42 124 1.4
G-3 1 224 30 156 O 185 4 BR
2 et B 28 187 13.0 X8 a BR
a a8 a.3 124 136 1
4 ars 2r 129 .8 1)
& 210 2.8 B3 83 a2 2
B i | I3 104 83 182 4 wo
T a2 25 118 e 178 1
B 2.4 2.4 T.7 182 3 BR, WO
2 22.4 27 7.7 85 282 I
10 20.2 33 142 70 1BE 3 BR. WG
Ave, 2.1 249 118 24 1853 2.3
™ Talal fraa hakht.
H Heaight ko 1he iowest dead branch,
L8H Halghi to the lpwast kving bearch.
FH Hilghl 1o fockesd pan.
DBH : CHaretsr at breast helght,
Fowtt ol Invaslonr . BR = Bramdy, WO = YWaund,
Femarke : 50 = Sogulmel demspe
I = Insect (pin-hola} damaga
CA = Cankar
Bl = Dhe-backof lop




Tablg 5.  Diseabe soverty and inckdence of hoart rof In each plot.

Disaszs savertty AV %ol 3
Pl DHeaaes
0 1 2 a 4 Severty 2 4
A-1 8 1 1] 0 @ 0.1 Q
2 10 0 i) 0 1] 0
qQ
B-1 5 5 a4 4] 1] 0.5 4]
z 7 a o » 1] 0.4 4
0
C-1 7 1 1 1 o 0.8 0 I
a 4 o 2 1 1.7 40 (410
26 (R0
D-1 5 2 1 1 1 1.1 20 (R10)
2 h) F| 2 4 Q 20 o (41500
20 (520
E-1 1 3 2 3 1 2.0 40 {41
F-1 1 1 3 L) 2.4 50 {510}
2 1 3 a 1 2.0 a3 {410}
45 {He0)
Q-1 1 1 % 2 a 25 B¢ {BMO)
2 D 3 2 1.9 = {5M0)
a 1 2 2 3 i 23 B0 {514)
BO (15480

0 NTI+1"H2+2 " NI+3"NY+ 4" NG

Avg RSy BB St =
age rity Ni+NZ+N2+N4+ NG

N1 +HNZ+NI+Ma 4 NE = 10
M r enzh trew numbsar
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Tehle &. infection court Inhearl ot of A, gy

biectian coxt Percenlaqe (%)
Dead branch stubs 23.4
Cead branch 205
Unhaaked prumig wouwos 19.1
Unhesbed branch stibe 88
Forkad imjuitas 74
Souiral damapa G
Linkricawt B8




Table 7.  Descrplion of sampled treas.

Thes TH DH LEH FH DEH
Pt nuibar  {m) {m} (e {m} {&m) Ramarke
H-1 1 201 2z 12.8 .1 0.2 (41
2 8.0 1.8 &.6 718 el e, 50
= | thBe 1.7 11.2 4.3 2044 M, CA
4 149 1.0 14.4 £.5 220 (' AN
] 185 F ] T4 6.4 2204 M,
5 19,8 e 103 55 20,0 N
7 200 20 I 7.4 ao g [[§
a 182 15 a4 2 1] 195 N
a 180 23 E.G g3 211 N
10 19.0 1.7 6.4 - 1B.5 IN, CA
1" 14.1 18 54 - 19.6 M, A, AN
12 ats 22 1.7 B2 180 17
11 225 17 g1 8.3 225 CA, AN
4 g2 1.4 11.0 - 218 IN
G 21.9 1.2 8.1 7.5 240 IM, AN
1! 287 1.7 8.0 2.3 24.4 N
17 218 18 120 a5 27 N
18 21.2 18 104 - 174
18 2.0 1.3 1.5 0.8 201 I
20 T8 1.5 111 ] 18.4d 1M
Ave. M a 18 a.r 7.8 2.0
H-2 1 13.4 06 11e a.0 14.2 1]
A 1.1 0.5 123 5.4 15.0
a 18.9 15 7T . 14.1
) 12.9 oy 11.8 Ba 14.8
L 167 0g B2 (=9~ 13.5
& 15.8 .0 10,0 B2 140
T 14.4 141 1t.0 T.d 166
g 147 t.a 8.2 7.5 17.0
) 183 1.5 B8 EA 173
10 14,2 (]| 0.2 Ta 14.1 I
11 133 .5 8.7 T 127
iz 167 0.5 10,3 - g1 R+ M
13 163 1 | 10.9 8.5 3.2
14 15.3 1.3 6.5 4.0 18.4 IN
15 174 11 10.2 133 149
14 175 A 8.0 - 15.5
17 152 b2 106 8.7 16.6
148 150 1} 2 5B 14.2
14 15.1 103} p.2 TE 1358 IM
M 13-4 (18] 07 93 141
A 57 (1]} 150 a3 148
™ Todal free heighl.
oH Heigtt to the lowest dead branch,
LEH Hedghi 1 the lowest living branch.
FH Heighl to the farked parl.
OBH Biamster at braaat halght.
FRemarks: IN = insect (pin-hole), Ca& = Cankar,
50 = Sguirel, AM = Anls
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Tsle 8 Evaluation of deeaszs ndex and valumes of wood affected in disccloration and decay

