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Abstract.--Cermination and enmergence studies with native
species inportant for wldland restorati on have denonstrated
maj or genetic variation in seed and seedling traits. Habitat
correl ated differences between ecotypes have been docunented for many

speci es. Large between-plant

di fferences within populations al so

appear to be the normbased on recent studi es. Nursery propagators need
to consider this variation in both collection and propagation
procedures, so that outplanted popul ations wll represent adapted ecotypes
wth a full range of within-population variation.

I NTRODUCTI ON

When native plant naterials are collected from
wi | d popul ations and propagated for subsequent
out pl antings, a whole spectrum of approaches is
possi bl e. At one extreme, the goal may be sel ection
and 'inprovenent', where the explicit intent is to
nodi fy the genetic conposition of the popul ation to neet
hunan-based perfornmance criteria such as productivity,
pal atability, ornanental interest, or ease of
establishnent. This is the traditional approach of
pl ant breeders. At the other extreme, the goal nay
be to restore a species to an area where it fornerly
exi sted using stock that genetically resenbl es the previously-
exi sting popul ation as cl osely as possible. The main
di fference between these two approaches is how they
deal with genetic variation. In plant selection, the
intent is to narrow the genetic base to increase the
frequency of individuals with desirable traits. In
propagation for ecol ogical restoration, the goal is
to try to prevent even inadvertent shifts in
popul ation genetic
conposi tion.

In this paper we will assune that the goal of the
outplanting is ecol ogical restoration. Long-termself
per petuation of the newy-established popul ation is
desired, not just a one- generation |andscape planting.
We conpensate for our lack of understanding of the
genetic basis for popul ati on persistence by
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attenpting to preserve in the outplanted population all
the genetic options available tothe original population.
To achieve this goal through nursery propagation, or
at | east not to subvert the effort, we need to understand
genetic variation in the regeneration strategies of
native species, and how it m ght be subject to
inadvertent selection during propagation. Variation at
both the between-popul ati on and the bet ween-i ndi vi dual
levels is inportant.

Bet ween- popul ation Vari ation

We have known for quite a long tinme that many
wi del y-di stributed western shrub species are
characterized by strong ecotypic differentiation (e.qg.,

Ti edemann and Johnson 1983; McArthur 1984).
Differences in habit, growh rate, flowering tinmne,
and many other traits persist when plants from
different ecotypes are grown side by side in comon
gardens. Sonme of these traits affect the ability to
survive and conpete on different kinds of sites. For
exanpl e, not all accessions of four wi ng saltbush
(Atriplex canescens) are equally cold hardy (Mnsen
and Christensen 1975; Van Epps 1975). Usi ng seed from
a warm desert popul ation for a northern outplanting
could result in stand death in a severe winter.

Upl and Wom ng big sagebrush (Artenisia tridentata
ssp. wyomi ngensis) popul ations are nore drought hardy
than their floodplain basin big sagebrush (Artenisia
tridentata ssp. tridentata) nei ghbors (Barker,

McKel |, and Van Epps 1983; Booth, Welch, and Jacobson

1990). Fl oodpl ai n popul ations are nore prolific seed
producers, however, so that basin big sagebrush seed is nore
easily obtained in the mar ket pl ace. Planting this seed
on upland sites is risky at best.

Anot her set of traits only recently shown to



vary ecotypically are those associated with seed
gernination and seedling emergence. Nursery
propagators and anal ysts in seed | aboratories often
observe najor lot-to-lot variation within a species in
response to various dornancy-breaking treatments. Methods
for obtaining germnation of nost of the viable seeds
in nost |ots are devel oped for new species through tria and

error (Stevens and Meyer 1990). Sometimes this is
relatively easy; other times it is nearly inpossible.

Research at the Shrub Sciences Laboratory over the
| ast few years has shown that between-popul ation
variation in germnation response can often be
interpreted in an ecol ogical context. In the
regi onal |y domi nant shrub bi g sagebrush, for exanple,
variation in dornancy |evel and gernmination rate at autum
and wi nter tenperatures is related to time of ripening
inthe autunn and to winter severity and probabl e snowpack
duration at the collection site (Meyer, Monsen, and

McArt hur 1990; Meyer and Monsen 1991, 1992).

