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The genusSantalumbelongs to the Santalaceae, a family in the O&#etales

Santalumcomprises 16 specieSantalumtaxa are hemi-parasites, and the availability of



appropriate host plants is crucial to their sudegssstablishment. The economic and
cultural values ofSantalumspecies are attributed to the fragrant oils presenits
heartwood.Santalumtaxa have considerable cultural and economic itapoe to many

communities in Pacific Island countries and terié@s.

This study investigated vegetative propagation hok¢ sandalwood taxa, viz:
Santalum yasiS. albumand their hybrid $. yasi x S. album Experiments were
undertaken to induce root suckering in mature damal plants growing in the field in
two locations in southeast Viti Levu (Vunimaqo a@dlo-i-Suva), Fiji the technique
employed for root sucker induction was to partialy fully sever larger near-surface
roots. Root suckers were produced on the segmendaimiaged or cut root, which is
positioned away from the trunk, suggesting thatngbals from the tree inhibit the
development of root suckers. Substantial differencethe number of shoots produced
were observed between roots which had been pgrtiadl(primary lateral root) and those
that were fully cut through or severed (secondaterhl root). Induction of root
suckering was most successful for the hybrid plaotsaverage 3.7 £0.6 shoots were
induced on fully cut secondary lateral roots, wHil20 +0.18 shoots were produced on
partially cut primary lateral root rootfor S. yasj averages of 0.61 +0.18 shoots were
induced on fully cut roots and 0.15 +0.11 shootspartially cut roots. Fos. album
averages of 0.96 +0.65 shoots were induced on tultyroots and 1.2 +0.34 shoots on

partially cut roots.

The optimal root diameters of severed lateral rofms stimulating shoot
production was 1.40 £0.10 cm for hybrids, 1.98 #Ccin forS. albumand 1.60 £0.11cm
for S. yasi The optimal root diameters for stimulating shpodduction in partially cut
larger roots was 5.03 £0.90 cm for hybrids, 4.783%0cm forS. albumand 4.77 £0.57
cm for S. yasi The distance from the trunk at which the roatushas a strong influence
on shoot induction. The optimal distances fromtthak for stimulating shoot production
were 56 +4 cm for hybrids, 33 £3 cm f&. albumand 32 £2 cm forS. yasifor
completely severed or cut through secondary late@bk. However, for half-cut through
primary lateral roots the optimum distance from titumk was 20 +4 cm fohybrids, 19
+5 cm forS. albumand 9.1 +2.5 cm fo8. yasi In addition, this investigation confirmed



that complete severing of roots was more effecthan partial severing of roots for

stimulating shoot production for cuttings mateagdBSantaluntaxa.

An investigation was undertaken to identify effeetireatments for propagating
Santalumtaxa through stem cuttings. Five factors were itigated for their effect on
rooting success of the cutting. These factors wetele Butyric Acid (z),root promoting
hormone Naphthalene Acetic Acid, at concentratioh®, 0.5 and 1.0 mgt) seedling
age (6-12 and 12-24 months), cutting type (rooksushoots or seedlings) and cutting
position (apical or basal). The rooting percentagel number of roots formed was
increased by Indole Butyric Acid application indrdction with 30:70 sand:peatmoss,
and apical shoots. Under these conditions, theageenumber of roots formed & yasi
was 2.8 £0.3: corresponding numbers of roots wesetR.2 forS. albumand 3.6 +0.3
roots for hybrids. The average length of roots fednonS. yasicuttings was 2.1 +0.2 cm,
2.2 +0.2 cm forS. albumand 2.9 +0.3 cm for hybrids. The application dd ing L*
Naphthalene Acetic Acid (NAA) in 30:70 sand:peatsiasedium, and originating from
the apical portion further enhances rooting sucoéssot number and length f@. yasi
2.5 0.2 roots and 2.7 +0.2 ciq, album2.5 +0.3 roots and 1.8 0.3 cm and hybrid 3.1
+0.2 roots and 2.9 x0.2 cm. Younger seedling age ®-12 months) in a 30:70
sand:peatmoss medium, and originating from theaajpiortion further enhances rooting
success, bothroot number and length, f@. yasil.9 +0.2 roots and 2.0 +0.2 cI§,
album1.5 +0.2 roots and 1.3 £0.2 cm and hybrid 2.8 £fb8ts and 2.2 £0.2 cm.

The result revealed that cuttings taken from appzaitions gave much higher
rooting percentages than those taken from basatigges Rooting of cuttings was
improved (i.e. more and longer roots) in a 30:78dgaeatmoss medium compared with
mahogany compost. Application of rooting hormoneghthalene Acetic Acid 1.0 mg L
L and with Indole Butyric Acid) increased the numbefsoots and root length compared
to than two other concentrations of Naphthalenetidc&cid. Cuttings from younger
seedlings (aged 6-12 months) produced more ancetorggpts than did cuttings from
older seedlings (aged 12-24 months). The resultsated thatSantalumhybrid is the

most suitable of the three investigated taxa forventional vegetative propagation.



The final experiment was an investigation of thealepment and survival of
treated cutting-derived plants following transpiagt The aim of this work was to
investigate the survival of apical and basal stemtirgs following transplanting.
Transplanted rooted cuttings derived from Naphtlécetic Acid (1.0 mg T)
treatment, younger seedlings (6 to 12 months ohl) interaction with 50:50
sand:peatmoss media developed longer roots im@éttaxa 1.4 £0.1 cm i@. yasi 1.3
+0.1 cm for S. albumand 1.5 x0.1 cm for hybrid. Rooted cuttings that Haeen
propagated in 30:70 sand:peatmoss with hormonen(d.Q* Naphthalene Acetic Acid )
application produced longer roots after transprantiThe transplanted rooted cuttings
from Indole Butyric Acid, apical position age 6 1@ months in interaction with 30:70
sand:peatmoss media further enhanced root devetdgdieagth) forS. yasil.5 £0.1 cm,
1.5 #0.1 forS. albumand 1.1 0.0 cm for hybrid. Rooted cuttings that Hzeen
propagated in 30:70 sand:peatmoss with hormoneldn@utyric Acid application

produced longer roots after transplanting.

Based on the experiments reported in this studyhdripercentages of successful
cutting-derived plants ddantalumspecies can be attained by taking apical cutting® f
younger seedlings (up to age of 12 months) tredtiegh with Indole Butyric Acid and
Naphthalene Acetic Acid (1.0 mg™Lconcentration) and rooting them in a 30:70

sand:peatmoss medium (rather than in media defieetdlocal compost).

Citation:

Havea, M. (2007). Vegetative PropagatiorSahtalumspecies $antalunyasi Santalum
albumandSantalumhybrid). M.Sc. Thesis. University of the South HacSuva, Fiji.
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CHAPTER 1
INTRODUCTION
1.0 INTRODUCTION



Sandalwood have been used for thousands of yedrs ah great social, religious
and economic importance in several countries (WE¥®Y) (Plate 1.0.). Presently the oll
from the heartwood (Plate 1.1) of several sandafivtaxa includingSantalum yasi
Santalum albumand Santalumhybrid S.yasi x S. albunis extracted for use in
cosmetics, scenting of soaps, aromatherapy, perfuare medicines, while the wood is

powdered for incense sticks or used for carvingaorental (Plate 1.2) or ceremonial

(Plate 1.3) objects, for which it is greatly priz&tinivasaret al.,1992).




Heartwood of sandalwood

Plate 1.1 Presently the oil from the heartwoodasfdglwood is extracted for use in cosmetics,
scenting of soaps, aromatherapy, perfumery andaimedi (photo: Thomsoet al, 2005).




Plate 1.3 Incense burning is integral to Indian @hthese religious rites (photo: Thomsatral,
2005).

The availability of sandalwoodn the world market is in decline due to a greatly
diminished natural resource base. Sandalwood ressunave declined as a result of
over-exploitation associated with high prices amndnd, and other human activities
such as forest clearing for agricultural purposes gests and diseases (J.C. Daraal.,
2002). Sandalwood growing and harvesting is onth@fworld’s oldest, and still one of
its most valuable, forestry enterprises (Evans 2003

Sandalwood has always been a prime natural resé@recemote communities in
developing countries. The multitude of functiongl aervices provided by sandalwood
over the years has met most of the subsistenceandsubsistence commercial needs of
rural communities (Jiko, 1993). It is economicadpd culturally important to many
countries around the Pacific and Eastern Indiana@aegions where it grows or is
traded.

In the South Pacific region, sandalwood is verglsaused nowadays because of
its scarcity and cash value. The grated wood waafitionally used to a limited extent to
scent coconut oil and/or cultural artifacts sucliags cloth. The historical significance of
sandalwood to the people of the Pacific is wellwnand valued (Thaman and Whistler,

1996).



There are 16 species in the sandalwood g&argalum not all of which are
harvested commercially (Chapter 2). They grow radiyiand are distributed throughout
the Pacific and Eastern Indian Ocean regions (@nap} (Barret and Fox 1995).
Sandalwood are evergreen trees ranging in size tatrahrubs to small to medium-sized
trees. They grow in a variety of climates from thestralian desert to subtropical New
Caledonia and at elevations from sea level to 8060 feet (~2,460 m.). The most well-
known and economically important specieSantalum albun{Sheaet al., 1998), as it
has the highest oil content (6-7%) and a desirablema profile. Santalum
austrocaledonicunfNew Caledonia and Vanuatu) aBd yasi(Fiji and Tonga) are also
distilled to produce essential oilSantalumspicatumfrom Western Australia has been
valued for its wood for many years, and has regeaio become a source for essential
oils (McKinnell 1990).

Trees harvested for oils are selected by age @wl lcause of the higher
proportion of heartwood (and thus essential oillaiger trees (Plate 1.4). Dead-standing
or fallen trees are also harvested because the Wwoln$ onto the essentials soils for
many years. The whole tree is harvested and useldiding the sawdust and the stump
(which has the highest oil content) and the sapw@ddch contains small amounts of
oil). The lower grades of sandalwood, such as #psveod, are used for incense and for

chips and powder, while the better logs are useining (small objects to furniture).




Plate: 1.4 Trees harvested for oils are selecteabyand size because of the higher proportion of
heartwood (and thus essential oil) in larger t{pésto: Thomsort al, 2005).

The economic value of sandalwood, withessed fraange of published studies,
reveals that it makes a major contribution to thbenemies of countries in these areas.
Evans (2003) also highlighted that the sandalwaeoddnga is a highly promising tree
species for rural income generation. This is natpising, given that sandalwood
provides a non-perishable product (heartwood arsgreml oil) that has found good
markets from the South Pacific Islands for morentB@0 years.

In the Asia Pacific region, many sandalwood taathreatened with extinction
either at the species or at the population levelréD, et al., 2002). With rather limited
resources the research partners in Australia athoinkgsia and also in the Pacific region
have called for a greater awareness of the urgeed to conserve remaining forest. This
lack of resources has allowed serious considerabidre given to growing sandalwood. It
is accepted that efforts must be made now in otdepreserve an adequate genetic
resource base of the various species and varfetiésture generations.

There is continued demand globally for sandalwolidwould appear that
vegetative propagation of sandalwood by means tiings is playing an increasingly

important role in retaining the specific charagies of the selecte®antalumtaxa



mother trees. This vegetative propagation couldgbabout considerable gains in terms
of volume production, uniformity in wood quality éangrowth, and rapid return to
investment, as well as being the foundation foeeuse future resource. Overall, there
has been a growing awareness about the importdreandalwood, not only for the role
it plays in subsistence economies, but also fopriésent and potential importance to the

national economies of many developing countries.

1.1 Problem statement

The wide range of uses and the importance of tlb@aic and cultural value
derived from the tree to the subsistence and sahsistence livelihoods of people in
many countries in the Asia-Pacific region, is wpaimpted my interest in sandalwood as
a research topic. More specifically, the role afidawood in the subsistence and semi-
subsistence commercial sector of the Pacific reg®rof special interest for rural
development. The selection of sandalwood for tegearch because of the second most
costly wood (Bolancbt al.,1984).

To the author’'s knowledge, sandalwood is one of ien underdeveloped
resources which could help in the development ohlrpeoples in Pacific Island
Countries (PICs). The questions that need to bedaste:

(@) What is the economic value of sandalwood famlruncome generation in the
Pacific?

(b) How can the ongoing community harvest of watidalwood be made sustainable?



(c) What are the most appropriate propagation tecies that need to be developed for
sandalwood in order to provide larger numbers aetieb quality planting stock for
replanting programs?

The availability of sandalwood on the world marlein decline due to a greatly
diminished natural resource base. Sandalwood ressunave declined as a result of
over-exploitation associated with high prices amandnd (Doraret al., 2002). In the
Pacific, for exampleSantalum yasivas heavily exploited in the early 1800s and guwickl
became rare (Bulall995). Over-exploitation of sandalwood in Tongahe 1960s and
1970s has severely reduced the resource (Kaafuai, 1999). It is now imperative that
the remnant natural resources of sandalwood begsat and managed in a sustainable
manner and that planting programs be instigateéntsure their contribution to rural
livelihoods and continuity of supply.

Humans have caused damage to sandalwood standsghhradiscriminate
hacking and cutting of undersized trees, while tr@s wiped out regenerations of
seedling. The main cause of the reduction of savatad comes from overharvesting,
whereby all larger individuals (i.e. the main frbaring trees) are periodically cut down.
Failure to retain an adequate number of seed ti@esatural regeneration or for
enrichment planting means that populations takers iong time to recover after such
intensive exploitation (Wiseat al.,1999).

Research on sandalwood in the Pacific region itedifficult for several reasons
including a specific harvesting season and diffieal in non-destructively collecting
wood samples and obtaining planting materials. Searaalwood species have been

reported as difficult to propagate or else therneasnformation on whether they may be



successfully rooted from stem cuttings (Walkeal.,1999). However, some of the trials
carried out have shown that vegetative cuttings veell (Bulai, 1995). Collinset al.
(2000) have shown th&. yasiis amongst the easiest of the sandalwood speciexto

from cuttings of juvenile plants.

1.2 Objectives of the study

The overall aim of this research is to identify gagation techniques for
sandalwood and to provide larger numbers and bettaity planting stock for replanting
programs.
1.2.1 The specific objectives of this research are:

* Generate a protocol for the vegetative propagaif@antalum yasi, S. albuand
Santalumhybrid S. yasi x S. album

» Ascertain whether the rate of shooting varies watrtial or total cut in the
underground root of the parent (stock) tree.

» Determine the conditions necessary for successéumh-sutting propagation of
sandalwood, to standardize a technique for vegetgtiopagation of sandalwood
and utilize that technique to facilitate the muitation of sandalwood trees.

» Compare the degree of rooting relative to cuttingifoon (i.e. apical and basal
portion) of the cut lateral roots, rooting hormofne., with and without Indole
Butyric Acid (IBA) and different concentrations d®faphthalene Acetic Acid
(NAA) and effect of rooting medium (i.e. peatmogsntahogany compost), and
seedling ages of the cutting (i.e. 6 to 12 andol24t months).

» Evaluate the survival of the transplanted rootetiroys.



1.3 Significance of the study

Several studies have been published on the vegetaibpagation of sandalwood.
Most have focused on the effect of season wheingsttvere collected, the effect of the
origin (position on plant) of the cutting materialsd the effect of different levels of IBA
as root promoters. Teklehaimaredtal., (2004) looked at the influence of the origin of
stem cutting, season of collection and auxin appbo on the vegetative propagation of
African sandalwood @syris lanceolata family Santalaceae) in Tanzania. As was
mentioned previouslPsyris lanceolatavas useds a source of sandalwood-type oils in
the past but these are little traded nowadays (€od®95; Weiss 1997). Their results
revealed that stem cuttings collected from the @jimg stumps had potential to be used
in propagating: stem cuttings collected in Septambeginating from the basal portion
had the highest rooting percentage (43.8 +3.9%}) application of IBA between 50 and
100 parts per million (ppm), further enhancing nogtsuccess.

Balasundaran (1998) found tia@ntalum albunimad 56% rooting and sprouting
in talcum-based IBA treatment and 14% in alcohddah treatments. Srimathi and
Nagaveni(1976) achieved vegetative propagation of maBaetalum albunby inducing
rooting around the shoot primordial, and then dat{ing the shoot primordial with the
original roots. As another option, they also cuttb& original root along with the shoot
primordial and induced rooting after transplantingowever, they did not succeed in
propagation by stem cuttings. Uniyatlal., (1985) researched the vegetative propagation
of Santalum albunby root cuttings and reported vegetative propagathrough this

means: secondary roots or thin superficial root ot, cut into 5-cm long pieces, and



treated with seradix B sprouted and rooted in 3049s. Vijayakumaset al., (1981)
reported and observed that trenches dug 60-90 am fhe main trunk give maximum
induction of adventitious shoots.

Walker et al.,, (1999) reported that preliminary vegetative prcgism
experiments withS. album S. austrocaledonicurand S. yasimet with only variable
success. Substantial differences in survival anting success were observed betw8en
album and S. austrocaledonicumwith an average rooting success of 63.5% Sor
austrocaledonicuncompared to only 9.5% fd8. album For S. austrocaledonicunthe
peat medium also resulted in better rooting sucttessthe pure sand medium. However,
in another study also by Walket al, (1999) the rooting ability of five different
Santalumspecies $. album, S. austrocaledonicum, S. yasi, S. macgregnd S.
lanceolatum was compared. All had a much lower strike rdteught to be due to cooler
weather conditions during the period of setting thtings. Despite this, results once
again showeds. austrocaledonicurto be an easier sandalwood species for vegetative

propagation (20.2%), arfsl yasiachieved an excellent strike rate (46.1%).

In the Pacific Region, research on vegetative pyapan of sandalwood has been
limited. Bulai, (1995) the Siliviculture Forestryiision (SRD), Colo-i-Suva, Fiji, also
reported that vegetative cuttings taken from yo8ngasiseedlings at the 2-4-leaf stage
rooted well, with a success rate of 90%. Bulai &lataniela, (2002) showed that shoot
cuttings taken from 18 month old plants producedtldo strike rate under mist
conditions. Collinset al., (2000) and other studies conducted have shownSthgasiis

the easiest of the sandalwood species to root.



In compiling this review, no detailed studies omgettive propagation of Pacific
sandalwood were located. The present study wih filithis gap and also complement
and build on previous work oB. album Furthermore, the study is useful for three
reasons. Firstly, it documents the voice of angadous scholar and resource owner
(myself) in relation to the subject of vegetativeogmgation. Secondly, it provides
background work for future research. Finally, itllwproduce information about
vegetative propagation of sandalwood, which it igpéd, will be used by rural
communities, government and resource developetheim quest to develop and apply
more efficient vegetative propagation techniquesstindalwood resource development

in the Pacific region.

My research aims to provide valuable informationtio@ vegetative propagation
of sandalwood for the Pacific region, especially thral communities. More importantly,
the results could be used to assist the governmpergte nurseries and the villagers in
the genetic improvement of their sandalwood resaulicis hoped that the study will
support the author's belief that the enhanced uskessegetative propagation of
sandalwood could serve as one of the most impoftamdationsfor better conserving
and sustainably developing the genetic resourceaki®fpromising genus throughout the

Pacific Islands.

