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Abstract.--The objectives of this study were to deternine the
effects of el evated tenperature and exposure tinme on the physiol ogy
and survival of post-cold stored white spruce (Picea glauca (Mench)
Voss.) seedlings, and whet her such effects could be detected quickly
physiologically prior to planting. Foliage and root tenperatures
| agged behi nd anbi ent tenperatures after transfer from storage (-
2°C), to thawing (5°C), and fromthawi ng to heat treatnments (10, 20,
30, 40°C). Although no visible seedling damage was apparent after 12
h at 40°C, danage was 32% after 24 h. Seedling nortality was 489

after 48 h, and reached 100' 6 after

72 h. A 30, 20 and 10°C no

seedling nortality was observed for 24, 72 and 96 h respectively.
Root Growth Capacity was poor in treated seedlings show ng poor
survival after planting. Seedling nortality of over 10% from el evat ed
tenperatures may be detected in about 24 h from specific

conductivity of tissue |eachates.

This test, however, does not

predict significant non-lethal heat stress tissue damage of seedlings
prior to planting. Exposure of seedlings in boxes to tenperatures

above 10°C is not recommended.

| NTRCDUCTI ON

Survival of conifer seedlings after planting
depends on their physiological state prior to storage,
at the tine of planting, and upon planting site
conditions (Ritchie 1984; Duryea 1985). After lifting
seedlings may be culled, counted, stored,
| oaded in and out of transporters, tenporarily stored
inthe field and finally planted (Trewin 1978). During
these operations seedlings may be exposed to a range of
stresses including drying or freezing, nechanical
damage to shoots and roots through inpact (Trew n
1978; Tabbush 1986), and heating (DeYoe et al. 1986).
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Exposure of conifer seedlings to heat nay have a
nunber of effects on seedling physiol ogy and subsequent
survival including stress netabolism (Haard 1983),
excessive expenditure of food reserves (Mattsson 1986;

R tchie 1984; Puttonen 1980, 1986), and |oss of cold
hardi ness (Levitt 1980). Stress due to heat increases
with tenperature and duration of exposure (Levitt 1980).

Al t hough extrene heat results in rapid, extensive
tissue death, the effects of nore nopderate heat stress
on seedling vigour are not always visible and are
usually only mani fested after the stock has been pl ant ed
(Kauppi 1984). Determning seedlings vigour status using
potting trials often takes too long for the
nurseryperson to make a decision about stock quality
bef ore shipnent to the planting site. However, sone
physi ol ogical attributes may be detected which reveal
rel ati onshi ps between stock quality and subsequent
survival after planting (Wakely 1948; Zaerr 1985).

This study reports: i) the anount of heat stress
whi ch can be applied to white spruce seedlings after
cold storage w thout a decrease in survival or vigour,
ii) and whether the results of heat stress can be
detected by physiological tests prior to planting.
Results indicate the tolerance of the test seedlot to
heat stress during thaw ng, pre-shipnent storage,
transportation, or storage at the planting site.




METHODS OF | NVESTI GATI ON

Gener al

White spruce 1-0, PB313 styroblock containerized
seedlings (seedl ot Sw, 8504, 87G09005), destined for
spring planting in northeastern British Colunbia, were
grown under operational conditions at a nursery near
Vancouver, British Colunbia in 1987. Seedlings were
lifted in late Novenber 1987 and cold stored (-2°C) at
the Mnistry of Forests, Research Laboratory, GQyn
Road, Victoria, B.C.

Waxed cardboard boxes (36x14 in.) were |ined
with a wax paper bag and seedlings were packed, 500 to
a box in bundles of 20 with plugs wapped in plastic.
Boxes were then sealed with tape so that they could be
reopened to renove sanpl es.

In the spring of 1988 physi ol ogi cal neasurenents
were made during two tinme intervals because of the
short sanpling period and avail abl e growt h chanber
space. Each period included an 8-day thaw at 5°C
followed by up to 96 h heat. The first sanple period
began on April 11, 1988 and the second on April 26.

Sanpl es were taken of frozen seedlings, and
seedl i ngs which had been thawed for 8 days. Follow ng
the thaw period seedlings were placed into the randomy
assigned tenperature treatnments, 5, 10 and 40°C during
the first experinental period and 20 and 30°C during the
second. Seedlings were sanpled and nmeasured after 12,
24, 48, 72, 96 h.