Popul ations from | ong-wi nter habitats mature seed
early. It is strongly light-requiring and either dornant
or very slowto germ nate under autumm conditions. It
begins to germ nate under the snow only after nany
weeks, when spring snownelt is likely to be inmnent.
Popul ati ons from warm desert fringe habitats produce
their seed late. Seed is dispersed in early winter,
is nondormant, and germinates in |less than two weeks
at both nmild and near-freezing tenperatures.

A simlar habitat correlated pattern of
germ nati on response has been observed for the widely
distributed early seral shrub rubber rabbitbrush
(Chrysot hammus nauseosus; Meyer, MArthur, and

Jorgensen 1989). Gernmination rate at near-freezing
tenperature is directly correlated with nean January
tenperature at the collection site, an index of w nter
severity. Collections fromsnow w nter sites
germinate slowy under the snow, while warm desert
popul ations germ nate very quickly at such near-
freezing tenperatures. Md and highelevation rubber
rabbi t brush col | ections nay al so show dornmancy at autum
tenperature (15°CQ), whereas incubation at high
tenperature (30°C) results in conplete germnation
regardl ess of collection site climte. Because the
seed is autumn-ripening and germinates conpletely in
winter and spring, it never encounters high
tenperatures. Its ability to germnate at high
tenperature is ecologically irrelevant, though conveni ent
for seed anal ysts.

Habi tat-correlated variation in germnation
pattern has been found in several other woody plants
of the Internpbuntain area, including curlleaf and
true mountain mahogany (Cercocarpus |edifolius and

C. nmontanus; Kitchen and Meyer 1990), spiny and

snmoot h hopsage (Grayia spinosa and G brandegei;
Shaw and Haf erkamp 1990; Meyer and Pendl et on 1990),
and winterfat (Ceratoides | anata; Meyer in press).
In all these species, populations fromwarner, drier
sites had shorter chill requirements than those from
col der, snowi er sites. Antelope bitterbrush

(Purshi a

tridentata) and bl uebunch wheatgrass

(Pseudor oegneria spicata) also show strong
bet ween-popul ation variation, though its

ecol ogical significance is less clear in these
speci es (Meyer 1989; Meyer and Monsen 1989;
Ki tchen and Monsen in press).

In the woody species discussed so far, it is
possible to trigger germination in virtually all viable
seeds in any lot by applying a sufficiently |ong
chill. The chill period expected at the site of seed
originis generally sufficient to elicit germnation
of all viable seeds. Regul atory mechanisnms in these
species function only to time germination optinally iii the
year follow ng seed production, rather than providing for
bet ween-year carryover of seeds. The chill requirenent
prevents germination in fall or too early in wnter, but
pernmts conplete germination after the risks of winter
are reduced. Species that form such transient seed
banks are usually relatively easy to propagate from
seed without inadvertent selection on germnation
traits.

Many native perennial forb species, as well

as sone shrubs and grasses, have nechani sns that permit

bet ween-year carryover of a fraction of the seed as well
as timng germination optinally for the fraction that
germinates within any year. In firecracker penstenon
(Penstenpn eatonii), for exanple, habitat-correl ated
variation in germination response results in patterns
that are custom adapted to different kinds of sites

(Meyer 1992). Popul ations from long-winter subal pine
habitats produce seeds that are dormant and have very
long chill requirenments. Popul ations from m d-

el evation habitats, where winters are quite variable from
year to year, produce two kinds of dornant seeds, those
that germinate after a chill of intermediate |ength,
and those that do not respond to chilling the first
year. Popul ations fromwarmdesert fringe habitats, where
winter is the best tine for establishrment, have seeds that are
nostly nondornmant at dispersal. \hen these are
subjected to chilling, they diverge into two fractions, those
that germinate quickly during and after chilling and those
rendered secondarily dormant by a short chill. The high
el evation popul ations carry over seed that has a

I onger first-year chill requirenent than can be net even at
a long-winter site. The nmiddle elevation

popul ati ons carry over seed that is chill-

nonr esponsi ve regardl ess of snowpack duration. The

| ow el evati on popul ations carry over seed that is

i nduced into secondary dornancy by the short chill periods
encountered at such sites. Different ecotypes of the
sane species can thus have varied and even
contrasting responses to traditional dormancy-
breaking treatments. These differences persisted in
seed collected fromplants grown in conmon gardens and are
therefore genetically based to at |east sone degree (Meyer
and Kitchen in review a).