1.4 Layout of the thesis
The thesis is divided into six chapters. This chaptrovides a general overview
of the whole study, by defining the topic and Hyidfighlighting relevant earlier studies

on the subject. It states the main objective of mbsearch and outlines the author’s



personal perception of why this research is difiefeom other previous work conducted
on induction of root-sucker formation, vegetativegagation and transplanting of rooted
cuttings of threeSantalumtaxa §. yasi, S. albunand Santalumhybrid, S.yasi x S.
album).

An overall review of the literature is presented Ghapter 2, mainly on the
economic importance of sandalwood in the PICs,ittcahl uses, history of trade and
current utilization using existing published tekism international and regional studies,
including current studies in the PICs. Furthermdhe review highlights the botany,
ecology, conservation status, and threats.tgasiin Fiji and Tonga.

Chapter 3 presents the findings from the shoot yoton (induction of root-
sucker formation). It describes the methodologies techniques that the researcher used
during the conduct of this research. The typesatd that were collected are mainly from
induction of root-sucker formation (circumferendeaots, length of partial or total cut in
the underground shoot from the trunk and numbeshobts).

Chapter 4 presents the findings from the vegetatrepagation of threBantalum
taxon.

Chapter 5 is mainly a presentation of the authogsults from the study of
survival and subsequent root development of traméedl cuttings subjected to different
treatments of threBantalumtaxa (i.e.S. yasi, S. alburandhybrid® S. yasi x S. album
The analyses in Chapters 3, 4 and 5 are suppantedupplemented by data presented in

tables and graphs.

! The native Fijian specie§. yasiis able to naturally hybridise witB. albumin mixed plantings. This
natural hybridisation predominantly occurs with thaternalS. yasi Seed collected fror8. yasitrees in
mixed planting withS. albumwill give up to 20% hybrid seed. Seed collectechfr8. albumwithin the
same planting produce much lower hybrid progenyn@ation trials fromS. yasiseed parents that are
located close t&. albuntrees, have up to 25% F1 hybrid germinates (Buldildataniela, 2002).



Chapter 6 is the general discussion and conclusibins chapter provides an
overview of the findings of the current study. lgiiights the main constraints of the
study and suggests the implications for futureaesein this area. Also included in this
chapter are recommendations that might be usefuthle community of the Pacific

Islands to further enhance the sustainable manageshéheir sandalwood resource.

CHAPTER 2
INTRODUCTION TO SANTALUM TAXA

2.0 INTRODUCTION

The potential value of sandalwood to the natiowahemies of Pacific Island States and
to their rural peoples indicates that more attensbould be paid to the development of
sandalwood cultivation. One of the main objectividsthe South Pacific Regional
Initiative on Forest Genetic Resources (SPRIG) gmtojhroughout the Pacific Island
Countries (PICs) is to help to conserve, improve hetter promote the wise use of the
genetic resources of regional priority tree spedieduding sandalwood. It is expected
that this approach will promote economic and rudavelopment (SPRIG, 2006).
Sandalwood in the PICs region is an important breeause of its high economic value
compared to other tree species. The heartwood gasdsmell due to fragrant essential
oils, which upon steam distillation have an excamily high commercial value (e.g. $F

1000 per litre) (Bulai, 1995).

Sandalwood is one of the most interesting planugsoto study due to its life

history and difficulties in propagation and cultiem. The generic name is derived from



the Greeksantalon(meaning sandalwood) which in turn is derived fr@mandana a
Sanskrit term meaning the tree as well as the wayatl oil derived from it (Brummitt,
1992; Barrett and Fox, 1995&8andalwood is sometimes described as ‘this bedutif
tree’ or ‘royal tree’ not only because of its econo and cultural values, but also because
of its considerable cultural and economic imporeataccommunities in several PICs and
territories (Weiss, 1997).

Cultivation of sandalwood is, however, not an easyter, as all taxa @antalum
are root hemi-parasites.This tedmscribes a plant which photosynthesizes, but which
derives water and some nutrients through attactongots of other species, or the tree
absorbs soil nutrients through. Accordingly theiladity of appropriate host plants is
crucial to the plant’s successful establishmenn(@sanet al, 1992; Scott, 1871).

Sandalwoodis one of the most promising genera for rural eomes in the
Pacific region. It is commonly known as ‘sandalwo@énglish name), sandalwud’
(Vanuatu: Bislama),ahi’ (Tonga),yasi dina(Fiji). Sandalwood is the name applied to
any species of the gen@antalumof the sandalwood family (Santalaceae), a fammly i
the order Santales (Brummitt, 199Z8antalumcomprises 16 species. Only a few species
in the genus are utilized commercially, for eitheod or oil or both irmost of the Asia
and the Pacific region, including Australia (Appentl.O, 1.1, Table. 1.0 and 1.1.): Over-
capacity of the sandalwood processing industrissblean practised and is ongoing in the
PICs as a result of overexploitation associateti Wliégal cutting activities. In addition,
some harvesting methods (e.g. cutting for Christtreses in Tonga), land use expansion,
forest clearing and pests and diseases have msuitea decline in sandalwood

populations. With continuing exploitation and spirg prices, it is likely that



sandalwood resources in the PICs will come und&eme pressures over the next few
years.

One of the objectivésof the research presented here has been to amseéss
identify improved propagation methods for sandalevasing cuttings.

This research has drawn on the rather limited pressresearch information as a
guide. An aim is to develop vegetative propagabignmacro-cuttings to the stage where
it may be used routinely on an operational bagiss lintended that this study will
contribute to providing additional information thatill assist local authorities and
organizations in planning future replanting and agement of sandalwood. In addition
to this investigation, information on root inducti@and transplanting of rooted cuttings
using threeSantalumtaxa (i.e.S. yasi, S. alburandSantalumhybrid) will be used to fill
gaps in information on vegetative propagation eidsdwood in its native Pacific Islands

countries.

Farasitism of Sondoieood art [rormwerd
car

-

Figure 3—Haustoria of Sanfalum species is shown parasitizing ironwood tree (Caswarina sp.). Drawings by C.8. Judd, reproduced from: Cartwright
(1835, p. 21).

2 To determine the conditions necessary for sucekssgém-cutting propagation of sandalwood, to
standardize a technique for vegetative propagaticgandalwood, and to utilize that technique tdlitate
the multiplication of sandalwood trees.



Plate 2.0 Haustoria of sandalwood are shown paiagitironwood tree Gasuarinasp.) Drawing
by C.S. Judd reproduced from Cartwright (1935,p.@iLlHamilton and Conrad, 1990.

Plate 2.1 Haustoria @antalum yasseedlings shown parasitizing host plant at Colo-i-Suva
Forestry Nursery (photo: Bulai, 2006).




Plate 2.2range trees haustorised Bgntalumhybrid (S. yasi x S. albuyat Colo-i-Suva
Forestry demonstration plot, (photo: Bulai, 2006).

2.1 Economic importance ofSantalumtaxa in the PICs

Sandalwood is an important commercial industryha South-western Pacific
(Robson, 2004). A number of sandalwood species roecnoss the South-western
Pacific; includingS. austrocaledonicunm New Caledonia and Vanuatu, a8d yasiin
Fiji and Tonga (Appendix 1.0). Management and hstrag of existing sandalwood
stands along with new sandalwood plantings is ngaindertaken by villagers. There is a
growing interest among villagers, other small-saalewvers and governments to expand
the scale of planting in those four countries. st common type of planting is garden
plantings (agroforestry system - a farming systhat tntegrates crops and/or livestock
with trees) of sandalwodal villagers.

In Fiji Santalum yasi (yasi dinayas especially heavily exploited in the early
1800s and quickly became rare (Bulai, 1995). In NGaledonia, the landowners sell the
unprocessed wood to the distillers for AUD 4 /kgpfoximately 10 litres of oil can be
extracted from 350 kg of heartwood chip and shr@wnmercial utilization has only
recently started again. The markets in Southeash feceived over 100 tonnes of
sandalwood a year from Fiji, It was Exploitatiomrseéd again only recently with 1115
tonnes harvested between 1993 and 1994, earniegcess of FDJ 7 million in foreign
exchange (Bulai, 1995). Between 1984 and 1993ptives fluctuated over that 10-year
period, from AUD 2,780 /tonne in 1984, to AUD 1100/tonne in 1991, and down to
AUD 2, 200 /tonne in 1992 (Bulai, 1995). Ehrhar9g6, 1997) reported that the

sandalwood resources on Tonga had been depletetwdstable trees between 1960 and



1970. A total ban on harvesting in Tonga existetil time late 1990s. A small harvest in
1996-97 netted timber owners AUD 3,000 / tonne (Ksiet al.,1999).

Traditional farmers in the PICs are increasinglyeiaested in growing and
cultivating sandalwood as a means of earning incontbe future. Whilst it is a long-
term activity, the returns are expected to be higtaving gardens fallow and enabling
sandalwood to mature until the land is needed &bming again enhances the returns
from subsistence farming practices. There are patgnmajor economic, environmental
and cultural benefits from planting sandalwoodtfar landowners in the countries of the
Pacific. In Vanuatu, larger investors are now maf this and establishing more

extensive plantations using elite genetic material.

2.1.1 Traditional uses of sandalwood in the PICs

Traditional uses of sandalwood in the PICs provigs®dnomic, social, and
ecological benefits to local communities (Applegatel Davis, 1990), as mentioned at
the beginning of Chapter One. It is rarely used ambmys for local uses because of its
scarcity and high cash value. The oil was tradéilynused to a limited extent to scent

coconut oil and cultural artifacts such as tapaa(ian and Whistler, 1996).

2.1.2 History of Santalumtrade

The most important use of sandalwood is still asva material for the incense
burnt during worship in Asian countries and Indidate 2.5). It was around 1760 that
explorers, traders and whalers found sandalwood namber of PICs and, according to
Shineberg (1967), it was in 1786 that a company seasip in Boston (America) for the

purposes of whaling and sandalwood harvesting énRICs. However, at 50 pounds



(British pounds) a tonne sandalwood trading yieldedxcellent profit to suppliers. This
sandalwood was therefore sought around the PICertyne hunters. Fiji was the first
island group to experience the “sandalwood rusht8a6, but, thirty years on, the trade
had spread to most of the islands of southern Msiarincluding Erromango in 1830 and
Isle of Pines in 1840 (Shineberg, 1967).

The first connecting link between western tradiggtesms and the PICs was the
whaling industry (Hughes, 1977). Expansion of winglin the 1760s meant that whaling
ships from England and France penetrated the P&Q®oNn. Although they were
primarily interested in whalers, these whaless wexposed to commodities such as
sandalwood. Pacific Island peoples were also hasdlabourers, and Tongans, for
example, were contracted to cut the sandalwoodrinniango (Vanuatu) (Shineberg,
1967).

When the British become more active in Asia in sleasf products that would
redress their trade imbalance in China there wlasaan in the sandalwood trade in the
PICs. The consequences were enormous: sandalwaasnbecommercially extinct in
Fiji and the Marquesas by 1816, sandalwood tree® wlestroyed in Hawaii by the

1830s, and the sandalwood traders/cutters movaidwo Caledonia, the Loyalty Islands,

the New Hebrides and Vanuatu by the 1830s (Shigel&67).




Plate 2.3 Sandalwood is still a raw material of theense burnt during worship in Asian
countries and India (photo: Thomsenal, 2005).

2.1.3 Marketing and Current utilization of sandalwood

Santalum yasithe only sandalwood in Fiji, earned F$4.74 millimn foreign
exchange over the period 1987-90 (Jiko, 1993, Ukyni®81). The marketing of
sandalwood from the PICs was very high during ih& £xploitation period (1800 to
1805). Bulai (1995) highlighted that between 1984 4993, 1,115 tonnes was harvested
in Fiji for export, and the markets for the produsere in Singapore, Hong Kong,
Taiwan, Korea and Japan. Prices have fluctuatedeadbr from year to year, e.g., $F
3,383/tonne in 1984 to $F13, 452/tonne in 1991, dmdn to $F 2,700/tonne in 1992.
Ehrhart (1996) and Ehrhart (1997) reported thastredalwood resources on Tonga were
essentially depleted of harvestable trees. In Tahgaprice for the heartwood & yasi
has increased substantially in recent times fron BIkg in 2003 to TOP 8/kg in 2005
(Figure 2.0). The main export market for sandalwmodaiwan. The highest export was
about 257,251 kg of sandalwood was in 2004 cortinguTOP 1,672,133 to the

country’s economy.
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Figure 2.0 Sandalwood exports for the years 200B+d®nga. (Source: Likiafu and Robson,
2005)

In Vanuatu in 1993, sandalwood was sold at VUV pB0kg; in 2003 the price
increased from VUV 400 to VUV 600 per kg of hearbddarvested from natural forest;
and in 2005 sandalwood heartwood were purchased¥t800 per kg. The increases in
price shows that sandalwood is an important comialerdustry and represents a small
but vitally important industry for Vanuatu. Sandalvd in Vanuatu is normally exported
in the form of oil, chips, and logs (Plate 2.4 &@h8). Research into sandalwood in
Vanuatu is one of the priority programs so that M&n can compete in the high value

global markets (VDoF, 2000).




Plate 2.4 Sandalwood Vanuatu ready to send to Efate for wood chipo{phThomsoret al,
2005).

Plate 2.5Sandalwoodn Vanuatu sent from the outer Island to Efate {ph@homsonet al,
2005).

International market for sandalwood

To date, sandalwood harvested to meet local demaaddexport purposes has
been derived from only natural stands. The majyemiof sandalwootbgs for carving

are from Hong Kong and Taiwan. They in turn disttéoto China, Japan, and Singapore.



India produces the best sandalwood logs for cargingto the fine grain of itS. album,

but utilizes it all domestically.

2.2 Botany and ecology oBantalumtaxa in Fiji and Tonga
2.1 Botanical features of the genuSantalum

The botanical features of the genus were summahgdgiarrett and Fox (1995a)
as follows:

Root parasitic shrubs or small trees. Leaves opposiwhorled, well developed,
penniveined. Flowers bisexual, in terminal or @yl panicles or racemes, rarely in
small umbels with caducous bracts. Sepals 4 (r&ay 6) usually with hair tufts at
base behind stamens. Stamens 4 (or same numbepals)s disc prominently or
slightly lobed. Ovary inferior; ovules 2-4, withodifferentiated integument; style
short; stigma small. Fruit a spherical or ovoidprwith succulent or firm mesocarp
and woody, often rugose endocarp’.

The range in mature heights of each of the pralcgpmmercial species of

sandalwood is given in Appendix 1.0. They are galheerect, small to medium sized,
single stemmed trees under better growing condifitmit in harsh growing conditions

may be reduced to gnarled, multi-stemmed shrubs.

* The ecology ofSantalumtaxain Fiji and Tonga
The climatic ranges of these species are highlegimteCABI (2001) and Thomson

and Uwamariya (2001) (Appendix 1.2) listed the emgf important climatic factors for



different taxon including the two tax&. albumand S. yasi,which can be grown
commercially in Tonga and Fijsantalumtaxa cover a wide variety of climatic types. In
Fiji the sandalwood is usually found on stony riggés, and shallow degraded soils with
rock outcrops, coastal sands and infrequently endiiges of swamps. In Tonga, the
sandalwood has a broad edaphic range and is fawwdrg in coralline soils (sand over
raised limestone terraces) and brackish soils tlearcoast; it has also been found on
volcanic soils in mountainous regions (Yuncker, 295
CABI (2001) and Thomson and Uwamariya (2001) previdrther information

on edaphic requirements for thr8antalumtaxa; e.g they can re-use alkaline (pH up to

9.0) and slightly saline soil but are unable tetate waterlogged sites.

» Environmental factors of sandalwood

All sandalwood are sensitive to fire and grazirgytipularly in the first few years
of growth. These factors, combined with over-explibon, have contributed to the
current perilous position of many sandalwood pojats (CABI 2001; Gunret al,
2002). Plants of some species will regrow from ¢opdollowing fire e.g., younds.
album (Applegate and Davis, 1990%. austrocaledonicuniNasi, 1995),S. spicatum
from milder locations (Applegate and Davis, 1990)l &. lanceolatumMany Santalum
taxa are capable of root suckering so long asowttuch of the root system is removed
during harvest. ‘Spike disease’, a mycoplasma-tlisease spread by insects, is a very
serious pest ofs. albumin India (Yusuf 1999, CABI 2001). In New Caledonia.

austrocaledonicumis sometimes attacked by insect pests belongingh& genera



Ceroplastesand Coccus but damage is usually minor (Nasi and Ehrhar86)9Fungal

pathogens can result in damage to leaves and ysradjings in the nursery.

2.2 Botanical description ofSantalum yasi

The specific epitheyasi dinaor ‘ahi, is the name by which Fijian and Tongan
Santalum yasi(Plate 2.6), and several unrelated myrtaceous epeeare commonly

known in each country respectively.

Plate 2.6Santalum yaséeedling at Colo-i-Suva Forestry nursery (photaaB 2006).

» Botanical features ofSantalum yasi
In Fiji and Tonga,S. yasigrows naturallyin open forest types, including
secondary forests that have developed from old egasites (Jiko, 1993). Botanical
descriptions are provided in Smith (1985) and Jik&93), and the species is illustrated in

Parham (1972) and Anon. (1996). Mature specimensraanly grow to about 10 m tall



and a maximum height of 13-15 m, and attain steamdters of 40 cm or more after 40-
50 years’ growth. The bark is smooth to slightlgstired and greyish-brown in colour.
The young branches are slender and often penduland, some plants display a
characteristic semi-weeping habit.
* Foliage
Leaves are simple, opposite, narrow or broadlydalate, typically 6-7 cm long

and 1.5-2 cm wide and very slender in seedlingerd@hs considerable variation in
foliage size: leaves of adjacent plants in Kadauiji) (have been observed to range from
5cm long and 1cm wide to 8cm long and 2.5 cm wideo(mson and Uwamariya, 2001).
The foliage is light green and shiny (Jiko, 1998)t plants growing in the open with few
host trees have a yellowish-green appearance (Bi94b).

* Inflorescences, flowers and fruits

Flowers are small, clustered in panicles, 4- oafqal, at first greenish white but turning
pink then red. The flowers have cream-colouredapghi segments (tepals) that turn to
rich pink, and purplish red (Plate 2.8); the andhare yellow and red-tinged; the disk
lobes are dark yellow; the style and stigma are pallow (Smith, 1985). The fruit is a

one-seeded drupe, ellipsoidal in shape (9-11 x6¥§ with a small, round, calyx scar (2

mm in diameter) at the apex, enclosing a rathertstmne-shaped point. Immature fruits
are light green in colour, turning reddish-purpi®afe 2.9), and finally dark purple or

black at full maturity (Smith, 1985; Bulai, 1995jkd, 1993). Fruits and seed

characteristics are useful for distinguishBwyasifrom related tropical sandalwood.

