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Abstract.--Nurseries offer unique opportunities
for ecosystem nanagenent because they offer the opportunity
to not only preserve, but actually increase
bi odi versity levels. In addition to the traditiona
conmerci al tinber species, nurseries are propagati ng a w de
variety of diverse plants - fromsedges and grasses to
woody shrubs and riparian trees. Natural resource
speci alists are using nursery stock for innovative planting
proj ects: gene conservation, resource protection,
ecosystemrestoration, wildlife habitat enhancenent,
rehabilitation of recreation sites, and forest health.
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1.0 | NTRODUCTI ON
1.1 Basic concepts

In the last few years, natural resource
managenent has been goi ng through sone
revol uti onary changes due to increasing
public pressure to nmanage wildlands in a
nore "natural” manner. Managenment
practices, such as clearcutting, that
primarily focus on commodity production are
under attack and managers are reeval uating
many traditional policies.

Bi odi versity and ecosystem nanagenent are two
of the nobst inportant natural resource issues
at the present tine, but very little has been
publ i shed on how forest and conservation
nurseries can participate. For exanple, a
recent Task Force Report on

Bi ol ogi cal Diversity in Forest Ecosystens
contained no nmention of nurseries at all
although it did state that "forest regeneration
is a key elenent in nmaintaining and enhanci ng
diversity in forest ecosystems” (Soci ety of
Anerican Foresters 1991). Therefore, our

obj ective in this paper is to denonstrate how
forest and conservation nurseries are already
bei ng used to pronote biodiversity and
ecosyst em managenent. Hopefully, this wll
lead to a better appreciation of the potentia
and stinulate discussion of sonme new
possibilities.

Bi odi versity is a contraction of the term
"bi ol ogi cal diversity" and can be defined at
three different levels (WIson 1988):

The genetic |evel - the number of
all el es or genotypes within a species.

The species |evel - the number of
species within a population and the
nunber of these populations within a
comunity or ecosystem

The ecosystem | evel - the nunber of
comunities and ecosystenms in the world.

Nurseries are unique in that they can affect

bi odiversity at all three |levels,. but
particularly the first two. Wile nmost of
the current dial og concerning biodiversity has
been how to preserve it, nurseries offer the
opportunity to not only preserve, but actually
i ncrease, biodiversity at both the genetic or
speci es | evel s.

Ecosyst em managenment can be nost sinply defined
as those practices that are oriented towards the
entire biological systeminstead of one
particul ar species or commodity. Natural
resource managers have begun to question the
tradition of favoring one activity or

commodi ty, such as tinber harvesting and

|l ivestock grazing, especially

on public | ands.
approach recogni zes that
bet ween organi sns are critical and stresses

ecol ogi cal structure, function, and processes.
The political pressure to convert natura
resource managenent to an ecosystem basis has
been steadily grow ng. For exanple, issues |iKke
the spotted ow controversy in the Pacific

Nort hwest have spawned several new forest
managenent approaches such as "new forestry",
"new perspectives", and "adaptive forestry"
(Adans 1992). Although they differ slightly in
detail, all of these new phil osophies reflect
the change from commodity-based to community-
based managenent.

In contrast, the ecosystem
interrel ati onshi ps

Bi odi versity and ecosystem nanagenent are
interrelated and are ecol ogically inportant
for several reasons (Landis 1992):

1. High species diversity contributes to
ecosystem stability. Although there are
exceptions, conmunities and ecosystens with
nmore functionally diverse species tend to
be nmore stable than those with fewer.
Sudden decreases in biodiversity are also
sensitive indicators of environmenta
stresses, such as pollution. Some
apparently insignificant species may serve
as our "canary in a coal mne".

2. Diverse ecosystens provide many

services. Humans are dependent on a
mul titude of plants and aninmals at | ower
trophic levels for vital "ecosystem

servi ces" such as nmintenance of the

at nrosphere and climate, generation of soil
recycling of wastes, and regul ati on of
pests. Although we take themfor granted
these services depend

on reasonably diverse and stable

ecosyst ens.

3. Conserving biodiversity preserves

uni que genetic information. Each species
contai ns uni que genotypes and therefore
has ecol ogical as well as potenti al
econom ¢ value. The genetic resource
represented by the 10 mllion species on
earth is a collection of successfu
environment al adaptati ons whi ch have
intrinsic value beyond their potentia
usef ul ness to manki nd

Vascul ar plants constitute only about 2.6% of
the species in the world, and trees and ot her
woody plants nake up an even small er percentage
(Pimentel and others 1992). Large woody plants,
however, are consi dered "keystone speci es"
because of their sheer size and | ongevity
(Noss 1991). These structurally and
functionally dominant plants play a pivota
role in terrestrial ecosystens because they
generate physical structure and create

ecol ogi cal niches for many ot her species. By
creating a variety
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Figure 1.--The Bessey Nursery was established
by the USDA Forest Service in 1902
(above), to provide seedlings for the
afforestation of the Sand Hills of western
Nebraska (right).

of mcroenvironnents, trees and ot her woody
plants affect the distribution of many other
plants and aninmals and therefore control the
bi odi versity of a particular conmunity. Plants
are also the prinmary producers that fix
sunlight and provide a food base for all the
organi sns that are higher on the food chai n.
Even after they are dead, woody plants
continue to provide the habitat for nmany
animal s and plants, and in the case of

m croorgani sns responsi ble for
deconposition, a stable food base

People in the nursery and reforestation

)usi ness haven't traditionally had rmuch
olitical influence in defining natural resource
ssues, but here is a real opportunity to play
1 |l eading role. Forest and conservation
wrseries can supply plant materials for the

v de range of planting projects that will be
jenerated by the biodiversity and ecosystem
ranagement issues and nurseries need to make
his fact known. However, before we take a | ook
it where we are going, let's |ook back at where
w' ve been.

al roles of forest and
conservation nurseries

1.2 Traditional

In the United States, forest and conservation
nurseries have been producing tree seedlings
since the early 1900's, when the first
nurseries were established by the federa
government. The USDA Forest Service
establ i shed the Bessey Nursery in 1902 to

provi de seedlings for the afforestation of the
Nebraska Sand Hills (fig. 1A/B). In 1909, the
Wnd River Nursery was started in WAshi ngton
and the Savenac Nursery in Mntana with the
primary objective of growi ng seedlings to
reforest after large fires and protect

wat ersheds (fig. 2A/B). In addition to resource
protection, these nurseries had secondary goal s
of commrercial tinmber production and the testing
of exotic hardwoods.

