Monitoring Viability of Overwintering Container Stock
in the Prairies - An Overview
of a Five Year Lodgepole Pine Study'

lan J. Dymock?

Abstract. Overwintering viability of first year
cont ai neri zed | odgepol e pi ne seedl i ngs was noni t or ed
using a series of nDrPhologlcal assessnent s, dor nancy

tests and freezing to

erance(col d hardi ness) tests.

Resul ts presented outline the phenol ogy of dormancy and
col d hardi ness devel opment. The inpact of environnental
factors is discussed in relation to the overw ntering

Success.

I NTRCDUCTI ON

This presentation will provide some
insight into the study results obtai ned
fromour research on nonitoring viability
of overw ntering container stock. W have
been working with five species of conifer
seedlings that are grown for reforestation
purposes on the Canadian prairies. At this
time, | will restrict ny talk to our
| odgepol e pi ne data

I'n a production nursery situation
where containerized stock is to be over-
wi ntered outdoors, nursery personnel can
rely on the shortening natural photoperi od,
during the latter part of the summer, to
initiate the onset of dormancy in their
seedlinﬂs. The gradual reduction in the da
and night tenperatures triggers the gradua
devel oprrent of col d hardi ness.

Wiil e the induction of dornmancy and
col d hardi ness i s achi eved under anbi ent
conditions, it often nmust be achieved in a
relatively short period. This is part-
icularly true for nurseries in cold tem
perate regions, where early frosts can be a
serious probl em
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It is therefore inperative, for the
nursery personnel to have a good under -
standin? of the basic physiology involved in
successful overw ntering of container
seedlings. It is also inportant for staff to
have rapid and reliable tests at their
di sposal in order to nonitor the devel oprent
of dormancy and cold hardiness in their
seedl i ngs.

Qur study on overw ntering ﬁhysiolo%y
had three purposes then, in light of the
precedi ng di scussi on

1. To evaluate methods for the deter-
mnation or testing of seedling
dormancy and col d hardi ness.

2. To investi%?Ie the rel ati onshi ps between
t erm nal uds, the sten{canmbiun) and
roots, and the phenol ogy of dormancy and
cold har di ness devel oprent during
overwi ntering.

3. To provide a better understandi ng of the
basi ¢ physi ol ogy of overwintering in
conifer seedlings that could aid in the
devel opnent of inproved nursery
nmanagemnent practi ces.

The results presented will provide you
wi th an overview of five year's efforts in
this study.

MATERI ALS AND METHCDS Rearing and sanpling
schedul es

Seedl i ngs of | odgepol e pi ne( Pi nus
contorta var. latifolia Engelm) were
reared in SpenCer-Lenmaire F ves according
to the nethods of Carlson(1983), using
schedul e 2 for hardi ness zone 3.



Details of the rearing and sanpling
schedul es can be found in Dynock and
Dendwi ck( 1987, 1988).

Mor phol ogi cal assessnents

The nor phol ogi cal assessnments nade at
the initial time of sanpling included the
foll owi ng: hei ght and root collar dianeter
measur enents; visible danage assessnment of
seedl i ng shoots, needles, buds and roots
shoot and root fresh(FW and oven dry
wei ght s(DW; cal cul ation of seedling
shoot/root ratios(S/R) based on fresh and
dry weights; and the cal culati on of shoot
and root npisture content.

Dor mancy tests

Dor mancy tests were conducted on
stens(canbi um using the oscill oscope-
/ square wave deformati on(SWD) techni que of
Ferguson, Ryker and Ballard(1975), but
usi ng the coding system of Dynock and
Dendwi ck(1987).

Root dornmancy was nonitored using the
root growt h capacity(RGC) nethod of
Burdett(1979) and the scoring systemfor
estimating the nunbers of new roots over
one cmin |ength.

Shoot (bud) dormancy was nonitored by
determining the time to bud break (TTBB)
using conditions simlar to those used in
the RCGC test. Seedlings remained in the
greenhouse until all buds had broken and
seedlings were fully flushed. The average
nunber of days to conplete bud break(TTBB)
were then cal cul at ed.