* Phenology
There is considerable variation in flowering anditing of Santalum yasiTrees

flower and fruit throughout the year (Smith, 19&ulai, 1995) with two peaks. Bulai



(1995) reported that the two main flowering periodse February and October-
November. The main fruiting season correspondsdavet season, January-March, with
light fruiting in the cooler, dry season (June-AsguBirds are the principal method of
dispersal of the seed. Plants begin fruiting fromearly age, about 3-4 years (Jiko,
1993).
« Stem and bark

Mature specimens typically grow to 8-10 m in height crown spread of 8-12
m (maximum 15 m heigh and 13 m with). Maximum bdimeter at breast height is 40—
50 cm.S. yasttypically has a short, crooked bole and spreadmogn in open situations.
In forest and sheltered situations, the bole magttaght for more than half of the tree’s
height. The bark is smooth to rough, slightly ldadinally fissured or reticulated, the

markings and fissures more pronounced with ageyigin or reddish brown, mottled

with patches of lichen).




Plate 2.7 Fruiting may occur throughout the yeao{p: Bulai, 2006).

Plate 2.8 Flowering may occur throughout the ypho{o: Bulai, 2006).



S. yas S. album S. austrocaledonicum

Plate 2.9 Fruits of the threBantalumtaxa planted in the South-west Pacific (diagraromf
Thomson and Uwamariya 1998).

2.2 Botanical description ofSantalum album

Santalum alburmor Indian sandalwood (Plate 2.12) is the most cencrally
important sandalwood as it has the highest oil @an{6-7%) of all sandalwood species
with excellent santaldl content, large tree habit and faster growth raen tother
Santalumspecies. It also has a thousand year history anfetrand use encompassing
major Asian cultures (Srinivasa al,, 1992).

» Botanical features

A tree of straight form to 15 m (maximum 18 m) ieight, typically with a high
bushy crown when grown in dense shade; evergrdabragyis, with slender drooping
branchlets. Bark reddish-brown to dark brown, staoetyoung trees, rough and fissured

in older trees (Luna, 1996).

% Santalol is a perfume component useful in perfammposition. It is was isolated from sandalwood oil
by distillation under vacuum and is characterizgchbclear magnetic resonance and gas chromatography
mass.



Even thougls. albunseedlings may grow for up to 12 months without §i0sts
widely accepted tha$S. album growth is greater in association with host plants
(Ananthapadmanabhat al, 1984). Under natural conditiors. albumpreferentially
parasitises leguminous species (Rai, 199@antalum albums regarded as a slow
growing tree in natural stands, increasing in stéiameter at 1-1.5 cm per year
(Srinivasanet al., 1992). Under favourable conditions stem diametewth can be as
high as 3- 4 cm per year. Growth in natural stasdsot uniform (Barrett, 1988) and

heartwood formation in individual trees can be i@@ble (Sen-Sarma, 1977).

Plate 2.1Bantalum albun€olo-i-Suva Forestry (photo: Bulai, 2006).



Luna (1996) discusses the rate of growth and headwproduction irS. album
from different localities in India. When grown inataral stands under favourable
conditions heartwood formation normally commencésage 10 years when trunk
diameter is approximately 24 cm and tree heigl8 m. Heartwood formation is rapid
from about 20 years onwards when stem girth is éetwapproximately 40 to 60 cm
(Lakshmi- Sita, 1991). An 8- year- old tree, grogvimear Mysore, Karnataka, having a
diameter of 14.3 cm and height of 8.5 m, yieldegrapimately 15 kg of heartwood
(Barrett, 1988).

* Foliage

Leaves are ovate-elliptic, acute at base, acutarety obtuse at the apex; 37.5 -
62.5 mm long, pale below, membranous, veined, ofing form on a branch and ovate
or ovate-elliptic or ovate-lanceolate (de Candoll857). Several morphological forms
based on leaf pattern are reported from India @gaand Fox, 1995b).

* Inflorescence, flowers and fruits
The flowers are pale yellow at first before turniregl or purple. They are not overly
showy, but attractive. They bloom February throéghil. The fruit is purple black when
ripe, contains a single seed, and is highly dediseldirds and other animals.

The flowers had four perianth lobes and four stasnghose anthers dehisced by
longitudinal slits. The pollen became caught inglamicellular hairs adjacent to the
anthers (De Candolle, 1857). The central disc sed¢neectar through raised stomata. The
stigma papilla cells had a cuticle with rough scefaoverlying thick walls. The half-
inferior ovary normally contained two ovules. Thenleyo sac extended beyond the

ovule at the micropylar end and into the placentthe@ chalazal endhjd). Half of the



ovaries observed at both anthesis and four dayeaiolg anthesis had no embryo sacs
and the other half had one embryo sac. Occasioraies had two embryo sacs and
some underdeveloped embryo sacs were observedidhadt extend beyond the ovule or
into the placenta. Pollen tubes had reached theydwaone day following pollination
and the stigma was receptive for eight days follgrvanthesis. Only half of the pistils
had pollen tubes in the ovary. Unpollinated flowbexd no pollen tube growth in the
pistil (Barrett and Fox, 1995a).

Fruit is a globose drupe the size of a small chéRlate 2.11), eventually
becoming black (De Candolle, 1857). Under favowaanditions fruiting begins around
two to three years of age. The drupe is about /mn8long. The mesocarp is creamy
yellow and endocarp more or less spherical, up-8ném diameter, and smooth. The

kernel is firm and white (Barrett and Fox, 1995a).



Plate 2.11 Mature fruits @antalum albunon‘Eua (photo: Lex Thomson, 2004).

* Phenology

Flowering and fruiting seasons vary depending amallty. In India, flowering
begins in May (end of the dry season) with fruittandy commencing in September (end
of the wet season) (Srimathi and Nagaveni, 1995%eéond flowering commences in
November with fruit beginning to mature in Februaviost trees usually flower and fruit
in two periods each year; however some trees hege bbserved to flower and fruit only
once a year while others may flower and fruit imtigtently throughout the year.
Santalum yasappears to freely hybridize naturally wigh album but S. yasialso is

apparently self pollinating as isolated plants reatyheavy fruit crops.



Flowers, buds and mature fruit can be found onnglsitree at the same time
(Barrett, 1988; Luna, 1996). Natural spread argkmeration is via bird dispersal of

seeds, and root suckers.

2.3 Distribution of S. yasi(native and planted)

The range extends from ‘Eua, a southern islandhénTtongan group, west and
northwards to the Udu Peninsula, north-eastern ®dmvu, Fiji (Jiko, 1993; Ehrhart,
1996).Santalum yasgrows throughout Tonga, but its abundance vargwédren islands
(Ehrhart, 1996; Ehrhart, 1997%antalum yasis very common on ‘Eua, especially in
secondary forest but rare to very rare on Tongatapeoastal forest and tropical lowland
forest (Map 1.1).

In Fiji, the species occurs in five principal ar¢8mith, 1985; Jiko, 1993; Bulali,
1995). It grows abundantly in the Bua and Macuatavipces, coastal and grassland
areas of Fiji. Although it also occurs in south-tees Vanua Levu, northern Lau, Kadavu
and Viti Levu, the species is believed to be natweBua. (Jiko, 1993; Bulai, 1995;

Ehrhart, 1997) (Map 1.0).

2.4 Distribution of S. album(planted, naturalized and hybrids)

The hybrid 8. yasi x S. albums capable of rapid growth on Rotuma (and other
parts of Fiji) and heartwood formation can be atéd from a young age less than seven
years (Bulai and Nataniela, 2002). On Rotuma tséef growing trees have reached a
height of 8-9 m and near-ground diameter or 20426after 6-7 years. The average size
was 6.2 m height and 14 cm diameter (near grounel)l€Bulai et al, 2002). Under

fertile conditions, a suitable rotation age for hgh(S. yasi x S. albuyrsandalwood is



anticipated to be 20 to 25 years. However, giveadgsilviculture, including regular
weeding in early years and interplanting with a tomi& of compatible long-term hosts,
the rotation age for hybrid (S. yasi x S. albuyrmight be reduced to 15 to 20 years at
which time each tree might have produced 40-80fkigeartwood (Bulai and Nataniela,
2002).

The natural distribution 0&. albumis in the tropical belt of the Indian Peninsula,
up to an elevation of 1200 m above sea level (E280) and in the highland regions of
eastern Indonesia, primarily on the islands of NDsaggara Timur, up to an elevation of
2000 m (Harisetijono and Suriamihardja, 199%antalum albumis considered
indigenous along the southern islands of the Insiamearchipelago to eastern Java
(ibid).

The origin ofS. albumis disputed, and it has been hypothesizedShatbumwas
introduced to India from West Timor (Brand, 199Recently concluded, unpublished
phylogeographic studies @antalumtaxa have shown that the ancestral sandalwood
species originated in Australia (Harbaugh, 200her€&fore, it seems more probable that
S. albumoriginated in Indonesia (or even northern Aus#faland was an ancient
introduction to India, spread by birds or humanspM.2). Introduced populations occur
in Central and Northern India (Srinivasainal.,1992), Java, Bali, and the coastal areas of
northern Australia, near Darwin (Barrett and Fof93b). Experimental introductions
have been performed in China (Li and Yu, 1984), Bulai, 1995), New Caledonia
(Chauvin, 1988), Hawaii (Merlin and VanRavenswaa990), Tonga (Kaufuset al,
1999), Papua New Guinea (Paul, 1990), Nepal (NEIQ0O), and eastern Indonesia

(Harisetijono and Suriamihardja, 1993) (Appendik; able 1.0 and Table 1.1).



2.5 Conservation status and threats t&.yasi

Conservation of germplasm of all commercgdntalumtaxa has been a major

concern in mangantalungrowing countries (Havel and McKinnell, 1993).

Plate 2.12 Family trial/gene conservation seeddssifvVunimaqo (photo: Bulai, 2004).

With very little information available orSantalum yasijt was thought the
species’ survival was in doubt and very much &t o§ complete depletion by over-
harvesting.However, since the reawakening of interest in theckes and the recent
distribution studies undertaken under the SPRIGeptpit has been discovered that there
are isolated pockets &antalum yasin villages and often individual trees are owngd b
a landowner (Plate 2.12). Research, developmentraedmprovement for sandalwood
in the Pacific Islands has made significant progiieghe last three years. A large amount
of germplasm material has been vegetatively praedgand managed centrally in very

accessible areas (Fox and Barrett, 1995b).



The SPRIG project established plots of sandalwaoaa collaborative effort with
national partners to collect germplasm from théaads to establish both situ andex
situ conservation seed production orchards. So farseenl stands @antalumn Tonga,
totalling 1.1 ha, have been successfully estaldigire Tongatapu (Sia’atoutai) and ‘Eua,
and were reported in 2004 (Likiafu and Robson, 2005

In Fiji, reported by Bulai and Nataniela (2002) tRerestry Department has
established four seed standsSf yasi:Vunimaqo (Serua Province, south-eastern Viti
Levu) - 0.15 ha (Plate.2.12), Lololo (Western \ligvu), Lekutu (Bua, Vanua Levu) —
0.29 ha, and Nawailevu (Bua, Vanua Levu) — 0.31Ahkey objective of these stands is
to provide seed for propagation and sale as weleage a®Xx situgene conservation
stands (Bulai and Nataniela, 2002).

2.5.1 Threats

In 2000, Thomsomet al, reported that the two most damaging agen&atatalum
taxa in Bua province (Fiji Island) were humans &rel Humans cause damage through
indiscriminate hacking and cutting of undersizeestewhile fire wipes out any young
regeneration. Suggested reasons for the declir® gési(‘ahi) in Tonga include over-
harvesting without natural regeneration or replamtithe latter being associated with a
low importance attached to plantin§antalum yasiis a long-term crop so only a
registered owner would grow and/or protect plaatsl furthermore seedlings may not be
readily available (Wiseet al, 1999). During garden developmeptants (especially
seedlings and young saplings) may be either inéeivily or deliberately cut or otherwise
destroyed. The young saplings are often cut forstihas trees.

2.5.2 Fire and grazing:



All sandalwood are sensitive to fire and grazirgtipularly in the first few years
of growth. These factors combined with over-exjglo@in have contributed to the current
perilous position of many sandalwood population@&BC 2001, Gunnet al, 2002).

Plants of some species will regrow from coppicéofeing fire.

2.6 Seed germination

Thomson et al, (2000) reported that nicke&. austrocaledonicunseeds
commence germination after two weeks and germinasocomplete by eight weeks;
most germination occurs between 30 and 40 days.|&\éeeds are much slower to
germinate, commencing after about 40 days. Germmagtes of greater than 50% are
expected for fresh seeds that have been colleoded fihature fruits still on the tree and
appropriately handled and cleaned. Germinationicked Santalum yasseeds occurs
rather slowly over a long period, e.g. from 40 @tays after sowing.

As they appear, germinants are transplanted ints, poeferably before the seed
coat falls from the germinating shoot. Seedlings @icked out at the 2- or 4-leaf stage
and plated into 16 x 6.5 cm polypots. At this timdnost plant is usually planted with
each seedling.

2.6.1 Germinating sandalwood seed

Seeds can be sown without any physical or chemicztments but the
recommended seed pre-treatment method for optimemmigation is as follows: firsly,
nick seed coat at pointed end of seed using a $miigy Secondly, soak seeds overnight
in a solution of gibberellic acid (GA3) at rate@flL to 0.25 g/l; and thirdly, drench seed

in fungicidal solution (e.g. benlate) for a few miies before sowing (optional).



In Fiji the seeds (hard nuts) are dried and cracketicked at the sharp end (the

hard shell is cut without damaging the embryo)deesl germination.

2.7 Vegetative propagation

While seed remains the main source of improved tgemeaterial for planting,
vegetative propagation is able to capture non-agdgenetic gains (Shelbourr al.,
1986).

A more comprehensive trial was established in Qsieed in late 1998 to
compare/contrast the rooting performancesofaustrocaledonicurand S. album.Seeds
wereset under a mist propagation environment in bottl sad peatmoss potting media.
Substantial differences in survival and rooting cass were observed between both
species, with an average rooting success of 63d6%. faustrocaledonicunespmpared to
only 9.5% forS. album ForS. austrocaledonicunthe peatmoss medium also resulted in
improved rooting success over the pure sand meflidbstantial variation was also
observed between the 15 differédt austrocaledonicurfamil, with rooting successes

ranging from 25% up to 88.9%.

2.8 Propagation system

Cuttings are usually set in greenhouses often migting and bottom heat. These
provide protection from the outside environmentainditions such as wind and
temperature. Mist propagation is such an efficemi economical system of producing
large quantities of rooted cuttings and is one led most widely used means of

propagating cuttings in nurseries. This methoddided in the rooting of difficult species



and helps to decrease the rooting time of morenéy" propagated species (Hartmann

et al1990).

CHAPTER 3
INDUCTION OF ROOT-SUCKERING FORMATION IN THREE SPEC IES
(S. YASI, S. ALBUMAND HYBRID S. YASI X S. ALBUM).
3.0 INTRODUCTION

Commercial nursery production o$antalum seedlings is expensive and
inefficient, even though sandalwood is propagatexdtm by seeds. Sandalwoddiits
are attractive to birds, and fallen fruits are afggested by rats and other ground dwelling
animals. Rats may also eat the seeds (P.Bulai,cpenm. 2006), so reducing the number
of viable seeds for planting. Accordingly collectiof seeds from wild stands is difficult,

costly and unreliable. Furthermore the seed reguipgetreatment for uniform



germination within a reasonable time frame. Theetjenquality of nursery stock from
seed is low compared to stock produced from sealeceperior phenotypes by
vegetative/clonal propagation.

Sandalwood shows wide variation in growth, heardvdormation, and oll
content within populations. Outstanding phenotypescandidate trees showing the
desirable characteristics of fast growth, earlymfation of heartwood and higher oil
content have been detected in reserve forests. Wow@roduction of ‘true-to-type’
planting stock has been inhibited because themoi®ffective method of vegetative
propagation other than formation of root-suckemiad the mother trees.

Root-suckers typically develop as shoots on injuredevered roots. Deliberately
inducing them is one method for sandalwood regeioeran forests. However, the
regenerated plants are confined to an area ardwenchother tree, and this means that the
trees become too crowded to develop large stemslandmay be prone to wind throw
during cyclones. The additional seed produced enrtot suckers can aid in natural
regeneration through bird dispersal of the seeds Bnd Srimathi (1976) achieved
vegetative propagation of mature sandalwood by dimdyrooting around shoots, and
then out-planting the shoot with the original rodts another option, they also cut off the
original roots along with the shoot and inducedirapafter transplanting.

However, they did not succeed in propagation bynstattings. This is because
juvenility’ in sandalwood (an important factor for inducingting of stem cuttings) is
confined to seedlings and root suckers. Vijayakuetaal, (1981) attempted vegetative

propagation of 2-12 month seedlings to study tHe o juvenility in rooting of stem

* Juvenility in sandalwood actually refers to howamgrowth a sandalwood plant needs to develop eefor
it can produce flowers or become mature.



cuttings. They found that maximum root developn(86€6) occurred in three-month old
seedlings. As the seedling aged, the rooting ghdftthe cutting decreased; in 11-12
month seedlings, there was no rooting. Root-sud¢kenation induced by trenching
around a tree has been 60% successful (Vijayaketrad;1981).

Clonal forestry using rooted cuttings is presently the primary mseaf
reforesting many tropical forest tree species sastAcacia hybrid, Eucalyptusand
Gmelina This practice is facilitated by the overall gaodting of the species concerned
and by basal sprouting characteristics (Watiteal, 1999). Although ageing phenomena
obviously occur in these taxa, restoration and teasnce of a satisfactory level of
juvenility is achievable by stimulation of basal ppcing (Walker et al,
1999). Sandalwood cuttings are generally difficaltoot (Balasundaran, 1998), and high
rates of root development are mainly or exclusiwelgfined to juvenile material.

However, techniques to rejuvenate mature tissuge Baldom been studied in
sandalwood. In Balasundaran’s experiment, researad undertaken to develop an
efficient method for large-scale production of réasnélonal propagules) from mature
trees.In the present study, a preliminary investigaticasvnade of the ability to initiate

shoots from severed and injured roots of matuesstre

3.1 Materials and methods
Roots of mature sandalwood trees were subjectedifterent types of root

damage in order to investigate the developmentoot sucker shoots. Root sucker

® Clonal forestry is the propagation of superiortedsindividual clones by vegetative multiplication:
foresters can select clones with higher growthsratereased disease resistance, increased wiisthres,
and improved wood quality these clones providesemumiform and predictable products.



induction experiments were undertaken on 24 trege (of S. yasi,10 of S. albumand
five of the hybridS. yasi x S. albumaged 5-10 years old, with 11-20 cm DBH and
between six and 10 m height. The trees were seéldgim sandalwood plantings located
within forestry lease areas at Colo-i-Suva (Silltie Research Division (SRD) Fiji
Forestry Department) and Vunimaqo (Serua Provisée,Viti Levu Fiji). For the root
suckering experiment, different sized roots werethwugh (Plate 3.0) or partially cut
(Plate 3.1). In addition, 10 seedlings ranging fréfh2 and 12- 24 months old of from
eachSantalumtaxon (10 seedlings &. yasi 10 seedlings 0. album 10 seedlings the

S. yasi x S.alburnybrid) were selected from the SRD nursery fonpieg materials (total

30 seedlings).




