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Wood is one of our most important natural
products. It isimpossible to imagine modern life
without wood and itsapplications, yet only recently
havewe begun to divert wood harvesting from now
dwindling natura forests. If consumption continuesat
the current rate, wewill soon befaced with ashortage
of wood and natural forests. One solutionisto grow
our trees in a managed, organized and intensive
manner. Thisisthe solution that plantation forestry
offers. By implementing biotechnology itisconceiv-
able that tree plantations could meet most human
demand. Nativeforestswould thusbeleft untouched
for future generationsto enjoy.

Wood consumption

Global wood usage is estimated to be between
3.5and 4 billionm3 per year. (Sutton,W. 1999). When
thisvalueisaveraged acrossthe 5.6 billion peopleon
earthweget themoremeaningful number of just under
2 L of wood /person/day. Certain countries, such as
the USA and Canada, consume 3.5 timesthe global
average (Bowler 1992) while other less devel oped
countriesusemuchless.

The FAO estimates that at their peak, forests
covered 30% of theearth surface, or about 3.9 billion
ha. Of thisarea, gpproximately 80% hasbeen affected
in some way by human activities such aslogging,
agriculture, and settlement. With current projections
of wood usage, it appearsthat there may soon not be
enough forestland to support human expansion. Since
drastic conservation efforts appear slow and
ineffective, thereisan obviousneed for amoreefficient
approach to producing wood and meeting
consumption demands (Strauss 1999). Theone new

approach to forestry that is revolutionising wood
productionisplantationforestry.

Plantations

Treeplantationsarenot anew idea. Thereare ex-
amplesof speciessuch as Cunninghamialanceolata
(Chinesefir), which have been grownin high-density
tree farms for at least 800 years. (Minghe 1999).
Other examplesinclude Teak and Mahogany trees
that havetraditionally been grown for their wood's
characteristics. Maple and Rubber treeshave also
been farmed, not exclusively for wood, but also for
their economically important sap. Thesetypesof tree
farmshavehigoricaly beenrdativdy smadl, family run
operations. In contrast, contemporary tree plantations
aregenerally industrial scale operations, expanding
over thousands of hectares. Because of thisdiffer-
ence, itwasonly inthelate 1970sthat forestry com-
paniesredized the benefits of plantationsand began
investing huge amounts of resourcesin such enter-
prises(Sedjo 1999). Inthisshort period of time, over
100 million haof plantation tree species have been
planted throughout theworld. (Bazett ,1993).

Therearesaverd sgnificant environmenta advan-
tagesto growing treesinaplantation, rather than re-
lying on naturd forests. Firdtly, plantationsprovidean
opportunity to conserveremaining natural forestsfor
other purposes. Robert Sedjo (1999) summarised it
best by writing that plantations should “ be used to
deflect logging away fromnatural forests’: It should
be possible to grow all the wood the we need, on
managed plantations, and eliminate the need to log
wild forests. The use of treesby countriesin North
Americato acquire Carbon Creditsand hel p to buffer
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climate changeisanother consideration. By planting
plantation forest for the specific purpose of being a
“Carbon Sink”, nations could be compliant with the
Kyoto Protocol. Plantation forests should offer avi-
ablemeansof both conserving natural forestsand re-
ducing theamount of CO2 inthe atmosphere

Theother assetsof plantation forestsarerelated
totheir productivity. Likewith most other domesti-
cated crops, by managing treefarmsinanintensive
and organised manner, forestland productivity canbe
increased severd fold. Using an examplefrom Sedjo
(1999), we can calculate northern Boreal forest (such
asisfoundto grow across Canadaand northern Eu-
rope) to haveaproductivity of 1-10 m3/halyr. Simi-
larly wecan cd culatethe productivity of tropica plan-
tationsto be between 30-70 m3/halyr. Thissignifi-
cant increaseisdueto the correlation between forest
productivity, and solar input and temperature
(Robinson 1999). Not only dotropical plantation spe-
ciesgrow extremely fast, but by having treesthat grow
tofull szein7-30yrs(tropica plantation) rather than
60-100yrs(northern nativeforest), the crop rotation
timeisreduced substantially. With ashorter rotation
timelandownersdo not haveto wait aslong to profit
fromther initia investment. It isnot surprising that
maost commercid forestry companiesaremovingther
operations South to benefit from thelonger growing
season, more favourable growing conditions, and
shorter rotation times.

Major playersin plantation forestry includethe
South Eastern United States, Brazil, Chile, Austraia,
and New Zedland. Inthecaseof Brazil, it isestimated
that 100% of thewood harvested for pul p and paper
comesfrom intensivetree plantations (Sedjo 1999).
Itisalso estimated that aplantation the size of Swe-
den, grownin Brazil, could fulfill current globa wood
demands(Robinson 1999). Theseregionsdl haveone
thingincommon. They aredl found at relatively low
latitudes, where growing seasonsarelong, and nei-
ther temperaturesnor precipitation arelimiting.

