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Background:

Recently, interest has been building for establishing orrelipgEucalyptusplantations in
Hawaii. Such plantations could be useful for the production of fiber, construction materials,
bioenergy, biochaioor other purposeSuch plantations would benefit from the importation of
new Eucalyptuggermplasnto Hawaii for tests to determine what species and clones are
optimally suited for the Hawaiian sites and desired end produotgjor concern is whether
Eucalyptuggermplasm can be imported safely without introducing new pathogens that could
threaten othr native and exotiMyrtaceousspecies in Hawaii. The introduction of a nemore
virulent race otheeucalyptguavaohia myrtle rust pathogerPyucciniapsidii) is a major
concern; however, other unknown pathogens pose additional thfeatsxampleChrysoporthe
cubensigHodges et al. 197%ryzenhout et al. 2004Erytricium salmonicolor Ceratocytis

fimbriata (Fig. 1), Ralstoniasolanacearumandleaf disease pathogens halsocaused several
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disease outbreaks @&ucalyptugplantations in BrazilAlfenas & Zauza 2007; Alfenas et al.

2009; Alfenas et al. 20)1

i. 1. Ceratocysis wilt oEucaIptuscausdbﬁeratocystsfimbriata, isan example o&
Eucalyptudiseaseahat could be transmitted by improper transfer of eucalypt germplasm

In Brazil, eactEucalyptusclone for commercial plantations is selected ftbousand®f clones
derived from breeding programs that use diverse germplasm and interspecific and intraspecific
crosses. Clones are screened for site adaptation, gratsethndorm, disease resistance, and the
desired commercial traiter wood(e.g., fiber length, wood densityicrofibril angle etc), and

new clones are deployed each yadthough thetop clones selected for deployment in Brazilian
plantations depend, in 3@ measure, on th@anting sitg(climate, soilsetc) anddesired wood
suchmassive screening programs are the basadl sticcessfuEucalyptusplantatiors in Brazil.

This issueof being able to select optimal eucalypt germplasm isralswant to Hawii, which

has distincenvironmental conditions compared to Braaild where the optimal wood

propertiesare likely differentfor thedesiredproducts in HawaiiHoweverthe generabprincipal



remains applicable in thgteat gains in growth rates and wood properties cachieved by

selecting theptimalgenetic materials.

It is well recognized that the introduction of exotic insect and pathogen pests represent a great
risk to native and managed ecosystemidaiaii, where a longerm geographic isolation from
other global land masses have restricted the native insect and pathogerhpsstsnrestricted
importation ofeucalypt germplasrfitom numerous global regions would likely introduce a

myriad of insects and gatgen pests that could impa&aicalyptusspecies, other 80 Myrtaceous
species growing on these islapdseven other unrelated host plarftsus, strict phytosanitary

measures are necessary to safely import eucalypt germplasm.

It might seem that risks aftroducing exotic pathogens could be minimized by uEingalyptus
germplasm sources, suchEgyrandis E. saligna E. robustg E. urophylla E. globulus and

hybrids (Whitesell et al. 1992) that are already established in Hawaii. More tliarc8§pts

species from diverse provenances have been tested in Hawaii since the 1860s (Skolmen 1986).
Some authors (Aradhya and Phillips 1993) have argued that eucalypt germmagsra

sufficiently variable for use in breeding/selection programs to produce optimal seedlings and/or
clones that are adapted to the planting Aitdnough locally available genetic resources should

not be neglected, new introductions of eucalypt nedterould likely contribute substantially to

the development of optimal germplasm for use in Hawaii. Thus, interest will likalgimdigh

to import new eucalypt germplasm onto the Hawaiian islands by any entity considering the

establishment of eucalyptgmtations for commercial purposes.