Primary lateral root

Plate 3.1 The selected stock plants were excavai#dd sides and a Primary Lateral Root was
partially cut through (photo: Havea, 2005).

The average diameter of primary lateral roots (PE&gcted for treatment was
4.7 cm; these roots were injured by making a diatipmalf cut about 2 cnt deep (Plate
3.1). The average diameter of treated secondagyalatoots (SLR) was 1.6 cm; these
were completely cut through to induce sproutin@i@B.2). Shoots arising from severed
and injured roots were harvested at five to six themfter treatment.

Trenches 14 x 40 x 14 cm were made on either twow sides and 30- 100 cm
away from the base of the stock trees depending tiposize of each tree. The trenches
were made during September 2005. The exposed wats covered with mulch (Plate
3.2) and kept damp until the shoots started tougprom the cut end (Plate 3.3), after

which time the roots were exposed again.




Plate 3.2The exposed roots of hybrié.{asi x S. albuyrwere covered with mulch. Photo of a
severed and injured of sandalwood root (photo: Ha2605).

Plate 3.3 The shoots sprouting from the severets rabhybrid §. yasi x S. albujat Colo-i-
Suva (photo: Havea, 2005).

3.2Data collection and analysis



The data gathered in relation to shoot initiation dachSantalumspecies antreatment

was as follows.

Firstly, the number of severed and injured roots froduced shoots, and the

number of shoots at various distances from thektwere recorded (Plate 3.4).

» Secondary, mean root length and mean diametebfvere recorded.

 Summary statistics were calculated separately @mhesandalwood plant. A
preliminary analysis indicated that these data werteamenable to a parametric
approach.

* Accordingly box and whisker plots (Table 3.0) an&Kruskal-Wallis test were

used to analyse the data.

Plate 3.4 recording the number of severed SLR$PuRE (photo: Bulai, 2005).



Table 3.0The structure of a box plot (Paul and Gray, 2000).



Extreme value - more than 3 box-lengths above the

box. The number is the identifier, either the row

number or from the variable entered in the Label

Cases by box.

ozl Qutlier value - more than 1.5 box lengths above the |
box. The number is the identifier.

32

Largest value which is not an outlier or an extreme |

Whisker =» score.

Top of box: 75" percentile (upper quartile). i
Box 4 Bar: Median (50™ percentile).

Bottom of box: 25™ percentile (lower quartile).
Whisker = Smallest value which is not an outlier or an extreme

score.

Outlier values - more than 1.5 box lengths below the

Ci25 oz

box. The numbers are the identifiers.
Q26

Extreme value - more than 3 box-lengths below the
27 box. The number is the identifier.

Table 2. Structure of a boxplot

An outlier (o) is defined as a value more than 1.5 box-lengths away from the
box, and an extreme value (*) as more than 3 box-lengths away from the box.
The number(s) alongside o and * are the case number(s). Note that they are not
located in their real positions in relation to the scale on the ordinate (not shown

3.3 Results

The experiment was designed to investigate factbes might affect shoot
production from damaged roots 8f yasiand S. albumand the hybrid §. yasi x S.
album). Results showed that some of the severed SLRmnunetd PLR treatments failed
to develop a useful number of root suckers (Tablg. Eharacteristically, aluster of
sprouts appeared from the edge of the severed abdts? months; observation of the
location of the sprouts indicated that all of therose close to the cut edge and 5% were

at the front of the area on the root close to #nesed and injured point. No sprouts



emerged from the exposed root portion which renthoennected with the tree (Digram

3.1).

5% of sprouts were at the front of the R
area on the root close to the severed point '

All of sprouts arose at the cut
edge of severed roots

Diagram 3.1 The diagram showed a cluster of sprapfseared from the edge of the severed
roots.

Table 3.1Shoot formation from threBantaluntaxa in trenches



Tree No. | Diameter No. of exposed rooty  No.of sprouts developing  No. of sprouts
DBH (cm) on root portion located developing on root
of stock tree away from stem (in remaining connected or

relation to damage) closest to trunk
SLR PLR SLR PLR SLR PLR
Severed| Injured Severed Injured Severed Injured

Hybrid Colo-i-Suva

(S. yasi x

S. album

1 10.0 17 4 3 1

2 9.0 15 2 4 4

3 10.0 14 3 3 2

4 12.0 16 3 9 2

5 11.0 18 3 8 1

S. yasi Colo-i-Suva

1 10.5 6 3 3 1

2 15.0 4 3 2 .

3 9.0 2 2 1 - - .

4 9.0 4 3 1 1

S. yasi Vunimaqo

1 6.5 5 3 1 - - .

2 7.0 4 4 1 - - .

3 7.0 8 3 1 - - .

4 20.0 2 2 1 .

5 6.0 6 3 - - - -

S. album Colo-i-Suva

1 9.0 1 1 - - - -

2 10.5 1 1 - 1

3 12.0 2 1 - - - .

4 9.0 3 3 - - - -

5 11.0 2 2 - - - .

S. album Vunimaqo

1 14.0 6 5 - 3

2 13.5 2 6 - 3

3 14.5 2 4 3 1

4 14.0 3 4 1 1

5 10.5 5 3 - 3

Some of the severed SLR of the three sandalwoal feked to produce shoots
and in some cases, the brush cutter damaged tloess{iRlate 3.5)The persistence of
shoots was variable: although clusters of up teHdbts arose from a severed root (Plate
3.6), most of these perished within a few daystdue die back (and in some cases were
damaged by a brush cutter despite the plant beipgdr off). Most of shoots frorthe

hybrid (S. yasi x S. albunboth on PLR and SLR, showed comparatively mageuwr,



survival and establishment than did shoots f@nyasiandS. album Such healthy root-
suckers (shoots) attained a height of 20-40 cmiwi0 days. The half-cut PLRs

produced fewer shoots (1-4 shoots). However, onsvoramong them also established

into healthy root-suckers (shoots).

Plate 3.5 The shoots from the secondary laterdsravere damage by the brush cutter (photo:
Havea, 2005).




Plate 3.6 A cluster of sprouts appeared from tlieafrthe severed roots &. album;Vunimago
area (photo: Havea, 2005).

In the current study, 34% of the hybrifl. (yasi x S. albumn27% ofS. yasiand
15% of S. albumproduced shoots on completely severed SLRs wiiigpartly injured
PLRs, 67% of the hybridS yasi x S. albupproduced shoots, 8% & yasiand 40% of
S. album(Table 3.2).

Table 3.2The proportion of the total shoots produced byeses SLRs and injured PLRs of three
Santaluntaxa.

Secondary lateral root (SLR) severed

Sandalwood number No. producing
shoots %
Santalumhybrid 80 27 34
S. yasi 41 11 27
S. album 27 4 15
Primary lateral root (PLR)
number No.producing shoots %
Santalumhybrid 15 10 67
S. yasi 26 2 8
S. album 30 12 40




In the hybrid §. yasi x S. albuynthe PLR producing a higher number of shoots
were the PLR of 3-5 cm in diameter. The root lengtiriable distances from the trunk)
at which the cut was made had a major effect onntlmaber of shoots. In tharee
Santalumtaxg the number of shoots induced differed signifibafiTable 3.3). For the
SLR, the number of shoots on the hybr#l {asi x S. albunS. albumand S. yasi
differed very significantly (P<0.00) compared tcee tdiameter and length of the SLR
while for the PLR, the diameter and length of rodits not exhibit any significant effect
on the number of shoots. Shoot production was spa@pendent. In the hybrifl.(yasi x
S. albun shoots were most evident on PLRs and SLRs. Tdeebt number of shoots
were at 50- 60 cm along the root from the trunkthar hybrid §. yasi x S. albuyrand 30
to 40 cm along the root for. $asiandS. album(Table 3.3).

Some of the injured roots (PLR) failed to developuseful number of root
suckers. Shoot production on injured PLR’sSofyasiwasvery low either closer than 15
cm length to the trunk or more than 40 cm away fthmtrunk, but increased within or
closer to 9 cm and up to 19 cm in length from thek (Table 3.3). The shooting ability
of Santalumtaxa was sensitive to root diameter and distafi¢heoroot from the trunk.
The Santalumhybrid (S. yasi x S. albuyrproduced more shoots per severed and injured

roots.

Table 3.3Summary statistics (Kruskal-Wallis Test) for roddrdeter, root length (distance of cut
from the trunk) and number of shoots for thEsmtaluntaxa.



Secondary Lateral Root (SLR)

Root | Mean Root | Mean Shoots | Mean

Species | diameter| rank | Variables| length| rank | Variables| number| rank | Variables

Santalum

hybrid 36| 425 36| 71.1 36| 72.6

S. yasi 41| 50.5 41| 421 41| 43.3

S. album 27| 68.8 27| 435 27| 39.7
12.7 %0 21.1xc? 31.4%c?
2 Df 2 Df 2 Df
0.002 0.000 0.000
Significan Significan Significan

PLR’s

Santalum

hybrid 15| 33.9 15| 49.43 15| 454

S. yasi 26 34 26 | 30.17 26 | 26.65

S. album 30| 38.78 30| 34.33 30| 394
0.95x¢62 8.70xc2 13.09x%6?
2 Df 2 Df 2 Df
0.621 0.13 0.001
Significan Significan Significan

Plate 3.7 Harvesting of shoots production from sdeoy lateral roots of hybrid (photo:
Havea, 2005).




In summary, results showed that the PLRs producest rshoots than the SLRs.
A higher percentage of shoots was recorded on yheich(S.yasi x S. albu)rboth on
severed SLRs and injured PLRs. In contr&t, yasiand S. album produced low
percentage of shoots on severed SLRs and injurdg@s REigure 3.4 and 3.5). This
experiment also indicated that secondary lateratsrof hybrid . yasi x S. album

produce new shoots for up to 3 months.

Figure 3.0 Boxplots summarizing root diameters of SLRs ofeéhBantalumtaxa the bar
represents median, interquartile range and whiske% were extreme value also scoring. The
circle 71 forS.yasiand circle 86 fos. albunstand for the outlier value more than 1.5 box feag
above the box. This number is the identifier.

| |
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hybrid S.yasi
Santalunspecies




Figure 3.1 Boxplots summarizing lengths of SLRs of thi@antalumtaxa. The bar represents
median, interquartile range and whisker. 75% weteeme values also scoring. The circle 71 for
S.yasiand circle 86 folS. albumstand for the outlier value more than 1.5 box lea@bove the

box. This number is the identifier.
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S.yasi S.album
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Figure 3.2 Boxplots summarizing shoot numbers of SLRs of dhBantalumtaxa. The bar
represents median, interquartile range and whiske¥ were extreme values also scoring. The
circle stand for the outlier value more than 1.% kengths above the box. This number is the
identifier.The stars stand for the extreme valumage than three box-lengths above the box. The
number is the identifier, either the row numbefrom the variable entered in the label cases by
box.
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Figure 3.3 Boxplots summarizing root diameters of PLRs ofethBantalumtaxa the bar
represents median, interquartile range and whiske¥ were extreme values also scoring. The
circle stand for the outlier value more than 1.% kengths above the box. This number is the
identifier.The stars stand for the extreme valumage than three box-lengths above the box. The
number is the identifier, either the row numbefrom the variable entered in the label cases by
box.

| I
S.yas S.albun

Santalunspecies




Figure 3.4 Boxplot plots summarizing roots length of primdateral roots (PLR) of three
Santalumtaxa the bar represents median, interquartile eraangd whisker 75% were extreme
values also scoring. The circle stand for the euthalue more than 1.5 box lengths above the
box. This number is the identifier.The stars stiordhe extreme value as more than three box-
lengths above the box. The number is the identiégher the row number or from the variable
entered in the label cases by box.

I
S.yasi
Santalunspecies




Figure 3.5 Boxplot plots summarizing shoots number of primkateral roots (PLR) of three
Santalumtaxa the bar represents median, interquartile eraangd whisker 75% were extreme
values also scoring. The circle stand for the euthalue more than 1.5 box lengths above the
box. This number is the identifier.The stars stiordhe extreme value as more than three box-
lengths above the box. The number is the identiégher the row number or from the variable
entered in the lable cases by box.

I I
S. yasi S. album
Santalunspecies

3.4 Discussion

This research showed that secondary lateral addte Santalumhybrid (S. yasi
x S. album produced new shoots for up to three months afteersey the roots. The
better shoot producing ability of SLRs may be due their having higher
food/carbohydrate reserves or it could have been tduthe accumulation of natural
auxins in the root bases (Al-Saqri & Alderson, 1P96could also be due to juvenility
factors (Jawandat al, 1991) that occur along the root of a plant (Harimet al., 1990)

and Nautiyal eal., (1992).



Other studies have also found differences amongep@ the number of shoots
forced from dormant stem segments (Heetyal., 1992). On northern red oak shoot
production varied by tree and section and increag#ld decreasing distance from the
tree trunk and where trees tend to be mostly juesr{fHackett, 1985). The difference in
shoot production among thr&antalumtaxa may be influenced by genetic variation in
sprouting capability or by microsite conditiénslowever, the trees were grown in close
proximity and site conditions were relatively umifg suggesting that probably shoot
production was more related to genetic differenae®ng the taxa than to microsite
variation.

Shoot induction appears to be geopositionally ohges phototropically based, at
least in part, as shoots never appeared on thesidde of any of the root sections (Table
3.1).

The cut was vertical and might be expected to atloevformation of more shoots
because more latent buds would be in a positionrevgeowth could occur (Plate 3.8).
However, horizontal (sides face up) cut root sedtidid not produce significantly more
shoots.

However, the relationships between length (sectdnpot and shoot production
varied with species. Greater shoot production leenlreported on the largest diameter
(therefore the greatest surface area) stem seatioresi maple Acer rubrun), but with
Japanese maplé¢er palmaturyy moderate-sized stems tended to produce theegteat

number of shoots (Henmstal., 1992).

® microsite is a term used in ecology to describ®eket within an environment with unique featured an
characteristics. Classifying different micrositeayndepend on temperature, humidity, amount of ghnli
vegetative cover



Plate 3.8 The cut was vertical and might be expetteallow the formation of more shoots
(photo: Havea, 2006).

If only Santalumhybrid . yasi x S. albumis considered, the gradient of
decreasing numbers of shoots from the base ofrtimk butwards may be a function of
exposed surface area or an ontogenetic gradiehinwttie tree. The reasons for variation
in shoot induction at different distances from thenk are unclear. It is consistent with
other tree species in which different amounts afdfeeserves are available to various
parts of the tree at different seasons (Hartmanml, 1997). That may explain the
variation in shooting success relative to distanoe the trunk.

In general, the differerBantaluntaxa displayed similar responses to cutting type,
root diameter and distance of the cut from the Krim term of stimulating shoot
production. Uniyalet al, (1985) also indicated that vegetative propagativough root

cuttings of SLRs produce more shoots (Figure. 1@h the cuts in big (PLR) roots.



Working with S. album Vijayakumaret al., (1981) observed that trenches dug 60-90 cm
from the main trunk give maximum induction of shgobut that numbers of shoots
varied proportionately to the thickness of expasexd.

Further research is needed to determine whetherebult is due to differences in
cutting severity, or differences in frequency obshprimordia and/or their ability to be
liberated. The difference in shoot production bemvehe root lengths of thehree
Santalumtaxa could be related to differences in the nutritiostdtus (Hansen, 1986).
Hansen found that the root affected subsequenttsioovth in Hedera canariensjs
although shoot growth differed depending on thecaurding environment iHedera

helix.

3.5 Conclusion and summary

To conclude this experiment, root cutting has tlweptial to serve as an
alternative shoot production technique for plantingterial to propagat8antalumtaxa.
For fully severed SLRs the best diameter for stating shoot production appears to be
1.4 cm in theSantalumhybrid (S. yasi x S. album1.9 cm inS. albumand 1.6 cm irS.
yasi (Table 3.2: Figure 3.0). However, the best rootmditer for stimulating shoot
production in half-cut PLRs is 5.0 cm in tBantalumhybrid (S. yasi x S. album4.7 cm
in S. albumand 4.7 cm irB. yasi(Figure 3.3). The distances from the trunk at wtitod
cut is made has a major effect on the number abtshdhe best distances from the trunk
to be used for stimulating shoot production shdagdaround 50-60 cm for tigantalum
hybrid (S. yasi x S.albujrand 30-35 cnfor S. albumandS. yasion severed roots (SLR)
(Figure3.1).While for injured roots (PLR) the cut should be madbout 20 cm from the

trunk for Santalumhybrid S.yasi x S. albuprand S. albumand 10 cm away from the



trunk for S. yasi.ln addition, this investigation confirmed that sece SLRs and injured
PLRs of theSantalumhybrid . yasi x S. albuyrstimulate more shoot production that
can be used as planting material of sandalwood.

was to investigate the shoot production from irgufeLRs The aim of this
experiment and severed SLRs. Induction of shootaitih root suckering is the first step
from mature sandalwood plants that are more likelype amenable to vegetative
propagation as rooted cuttings.

Similar studies could be undertaken for root suckespecies where a demand
for shoot multiplication exists: a table of preedtshoot percentages could be developed
as in Table 3.2 to assist in decisions about wieahetter and distance from the trunk
would be most efficient for a source of shootsgaypagation. The gradient of ontogeny
(or the progress from juvenility to maturity) fdreeSantalumhybrid S. yasi x S. album
was shown to increase with increasing distance ftioentrunk of the tree (rather than
closer to the trunk) and smaller root diameterm8tating shoot production from
dormant root segments could be a practical way rmdyce shoots for vegetative

propagation.



CHAPTER 4
VEGETATIVE PROPAGATION OFS. YASI, S. ALBUMND SANTALUMHYBRID

(S. YASI X S. ALBUMSTEM CUTTINGS

4.0 INTRODUCTION

Planting using vegetative cuttings is an extengivptactised method of
propagating plants. It has many advantages, siniseeiconomical, requires little space
and is rapid and generally technically simple. {bgg can be made from the stem,
modified stem, roots or leaves. Stem cuttings Hmen used to propagate a wide variety
of plant species. In vegetative propagation throatfm materials, cuttings are taken
from the shoots of the plants with terminal or latduds that are capable of developing
adventitious roots and subsequently forming a cetepplant (Hartmanet al, 1997).
Successful rooting of the cuttings is dependenfiactors such as position of the cuttings
on the plant, rooting medium and hormone conceatraseason when the cuttings are
made as well as physical and environmental fagilitsson, 1993). The effects of these

factors on the rooting of sandalwood stem cuttisgsther limited or unknown.