Col | ections of the perennial forb blue flax
Li numperenne) also show strongly habitat
correlated variation in germination response



(Meyer and Kitchen in reviewb). Hi gh elevation
popul ati ons produce seeds that are dormant or slow
to germinate in autum but that gernminate in
response to long chill periods. Md-elevation

popul ati ons may be nondornmant and potentially autum-
gernminable with a fraction induced into dor mancy by
chilling, or they may be largely dormant in autumm
with a fraction that is chill-nonresponsive the first
year. Low elevation popul ations are |argely nondormant and
indifferent to chilling, as is the cultivar 'Appar';
these gernminate opportunistically when noi sture is

avail able, as long as tenperatures are not too high.

I mbi bition at high tenperature often induces
secondary dornmancy as well as suppressing
germination. In field retrieval studies, a mid-

el evation collection fromnear Provo, Uah was able to
carry a fraction of seed over through two winters at |ow
mddl e, and high el evation sites, while 'Appar' had
germinated conpletely at all three sites by the end of
the first spring. The inability to form persistent
seed banks may limit the long term popul ation
persistence of cultivars selected for ease of initial
establ i shnent, especially in forb species that are early
seral and short-lived as individuals. Unlike seed of
nost penstenons, blue flax seed afterripens quickly in
storage, so that the regulatory nmechanisns that linmt
germnation |largely disappear in year-old seed.

Bl ue flax popul ations differ not only in their
germ nation patterns but in seed size and ,seedling
growth rate (Kitchen and Monsen unpublished data).
For seventeen native collections, nean seed wei ght
varied over a twofold range and was positively correl ated
wth shoot growth rate, which ranged from0.2 to 1.2
mm day. The ecol ogi cal significance of these
di fferences is not known, but may involve trade-offs
bet ween seed wei ght and nunber. Presunably snall seeds
and slow growth rates have been selected for in sone
popul ati ons, though they may appear 'undesirable' from
a plant breeder's point of view. The cultivar
" Appar' did not follow the trend of native
collections. It had the snallest seed size but the
second-fastest growth rate, showing that the traits
are not always coupl ed.

Sinmlar variation in paraneters associated with
seedl i ng vigor has been docunented for 50 native
bl uebunch wheat grass accessions fromeight states (Kitchen
and Monsen in press). Seed (floret) weight varied
over alnpst a threefold range and was positively
correlated with both ability to energe fromdeep planting
and seedling growmt h rate. Again, those traits
traditionally associated with 'l ow seedling vigor' in
grass breeding programs nust be associated directly or
indirectly with sel ective advantage in the wild popul ati ons
where they are characteristic.

Wt hin-popul ation Variation
The exi stence of genetically-based between-

popul ation variation in seed germnation and seedling traits
neans that between-indivi dual

variation in these traits is very likely to exist as wel | .
Presumably the genetic divergence of one popul ation into
two contrasting popul ations coul d take place through the
differential survival of contrasting individuals because of
the fitness consequences of their traits. In other
words, the difference between two popul ations coul d be
due largely to a shift in proportions of different kinds
of individuals. By the sane |ogic, a population that is
subj ect to changi ng sel ection regines through tine coul d
respond with a change in proportions of individuals
favored in different kinds of years. In an environnent where
weat her varies wdely and unpredictably fromyear to year,
a population with a mx of different kinds of

i ndi vidual s woul d have a high probability of
survival. In this case an individual would be a seed-

produci ng pl ant and the survival traits would be those
associ ated with successful regeneration fromseed. The
popul ation as a whole m ght be nore likely to persist
if it were made up of contrasting individuals that
produced seeds specialized for successful
establishnment in particular kinds of weather years.
The alternative scenario, with each plant producing a nmix of
seeds with different specializations but with all plants
simlar to each other, is also possible.