In 1924, the d arke- McNary Act provided
cooperative federal funding to establish state
government nurseries. Federal work prograns in
the 1930's, such as the G vilian Conservation

Corps and the Shelterbelt

Figure 2.--1n the Wst, the USDA Forest Service devel oped nurseries

such as the Wnd Rver Nursery in Véshington in 1909 (left), to reforest |arge burns with
the prinmary purpose of watershed protection (right).



Project, led to an increase in tree planting
for a variety of conservation purposes (Steen
1976). These prograns continued through the
Second Wrld War. After the war, reforestation
followi ng tinmber harvest becane the principa
mar ket for forest nursery stock in the West.
That trend. has continued to this day.

Starting in the 1950's, an increasing number of
private and industrial firns built nurseries

and began to grow conservation and
reforestation stock. Seedling production in
bot h governnent and private nurseries increased
dramatically during the 1970's and then | evel ed
off (fig. 3). Recent events, such as the
spotted oW controversy in the Pacific
Nor t hwest, have caused a decrease in the demand
for reforestation stock but the exact nmagnitude
and duration of this trend is unknown. Although
the majority of forest and conservati on nursery
stock in the West is still grown for
traditional reforestation purposes,
changes are in the works.

maj or

1.3 Increasing demand for "diverse" species

The new enphasi s on biodiversity and ecosystem
managenment has created a demand for a w de
variety of plant species for a nunmber of
different resource objectives, and we predict
this demand will increase in the future. Forest
and conservation nurseries

all across the nation are responding to these
new markets. For exanple, seedlings of turkey
oak (Quercus laevis), which had previously been
considered a weed tree, are being grown for
wildlife habitat at the International Forest
Seed Conpany's Sisley nursery in western
Georgia. At the USDA Forest Service Tourney
nursery in upper Mchigan, little bluestem
(Andropogon scopari us) seedlings are being
produced for a grassland restoration project.
The increased denmand for forest and
conservati on species has come from sone
unusual places. For instance, taxol is a

chem cal which is found in the bark and ot her
ti ssues of yew, and has been shown to be
effective in the treatment of some cancers.
Pacific yew (Taxus brevifolia), a previously
ignored tree in the tinmber-oriented Pacific
Nort hwest, is suddenly being propagated by the
mllions to respond to this denand.

Forest and conservation nurseries are
respondi ng to these new busi ness
opportunities. Existing nurseries are
expanding their product line froma few
traditional commercial tree species to a wide
variety of plants - from grasses and sedges to
woody shrubs and riparian trees. Severa
private nurseries have begun specializing in
native and adapted plants for wildl and

pl antings. To further exam ne this trend,
let's take a | ook at how nursery
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Figure 3.--Because of the political turmoil concerning tinber harvesting, the future
demand for commercial forest seedlings is uncertain in sone areas of the

West (nodified from Okhol mand Abri el

1992).



stock is currently being used in planting
projects that pronmpte biodiversity and
ecosyst em managenent .

2.0 CURRENT USES OF NURSERY STOCK I N
Bl ODI VERSI TY AND ECOSYSTEM MANAGEMENT
PLANTI NGS

The following list of planting projects that
use seedlings fromforest and conservation
nurseries is by no neans conprehensive. In each
category, we have listed a couple of exanples
of how planting "diverse" species can benefit
bi odi versity and ecosystem managenent.
Hopefully, this brief introduction wl

stimul ate additional discussion and |ead to
new opportunities

2.1 Gene Conservation

Propagating rare species - The nunber of

Thr eat ened, Sensitive, and Endangered

speci es has been steadily increasing over

the past few years, from 178 in 1976 to 615 in
1991 (USDA Forest Service 1991). The list wll
undoubt edl y continue to grow. Although the
ultimte solution is to protect their habitats
forest and conservation nurseries have the

uni que ability to directly increase the nunber
of rare plants or plants that are critical to
the survival of other threatened, sensitive, or
endangered plants or aninmals. Because of their

i solation, the biodiversity of islands is
naturally | ow and increasing human i npacts have
caused many plant and ani nmal species to becone
endangered. For exanple, an extrenely rare plant
called Brigham a rockii is found only on sone
seacliffs on the island of Ml okai in Hawaii
Apparently its insect pollinators have becone
extinct, and so ecol ogists fromthe Nationa
Tropi cal Botanical Garden have had to hand-
pollinate the plants to obtain seeds. These
rare plants are now being grown at their
nursery and those of the Hawaii Division of
Forestry (National Tropical Botanical Garden
1992).

Preserving | ocal genotypes - Although not as
newswort hy as propagati ng endangered species,
forest and conservation nurseries have been
practicing good gene conservation for many
years. Mst forestry seedlings are sold by
seed zone - a nunerical code corresponding to a
geographic area that is relatively simlar in
climte and soil (see section 4.1). Some
species that are widely distributed in
geographical ly isol ated popul ati ons, such as
white fir (Abies concolor), contain high levels
of genetic variability. Besides obvious

di fferences in physical characteristics,
researchers found that |ocal ecotypes of white
fir differed significantly in traits that wll
af fect seedling survival and growh such as
cold tolerance and date of bud break (Ml ar
and Li bby 1989). So, besides insuring that
only locally-adapted plant materials will be
used

in forest and conservation plantings, the use
of "source-identified" seed insures that a
wi de variety of |ocal genotypes are preserved

2.2 Resource protection and conservation

Shel terbelts and conservation plantings - Trees
and woody shrubs have been planted as
shelterbelts to retard wind erosion of soi
for many years. In the G eat Plains,
shelterbelts significantly nodify the | oca
environnent, particularly during the w nter,
when t hey provide protection for |ivestock and
farms. Other conservation plantings consist
of streanside buffer strips, living

snowf ences, and fuel wood pl antations
(Schoeneberger, 1993). Although shelterbelts
and conservation plantings initially consist
of a limted nunber of trees and | arge shrubs,
other plants soon invade these areas and so
serve to increase the species diversity. In
tine, conservation plantings also attract a

wi de variety of wildlife due to the protected
m croclimate and presence of other plants and
animal s that are not normally found in these
areas (Brandle and others 1988). Shelterbelt
and other conservation plantings provide the
structural and ecol ogi cal framework for new

pl ant and animal communities in areas that
previously were dom nated by | arge expanses of
grassland, and therefore dramatically increase
the biodiversity of these areas.