4.1 Materials and Methods

The study was carried out between July 2005 aneidber 2006 in south-eastern
Viti Levu, Fiji. Field research was undertaken Ine tForestry Department’s sandalwood
research plots at Colo-i-Suva and Vunimaqo. Thdystas conducted in the glasshouse
(Colo-i-Suva) to determine the effects of differ&mtatments on rooting of cuttings in the

three sandalwood taxa. Stock plants were sandalweedlings of two different ages (6-



12 months and 12-24 months) provided by the Ford3@partment. Two sources of
cuttings were used: one from the seedlings provigethe Forestry Department and the
other from induced root suckers produced in theegrpents describes in Chapter 3. For
the purpose of this study, stem segments fromvibesburces were treated the same.

The experiment was conducted at the end of Mard6 2iter the shoots from
induced roots were well-established. Experimentyegetative propagation of cuttings
of 2cm to 4 cm in length were set on April 20, 2006e cuttings were taken from the
‘apical’ (toward the apex) and ‘basal’ (towards thase) positions. Half of cuttings were
‘quick-dip’ treated with Indole Butyric Acid (IBApnd different levels of Naphthalene
Acetic Acid (NAA) and planted in either peatmossnosahogany compost in Vic Pots
(Plate 4.0) as appropriate. Misting was regulat®dgua leaf balance sensor. During the
day the misting typically came on for about 15 e every 15-20 minutes.
Observations recorded included planting whethetimgdhad taken place following root
number and root length.

The objective of this investigation was to stuthe teffect of cutting position,
rooting medium, cutting age and hormone on themgaif stem cuttings of sandalwood.
The main variables studied were:

e Cutting position of the suckers or seedlings (dpcdasal);

* Rooting media (peatmoss vs. mahogany compost);

* Rooting hormone (with or without IBA; and NAA)

« Different concentralions of NAA 0 mg1, 0.5 mg [* and 1.0 mg L*.

* Age of the seedling from which the cutting was méaeléher 6-12 months or 12-

24 months).



Thirteen apical portions and 13 basal portionsewsanted in individual tubes of
30:70 sand:peatmoss (total 26) and 12 apical pwtamd 12 basal portions were planted
in individual tubes of sand:mahogany compost. Theerovariable (IBA, NAA and
seedling age) were varied utilizing different traysl considered as separate experiments
(Figure 4.0, 4.1, and 4.2).
At intervals throughout the experimental perioditiogs were assessed for rooting, root
number and length of the longest root at 24 weéles setting and transplanting the best
rooted cuttings from the last experiment (Chapter Bata collection was done by
carefully separating the rooted cuttings from teedting trays followed by washing
away the rooting media with water. Rooting was rared through regular visual
inspection of roots protruding through the bottohthe pots. After it was evident that a
reasonable proportion of cuttings had rooted ogdtimvere assessed and number of
cuttings rooted, number of roots per cutting, amdiviidual root lengths were recorded.
Unrooted cuttings were re-set and rooting re-asskeafier an appropriate interval (3-4

weeks), when more cuttings were observed to hauekstoots.

4.1.1 Experimental layout

The experimental layout consisted of three expertmeun simultaneously within the
experimental area

* Experiment A. Cuttings from either apical or basal sections viezated with or
without rooting hormone IBA, and set in two diffatemedia (i.e., 30:70
sand:peatmoss and 30:70 sand:mahogany compost) hrelred cuttings from
root suckers were used (Figure 4.1), and younglisgsd(6-12 months) were

used.



« Experiment B. Different concentrations of NAA (0, 0.5 and 1.@y o) were
used to treat the apical and basal portions frozdIgeys and juvenile shoots from
root suckers and set in two different media ( 30s@dd: peatmoss and 30:70
sand:mahogany compost). Four hundred and fiftyirggtfrom root suckers and
450 from seedlings were used (Figure 4.2). Yourgglléggs (6-12 months) were
used.

* Experiment C. Apical or basal sections from seedlings of twdedént ages (6-
12 and 12-24 months old) were used for cuttingsalf df the seedlings were
dipped in IBA rooting hormone and set in two difiet media (30:70
sand:peatmoss and 30:70 sand:mahogany compostjaln300 cuttings from 6-
12 month old seedlings and 300 cuttings from 12¥dhth old seedlings were

used (Figure 4.0).

Figure 4.0 Experiment A Cuttings of three sandalwood taxa from apical Badal portions
were treated with or without IBA and set in twofdient media (i.e. 30:70 sand: peatmoss and
30:70 sand:mahogany compost).

Santalum yasiwith or without IBA



1. With IBA 2. without IBA
sand:peatmoss sand:maho. compost EEatthoss sand:mahogany
Basal Basal

3112 7 3112
4111 6 4111
5110 5 5110
619 4 619
78 3 718

13 apical portion were treated with IBA and 13 thgmation also treated with IBA set in 30:70
sand:peatmoss while 12 of apical portion were écbatith IBA and 12 basal portion were treated
with IBA and set in 30:70 sand:mahogany composh &4ct Pots consist 50 cuttings.

Santalum albumwith or without IBA

1. With IBA 2. without IBA
sand:peatmoss sand:maho. compost EEaicthoss sand:mahogany
Basal Basal Basal Basal

3|12 7 3|12
4|11 6 4111
5110 5 5110
6| 9 4 6| 9
7] 8 3 7| 8

Santalumhybrid (S. yasi x S. albuihwith or without IBA

1. With IBA 2. without IBA

sand:peatmoss sand:maho. compost EEatthoss sand:mahogany

Basal Basal Basal Basal

3112 7 3|12
411 6 4111
5110 5 5110
6| 9 4 6| 9
7] 8 3 7] 8

Figure 4.1 Experiment B.The layout of cuttings of three sandalwood taxanfepical and basal
portions of seedlings and juvenile shoots wereteécbavith different concentrations of NAA but

no IBA and set in two different media (30:70 saeatmnoss and 30:70 sand: mahogany
compost).

Santalum yasishoots



1. nil NAA mg L* 2.0.5 NAAmg [*
sand:peatmoss sand:maho. compost EEatthoss sand:mahogany

Basal Basal Basal Basal
7 3112 7 3|12
6 4|11 6 4111
5 5110 5 5110
1|4 6|9 4 619
2|3 7| 8 3 7| 8
3.1.0 NAAmg !
sand:peatmoss sand:maho. compost
Basal Basal
3112
411
5110
6|9
7] 8
Santalum albumshoots
1. nil NAA mg L* 2.0.5NAAmg [*
sand:peatmoss sand:maho. compost EEatthoss sand:mahogany
Basal Basal Basal Basal
7 3112 3|12
6 4|11 4111
5 5110 5110
1[4 6| 9 6| 9
2|3 7| 8 7| 8
3.1.0 NAAmg !
sand:peatmoss sand:maho. compost
Basal Basal
3112
411
5110
6| 9
7] 8
Santalumhybrid (S. yasi x S. albumshoots
1. nil NAA mg L* 2.0.5 NAAmg [!
sand:peatmoss sand:maho. compost EEatthoss sand:mahogany
Basal Basal Basal Basal

7] 8| 7] 8|



6|9 4111 4111
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Figure 4.2 Experiment C.The layout of cuttings of three sandalwood taxanfiapical and basal
portion of two different age seedling (6-12 and-22 months) were treated with or without IBA
and set in two different media 30:70 sand:peatraags30:70 sand:mahogany compost.
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4.1.2 Statistical tests
Data for vegetative propagation of three sandalwtzo@ were analysed using
logistic regression. The analyes were used to oherwhether the treatment applied for

the respective experiments (i.e. apical or shoasal) presence or absences and



concentration of rooting hormone, compost or peasnand age) caused the outcome of
rooting. Logistic regression may be used when gtedvariables are being investigated
for their effect on a binary outcome (i.e. ‘rootent’ ‘not rooted’). All statistical analyses
were performed using Statistical Package for theigb&ciences (SPSS) by Dr. Linton

Winder (Statistician, USP).

4.1.3 Greenhouse experiment layout

The humidity level in the propagation unit was ntaimed through a misting
regulated by a leaf balance sensor (Plate 4.1)nBuhe day the misting typically came
on for about 15 seconds every 15-20 minutes. Througthe experimental period, the
humidity of the greenhouse was measured using aomgger. The minimum and
maximum humidity ranged from 23% to 72%. The meadumean minimum and

maximum temperatures during the study period wespectively, 21.9° C and 26.6° C.



Plate 4.1Sandalwood cuttingvere set out under a mist propagator in a greemhlogsited at the
Forestry Division Colo-i-Suva (photo: Havea, 2005).

Plate 4.2 The cutting of the three sandalwood taese planted in two media, i.e. 30:70
sand:peatmoss and 30:70 sand:mahogany composb{pptatea, 2005).



Plate 4.0 Two node-cuttings made from the cuttingee quickly dipped in rooting hormone IBA
and or NAA powder. The cuttings were planted in 780:sand:peatmoss and 30:70
sand:mahogany compost medium in Vic Pots (photoeBa2005).

4.2 Results

Experiment A.Cuttings of three sandalwood taxa fromapical and basal portions
with and without IBA (Indole Butyric Acid) treatmen t.

The results of Experiment A showed that stem ogétioriginating from the
terminal portions (i.e. apical) had better rootipgrformance than did those from the
basal portions in the three sandalwood taxa (TélflePlate 4.3). Lower strike rates were
achieved in mahogany compost for all sandalwood {@able 4.0)Santalumhybrid (S.

yasi x S. albupncuttings rooted more easily (Plate 4.4).



Plate 4.3 Rooted cuttings from hybrid show thamsteuttings originating from the terminal
portions (i.e. apical) had better rooting perforcemvith IBA (rooting hormone) than did those
from the basal portions (photo: Havea, 2005).

Basal <Scm

pical > 15 cm

F"  1.0MG NAA

Plate 4.4Santalumhybrid (S. yasi x S. albu)rcuttings rooted more easily with rooting hormone
(photo: Havea, 2005).




In the three sandalwood taxa longer roots were ymed in the 30:70
sand:peatmoss medium than in the 30:70 sand:mahogampost (Table 4.1).
Nevertheless, after more than 24 weeks the roodused in the sand:peatmoss medium
were about the same as those in the sand:mahogarpost. Based on the collected data,
root length of the basal cuttings was influencedB®¥ rooting hormone. Very few roots
were produced in the absence of rooting hormone (Bgpendix 1.4, Plates 1.4.1, 1.4.3,
1.4.5, 1.4.16, 1.4.18, 1.4.20, 1.4.22, 1.4.24 26 and cuttings from basal positions did

not show a good response to applied hormone.

Table 4.0 Summary statistics for mean root number (meanaadsird error of the mean) of

rooted cutting of thre€antaluntaxa in two different media.

Rooted Rooted
apical Mean root | basal Mean root
Medium & species Hormone | cutting number cutting number
S. yasipeatmoss IBA 9 2.78+0.32 10| 1.70+0.15
No IBA 5| 1.00+0.00 3| 1.33#0.33
S. yasi-m.compost IBA 10 2.60+0.31 5| 2.20+0.37
No IBA 2| 1.50+0.50 2| 1.50+0.50
S. albumpeatmoss IBA 9 2.56+0.24 8| 1.88+0.13
No IBA 3| 1.00+0.00 3| 1.00+0.00
S. albummahogany compost,  IBA 1.75+0.25 3| 1.00+0.00
No IBA - - - -
Santalumhybrid-peatmoss IBA 11 3.64+0.28 8| 2.50+0.19
No IBA 5| 1.00+0.00 6| 1.00+0.00
Santalumhybrid-m.compost | IBA 9 2.78+0.28 9| 2.44+0.24
No IBA 3| 1.334#0.33 2| 1.00+0.00

Table 4.1 Summary statistics for mean root length (mearasidard error of the mean) of rooted
cutting of threeSantaluntaxa in two different media.




Rooted | Mean Rooted
apical root basal Mean root
Media Hormone | cutting number | cutting | number
S. yasipeatmoss IBA g9 2.11+0.20 10| 1.50+0.17
No IBA 5| 1.00£0.00 3| 1.00+0.00
S. yasiM.compost IBA 10| 1.70+0.26 5| 2.00+0.32
No IBA 2| 1.00£0.00 2| 1.00+0.00
S. albumpeatmoss IBA 9| 2.2240.22 8| 2.25+0.37
No IBA 3| 1.00+0.00 3| 1.00+0.00
S. albumM.compost IBA 4| 2.25+0.48 3| 2.67+0.33
No IBA - - - -
Santalumhybrid-peatmoss IBA 1] 2.91+0.28 8| 2.00+0.19
No IBA 5| 1.00£0.00 6| 1.00+0.00
Santalumhybrid-M.compost IBA 9 2.67+0.17 9| 2.44+0.18
No IBA 3| 1.00£0.00 2| 1.00+0.00

The major influencing factor for rooting success cnttings of the three
sandalwood taxa was rooting hormone which showglayhsignificant effect (P<0.001)
(Table 4.2). Rooting hormone affected the root tgyment, root number and root length
of the cuttings. Throughotlhe experimental period apical cuttings performetldr than
did basal cuttings in terms of rooted cutting patage (Appendix 1.4, Plate. 1.4.0, 1.4.2,
1.4.4). Thus, compared with stem cuttings, apicdlirgs are better planting materials

for successful vegetative propagation of sandalwood

Table 4.2Summary statistics for logistic regression to datee factors influencing the outcome
of the occurrence of roots. Effects of medium, ingttposition and rooting hormone on root
number and length of rooted cutting in th&sntaluntaxa are shown.



Source of variation Wald statistic DF Significance
Santalum yasi

Medium 1.909 1 0.167
Cutting position 1.812 1 0.178
Rooting hormone 18.26(7 1 0.000
Santalum album

Medium 11.156 1 0.001
Cutting position 0.264 1 0.607
Rooting hormone 14.87[7 1 0.000
Santalumhybrid

Medium 1.160 1 0.281
Cutting position 0.443 1 0.506
Rooting hormone 16.64P 1 0.000

The results show that rooting of stem cuttingshwé¢ sandalwood taxa can be
best achieved with apical cuttings and that suitdéVels of IBA treatment are needed
(Table 4.3). The best results were achieved inSetalumhybrid S. yasi x S. album
with cuttings propagated in peatmoss and treatéu BA (Appendix 4.1, Plate 1.4.1).

The percentage of plants rooting and the developofeimots from basal cuttings
took place much more slowly when compared to theeld@ment of apical cuttings.
Exceptions weres. yasiin 30:70 sand:peatmoss, where 76% of basal csttingted
compared to 69% of apical cuttings, and tBantalumhybrid S. yasi x S. albupin
30:70 sand:mahogany compost where 75% of both laashbpical cuttings rooted. The
response of both apical and basal cuttings to dmting hormone was sufficient to
enhance rooting in cuttings Gantalumhybrid S. yasi x S. album(Table 4.3 and

Appendix 1.4 (Plate 1.4.4,1.4.5,1.4.12, 1.4.183,14, 1.4.19, 1.4.20, 1.4.25 and 1.4.26).

Table 4.3The effect of IBA rooting hormone on root initiatign threeSantalumaxa from stem
cuttings. The percentage shows the proportion ef ttital rooted cuttings attributed to that
treatment.

" Significance of individual regressors. SPSS printsthe value of what it calls the Wald statistic each
regressor in each model, together with a correspgnsignificance level. The Wald statistic has & ch
squared distribution, but apart from that it is dige just the same way as thevalues for individual
regressors in linears regression.



No. planted
Hormone |No. rooted cutting cuttings %
Apical | Basal | Apical| Basal | Apical| Basal
S. yasipeatmoss IBA 9 10 13 13 69 76
No IBA 5 3 13 13 38 23
S. yasim.compost IBA 10 5 12 12 83 41
No IBA 2 2 12 12 16 16
S. albumpeatmoss IBA 9 8 13 13 69 61
No IBA 3 3 13 13 23 23
S. albumm.compost IBA 4 3 12 12 33 25
No IBA
Santalumhybrid-peatmoss| IBA 11 8 13 13 84 6]
No IBA 5 6 13 13 38 46
Santalumhybrid-m.composiBA 9 9 12 12 75 75
No IBA 3 2 12 12 25 16

Experiment B. Different concentration of NAA treating apical and basal portions
from seedlings and root sucker shoots in two diffemt media.

The experiment showed that NAA strongly influencedting, with an increase in
rooting shown with increased concentrations (Tablé). The 30:70 sand:peatmoss
medium produced a beneficial effect on rooting WiAA (concentrations 0.5 and 1.0
mg L, Appendix 1.4: Plates 1.4.7, 1.4.8 ®ryasi,1.4.10 and 1.4.11 fd8. albumand
1.4.13, 1.4.14 for hybridS| yasi x S. albumCuttings rooted well at lower levels of NAA
(e.g. 0.5 mg [}) when peatmoss was used as a medium (AppendixPlades 1.4.7,
1.4.10, and 1.4.13).

The higher concentration of NAA (1.0 mg'Lincreased root length in both types
of medium (Appendix 1.4: Plates 1.4.8, 1.4.9, 1L1.JRoots produced from apical
cuttings were longer than the roots produced fr@asab cuttings in the threégantalum

taxa (Table 4.5).



Table 4.4 Summary statistics for mean root number (mearatdsird error) of rooted cutting of
threeSantaluntaxa treated with different concentrations of NAA.

Rooted | Mean apical | Rooted | Mean basal
NAA apical root number basal | root number
Media concentration | cutting (+/-S.E) cutting | (+/-S.E)
S. yasipeatmoss Nil 8 1.00+0.00 6 1.00+0.00
0.5 mg/L'l 8 1.50+0.19 6 1.00+0.00
1.0 mg/L'l 19 2.53+£0.22 18 2.00+0.11
S. yasim.compost Nil 5 1.00+0.00 3 1.00+0.00
0.5 mg/L'l 6 1.33+0.21 5 1.00+0.00
1.0 mg/L™? 11 2.18+0.26 7 1.71+0.18
S. albumpeatmoss Nil 4 1.00£0.00 2 1.00+0.00
0.5 mg/L™? 5 1.40£0.24 6 1.00+0.00
1.0 mg/L™ 11|  2.45%0.25 9| 1.4440.18
S. albumm.compost Nil 3 1.00+0.00 1 1.00+0.00
0.5 mg/L'1 3 1.00+0.00 1 1.00+0.00
1.0 mg/L'l 7 2.00+0.31 6 1.67+0.21
Santalumhybrid-peatmoss  Nil 3 1.13+0.13 6 1.17+0.17
0.5 mg/L™* 8 1.63+0.18 8 1.50+0.19
1.0 mg/L'l 19 3.11+0.24 14 1.86+0.18
Santalumhybrid-m.com Nil 7 1.57+0.20 3 1.00+0.00
0.5 mg/L'l 6 1.33+0.21 5 2.20+0.20
1.0 mg/L™? 12 2.67+0.26 10 1.70+0.21

Table 4.5Summary statistics for mean root length mm (meatatdard error) of rooted cutting

of threesandalwood taxa.

