Some Effects of Cold Storage on Seedling
Physiology:
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Aostract. --Wen tree seedlings are lifted fromthe nursery in wnter
and placed into cold storage they are no | onger exposed to the natural
envi ronnental factors whi ch provide energy for growth and infornation for
phenol ogi cal devel opnent. This affects many inportant
physi ol ogi cal variabl es which influence seedling quality. This paper
sunmari zes several years of storage physiol ogy research on Dougl as-fir
(Pseudot suga nenziesii (Mrb.) Franco) conducted by Wyerhaeuser

Conpany.

Sored carbohydrates are depl eted, dornancy rel ease is slowed, and cold
hardiness is gradually lost in cold storage. Root growth potential may
i ncrease, decrease or remain constant depending on lift date, storage
duration and species. Bfects of cold storage on seedling water rel ations
have not been adequately investigated.

| NTRODUCT! ON

Cold or frozen storage of planting stock
enabl es nurserymen and foresters to bridge the gap
between fall or winter lifting and spring
pl anting. Because of this it has beconme an
i nval uabl e tool in forest regeneration operations
in the Pacific Northwest.

I'n the natural outdoor environment tree
seedl i ngs are exposed to strong diurnal fluc-
tuations in air and soil tenperature, |ight
intensity and duration, soil and atnopspheric
wat er status, and other factors. Over the
mllenia tree speci es have adapted to use these
factors as sources of both energy for growth and
information for driving phenol ogi cal devel opment
(Canpbel | 1978).

Wien seedlings are lifted fromthe nursery
or greenhouse and placed into cold, dark storage
they no | onger experience these environnental
changes. Rather, tenperature
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remains | ow and constant, light is absent, and
hum dity is very high.

Thi s paper will consider sone inportant
physi ol ogi cal processes and variabl es and outl i ne t he
manner in which they respond to the cold storage
environnent. It is based alnost entirely on our
research and experience with coastal Douglas-fir
(Pseudot suga nenziesii (Mrb.) Franco) seedlings
at Weyer haeuser. \When avail abl e and perti nent,
data from other conifers are also cited. The
focus of the reviewis on seedling quality.

PHYSI OLOG CAL VAR ABLES AFFECTED

Enuner abl e physi ol ogi cal processes and
vari abl es affect seedling physiological quality.
Among those which are strongly affected by cold
storage are: (1) carbohydrate reserves, (2) bud
dormancy status, (3) root growh potential, (4)
cold hardiness, and (5) water relations.

Car bohydr ate Reserves

Nearly all plant food reserves are stored
in the formof starch and sugars. These are
produced ulti mately by photosynthesis and are
consunmed by respiration to sustain plant growh
and net abolism Both photosynthesis and
respiration are strongly tenperature dependent

and photosynthesis requires |ight.



Col d storage inpacts photosynthesis and
respiration in two ways. First, absence of |ight
stops photosynthesis; second, |ow tenperature
decreases the rate of respiration. The net effect
is that seedlings burn up their supply of reserve
carbohydrates in storage - but they do so very
slowmy. In an experinent with 2+0 Dougl as-fir,
total non-structural carbohydrate (TNC)
concentrations in January were highest in foliage
(Ritchie 1982). During the first two nonths of
storage foliar TNC was respired nore rapidly than
stemor root TNC (fig. 1.). During the follow ng
10 nmonths a near-linear decrease in TNC occurred
inall tissues - the result being that during one
year the seedlings had consurmed roughly half their
food reserves. Storage tenperature also affects
the rate of |oss of food reserves. Douglas-fir
seedl ings stored at -2°C contained about 2.5 ng/g
nmore TNC after 6 nonths than did those stored at
+2°C (Ritchie, unpublished data).

It would be valuable to know how nmuch food
reserve i s necessary to ensure survival and
adequate early growh but this information is
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Figure 1.--Changes in total nonstructural
car bohydrate concentrations in foliage,
stens, and roots of 2+0 Douglas-fir
seedlings lifted January 27, 1978 and
stored at -1°C. Vertical bars = + 1
standard error. Reproduced with perm ssion
from Canadi an Journal of Forest Research
12(4): 908, 1992.

not yet available. As a first approxination, 10
to 12 ng/g mght be a reasonable estimte.

Bud Dor mancy St at us

By late fall (Cctober) in the coastal
Paci fic Northwest, conifer seedlings normally wi |l have
reached the peak of dormancy (Lavender 1985). As
wi nter progresses, continual exposure to
tenperatures bel ow about 6°C (chilling) acts to
rel ease dormancy. By March dormancy release is
conpl ete and seedlings will break bud and begin
grow ng upon exposure to warm spring-like
condi tions.