Freezing tol erance tests

Initial tests were carried out during
1983-84 using rapid freeze/thaw cycl es
Whol e seedlings in containers were placed
in cold roons or freezers set at -5C, -10C
and -15C for 6, 24, or 168 hr. Contro
seedlings were left at 20C. At the
designated tinmes, seedlings were rapidly
brought to room tenperature, subjected to
oscill oscope/ SWD testing and then nmoved to
t he greenhouse

Four weeks | ater, shoots and roots were
assessed for visible damage. Shoot and root
assessnments were added to yield a seedling
survival rating. Seedlings rated -5 or
hi gher, were considered survivors, while
those rated below -5 had little chance of
survival .

The rating systemused to assess
vi si bl e damage to shoots and roots, was
nmodi fied fromthe one previously report ed
by Dynock and Dendw ck(1987). It has been
nmodi fied to nore accurately reflect degrees
of dammge, and is as foll ows:

Rati ng Synptoms of pine shoot damage

0 No vi sible damage to the shoot
termnal, stem or needl es.
-1 Term nal bud alive; no apparent
st em damage; < 20% dead needl es
-2 Term nal bud alive; no apparent
st em danmage; 20- 50% dead needl es
-3 Term nal bud alive but shows

sonme damage; 50- 90% dead needl es.
-4 Term nal bud dead; nost of upper stem
and | ateral branches dead; < 10%
live needles, nost of them energing
fromlower stem area
-5 Shoot conpletely dead; no living
tissue present.

Rating Synptons of pine root damage

0 More than 10 new roots > 10 cm
| ong; many white root tips.

-1 4-10 new roots > 10 cm | ong.

-2 1-3 new roots > 10 cm | ong.

-3 Sone new roots, but none > 10 cm
| ong; sone white root tips

-4 No new roots or white root tips;
sone | oss of turgor in old roots.

-5 No live roots; roots dark brown

to black in colour; no turgor;
bacterial /fungal growth evident.

Suppl enental freezing tol erance tests
were carried out during the 198485, 1985-
86 and 1986-87 seasons. Whol e seedlings in
containers were subjected to -5C, -10C and
-15C for 24 hr periods only. Controls were
mai nt ai ned at +5C

After 24 hr, seedlings were rapidly
t hawed and brought to room tenperature.
Conductivity testing of shoots and roots
was done using the nmethod of Col ombo, Webb
and d erunm(1984) but with those
nmodi fi cations reported by Dynock and
Dendw ck(1987). Seedlings were also potted
and returned to greenhouse conditions for
Yisible damage assessnents four weeks
ater.

From the conductivity test results, the
mean percent relative conductivities of
shoots and roots were cal cul ated. The index
of injury for each set of shoots and roots
fromeach freezing tenperature was then
cal cul ated according to Col onbo et. al.
(1984)

Envi ronment al paraneters

Weat her records were collected over
each overwintering period. These include
the period from the tine seedlings were
moved outdoors to the shadefranes, unti
the follow ng spring.

Shoot tenperatures(at bud height),
root plug tenperatures, and air tenper-
atures at 1.8 netres, were routinely