Rooted | Mean apical | Rooted Mean basal
NAA apical root number basal root number
Medium and taxon concentration | cuttings (+/-S.E) cuttings (+/-S.E)
S. yasipeatmoss Nil 8 0.69+0.09 6 0.50+0.00
0.5 mg/L'1 8 1.13+0.16 6 1.00+0.18
1.0 mg/L'1 19 2.74+0.19 18 1.89+0.15




S. yasim.compost Nil 5 1.50+0.00 3 0.50+0.00
0.5 mg/L'l 6 1.33+0.17 5 0.90+0.19
1.0 mg/L* 11 2.41+0.26 7 2.00+0.31
S. albumpeatmoss Nil 4 0.63+0.13 2 0.50+0.00
0.5 mg/L'l 5 1.30+0.30 6 1.33+0.28
1.0 mg/L*? 11 1.82+0.28 9 2.28+0.30
S. albumm.compost Nil 3 0.83+0.33 1 0.50+0.00
0.5 mg/L™? 3 1.330.17 1 1.00+0.00
1.0 mg/L'l 7 2.07+0.28 6 1.75+0.17
Santalumhybrid-peat Nil 8 0.0610.24 6 1.42+0.44
0.5 mg/L™? 8 2.0620.41 8 1.88+0.21
1.0 mg/L'l 19 2.92+0.21 14 1.89+0.14
Santalumhybrid- m.com | Nil 7 1.07+0.23 3 0.83+0.33
0.5 mg/L'l 6 2.25+0.17 5 1.70+0.30
1.0 mg/L* 12 2.630.31 10 1.65+0.21

Out of all threeSantalumtaxa, the concentration of rooting hormone (NAAjla
medium inS. yasihad a highly significant effect (P<0.001) on ragtparameters (Table
4.6) on the likelihood of rooting. Apical cuttingdso showed greater uniformity in the
number of roots produced compared to basal cuthfigs setting in thre€antaluntaxa.
Overtime however, with increases in the concentration oftingo hormone, cuttings
showed positive responses to each level and mdtiegsideveloped roots. The level of
NAA had a delayed effect dB. yasibasal cuttings in enhancing root initiation aslhasl

increasing number of roots developed.

A high percentage (34-73%) of rooted cuttings waseved in all thre&antalum
taxa in 30:70 sand:peatmoss rooting medium whexteewith NAA 1.0 mg [ (Table

4.7).

Table 4.6 Summary statistics for logistic regression to deiee factors influencing the
occurrence of roots. Effect of medium, cutting gosi and rooting hormone on root number and
length of rooted cutting of thre&&antaluntaxa are shown.



Source of variation Wald statistic DF Significance
Santalum yasi
Medium 9.163 1 0.002
Cutting position 2.394 1 0.122
NAA 23.704 1 0.000
Santalum album
Medium 4.203 1 0.040
Cutting position 1.467 1 0.226
NAA 16.090 1 0.000
Santalumhybrid
Medium 3.916 1 0.048
Cutting position 3.099 1 0.078
NAA 20.496 1 0.000

Table 4.7The effect of different concentrations of NAA raajihormone on root initiation. The

percentage of the cuttings that rooted for thattinent is shown.

S. yas Hormone No. Rooted No. Planted %
Apical Basal| Apical Basal Apica|Basa|I
S. yasipeatmoss Nil 8 6 26 26 30 23
0.5 mg/L™ 8 6 26 26 30 | 23
1.0 mg/L™ 19 18 26 26 73 | 69
S. yasim.compost Nil 5 3 24 24 20 12
0.5 mg/L* 6 5 24 24 25 | 20
1.0 mg/L™ 11 7 24 24 45 | 29




Total 57 45 150 150
S. albumpeatmoss Nil 4 2 26 26 15 7
0.5 mg/L™ 5 6 26 26 19 | 23
1.0 mg/L™ 11 9 26 26 42 | 34
S. albumm.compost Nil 3 1 24 24 12 4
0.5 mg/L™? 3 1 24 24 12 4
1.0 mg/L™? 7 6 24 24 29 | 2§
Total 33 25 150 150
Santalumhybrid-peatmoss  |Nil 8 6 26 26 30 23
0.5 mg/L™ 8 8 26 26 30 | 30
1.0 mg/L™ 19 14 26 26 73 | 53
Santalumhybrid-m.compost Nil 7 3 24 24 29 12
0.5 mg/L™* 6 5 24 24 25 | 20
1.0 mg/L™? 12 10 24 24 50 | 41
Total 60 46 150 150

Experiment C. Apical or basal cuttings from seedligs of ages - 6-12 months old and
12-24 months old

This experiment showed that most rooting took planecuttings of age 6-12

month on the apical cutting portion (Table 4.8) p&pdix 1.4: Plates 1.4.15, 1.4.17 and

1.4.19). The number of roots produced per rootdtingufrom both apical and basal

cuttings was influenced by seedling age. Cuttingsved from older seedlings (aged 12-

24 months) produced fewer roots (Table 4.8).

Table 4.8 Summary statistics for mean root number (mearasdstrd error) of rooted cutting of
S. yasi, S. albumndSantalurrhybrid (S. yasi x S. albunin different media.

Peatmoss
Number of without Number of
Portion Ages (months)]  With IBA| rooted cuttings IBA rooted cuttings
S. yasipeatmoss
Apical 6to 12 1.9040.18 10| 1.00+0.00 5
12 to 24 1.71+0.18 7 1.00+0.00 4
Basal 6to 12 1.20+0.13 10| 1.00+0.00 4
12t0 24 1.67+0.21 6 1.00+0.00 3

S. yasimahogany compost




Apical 6to 12 1.75+0.43 4| 1.00+0.00 3
12 to 24 1.67+0.33 3 1.00+0.00 2

Basal 6to 12 1.33+0.3B 3 1.00£0.00 2
12 to 24 1.33+0.33 3 1.00+0.00 2

S. albumpeatmoss

Apical 61012 1.50+0.22 6 1.00+0.00 3
12 to 24 1.50+0.29 4 1.00+0.00 3

Basal 6to12 1.80+0.37 5 1.00+0.00 2
12 to 24 1.33+0.33 3 1.00+0.00 3

S. albummahogany compost

Apical 61012 1.75+0.2% 4 1.00+0.00 2
12 to0 24 1.25+0.2% 4 -

Basal 6to12 1.67+0.3B 3 1.00+0.00 2
12 to 24 1.67+0.33 3 -

Santalumhybrid-peatmoss

Apical 61012 2.75%0.30 12| 1.17+0.17 6
12 to 24 1.75+0.22 12| 1.00+0.00 4

Basal 6to12 2.18+0.26 11| 1.00+0.00 4
12 to 24 1.38+0.18 8 1.00+0.00 3

Santalumhybrid-mahogany compost

Apical 61012 2.71+0.52 7 1.00+0.00 3
12t0 24 2.25+0.2% 4 1.00+0.00 2

Basal 6to12 2.00+0.26 6 1.00+0.00 2
12 to 24 1.67+0.33 3 1.00£0.00 2

The summary results reveal that the 6 to 12 moattisseedlings in the three
Santalum taxa produced Ilonger roots in 30:70 sand:peatmtbesn in 30:70
sand:mahogany compost (Table 4.9). Neverthelesgnble24 weeks after setting the
roots produced were about the same in both metim6Tto 12 months old seedling show
longer roots irSantalumhybrid (S. yasi x S. albuphan the other two sandalwood. Very

few roots were produced in the cuttings from 124anonth old seedlings. Cuttings from



basal cutting positions from 12 to 24 month olddéiegs did not show good response
(Table 4.9) (Appendix 1.4: Plates 1.4.22, 1.4.23,24, 1.4.25, 1.4.26).

Overall, the results reveal that cuttings treatdith wooting hormone (NAA) and
derived from younger seedling ages (6-12 monthenfooots more quickly than did

those derived from older seedlings (aged 12-24 hg)nt

Table 4.9 Summary statistics for mean root length (meananhddrd error) of rooted
cuttings of thre&antaluntaxa.

Root length | Number of Root length Number of
(mm) with rooted (mm) without rooted
Portion Ages IBA cutting IBA cutting
S. yasi peatmoss
Apical 6to12 2.00+0.21 10 0.60+0.10 5
12t0 24 1.29+0.31 7 0.50+0.00 4
Basal 6to 12 1.40+0.1P 10 0.63+0.13 4
12 t0 24 1.83+0.28 6 0.50+0.00 3
S. yasimahogany compost
Apical 6to12 2.13+0.13 4 0.50+0.00 3
12 t0 24 1.50+0.29 3 0.50+0.00 2




Basal 6to12 183+0.1y7 3 0.50+0.00 2
12to 24 2.00+0.29 3 0.50+0.00 2

S. albumpeatmoss

Apical 6to 12 1.25+0.17 6 0.67+0.17 3
12 to 24 2.50+0.29 4 0.50+0.00 3

Basal 610 12 1.90+0.2¢4 5 0.75+0.25 2
12to 24 1.83+0.17 3 0.50+0.00 3

S. albummahogany compost

Apical 6to 12 1.38+0.24 4 0.50+0.00 2
12 to 24 1.88+0.31 4

Basal 6to12 1.83+0.17 3 0.50+0.00 2
12to 24 1.33+0.33 3

Santalumhybrid-peatmoss

Apical 6to 12 2.21+0.18 12 0.83+0.17 6
12 to 24 1.58+0.15 12 0.75+0.14 4

Basal 6to 12 1.45+0.14 11 1.00+0.20 4
12to 24 1.44+0.1% 8 0.67+0.17 3

Santalumhybrid-mahogany compost

Apical 6to 12 1.79:0.18 7 1.00+0.29 3
12to 24 1.50+0.29 4 0.50+0.00 2

Basal 6to 12 1.67+0.2b 6 1.00+0.50 2
12 to 24 1.83+0.17 3 0.75+0.25 2

The seedling age of sandalwood had no major infleean the number of roots
produced per cutting and length of roots formeds Bhows that the type of media used
and application of IBA hormone is not significandifected by the age of seedlings and
cuttings. Differences in the rooting structure weteserved between the two media.
Cuttings propagated in 30:70 sand:peatmoss prodfinedand highly branched root
systems, which would likely have a high transplagtsuccess rate whereas mahogany
compost produced long and coarse roots. The typgedium also affected the number of
roots produced. Compared with 30:70 sand:mahogamypost, cuttings propagated in
30:70 sand:peatmoss produced a higher number t. irdevertheless, both medium and

rooting hormone influenced root length in the thsaadalwood taxa (Table 4.10).



Table 4.10 Summary statistics for logistic regression to daiee factors influencing the
outcome of the occurrence of roots. Effect of mediautting position and rooting hormone on
root number and length of rooted cutting of thEamtaluntaxa are shown.

Source of variation Wald statistic DF Significance
Santalum yasi

Medium 13.098 1 0.000
Cutting position 0.624 1 0.429
IBA 10.153 1 0.001
Age 2.963 1 0.085
Santalum album

Medium 2.415 1 0.120
Cutting position 0.737 1 0.391
IBA 7.901 1 0.005
Age 1.435 1 0.231
Santalunmhybrid

Medium 17.228 1 0.000
Cutting position 3.164 1 0.075
IBA 28.174 1 0.000
Age 4.371 1 0.037

This increase in rooting percentage with an in@dasthe number of days after
setting followed generally the same pattern thrauglthe experimental period except in
seedlings to which no rooting hormone was applieable 4.11). This low percentage of
rootedS. yasi, S. alburand Santalumhybrid (S. yasi x S. albuntuttings was associated
with high cuttings mortality, 33% to 43% from sdadk aged 6-12 and 12-24 months,

respectively (Appendix 1.4).



Table 4.11 The effect of different seedling age (i.e., 6 to d® 12 to 24 months) on root
initiation of S. yasi, S. alburand Santalurmhybrid from stem cuttings. The percentage shows the
proportion of the total rooted cutting attributedibat treatment.

seedling age
Santalumaxa (months) number plante number rooted %
S. yasipeatmoss
No
IBA No IBA IBA No IBA IBA |IBA
Apical 6to 12 13 13 10 5 76 38
1210 24 13 13 7 4 53 30
Basal 6to 12 13 13 10 4 76 BO
12to0 24 13 13 6 3 46 23
Total 52 52 36 16
S. yasimahogany compost
Apical 61to 12 12 12 4 3 33 25
1210 24 12 12 3 2 25 16
Basal 6to12 12 12 3 2 25 16
12to0 24 12 12 3 2 25 16
Total 48 48 13 9




S. alburApeatmoss

Apical 61to 12 13 13 6 3 46 23
12 to 24 13 13 4 3 30 23

Basal 61012 13 13 5 2 38 15
12 to 24 13 13 3 3 23 23

Total 52 52 18 11

S. albummahogany compost

Apical 61012 12 12 4 2 33 16
12 to 24 12 12 4 0 33 D

Basal 61012 12 12 3 2 25 16
12 to 24 12 12 3 0 25 D

Total 48 48 14 4

Santalumhybrid-peatmoss

Apical 61to 12 13 13 12 6 92 46
12 to 24 13 13 12 4 92 30

Basal 61012 13 13 11 4 84 B0
12 to 24 13 13 8 3 61 23

Total 52 52 43 17

Santalumhybrid-mahogany compost

Apical 61012 12 12 7 3 58 25
12 to 24 12 12 4 2 33 16

Basal 61012 12 12 6 2 50 16
12 to 24 12 12 3 2 25 16

Total 48 48 20 9

4.3 Discussion

4.3.1 Effect of IBA rooting hormone

The results of these experiments show that sanadalvetem cuttings can

successfully under misting. High rooting percentagfe cuttings were recorded in

root

certain treatment, which implies that vegetativepaigation of these species is feasible.

An understanding of these findings is hampered Umxdhe amounts of endogenous

hormones and amounts of root co-promoters in thnguof sandalwood are unknown.

Howard, (1996) indicated the need for applicatidrhigher levels of rooting hormone

when the concentrations of these compounds inrd pta low.



Rooting hormones play an important role in rootelegment of the cuttings
(Wiessman-Ben & Tchoundjeu, 2000). The results ntepgohere are consistent with
many other studies on different plant species asddonfirmed their beneficial effect in
adventitious root development (Arghal, 1994; Al- Sagri & Alderson, 1996; Aminat
al., 1997; Hartmanret al, 1997). Cuttings of threBantalumtaxa that had been treated
with the rooting hormone IBA showed an increasetgtage of rooted cuttings, root
number, root length and uniformity of rooting onttlgs in all threeSantalumtaxa
(Figure 4.3 A, B and C).

Though their roles are to promote rooting, it@Eessary to apply an appropriate
concentration of rooting hormones since applicatidnunsuitable concentrations can
inhibit rooting or it can act as a growth retardaten applied at higher concentrations
(Hartmanret al, 1990; Wiessman-Ben & Tchoundjeu, 2000).

It is expected that rooting percentage could prbobdle further increased by
manipulating various environmental conditions, esgby better optimizing the misting

regime.

No IBA IBA No IBA No IBA

Peatmoss Mahogany Peatmoss Mahogany

S.yasi S.album

O Apical % EBasal% OApical% BEBasal%




Figure 4.3The percentage of three sandalwood taxa showmgribportion of total rooted
cutting attributed to that treatment (i.e. IBA rogt hormone, cutting position and media).

According to Wiessman-Ben & Tchoundjeu (2000) hamessuch as IBA, Indole
Acetic Acid (IAA), and NAA play an important role iroot growth. The current result
shows that the application of IBA to cuttings frdhe apical position and planted in
sand:peatmoss medium also increase percentagetafgon cuttings, root number and
root length in sandalwood. Among the exogenousngdiormones, Indole Butyric Acid
(IBA) and Naphthalene Acetic Acid (NAA) are two slgatic chemicals that have been
found to be reliable in promoting roots in cuttintBA is widely applied for general use
because it can remain non-toxic within a wide raofgeoncentrations and improves root
initiation of cuttings for most plants species @drazi & Schwabe, 1982; Hartmaeh
al., 1997).

IBA also accelerates the translocation of nutrignten the upper part of the
cuttings to their basal ends by increasing theviigtof enzymes. This rapid translocation
increases hydrolysis of carbohydrates by providergpugh energy for the rooting
response of the cells (Aryat al, 1994). As recorded by Al-Barazi & Schwabe (1982)

occasionally IBA treatment seems to stimulate defision in the ray cells between the



primary bundles to improve root initiation and meliease uniformity of rooting. Jawanda
et al (1991)’s study supported their view, when plunttings treated with 0.01% IBA
followed by 0.005% IBA recorded a higher rootinggamtage than did the control. Ofori
et al (1996) also reported that 0.002% IBA treatmertraased the final rooting
percentage oMilicia excelsaby 9% above that of the control. Similarly, PuriM&rmat
(1996) described rooting @albergia sissoauttings triggered and enhanced by rooting

hormone application.

4.3.2 Effect of different concentration of NAA

The result for sandalwood cuttings are consisteitt the above reports. Even
though IBA rooting hormone promotes adventitioust rdevelopment of stem cuttings,
the use of rooting hormone at the appropriate aunagon is essential (Hartmae al,
1990; Wiessman-Ben & Tchoundjeu, 2000). It is enidinat the cuttings of the three
Santalumtaxa have different optimum concentrations of irphormone for rooting.

As indicated in Figure 4.4 A, B and C, better rngtrequired concentrations of
0.5 mg L* NAA and 1.0 mg [* NAA. Similar result were indicated iBordia alliodora
by Meseretal., (1997), who found that a concentration of 1/8%A was required for a
0.8% optimum rooting percentage. Similar resultserghreported by Leakey &
Mohammed (1985) in rooting dfriplochiton scleroxylonOn the other hand, successful
rooting without applied rooting hormone has begored in a number of other tropical
tree species, such ddauclea diderrichiiand Vochsia hondurensiglLeakey, 1990),
Shorea macrophyllaLo, 1985) andMilicia excelsa (Ofori et al, 1996). This may
indicate that these plants are already well-sudphigth endogenous rooting hormone

(Ofori et al, 1996).



However, root number as well as root length washéngin the 30:70
sand:peatmoss medium for all thr8antalumtaxa (Figure 4.4, A, B and C). This is
probably due to the differences in moisture holdiagacity of the two media compared.
On the other hand, when cuttings were grown inrpesas, they showed beneficial results
to a low level of NAA (0.5 mg L) and more roots were produced than with NAA (1.0
mg L%. This shows that cuttings respond well to a lovevel of NAA when
sand:peatmoss was used as a medium. On the contriginysand:mahogany compost,
more roots were produced with higher levels of NABO mg L'). According to
Hartmannet al., (1997), these act as co-factors and interact esttiogenous rooting
hormone to promote rooting and to increase rootbermand length. These authors also
reported that these compounds reduce the destmuztitoting hormone by indoleacetic
acid oxidase enzyme.