Constructed wetlands - Water quality is being

t hreatened by many types of pollution. G ow ng
pl ants for constructed wetland treatnment
systenms is another way in which forest and
conservation nurseries can help protect natural
resources (Landis and others 1992). A few
years ago the Lone Peak Conservation Center
nursery, which is operated by the Utah Division
of State Lands and Forestry, worked with the
USDA Soil Conservation Service to design a
constructed wetland to collect and treat the
runoff water fromtheir greenhouse. At about
this same tine, they began propagating native
wet |l and plants for the conservation and
restoration market. In an excellent exanple of
i nnovation, they decided to conbine the two
projects. The constructed wetl and treatnent
ponds will serve three functions: 1)

bi ol ogically renove nitrates and phosphates from
the greenhouse irrigation water, 2) serve as a
growi ng area for the propagation of wetland

pl ants, and 3) function as a seed production
area. Currently, the nursery has severa
riparian plants under culture including care
spp., Juncus spp., Scripus spp., and El eocharis
spp. (Wool f 1992). The future for constructed
wet| ands is great because a variety of other
nmuni ci pal and agricultural wastes can be

bi ol ogically treated and



nurseries wll
t hese projects.
2.3 Ecosystemrestoration

be asked to produce stock for

Restori ng damaged ecosystens i s another obvious
mar ket for nursery stock from forest and
conservation nurseries. Some restoration

proj ects, such as mneland reclamati on, have
been outplanting trees, shrubs, and native
grasses for many years but new markets are

devel opi ng rapidly.

Fire rehabilitation - As nentioned in the
Introductory Section, forest nurseries were
first devel oped to grow seedlings to
rehabilitate burned-over |ands and today
nurseries continue to propagate stock for
purpose. Exciting changes are
occurring, however. M cropropagation technol ogy
is being used to produce plants for fire
rehabilitation, for exanple. Frequent fires
have changed the doni nant speci es conposition
on rangel and in southern Idaho by elimnating
native shrubs, such as bitterbrush (Purshia
spp.) and nountain big sage (Artem sia

this

tridentata var. vasevana), and favoring weed
speci es. The Forest Research Nursery at the

University of ldaho is propagating two species
of bitterbrush that are "fire resistant” - they
sprout readily after fire. Using the |atest

m cropropagati on technol ogy, seedlings of these
speci al ecotypes are being mass produced and

w Il eventually be used to help restore these
degraded rangel ands (Wenny and ot hers 1992).
Restoration after nat ur al di sasters - An
extreme exanpl e of ecological restoration began
when M. St. Helens erupted on My 18, 1980
and devastat ed al nost 150,000 acres

(60,704 ha.) of private, industrial, state,

and national forest land in Washington (fig.

4) . Al nost

hal f of this area was owned by

Figure 4.--Seedlings fromforest and
conservation nurseries have been used for a

wi de variety of ecological restoration
projects, such as reforesting the blast zone at
M. St. Hel ens, WA.

t he Weyer haeuser Conpany who decided to restore
their forests as soon as possible. The first
step was to quickly salvage the. down tinmber to
prevent the build-up of bark beetles, which
coul d spread to adjacent forests. Research
trials determ ned that conifer seedlings would
grow normally if the ash deposits were scraped
away so that the roots could be planted into

m neral soil. Luckily, seed of the proper
origin was already in storage so that nursery
st ock

could be grown inmediately - large transplants
were the preferred stock type. The dom nant
tree species were planted on the appropriate
sites, such as | odgepol e pine (Pinus contorta)
on exposed ridges and bl ack cottonwood
(Populus trichocarpa) in the stream bottons.
Red al der (Al nus rubra) and other pioneer
speci es quickly reseeded into the devasted
areas. The natural resilience of these
ecosystens, aided by human intervention, hel ped
restore productive comunities in |ess than 10
years (Rochelle and others 1992).

2.4 Enhancing wildlife habitat

Critical winter range - In many parts of the

West, wildlife nanagers are asking nurseries to
produce woody shrubs that can provide food and
shelter during the stressful winter season. For

exanpl e, a cooperative project between the
USDA Forest Service, other federal and state
agencies, and private land owners in

northeastern California used broadcast burning
and interplanting bitterbrush seedlings to

i mprove the forage quality and quantity for a

| ocal deer herd. The project area on the Tahoe
Nati onal Forest was dom nated by woody shrubs
such as sagebrush (Artenesia spp.),
bitterbrush, and mountai n mahogany
(Cercocarpus spp.) which were overmature and
senescent. Bitterbrush, in particular, is a
favored deer browse but had been reduced to

| ess than 10% of the overall species
conmposition on the site. The prescribed burns
have been carefully managed not to danage the
scattered conifer overstory and the
interplanted bitterbrush seedlings have

prospered, with an overall survival of about
75% (Kent 1992).
Restoring sensitive habitats - Natura

resource managers are al so begi nning to manage
habi tat for many nonganme species, especially
those which are threatened, sensitive, or
endangered. As we |earn nore about the conpl ex
ecol ogi cal rel ationshi ps between organi sns,

pl ant species that are crucial to the surviva
of particular plants or aninmals can be
propagat ed and out pl anted. When the objective
is to recreate a functioning, self-sustaining
ecosystem keystone plants must be

i dentified, propagated, and outplanted to
create a comunity with specific conpositional
and structural features. For






exanple, a riparian habitat along the San Luis
Rey river in southern California is being
restored to encourage the recovery of an
endangered bird - the least Bell's vireo
(Vireo bellii var. pusillus). Restoration
ecol ogi sts carefully surveyed the plant
community, identified the critical plants, and
determi ned that the followi ng conposition
created the desired structure: trees 40-60%
shrubs 30-50% herbs 2-9% with 3-9% left in
open space. Nurseries were contracted to
produce the stock for the project and six
different trees and a variety of other plants
were propagated. Initial surveys indicate that
the project was successful as pairs of |east
Bell's vireos have been spotted in the restored
habitat (Baird 1989).

2.5 Rehabilitation of recreation sites

Campground rehabilitation - Recreation is one
of the nost rapidly-growi ng uses of wildlands
and, due to resource danmge at many hi gh-use
sites, rehabilitation has become necessary.
Recreation sites in quaking aspen (Popul us
tremul oi des) stands are a notabl e exanple.

Al t hough aspen trees are highly desirable from
an aesthetic viewpoint, they have thin bark and

are easily damaged by canpers. Fungi invade
t he wounds, causing cankers and killing the
trees around the canpsites (fig. 5). In

Col orado, canpgrounds in aspen stands are being
rehabilitated by interplanting with conifer
stock, both seedlings and | arger transplants -
especially in buffer zones around the
canpsites. Increasing the plant diversity of
these stands makes them nore resistant to
canper abuse and subsequent pest problens
(Rai mp 1992). Seedlings and |larger trees could
be transplanted from adjacent sites but this
"borrowi ng" depletes the vegetation and soils
on the donor sites. In addition, the

transpl anted stock are not dormant and the

root systens of |larger plants are usually
damaged during the operation. A much better
solution is to propagate seedlings and
transplants fromlocal seed sources which can
be properly planted. Nursery stock stands a
much better chance of surviving the stresses of
this high risk environnent.