Risks of introducing new pathogeand insecpeststhat could accomamynew eucalypt
germplasntanbe reduced by limiting the number of eucalypt germplasm sources that are
introduced and the geographic locations fromchlthey are imported. Of the 700 species of
eucalyptsmany do not grow at rates or have the form that would be required to make a
commercial tree species, andatifthe Eucalyptusspecies have be¢estedn Hawaii,relatively
few have the growth rateform, and wood properties thatepotentiallyacceptable for
commercial forestry (e.g., Aradhya and Phillips 1998)help limit potentiaEucalyptusspecies
and sources for new trialspecies climate modeling approaches, such as those proposed by
Whitesell et al(1992 could be considered. In this manner, ttis& of introducing new pests and
pathogens can breduceddy simply limitingimportedgermplasm to those eucalypt species that
show the greatest promigedditional approachesan be used toarow eucalyptgermplasm
sources for genetic trials in Hawaiine approachs tocharacterize thelawaiian climate and
soil conditions where commercial eucalypt plantatiaresplannedhenthe best germplasm

sources for those conditionan badentifiedor selectechmong available global sources

For exampleBrazil has climatic and soils conditiotigat correspond somewhabsely with

areadn Hawaii where commercial plantationgght beconsideredFurthemore, Brazilhas
doneextensiveesting to identifyexotic and artificially bred eucalygermplasm with the

greatest potentidbr fastgrowth anddesirablevood propertiedit is estimated thanillions of
different eucalypt genotypes have been evaluaitdn well-replicated experimntsin Brazil.

Thus, one efficient and economical approach to obtain suitable eucalypt germplasm for Hawaii
could focus on the importation of limited (e.§0-150) different potentiallysuitableeucalypt

genotypes from an area in Brazil with similar ditic, edghic, and other environmental



conditions.Suchapproaches toarrownumbers and source$ imported germplasm selections
will also reduce theisk of introducing exotic pathogens aindects Howeversignificantrisk of
importingexotic pathogenandinsects remains whenever any exotic eucalypt germplasm is

imported.

The remainder of this document will focus on desigrsnigablephytosanitary measures and
policies that shouldhinimizerisksof introducing exotic pathogens and insects on eucalypt

germplasm imported to Hawaii

Some Suggested Protocols to ImpoRathogen and Insect-free EucalyptusGermplasm:
Tissue Culture

The safest method to avoid the introduction of pathogens is to establish plants ir(sireite
conditions, and ensutbe absence ogpathogens before relest® the environment. This can be
accomplished via surfaesterilized seeds or rooted plantlets derived from tissue csiltdre
axillary buds or somatic embryogenediethods are available for collecting and storingdfiel
grown materials foEucalyptusmicropropagatiorfWatt et al. 2003a)Seedlings or fantlets can

be produced and grown vitro to ensure that pathogens are not presignificantly in vitro

growth conditiong25 C and ~100% humidityare ideal for th development dtucalyptus

rustand most other pathogerandinfections caused by any of these pathog#érbkey are

presentwill be easy to observé-ig. 2)



Fig. 2. Eucalypt rust appearing dtucalyptusyrownin vitro.

To be absolutely safe,phytosanitary procedutbatshould determiaif anyrust or any other
pathogens are presattuld begin during tissue culturandinclude thefollowing steps

1) Transfer theeucalyptugissue culture plants (germplasm) to a plaglasstubes
containingmediumunderin vitro (sterile) conditions

2) Seal the container with parafilm;

3) Waita minimum of 3wveeks; if there is no appearance of the rust/rust pusiukasy
other pathogens (e.g., bacteria and furtgatplantletcan be declarettustor pathogen
free’;

4) Surface sterilize thérust freé containerand put them in a hermetically sealed shipping
container under Eaminarhood;

5) When the shipping container arrives in Hawaii, noaihand carryhis containeto the
qguarantine lab in Hawain accordancevith APHIS PPQ and other state permit

guidelines



6) Placethecontainerin a biccontainmenftacility at ca.25°C for 3 weeks; if the tissue

cultured Eucalyptusplantets show no symptosior sigrs of the rustpathogen or other

microbestheycan bedeemed diseasdre€’ and released to the intended receiver.

Seed

Although tissue culture would be an ideal optiorethods are not readily availaléeproduce

tissue cultureof manyEucalyptusspp.and clones within speci€gvatt et al. 2008), including
some genotypesith great potential valu@ecause of thighe germplasm pools for

commercially valuablgissueculturedEucalyptusclones are somewhat limited. Therefore, seeds
of Eucalyptusspp.should also be considered for safe germplasportationto Hawaii
Eucalyptusseed are different from tissue cultueicalyptusseedscan provide diverse

germplasm, buthevalue of germplasnn seeds largelyunknownuntil the resulting tree is

grown FurthermoreEucalyptusseedsraryin their ability to bestored and remain viahle
fortunately adequateethods folEucalyptusseed handlingre largely known ankdave been

summarized (Krugman and Whitesell 2008)

Several surfacdisinfestation techniques have been developed tortteducalypt seed of
pathogens andtherpests The most common protocol listed is to soak the seed in an
approximately 1% sodium hypochlorite solution for about 20 minfaéswed by wasksin
sterile water. The exact concentration and duration of the aypvary slightly and in direct
proportion to the thickness of the seed coat. A detergent, such as TWeeaybe used to
reducesurface tension of the solution and thereby improve penetration of the seed coat.