Data obtained in this experiment suggest that mgoaibility of sandalwood basal
cuttings can be improved by using an appropriatel lef NAA. The cuttings were found
to be sensitive to NAA 1.0 mg™L Higher rooting percentage and more and longetsroo
can be obtained with rooting hormone in the tf8aatalumtaxa. Since root number is
important in successful establishment of cuttingss important to identify the most

suitable rooting media.

S. album

0.5mg/l| 1.0mg/l i 0.5mg/l| 1.0mg/
Nil 0.5mg/l | 1.0 mg/l

Peatmoss Mahogany Peatmoss Mahogany

O Apical% EBasal% B Apical%e B Basal%




hybrid

C

0.5mg/l | 1.0 mg/l

Peatmoss Mahogany

O Apical% B Basal%

Figure 4.4 The percentage @&. yasi‘A’, S. album'B’ and the Santalumhybrid ‘C’ shows the
proportion of the total rooted cutting attributeal different treatments (i.e. NAA rooting
hormone, cutting position and medium).

A combination of rooting hormones probably promoteabt induction in
sandalwood cuttings. The efficiency of rootingrmone was also reported to vary when
used in combination with each other (Smakewl, 1991; Puri & Vermat, 1996). Aryat
al. (1994) found that a combination of NAA + IBA+ éimine and IAA + IBA were the
best rooting hormone treatments stimulating rootimdg0-60% ofProsopis cineraria
cuttings than when the hormones were used singdjig. &ifect of rooting hormones also
varies with timing of application (Hartmaret al., 1997; Boeinget al., 1999). Dipping
the base of softwood olive cuttings in solutionsitaming IBA in the range of 0.4 to
0.5% was as effective in stimulating root productas a 24-hour soaking treatment of
0.005%. Kromwijk & Van Mourik (1992) also reportéht dipping ofFicus benjamina

cuttings in a 0.025% solution for four hours wasreneffective than using higher IBA

concentrations or a rooting powder.

4.3.3 Effect of rooting media



Temperature of the rooting medium also affectsrtiming of cuttings (Hartmann
et al, 1997). In propagation, the air content in thedimeshould be between 20% and
45% of the volume to promote root formation andwgho (ibid.). Most media contain
combinations of sand, peat, sphagnum moss, verteicperlite, compost, and shredded
bark or sawdustl§id).

A thermo-chemical reactions, i.e. the speed oftpdativity, is directly related to
temperature, and is one of the most important aspet successful propagation
(Hartmann, 1997). As temperature rises, the repiraf a plant also rises. In common
terms, higher temperatures, to some point, willegate higher activity levels in the plant.
Lebrunet al, (1998) confirmed this when cuttings $yzygium paniculatugrown on a
non-heated substrate (average temperature 16°il€Y) fm root. However, when the
substrate was heated (average temperature 22 @).58e mean rooting rate exceeded
75% on the best media or substrates.

In this sandalwood study, there were some diffe¥enao the rooting habit in the
two media. A slightly higher rooting success ocedrin 30:70 sand:peatmoss in all
threeSantalumtaxa. This result is consistent with studies bylR&laet al., (1999) who
showed that both sand and peat potting media atabtifor the propagation afoona
ciliata cuttings under a mist propagation environm&uotbstantial differences in survival
and rooting success were observed between the shrefalwood taxa in peatmoss and
mahogany compost with the average rooting succesantalumhybrid greater than
those ofS. yasiand S. album.

The results suggest that the 30:70 sand:compostédgany medium is probably

not suitable for propagation but can be used asnacbst and effective substitute for



imported peatmoss. Once again, Santalumhybrid, with acceptable strike rates proved
to be a more suitable candidate for vegetativeggapon. Higher root zone temperatures
may also help in developing root in cuttingsSaintalunmtaxa.

Light is probably one of the factors that coulduehce root development. Strong
light has an inhibitory effect on the initiation lateralroot primordia on stem cuttings of
Lombardy poplarPopulus nigravar. italica Muenchh. (Shapiro 1958). It also reduced
lateral-root elongation and primaryroot growth iong studies (e.g., Golaz and Pilet
1985). In the study by Stromquist and Eliasson 9)9usingPicea abie} Karst, the
rooting of cuttings was almost totally inhibited bght when the bases of the stem
cuttings were irradiated. The molecular and biodkahbackground of the inhibitory
effect of light is not yet clear, but there are gesgions that light may destroy rooting
hormone, change the ratio of promoting and inmpgitphenolics, or activate rooting

hormone oxidases (Maynard 1995). However, sprowfngot cuttings was at the same

level in both light and dark conditions (Stromqustl Eliasson, 1979)

Since better root development, including greatemimers of roots, is most
important in the establishment of cuttings, it scammended that propagation of
sandalwood be done by using apical cuttings in B@and:peatmoss medium with the

application of rooting hormone (IBA).

4.3.4 Effect of cutting position
In addition to cutting position, recent studies whithe importance of internode
length on the rooting ability of cuttings. The op#él length of cuttings will vary

depending on the species. The relationship betveettmg length and percentage of



rooting was stronger when cuttings increased igtlempical than basal (Leakey, 1983;
Leakey & Mohammed, 1985). Leakey & Mohammed (1985jing Triplochiton
scleroxylon and Wilson (1993, usingucalyptus globulgsfound that when cutting
length was greatest at apical nodes, rooting ptages and the number of roots per
rooted cutting were higher from apical nodes thaomf basal nodes. Palanisamy &
Kumar (1997) reported similar results on rootingheém Azadirachta indica

On the other hand, when cutting lengths'aplochiton scleroxylorwere greater
at basal nodes, rooting percentages and numbeoad$ per rooted cutting was also
significantly greater from basal nodes. When cg#ifirom all nodes were similar in
length, rooting percentages and numbers of rootsrpated cutting were generally
greatest from basal nodes (Leakey, 1983; Leakeydhdhmed, 1985; Wilson, 1993).
The effect of cutting length is related to carbalayed accumulation at the base of the
cutting; and the carbohydrate amount was more @ption root formation in cutting with
long basal nodes compared to short ones (Hartregalh 1990).

The size of the plant stem cuttings probably alsatributes to variation in
rooting ability, since diameter of the stem vardesng the shoot (Wilson, 1993). These
differences reflect variations in the types andiakality of carbohydrate and other
reserves between cuttings from different positi¢gtertmannet al, 1990; Leakey, 1990).
The experiments reported here indicate that theepésige rooting of basal cuttings in
threeSantaluntaxa declined. Leakey & Mohammed, (1985) repotiwad in Triplochiton
scleroxylonrooting percentage was also found to decline gabeutting.

Leakey & Mohammed (1985) reported a correlationveen cutting diameter and

cutting length, where thicker and longer cuttingeted better than did shorter and



thinner ones, perhaps because larger cuttingsioamiare starch in the stem than do thin
cuttings. The lack of sufficient starch may causermortality of thin cuttings before they
get a chance to root (Hartmaehal., 2002). Nevertheless, sometimes thinner-stemmed
cuttings also root better (Howard & Ridout, 1992).

Nutrients and metabolites are required for optigrawth for both the mother plant
and the cuttings. The metabolic process in stetmngsttakes place in the retainedves
(Wiessman-Ben & Tchoundjeu, 2000). In addition kds,t their presence also has a
considerable influence on rooting of cuttings, hsea of their ability to produce
endogenous auxins, carbohydrates by means of pmbhesis and their influence on
water status of the cuttings (Leakey & Coutts, 198artmannet al, 1990; Newtoret

al., 1992; Oforietal., 1996).

4.3.5 Effect of ages of seedling

Central to this theme is the physiology of ontogenmaturity or the progress
from juvenility to maturity. Rooting capability, javenile trait, decreases with increasing
maturity (Hackett 1985, 1988). Cuttings from matsiteck are often difficult to root and,
if rooted, may exhibit slow, plagiotropic growth gdHmannet al., 1997). In this
experiment with sandalwood, the rooting percentafjehe threeSantalumtaxa was
influenced by the two different seedling ages @®€.2 and 12-24 months) from which
the cuttings were taken. A slightly higher rootipgrcentage was recorded in seedlings
aged 6 -12 months than in those aged 12-24 mofigjusg 4.5 A, B and C).

Ontogenetic maturity, the adult phase of develogroapable of reproduction, is

attained with increasing distance from the basehef tree (Hartmanret al, 1997).



Therefore, vegetative propagation problems assmtiatith mature stock can be
eliminated or significantly reduced if cuttings aretained from juvenile (typically basal)
tissues within the tree (Hackett 1985).

Decreasing rooting potential with increasing diseafrom the ground was found
in rooting trials of cuttings collected from vargirpositions in the crown of Douglasfir
(Pseudotsuga menziegblack 1972), teakTectona grandis(Nautiyalet al. 1992), and
sheoak Casuarina equisetifolia(Venkataramanaet al. 1998) but it is dependent on
genotype (Peer and Greenwood 2001).

In this study, the cuttings producemhf Experiment 1 Chapter 3 produced better
rooting when cuttings were taken from juvenile pavt the plant. When taking shoot
cuttings from the same stock plant at the same 8sorae cuttings may have different
rooting ability. While a cutting may be young irogith age it may be old relative to the

stem from which the cutting is taken.
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Figure 4.5 The different percentage of three sandalwood se@ving the proportions of total
rooted cuttings attributed to each treatment ¢ugting position, medium and seedling age).

4.4 Conclusion and summary

The results of these experiments indicated thah stgttings on a mist bed could
be used to propagate sandalwood successfully. ¥@getpropagation of sandalwood
was affected by factors such as the cutting pasitiooting medium, rooting hormone

and age of the seedling from which the cutting te&®n. Cuttings started to develop



roots after 24 weeks and rooting increased up tw&gks after setting. This result shows
the importance of allowing cuttings sufficient tinfer rooting in the mist bed for
successful propagation.

The results suggest that apical cuttings of samuadwpropagated in peatmoss
with rooting hormone could attain vegetative pragdamn in 24 weeks since root number

was the most important factor for successful esthbilent of the cutting.



CHAPTER 5

SURVIVAL AND SUBSEQUENT ROOT DEVELOPMENT OF TRANSPL ANTED
CUTTINGS SUBJECTED TO DIFFERENT TREATMENTS
5.0 INTRODUCTION

It is important to record the survival of rootedtmgs after the development of
adventitious roots (Hartmann & Kester, 1983). GQufsi of many plant species can
develop roots but some do not survive after rootirfge reason for this could be due to
attack by microorganisms after rooting, or duehe toots’ failure to adapt to the field
environment (Hartmann & Kester, 1983; Wassner &d®ay 2000). The survival ability
of apical and basal rooted stem cuttings of theel@antalumtaxa was investigated

following transplanting from the second experim@itiapter 4).

5.1 Materials and methods

The study was carried out at the Colo-i-Suva nyrsefr the Fiji Forestry
Department during 2006. An experiment was condudtecevaluate the success of
rooting, transplanting survival and subsequent amtelopment of rooted cuttings. In
this experiment rooted cutting of the thr8antalumtaxa were taken from uniform,
healthy and vigorous rooted cuttings produced dufixperiment 2 (Chapter 4). The
experiment was divided into two, and arranged aftingrto the husbandry requirements
(Plate 1.0). For experiment ‘A’, theansplanted rooted cuttings treated with NAA (&ge 12
months) were used. For experiment ‘B’, rootedtings treated with or without IBA (age 6 to
12 months) were used.

All cultural practices were the same during tharergeriod of study, and data on

the number of roots was collected by using standetdproceduregBetween 10 and 25



rooted cuttings of best appearance from each tedtwf Experiment 2 were selected
and transplanted into black polyethylene bagsdilgth 50:50 sand/peatmoss mix or
50:50 sand/mahogany compost mixes. The transplasuttthgs were left in the mist
house site for one week before they were movedtopen area in order to allow them
time to recover from the shock of transplantinge Experiment osantaluntaxa rooting
with respect to the time when the cuttings wereta¢Chapter 4) showed that successful
extended rooting started 30 days after transplgnfuring this period, fungicide was

applied as foliar spray to prevent cuttings froradoaing fungally infection.

5.1.0 Statistical tests

At six weeks after transplanting, the cuttings wereassessed to determine the
length of new roots on the cuttings. Growth andefilgyment indices were made by
carefully separating the cuttings from the pottimgdium. Summary statistics were
calculated, and the data were subjected to logisticession to determine whether root
length had extended or not. All analyses were perd using Statistical Package for the

Social Sciences (SPSS).

5.2 Results

Experiment ‘A’- The transplanted rooted cuttings from NAA (i.e nil mg/ L™*,0.5 mg/
Land 1.0 mg/ L) and set in two different media (50:50 sand:peatnss and 50:50
sand:mahogany compost).



The rooting ability ofSantalumtaxa was sensitive to cutting position from the
stock plant. Rooted cuttings of thr8antalumtaxa treated with NAA at concentration of
1.0 mg/ L™ generally recorded longer roots than did thoseemauttings treated with
NAA concentrations of Gng/ L™ and 0.5mg/ L™ (Table 5.0). The summarised statistic
test on Table 5.0 reveal three sets of similarltestihis could be due to changes in the
proportions of media from experiment two (where 780:sand:peatmoss and 30:70
sand:mahogany compost were used) to this experithezg were 50:50 sand:peatmoss
and 50:50 sand:mahogany compost were used. Thigjel@uld have affected the mean
root length. On the other hand the NAA concentretibigher then ing/ L™ blocked root

elongation (Leakey & Mohammed, 1985).

Table 5.0Summary statistic test (logistic regression) ohmeoot length (mean + standard error
of the mean) of transplanted rooted cutting of éhsandalwood treated with different levels of
NAA and set in two different media.

Media NAA concentration Mean root length (+/-S.E)
S. yasi peatmoss 0 mg/ L* 1.00+0.00
0.5 mg/ [* 1.00+0.00




1.0 mg/ I* 1.40+0.10
S. yasirmahogany compost 0 mgi'L 1.30+0.10
0.5 mg/ [ 1.00+0.00
1.0 mg/ [ 1.30+0.10
S. album peatmoss 0mg/t 1.00+0.00
0.5 mg/ [* 1.00+0.00
1.0 mg/ [ 1.30+0.10
S. album mahogany compost 0 mgiL 0.80£1.00
0.5 mg/ [* 1.30+0.30
1.0 mg/ ! 1.40+0.10
Santalumhybrid - peatmoss 0 mg/’L 1.30+0.10
0.5 mg/ I* 1.50+0.20
1.0 mg/ I* 1.50+0.10
Santalumhybrid - mahogany compost 0 mg? L 1.40+0.10
0.5 mg/ [ 1.10+0.10
1.0 mg/ [ 1.40+0.10

Even though there were no significant differengesoot development between
the media, growth differences in the systems weseiwved due to the prior use of NAA
for S. album(Table 5.1). There was an indication that cuttipgsited or propagated in

mahogany compost tended to grow coarser and laoges, whereas cuttings from the

peatmoss grow fine and highly branched roots.

Table 5.1Results of logistic regression of medium and catregion of NAA on length of rooted

cutting of the thre&antaluntaxa.

Source of variation Wald statistic DF Significance

S. yasi

Medium 0.296 1 0.586
Rooting hormone (NAA) 2.854 1 0.091
S. album

Medium | 2.653] 1] 0.103




Rooting hormone (NAA) | 6.643 1] 0.010
Santalumhybrid

Medium 1.223 1 0.269
Rooting hormone (NAA) 0.243 1 0.622

Experiment ‘B’. The transplanted rooted cuttings treated with or without IBA and set
in two different media (50:50 sand:peatmoss and 580 sand:mahogany compost).

Results showed that the prior use of rooting homniafiluenced further rooting in
S. yasiand theSantalumhybrid (S. yasi x S. albuyr(Table 5.2 and 5.3) whilst no effect
due to the rooting medium was observed. Howeveernwinahogany compost and river
sand was used as a medium, the cuttings had vegitbed, slender and flexible root that
were much more suitable for transplanting into fie&l (Table 5.2). This difference in
rooting system or in the growth of the adventitioosts was related to the moisture
holding capacity of the media.

This experiment indicated that apical cuttings lofee Santalumtaxa could be
propagated successfully using mahogany compost, fewdroots are longer in the
absence of IBA. This result could be probably bseathe wrong concentration can
inhibit rooting or it can act as a growth retardarten applied in high concentrations

(Table 5.2).

Table 5.2 Summary statistics of mean root length (mean #fdsted error of the mean) of
transplanting rooted cutting for apical cuttingghwénd without IBA for seedlings aged 6 to 12
months.

Media Hormone mean root length (+/-S.E)
S. yasi peatmoss Without IBA 1.10+0.10

With IBA 1.50+0.10
S. yasi mahogany compost Without IBA 1.10+0.10

With IBA 1.50+0.20




S. album peatmoss Without IBA 1.20+0.10
With IBA 1.50+0.10

S. album mahogany compost| Without IBA 0.50+0.00
With IBA 1.40+£1.00

Santalumhybrid - peatmoss Without IBA 1.50+0.10
With IBA 1.10+0.00

Santalumhybrid - mahogany

compost \Without IBA 1.10+0.10
With IBA 1.50+0.10

Table 5.3 Summary statistics test (logistic regression) efdiam, apical position and without

and with IBA on length only of rooted cutting oftthreeSantalumaxa.

Source of variation Wald statistic DF Significance

S. yasi

Medium 0.274 1 0.600
Rooting hormone (IBA) 4.858 1 0.028
S. album

Medium 0.006 1 0.936
Rooting hormone (IBA) 0.459 1 0.498
Santalumhybrid

Medium 0.001 1 0.977
Rooting hormone (IBA) 16.93Y 1 0.000

5.3 Discussion

Transplant survival of rooted cuttings is the setetep after the development of
adventitious roots by cuttings. The survival abilif rooted cutting of thre&antalum
taxa stem cuttings is not known. Therefore, the afrthis study was to investigate the
survival ability of only apical stem cuttings thaere propagated in peat moss:river sand

and in mahogany compost:river sand with or with®&#4 rooting hormone and different

level of NAA (i.e., 0 mg [*, 0.5 mg [* and 1.0 mg L* (Figure 5.0).
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Figure 5.0 The mean root length of transplanted rooted aystimeated with different level of
NAA and set in two different media

Survival of rooted sandalwood stem cuttings folldveesimilar pattern to that of
rooting percentage of the cuttings. Like rootingceatage, survival ability of rooted
apical and basal cuttings was also influenced bystiurce of the cuttings in Experiment
2. In that experiment, more apical cuttings surgitiean did the basal cuttings. However
the use of different media (peatmoss or mahogamgpost) during the propagation
period did not influence the survival of cuttings.

As far as mortality is concerned, it was minimurteafransplanting. The use of
rooting hormones positively influenced the survivale. Except in a few cases (tables
5.0, 5.2; fig 5.0) the results pertaining to ramdth revealed significant superiority. Root
length ofS. albumshowed highly significant differences (P<0.001)ronting hormone

and seedlings (i.e. 6 to 12 month old).