Looki ng at between-individual variation in seed
germnation traits can hel p answer these questions.
We have this kind of information for only a few
species so far, but the pattern to date is quite
consi stent. There are nmjor between-individual
differences in seed gernmination traits, but these
differences are not absolute. The differences usually
take the formof changes in the proportions of
different response types. For exanple, eight
i ndividuals of a Provo Canyon popul ati on of
firecracker penstenon all produced seeds that were dornant
at harvest (Meyer 1992). Each pl ant produced sone
seeds that were germinable after chill and sone that
were not chill-responsive. But the chill-responsive
seed fraction varied from22 to 89%. Propagation of this
bul k Iot using chilling as a neans of breaking
dormancy woul d bias the resulting population in favor
of individuals producing a higher chill-responsive
fraction, because a chill -responsive seed is more likely to
have cone froma plant producing a high proportion of
this type.

This shift apparently happened in our efforts to
propagate flax-1eaf penstenon (Penstenon linarioides;
Meyer and Kitchen in review a). Al our wld-collected
bulk lots of this species had a very small chill-responsive
fraction, less than 15%. Twel ve plants grown fromthe few
seeds that germ nated produced seeds that averaged a
chill-responsive fraction of 69%. W provided a
sel ective regine where readi |y germnabl e seeds had very
hi gh survival probabilities, but selectioninthe field
apparently favors a higher chill -nonresponsive proportion.
An extended experinment would be necessary to
determ ne whether we really del eted a significant portion of
the adaptive range of the population in one




generation of selection. It is probable, but by no
means certain, that sufficient genetic variation was
retained to allow natural selection to reverse the
process in an outplanted popul ation.

Evi dence of inadvertent selection during
propagation was also obtained in the course of a
common garden study with blue flax (Meyer and
Kitchen in review b). Means based on eight common-
garden grown individuals of each of several
relatively conservative wild collections showed that
changes were consistently in the direction of Iess
conservative. Al the native accessions showed
hi ghly significant between-plant differences even
after this inadvertent selection; the cultivar
" Appar' showed no significant between-plant
di fferences.

Anot her feature of variation between plants that
we have detected at |east twice i s the apparent
effect of environment during ripening. In a mddle
el evation wild popul ati on of rubber rabbitbrush, we
| ooked at gernination rate under conditions simlating
snowpack for individuals that ripen seed early, nidseason, and
late in the fall, with six individuals in each group (Vél ker
and Meyer 1992). On each individual, we collected
seeds from open branches and from branches that had been
covered with net bags soon after pollination. Early-
ri pening seeds from open branches germnated nore slowy
inthe cold than mi dseason seeds, which in turn
gernminated nore slowy than | ate-season seeds. These
di fferences held even though there were significant
bet ween-i ndi vi dual differences wthin each group.
Presumably early-ripening seeds would be favored in
long-winter years while late-ripening seeds woul d be
favored in short-winter years (Meyer, MArthur and
Jorgensen 1989). When branch microclimte was nodified
by net bags, the different flowering tine groups had
different responses. Seeds from bagged branches on
early-ripening bushes gerninated nmuch nore quickly
in the cold than unbagged seeds fromthe sane plants,
as if they were developing later in the fall. Seeds
from bagged branches on late-ripening bushes were sl ower
than those fromunbagged branches, as if they were
devel oping earlier. Bagging had no effect on seeds
produced mi dseason. Wthin each group, relative
di fferences between plants were nuintai ned whet her
branches were bagged or not. CQur interpretation of
these results is that there are genetic differences between
individuals wthin a flowering time group, but that
expression can be nodi fied by shifts in ripening
environnent. We cannot tell fromour data the extent
to which differences between flowering tine groups are due to
differences in ripening environnent, but it nust
certainly be a factor.

