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Abstract.--This study was established to assess the inpact of
changes in seedling norphol ogy and physi ol ogy on outpl ant perfornance of

west ern hem ock and Dougl as-fir.

The six lift/store regines in this experinment led to greater
changes in seedling physiology than seedling norphol ogy. The regines
created a wi de range of dormancy intensities and frost hardi ness for
both species. Frost hardiness, as assessed by el ectrol yte | eakage, was
nore closely related to dormancy intensity than was foliage browning.
Storage regi mes reduced the rate of dormancy rel ease and mai ntai ned

frost hardiness relative to no storage.

Fi el d performance results from unwatered, raised beds indicate
that early planting dates (Jan. 15) had the best relative vol une
growth. Storage naxim zed relative volune growth for both species for

the March 15 and May 15 planting dates.

El ectrol yte | eakage and

dormancy intensity were the best predictors of volume grow h.
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| NTRODUCTI ON

For a nunber of years there has been a
contentious debate anong coastal nursery growers and
field users about the appropriateness of wi nter
lifting and storage of planting stock (Stone and
Schubert 1959a, Hernmann et al. 1972, Jenki nson and
Nel son 1978, Krueger 1966, Nel son and Lavender
1979). Today, many foresters feel that cold
storage is detrimental. They subsequently denmand
hot planting stock when they can, particularly for
late spring planting.

This sentinment has been reinforced by erratic
survival and poor growth in Douglas-fir, western red
cedar, and ponderosa pine bareroot stock col d-stored
for several nonths prior to planting (Stone and
Schubert 1959b, Stone et al. 1961, Hocking and
Nyl and 1971, Curran and Dunsworth 1987, Van Den
Dri essche 1977).
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Col d storage has been associated with the
foll ow ng probl ens:

- nmol ds,
| oss of carbohydrate reserves,

- reduction in root growth capacity,

- | oss of dormancy intensity, and
reduced frost hardiness and stress
resi stance.

Al t hough the potential for physiol ogical
deterioration exists, the literature indicates that
the rate of deterioration is accelerated without
cold storage (Ritchie and Dunlap 1980, Burdett and
Si npson 1984, Garber and Mexal 1980, MacDonald et al.
1983) .

However, cold storage nay create an
acclinmation problem particularly with |ate spring
planting. Investigations with boreal species in
eastern Canada suggest that the stresses of
acclimation nmay be greatest for col d-stored stock
(G ossnickle and Bl ake 1987). Whether this is true
in coastal species and whether the mai ntenance of a
hi gher level of stress resistance is a conpensating
factor has yet to be determ ned.

Eliminating cold storage reduces nursery
operating costs but creates a |ogistical problem
Persi stent delays in handling the | ast season's
crop leads to delays in starting the next season's
crop. Coastal, container nursery growers need to
determine if there is good biol ogical foundation to
the belief that cold storage is a detrinental
practice. They al so



need to know if there is sufficient variation anmong
seedlots to justify a range of winter lift regines.

Qur initial look at the problemfocused on:

1. The predictive rel ationshi ps anong norpho
I ogi cal and physiol ogi cal characterizations at
lift with subsequent field perfornance.
2. The progression and interrel ati onshi ps anong
physi ol ogi cal characterizations from January
to May under stored and non-stored conditions. 3.
Potential optinmumlift/store regines.

METHODOLOGY
Thi s experiment consists of two parts:

1 Seedl i ng characterization.
2. Seedl i ng performance.

The experinmental approach is to create as wide a
range of norphol ogi cal and physi ol ogi cal ki nds of
seedl i ngs using species, cavity size and lift/store
regine as is practicable. These are then exposed to a
simul ated outplanting, under conditions where soil
noi sture and tenperature can be neasured and
control l ed. Seedlings able to maxi mize survival and
growt h under these conditions can then be associ ated
with a specific cultural regine.

Seed Source and Lift/Store Treatnents

The foll ow ng species and stocktypes were grown
at the Angus P. MacBean Nursery during 1985:

Table 1.--Seedlots and stocktypes used for Douglasfir
and western henl ock.

Douglas Fir Western Hemlock
Seedot/ Stock Type Seediot/ Stock Type
Elevation . Elevation
PSB 313 PSB 415 PSB 313
4504/579 X 7311/160 X
7320/915 X 18752/416 X
4505/810 X X

The lift/store regines shown in Table 2 were
applied to each of the species and stocktypes shown in
Tabl e 1.