In woody plants this difference in rooting due tdtimg position can be related to
the difference in the chemical composition of th®ats (position where the cuttings
were taken: apical or basal), age of the stematbahydrate accumulation, or to bud
growth (basal cuttings especially may have rootymting substances from buds and
leaves). If this is the case the best rooting medter such plants is the basal cuttings. In
deciduous species where no carbohydrate or roamgiiog substances is present,
cuttings from the soft shoot of the plant root bgtirtmannet al, 1997). Many authors
(Leakey, 1983; Hansen, 1986, 1988; Jawagidal, 1991; Hartmanret al, 1990; Al-
Saqri & Alderson, 1996; Hartmaret al, 1997) also reported results in agreement with
the general statement of Hartmann & Kester (1983} the best rooting of cuttings
usually comes from the basal portions of shoots.

On the other hand, successful transplanting ofeauttings of thre&antalum
taxa was affected by cutting position. This diffeze between apical and basal cuttings
could be due to higher concentrations of endogemoaot promoting substances in the
apical cuttings which arise from the terminal buwatsl also “more cells” which are
capable of becoming meristematic (Hartmann & Kesit883). These factors helped the
apical cuttings to produce more and longer rootsasspared to basal cutting, which in
turn resulted in higher survival percentage ofdheal portion.

Cuttings treated with hormone during the propagafior initial rooting) period
showed a continuing beneficiary effect (P<0.001jerms of increased length of roots
after transplanting. Cuttings propagated with IBAting hormone produced longer roots
than did cuttings with no hormone. Similarly, longeots were developed in the period

after transplanting from cuttings propagated witlinmone treatment than did those not



treated with hormones. On the other hand, via Visbaervation, cuttings transplanted
with already well-developed root systems estabtisimeore successfully and grew
vigorously compared to those that had fewer adirens roots. Many of the cuttings
transplanted with fewer adventitious roots failegurvive.

Differences in media and hormone treatment diddetctly affect survival of the
transplanted cuttings.Although the medium affeateat length in mahogany compost,
the difference in root length due to media was sighificant. As stated in Chapter 3
peatmoss had a higher moisture holding capacity tthd mahogany compost and
according to Grange & Loach (1983) and Loach (1982)water uptake of cuttings is
directly related to the water content of the mediand moisture is one of the most
important factors in rooting success of cuttings.

Application of hormone (IBA or NAA) resulted in Iger roots before and after
transplanting. Palakill & Feldman (1993) also reépdrincreased root lengths after
transplanting because of the successful growtthefrboted cuttings. Berhe & Negash
(1998) reported similar results iRodocarpus falcatusvhen plants propagated by
cuttings survived well due to their greater rooimter. The same was also true for
Juniperus procerawhere cuttings with more roots showed better gnovand

establishment than did those with fewer advent#ticnots (Berhe & Negash, 1998).

5.4 Conclusions and Summary
This experiment showed that transplanting survofathree Santalumtaxa was
affected by original cutting position, seedling ageesence or absence of IBA (Figure

5.1) and NAA (Figure 5.0) and medium. Rooted apma#ttings had a higher survival



percentage following transplanting in all thrBantalumtaxa. Similarly, cuttings with

well-developed adventitious root systems estahtismere easily and successfully than
did those with few roots. Therefore, successfulgpanting survival of rooted cutting of
sandalwood can be attained with apical cuttingsitipos irrespective of medium,

seedling age, different levels of NAA and use oAlBlransplanting cuttings with a
higher number of roots will ensure more successefihblishment. In addition, this
investigation confirmed that basal cuttings takesmf younger seedlings (6-12 months

age) with longer roots could be obtained by propagahem in mahogany compost and

treating them with IBA and NAA hormone.

Root length (cn

S. album- S. album-

Figure 5.1 The mean root length of transplanting rooted og#titreated with and without IBA
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CHAPTER 6
GENERAL DISCUSSION AND CONCLUSION

6.0. General discussion and conclusion

This study investigated vegetative propagationhoéd Santalumtaxa, including
treatment of major roots to induce shoots for ngtj effects of different treatments on
rooting in vegetative cuttings and effect of treants on survival of transplanted rooted
cuttings. The experiments were conducted at thei&ilture Forestry Division (SFD)
mist house, an&antalumexperimental plots at Colo-i-Suva and Vunimaqo i(\/gvu,
Fiji).

The treatments investigated included:



= Effect of diameter and length of severed and aguwoot from the trunk on shoot
induction,

= Effect of cutting position (apical vs. basal), nedB0:70 sand:peatmoss vs.
30:70 sand:mahogany compost), response of basahjpicdl cuttings to IBA
hormone and different levels of NAA on root indocti in cuttings from
seedlings of different ages; and

= Effect of treatments on survival of rooted cuttifiglowing transplanting.

Induction of root suckering offers much potentiat the large-scale production of
clonal shoots for cutting material &antalumtaxa. Root sucker induction is a useful
feature in sandalwood (and especially mature trees)d potentially enables
phenotypically superior sandalwood trees to beedqe.g. producing disease-resistant
clones, rapid growth, early formation of heartwoadd increased oil and santalol
contents) Santalumalbumhas been shown to produce shoots from roots aiinmatees,
with a 92 % success rate achieved in a trial coreduat Kerala Forest Research Institute,
India, with 25% success for subsequent strikingirogg from these sprouting shoots
(Balasundaran, 1998). In the current study, whithuded threeSantalumtaxa, shoots
developed on 9-64% of severed lateral roots (SLRj)len8-50% of injured primary
lateral roots (PLR) formed shoots which formed aerage? of 39% were able to strike
roots in subsequent cuttings experiments

Vegetative propagation ddantalumtaxa by stem cuttings is therefore feasible, at
least for juvenile material. High strike rates niseyable to be attained if the main factors

that affect rooting are understood and optimisedsel on findings with other plant



genera and limited observations on sandalwood,ntbst important factors affecting
strike rate are likely to be cutting position, medise of rooting hormone and seedling
age. Differences in growing media generally did stoaw an effect on rooting percentage
and root length but more roots were produced inealiom of 30:70 sand:peatmoss.
However, fine highly branched roots were observadmcuttings were struck and grown
in 30:70 sand:peatmoss but were coarser and langen grow in 30:70 sand:mahogany
compost .

The cutting type (apical or basal), media and hoentreatment (NAA and IBA)
also affected survival of rooted cuttings followirtgansplanting. Higher survival
percentage was recorded with apical cuttings. Was due to their ability to produce
more roots as well as longer roots, compared talbagtings. As might be expected,
cuttings with a well-developed adventitious roostsyn established more easily and
successfully than did those with a poor root syst@émerefore, successful field and
transplanting survival oBantalumtaxa can be achieved with apical cuttings and it i
important to transplant cuttings with well develdpeoot systems for successful
establishment.

Rooting ability of basal cuttings can be improvedew a suitable hormone
concentration is applied. Cuttings @antalum taxa responded to higher NAA
concentrations in terms of root initiation and rooimber, perhaps because they contain
high endogenous levels of polyphenols. Higher mgppercentage and more roots were
obtained with NAA (1.0 mg ) and with IBA. It is also important to considaettype of

rooting and growing medium used.



As a result of the financial benefits realised frahe recent exploitation of
sandalwood in the Pacific Islands and better teldgies for cultivating sandalwood,
there is a renewed interest in the cultivatiorsahtalumtaxa. The challenge now for the
Forestry departments of Pacific Island nations atfters in the private sector is to
provide the technical support to keep this impegmng. This will require the
development of simple and successful propagatianestablishment techniques that can
be implemented. Despite recent advances (inclullorg results reported in this study) a
considerable amount of research is still requiredotovide the information needed.
Provided research is continued and the regeneratiork is carried out to a good
standard, the stocks of sandalwood in Pacific tslaations should increase markedly
over the next few years. The main area of concenwn 1$ the continuing inadequate
supply of good quality nursery stock and seedtierregeneration program. As there are
few mother trees remaining there is an urgent rieegbktablish special seed production
areas. It may also be necessary to place a barmeorsale ofSantalum except for
traditional purposes, in order to conserve the rsdyalepleted genetic resources of the

species.

6.1 Future work

Santalumtaxon produces fragrant santalol-rich heartwoadkiclvis amongst the
most expensive in the world on a per kg basis. eéa@gonomic benefits of planting
Santalumtaxa are likely to be realized for Pacific islandtions and their peoples if
appropriate replanting management plans are potglace. These programs need to be
supported by continuing research ®antalumpropagation and improvement such as this

vegetative propagation study. It is clear from fimelings that propagation @&antalum



taxa by vegetative cuttings is difficult, and maesearch is needed on the factors that
affect root initiation. For the time being a sbimapproach is to fine tune and improve
on the new methods of vegetative propagatioSaritalumtaxa. In future it may prove
more efficient to develop tissue culture technigaed somatic embryogenesis, practices
which are currently being investigated by the pBvasector in Vanuatu.
Recommendations are given below which will hopgfidiad to a more appropriate plan
for further research and development and extensibnconventional vegetative
propagation practices @antalumtaxa, the latter of which is particularly importdor
prospective sandalwood farmers on outer islands.

The recommendations given below are brief and ni@nded to be exhaustive.
They are based on the findings and conclusions ffumstudy and from other studies
such as Thomson and Uwamar{g®01), Rao and Srimathi (1976), Unilal., (1985),
Vijatakumaret al., (1981), Lakshmi Sita (1986), Frank McKinnell, Aedr Rado and co-
workers in Western Australian and Indonesia duthrggearly 1990s, Walker (1998- 99),
Walker et al, (1999). Doraret al, (2002) revealed that over the past 10-15 ydaeet
has been considerable research into aspects chgapn and plantation silviculture of
Santalumtaxa, notably in Australia, New Caledonia, Indoaeand India, but much
remains unknown. For certain Paci$antalumtaxa such a$§. macgregorjiS. yasiand
S. insulareresearch and development work has only recenthlynoenced and there is
little information about their silviculture and dogy both in native and planted stands.
Intensive study of the resources, nursery techsigyantation and silviculture of
Santalum insularévar. marchionensand var decker) in French Polynesia commenced

in 1998. The Forestry Departments in Vanuatu afich&ve indicated a high priority for



Santalumwork in phase 2 of SPRIG, while the PNGFRI/CSIR&ré recently begun
various Research and Development (R&D) activitieSomacgregorii

For mostSantalumtaxa research is urgently needed on vegetativeagation by
stem cutting techniques, including experimentstandffect of season at which cuttings
are collected (in different Pacific Islands) anéfedent misting propagator/bottom heat
systems. There is a need to improve knowledge efeitplogy ofSantalumtaxa in
natural stands, and especially regeneratioSasftalumtaxa following harvesting and at
other times-e.g. identify factors critical to susskl regeneration. In root-suckering
species there is a need to investigasmtalumtaxa coppicing versus extraction of the
whole tree including root systems, to determinéf conservation benefits of the former
approach might compensate for lost income (duentomplete harvesting). Villagers
would also benefit from research to identify simfdatures or methods that can be used
to indicate when a sandalwood tree is ready fowvdsing; i.e. when substantial
heartwood development has taken place. This isusecheartwood formation can vary
considerably between individual plants, even of $hene size/diameter growing in the
same area.

In undertaking the current study previous researtlvegetative propagation of
Santalumtaxa was found that appeared to be based on alieervations rather than
from detailed, appropriately designed studies. Adicgly, there is a need to reassess the
status of this species and knowledge of appropaateiral practices more accurately.

Clearly, future work is needed to maximize the mmgpsuccess of cuttings.
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Table 1.0Santalumspecies of commerce (after Coppen 1995)

Species Common name Country Produtt
S. albumL. East Indian sandalwood, India, Indonesia, W,O
chandal Australia
S. austrocaledonicum sandalwood Vanuatu, w,0
Vieillard New Caledonia
S. ellipticum Hawaiian sandalwood Hawaii (USA) W
Gaudichaud
S. insulareBertero sandalwood French Polynesiay
Pitcairn Islands,
Cook Islands
S. lanceolatuniR. Br.  northern sandalwood, Australia wW,0
plum bush
S. macgregoriF. PNG sandalwood Papua New w,0
Muell. Guinea
S. spicatun{R. Br.) Australian sandalwood Australia wW,0
A. DC.
S. yasiSeeman Fijian sandalwood Fiji, Tonga wW,0

W = wood, O =essential oil (Source: Copd95).
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Table 1.0 List of countries in Asia with natural pgulations of Santalum album

India: (Andhra Pradesh, Goa, Karnataka, Kerala,iMadPradesh, Maharashtra, Orissa,
Tamil Nadu, Uttar Pradesh) and Indonesia: (Lessad8& Islands).

(Source: Thomson and Uwamariya, 2001).

Location of introductions

Introduced populations occur in Central and Norhkrdia (Srinivasaret al, 1992),
Java, Bali, and the coastal areas of northern Alistrnear Darwin (Barrett and Fox,
1995).

Experimental introductions have been performedhm@ (Li and Yu, 1984), Fiji (Bulai,
1995), New Caledonia (Chauvin, 1988), Hawaii (Merdind VanRavenswaay, 1990),
Tonga (Kaufusi, 1995), Papua New Guinea (Paul, 1998pal (Neil, 1990), Sri Lanka
(Tennakoon, personal communication), East Indon@saisetijono and Suriamihardja,
1993) and North Queensland, Australia (Keenan,op@lscommunication). Commercial
irrigated plantations are currently being estalgdisimear Kununurra, northern Western
Australia (Radomiljaet al,).

It is reported thaS. albumwas introduced to Kenya, Nigeria, Zimbabwe, Tarzamd
Uganda with varied success (Streets, 1962). Theermirecent published literature on
these introductions.

Table 1.1 List of countries whereS. albumhas been planted

Asia

Bangladesh

China: (Guangdong)

India: (Delhi, Himachal Pradesh and West Bengal)

Indonesia: (Java, Kalimantan, Lesser Sunda Islavidijccas and Sulawesi)
Myanmar

Nepal

Pakistan

Sri Lanka

Africa: (Kenya, Nigeria, Tanzania, Uganda and Ziimke)

Western Hemisphere

USA: (Hawaii)

Oceania

Australia: (Australian Northern Territory, QueemglaWestern Australia
Cook Islands

Fiji, New Caledonia, Papua New Guinea,Tonga and¥an(Source: Thomson and
Uwamariya, 2001).



APPENDIX 1.3 Table 1.0 Total mortality rate of cuttings of thi@@ntaluntaxa.

Summary data of roots produced from apical andllzagéng and the motality number.



Summary data of rooted cutting
SpeciefNumber of treatme Tray NO ApicABasaTrotaI cuttinélvithout rootDead cuttings (mortali
S.yasi |With IBA juvenil shoot/root 1 19| 15 34 6 10
Without IBA juvenil shoot/root 2 7 5 12 10 28
S.albunmWith IBA juvenil shoot/root 3 13| 11 24 9 13
Without IBA juvenil shoot/root 4 6 6 12 7 31
S.hybridwith IBA juvenil shoot/root 5 20| 17 37 6 7
Without IBA juvenil shoot/root 6 8 8 16 10 24
S.yasi |nil mg NAA juvenil shoot/root 7 6 3 9 8 33
0.5 mg NAA juvenil shoot/root 8 9 7 16 11 23
1.0 mg NAA juvenil shoot/root 9 1§ 14 32 10 8
S.albunmmil mg NAA juvenil shoot/root 10 4 2 6 9 35
0.5 mg NAA juvenil shoot/root 11 5 3 8 5 37
1.0 mg NAA juvenil shoot/root 12 11 g 20 12 18
S.hybridnil mg NAA juvenil shoot/root 13 7 6 13 12 25
0.5 mg NAA juvenil shoot/root 14 9 8 17 13 20
1.0 mg NAA juvenil shoot/root 15 20 1B 36 6 8
S.yasi [6-12 mths seedling with IBA 16 14 183 27 10 13
6-12 mths seedling without IBA 17 8 6 14 18 18
S.albunB-12 mths seedling with IBA 18 1( g 18 22 10
6-12 mths seedling without IBA 19 5 4 9 15 26
S.hybrid6-12 mths seedling with IBA 20 19 17 36 7 7
6-12 mths seedling without IBA 21 9 6 15 10 25
S.yasi [12-24 mths seedling with IBA 22 1( 9 19 16 15
12-24 mths seedling without IBA 23 6 5 11 13 26
S.albunil2-24 mths seedling with IBA 24 8 4 14 16 20
12-24 mths seedling without IBA 25 3 3 6 16 28
S.hybrid12-24 mths seedling with IBA 26 16 11 27 11 12
12-24 mths seedling without IBA 27 6 5 11 10 29
S.yasi |nil mg NAA seedling 28 6 13 13 24
0.5 mg NAA seedling 29 5 4 9 14 27
1.0 mg NAA seedling 30 12 11 23 18 9
S.albunmil mg NAA seedling 31 3 3 6 11 33
0.5 mg NAA seedling 32 2 1 14 33
1.0 mg NAA seedling 33 7 6 13 19 18
S.hybridnil mg NAA seedling 34 8 4 12 10 28
0.5 mg NAA seedling 35 5 5 10 17 23
1.0 mg NAA seedling 36 11 9 20 18 13
Total cutting rooted 336 | 272 608 432 757

APPENDIX 1.4 The rooted cutting of threeSantalumtaxa in experiment 2




Plate 1.4.0Santalum yasiwith IBA
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Plate 1.4.1Santalum yasiwithout IBA




Plate 1.4.2Santalum albumwith IBA
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Plate 1.4.3Santalum albumwithout IBA




Plate 1.4.4Santalumhybrid with IBA
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Plate 1.4.5Santalumhybrid without IBA




Plate 1.4.6Santalum yasiNAA nil mg L™
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0.5 MG NAA

Plate 1.4.7Santalum yasiNAA 0.5 mg L™




Plate 1.4.8Santalum yasiNAA 1.0 mg L*
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Plate 1.4.9Santalum albumNAA 1.0 mg L’
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Plate 1.4.12Santalumhybrid NAA nil mg L

Basal <Scm

0.5 MG NAA

Plate 1.4.13Santalumhybrid NAA 0.5 mg L*
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Plate 1.4.15Santalumyasi 6-12 month seedling with IBA




Plate 1.4.16Santalumyasi 6-12 month seedling without IBA
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Plate 1.4.18Santalum album 612 month seedling without IBA
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Plate 1.4.19Santalumhybrid 6-12 month seedling with IBA




Plate 1.4.20Santalumhybrid 6-12 month seedling without IBA
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Plate 1.4.22Santalum yasil2-24 month seedling without IBA
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Plate 1.4.24Santalum album12-24 month seedling without IBA




Plate 1.4.26Santalumhybrid 12-24 month seedling without IBA



MAP 1.0 Natural distribution of Santalumyasiin Fiji and Lau group of Fiji
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MAP 1.1 Natural distribution of Santalum yasin Tonga
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MAP 1.2 Santalunspecies distribution
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