Revegetating w | derness sites - Al pine and
subal pi ne ecosystens are particularly fragile
and therefore very sensitive to adverse human
i mpacts. Since the early 1960's, the North
Cascades National Park in Washi ngton has been
experienci ng heavy use by horses and
backpackers in the nore popul ar passes and
trail side canpsites. Although very little was
known about hi gh el evation restoration
transplanting wildlings to the restoration
site was found to be unacceptabl e because of
persi stent damage to the donor site.

However, propagation trials proved that
subal pi ne

Figure 5. --Hi gh-use recreation areas, such as
this canpground in a quaki ng aspen stand, are
often severely damaged by overuse, but

can be rehabilitated with | arge nursery

stock which is source-identified and

| ocal | y-adapt ed.

pl ants coul d be propagated in greenhouses at

| ower el evations. Based on these early
successes, a new greenhouse was constructed
that can produce up to 20,000 seedlings per
year by seed, cuttings, or division. Seed
propagation is preferred for npst species
because genetic diversity can be increased and
seed supply has not been limting. Although
demand for seedlings has consistently exceeded
nursery capacity, over 25% of the inpacted
sites have successfully been restored in the
Park since 1980 (Lester 1990).

2.6 Forest health

The forest health issue will undoubtedly have a
prof ound i nmpact on how we manage our forests
in the future. The role of forest and
conservation nurseries has not been fully
realized as yet, but nurseries are already
participating in several projects.



Breedi ng pest-resistant species - Since it was

i ntroduced around 1900, the blister rust fungus
has spread all over the U.S. and Canada and has
significantly reduced the nunber of white pines
in many areas. Forest geneticists have

devel oped strains of white pines that are
resistant to the blister rust fungus. For
exanpl e, a programto maintain sugar pine
(Pinus | anbertiana) in the m xed conifer
ecosystemis underway in California. The goal is
to provide genetically resistant seed which can
be used to produce nursery seedlings and, to
date, over 7,000 trees have been screened for
"maj or" gene resistance to blister rust. These
resistant trees provide an i medi ate source of
seed and have produced an average of 175 | bs.
(79.4 kg) per year. Because disease

resi stance is a conplicated phenonenon, a
second part of the programis ained at

devel oping trees with "slow rusting" resistance
(Samman 1992). Bareroot sugar pine seedlings
are grown fromthe rust resistant seed at
government nurseries including the USDA Forest
Service Placerville Nursery, and the California
Department of Forestry Magalia Nursery. Rust
resi stant container stock is being produced at
the USDA Forest Service Chico Tree | nprovenent
Center and at Cal Forest Nursery. These
genetically inproved seedlings are then
outplanted at a density of 50 trees per acre
(124/ha) in a m xture with other associ ated
trees, such as ponderosa pine (Pinus ponderosa)

and white fir. Restoring white pines into forest
communi ties across the West will take centuries
but the results so far have been proni sing

Devel opi ng pest-resistant forests - Mst plant
conmunities in the western U.S. devel oped in
response to periodic burning and now nany have
becone overgrown due to all-too-effective fire
control. Species, such as | odgepol e pine, that
formdense stands after fire quickly becone
stunted and stressed, and are therefore very
susceptible to bark beetle and di sease

out breaks. In the Deschutes National Forest in
central Oregon, over 750,000 acres of |odgepole
pi ne forests have been deci mated by the
mount ai n pi ne beetl e (Dendroctonus ponderosae).

Absence of fire in the Blue Mountains in

Nort heastern QO egon has al so converted many
stands from open savannahs of | arge ponderosa
pine to thickets of smaller Douglas-fir
(Pseudot suga neAziesii) and grand fir (Abies
grandi s) which are being defoliated by the
western spruce budworm Forest nanagers realize
that they need to | ower stocking |evels and

i ncrease species diversity by converting these
stands back to pine and western larch (Larix
occidentalis). Unfortunately, letting natura
fires burn or using prescribed burning could
severely damage the existing trees because of
the high fuel |oads that

have devel oped. In addition, air pollution
concerns nake |l arge scale burning politically
unacceptable in many areas (G ay 1992). Sal vage
logging and thinning will solve the stand
density problem but increasing stand diversity
will require interplanting and underpl anti ng.
The public will not want to wait decades or
even centuries for natural reproduction and so
pl anting nursery stock will be the fastest

and nost efficient way to i ncrease species
diversity. Creating | andscapes with a nosaic

of different species and age cl asses

will increase overall forest health and wll
help lower the potential for disastrous pest
out breaks (Schowal ter 1991).

3.0 METHODS OF ESTABLI SHI NG PLANTS ON THE
PRQIECT SI TE

The pl ant species used and the establishnment
technique will vary with the objectives of the
project. "Revegetation" projects try to
recreate the original terrain and re-establish
plants on the site that are simlar to the
native plant comunities.

Both "reclamati on" and "rehabilitation"
plantings attenpt to return inpacted land to
sone desired use, such as converting m ning
spoils to grazing. Because these types of
projects are oriented to specific |and uses

ei ther native vegetation or adapted plants that
nmeet managenent objectives may be pl anted.
"Mtigation" involves trying to replace the
natural habitats that will be damaged by

devel opment, and can be done onsite or
offsite. "Restoration", the nost anbitious
and difficult type of planting project,

i nvol ves replanting native vegetation with the
end objective of recreating a self-sustaining,
functioning ecosystem See Newton (1993) for
nor e di scussion of this term nol ogy.

Dependi ng on the objectives of the project
and the site conditions, plants can be
establ i shed by transplanting w ldlings,
direct sowi ng of seed, planting unrooted
cuttings or rhizomes, and propagating and
out pl anting nursery seedlings or rooted
cuttings (Table 1).

3.1 Transplanting w ldlings

Di ggi ng up and movi ng existing plants from
adj acent sites and planting themin the
project area is a common practice. Because of
the labor involved, transplanting wldlings
i s an expensive option but may be justified
under some conditions.

