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Abstract. --Western heml ock and western red cedar
seedlings were grown in a container greenhouse system
under four different nursery cultural treatnments. A
stock quality assessment procedure was devel oped to
characterize a seedling' s drought avoi dance (i.e.

needl e and root surface area,
growt h capacity), drought

needl e resi stance, root

tol erance (i.e. osnotic

potential) and cold tolerance (i.e. frost hardiness,
| ow tenperature root growh capacity) capabilities
devel oped through the various nursery cultura
treatnments. Results showed western hem ock seedlings
in the short-day treatnents and western red cedar
seedlings in the nmoisture stress treatnments had the
best stock performance potential characteristics.

I NTRCDUCTI ON

Ref orestati on success depends
largely on matching proper seedling
stocktypes with field site conditions. To
achi eve reforestation success, foresters
must be able to characterize seedling
performance potential with expected field
site environnental conditions (Sutton
1988). Thus, a predictive stock quality
assessnent procedure needs to sinulate
expected field site conditions to
det ernmi ne what norphol ogi cal paraneters
and physi ol ogi cal characteristics are
i mportant for successful seedling
establ i shnment .
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Stock quality assessnent over the
| ast decade has evolved to include a w de
array of both norphol ogi cal and
physi ol ogi cal measurenment procedures (see
reviews by Sutton 1979, Chavasse 1980
Jaram |l o 1980, Schm dt-Vogt 1981, d erum
1988). Ritchie (1984) organi zed these
assessment procedures into two areas called
material attributes (i.e. direct
measurements: nutrition, norphol ogy, water
rel ati ons, bud dormancy) and performance
attributes (i.e. whole seedling response
root growth capacity, frost hardiness,
stress resistance) and they were the focus
of a workshop held at Oregon State
University in 1984 (Duryea 1985a). Duryea
(1985b) indicated that stock quality
assessment procedures have conme al ong way.
However, further refining of neasurenent
procedures is required. Specifically, a
stock quality assessnent program should
consi der physi ol ogi cal processes critica
to seedling field performance, seedlings
nust be assessed under environmental
conditions defined as critical tolimting
field growth and survival and there mnust be
a battery of tests to assess norphol ogi ca
and physi ol ogi cal factors inportant in
predicting field performance success.

Wthin this study, western henl ock
(Tsuga heterophylla (Raf.) Sarg.) and
western red cedar (Thuya plicata Donn)



seedl i ngs, grown under four nursery
cultural reginmes, were exam ned for their
capability to tolerate or avoid

envi ronmental conditions expected to

i nfluence establishnent on a
reforestation site. Based on stress

t ol erance/ avoi dance concepts of Levitt
(1972), stock performance potential tests
determ ned seedling' s physiological and
nmor phol ogi cal response to optinmal and
subopti nmal tenperature and noi sture

condi tions.

Al so nmeasured were norphol ogi cal
paraneters inmportant in conferring
desired stress avoi dance

characteristics. Only partial stock
performance potential test results are
presented in this paper, with further
results to be reported in detail elsewhere
The actual effectiveness of a stock quality
assessment procedure for predicting field
survival and growmh is part of an ongoing
program funded by the Canada/British

Col unbi a Forest Resource Devel opnent

Agr eenent .

MATERI ALS AND METHCDS

Seedl i ng Devel oprent

Western hem ock (Tsuga heterophylla
(Raf.) Sarg.) seed (British Col umbi a Forest
Servi ce (BCFS Regi stered Seedl ot no. 3906;
Lat. 48° 55" N, Long. 123° 55" W elevation
340m) was stratified at 1° C for 4 weeks
bef ore sowi ng. Western red cedar (Thuya
plicata Donn) seed (BCFS Regi stered Seedl ot
no. 7853; Lat.48° 50" N, Long. 124° 00" W
el evation 525m was soaked in tap water for
thirty-six hours prior to sowi ng. Both
speci es were sown on March 2, 1987 in
BC/ CFS 313A styroblocks in a 3:1 mxture of
peat and vermiculite with dolonmite |ine
added to adjust the pHto 5.0 with coarse
sand as a seed cover.