Unfortunatelythis technique and otheasenot always effectiveandsomeestablished
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techniques are proprietayucalyptusseeds are quite smatiftenless than 22 mm inlength
and they are sometimes variable in shipg. 3). This may account for some of the variability in

the effectivenessf some seed sterilization techniques.

Fortunatelyadditionalsteps can be followetthat shouldassurepathogefinsectfree, seed
derivedgerminantsAfter surfacedisinfestation eucalypt seeds can be germinated aseptically on
nutrient mediumn vitro and with a parafilm seand allowed to groth for at leasB weeks. If

there are no sigror symptoms of pathogease evident after 3 weekihiesegerminantan be
considered free of pathogewdter appropriatg@hytosanitarypermits are obtained, eugat

ger mpl asm deemed *“ peegtessmagiledtio Hawdsllewing phygtasaniaryb e
permit guidelinesin Hawaii, step® and6 from the tissue culture transfer procedures (see

above) would beecessary

Fig. 3. Seed capsuleshaffand seedéhe dark black particle®)f Eucalyptugereticornis—
forest red gum (Photo by Forest and Kim Starr)



For rooted cuttings dEucalyptusthe same concentration of sodium hyporchlorite can also be
used although the duration of the dip time dtidoe increased to 30 minutes followed by rinsing
with sterile water. However, in generahportation ofrooted cuttings with soilposes a great
threatto Hawaii and/or elsewhere due to many unknown potential pathoBewause numerous
introductions ofnvasive pathogens have occurred on plant/soil materials in spite of rigorous
inspection processethe importation of rooted cuttings should be avoided unless safer methods

are developed to eliminate risks

Ex vitro Propagation of Eucalyptus

After seedlings or plantlets are established in green house conditidiasvaii, they can be
multiplied by cuttingsEven during this stage, monitoring is necessary to help ensure that no
exotic latentpathogenslevelop.Techniques to multiply clones by rootedttings are well

established for mangucalyptusspp.(Figs 4, 5, and 6).

.‘ :

Fig. 4. Clonal multiplication ofEucalyptusclones Right: cuttings are taken from hedge plants in
greenhouse or shadehouses. Left: cuttings are rooted in a mi§Pbetbscourtesy of

CENIBRA®, Belo Oriente, MG, Brazil)




Fig. 5. Prparing Eucatus clones for planting. Right: rooted cuttings are sorted and repotted.
Left: rooted cuttings are prepared for growth outside. (Photos courtesy of CER|BRK
Oriente, MG Brazil)

T

Fig. 6. Eucalyptusclones ready for planting (Photo courtesy of CENIBRBelo Oriente, MG,

Brazil)
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SUMMARY
Significant risks of introducing exotic pathogens and insects are associated with the importation
of eucalypt germplasm to Hawaii. Thessks can be reduced by using locally available materials
and limiting the species, germplasm, and geographic sources of imported eucalypt material.
Risks are minimized by importing axenic tissue cultures or-deaded germinants to a
containment facity in Hawaii, where plantlets and seedlings are monitored before release into
the environmentn general, importation of rooted cuttings with soils is not recommended due to
many unknown potential pathogens. The continued monitsingcessary after egilishing
seedlings or plantlets in greenhouse so that no exotic, latent pathogens deveddyptusmay
provide an important natural resource for Hawaii, therefore it is criticstablishstrict
phytosanitary guidelines amdgulation taallow* ¢ | e a n iraporthtios aiBuaalyptus
germplasmbDifferent regulatory branchesuch as USDAAPHIS, Hawaii Department of
AgriculturePlant Quarantineae n d Ha wa i iEucalypuandustiast muat coordinate and

collaborateto prevent potentiahivasive pathogeand insect®n Eucalyptusspp
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