This progress through dornancy to dornancy
rel ease can be visualized by plotting a "Dormancy
Rel ease I ndex" (DRI) curve over the accumul ation
of hours of chilling tenperatures. DRI for
Dougl as-fir is calculated as the nunber of days
to term nal budbreak of seedlings held in a warm
forcing environnent (DBB) divided into 10
(Ritchie 1984). As dornancy rel ease progresses
through winter the DRI val ue approaches unity.
This relationship is shown for 2+0 Dougl as-fir
seedl i ngs of four seed zones in figure 2.
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Figure 2. --Dornmancy rel ease i ndex in 2+0 Dougl as-
fir seedlings as a function of natural
(nursery) chilling. Data are for the winter
of 1979-1980. Each point is a nean (%
standard error) of 15 seedlings held in a
forcing environment. A chilling hour is
defined as one during which the air tem
perature is bel ow 6°C. Reproduced with
perni ssion from Canadi an Journal of Forest
Research 14(2): 188, 1984.




When seedlings are lifted fromthe nursery
and placed into cold storage several things
occur which affect this relationship. First,
seedl i ngs are exposed no longer to daily fluc-
tuating light and tenperature; and second, they
are held at a tenperature which is apparently not
very efficient at rel easing dornancy. The net
effect is that dormancy rel ease does occur - but
at a nuch reduced rate.

In the experinment illustrated in figure 3 we
|ifted Douglas-fir seedlings on four dates during
winter and determned their DRI value. These are
plotted as circles on the figure. W then held
back sanpl es of these seedlings for storage at -
1°Cfor two [ [] ] and six [ ~ ] nonths, then
removed them and agai n determ ned the DRI val ues.
I n each case, seedlings were far nore dornant
foll owi ng storage than they woul d have been had
they been allowed to renain in the nursery beds.
Simlar experinments were perforned with | odgepol e
pi ne (Pinus contorta Dougl.) and interior spruce
(Picea gl auca-engel mannii conplex) with simlar
results (Rtchie et al. 1985) suggesting that this

may be a relatively conmmon response in many
coni fers.

The practical inplication of this
phenonenon is that one can lift stock in fall or
winter when it is dormant and hold it in a
dornmant condition well into spring for spring
planting. It is primarily because of this
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Figure 3.--Dormancy rel ease index in 2+0 Dougl as-
fir seedlings froma western Oregon Cascade
seed zone during w nter of 1979-1980.
Seedlings were lifted at four tinmes during
winter and stored at -1°C for 2 or 6 nonths.
Chilling sumis the sumof nursery chilling
plus hours held in storage. Reproduced with
perm ssi on from Canadi an Journal of Forest
Research 14(2): 188, 1984.

rel ati onship that cold storage works as well
as it does.
Root Growth Potenti al

Root growth potential (RGP) is not a
physi ol ogi cal process per se. However, it
i ntegrates nmany inportant physiol ogi cal processes
in the seedling and, for this reason, has become
a popul ar and useful indicator of seedling vigor.
The rationale is that if there is any problem
with the seedling physiologically it should show
up as a decrease in the seedling's ability to
produce roots.

RGP is strongly affected by cold storage.
In 2+0 Dougl as-fir a very clear pattern has
emerged over several seasons of testing. RGP is
lowin fall and early winter, increases and peaks
in Decenber and January, then decreases in
February to a lowin March. Wth respect to cold
storage: two-nonth storage is nearly always
beneficial - the greatest benefit being gained
with fall and early-winter lifted stock, while
six-nonth storage is rarely beneficial -
especially when stock is lifted in late winter
or spring.

This relationship is apparently not
uni versal, however. In a study with | odgepol e
pine and interior spruce (Ritchie et al. 1985)
quite different patterns were observed (fig. 4).
The reasons for these differences are not
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Figure 4.--Root growth potential (nunmber of new
roots per seedling) of 2+0 | odgepol e pine
and interior spruce seedlings lifted
t hroughout winter froma central British
Col unbi a nursery. Seedlings were tested
imredi ately after lifting and after 2 and 6
nonths in -1°C storage. Each value is a
mean (standard error) of 20 seedlings.
Reproduced with permnission from Canadi an
Journal of Forest Research 15(4): 639,

1985.




known and until the underlying mechani sns driving
RGP are understood it will probably be necessary to
develop this information for each species and,

per haps, each nursery as well.

Col d Hardi ness

A seedling's ability to endure subfreezing
tenperatures varies dranatically over the course of the
year. In summrer exposures to -5°C are sufficient
to kill Douglas-fir seedlings. But in md-wnter
these sanme seedlings can easily wthstand tenperatures
bel ow -20°C. Wth hardi er northern species such as
white spruce (Picea |lauca (Mench.) Voss) and
| odgepol e pine, mdw nter hardi ness can approach
-80°C.

