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Changes in cold hardiness of silver fir and larch bare-rooted
seedlings during autumn and spring

M. SARVAS

Forest Research Institute Zvolen, Zvolen, Slovak Republic

ABSTRACT: The objective of this study was to obtain information about changes in cold hardiness of larch and silver fir seedlings
during autumn and spring by help of measurements of electrolyte leakage from shoots (SEL) and root system (REL). The values of
electrolyte leakage from the untreated (control) root system of silver fir decreased during autumn (from 28% on September 25 to
24% on November 27). Minimum values were reached on March 26. A decrease in electrolyte leakage was found for silver fir shoots
(SEL) (the maximum was detected on October 2 — 12% and minimum on November 27 — 7%). Contrary to REL, SEL increased in
March. The rate of electrolyte leakage from treated (after artificial frost) roots and shoots decreased during autumn (REL and SEL
minimum on November 27). The change in the rate of electrolyte leakage from untreated larch roots was similar to that from silver
fir roots during autumn. The values continually decreased from 26% (on September 25) to 12% (on November 27). The course of
electrolyte leakage from the treated root system was similar for both species. The differences between electrolyte leakage from larch

shoots (treated und untreated ones) were statistically significant, but without any clear tendency during autumn.
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The low temperature is a limiting agent for natural dis-
tribution of plants (BURKE et al. 1976). Generally, there
are no problems with frost damage to dormant seedlings
and plants during winter in Central Europe. The trees in
dormancy are able to tolerate low temperatures in win-
ter.

On the other hand, there exists a great risk of frost dam-
age to planting stock in spring or autumn. In this period,
the plant parts are physiologically active and therefore
their cold hardiness is lower. This damage was shown in
a decrease in the physiological quality of planting stock
(SARVAS 2001; O’REILLY et al. 2000).

According to FOLK and GROSSNICKLE (1997) the
timing of autumn lifting was considered to be crucial for
subsequent field performance, and LAVENDER (1984)
stated that dormancy was strongly influenced by weather.
O’REILLY et al. (2000) wrote that the cycle of dormancy
development and release and changes in cold hardiness
levels in nursery plants were related to seasonal changes
in photoperiod, temperature, precipitation and other envi-
ronmental factors. In addition, successful overwintering is
affected to a large extent by two factors: seedlings stress
resistance and environment (COLOMBO 1997). Therefore,
in the first step it is needful to determine the stress resist-
ance (cold hardiness) of different plant tissues and in the
second step to suggest available methods how to increase
cold hardiness in forest nurseries.

To determine frost damage to shoots, at first the planting
stock is subjected to artificial frost and then the degree of
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damage is measured. It is generally accepted that primary
effects of freezing are due to the membrane disruption
(STEPONKUS 1984). This injury of cell membranes can
be determined by various techniques: browning technique
(TiMMIS 1977), electrolytic conductivity method (CO-
LOMBO 1997), electrical impedance method (GLERUM
1973), electrical impedance ratio method (GLERUM
1985).

Manipulations of the irrigation and fertilization regime
(LANDIS et al. 1989) and regulation of photoperiod
(LANDIS et al. 1992) were used to retard height growth
and to initiate hardening of container seedlings. The most
promising method is the use of regulated photoperiod. In
Canada and in Sweden, photoperiod control, also called
short-day (SD) treatment, is used routinely for growing of
conifer seedlings (LUORANEN, RIKALA 1997).

It is necessary to underline that for practical determina-
tion and regulation of planting stock cold hardiness un-
der nursery practice, the basic research of physiological
changes in plants was carried out. On the results of this
basic research it was possible to assess objective criteria
for determination of cold hardiness. After determination
of cold hardiness of planting stock it was possible to
modify suggested new cultural practices for increasing
the cold hardiness (modification of temperature, photope-
riod, fertilization, etc). The basic research of these new
technological processes of plant raising was carried out
because the technology of increasing the cold hardiness
could negatively affect the morphological parameters
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Table 1. Age and morphological traits of silver fir and larch
seedlings (2000-2001)

Characteristic Silver fir Larch
Age 4+0 2+0
Height (cm) 14.8 35.0
Diameter of root collar (mm) 39 3.9

of planting stock (HAWKINS, DRAPER 1991; BIGRAS,
D’AOUST 1993).

The objective of this study was to acquire the first in-
formation about changes in cold hardiness of larch and
silver fir seedlings during autumn and spring by help of
measurements of electrolyte leakage from shoots and root
system.