The tenperature inside boxes was recorded
constantly throughout the experinent with thernistors
noni tored by a Canpbel | CR10 datal ogger. Each box
contained three tenperature probes neasuring foliage,
and root tenperatures of inner and outernpst seedling
bundl es.

Each tenperature treatnment was represented by only
one growth chanber because of limited equi pnent
availability.

Speci fic Conductivity of Leachates

The amount of electrolyte | eakage fromtissues is
a relative neasure of the degree of cell nenbrane damage
caused by exposure of seedlings to stress (i.e. low or
hi gh tenperatures). The nethod used here is nodified
fromvan den Driessche (1976) and Burr et al. (1986).

Measurenents were nade after 24, 48, 72 and 96
h. Fifteen seedlings were divided at randominto three
replicates of five seedlings. The niddle 8 cm section
of stem of each seedling was cut into 15, 0.5 cmstem
segnments. Three segnments were randonmly selected from
each of the five seedlings and placed in a covered test
t ube.

Needl e segnents 1 cmlong, cut at both ends,

were taken fromone side of the stemof each
seedling. Al needles renoved fromone seedling were
m xed and subsanpl es of needl es fromeach of five
trees in each replicate conbined to give an

approxi mate final weight of 0.7 g.

During preparation the stemand needl e segnents
were kept in snall plastic petri dishes on noist filter
paper before transferring themto test tubes. Deionised
wat er was added to the tissue segnents in a ratio of
10: 1 by weight. The specific conductance of the
| eachates were determned with a Radi ometer CDVB3
Conductivity neter after 24 h in a water bath at 25°C

Root Growth Capacity

Root Growth Capacity (RGC) tests were conducted
on 16 seedlings renpved; i) directly fromcold storage
ii) at time zero of the treatnment period (end of thaw)
and, iii) after 48 and 96 h. For the 20 and 30°C heat
treatments tests were also conducted after 24 h. Test
conditions were carried out according to B.C. Mnistry

of Forests standards for white spruce, (400 9nol -2 s
30°C day/ 25°C night, 75%H and a 16 h |ight period.
Pots, containing a peat/vermculite mxture (pH 5.7)
were watered to field capacity at tinme zero and after 5
days. After a test period of 7 days the nunbers of roots
>1 cm produced during the test were counted and the | ndex
of Root Growth calculated (IRG (Burdett 1979).

Survival of Heat Treated Seedlings

Imedi ately after treatnment seedlings were
planted on site at the Gyn road Research Laboratory.
Seedlings were planted in a conpletely random zed
design. No water or fertilizer was applied.

Seedl i ngs were evaluated for nortality and
damage two nmonths after planting. A seedling was
consi dered dead if needl e danage extended over the
whol e shoot. Danmge (between 10 and 90% to each
seedling was scored as a percentage of the total plot
sanpl e (50 seedlings) if the seedling was not dead.

RESULTS AND DI SCUSSI ON

Tenperature inside boxes did not i mediately reach
target levels (Figs. 1 and 2). This lag tine, my
account for the surprising tolerance of this seedlot at
the highest heat treatment. The 40°C treatnment
tenperature was not reached until alnpbst 20 h after
treatment started, but was about 36°C within 6 h (Fig.

1) and over 30°C within 3 h. There can also be a
differential heating rate up to 8 h between outer and
inner bundles in an box (conpare Fig. 1 to Fig. 2).
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Figure 1. Foliage tenperatures (°C) inside boxes

during both experinental treatnment periods,
fromApril 18-22 (40, 10, and 5°C) and May 02-

06 (20 and 30°C).
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Figure 2. Root tenperatures (°C) inside boxes during
bot h experimental periods, fromApril 18-22
(40, 10 and 5°C) and May 02-06 (20 and 30°C). A
bundl e fromthe centre of the box was nonitored.

Sur vi val

Tabl e 1 shows the percentage of danmge (D)
and nortality (M of treated seedlings 2 nonths after
planting on a noist site. Murtality was <4% and there
was no danmge to |live seedlings which were planted
after renoval fromcold storage (2°C), and after
thawing at 5°C for 8 days. After 96 h at 5, 10 and
20°C nortality was <10% and danage was zero.

Mortality and damage increased with | ength of
treatment at 30 and 40°C. A 30°C nortality was <10% up
to 48 h but increased to 18 and 409 at 72 and 96 h.
A 40°C visible damage was observed at 24 h and
nortality was 489 by 48 h and 100% by 72 h.