Seedl i ng Characterization
Seedl i ngs were characterized for norphol ogy and

physiology at lift and at the end of storage.
Mor phol ogy

Twenty-five trees per treatnment (five trees for
five replicates) were assessed for height, caliper,
shoot and root dry weight.

Physi ol ogy

Seedl i ngs from each treatment were assessed
for Root Gowth Capacity (in two environments),

Table 2. --Lift dates and storage duration treatnents
for Douglas-fir and western henl ock.

Lift Date Storage Duration

(months) at +2 C.

(0] 2 4

01/15/86 T1 | T2 | T3

03/15/86 T4 | TS

05/15/86 T6

Dor mancy Rel ease Intensity, and Frost Hardiness
(foliage browning and el ectrol yte | eakage).

Root Growth Capacity.--Twenty-five seedlings
(five trees fromfive replicates) per treatnent were
grown for one week in a peat/vermculite/sand medi um
(2:1:1) in each of two environnents (75% RH, 16 hr
phot operi od, and 400 pnol/s/nf comon to both):

1. 22 C/ 18 C (day/night) (D/'N)
2. 30 C/ 25 C (D/I'N)

Seedl ings were kept at field capacity for one
week and assessed for root elongation using the index of
root growth (IRG (Burdett 1979).

Dor mancy Rel ease | ndex.--Twenty-five trees
(five trees fromfive replicates) per treatnent were
assessed for nunmber of days to budburst. The test
environment was a 20 C D' N greenhouse with 16 hour
phot operi od. Seedlings were kept at field capacity
for the duration of the test. The index was
cal cul ated as:

DRI = 10/ 11 days to budburst (Ritchie 1984)

Frost Hardi ness.--The risk of frost danmge
was assessed using foliage tissue in tw ways:

1. Fol i age Browni ng--qualitative (visual) as-
sessnment of the percent of foliage browned after
exposure (-18 C) and one week of growth at room
tenperature and field capacity.

2. El ectrol yte Leakage--quantitative assessnent of
cell nenbrane | eakage of electrolytes due to
stress or damage by frost (-18 C). Assessnent
consists of a conparison of conductivity
nmeasures for diffusate fromfrost danaged,
undamaged, and heat killed foliage (Col onbo and
Caneron 1986).

Seedl i ng Performance Study

The field study was designed as a conpletely
random zed experinent consisting of six lift and store
regi mes and six speci es/stocktype treatnents each
replicated three tines. Replicate plots consisted of
twenty tree-row plots at 15 x 15 cm spacing. This test
was planted into a 4 mx 8 mx 70 cm wooden soil box

consi sting of an alluvial,



silty sand soil. The box was covered with a 6 nmm
pol yethyl ene sheet roof. This allowed rain to be
excluded and still achieve approxinmately 75% full
sunlight.

Al'l seedlings were grown in the raised beds for
one growi ng season. In Decenber, all surviving
seedl i ngs were neasured for height and caliper and
carefully excavated. Shoot and root dry weights were
determined for treatnments; replicates were pool ed.

The field performance results described here
pertain to the dry noisture regine. This regine
received no watering during the grow ng season. Soil
tension at 20 cm exceeded -5 bars for greater than 100
days; soil tenperature at 10 and 20 cm exceeded 20 C
for up to 60 days.

RESULTS AND DI SCUSSI ON
Seedl i ng Characterization

Mor phol ogy At Lift

Hei ght over all lift dates ranged from 16 to 23
cm Western hem ock seedlings tended to be taller than
Dougl as-fir. Caliper ranged from2.2 to 3.7 nm with
the latest lift having the largest calipers for all
seedl ot s.

Shoot dry wei ght extended from0.8 to 3.0 g,
with a consistent trend of increasing weight fromlater
lift dates. Western henm ock had consi stently higher
shoot weight than Douglas-fir for all lifts. Root dry
wei ght varied fromO0.6 to 1.6 g and exhibited a
consistent increase with later lifts. This was |ess
dramatic than increases in shoot dry weight.

Shoot to root ratios tended to increase with
later lift dates. Western hem ock had larger ratios
than Douglas-fir for the first two lifts, but by My

15 both species were conparable (Figure 1).
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Figure 1.--Shoot to root ratio for three lift dates
averaged by species.