The technique of lifting many young or small
plants fromtheir native habitat and
transplanting themon a new site has little
nerit in ecological restoration unless the
operation is carried out for the purpose of
sal vagi ng uni que or rare plants froman area
destined to be destroyed. Note that many



TABLE 1. -- COMPAR SON CF DI FFERENT WAYS CF ESTABLI SH NG WLDLAND PLANTI NGS
ON-SITE METHODS
OUTPLANT
TRANSPLANT UNROOTED DIRECT NURSERY

CHARACTERISTIC WILDLINGS CUTTINGS SEEDING STOCK
EFFICIENT USE OF SEED AND CUTTINGS ——— NO NO YES
COST OF ESTABLISHMENT HIGH MODERATE LOW MODERATE
ABILITY TO ESTABLISH DIFFICULT SPECIES YES NO NO YEsS
OPTION OF USING IMPROVED GENOTYPES NO NO YES YES
PRECISE SCHEDULING OF PLANT ESTABLISHMENT YES YES NO YES
CONTROL OF STAND COMPOSITION AND I?ENSITY YES YES NO YES
MATCHING STOCK TYPES TO SITE CONDITIONS NO NO NO YES
DEPLETION OF ADJACENT PLANT STANDS YES YES NO NO

rare plants are protected and a permt nust be
obt ai ned before nmoving them (Kaye 1992).
Transpl anted wildlings suffer high rates of
nortality and there are negative inmpacts to the
"donor" or "borrow' sites (Table 1). In nost
cases, it would be inpossible to sanple froma
| arge enough gene pool when obtaining the
transplants to assure genetic variability in
the new popul ation. For many species, it is
very difficult to tine the operation properly
or to get enough root systemin proportion to
the top to assure survival on the new site

A recent trend involves transplanting a few

| arge, specinmen-sized plants (usually trees) in
an effort to "preserve" the natural resources
of the area. This nakes for great publicity
and is an effective technique for creating
instant maturity in a | andscape project.
However, the ecol ogical value of transplanting
a few |l arge nuseum pi ece trees without the
associ ated plant comunity is questionable

Consi dering the negative inpacts and the ease
of nursery propagation, transplanting wld

pl ants shoul d be di scouraged except for

sal vagi ng easy-t o- nove species or speci mens of
hi gh enough ecol ogi cal value to warrant the
effort.

3.2 Direct seeding

One of the nobst obvious nethods for
establ i shing plant comunities is to sinply
apply seed of as nany native species found on
the site as possible and wait for rain and
nature to take their course. Seeds can be
br oadcast by either hand or machine. The

ef fectiveness of direct seeding varies with

the species of plants and the objectives and
time frame of the planting project.

The princi pal advantages of direct seeding are
that it is inexpensive, relatively easy, and

all ows the seedling to develop a natural root
system However, there are many drawbacks
(Table 1). Native plant seed from the proper
seed source is often difficult to obtain or is
very expensive. Sone species do not produce
adequat e seed crops each year and the seed of
others, such as the white oaks (Quercus spp.),
does not store well. Seeds of nany diverse
speci es require special cleaning and processing
before they can be sown (fig. 6). Even if seed

can be obtained and properly distributed over
predation frombirds and rodents,

the site,

-A successful
requires clean high quality seed, which

Fi gure 6.
proj ect
can be a challenge with some "diverse"
such as this alkali bullrush

(Scirus robustus).

direct seedling

speci es,




competition from weed species, and
unpr edi ct abl e weat her often reduce
establ i shnment success. And finally, with
direct seeding, it is difficult to contro
speci es conposition and plant density over
the project area

Direct seeding is generally recomended for
grasses and forbs, although certain woody
shrubs and trees can al so be established under
sone conditions. In California, direct seeding
of native oaks has been quite successful and
the Department of Fish & Game has direct-seeded
al kali bullrush (Scirpus robustus) for
restoration of wetland wildlife habitat in the
Delta (fig. 6). Pacific Gas and Electric has
al so had good results with direct seeding
several shrub species on wildland sites.
Reducti on of weed conpetition and protection
fromherbivory were certainly key factors in
the success of these projects.

3.3 Planting unrooted cuttings

Many riparian and wetland speci es can be
successfully propagated on site by collecting
cuttings and planting them w t hout any
cultural treatnent. The term "stem cutting"
generally referring to traditional hardwood
cuttings but also includes rhizones and
tubers, which are nodified underground stens.
Speci al i zed roots, such as bul bs and cor ns,
can al so be used to propagate sone plants.
Under ideal conditions, planting unrooted
cuttings can be a very cost effective nmeans
for establishing certain vegetation types.
There are several limtations, however (Table
1). Because this is a type of vegetative
propagation, care nust be taken to sanple
froma variety of individuals and popul ati ons
so that adequate genetic and sexual diversity
will be represented.

Unr oot ed hardwood cuttings are prepared from

| ong whi ps collected fromshrubs or trees on
the project site or froman adjacent area. The
whi ps should be collected during the dormant
season when the probability of new root
formation is highest, and are subsequently cut
in sections which range from12 to 24 inches
(30.5to 61.0 cn) in length and 3/8 to 3/4 inch
(9.5 to 19.0 cm in caliper. Wen planted
properly in noist soil and under favorable
conditions, the cuttings will formnew roots
whi ch follow the receding water table down as
the young pl ant devel ops during the first

growi ng season.

An interesting type of hardwood cutting
sometinmes used in riparian restoration projects
is called the stunmp or pole cutting (Carlson
1992). These poles are often six feet (1.8 m
inlength and 8 - 12 inches (20.3 to 30.5 cm)
in caliper, and are obtained by cutting the
maj or branches or

stems of existing cottonwood or willow trees
The top end cut or any scars where mgjor
branches were renoved should be sealed with a
tree pruning sealant to prevent desiccation
The key to success with these extrenely |arge
unrooted cuttings is to plant them deep enough
so that the butt end reaches the water table.
The soil nust also be coarse enough to allow
enough air exchange at these depths to support
adequate root growth. Unfortunately, this does
not always work. |f the bottom of the pole
cutting loses contact with the ground water or
if soil conditions are not favorable for root
production, shoots called "watersprouts” wll
form but quickly wither. Another drawback to
the use of pole cuttings is the obvious inpact
to the "donor" or nother plants from which the
cuttings were obtained.