in sampled Inpas,
Tres [Hocace ) . Yalume alfacied (%
Pt 1ee B Disoloration > afectod (1 Tom
H-1 1 HZ = 1.4 B&
2 R4 12,8 4.9 5.7
3 2 2.0 1.7 10.7
o4 Rz 9.3 o7 10,2
. ;] 185 | 24.8
L R3 14.2 74 21.3
7 B3 5.8 42 141
H R 100 25 135
o R3a 148 LK 20.4
T A3 11.5 5.4 16,7
11 [z a4 2.0 104
12 A3 1.8 a7 1935
13 R3 4.8 ! 221
14 R3 1.5 4.0 1548
16 R3 188 2.4 o4
16 A3 140.7 248 133
17 R3 g1 a4 12.45
18 A2 a8 1.3 10.2
19 A3 11.3 4.4 162
20 R3 15.2 B3 |
H-2 1 Az 59 0. 6.0
2 A3 161 5.0 201
a A 1.1 148 11.7
4 A1 - . -
5 A2 BA - &1
G Hz 138 . 1ar
7 Az B1 13 94
B AQ . - -
2] A3 8.8 24 .7
10 A E0.B 8.2 a7
11 Az 54 a.3 A3
12 R2 11.0 2.2 14.1
13 A2 473 05 4.8
14 R3 185 10,7 an 3
16 A - - -
16 A3 136 4.9 19
17 AD . . .
1B A3 136 2.8 18.4
19 R2 6.0 - 5.4
20 A2 118 0.1 12.0
R Seund wond ar lees than 1 m of disctiored part is nbearved.
A Lenpit ol diseolored part sxends mole than 5 m,
Ha Sema part of wood, lass than 1 m, am degayed.
R3 Langlh of decayed part @dands mors than 1 m.
A4 Decayad part ks softerwd and saglly rempwrad.

et |




Takle 0. Ressription of $tudy plols.
Trea Date Data
Spac
Lacality Age of ';'::1{'“ of Remarks
[vears] plerfing gampling
-1 Kinarut 5 . 1.0x1.0 Aug. 16 Specing trial
189648 18343
-2 Kinans 5 O 21 w21 Aug, 18
1968 1803
-3 Kl rut B Ot 40x42 Aug, 18
1883 1983
g1 Kinarut i Mav, 3.0 x 3.0 Aug, 21 Fraovenance
1988 1042 Austtalig
[Whiyarsel)
-2 Kinandt 5 Moy, 0x34 Aug. 16 FMNG
1088 1983 {Halamuk}
-4 et S Pdgns. Z0r3ad Al 17 FNG
1088 1843 tBanrm)
-4 Kinany E Mo, 3.0x20 Aug 21 Malaysia
1988 1883 (Sabah - Ulu Kok}
-5  Kinans 5 Mow, 30x%30 Aug 1T Malaysia
1988 1893 (Sabah -- S356)
K-1 KInad & Ot 3.0x30 Aug. 10 Prumirsg only
1584 1933
-2 Kirnarid 5 O 3.0 x3.0 Aug. 14 Faiert
1088 19%3 treatment
- Kirarul 5 i, 3rx3n Aug. 10 Topziy
1988 1983 tregtmen;
. d KInat 5 Ol A0x30 Aug, 14 Mo prunmg
1988 1824
L-1 Kinang 5 O, 25x25 July 28 Spacas
1g88 1B23 A. mangium
-2 Kinans 3 Ot eHXKES July 28 A, aursuitfors
1088 1903
-3 Kimann g Gt 2oXES Juty 28 Hytarid
THEB 19483

d5



Tabte 10. The inctdanca of haan mt 0 epacing trial plata.