The ot her neasures of seedling bal ance
(hei ght:caliper and caliper:mass) tended to de-
crease with later lifts (Figure 2).
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Figure 2.--Caliper to root mass ratios for three
lift dates averaged by species.

Speci es differences in norphol ogy were nost
pronounced for the earliest lift. Western henl ock was
taller, thinner, and | ess balanced than Douglas-fir.
These differences were negligible by the last lift.

Physi ol ogy At Lift and During Storage

Root growth capacity (index of root grow h)
was high for both hot (30/25 C, D/ N) and cool
(22/18 C, D/I'N) tests over all species and lift/store
regi nes. The cool test tended to have higher val ues
and a slightly narrower range than the hot test
(Figure 3). In both tests, western henm ock had
hi gher RGCs than Douglas-fir for nost lift/store
regi nmes.
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Figure 3.--Conparison of hot and cool root growth
capacity test results (points are
speci es/ st ockt ype averages).

In assessing the progression of RGC over [lift
dates, Douglas-fir tended to increase RGC to March 15
and then decrease slightly to May 15. This was nost
pronounced in the hot test. Wstern hem ock, on the
ot her hand, increased RGC consistently with later lift
dates. Storage duration did not have a



significant negative effect on RGC in either
speci es.

Dormancy intensity consistently weakened (i ndex
val ues increased) with increasing lift date (Figure 4).
The inpact of storage at both January 15 and March 15 was
to reduce the rate of dormancy rel ease relative to
unstored stock for the sanme planting date. Douglas-fir
had slightly nore rapid dornmancy rel ease than western
hem ock for both
stored and unstored conpari sons.
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Figure 4.--Dormancy intensity averages for Douglasfir
and western hem ock over the six lift/store
treatnents.

Frost hardiness (-18 C) weakened with |ater
lifts. The largest difference occurred between
January 15 and March 15 lifts (Figure 5). Differences
bet ween speci es were not pronounced or consistent.

Col d storage sustained good frost hardi ness. In
several seedlots, the stored versus non-stored
differences in foliage browning were as high as 70 to
80 percent.
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Figure 5.--Frost hardiness (foliage browning at -18

C) averages for Douglas-fir and western henl ock
over the six lift/store treatnents.

The conductivity test showed a nore continuous
pattern of change over the lift/store treatnents and
nore consi stent trends between species (Figure 6).
Western henl ock was nore frost tol erant than Douglas-fir
with the odd exception of the last lift. Fromthe March
15 1ift to the May 15 lift, Douglas-fir showed a narked
reducti on and western hem ock an increase in index of

injury.
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Figure 6.--El ectrolyte | eakage (Index of Injury)
averages for Douglas-fir and western heni ock
over the six lift/store treatnents.

Conpari son Anong Physiol ogi cal Tests

The physiol ogical tests in this study each
provide slightly different informati on about seedling
function. RGC indicates the ability to initiate and
el ongate roots. Electrolyte | eakage indicates the
degree to which the foliage has been stressed or
damaged from frost exposure. The foliage browning
test is a qualitative neasure of cellular danage
resulting fromexposure to frost.

The conparison of "hot" versus "cool" RGC test
environments has been di scussed previously. In general,
the cool test raised the RGCC relative to the hot test
(Figure 3) suggesting that the hot environnent is
beyond the photosynthetic optinum (W Binder, pers.
conm ). Also, rankings changed within and anong
lift/store treatments, with the npst pronounced
changes within treatnments. For the remmining
di scussion, the conparisons to RGCC will refer to the
cool test which is nowthe B.C. Mnistry of Forests'
st andard.

RGC and el ectrol yte | eakage (index of injury)
exhibited a positive linear relationship with dormancy
intensity (dormancy rel ease index) over all treatnents.
This appears to be at odds with the hypothesis put
forward by R tchie (1985) which suggested a strong,
alternate cyclic pattern in RGC and frost hardi ness as
dormancy intensity weakens.

In the foliage browning frost hardiness test,
the relationship with dormancy intensity partitions
into two distinct groups: cold-stored and nonstored
(Figure 7). The cold-stored stock fromeither the
January 15 lift or the March 15 |lift all had | ess than
40 percent frost damage. The nonstored stock ranged up
to 95 percent damage by May 15. As Ritchie (1984, 1985)
has shown for bareroot Douglas-fir, the effect of cold
storage in this study was to reduce the rate of
dormancy rel ease and markedly reduce the rate of |oss
of cold hardiness.