Investigators often report between-year
differences in seed germnation patterns for bulk | ots
collected fromthe same popul ation (e.g., Young and
Evans 1977).But it is difficult to know whether such
differences are due to differences in ripening
environment or to the effects of sanpling a different
set of

i ndi vidual s when making up the bulk lot. In a study
wi th Pal ner penstenon (Penstenon palneri), we
col | ected seeds fromthe sane ten individuals growing in a
common garden in two successive years (Meyer and
Kitchen in review a). Seeds in this species are

I argely nondornmant at harvest and naintain a

persi stent seed bank through chill -induced secondary
dormancy (Kitchen and Meyer 1992; Meyer and Kitchen
1992). The trait we w shed to exani ne was the
proportion of seeds that remained germinable after a
4-week dor mancy-inducing chill treatment. In the
first year of collection (1990), post-chill
germnation varied from9to 69%,wth a mean of 3%
The next year, nean post-chill gernmination was nuch

hi gher, 784 with a range from 44 to 99%. Post-chil |
germ nation percentages were significantly

correl ated between years. Again we concluded that
bet ween-pl ant genetic differences were inportant, but
that expression could be nodified through shifts in
ripening environment. The environmental difference that
nediated this shift was not obviously discernable.

We have no informati on on between-pl ant
differences in seedling growth rate for any of these
speci es. The blue flax comon garden experiment
reveal ed significant between-plant differences in seed size
for nost wild accessions but not for the cultivar ' Appar’
(Meyer unpublished data). It seens quite likely that
genetically based between-plant differences in seed
size and seedling traits exist for many native
speci es.

Practical Inplications

The goal in nursery propagation is to produce
heal thy, relatively uniformplants using nethods t hat
maxi m ze efficiency and mnimze waste. Propagation of
natives for ecological restoration is cost-effective and
worth the trouble for a commercial operationonly if it
can be integrated i nto established routines. But many
routine procedures can effect changes in the popul ati on
genetic conposition of the resulting group of plants.
By being aware of possible variation in seed
characters, germination requirenents and growt h patterns
within a species, it may be possible to take
relatively sinple nmeasures to avoid inadvertent
sel ection. These nmeasures night be taken at any
stage, frominitial seed collection in the wild to
final culling before delivery.

Seed Col | ection

The first choice to be made in any ecol ogi cal
restoration project using nursery-grown stock is sel ecti on of
the source population. This may not be up to the
nursery; many clients supply already-harvested seed or
specify clearly the source popul ati on where the
collection is to be made. In cases where the nursery
is responsible, every effort should be nade to match
collection site as closely as possible to outplanting

site in such features as geographic location, clinate,



soil, and matrix vegetation. Many western species
occur over an astonishing range of habitats.
Sonetimes the client will specify that the

coll ection nust be made within a certain distance of
the outplanting site. This in itself does not
guarantee that a collection will belong to an appropriate
ecotype. Probably the single nost inportant clue is
the conposition of the surrounding vegetation. Plant
communi ties provide an integration of climate,
mcroclimate, and soils variables that are difficult to
observe or measure directly. Wen working with
clients who are not primarily concerned with genetic
"purity' issues, a match using such ecol ogical
criteriais at least as likely to result in a
successful outplanting as one based on distance criteria

al one.

When making the seed collection, it is inportant
totry to obtain a representative sanple of the
popul ation as a whole. This means collecting fromas
nmany individual s as possible, rather than taking the
whol e collection froma few prolific plants. Try to
avoi d biasing the collection in favor of |arge, heavy
seed producers, as this would result in a shift in the
proportions of different genotypes relative tothe wild
popul ati on. Seedlots for nursery propagati on do not
have to be large, so you can afford to collect
systematically froma |arge nunber of plants,
col l ecting approxi mately the same amount of seed
from each. Both purists and detractors will tell you
that your sanple will be biased no natter how you make
the collection. The point is to reduce bias by
consci ously using nethods that sanple as objectively as
possi bl e. Soneti nes, depending on the species, it may
be worth the trouble to keep the collection separated
by individual nother plants.

Seed collection for ecol ogical restoration shoul d
be made fromthe original wld population if at all possible,
rather than fromfield-grown plants derived fromthe
original popul ation. BEvery generation away fromthe
selective regine of the original site can result in
genetic shifts. The luxury of collecting fromthe
wild is available to nursery propagators, while those
attenpting restoration fromseed nay have to livewith
genetic changes that take place in seed increase
fields.