Seedl i ngs were grown at the Pacific
Forestry Centre, Victoria, B.C (Lat. 48°
28" N). The greenhouse environnment was
mai ntai ned at a day/ ni ght tenperature of
21/18° C, 50 percent relative humdity and
natural |ight supplenented at night with
hi gh pressure
sodi um vapor lanps (i.e. 6pnol s-! m?
to provide a sixteen hour photoperiod
Seedlings were watered and fertilized
(i.e. 20-20-20 NPK with mcronutrients)
twice weekly (500 ng L-1) and biweekly
with the heptahydrate form of ferrous
sul phate (155 ng LY).

Seedl i ngs were grown under the above
greenhouse regime until July 20, 1987 when
mean seedling shoot height had reached 15.8
and 16.3 cm for western hem ock and western
red cedar,

respectively. At this point four
dormancy devel oprment treatnents were
applied to one fourth of the seedling
popul ati on for each species. The
dormancy treatnments were as follows:

1. Long-day wet (LDW; seedlings
continued to receive the above
greenhouse regime until the end of
August .

2. Long-day dry (LDD); seedlings had the
ext ended photoperiod as in the above
stated greenhouse regine, but on July
20, 1987 the noisture stress treatmnent
was initiated

3. Short-day dry (SDD); seedlings, on
July 20, 1987, had the noisture
stress treatment initiated and had
phot operi od reduced to ei ght hours on
August 1, 1987

4. Short -day wet (SDW; seedlings
continued to receive the above stated
watering and fertilization regine
until the end of August (as in 1)
but had phot operiod reduced to eight
hours on August 1, 1987.

Al dormancy induction treatnents were
concl uded on August 29, 1987, after which a
regul ar watering and natural dayl ength
regime was resunmed. Fertilizer (10-51-16
NPK with mcronutrients) was applied (500
my L'Y) weekly until Novermber and biweekly
thereafter. Tenperatures (day/night) were
set at 20/10°C until 15 Septenber, 17/8°C
until 10 Cctober, 15/5°C until 15 October,
13/4°C until 11 Novenber, 10/3°C until 18
Novenber and 8/0°C until seedlings were put
into cold storage (2°C) on 11 January
1988

In the noi sture stress treatnent,
styrobl ocks were allowed to dry down to
approxi mately 2.85 kg bel ow their saturated
wei ght before rewatering, plus fertilizing,
to saturation and repeating the drying
cycl e. Throughout the six week period
seedl i ngs were subjected to six drying
cycles. Seedling water status was nonitored
with predawn and noon xylem pressure
potential readings during the noisture
stress treatnments. Xyl em pressure potentia
readi ngs were taken with a pressure chanber
on six replicates fromeach treatnent
foll owi ng procedures described by Ritchie
and Hinckley (1975). Average predawn and
noon xylem pressure readings for each
species at the end of drying cycles were -
0.3 and -0.7 MPa for western hem ock and -
0.4 and -1.0 MPa for western red cedar,
respectively. Though readi ngs appeared to
indicate little seedling water stress, nany
west ern hem ock



seedl i ng shoots were wilted by the
afternoon of the |ast day of each
drying cycle. Thus, western hem ock shoot
wilt was used as the indicator to end a
drying cycle.

Statistical design of the
greenhouse | ayout was a nodified Latin
Square. The four dormancy induction
treatments were randomy assigned to four
positions on the greenhouse benches. The two
speci es were randomy assigned to opposite
sides of each treatnent bl ock position.
Over the course of the experinent
styrobl ocks within a dornmancy treatnent were
rotated every six weeks. Analysis at
the end of the greenhouse operations showed
no ef fect of bench | ocation.

Seedl i ng shoot hei ght was
nondestructively assessed (n=25)
bi weekly during the grow ng season,
weekly during the dormancy treatnent
period and bi weekly until October
23, 1987.

St ock Performance Potential Tests

During January and February 1988
western hem ock and western red cedar
seedlings in all treatnments were assessed
for physiol ogi cal and morphol ogi cal
characteristics. Belowis a brief
description of the various stock
performance potential tests.

Needl e and root surface area

Surface area neasurenents were used to
determ ne the needle transpiration area
to root absorption area produced by all
speci es/treat ment conbi nati ons. Twenty-
five seedlings fromeach species/treatnent
conbi nati on were di ssected i nto workabl e
shoot and root sections and processed
through a Li-3100 (Li-Cor Inc.) area
met er. Anal ysis of variance and Tukey's
mean separation test were used to determne
treatnent differences within a species
(Steele and Torrie 1980).