MATERIALS AND METHODS

Silver fir (Abies alba Mill.) and larch (Larix decidua
Mill.) seedlings cultivated in a nursery of Forest Research

Table 2. Weather conditions from September 2000 to March 2001

Institute in Zvolen were used in this study. The biometrical
characteristics and age of tested planting stock are given
in Table 1. Unfortunately, no complex information about
plant raising in the nursery is available.

Seedlings were lifted at one-week intervals in autumn
(from September 25 to November 27) and in spring
(two sample dates, March 12 and 26). On each occasion
30 seedlings were lifted. Directly after lifting the seedlings
were checked carefully and only plants without mechani-
cal damage were used (untreated seedlings). Samples of
shoots and roots were taken from 15 plants to prepare
the procedure of electrolyte leakage measurement. The
remaining 15 plants were transported to a lab of Forest
Research Institute in Zvolen and used for cold hardiness
tests. These whole plants were placed in polyurethane
bags and to a refrigerator (temperature 2°C). After two
hours, the plants were put to a climatic room for 20 hours
(temperature —16°C). After this artificial frost treatment
and one hour in the room temperature samples from roots
and shoots were taken for electrolyte leakage measure-
ment (treated seedlings).

Air temperature (°C)

Precipitation

Month temperature

deviation

(mm) mean

max.

Note*
min.

September 24.2 13.4 0.2

27.8

Maximum temperature between

19 September 10-14 (21.3 to 28.8°C)
' Minimum temperature on September 7

and 26 (3.6 and —1.1°C)

October 41.1 2.9

254

Maximum temperature on October 4
and between 1315 (24.0 to 27.5°C)

Minimum temperature between October
23-24 (0.4 to —5.5°C)

November 98.8 6.8 33

14.0

Maximum temperature on November
14 and 17 (13.3 and 18.6°C)

Minimum temperature on November
11-12, 28, and 30 (—1.4 to —3.8°C)

December 50.6 04 1.8

10.5

Maximum temperature between

-13.0 December 11-13 (9.0 to 14°C)

January 74.1 -1.2 2.8

Maximum temperature 8 January

(5.5 10 9.5°C)
5.5 ~132

Minimum temperature between
15-16 January (8.4 to —18.2°C)

February 27.3 0.8

10.7

Maximum temperature 8 and
39 9 February (9.5 and 15.6°C)
-13.
Minimum temperature 3 and between

25— 27 February (-8.5 to —22.7°C)

March 66.5 4.3 1.5

14.9

Maximum temperature 12 and
25 March (10.5 and 19.1°C)

Minimum temperature between 2, 3, 7
and 28 March (-3.0 to —9.3°C)

*Max. and min. temperatures were not available for Slia¢ weather station. The range of these temperatures was obtained from 10 weather stations

in Central Slovakia
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Table 3. The rate of electrolyte leakage + one standard error
from silver fir roots (REL) and shoots (SEL) (2000-2001)

Untreated Treated

Data

REL (%) SEL (%) REL (%) SEL (%)
25.9. 28 £4¢ 11 40 73 + 5% 28 £ 8
2. 10. 28 £ 20 12+£2° 67 £ 4% 29+ 9P
9.10. 28 + 38 13+£3 75+ 5° 39+ 8
16. 10. 25+ 1% 10 £ 20 65 £ 5 21 £ 6%
23.10. - - 68 £ 4% 194+ 7
6. 11. 25 4+ 2w 10 £ 2% 63 £ 590 17+ 4
13. 11. - 10 £ 2% 57 £3¢ 14 £ 34
20. 11. 25+ 1% 9+ 2 60 + 5% 15+ 44
27.11. 24 £ 2w 7+1° 50+ 9° 12434
12. 3. - 9 + 23t - 13 £ 3¢
26. 3. 19+£7° 13£7* 62 £9¢¥e 8 +£ [3NM

Tukey’s HSD test was used for means separation + standard error of
treatment at the 5% level. Different letters show significant differences

The modified method according to McKAY (1992) was
used for all electrolyte leakage measurements. The root
system was washed in cold tap water to remove soil and
rinsed in deionized water to remove surface ions. The sam-
ple length from main root (taken directly under the root
collar) and shoot (taken directly under the shoot bud) was
2 cm. Individual samples were put to 40 ml universal glass
bottles containing 30 ml deionized water of conductivity
< 3 uS/cm. The bottles were capped and left at a room
temperature for 24 h. The bottles were shaken (5%) and
the conductivity of bathing solution was measured using
a conductivity meter LF 320 with built-in temperature
compensation 25°C. After that the samples were killed
through autoclaving at 110°C for 10 minutes. The second
conductivity measurement was made 24 hours after the
autoclaving. The total conductivity was:

conductivity after 24 h

REL/SEL(%) = 100

conductivity 24 h after autoclaving .