TH

oH

LEH

FH

DEH

Dhsoase

Poet ol

Fiot  Trea No. {rml {m) e i) {arm) BEVRrEY Invaslan Flermarks
=1 1 177 0.8 10,0 1A 3 HBR
) 2.2 08 a4 11,3 3 BR, WO 504
3 15.3 1.3 101 108 2 Wwa
4 18.4 1.4 8.4 8.1 2
5 158 L7 8.4 11.5 £
Ave, 1.7 1.0 27 1049 2.8
[-2 1 18.1 & hié 14,3 2
b 180 08 T4 138 3 BR 50
3 184 OB 27 15.8 2 5Q
4 6.0 10 a7 14,4 2 &0
5 14.1 3.0 4.t 14.3 1 Lo
Ay, 78.1 4.7 5.7 14.5 20
[-2 1 = B N 0.0 157 1
2 18T ¢4 3 17.0 2 50
| 1486 0B 1.5 158 3 BR S0
4 133 o6 23 151 a BR S0
5 120 04 21 | 155 b S
Ava, 142 0.5 1.8 54 18.0 T8
[-1 Spactng iz 1.0 1.0m
F-2 SpacgpBZix21m
-3 Spacing s 4.2 x 4.2 m
TH Tatal e hadght
OH Haiglit toihe [weak dead brarsh.
LBH Herght to the [ew'aal lving brasich,
FH Height to torked part.
oBH Diameter ef bresst haight
Prairt, e ipyRsian BA = Hranch, WO = Wound
Rermete &0 = Squlrrsl damage,




Table 11, The ncldence of kaar rot In provenancs trial plots.

™ oH LBH FH DEH Diseass  Poipt of
Plot  Tras Ho. P P (rm) - fom) aaverlty  invasion Rermarns
g 1 102 Q.8 1.1 115 2 80
- 107 1.4 1.8 116 2 =2r ]
3 1.3 1.7 £Aa 128 2 a0
4 118 1.8 3.1 142 B L2 [
5 100 Q6 1.7 12.4 2 80
Ava 18 i1 2.0 12.4 a4
J=2 1 i0g o2 24 S0 138 | BR 50
g 121 g ¥ ! 15.8 g
3 134 QB 4.3 15.6 | BR, WO 20
d4 124 D4 ar 187 - B3
5 147 D3 1.4 14.2 a BR 50
Ave. 126 04 a3k BO 14T 28
J-3 1 155 04 7.8 14,3 3 8H 50
2 4.1 12 4.9 124 2
3 29 0.7 | Az 134 2
4 s 45 28 130 3 ER 50
B "7 14 AT 56 124 e
Ave, 12 08 49 54 131 B4
J-4 1 160 0.6 &.1 15.4 z
2 187 Q.7 A6 T4 184 el
3 135 08 6.3 14.0 1 i
4 1248 08 58 14.0 1 ={a
5 163 bS5 8.1 16.8 z BQ
Ave, 1483 0.7 LY. 74 183 114
J-5 1 114 04 30 14.4 1 &0
2 182 18 74 B8 144 2 a3
3 148 (.2 T4 168 2 2Q
4 182 08 75 155 1
g 163 pA 27 141 e
Ava. 154 (1 ] ;| HE a.% 148 .6

PBH

Pomf ol Tvasion ;

FREmerkea

; Sesd provenance is Whyaned n Auetrelia,

. Sepd provenance I Belamuk In Pepum MNew Guinga,
v Saed phowanarnds 16 Berem in Papus Mew Guines.
i Seed provmnancs i LUig Kokt (Babah} in Makaysis.
t Saod provenancs & 5558 (Sabah) In ktalaysia,

v Total tree felghl,

:  Helght to the lewest dead brarch,
:  Haighl to the kowest kving branch,
¢ Heighl ta farked part-
Prameter at braas! hedght.
BA = Brarh,
. 50 = Squlrel damaga.

WD = Wound.
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Tabla 12, ENect ol chemical traasment on the kealing ¢ wounds by graming.