Root growt h capacity

Standard soil/pot test.--Seedlings
fromeach speci es/treatnent conbi nation
were placed in pots (8 replicates with
3 seedlings per pot) containing a 3:1
m xture of peat and vermiculite plus
dolimite lime (2Kg m®) . Pots were
placed in a conpletely random zed design
within environmentally controlled (i.e.
22/ 10°C day/ ni ght tenperature, 55%rel ative
hum dity, 16 hr photoperiod at
200 mu nol s'! m?) growth roons.

Seedl i ngs were grown for seven days,

after which root devel opnent was
assessed using Burdett's (1979)
sem quantitative scal e.

Hydroponi _c t_est.--Root growh
capacity was al so assessed for all
speci es/treatnment conbinations in a
hydr oponi ¢ system Seedling root systens
were placed in a darkened aerated aquarium at
a water tenperature of 5° or 22°C and then
seedl i ngs were grown in a controlled
environnent growth room (i.e. 22°C air
tenperature, relative humdity 50% 16 hr
phot operi od at 650 nu nol s'!M2) for
fourteen days. Root devel opnent was
assessed in all species/treatnent
conbi nati ons (n=10) after fourteen days.
The root classification system used for
RGC testing was nodified fromthe
classification scheme outlined by Burdett
(1979). The root classification
categories are as follows: 0 = no
roots, 1 = new roots but none over .5
cm 2 =1to 3 new roots over 1 cm 3 =
4 to 10 newroots over 1 cm 4 =11 to 30 new
roots over 1 cm 5 = 31 to 50 new
roots over 1cm, 6 = 51 to 75 new roots
over 1 cm 7 = 76 to 100 new roots over
1 cmand, 8 = > 100 new roots over 1 cm
Anal ysi s of variance and Tukey's mean
separation test were used to determ ne
treatment differences within a species.

Frost hardi ness

Frost hardi ness was assessed for all
speci es/treatnent conbi nations at -9, -
12, -15 and -18°C test tenperatures. Frost
har di ness assessnent was conducted by t he
B.C. Mnistry of Forest and Lands, Surrey
nursery. The met hod used was standard
provincial procedure for the seedling
browni ng test (Sinpson Mo.F. L. personal
conmmuni cation). Seedlings from each
speci es/treatment conbi nation (n=40) were
divided into two groups and assessed in a
replicated experinent at the above nentioned
tenmperatures. Analysis of variance and
Tukey's nmean separation test were used
to determne treatnent differences within
a speci es.

OGsnotic potenti al

Pressure-vol ume anal ysis was used to
determ ne osmotic potential at
saturation and turgor | oss point for
al | species/treatment conbi nations. Six
replicates for each species/treatnent
conbi nati on were used for determ nation of
pressure-volune curves with techni ques
described by Hinckley et al. (1980).
OGsnotic potentials were then determ ned by
usi ng a software program (Schulte and
Hi nckl ey 1985). Analysis of variance and
Tukey' s nean separation



test were used to determ ne treatnent
differences within a species

Needl e resi stance

Needl e resi stance was used to
determi ne cuticul ar devel opment for al
speci es/treat ment conbi nations. Seedlings
were potted in a sand culture system
pl aced in the controlled environment room
(described in the root growth capacity

section), well watered for five days and
then allowed to slowmy dry down. Seedlings

were assessed for

needl e resi stance during

the tine they were well

wat ered and after

conti nuously nonitored base xyl em pressure

potentials had reached

Needl e resi stance
foliage cuvette with a
Li-Cor Inc.). For each
readi ngs were taken on

-1.5 MPa.

was neasured in a

poroneter (Li 6250,
measur ement period,
ten randomy

sel ected seedlings fromeach

speci es/treatnment conbi nati on. Readi ngs
were taken one to three hours after the
lights went off in the evening. At the end
of the experinent, sanple branches were
renoved and needl e surface area was
determned with a Li 3100 area neter

Anal ysi s of variance and Tukey's mean
separation test were used to determ ne
treatment differences within a species
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RESULTS
G owi ng season hei ght growth

Western hem ock seedlings in the
short-day treatments ceased shoot
el ongation by the end of the dornmancy
i nduction treatment, August 28, 1987
(Fig. 1). Seedlings in the |ong-day
treatments continued shoot extension unti
early Cctober. Short-day treatnents had
greater affect on the phenol ogy of shoot
growt h than noisture stress treatnents

Western red cedar seedlings showed
dormancy induction treatnents to have no
ef fect on shoot phenology or growh rate
(Fig. 1). Short-day and noisture stress
treatments did depress the rate of shoot
growt h, but not to any significant degree.