Har di ness develops in fall in response first
to shorteni ng phot operiod then to increasing
exposure to cold nights (G erum 1985). As nights
becone increasingly col der, seedlings becone
nore and nore hardy. |ncreasing photoperiod and
hi gher tenperatures in spring cause seedlings to
| ose hardiness rapidly. This is why late frosts
can be so danmmgi ng.

Table 1. -- Estimted val ues of

One woul d suspect that renoval of a seedling
fromthese environmental signals by placing it in
cold storage would interfere with the devel opnent
of natural hardiness. Further, since carbohydrate
reserves undergo a net | oss during storage and since
har di ness devel opnent requires an expenditure of netabo-
lic energy, one would expect a | oss of hardiness
with tine in storage.

Unfortunately, very little infornation
exists on the effect of cold storage on hardi -
ness in tree seedlings. However, the linmted data
whi ch do exist (table 1) tend to confirm the
above predictions. Seedlings lifted early in
wi nter while hardiness was devel opi ng did not
continue to harden in storage - rather they slowy
| ost hardiness. Seedlings lifted in spring
continued to de-harden in storage.

More research is needed on this question for
it has inmportant inplications. Suppose, for
exanpl e, that seedlings are fall-lifted for md-
winter planting. If they have not devel oped
adequat e hardi ness before lifting and are planted
on a very cold site they m ght suffer
consi derabl e wi nter damage. One

LT50 (deg. O for |odgepol e pi ne and

interior spruce seedlings at time of lifting and following 2 or
6 months in storage at -1°C. Reproduced with perm ssion from
Canadi an Journal of Forest Research 15(4): 640, 1985.

Storage Lodgepol e Interior
Date Lifted Peri od Date Tested Pi ne Spr uce
(nmont hs)
Oct ober 4, 1982 0 Oct ober 4, 1982 )
(-20) (-26)
2 December 4, 1982 (-14) - 27
6 April 4, 1983 -14
Novenber 1, 1982 0 Novenber 1, 1982 - 29 -30
2 January 1, 1983 - 26 - 26
6 May 1, 1983 -20 -25
March 28, 1983 March 28, 1983 .18 <-18
2 May 28, 1983 (-11) <-18
6 Sept enber 28, 1983 -7 <-18

1750 = lethal tenperature for 50%of the test popul ation.
2 Val ues in parentheses are extrapol ati ons, others are interpol ations

of percent injury over tenperature curves fromwhol e-plant freeze tests.



wonder s how nuch overw nter danmage can be
attributed to this cause. On the other hand,
seedlings which are lifted in winter can be held
well into spring for high elevation planting
where exposure to | ow tenperatures i s expected.
In the table 1 data, for instance, seedlings
lifted in Novenber were still hardy to -200 or -
250C when tested the fol |l owi ng May.

Water Rel ations

Seedling water relations are very conpl ex and
a conpl ete discussion is far beyond the scope of
this paper. Suffice it to say that during md-
winter conifers exhibit very "favorable" water
relations properties -- i.e. they are able to
tolerate substantial desiccation of both tops
and root systens without incurring appreciable
damage (Ritchie and Shula 1985, Ritchie 1986). By
spring (March) when growth begins, water
relations properties shift abruptly to a far |ess
favorabl e status and seedl i ngs becone very
sensitive to waterrel ated stresses. The success
of the midwinter Iifting wi ndow may be due in part
to these highly favorable seedling water
properties.

The question is: what effect does storage
have on seedling water status? Do seedlings
mai ntain favorable water status in storage or
does water status deteriorate? Unfortunately
this question has not been researched. One m ght
specul ate, however, that since carbohydrates are
depleted in storage, and since water rel ations
reflect osnotic relations which depend to a degree
on dissol ved carbohydrates in the cells, that we
woul d see a gradual deterioration of seedling water
status with time in cold storage. This might par-
tially explain why storage beyond six to nine
nonths al nost invariably results in poor
performance of planting stock. This is an in-
teresting and inportant question and deserves to
be investi gated.

SUMVARY AND CONCLUSI ONS

When tree seedlings are held in cold, dark
storage for prolonged periods of time they are
separated fromthe sources of environnental
energy and information they need to develop in
synchrony with the changi ng seasons. This
af fects many inportant physiol ogical processes
and vari abl es.

Ef fects of cold storage on dormancy
rel ease, carbohydrate depletion and root
grow h potential have been studied and are
reasonably wel |l understood - at least in an

enpirical sense. Effects on sone other inportant
vari abl es such as col d hardi ness and water
relations are | ess well known.

On bal ance, positive effects of cold
storage heavily outwei gh negative effects, hence
it has becone a w despread and very useful
practice throughout nost of the Pacific
Nor t hwest .
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