Pt 0 menth!! 4 mihikes A months 12 manins
Dioek  Jan. 6 'B2¥ May 21 92 Sap. 18 '02 Jan. 5 'Ba
K-1 1 142{100} 0 08 {7} 0 a83(2H 20 0132 54
g 126 (100 9 1048 {55) 0 0.58 (46) 0 o2 29 54
3 108 (00 0 0.5 (8 0 040 (37} 0 ol 53
Ave.  1& 000} O 0.8 (7H) 0 044 (58] 0 DB A
K-2 1 127{00) @ 10871} 0 0BY(46) 19 o4} ED
2 10B{100) O 0.5 (01} 0 054 (59) 0 02927 30
A 143 {100) O 107 (75) 0 048 (327 g 0075 70
Ava. 126 {100) O Q.86 (54} g (.56 [44) 0 01713 B3
K-9 T 143{104) Q 01 (43) g oAt(& 81 02 (1 80
2 110 0 QFs () Q032 (249) 10 422 (20 an
3127400 O 055(10) 10 042(9 80 O0DI( T TO
Ava. 127 (10€) 0O 0@l (50) D DIB(14) 43 O11(® 63

K-1 : Puning

K-2 . Palnt reatnent after pruning

K-3 ! Topzefreatrent after pruning

{ ) : Parcantage of no-healing wounds

11 + Months after pruning, 2y : Date of assesamant

Each block has ven treee and each res has five lixed pruning witds.
Each branch was prined on Sih Januerny, 1992,




Tehle 13,  Effaciz of pruning and chemical treatmanta on the ogocumence of discolpmton or

dgcay in kol
Treatment Farcantages of Sialoted
(Pl Meh or decayed knots (%)
Mg treatment (W~ 1} 25,6
Pl irdairwart [ = 2} 84
Tapzin lreatmant (K - 9} 220
Ma pnming [ - 4] 478

Pruning and chemical treatment weng oonductad on Sth January, 1891,

Aesattmant wes dono on 3rd Dacsmbear 19561,

Tabéa 14. Forcanlags of discolorad or dacaysd nots,

Plot Sungd digcokaton decay

K-1 a7.1 o] 14.3%

K-2 &4.3 14.3 214

K-2 TE3 124 1.5

K-4 .0 200 40,0
K-1 : Prming

K-2 : Painflreatment after pruning
K-2 . Topzinteatmant atber praning
K-4 : MNopruning

Eranch was prunad on SR Januacy 3992,

Assaesmant was conducted on 104h August, 1993,

<)



Tabba 1% Detabsd rasuks of hear rot survey In pruning trakal phats.

™ DH LeH FH DEH Dlizgass Prinl of
Plet  Trew Mo My (b (m}  fam}  mevesty  irvaswn Rermarks
.1 1 1B? 20 6.4 148 1
) 178 243 71 151 1
a3 184 a?r & 87 14A a ER B
& 122 24 dd 14.3 3 BH =0
5 148 28 5.7 150 a BR, WD 50
] 182 2.5 B.Z 16,5 2
7 153 24 54 T4 145 1 50
a 182 a0 B0 1458 )
g 145 27 43 15.0 2 50
13 124 .8 4.0 158 - 50, TE
Hve, 154 3.0 549 a1 15.0 1.8
K-2 1 1EQ 3.2 T.B 14.8 2
o 182 20 B.7 143 a 50
a 18.7 38 1.7 141 a
4 145 37 &7 153 3 BF B
5 151 33 7 14.0 3 ER
5] 153 3.d T4 14.0 ]
F) 11.2 a6 2.8 48 1482 2 &0
g 150 B2 7.7 14.5 3 BR
) 135 32 E& 140 2 &0
15 138 5.4 40 17.0 - 2a,TE
Ava. 156 34 EB 48 145 2.3

A0




Table 15, (Conttnued)

TH H LBH FH  [HBH Disedge  Poind of

Plet  Trea Na. P (m ) oo tem) . i Farnasho
K-3 :; 176 24 4.3 1540 0
p 168 248 7.5 155 2
3 189 Az 7.6 14,1 0
4 188 b | g0 148 2 BECH
5 104 a2 5.3 &0 150 ¥ &0
£ 140 22 7.3 14,8 A BQ
T T4 7 25 a.0 14,5 1 24
| 1540 3.k hB L I F- 1 o
g 144 a4 5.3 14.5 1 20
10 14.5 a0 a.4 140 2 B0
Ave. 155 8.1 A.3 E% 148 12
K-4 1 12.4 12 42 150 138 1 54
@ 15.6 14 E.4 15.8 | BA B2
3 125 23 76 158 1
F 142 05 5.2 T4 182 2 20
B 178 03 -3 14.5 2
) 185 0.7 .7 162 2
T 14.B 2 51 14,8 2 B
& 104 0.7 42 132 Fs S0y
L 148 1.2 LY. 146 & BA S0
1 180 08 T4 70 180 3 BR
Ays 15.5 11 &2 2.8 150 2.1

1 : Pruning

2 ¢ Pait teatmanl ater prneg
-3 : Topan treadmeanl aller pruning
4 1 Me-pruning

TH : Total tree helghl

B H ; Helght tothe owest dead Branch,

LBH : Height o the iwest Kving hrandh.