Root Growth Capacity

Figure 3 shows that the Index of Root Gowh
(IRG was acceptable by operational standards over
the thawi ng period and there was no significant

Table |I. Percentage of field nortality (M and damage
(D) to white spruce seedlings resulting from
heating for up to 96 h. Dashes indicate damage
or nortality was <4%
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change over the treatnment period at 5, 10 and 20°C. A
the start of the heat treatnents | RG was about 3.5,
after 48 h at the 30 and 40°C treatnents | RG had
decreased to 2.5 and to 0.2 respectively. Only a
slight decrease in I RG was noted i n seedlings which
received 20°C for 96 h, but |RG decreased to 0.5 at
30°C and was zero at 40°C.
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Figure 3. Index of Root Gowh (IRG of white
spruce seedlings after treatnent at five
storage tenperatures (5, 10, 20, 30 and
40°C) for up to 96 h.

Figures 4, 5 and 6 show roots on seedlings at
10°C and 30°C for 96 h and 40°C for 48 h. Seedlings in
the latter two tenperature treatnents had visible shoot
danage conpared with those which were held at 10°C for
96 h. A conparison of Table I and Figure 3 indicates
that | RG data seemto reflect quite well the field
survival results.



Figure 4. Root devel opnent after an RGC test of
seedlings previously treated to a 10°C
storage tenperature for 96 h. There was no
vi si bl e damage to stens or needl es. Buds were
f1 ushi ng.

Figure 5. Root devel opnent after an RGC test of
seedlings previously treated to a 30°C storage
tenperature for 96 h. Considerable
di scol ouration of stems and needl es was noted
in sone seedlings. Buds were not flushing.

Figure 6. Root devel opnent after an RGC test of
seedlings previously treated to a 40°C
storage tenperature for 48 h. Discolouration
in many stenms and needl es was severe. Buds
were not fl ushing.

Speci fic Conductivity

Specific conductivity of |eachates fromstem
segnents increased with length of treatment and
tenperature (Fig. 7). At 40°C specific conductivity
increased after 48 h indicating cell damage (Fig. 7).
At 20 and 30°C cell dammge occurred after 72 h
treatment. (Actual tenperatures inside boxes are shown
in Figures 1 and 2).

o

L

TREATMENT CODE

/s
O 10°%c A 20%
X3 30°C @R 40°C

©
0 -
L1

0.8 o

o
~
1

© 00O

[FEFS

TN S 1
|

$.2 A

SPECIFIC CONDUCTIMITY (:.JS)
[}
o
]

©
.

O

5 24 48 72 36
TIME (kRN

Figure 7. Specific conductivity (uS) of |eachates

from stem segments of white spruce after
holding intact seedlings in five treatnent
tenperatures up to 96 h. Segments were soaked
in 10 tines their fresh w. (g) of deionised
wat er for 24 h.

Speci fic conductivity of |eachates from needle
segments (Fig. 8) increased in 30 and 40°C treatnents
indicating tissue damage after 72 h. A 20°C an effect,
al t hough slight, was also noted after 72 h. However,
this did not increase' further after 96 h. At 5 and 10°C
no change occurred up to 96 h.
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Figure 8. Specific conductivity W5) of |eachates from
white spruce needl e segnents after hol di ng
intact seedlings in five treatnent
tenperatures for up to 96 h. Segnents were
| eached into 10 tinmes their fresh w.(g) of

dei oni sed water for 24 h.



Measur enent of | eachate conductivity fromtissues
may be useful to assess stock quality quickly (24 h)
after damage from excessive heating. Conductivity has
been used to assess other types of physiol ogical stress
e.g. frost danmge (Colonbo et al. 1984) for sone tine.
However, the test at present seens to |l ack sensitivity.
Bel ow 48 h heat treatnents did not result in a
detectabl e increase in | eachate conductivity (Figs. 7
and 8) despite significant visible seedling danage
after outplanting (see 30°C after 24 h, Table 1).
Results indicate nortality of greater than 10%is
detect abl e. However, the amount of | eachate detected
increases with time within a specific treatnent
tenperature and continues to increase even after
nortality has reached 100% (c.f. Table 1 and Figures 7
and 8 at 40°C at 72 and 96 h). Measurenent of | eachates
from stem segnents appears to be a nore sensitive
i ndi cator of heat damage than from needl e segnents.
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