nmoni tored using a Canpbell Scientific CR

. . . 4.0
7 M crol ogger equi pped with copper - r
const ant an thernocoupl es. a0} 1982-1983 Je.0
45.0
) Long termrecords, and corroborating 2.0} 4 4.0
daily records fromthe closest I|ocal 4s3.0 g
weat her stations, were obtained, fromthe 1.0} 2.0 H
Canadi an Climate Control Centre of 18 3
Envi ronment Canada(Downsvi ew, Ont.). ook, o]0 i
I s.0f 3
RESULTS . a0l 1983-1984 {e.0 5
. - ©
Mor phol ogi cal assessnents ° W 13° -
« 2.0 4.0 .
. . 4 3.0 -
Seedl i ng hei ght and root collar I 1.0k 42.0 =
di ameter neasurements fromall five study M 410 H
seasons are shown in figure 1. In all s ool o4y 400 3
. . ° 3
cases, height growmh was conpleted prior to 2 sol :
| ate August. Root collar dianeter ? €
3.0} 1984-1985 d1s.0 .
- L]
H 1s.0 E4
3 2.0 f 4.0 .
® 43.0 H
20.0}F 1982-1983 = 1.0 } 4 2.0 3
= 1.0 .
1s.0p 13-° fa [0 ST S G A T S S ST S B W & B2 ;'.
[ d L]
10.0F M J2.0 L4 4.0 °
.: -
5.0 J 1.0 2 ° 3.0¢ 5-1986 8.0 :
: - L <45.0 E
= ° 4.0 =
O.0F ooy oo (o0 2 E 0 43.0 a
I 20.0 ; ‘: 1.0 }F 2.0
° ° H 1.0 I
- 15.0 1983-1984 - 3.0 ° ° ooty 44y a gy o0
£ e - |
a 100} d2.0 N ; 4.0
- s
: a ; 3.0} 1986-1987 de.o
- s.0F 4 1.0 o ° -4 5.0
° 3 ° )
. . » 2.0 - 4.0
E ook, , . 4 4 44 ¢4 4 o0 ° {;c:::: : 43.0
e - - 1.0 -1 2.0
z 20.0 5 1ie
- 1s.0fF 1984-1985 430 2 ook 4o 0y - o.o
o -
3
E 10.0 b J2.0 > A S ONDUJ FMAMUY
‘E' : Figure 2. Conparative seasonal changes in
= s.o} 110 ® shoot and root fresh weights and
H - shoot/root ratio of fresh weights over
° o.0p L a s dee 3 five overwintering periods.
13
- 20.0 - -
F :
o -
R 15.0} 1985-1986 lao o
= -
o .
; 10.0 | d2.0 ; ) . ) .
H ,“./ snsr"vana”ne 2 continued to increase for some tine yet into
: s.of 410 2 September. No appreci abl e changes in either
oo parameter would be expected again until
Al ) spring, as seedlings begin to flush.

N

-]

T
o—0

Hei ght began to increase again in the

15.0}F rese-1987 3.0 springs of 1983 and 1984 but not in each
,OO_MM i of the following three years(fig. 1).

’ ’ Simlar results are seen for root collar
5.0 _WM 1. di aneter neasurenents(fig. 1).

T T T ) Parallel results can be seen in
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Figure 1. Conparative seasonal changes in latter three seasons, pronounced drops in
hei ght and root collar dianeter over mean shoot fresh weights are quite
five overwintering periods. evi dent. These began at different tines,

but al ways closely follow ng the early



| oss of snow cover fromthe seedlings
(data not shown).

There was no conparable decline in
either the shoot(or root) dry weights (data
not shown). However, the shoot FW/I oss that
is seenin figure 2, is clearly seen in
figure 3 as a loss in shoot water. This was
observed in each of the 1984-85, 1985-86
and 1986-87 seasons. The rapid | oss of
shoot water content closely paralleled the
| oss of snow cover fromthe shoots(data not
shown) .
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Figure 3. Conparative seasonal changes in
shoot and root noisture content over
four overw ntering periods.

Rapld growth

4 100
- 80
-1 60
40
o
£ tof - 20
s
E Dead 0
o 0. § WA MO NN Sy S WO U N W S
o T}
- FIY S+ -4 100 -
-] L3
2
L] o
E 4.0 -4 80 °
- 3
b -
- o
©
) 2 s.of 4 6o S
4z °
= Dormant n
. 2.0 40 -
= o
- L3
- a
: 1.0 20 =
- a2
c Dead b4
o 0.0 o ° @
- Rapl rowth *
s s.of M RRESEE w1 100 <
E <
- =
o
- s.of 1984-1985 -4 8o b
[ 2
° L]
@
: 3.0 { j\ - 80 -
id E -
E Ed
[Dorma
° 2.0 1 40 ®
2 -
H 3
2
o 1.0 -4 20 ®
L]
~ b -
a 0.0 e e et e s e s Y 3 o -
° »
Ul
3
: 100 °
= 3
3 80 ©
L]
-
€ 60 1
L
L]
> 40
=
>
- 20
o
L}
= ]
a 100
€
o
)
80
80
a0
20

A S ONDJFMAMY

Figure 4. Conparative stem activity and
percent seedling survival over five
overw ntering periods.

Dor mancy tests

Stem(canbi al ) activity declined
during the fall of the year, although
this was quite variable(flg. 4). Stem
activity was quite variable during the
wi nter months. Only during the 1984- 85
season did stemactivity appear to remain
dormant for a prol onged peri od.