Rhi zones, tubers, and sone types of root
sections are used for the vegetative
propagation of certain grasses and wetl and

pl ants. They can either be directly

transpl anted or nultiplied by division. Gass
and sedge rhizonmes and root sections have been
successfully used for wildland plantings, such
as a prairie restoration project at Jepson
Prairie in California. The Nevada Division of
Forestry is propagating several native wetl and
plants at their Washoe Valley Nursery for
conservation plantings. In the Northwest,
Teufel Nursery is working on a wetland
mtigation project and using rhizomes and root
sections to propagate a variety of plants
(Turner 1992). The advantages and drawbacks
for

rhi zomes and root sections are the same as

&?ose for unrooted hardwood cuttings (Table

3.4 Qutplanting nursery seedlings

For projects where rapid and conpl ete
establ i shment of a desired vegetation is
critical, outplanting seedlings that were
raised at a nursery is usually the best nethod.
Nursery stock is the nmost efficient

est abl i shnment net hod when seeds or cuttings are
in ashort supply and/or expensive (Table 1).
Wen done properly, the high rates of success
make nursery stock one of the nost appropriate
nmet hods for natural resource planting projects.
Nursery seedlings can be inoculated with
beneficial mcroorgani snms, such as mycorrhiza
fungi, which are then carried onto the site on
the roots of colonized plants (St. John 1990).
Nurseries can al so produce plants with inproved
genotypes, such as di sease resistance. Nursery
production can be coordi nated with the project
timetable, so that the target species will be
avail abl e at the proper size and in the

out pl anti ng wi ndow.



Utilizing nursery stock can inprove on natura
processes (Table 1). When forced to nmeet human
time scales, natural reproduction is extrenely
sl ow. Sonme plants produce seed infrequently
and others only at irregular intervals.
Nurseries have the ability to collect during
those rare seed production years and store it
until needed. Propagating plants in nurseries
can significantly inprove seed use efficiency
because, in nature, many seeds are eaten by
predators and young germ nants are lost to
drought and other stresses. Plants that
propagate vegetatively cannot disperse to new
areas very quickly and so planting nursery
stock can speed-up this process. Natural plant
succession relies on chance whereas planting
can assure that the desired species wll

qui ckly establish in the desired |ocation and
at the proper density. Natural seeding often
results in undesirable spatial distribution,
such as overly dense clunps, especially during
early successional series.

The nost serious di sadvant ages of using nursery
stock include the high initial cost and the |ag
ti me between ordering the seedlings and
planting them (Tabl e 1). Nursery culture can
take fromas little as 6 nonths to as long as 4
years depending on seed availability and the
desired stocktype.

3.5 Using a conbination of nethods

In order to establish self-sustaining vegetation
that will develop into a functioning ecosystem
a conbination of nethods is often the best
alternative. By carefully analyzing the project
area and planning for proper site preparation,
the restoration specialist can custom ze the
project to use some OI all of the nmethods
detai | ed above. Operational limtations may

i nfluence the choice of method and tining of
impl ementation. To recreate the desired pl ant
community, a master plan should be carefully
devel oped which details the desired species
along with the appropriate establishment

t echni que.

4.0 PROCURI NG SEEDLI NGS FOR PLANTI NG
PROIECTS

The decision of what types of plant materials to
use on a specific project should only be nade
after consulting with nursery personnel. The
proj ect planning team shoul d consider factors
such as nursery production tinme and space, cost,
handl i ng, storage, and outpl anting method.

4.1 Types of plant materials

"Plant materials" is a general termfor any
propagul e that can be used to establish a
pl ant: seeds, cuttings, or seedlings. A

variety of different plant materials can be
used in natural resource planting projects but
t hey nust be "source-identified and | ocally-
adapted": genetically suited to the specific
out pl anti ng environment and properly hardened
to withstand the stresses of handling, storage
and out pl anti ng.

Stock types - Plant materials for biodiversity
and ecosystem managenent plantings can be
characterized by the way in which they are
grown. Each stock type has uni que economni ca
and bi ol ogi cal characteristics that affect
seedling survival and growh after outplanting
Potential planters should realize that, when
ordering seedlings, stock type nust be

consi dered along with species and seed source.
Al t hough little is known about many plants
informati on on which stock types to use in
reforestation is available (e.g. lverson 1984).

Seedl i ngs can be divided into two basic stock
types: bareroot seedlings or container
seedl i ngs. Bareroot seedlings are typically
grown in open fields and the soil around the
root systemis renmoved during harvesting. The
di stinguishing feature of container seedlings
is that they are grown in some sort of

encl osed vessel. Because of the restrictive
nature of the growth container, the roots bind
the growing nedia into a cohesive "plug".

Anot her stock type is the transplant, which is
a seedling which has been physically renoved
fromits seedbed or container and is replanted
in another |ocation for additional growh.
Traditionally, nost transplants have been

bar eroot seedlings which are grown for one or
two years, and are then replanted into a
transpl ant bed and allowed to grow for another
year or two. Container transplants are a
rather recent innovation in which container
seedlings are replanted in bareroot beds for an
addi ti onal period of growth.

Mbst contai ner seedlings are grown in one
season or |less, and these stock types are
defined by the type and size of the growth
contai ner. For exanple, a "styro 4" refers to
a container seedling that has been produced in
a styrof oam bl ock container with cells that are
4 cubic inches (65 cu cm) in volune. For
traditional reforestation purposes, nost
cont ai ner seedlings are grown in smal
containers but biodiversity and ecosystem
managenent plantings often require | arger
stock. The University of |daho Research

Nur sery produces conifers and various hardwoods
for conservation plantings in |large 20 cubic
inch (328 cu cn) containers. Forty cubic inch
(656 cu cm) containers have been used at the
L. A. Moran Reforestation Center in California
for production of oaks and several hardwood



species including the California buckeye
(Aesculus californica), which require |arge
containers to acconodate the big seed
Largest of all are the 810 cubic inch (13,276
cucm) "Tall Pots" devel oped by the Center
for Arid Lands Restoration at Joshua Tree
Nati onal Monunent for production of desert
species (MIler and Hol den, 1993). Larger
seedl i ngs represent a trade-off, however
where positive features such as better
survival and greater visual effect nust be
bal anced agai nst the higher cost, |arger
production area, and hi gher handling and
storage costs.

"M niplugs" are a relatively recent stock

type. The small containers typically range from
0.25 - 2.00 cubic inches (4 to 33 cucm in
volume (fig. 7A), and some nurseries have even
nmodi fi ed exi sting containers to produce native
pl ant m ni plugs. For exanple, the California
Department of Forestry, L.A. Mran
Reforestati on Center cut their standard 6 inch
deep (15.2 cm containers down to a 2 inch

(5.1 cm length for the propagati on of blue oak
(Quercus douglasii) and valley oak (Q |obata).
M ni plugs are typically grown for a few nonths
in a greenhouse, and are then transplanted into
bareroot beds for additional growth (fig. 7B)
The California Department of Forestry, Magalia
Nursery has found that mniplug+l oaks have a

| arger and better distributed root systemthan
standard bareroot seedlings or transplants.