Needl e and root surface area

Western heml ock seedlings in the
LDWtreatment had significantly nore
needl e surface area than all other
treatments (Fig. 2). Seedlings in the
SDD and SDWtreatnents had the | owest and
second | owest needl e surface area
respectively. Root surface area was
simlar between all treatnents
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Figure 1.--Shoot |ength of western henl ock and
western red cedar seedlings subjected to the
dormancy induction treatments: a) |ong-day dry,

b) | ong-day wet,

c) short-day dry or d) short-

day wet. Treatnents (shown by arrows) were

applied fromJuly 20

1987 until August 29,

1987. Vertical lines indicate =+ 1 SE
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Figure 2. --Root and needle surface area (nean +
SE) of western hem ock and western red cedar
seedlings fromthe dormancy induction
treatnents: a) |ong-day dry (pp),b) |ongday wet
(tbw),c) short-day dry (sppyor d) short-day wet
(sow).Si gni ficant treatnent differences, for

roots or needl es,

det erm ned by Tukey's nean

separation test (p=.05) are shown by different

letters.

Western red cedar seedlings in the LDW
treatment had the hi ghest needl e surface
area (Fig. 2). Root surface area was
simlar between all treatnents.

Root growth capacity

Hydr oponi c root growth capacity (RGC)
data for western hem ock at 22° C shows the
sbbtreat ment produced nore new roots than
all other treatnents while the spwtreatment
produced the | east number of roots conpared
to other treatnments (Fig. 3A). In the
soi | / pot system Lbbtreatnent had a
significantly lower RGC (Fig. 3B). At 5° C
new root growth was greater in the short
day treatments conpared to the |ong day
treatments (Fig. 3A).

Western red cedar hydroponic RGC dat a
at 22° C shows new root growth was
greatest in the Lopwtreatnment and | east in
the spwtreatnment (Fig. 3A). There were no
treatment differences for seedlings
tested in the soil/pot system (Fig. 3B).
At 5° C new root growth was low in all
treatnents (Fig. 3A).

Frost hardi ness

Western hem ock seedlings in the Lpw
treatment had the greatest ampunt of needl e
danmage at all neasured tenperatures (Fig.
4). Seedlings in the

Lobtreat nent showed the second hi ghest
percent of needl e damage at | ower
tenperatures (i.e. -15 and -18° (.
Seedlings in the sbpwtreatnment had the
| east anount of needl e danage at | ower
t enper at ures.

Western red cedar seedlings in the Low
treatnent had the greatest ampunt of needl e
danage at all tenperatures (Fig. 4). At
| oner tenperatures (i.e. -15 and -18° C),
seedlings in the sbwtreatnent had needle
damage conparable to the Lowtreatnment. At -
18° C seedlings in the Lbptreatnent had the
| east anpunt of needl e damage.

Csnotic potenti al

Western hem ock seedlings in the sbw
treatment had the npst negative osnotic
potential, at saturated and turgor | oss
point, of all treatnments (Fig. 5).
Seedlings in the sbbtreatnment had a nore
negati ve osnotic potential at turgor |oss
poi nt conpared to Lbband Lbw,but not as
negative as spw.The Lppbtreatnent showed the
| east negative saturated and turgor | oss
point osnotic potentials of all treatnents.

Western red cedar seedlings showed no
statistically significant di fference
between treatnents at both saturated and
turgor loss point (Fig. 5). However,
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Figure 3.--Root growth capacity of western hem ock
and western red cedar seedlings tested in
hydroponic (A) or soil/pot (B) systens fromthe
dormancy induction treatnments: a) |ong-day dry
(LDD), b) longday wet (LDW, c) short-day dry
(SDD) or d) short-day wet (SDW. Significant
treatnment differences, at a tenperature, (nmean +
SE) in the hydroponic (A) system deternined by
Tukey's nean separation test (p=.05) are shown
by different letters. Significant mean
treatment differences in the soil/pot (B) system
determ ned by Duncan's nmultiple range test
(p=.01) are shown by different letters (SE of
pop. +/-.16 for western hem ock and +/.14 for
western red cedar).
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Figure 4.--Frost hardiness (nean + SE)of western
hem ock and western red cedar seedlings from
dormancy induction treatnents a) |ong-day dry
(LDD), b) long-day wet (LDW, c) shortday dry
(SDD) or d) short-day wet (SDW. Significant
treatment differences, at a tenperature,
determ ned by Tukey's nean separation test
(p=.05) are shown by different letters.