Air temperatures, and rainfall dates were obtained
from Slia¢ weather station (Table 2), 4 km from the
nursery.

Statistical analysis
Data on the rate of electrolyte leakage was processed by
analysis of variance, and Tukey’s HSD test was used for
mean separation of treatments at the 5% level.
RESULTS
Silver fir
Table 3 shows the results of electrolyte leakage from

silver fir roots and shoots during autumn 2000 and March
2001. The values of electrolyte leakage from the untreated
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root system decreased during autumn (from 28% on Sep-
tember 25 to 24% on November 27). Minimum values
were reached on March 26. The same tendency was
measured for electrolyte leakage from silver fir shoots
(the maximum was detected on October 2 — 12% and
minimum November 27 — 7%). Contrary to REL, SEL
increased in March.

The rate of electrolyte leakage from treated roots and
shoots decreased during autumn (REL and SEL minimum
on November 27).

Generally, the electrolyte leakage from treated and un-
treated seedlings decreased during autumn. The exception
was October 9, when the values of electrolyte leakage
increased in comparison with those on October 2. The
increase was statistically significant for treated shoots
(from 29% to 39%).

Larch

The rate of electrolyte leakage from untreated larch
roots was similar to that in silver fir roots during au-
tumn. The values continually decreased from 26% (on
September 25) to 12% (on November 27). The course of
electrolyte leakage from treated roots was similar like in
untreated roots except on November 9, when the rate of
electrolyte leakage reached maximum values (89%). The
differences in electrolyte leakage from shoots (treated und
untreated ones) were statistically significant, but without
any clear tendency during autumn (Table 4).

DISCUSSION

The planting stock is likely to be resistant to stresses
when cold hardy and dormant (BURR 1990; MARTIN-
COVA 1990; RITCHIE 1989; TINUS, BURR 1997, etc.).
Cold hardiness is defined as the ability of plants to survive
without damage at temperatures below 0°C (LARCHER
1985).

Table 4. The rate of electrolyte leakage + one standard error
from larch roots (REL) and shoots (SEL) (2000-2001)

Untreated Treated
Data REL(%) SEL(%) REL(%) SEL (%)
25.9. 26 + 4° 8§+1b 79 £ 4b 49 £ 192b
2. 10. - - 75+ 4° 59+ 11
9. 10. 26 + 4° 10 £5° 89 + 52 62+ 18
16. 10. 20 +£2° 8+£2° 73+ 5° 59+ 132
23.10. - - 77 £+ 6° 45 + 18
6.11. 17 + 3be 17 £9° 62 £ 5¢ 54 + 142
13.11. 14+£294  40+15 558 38 + 12b¢
20. 11. 13 £ 2 35+£172 55+ 11¢ 54+ 212
27.11. 12+24 15£3° 56 £ 12¢ 22 £ 7o
12. 3. 15£2%04 14 +£20 - 16 +2¢

Tukey’s HSD test was used for means separation + standard error of
treatment at the 5% level. Different letters show significant differences
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Dormancy status, cold hardiness levels, root growth
potential and other physiological attributes are key de-
terminates of plant physiological condition (O’REILLY et
al. 2001) and physiological condition of planting stock
at the time of planting is an essential factor of successful
field establishment (COLOMBO, NOLAND 1997; SARVAS
2002, 2003, etc.).

The cold hardiness of planting stock is a very important
factor for raising of bare-rooted and containerized planting
stock. The lifting of bare-rooted planting stock can influ-
ence the field performance potential for a long time. It is
needful that the planting stock is under dormant status and
cold-hardy during lifting and handling because it is most
likely to be resistant to stresses (LAVENDER 1984; RITCHIE
1989; SARVAS 2001, 2003, etc.). Detection of frost damage
or poor root growth potential saved million dollars over the
last ten fifteen years in North America alone (DUNSWORTH
1997). On the other hand, there is little information about
cold hardiness of planting stock in Central Europe.