A nunerical designation has traditionally been
used to descri be bareroot seedlings and
transplants. The first nunber corresponds to the
nunber of years in the seedbed or seed

contai ner, and the second nunber refers to the
nunber of years in the transplant bed or

contai ner. Seedlings are generally produced in
fromone to three years (1+0 to 3+0), and
transpl ants can take | onger (e.g. 2+1)
dependi ng on the species, climte, and nursery
system Container transplants are

Figure 7.--Mniplugs are smal

few nonths in a greenhouse,
additional growth (right).

generally held for just one year (Plug+1),
al t hough some nurseries produce Plug+2 stock

Wil e seed and seedl i ngs have | ong been the
nmost comonly used plant materials, new

techni ques such as m cropropagation are now
bei ng used for sonme species (Wenny and others
1992). M cropropagati on involves taking a piece
of organi zed tissue, such as bud or cotyl edon
culturally treating it to formroots and then
buds. This has been done operationally on coast
redwood (Sequoi a senpervirens) by Sinpson

Ti mber Co. and Georgia Pacific, and on

eucal ypts (Eucal yptus spp. by Twyford Pl ant
Labs for agroforestry plantings in the San
Joaquin Valley .

Genetic considerations - One of the inportant
di fferences between ornanental nursery stock
and that used in natural resource plantings is
that forest and conservation nurseries
describe their seedlings by seed source. On
the other hand, many ornanental s are named
cultivars (CULTIvated VAR eties) which have
been selected for formor color, not source of
origin. The inportance of proper source
identification cannot be overstated - many
forestry and conservation plantings have

fail ed because t he stock was poorly adapted to
the outplanting environnment.

contai ner seedlings (left) which are grown for a
and then transplanted to bareroot nursery beds for



Al plant materials used for biodiversity and
ecosyst em managenent plantings nust be source-
identified, with both geographical |ocation
(Townshi p, Range and Section or Longitude and
Latitude) and el evation specified. Foresters
have traditionally used seed zones, which are
geographic areas that are sinmlar in climte
and soil and are described by a nuneri cal

code. For exanple, the forested areas of
Arizona and New Mexi co have been divided into
10

physi ographic-climatic regions which were then
subdi vided into seed collection zones that are
about 50 miles wide (fig. 8). These seed zones
are also stratified vertically by 500 ft.

el evation (Schubert and Pitcher 1973). A
geographically diverse state like California
can have over 80 different seed zones with
nunmerous el evations bands within each zone.
Seed col |l ections should al so have a broad enough
genetic base in terms of nunber of individuals,
famlies, or stands, depending on the situation
(Guinon 1993). This is of concern for both
collections fromthe wild and for establishnent
of seed and cutting production areas in the
nursery.

When a seedling order is sown in the nursery,
this seed zone information is incorporated into
a seed lot identification nunber. The seed | ot
nunmber remains with this group of seedlings
throughout the entire nursery tenure, and is

| abel ed on the storage container when the
seedlings are harvested. The process is

conpl eted when the seedlings are planted back
into the same physiographic-climtic zone in
whi ch the seed was coll ected

One of the central issues in the area of
genetics and adaptability of plant materials is

how far materials can be noved and still remain
wel | -adapted. Usually local is assuned to be
best, though it is wise to check for

information that mght confirmor refute that
assunption. For exanple, giant sequoia

(Seauoi adendron_ai ganteum) seedlings from
California seed zone 534 out -grew seedlings
fromall other sources, even |ocal collections.
VWile growth is certainly one of the nost

obvi ous indicators of genetic adaptability,
restoration specialists nust al so consi der other
performance aspects such as pest resistance and
drought tolerance. Unfortunately, information
fromreciprocal transplant studies, isozyme work
and DNA anal yses is not often avail abl e.

Still, it is worthwhile to search for

ecol ogi cal clues and experience that nmay reveal
if a species is broadly or narrowy adapted

Cenetic inprovenent is underway for a variety
of species. Selections are nade to inprove
hei ght growth and formin conmercial conifer
speci es such as ponderosa pine and Dougl as-fir,
to inprove blister-rust resistance in species
i ke sugar pine and western white pine (see
Section 2.6), and to inmprove height grow h,
cold tolerance and salinity tolerance in

eucal yptus and casuari na species. Wile |ocal
sources are al nost always the best choice
genetically-inproved plant materials may be
appropriate for sone planting projects
dependi ng on their objectives.
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like these for Arizona and New Mexi co, to

insure that seedlings are adapted to the physiographic and clinatic conditions on the

outplanting site (Schubert and Pitcher 1973).



Adaptability - In addition to selecting the
proper species, seed source, and stock type,
seedl i ngs rmust be properly acclinmted so that
they will survive and grow under the climatic
conditions at the site. The question of whether
plant materials will be hardy on the
outplanting site is sonmetines overl ooked,
however, especially by people who are

i nexperienced. Chbviously, species that occur
naturally on the outplanting site will be best
adapted and so the primary -nphasis has been
on "natives" for biodiversity and ecosystem
managenent pl antings

Al t hough native species are usually best, there
is still arole for site-tested exotics in
certain situations. This is particularly true
for afforestation projects, such as the

wi ndbreak and honestead plantings in the Geat
Pl ains and Internountain areas where there are
no native trees. On sites where cold, salt,

al kalinity and/or drought are problens, exotics
| i ke poplars and casuarinas may be the best
choi ce. However, when using non-native plant
materi al, special care nust be taken to match
the species and seed source characteristics
with the site. There are nunmerous exanples
where poor cold tol erance caused probl ens
(Merwin 1992). Finally, the plant materials,
even if locally adapted, must be properly
hardened at the nursery prior to planting.

4.2 selecting a nursery

Nat ural resource specialists who are interested
i n purchasing plant materials should visit

| ocal nurseries and talk to the nursery
personnel . Take a wal k around the operation and
| ook at the current crop. Renember to check out
the quality of the root systems as well as the
tops. Search out others who have purchased
seedlings and inquire about the reputations of
the local nurseries, including the success of
out pl anti ngs.