the noisture stress treatnment did cause a
slightly nore negative turgor |oss point
osnotic potenti al

wel |

Needl e resistance

Needl e resistance of well watered
western hem ock seedlings showed no

di fference between treatments (Fig. 6).
Under water stress conditions needle

resi stance was highest in the LDWand LDD
treatnments. Seedlings in the SDWtreatnent
had the | owest needl e resistance val ues
whil e SDD was slightly higher, under water
stress conditions.

Western red cedar seedlings, under
wat ered condi tions, showed no
difference in needle resistance between
treatments (Fig. 6). Under water stress
conditions seedlings in the SDD treatnent
had the greatest |evel of needle

resi stance. Seedlings in the SDWtreat nent
had t he second highest |evel of needle
resi stance under water stress conditions
while seedlings in the LDD and LDW
treatments had the | owest |evels of needle
resi stance.

DI SCUSSI ON

Western hem ock seedling devel opnent
in the nursery showed short days, applied in
early August, stopped shoot elongation,
while nmoisture stress
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did not. These results substantiate
conclusions froma simlar experiment
conducted in 1986 and reported at this
nmeeting (Arnott et.al 1988). Wstern red
cedar seedlings seasonal shoot height did
not show any response to nursery cultura
treatments. Apparently the cultura
treatments were not severe enough or were
not the proper environnental cues to change
shoot hei ght devel opnent.

A bal anced root/shoot ratio, or nore
accurately the absorbing surface to
transpiring surface ratio, is inportant in
reduci ng the devel opment of high seedling
water deficits caused when absorption | ags
behi nd transpiration (Kramer and Kozl owski
1979). This reasoning was used for
defining root and needl e areas as one of
the stock performance potential tests.
Results showed short-day and noisture
stress treatments reduced needl e surface
area in both species. Wstern henl ock
seedlings in the LDD, SDWand SDD treat nment
had progressively |ess needl e area,
respectively, while all noisture stress and
short -day treatnent conbinations in western
red cedar reduced needle area equally.

O her research has shown that short -days
(review of literature Arnott and M tchel
1982), noisture stress (Kraner 1969) or
both (D Aoust and Cameron 1982, Macey and
Arnott 1986) can alter seedling shoot

nmor phol ogy.
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Figure 5.--Csnmotic potential (mean + SE) of western

hem ock and western red cedar seedlings from
dormancy induction treatments: a) |ong-day dry
(LDD), b) long-day wet (LDW, c) short-day dry
(SDD) or d) short-day wet (SDW. Significant
treatnent differences, at saturated or turgor

| oss point, determnm ned by Tukey's mean
separation test (p=.05) are shown by different
letters.
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Figure 6.--Needl e resistance (nmean + SE) of western
hem ock and western red cedar seedlings from
dormancy induction treatnents: a) |long-day dry
(LDD), b) long-day wet (LDW, c) short-day dry
(SDD) or d) short-day wet (SDW. Significant
treatnent differences, within control or water

stress, determ ned by Tukey's mean separation
test (p=.05) are shown by different letters.

Root area in both species was simlar
in all nursery cultural treatnments. This is
contrary to the widely held belief that
nursery cultural practices which stop shoot
growth will result in a transfer of that
seedling growth potential partially into
root growth as well as into caliper and bud
devel opnent (Ledig et al. 1970, Tinus and
McDonal d 1979). Upon exam nation of
unreported norphol ogi cal data, nursery
cultural treatnents did not alter caliper
devel opnent in either species, but bud
devel opnent in western hem ock was inproved
in the SDD and SDWtreatnments. O her
researchers have al so found that arresting
shoot growmth with nursery cultura
practices did not result in reallocation of
seedling growt h potential into other areas
of measurabl e seedl i ng norphol ogy (Heide
1974, Burdett and Yamanpto 1986, Arnott et
al . 1988).