Qudity improvementsareanother motivefor atran-
stionto plantation forestry. The primary quality trait
for most forest product companiesisuniformity. The
fact that plantations are managed systems makesit
easy to control thetreeinwaysthat are not practical
inanativeforest. Pest management and fertilisnghelp
optimisegrowth, while pruning and weed control can

Figurel. ALaoblolly Pine.

ensure that atree grows into the desired form. As
well, plantationsare generally stands of roughly the
same ageand dimensions. Thisdegree of uniformity
alsodlowsfor automated processing and amore ho-
mogeneousend product. Thesynergistic effect of im-
proved quality andincreased productivity isahuge
economic benefit for theforest owner. Shorter rota-
tion times, cheaper harvesting, and lower processing
costs are the main economic benefits of plantation
forestry.

The Trees

Todate, itisestimated that humanshave used over
1000 tree species as a source of wood. Dozens of
thesetree speciesaregrownin plantation format, but
there are five taxathat are particularly prominent
(SuttonW. 1999). Thesefivetree speciesare: Doug-
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las-fir (Pseudotsugamenziesii), Loblolly pine (Pinus
taeda), Radiata pine (Pinus radiata), Poplars
(Poplus spp.), and Eucalyptus (Eucalyptus spp.)
(Sutton W. 1999). The basic charactersthey share
ae

Fast growth on avariety of geographies
Relatively diseaseand pest resistant
Canthriveinhigh density planting
Responsiveto geneticimprovement, beit
breeding or genetic modification
Responsiveto management techniques,
suchaspruning or cultivation

6. Providewood of desirablequality and
versdility.
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Each of thesefivetrees has unique advantages.
Ranging fromtheahility of Poplarstowithstand sub-
stantial rangesof stresses (Mann and Plummer 2002)
to thefact that Brazilian grown eucalyptus can grow
to the height of 35m and be ready for harvest in 7
years(Sedjo, 1999), thereisaconsensusthroughout
theindustry that thesetreesarefixturesinthe planta-
tionlandscape.

Plantation Stesareusudly chosen because of prox-
imity to roadsand processing infrastructure, aswell
as amoderate landscape (rather than steep moun-
tains) that lendsitself well to mechanized management
and harvesting (Sutton W. 1999). Quite often planta-
tionsutilizeformer or abandoned agriculturd land. The
biggest hurdlethat limitsthe so-called domestication
of treesisthefact that generation timesare solong.
Whereas crops such ascorn have been bred for thou-
sands of years, gone thought thousands of genera-
tions, andlooksvery littleliketheir origina ancestors,
Pineshave generation timesinthetensof yearsand
have undergonevery few breeding cycles(Merkleand
Dean, 2000). Asaresult, plantation pineshavebarely
divergedin phenotypefromtheir wild cousins. Thisis
where biotechnology can potentially speed the do-
mestication of treesfor the purposes of agro-forestry
plantations.

Clonal forestry

Vegetative (clonal) propagation of forest treesis
thelogica extenson of Smply farmingtrees. By propa
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gating plantsinaclonal manner itispossibleto mass-
produce the elite performersin apopulation of any
giventrait, without havingtowait for hundredsof gen-
erations of breeding (Williams2001). For thisrea-
son, horticulturalists have been regenerating plants
from graftsor rooted cuttingsfor centuries. Examples
of plantsthat are propagated through clonal methods
includemost fruit trees, grapeVvines, ornamental roses,
tulip bulbs, bamboo, and bananas. Aninstance of trees
being clonally propagated for the purposes of wood
production is Cumminghamia lanceolata (Chinese
fir). Thisspecieshasbeen propagated from cuttings,
and grown on large-scale plantationsfor at least 800
years(Mingeand Ritchie 1999). It al so appearsthat
certain genotypeswere selected for particular sites
and performancetraits.

Preserving and optimizing performancetraits, such
asgrowthrate, stresstolerance, or wood quality, are
theessenceof clond forestry. Any trait (growthrate,
for instance) in apopulation such asanatural forest
or seed orchard will haveanormal distribution. By
selecting individual sfrom the popul ation that have
exceptionaly high growth rates, massproducing these
individuasasidentica clones, and plantingthemina
plantation, the mean growth rate of the plantation
should besignificantly higher than that of theoriginal
source population. According to Ben Sutton (2002),
thetheoretical increasein mean growth rate between
asource population and the clonal population could
be 25-40%.