Seedl i ng survival throughout the
sanpl i ng periods, was highly variabl e,



o an by GO St GonSIEl LY STOUES,S,  each season and deciined to an ear]y
h g ; m ni mum by Novenber of each year. Secon-
fgagfgz’ tﬁgds?)??ﬁg fg 'Sg%;e%if ?]%?' r;” dary increases in TTBB occurred | ater
Seasons. during nost winters before dropping off
prior to the spring flush.

Root dormancy, as nonitored by the RCC

test, dropped with time during the early Freezing tol erance tests

fall nmonths, but this was quite

variable(fig. 5). During 1983-84, there Results of initial freezing tests

was a slow increase in RGC as seedlings during 1983-84, are shown in figure 7.
cane out of dormancy in the late spring. The seasonal trends in stemactivity, and
However, during each of the three suc- freezing tol erance of seedling shoots and
ceedi ng seasons, little sustained root roots are seen quite clearly.

activity was observed after md-winter. ] ) o
Ri gorous nonparanetric statistical

Shoot (bud) dormancy, as nonitored testing was conducted on the results.
using the TTBB test, showed a nuch nore Tenperature conparisons within the duration
regul ar annual pattern as seen in figure 5. classes were conducted for each
The TTBB was very high initially in paraneter(ie. oscilloscope/ SWD trace; shoot
damage; root damage). Results showed that
as the freezing tenperature decreased, the
5.0 |- 1983-1984 dso danage i ncreased, giving the ordering as:
Control s<-5C<-10C<-15C for all classes(data
4.0 | Ja0 pot shown).
s.of da0 Simlar anal yses of duration com
parisons within the tenperature classes
2.0 | 420 were conducted. Initial tests indicated
that there was an ordering effect for
1.0 F 410 duration with respect to shoot damage for
oo L 1, each tenperature(6hr<24hr<168hr), but only
B e —— for roots at -5C. Duration had no
sol 1s0 significant effect on stemactivity.
1984-1985
4.0 | 40 Further analysis indicated that
duration had a significant effect on shoot
3.0 3e ; damage between 6 and 168 hr at -5C and -
I 0 b 420 ° 10C, but had only a marginal effect at -
’ ° 15C. There was only a significant duration
» 1.0 J10 E ef fect on root danage at -5C (data not
F - shown) .
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Figure 5. Conparative root growth
capacity and tinme to bud break
over four overw ntering periods.

Figure 8 shows the weather records for
each of the overwintering seasons in this
study. In the first portion of this
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Figure 6. Influence of freezing tenperatures and
duration of exposure on stemcamnbial)
activity and visible damage to shoots and
roots during the 1983-84 overw ntering
peri od.
figure(fig. 8a), are plotted the val ues for The mean annual period fromfirst to

the mean daily mnimm and maximm | ast frost, grow ng-degree days, and

tenperatures for the 30 year period from har deni n .
h g- degree days, derived fromthe
1941-1970. Al so shown are the daily extrene 1941- 70 period, are also shown(fig 8a). The

m ni mum and extreme maxi num t enper at ures dai h 2%,
aily range in tenperatures, from m ni mum
from 100 year records to 1981. to xi are indicated by the
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Figure 8. Mean daily tenperature data for the
1941-70 period for Ednonton, Al berta and the
daily records for each overw ntering season.
vertical black bars that overlay the mal (ie. the 30 year neans) during the
means(fig. 8b-8f). They begin on the day critical hardening period.

that seedlings were noved outdoors, and

continue through to the end of the sampling
season the follow ng spring.

These records,

and the inmpact of the
envi ronment al

paranmeters are the primary

focal point for the renainder of this
presentation.
DI SCUSSI ON
The principle feature that can be
discerned from the weather records in
figure 8, is that the 1982-83, 1983-84 and

1986-87 seasons were closest to nor

This period can be considered to
occur fromthe time that the seedlings are
noved outdoors, to the middle of
November (fig. 8). At this point, for 1983-
84, seedling shoots and roots were
approaching their nost hardy state, rel-
ative to -15C(fig. 6)

There are 295.8 cunul ati ve hardeni ng-
degree days that can be expected between
August 14 and Cctober 18. The cunul ative
har deni ng-degree days for each season,
and the percentage deviations fromthe
expected nean were:



1982-83 336.5(+13.8% 1983-84
270.5(- 8.6% 1984-85 172.5(-
41.7% 1985-86 191.5(- 35.3%
1986- 87 281.3(- 4.9%

During the first year of freezing
tol erance testing(1983-84), the number of
har deni ng- degree days just fell short of
t he expected nmean(- 8.6% .