Seed O eaning and Processing

The main risk to genetic conposition during seed
processing is the possibility that sone sel ection on
seed size will take place. The agrononic assunption that
bigger is better does not necessarily hold in this
case. It is true that for many speci es bigger seeds
or fruits are nore likely to be filled and viable.
But you should resist the urge to throw out a significant
fraction of good seed in the interests of obtaining a
cleaned lot with higher viability. O course, well-
cleaned seed is easier to handle at all stages of the
propagation process, and sone concessions nust be
made. But the seed should not be over-cl eaned; | ook
at the

screenings or the bl ow-over to nake sure that you are not
overdoing it. Smaller seeds could sonetimes have an
adaptive advantage in the field, or could be Iinked
to some advantage such as increased seed nunber.

Viability Eval uation

A know edge of seed lot viability is essential to
wise interpretation of germination response patterns. For
exanple, if viability is known to be low, then
enmergence can be inproved by overseeding w thout inposing
nuch sel ection. But if enmergence is poor even though
viability is high, the problemis dormancy that has not
been overcone. Overseeding in this case may yield
filled cells, but the resulting popul ation of seed ings
nmay be genetically biased toward | oner dor mancy.

There are legal testing requirements for seed sold
in the narketplace, but wildcollected seed for nursery
propagati on often does not pass through this testing
process. This makes in-house testing of some sort a
necessity. For freshly-collected seed of nany native
shrubs and nost forbs, a sinple cut test gives a good
idea of viability, as filled seeds in these species
are usually viable. Many grasses can be checked for
fill using a light table. For older lots that may
have lost viability and for species where fill is not
a good indicator, tetrazoliumstain viability tests are
often perforned (G abe

1972).

The usual procedure in testing wildland seed is
to obtain germination of nobst of the viable seed and
then to determine the viability of remaining
ungermni nated seed using tetrazoliumstain testing.
The standard procedures used are outlined in Riles for
Testing Seeds (Association of Official Seed Analysts
1988). Many wi | dl and species are included in the rul es
(Stevens and Meyer 1990). The post-test determi nation
of viability of ungerm nated seed is an essenti al
step for nmany native speci es because of the lot-to-lot
variation in response di scussed above.

Pre-sowi ng Treatnments

For many species, dormancy-breaking treatnents
are a necessary prerequisite for successful
propagation. This is where the greatest amount of
i nadvertent selection can take pl ace, at |east as far as
germnation traits are concerned. The best insurance
agai nst unwanted selection is to use treatnents that
break dormancy conpletely, i.e., in every viable
seed.

Seed dormancy is not a sinple phenonenon, and
dornmancy | evels can be affected by many factors. For
speci es that are dormant at harvest but afterripen
(l ose dormancy) in dry storage, the best approach may
be to store the seed warm (25-30°C) for a few weeks;
year-old lots usually germinate fully with no
problem This group includes many grasses (e.g.,

squirreltail, Elynus



el ynoi des; Allen, Debaene, and Meyer in press) as
well as some forbs (e.g., blue flax; Meyer and
Kitchen in review b).

A majority of tenperate region species require
moi st chilling to break dormancy and do not
afterripen appreciably in dry storage. The chilling
period should be | ong enough to break dormancy in
all or nost of the seeds in the lot. It is possible
to use shorter chill periods and nore seeds to get a
gi ven nunber of seeds to germinate, but this
practice could result in selection for genotypes
with shorter chill requirements. The seeds mmy be
chilled prior to planting or in flats or containers
in a cold room an unheated building, or outdoors.
For bare root operations, fall planting is a good
option as long as winters at the nursery are
guaranteed to be long and snowy enough to neet the
chill requirenents of the nost dornmant seeds in the |ot.
Tim ng of spring emergence can be controlled through
the use of insulating mulch.