Attree and Fowke (1993) describe several other
goplicationsof clondly propagating forest trees, other
than increasing aplantation’saverage growth rate.
Examplesof theseinclude:

Cloning speciessuch asNorway spruce
or someLarchesthat aredifficultto
commercidizein plantationsbecausethey
do not produce large amounts of seed
Cugtomizing plantationstotolerateenviron
mental stresses, or to extend aspecies
habitat range

Selecting for pest resistant genotypes
Conserving/ rescuing endangered trees
Propagating ornamenta speciesof interest;
suchasextremely colourful phenotypesof
Colorado blue spruce.
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Production of well formed Chrismastrees,
without the need for costly pruning or
traning.

Themajor technical limitation when propagating
treesvegetatively from shoot cuttingsisthat rooting
thecuttingsisnot dwaysfeasble. Alsofor many spe-
ciesof trees, thereisno practical method of rooting
cuttings, or whenthereis, the source plantscan have
production limitations. The best ternative propagea-
tionsystemiscaled somatic embryogeness(SE). The
propagules produced by this process are often
dubbed“Artificid seeds’, becauseof thefact that plant
embryosaremultiplied in vitro in the absence of a
seed coat.

A summary of the processisasfollows (Attree
and Fowler1993), (Pullman 2003):

1. Seediscollectedfor controlled breeding
crossesbetweentwo dlite quality parent
trees.

2.  Theembryoisdissected formthe seed and
placed on specidly formulated I nitiation
Media. Theembryo revertsback intoa
massof non-differentiated tissuecalled
embryogeniccalus.

3. Thisresulting masscanbecryogenicaly
frozenintheformof alibrary, bulked upin
bioreactors, or maintained on Maintenance
Media

4. Theembryogeniccdluscanthenbeplaced
onMaturationMedia richinAbsciscAcid

Figure2. Anembryogeniccalus.

(aplant growth regulator that isintegral to
inducing differentiation).

5. After several weeksmost of the
embryogeniccaluswill havedifferentiated
intoviableembryos.

6. Theseembryoscanthen begerminated
and growninto treeasanormal seed.

By using such techniquesit istheoretically possi-
bleto generate aninfinite number of geneticaly iden-
tical embryo propagulesfrom asingle seed. Somatic
embryo technology is also important from a
transgeni csstandpoint: Whereasmost transgenic corn
linesaretheresult of asingletransformation event that
wasthen bred into numerouscommercialy important
cultivars, thisstrategy isnot practica for long genera-
tion time speciessuch aspine. Sincebreeding atrait
(trans-gene) into apine cultivar would take decades,
itismuchfaster totransform apinegenotypeof inter-
est and clonally propagateit ad infinitum. For this
reason, areliable clonal propagation platformises-
sentid for thecommercialization of geneticaly engi-
neered trees.

TheCritics

Themaincriticismof plantation forestry, in par-
ticular clond foredtry, isthet it lowersbiodivergty. This
istrueif only thebiodiversity of theplantationitselfis
considered. Whileitisthe casethat plantationsare
not going havethe same speciesdiversity asanative
forest, they are not intended to. Plantations are de-
signed to produce amaximum amount of wood with
aminimum footprint, not to Smulateanatural forest.
If plantationsare viewed inthe context of atreefarm
that reduceslogging of natural forestsat aglobal level
(thus maintaining ecosystem diversity), then lower
biodiversity inat alocal scaleisacceptable. Thereis
also thecriticism that the monoculture of clonal for-
estry isrisky, because asingle pathogen could impact
al treesequdly. Intheingtance of cropssuch asgrapes
or apples, which areclonally propagated, landown-
ersplant arange of genotypesinorder to ensurethat
they arenot entirely dependent on asingle genotype
that could be susceptibleto certain pests. Thesameis
truefor clond forests. By maintaining high genotypic
diversty withinaplantation by usngamosaiclikedis-
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tribution and small planting blocks, it ispossibleto
buffer the effects of any pest of the entire plantation
(www.cdlfor.com).

Theredlity of plantationforestry isthat plantations
arenot going to beforests, but rather an entity that
produceswoodinthemost efficient way possible. By
applyingacombingtion of conventiona breeding, clond
propagation, genetic modification, and marker related
technologies; it should be possibleto maximizethe
yield of plantations, and to eiminate the need tolog
nativeforests. By doing so, natural forestswould be
relieved of the pressuresimposed by logging and could
be set asdefor other vaued functionssuch aswildlife
habitat, recreation, scenery, and biodiversity (Sutton
1999). Asfor meeting wood consumption demands,
plantationswill certainly help meetincreasing demand
for inexpensivewood and fiber, but consumption rates
cannot continuetoincreaseindefinitely. Eventually
conservation and reduction will haveto be consid-
ered if asustainablelevel isto beachieved. Finaly,
therecanbenoillusionthat by growing treesin plan-
tations, deforestation will cease. Globally, agriculture
and theexpansion of citiesarealarger sourceof de-
forestation that logging. In conclusion, biotechnology
will be essentid to ensurethat wood needsaremetin
along term and sustai nablemanner, through highyiel d-
ing plantation forests.
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