Silver fir

The electrolyte leakage from untreated seedlings
slightly decreased during autumn. On the other hand,
a rapid decrease was found in electrolyte leakage from
treated seedlings during autumn (REL — from 73% on Sep-
tember 25 to 50% on November 27 and SEL — from 28%
on September 25 to 13% on December 12). Apart from
October 9, when electrolyte leakage reached maximum
values. According to LAVENDER (1984) dormancy and
cold hardiness development and growth are considerably
influenced by weather and O’REILLY et al. (2000) found
that the annual cycle of physiological development and
release followed a seasonal pattern. On October 4 the tem-
perature reached 25°C and it probably caused the increase
in electrolyte leakage on November 10.

In spring 2001, the electrolyte leakage increased as
a response to the beginning of physiological activity of
seedlings. According to REPO and PELKONEN (1986),
JUNTILLA (1989) dehardening occurs primarily in re-
sponse to rising temperatures in the spring.

Larch

The REL values from untreated and treated seedlings
markedly decreased during autumn. O’REILLY et al.
(2000, 2001) suggested that REL could be used as an
indicator of root activity for hybrid larch and Sitka
spruce seedlings. Low values may be associated with the
processes of winter hardening (ZHAO et al. 1995). Our
results go with this detection. According to O’REILLY
et al. (2001) REL values (from fine roots) under 20% in
larch may indicate that root activity levels are low enough
to allow the lifting process. In this study, the REL (from
mainly root) values under 20% from untreated seedlings
were reached after October 6.

The differences in SEL values were statistically signifi-
cant, but without any clear tendency. Larch is a decidu-
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ous conifer, losing its needles primarily in response to
decline of photoperiod and cool temperature (MATTSSON,
LASHEIKKI 1998). In the study of O’REILLY et al. (2001)
cold hardiness (LT,) increased from 0 to —4°C in mid-Oc-
tober to nearly —30°C in mid-December. This cold hardi-
ness (LT, ) was assessed by measurements of electrolyte
leakage after different freezing temperatures in the range
of -3 to —35°C. All needles were removed from the shoots
after freezing. In our study the temperature —16°C was
used (without moderate decrease in the temperature) and
the needles were not removed. The differences in SEL val-
ues were highly probably caused by physiological changes
in needles during autumn.

CONCLUSION

The results of this study show the changes in cold har-
diness of silver fir and larch seedlings at the autumn and
spring beginning. The measurement of electrolyte leakage
could be used as an indicator of cold hardiness of planting
stock. In addition, it is needful to carry out further research
on the cold hardiness of planting stock. On the basis of
these results it could be possible to optimize cultural prac-
tices (sowing, fertilization, lifting, handling, cold storing,
etc.) for planting stock in forest nurseries.
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Zmeny mrazuvzdornosti vo’nokorennych semenacikov smrekovca a jedle pocas

jesene a jari

M. SARVAS

Lesnicky vyskumny ustav Zvolen, Zvolen, Slovenskd republika

ABSTRAKT: Ciel'om s$tudie bolo ziskat' prvotné informéacie o priebehu zmien v odolnosti na chlad pri semenac¢ikoch smrekovca
a jedle. Toto zistovanie sa uskutoénilo pocas jesene 2000 a jari 2001 pomocou merania straty elektrolytu. Strata elektrolytu
z korenového systému jedl'ovych kontrolnych semenacikov klesala pocas jesene (z 28% trovne 25. septembra na 24% uroven
27. novembra). Minimalne hodnoty straty elektrolytu boli zaznamenané 26. marca. Bol zaznamenany pokles hodnot straty elek-
trolytu z korefiového systému jedle (kontrolny variant) — maximalna hodnota bola zaznamenana 2. oktobra —12 % a minimalna
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27. novembra — 7 %. Naproti hodnotam straty z korefiového systému hodnoty straty elektrolytu zo stonky stupali v marci.
Hodnoty straty elektrolytu z koreniového systému smrekovca klesali pocas jesene. Tieto hodnoty kontinualne klesali z 26 %
(25. septembra) na 12 % (27. novembra). Priebeh hodnoty straty elektrolytu z korefiov po strese mrazom bol rovnaky pri oboch
drevinach. Rozdiely v hodnotach straty elektrolytu zo stoniek smrekovca (kontrolnych aj po mrazovom teste) boli Statisticky

vyznamné, ale bez jasnej tendencie.