On the business side of things, there are
two basic ways to obtain nursery stock for
your planting project: speculation stock, and
seedling contracts

Buyi ng specul ati on stock - Some nurseries sow a
certain percentage of their annual production
for the speculation market. Usually, these are
speci es and seed sources which are adaptable to
a w de geographical area or have proven to be
mar ket abl e in the past. The other source of
specul ation stock results from surplus nursery
production. Because of the variation in seed
quality and weat her, npbst forest and
conservation nurseries oversow their seedling
orders and therefore have some seedlings
avai |l abl e each year for open market sales. The
quantity and seed source of this surplus stock
varies fromyear to year, however, and so
seedl i ng

users nmust contact different nurseries each
season to learn what species and seed sources
wi || be avail able

Contracting for seedlings - Forest and
conservation nursery stock is a specialty
product and al so perishable. The market is
al so notoriously changeabl e, and so economni cs
dictate that nost nurseries grow a | arge
proportion of their seedlings on contract. As
di scussed earlier, seedlings for natura
resource plantings are different from
ornanental nursery stock in that a specific
seed lot is only biologically suitable for a
relatively few planting sites. Therefore, npost
foresters and other seedling users procure
their stock by contract and specify the
appropri ate species, seed source, and stock
type. This assures that high quality plant
materials will be ready for their planting
proj ect when they need them

4.3 Nursery Services

The increasi ng enphasis on biodiversity and
ecosyst em nanagenent i s changing the role of
the forest and conservation nursery.
Traditionally, nurseries nerely grew
seedl i ngs, but the current trend is to go
beyond propagation to a broader range of
services (Table 2). Seedling users should
consider the nursery as a partner in the

pl anting project and involve themearly in the
pl anni ng process

In particular,. government nurseries can serve
as a plant materials clearing house, and refer
proj ect nanagers to sources of plant

mat eri als. Federal and state nurseries have a
long tradition of providing

TABLE 2. --LI ST OF POTENTI AL NURSERY SERVI CES

ANALYZE PLANT MATERI AL NEEDS AND PREPARE
PLANTI NG PROJECT PLANS

COLLECT, PROCESS, AND STORE SEED AND
VEGETATI VE PLANT MATERI ALS

PROVI DE SEED TESTI NG AND PRESOW NG SEED
TREATMENTS

MAI NTAI N SEED ORCHARDS AND CUTTI NG HEDGES
GROW VARI ETY OF SPECI ES AND STCCK TYPES
DEVELCOP NEW PROPAGATI ON TECHNI QUES

STORE AND DELI VER NURSERY STOCK

CQUTPLANT STOCK AND PROVI DE FOLLOW UP CARE



seedlings for reforestation and ot her
conservation plantings, and they understand the
bi ol ogi cal and operational aspects of grow ng,
handl i ng, and storing plant nmaterials. Their
personnel are willing to help natural resource
speci ali sts who are considering planting
projects nake intelligent decisions about how
to obtain appropriate plant materials, handle
and store them and transport themto the
outplanting site. Governnent nurseries also

of fer specialized services, such as seed
cleaning and testing, for a variety of diverse
species (fig. 6).

Private forest and conservation nurseries offer
a variety of services, depending on their
facilities and expertise. An increasing number
of progressive nurseries provide a full range
of services - fromseed collection and
processi ng, seedling propagati on and storage,
t hrough outplanting and foll ow-up care (Table
2). Because of available seedling inventories
and technical experience, planting project
managers may find out that working with a
combi nation of nurseries is the best
alternative.

5.0 CONCLUSI ONS AND RECOMVENDATI ONS

Forest and conservation nurseries are going to
be asked to play a greater role as natura
resource nanagers begin to inplenment

bi odi versity and ecosystem nanagenment prograns.
Al t hough they have been traditionally

associ ated with tinmber nanagenment and
reforestation, nurseries should be viewed in a
wi der context - as a vital part of al

veget ati on managenent activities. Forest and
conservation nurseries are willing and able to
respond to any need for plant materials for a
wi de variety of natural resource uses

5.1 Effects on nursery culture

The change towards biodiversity and
ecosystem nanagenent will have severa
effects on forest and conservation
nurseries. The followi ng are our
predi ctions:

More species - Obviously, nurseries will be
growi ng a greater number and variety of
pl ants than they have in the past.

Smal | er orders - As natural resource

speci alists focus on smaller nmanagenent units,
the average seedling order will decrease
Greater recognition of the need for |ocally-
adapted, source-identified plant materials wll
al so contribute to this trend

H gher costs - Conpared to the |arge vol une
orders grown for traditional reforestation
projects, the trend towards snaller, nore
specific crops will cause an increase in

seedl i ng cost. However, the price of nursery
stock will remain a relatively small part of
the overall planting project budget.

Di fferent propagation techniques - Currently,
the vast mpjority of plants grown in forest and
conservation nurseries are propagated by seed.
The need to propagate a greater variety of
plants will necessitate innovative new seed
propagation techniques as well as nore types

of vegetative propagation. M cropropagation

and other newl y devel oped propagati on nethods,
may al so become nore conmon.

New stock types - Plantings that are made to
increase biodiversity and fulfill ecosystem
managenent goals will require a greater variety
of seedling stock types than have been used for
traditional forestry projects. Mre species
will be grown in containers because of the

rel ati ve ease of propagation and the shorter
rotations. Mre transplants will also be used
because of the conpetition from other
vegetation and the need for rapid establishnment
and growt h. Container transplants, especially
mni-plug transplants, will become nore conmon
because they produce larger plants with better
root systens.

Source-identified and | ocal |l y-adapted seedlings
- Plant materials that are to be used for

bi odi versity and ecosystem nanagenent

pl antings nust be genetically suited to the
speci fic outplanting environment and properly
hardened to wi thstand the stresses of
handl i ng, storage and outpl anting. Resource
managers wi |l demand source-identified
seedl i ngs, and forest and conservation
nurseries will need to develop cultura

regi mes, handling, and storage techniques that
result in hardy stock that not only survives
but thrives, after outplanting.

Trend towards full service nurseries - Nurseries
that can provide a full range of services from
seed col l ection and processing to seedling
storage and outplanting will receive a higher
proportion of business. Natural resource
managers are specialists who do not want, or
have the time, to work with a series of

di fferent businesses and so will prefer to work
with one full -service facility.

5.2 Reachi ng beyond the nursery

CGone are the days when nurseries can expect to
sit back and expect custoners to come to them
Successful nurseries will devote a significant
anount of time to marketing their products and
services, and establishing better

conmmuni cations with natural resource managers
and pl anners. The increasing enphasis on issues
li ke biodiversity and ecosystem nanagenent mean



that nursery managers will no |onger just be
dealing with traditional reforestation
personnel . Many nore resource professionals
will be needing plant materials and so nursery
managers will be comunicating with wildlife
bi ol ogi sts, recreation specialists, and other
new, inexperienced customers. Nurseries that
can provide high quality seedlings and a full
range of services will be in great demand.
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