A quality seedling needs to have as
hi gh a root/shoot ratio as possible to
ensure optimumfield survival (Thonpson
1985). Thus, short-day and noisture stress
treatments in both species will inprove the
root/shoot ratio by reducing needle surface
area devel opnent but not through enhanced
root area devel oprent.

Results from root growh capacity
(RGC) tests differed dependi ng upon
testing procedure. As expected, under
optimal root tenperature conditions the

seven day soil/pot system produced fewer
roots than the fourteen day hydroponic
system i n conparabl e speci es/treatment
conbi nations. This difference between the
two testing procedures was due to study

I ength. Seedlings of both species tested at
22°C in the hydroponic or soil/pot system
showed statistically significant treatnent
differences in RGC cl ass. However, it is
questionabl e whether this difference is

bi ol ogi cally i nportant because all RGC
classifications were 5 or greater in the
hydr oponi c system and 4 or greater in the
soil/pot system Qutplanting studies
conparing RGC with field survival have
shown t hat above an RGC value of 1 to 3,
field survival is usually greater than 80
percent (Burdett et al. 1983, Dunsworth
1986, Burdett 1987). Thus, seedlings from
all species/treatnment conbinations produced
in this study have the potential for good
fieldsurvival

However, it must be asked whether this
testing method is a true representati on of
edaphi c conditions a seedling encounters
during early season planting. Seedlings are
normal ly planted in late winter or early
spring when soil tenperatures are just
above 5°C. An RGC test which exani nes root
responses at |ow root tenperatures m ght
provide a stress tolerance test that nore
effectively predicts nursery cultura
treatments influence on early root



growh in field planted seedlings. The | ow
temperature test showed western hem ock
seedlings in the SDWand SDD treat ments
produce RGC cl ass val ues whi ch have

predi cted good field survival in Pacific
Nor t hwest coastal conifers (Dunsworth 1986)
conpared to other treatnents, while western
red cedar seedlings did not show any
treatment differences. Further work needs
to be undertaken to determ ne whether a | ow
tenperature RGC testing procedure would
provi de useful information on seedling
performance as it relates to field site
condi tions.

Frost hardi ness testing was conducted
on seedlings during the late winter to
determine the |evel of frost tolerance
provided by the nursery cultural treatnents
Fi ndi ngs i ndicate that seedlings of both
species in the LDWtreatnent had the | east
frost hardiness. Qther researchers have
al so found that nonacclimtized seedlings
wi || devel op i nadequate frost hardiness
(Christersson 1978, D Aoust and Cameron
1982, Col onbo et al. 1982). Western henl ock
seedl i ngs devel oped greater frost hardiness
in the short-day treatnents, while western
red cedar devel oped greater frost hardiness
in the noisture stress treatments. Research
has shown short-day treatments can i nprove
frost hardiness (Tinms and Worall 1975,
Christersson 1978, D Aoust and Cameron
1982, Col ombo et al. 1982), while noisture
stress treatnents can inprove frost
hardi ness in some studies (i.e.Douglas-fir,
Tanaka and Timrs 1974, Bl ake et al. 1979)
but not in others (i.e. black spruce
D Aoust and Caneron 1982). This difference
in species frost hardi ness response to
cultural treatnents needs to be consi dered
when devel opi ng a nursery grow ng regime.

Interestingly, the conbination of
short-day and noisture stress was not as
effective in conferring frost hardiness as
just the short-day treatnent in western
hem ock and the noisture stress treatnment
in western red cedar. Wrk with bl ack
spruce has shown this sane response
(D Aoust and Caneron 1982). This |ack of
syner gi sm bet ween short -day and noi sture
stress to inprove frost hardi ness indicates
that the combined influence creates an
environnent too stressful for full frost
har di ness devel oprment .

Csnotic adjustnment in western henl ock
seedlings was greatest in the SDW
followed by the SDD treatnent. Western
hem ocks' osnotic adjustnment in the short -
day treatnent is an

i nteresting phenonmenon. Di ckson and Nel son
(1982) working with cottonwood found

short -day treatnments used to induce
dormancy increased the sugar levels in

| eaves. Sugars and organi c acids have been
shown to cause osnotic adjustnent in a
nunmber of species (GCsonubi and Davi es
1978, Sharp and Davi es 1979). Thus, the
short-day treatnment in western heml ock
coul d have pronoted increased sugar and
organi c acid production resulting in

i ncreased osnotic adj ust nent.