For each of the next two seasons in
1984- &5 and 1985-86, seedlings were sub-
jected to tenperature variations that were
frequent and unusually severe. They often
occurred during the early hardening
stages(figs. 8d and 8e). Warm ng cycl es
al so presented problens as will be
di scussed shortly.

For 1984-85, the large drop in the
har deni ng- degree days was likely due to
the nunbers and severity of wearly frost
events that occurred during |ate August
and throughout Septenber(flg. 8d). They
were foll owed by very severe conditions and
early snows in md-October that persisted
well into the wi nter nonths.

These conditions greatly decreased the
potential nunber of hardeni ng- degree days
for the seedlings. They were nore than
sufficient to arrest any further devel opnent
of cold hardi ness, as has been shown in
figure 7. There was also a significant
i mpact on stemactivity and seedling
survival (fig.4), and on bud and root
dormancy(fig. 5). The end result, was a crop
that had insufficient time to properly
achi eve full dormancy and col d hardiness.

Simlar extremes were experienced in
the 1985- 86 crop. The conditions that
occurred during the critical hardening
period significantly retarded the ful
devel opment of a satisfactory overw ntering
state.

This was further exacerbated by
unusual ly nmild conditions during the second
hal f of the winter(fig. 8e). This in turn
contributed to the shoot damage that becane
apparent (figs. 2 and 3) with the | oss of
snow cover. Survival then
dropped rapidly(fig. 4), due to the | oss of
wat er fromthe shoots

In both years, there was little
capacity for any new root growth(fig.5).
This was partially due to the failure of
roots to sufficiently harden during the
fall, due to the nunbers and severity of
early frosts. Shoots of those seedlings
brought indoors for testing, continued to
flush, at least initially. They did perish,
however, due to their inability

to generate new roots, caused by the
earlier freezing damage(fig. 5).

In 1986- 87, hardi ness devel oped al ong
normal lines(fig. 7), but did not reach
the levels observed in 1983-84 (fig. 6).
This crop started to decline in surviva
during late January 1987.

This was at the tine when very warmtem
peratures devel oped, and snow cover was

|l ost. These conditions were preval ent
throughout the rest of the wnter and into
the spring.

The now exposed shoots suffered from
rapid water [ oss and winter drying, with
the advent of above freezing tenp-
eratures(fig. 8f). The still frozen roots
were unable to replace the water lost from
the shoots(fig. 3), due to increased
nmet abolic activity, and seedling nortality
increased(fig. 4).

SUMVARY AND CONCLUSI ONS

In the latter three seasons, the
failure of each overw ntering crop was
due to two factors. Initially, these
were due to the early and severe frosts
These were then coupled with warm ng
tenperatures during the latter part of the
wi nter, which precipitated increased
seedling nortality due to winter drying of
exposed shoots.

Each test utilized in this study was
useful in nmonitoring the progress of the
seedl i ngs as dormancy and col d har di ness
devel oped. Each provided a good eval uation
of seedling status, for the parameter under
investigation, at each of the sanpling
dat es.

When this point infornation was
conbi ned over a season and conpared to the
environnental data, then reasons for the
success or failure of the crop becane
apparent. This type of testing and
anal ysis, then, 1s of paramount inportance
for nurseries that overw nter container
crops outdoors.

Point sanpling lets staff nonitor
viability of the stock and should allow for
precautionary protective nmeasures to be
taken, in advance, when adverse weat her
conditions are expected. Simlar sanpling
and testing i mMmediately foll owi ng exposure
to severe conditions, also allows for a
fairly rapid diagnosis of damage that may
have been incurred

These tests and the information
derived fromthem then, woul d provide
nursery nanagenent with an additional too
to aid in decisions on the ultimate fate of
t he stock.
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