KPidové slova: odolnost’ na mraz; strata elektrolytu; vol'nokorenné semenaciky smrekovca a jedle

Nizka teplota je limitujucim faktorom pre prirodzené
roz$irenie rastlin. Vo vSeobecnosti nie s v stredne;j
Eurépe problémy s odolnostou na mraz pri sadbovom
materidle poCas zimy. Sadbovy materidl v dormantnom
stave je schopny znasat’ nizke teploty.

Na druhej strane existuje velké nebezpecenstvo mra-
zového poskodenia sadbového materialu pocas jarného
a jesenného obdobia. Sadbovy materidl je vplyvom na-
stupu (resp. ukoncovania) fyziologickej aktivity schop-
ny znasat’ pripadné poskodenia nizkymi teplotami na
velmi rozdielnej urovnil Uroven dormancie a tym mra-
zuvzdornost’ v tomto obdobi nie je ovplyvilovana len
environmentalnymi faktormi (teplota, dizka a intenzita
fotoperiody), ale vyznamnymi faktormi s aj samotné
postupy pestovania sadbového materidlu v lesnej skolke
(intenzita a termin hnojenia, zavlazovanie, tiprava fo-
toperiody atd’.). V skolkarskej praxi (Kanada, Svédsko)
je beznym technologickym postupom tiprava dizky fo-
toperiédy ako faktora na zvySenie mrazuvzdornosti pri
dopestovavani krytokorenného ihli¢natého sadbového
materidlu. Je ale potrebné zdoraznit’, Ze pred praktickym
stanovenim a ndslednou tpravou mrazuvzdornosti bolo
potrebné uskutocnit’ vyskum fyziologickych zmien sad-
bového materialu a na zdklade tychto vysledkov navrhniit
jednotlivé vhodné postupy na zvySovanie odolnosti na
mréz.

Ciel'om studie bolo ziskat’ informécie o zmenach mra-
zuvzdornosti pri vol'nokorennych semenacikoch jedle
a smrekovca pocas jesene a jari pomocou merania straty
elektrolytu zo stonky a koreiiového systému.

V stadii sa pouzili §tvorroéné, resp. dvojro¢né seme-
naciky jedle a smrekovca. Semenaciky boli vyzdviho-
vané v tyzdnovych intervaloch (od 25. septembra do
27. novembra) zo zahona lesnej $kolky. Semenaciky boli

vyzdvihnuté rovnako v dvoch terminoch v nasledujucu
jar. V kazdom termine bolo vyzdvihnutych 30 seme-
nacikov. Priamo po vyzdvihnuti boli z korefiového sy-
stému a stonky odobraté vzorky (15 semenécikov) na
meranie straty elektrolytu (kontrolny variant). Zvysnych
15 semenacikov bolo pouzitych na umely mrazovy test.
Semenaciky boli zabalené do polyuretdnového vreca
a umiestnené do chladnic¢ky na dve hodiny pri teplote
2 °C. Nasledne boli premiestnené do klimatizovanej
komory na dobu 20 hodin pri teplote —16 °C. Po tomto
umelom mraze boli semenaciky ponechané hodinu pri
izbovej teplote a nasledne boli odobraté vzorky z koreiia
a zo stonky.

Na zéklade dosiahnutych vysledkov je mozné konsta-
tovat’, ze hodnoty straty elektrolytu mierne klesali pri
kontrolnych semenacikoch jedle pocas jesene. Na druhej
strane bol zisteny prudky pokles hodnét straty elektro-
lytu pri semenacikoch po umelom mraze (REL z urovne
73 % 25. septembra na 50% urovent 27. novembra),
rovnaky prudky priebeh zmien straty elektrolytu bol za-
znamenany aj pri stonke (z 28% trovne 25. septembra na
12% troveii 27. novembra).

Hodnoty straty elektrolytu z korefiového systému smre-
kovcovych semenacikov vyrazne klesali pocas jesene po
mrazovom teste. Rozdiely v hodnotach strat elektrolytu
zo stonky boli $tatisticky vyznamné, ale bez jednoznacne;j
tendencie. Rozdiely v hodnotach straty elektrolytu boli
pravdepodobne vyrazne ovplyvnené fyziologickymi zme-
nami v ihliciach pocas jesene.

Ziskané vysledky preukéazali moznosti zistovania mra-
zuvzdornosti pomocou merania straty elektrolytu. Je
potrebné uskutocnit’ d’alSie vyskumy zmien v odolnosti
na mraz ana zaklade tychto vysledkov optimalizovat
celkovy postup dopestovavania sadbového materialu.
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