Western red cedar seedlings showed
only a slight osmotic adjustrment in the LDD
and SDD treatnents. Previously reported
work with conifer seedlings has shown
greater osnotic adjustnent in response to
nmoi sture stress (Kandiko et al. 1980,
Seil er and Johnson 1985, Bongarten and
Teskey 1986, Grossnickle 1988). For
western red cedar the problem seenmed to be
that the drying cycles were not |ong enough
to devel op sufficient seedling water stress
for greater osnotic adjustnent to occur.
Further work needs to be conducted to
devel op noi sture stress treatnents that
wi Il provide maxi mum osnotic adjustnent in
western red cedar with mninmm inpact on
other desirable seedling attributes.

Needl e resistance is a combinati on of
stomatal , mesophyl|l and cuticul ar
resi stances (Hinckley et al. 1978). As |long
as the stomata are partially open they are
the primary factor influencing needl e water
| oss. However, if the stomata are forced to
close (e.g. via seedling water stress
and/ or darkness) the subsequent neasurenent
of needl e resistance woul d represent the
cuticular resistance of the needles. This
was the working hypothesis devel oped for
the needl e resi stance stock performance
potential test.

Western heml ock under water stress
conditions (i.e. -1.5MPa) resulted in the
LDWand LDD treatnents having the greatest
| evel of needle resistance. At first glance
this would seemto be contrary to the
wor ki ng hypot hesi s. However, if needle
resi stance data i s exam ned in conjunction
with the osnotic potential data, it shows
that needl e resistance neasurements were
taken on seedlings that had never reached
the turgor loss point (i.e. range from-2.2
to -2.7 MPa). Thus, these needl e resistance
nmeasurenments were taken at a nediumlevel of
wat er stress for western hem ock. In this
condition the SDWand SDD treat ments
responded to the noderate water stress by
keeping their stomata open slightly during
the dark phase. Studi es have shown that
conifers



stomata, wunder low to npderate noisture
stress, can remain open during the dark
(Runni ng 1976, Bl ake and Ferrell 1977).

Western red cedar seedlings showed
hi gh needl e resistance in the SDD and SDW
treatments at the -1.5 MPa nmeasurenent
tinme. Western red cedar seedlings at this
neasurenent tine had daytine seedling water
stress exceed their turgor |oss point (i.e.
range from-1.8 to -1. 95 MPa) which
resulted in stomatal closure in al
treatnments. Thus, when stomata were cl osed
the cuticul ar resistance was highest in the
SDD and SDW treatnents. Seedling water
stress will produce seedlings with thicker
nore cutini zed needl es (Rook 1972), while
short-day treatnent in conmbination with | ow
tenperature have been found to reduce
seedling transpiration rates (Christersson
1972). Short-day and noisture stress
treatnents seemto reduce needle water |oss
in western red cedar

CONCLUSI ON

The intent of this stock quality
assessnent procedure was to develop a
testing systemthat would characterize
drought tol erance and avoi dance plus frost
har di ness and cold tol erance in western
hem ock and western red cedar seedlings.
This first approxi mati on shows that there
is merit to this approach because it
provided a good overall picture of how
seedlings, treated with different nursery
cultural regines, will respond to
potentially deleterious field conditions.
Further refinements of the needl e resistance
and | ow tenperature RGC tests are required.
Once refinements are incorporated,
foresters will be able to determ ne seedling
performance potential as it relates to both
optimal and del eterious field site
envi ronmental conditions.

The findings reported show dayl ength
and noi sture stress nursery cul tural
treatnents, as applied in this study, can
i nfl uence the physiol ogi cal and
nor phol ogi cal characteristics of western
hem ock, but only some norphol ogi cal and
physi ol ogi cal characteristics of western
red cedar seedlings. Western hem ock
seedlings in the SDWand SDD treatnents and
western red cedar seedlings in the LDD and
SDD treat ments had the best overall stock
performance potential grade fromthe stock
qual ity assessnent procedure devel oped in
this study. Further work is required to
devel op nursery cultural treatnments that
properly nmodify the seedlings physiol ogica
and nor phol ogi cal characteristics desired

for inmproving establishnent on
reforestation sites.
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