El ectrol yte | eakage does not exhibit the same
tight, treatnent clusters as foliage browning (Figure
8). This may be because the test integrates stress and
damage as they effect cell nenbrane perneability and
function. Subsequently, for



the sane level of foliage damage, we can have very
different levels of electrolyte | eakage within a given
lift/store treatnent.
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Fi gure 7.--Conparison of dormancy intensity and frost
hardi ness (foliage browing at 18 C) for
Dougl as-fir and western hem ock over the six
lift/store treatnents.
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Fi gure 8.--Conparison of frost hardiness (foliage
browning at -18 C) and el ectrol yte | eakage
(I'ndex of Injury for Douglas-fir and western
hem ock over the six lift/store treatnents.

Fi el d Performance
Sur vi val
Survival ranged from88 to 100 percent, indi-

cating that all lift/store regines resulted in stock
with sufficient stress resistance to survive high

seasonal root zone tenperatures and persistent drought.

G ow h

It should berealized that the nature of the
lift/store and plant regines is such that grow ng
seasons may differ by as nuch as 120 days.

Hei ght growth.--Rel ative height growth
(growth/initial height) ranged from 0.35 to 0.80
(Figure 9). The trend was for later lifts to have
greater height growth. Douglas-fir tended to have a
narrower range than western henml ock and a nuch weaker
tendency for later lifts to exhibit nore growth.

St orage appeared to have an indeterm nate effect on
Dougl as-fir, but a marked negative effect on western
henm ock.
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Figure 9.--Relative height growth (growh/initial
hei ght) averages for Douglas-fir and western
hem ock over the six lift/store treatnents.

Cal i per growt h--Caliper growh tended to show the
reverse relationship to lift/store regi mes that was
evident with height growmh. Early lifts had the best
relative caliper growmh. Stored stock had conparabl e or
better caliper growth for March 15 or May 15 pl anting
dates. The pattern of caliper growh over lift/store
regi mes tended to be nore consistent between species
than with height grow h.

Vol une growt h--Rel ative volune growh (vol une
growth/initial volume) integrates height and cali per
growth but with nore enphasis on caliper than height.
Subsequently, the pattern of volune growh over
lift/store reginmes minics that of caliper growh.

Early lifts have the highest relative volume
growth (Figure 10). Western hem ock and Dougl as-fir
tended to respond sinmlarly to storage. Stored stock had
conpar abl e or better volume growth than non-stored
stock for the sane planting date. This was particularly
evident for the May 15 planting date for both species
where the January 15 lift with four nonths storage had
20 to 25 percent better relative volume growth than the
March 15 [ift with two nonths storage, and 50 to 75
percent better relative volune growth than non-stored
st ock.
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Figure 10.--Relative volume growh (growth/initial

volune) averages for Douglas-fir and western
hem ock over the six lift/store treatnents.

These differences in height, caliper and volune
growh are a function of |length of growi ng season and of
differing physiological responses to the outplanting
envi ronnent . They result from changes in water
relations and gas exchange which ultimtely



i mpact on photosynthesis, total bionmass production, and
the partitioning of bionmass above and bel ow ground.

Bi omass Production and Partitioning

Total biomass growth for both species ranged from
3.5to 5.5 g dry weight. Western hem ock tended to
produce nore biomass than Douglas-fir for any given
lift/store conmbination. Storage resulted in conparable
or greater biomass production for both species for
either the March 15 or May 15 planting dates. Storage
di fferences were nore pronounced for Douglas-fir.

The nore narked difference in bionass production
came fromthe way in which seedlots and species
partitioned their seasonal bi omass above and bel ow
ground (Figure 11). The general tendency over all
lift/store reginmes was for biomass to be allocated nore
bel ow ground with later lifts.
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Fi gure 11.--Above and bel ow ground bi omass growth

averages for Douglas-fir and western henl ock
over the six lift/store treatnents.

Storage tended to stinulate relatively nore
allocation to the shoot for both species in either the
March 15 or May 15 planting dates. Species responded
differently in the sense that western hentock tended to
be relatively nore root-oriented in its partitioning
than Dougl as-fir for any lift/store conbination. This
may be a reflection of western henmlock's tendency to be
a noi sture stress avoi der and Douglas-fir's tendency to
be a noisture stress tolerator.