FH : Heightioforked pert

BH Diameter 2t breast hedpht,

Folm nf mnvaskn | BA = Branch, WO = Wound
Remarks @ 5G = Scpirl damage, TE = Temmites
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Tate 18, Thi Incidance of hekT walin A, mangum, A, auricoiformis and Asasla hybrid

TH M LBH FH DBH  Dizpasa  Fointof
Plot TreeMo. 0 b fmy imd jom)  severly  inwasian Remarks
L-1 1 152 24 5.6 147 1
2 167 1.1 6.5 193 1] =0
3 120 22 24 145 2 S0
4 15.1 28 5.9 138 2 S0
5 124 2.3 az 8.4 4.2 o BR
& 18.2 1.7 a9 4.6 | BR
T 20,2 24 126 11.2 14.T 1
) 193 29§ ) g5 184 3 BR 50
8 200 2% 4.5 15.0 4 BR
10 9.2 A+ 7.2 9.7 164 | BR 2Q
AYE. 17.8 2.4 7.7 9.6 155 2.2
L-2 1 144 04 2.5 1.4 148 i
2 146 Q7 B.A 9.3 1
3 14,5 1.5 51 iR 12.1 1 S0
] 11.8 1.0 3.8 15 130 1 S0
L 17.3 1.5 5.4 1.9 14,8 s
f 18.0 0.6 6.3 1.5 161 2
T 132 1.2 54 108 1] &L
B 12T 16 L 28 118 1 0
B 1% 09 54 23 113 1] S0
10 15.6 22 a0 104 a S0
Ave, 144 1.2 &8 1.7 1245 3.4
L-3 1 45 08 a2 11.8 2
2 156 ! 6.5 0.4 138 i 2]
& 88 1.2 2.5 14.7 Q
: 7.3 0.8 78 23 15D ! =18
5 3 1.0 9.4 [ A 2 SR
& 81 1.5 11.8 3.3 14.3 4]
T 18.5 1.4 100 87T 12.3 1 s
g 7B 1.0 98 5.2 138 2
] 18.8 1.2 6.9 13.7 a
10 15.1 07 7.0 §1.89 2 =0
Ave, 1T.3 1.0 T8 57 148 1.0
L-1 : 5year-old A mehpile.
L-2 : 5yearald A aurcaforms.
L-93 : 5ysarakd Acacis Hybnd
TH : Total tres haigH.
il M Helgh ta the lowest dead branch,
LEH : Helgn to tha lowest iving tranch.
F H : Haightto torkad part.

DBH : DHamalsr i teaas) alghl,

Poinl of Invasion * 8 = Branch, W = Wound.,

Ramarks | 50 = Squirrel damage.




8. Explnation of piate
Flalg 1. Acaois rangium and hear ngl,
A Thaoldesl A mangium planked In Sabah
B : Incidenca ol heart rot i culllvated A_ maagium from planttion for pulp g

Flale 2.  Discoloration amd decay ol heartwood In A, mangiom

A v [Mscoloration

B Crecay, disessa Indax 13 Aa.

€ Advahced decay, disease index i Fla,
o Hodhw of heartwood by hean ot

Flata 3. Infection courds of hear rotin A, mangiom,

Dead branch stub

Read branch

Unheaeled pruning woond
Unhealed hranch stut
Foriad injuras

Squumel darmgge

Firs goar

L T m a9 s

Flate 4, Gther disensas In A, tmgsn

Sytmptom of ooty mokd on leal

Symytar of dig back In A mangioen phantation

Chead part obearad b inner bark of dls Bask treg

Trae mormllty oooured in A, manpism panrabon

Cross sectlon of diseseed rat

Syrmygtom of red root disexse on the oot Butace of dizeaszed A, HYgTQLm,

m m 2 60 e



Plate 1




Plate 2
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Plate 3










Plate 4
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Far further information,

zeneral Manager,
Sabah Forestry Development Aulhaority,
Lockad Bag 122,
E8893 KOTA KINABALL,
SABAH, MALAYSIA

Tel 0B8-218270, 218133, 218213, 2181586
Fax: OB8-218294
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