Using a chilling period that is |long enough is an
effective way to avoid selection in lots that do not
contain a chill-nonresponsive fraction. Getting
chill-nonresponsive seeds to gerninate requires nore
devi ous techni ques. For penstenons, warm pretreatnment
(i.e., holding the seeds inbibed at 15'C for four
weeks) prior to chilling tends to increase the
fraction of chill-responsive seeds, sonetines dramatically

(Meyer 1992, Meyer and Kitchen in review b). Conbining
gibberellic acid with chilling shortens the chill requirenent
and reduces the size of the chill-nonresponsive fraction for
sone penstenons, but may affect seedling quality

(Kitchen and Meyer 1991). The use of dor mancy- breaki ng
chenical s holds prom se for sone difficult-to-germnate
speci es, but one shoul d be aware that germnation response to
chenicals also varies anong and within popul ati ons and
is probably al so under genetic control. Again, the

i deal chemical treatment is one which induces
gernmination of all viable seeds.

As a last resort, propagation of seed from
individual plants can be used to ensure that each not her
plant is represented in the outplanted popul ation, even
those whose chill-responsive fraction was very |ow. This
tactic could be used to assure popul ation
representativeness in any situation where individual plant
responses are thought to be widely differing.

Anot her rule of thumb is not to use chilling as a
treatment unless it is known to be effective. W
tend to think that chilling at the very least wll

have the positive effect of speeding post-chill
germnation, but the result m ght be surprisingly
negative. As discussed above, sonme native forbs can
be induced into secondary dornancy by chilling, and
between-pl ant di fferences are |arge.

When har dseeded species such as | egunes are
propagated, it is probably best to scarify
artificially rather than to overseed to conpensate
for hardseededness in the |lot.

O herwi se, selection for a smaller hardseeded
fraction could result. Selection has been applied
artificially in crop | egumes to reduce

har dseededness, so it is known to be under genetic
control .

If possible, you should be aware of the dormancy
status of seeds as a consequence of treatnent before
the seeds are renoved fromtreatnment and/or planted.
Petri dish germ nation tests are easy and can be perforned
on subsanpl es of seedlots as they afterripen in dry
storage or undergo chilling. These can then be interpreted
using pretreatnment germnation or viability
percentages as a point of reference. This takes some
of the guesswork out of the effort to get full or at
| east nmaxi mal germination in mninal treatnent tine.

Post - sowi ng Consi derations .

The agronom c perspective teaches that rapid
germnation, energence, and growth are desirable traits.
Propagation practices that favor these traits are
considered to be harnmhess at worst and usual |y beneficial .
This has resulted through time in selection for these
traits in cultivated pl ants. The blue flax cultivar
" Appar' may be an exanpl e of how sel ection during
propagati on can yield a popul ati on whose gernination responses
are nore |ike those of a crop plant than a wld and
plant, whether or not the selection was del i berate. When
propagating plants for ecological restoration projects,
it is necessary to strike a bal ance between the
necessity for producing high quality, uniform stock
and the danger of culling variants that nay represent an
important part of the gene pool. Thinning out the
larger of two plants in a cell at |least sonme of the
tinme may result in uneven stock size, but it hel ps
prevent deletion of genotypes whose del ayed energence or
slowgrowth nay have a value in the wild. The client may
be willing to accept nmuch nore notley-1ooking stock
if it comes with assurance that artificial selection
has been avoi ded deliberately in the interests of
mai ntai ning genetic diversity.

CONCLUSI ONS

We have reached a point in tine when the skills of
plant propagators will be used for nore than the crafting of
pl ant popul ations to neet human needs and
expectations. The art and science of ecol ogical
restoration, the re-creation of plant conmunities that have
been | ost, presents challenges that are very different from
the chall enges of growi ng plants for human ends.
These chal l enges will be net through an integration of
the practical know edge enbodi ed by the nursery industry
with the scientific know edge generated through ecol ogi cal
research. Research on seeds and regeneration ecol ogy nust pl ay
a central role in, this integration. Hopefully this
paper marks a beginning in providing the kind of
ecol ogi cal infornmation that growers need to neet the
chal  enge of what is



bound to be an ever-increasing narket, as we as a
speci es accept our responsibility to nend as best we can what
we have broken.
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