Western heml ock al so favored the root over the
shoot for the March 15, no storage and for the May 15
stored and non-stored regi nes. Dougl as-fir had root
domi nant partitioning for the March and May 15 lifts,
no storage, and the March 15 lift with two nonths
storage. The strongest shoot partitioning for Dougl as-
fir was for the January 15 lift, four nonths storage;
for western hem ock, it was for the January 15 lift,
no storage.

The nost nmarked exanple of the differences in
bi omass partitioning between species was the | atest
planting date where, with stock stored for four nonths,
Dougl as-fir allocated about 58 percent and western
hem ock about 48 percent of their total biomass growth
above ground. Non-stored

Dougl as-fir and western hem ock, for the sane
planting date, allocated approximately 45 and 38
percent respectively of their biomass growth above
ground.

The conbi nation of total biomass production and
al location strategies for species and lift/ store
regi mes correspond well with both relative volune
growt h and changes evident in dormancy intensity, and
frost hardiness with |ift/store combinations. It
appears that maintenance of a relatively high Ievel of
dormancy and frost hardiness nay lead to | ess need for
danmage repair follow ng outplanting, and nore in-phase
devel opnent of root and shoot over the grow ng season.

Seedlings able to put out roots during the first
part of the growi ng season likely experience reduced
seasonal moisture stress. Higher stress resistance,
| ess stressful post-plant conditions, and a |onger
growi ng season, led to greater total bionmass growh and
a larger proportion of that bionass allocated to the
shoot. This resulted in shorter, fatter seedlings than
t hose whi ch began the season with a heavier stress
| oad, |ower stress resistance, rapid budburst, and
relatively little root production.

PREDI CTI ON OF VOLUVE GROWH

Rel ative volume growth was significantly cor-
related with dormancy intensity (r2=0.628) (Figure 12).
RGC, electrolyte | eakage, and foliage browning were
less well correl ated (r2= 0.375, 0.358 and 0.269
respectively). Relative volume growh tended to
decrease as dornmancy intensity decreased, as
el ectrol yte | eakage and foliage browning increased, and
as RCC increased.
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Figure 12.--Rel ationship between rel ative volune growth
and dormancy intensity for Douglas-fir and
western henl ock over the six lift/store
treatments (points are species/stocktype av-
erages) .

It is evident that maintaining dormancy intensity
inthe 0.3 to 0.5 range will tend to maxim ze relative
volume growth. This type of target would infer an
electrolyte |l eakage (-18 C) target of less than 10, a
foliage browning (-18 C) target of less than 30
percent, and an RCGC target of 3.0 to 3.5.



In general, for any planting dates beyond
January 15, early lifts and | ong storage periods
maxi m ze volunme growth. The optinmumlift/store regi mes
for both species were the January 15 lift and plant,
and the January 15 lift with two nonths storage.

Earlier planting dates optimnize stress re-
sistance with the |east stressful environnental
conditions follow ng planting. Root and shoot phenol ogy
are sufficiently "in-phase" to allow the greatest
degree of drought avoi dance during the first grow ng
season. Vol ume growth increases as nore photosynthate
is produced and as |ess of that photosynthate is
allocated to the roots of to repairing cellular damage.

CONCLUSI ONS AND RECOMVENDATI ONS

This prelimnary investigation of the inpact of
lift and store reginmes on the field performance of
cont ai neri zed Dougl as-fir and western hem ock has
indicated the follow ng:

1. Lift date and storage duration can significantly
ef fect seedling growth and the pattern of
bi omass al | ocati on.

2. Early planting dates have the highest volune
growt h.

3. Col d storage nexim zed volume growth for both the
March 15 and May 15 planting dates for both
speci es.

4. Cold storage delayed the release from dor mancy
and the loss of frost hardiness relative to
non-stored seedlings.

5. The best predictors of volume growth were
dormancy intensity and the frost hardiness
index (electrolyte |eakage).

These results suggest that the followi ng woul d be
reasonabl e practices for nursery growers and seedling
consuners to follow

1 Dougl as-fir and western henl ock should be
lifted prior to January 15.

2. Col d storage should be used to minimze the
rate of loss of dormancy and cold hardiness.

3. Pl anting should be done as soon as possible
after lifting.

4. Targets for defining high quality stock would
be:

- dormancy rel ease index of 0.3-0.5

- frost hardiness (-18 C); index of injury
<10 and foliage browning <30%

- RGC >3.0.
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