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INTRODUCTION

The good results obtained in forest production in Western Europe,
and particularity in Scandinavia, following introduction of Polish races'
of Norway spruce have led to the development of physiological studies
on this species. Among the most important are those on the tolerance
to low temperatures of various provenances from the range of the
species in Europe (Scheumann and Hoffman 1967, Die-
trichson 1969, K'ielander 1970).

Shoots, buds and needles of spruce are characterized by an annual
rhythm of tolerance to low temperatures. When in a state of deep
dormancy these organs can sustain temperatures of —35 or —40°C
(Lareher 1973), while towards the end of the winter they are
frequently injured by slight frosts. The recongnition of the relationship
between winter dormancy and resistance of our indigineous races of'
spruce to low temperatures will be of considerable practical importance.
This problem has not been sufficiently well explained yet in woody
plants (Giertych 1974, Timmis and Worrall 1974, Glerum
1976, Harrison et all. 1978). Studies on seedlings of Norway spruce
have shown that they can be hardened using thermo- and photoperiodic
treatments (Arons son 1975 Christersson 1978). However the
possibility of inducing resistance to low temperatures in detached one
year old shoots is less known.

Tolerance to low temperatures of Polish races of Norway spruce has
not been studied yet under controlled conditions using laboratory
methods. The results presented here are an attempt to fill this gap in
our knowledge of the effect of low temperatures on the degree of injury
to shoots and needles of selected spruce populations.

MATERIALS AND METHODS

Under investigation were 18 populations of 8 year old seedlings of
Norway spruce (Picea abies (L.) Karst.) growing on experimental planta-
tion of the Institute of Dendrology in Kérnik (Giertych 1970). The
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Fig. 1. Scheme of shoots spruce dehardening LD (22°, 15°, 10°C and hardening SD)
1°C cycles at 24, 15, 10 hrs photoperiod. I, I, Il and IV indicate hardiness
measurements

studies were conducted in the years 1976 - 1978.. In order to determine
the ability of various populations to become hardened and dehardened,
one year old shoots have been cut from three trees per population and
subjected to photoperiodic treatments at a light intensity of 30 W m-2,
according to the patterin shown in Fig. 1.

For the evaluation of resistance of spruces use was made of the
conductometric method (Dexter et al. 1932) and electrical admittance
(Pukacki 1973, Biatobok, Pukacki 1974, Bialobok et al.
1975). One: year old shoots have been subjected to controlled freezing.
During freezing shoots were wrapped in aluminum foil and were held
in ,stereopan boxes. The rate of cooling and defrosting of shoots was
3 -4°C per hour. The rate of cooling at individual temperatures was
24 hours. The control of temperatures was achieved using copper-con-
stantan thermocouples. The measurement of admittance was performed
using an OK-102/1 conductometer with a current frequency of 1000 Hz.
The results of measurements were expressed in the form of admittance
index (Al) calculated from the formula:

EAt—EA|
P X 100
EAP
where: Alt — is the admittance indicator as a result of freezing to
temperature t, EAP — is the electrical admittance of shoots before
freezing, EAt — is the electrical admittance of shoots frozen to a tem-

perature t.
In the conductometric method the degree of shoot freezing tolerance

was presented in the form of Tk 5 that is as the critical temperature as
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a result of which 50% of tissues were injured as indicated by the amount
of electrolyte releated relative to conditions where all tissues are Killed
frost treating the shoots. Until that time the shoots were held at 20°C
with a 16 hour photoperiod in a phytotron chamber. Viability was
estimated by visual observation of the browning of tissues, after 2 weeks.

— —= AUGUSTOW
— -AWETLINA
------- - ISTEBNA

AUNFROZEN CONTROL

DAYS

Fig. 2. Admittance index as a function the duration of time interval between
mdefrosting and admittance measurement. Shoots were frozen at -30°C for 24 hr
and thawing at 1°C. Vertical lines represent standart errors

The injury was rated on a 3 point scale: 1) absence of injuries,
2) bud, needles or shoots discoloured, 3) buds, needles, shoots dead
o(tissues of bark and cambium brown).

Also a percentage scale was used from 0 to 8, with 0 corresponding
to no dead shoots and 8 to 100% of shoots dead.

The effect w.as also evaluated of the time used to perform measure-
ments of admittance on the value of the admittance index. For the
purpose, on the frost treated shoots of 3 populations the measurement
of admittance was performed at the following time intervals: a) imme-
diately after defrosting, b) 24 hours after defrosting, e) 3 days after de-
frosting and d) 9 days after defrosting.
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RESULTS

In Fig. 2 the relation is shown between the duration of time interval
between defrosting and admittance measurement and the admittance
index (Al). As can be seen the greatest variability between populations
occurs only after one or three days after defrosting. This indicates that
in the case of spruce it is necessary to perform admittance measurements
after 48 hours, and still better after 96 hours from the end of the freezing
treatment. Such a long period of time is probably necessary for diffus-
able electrolytes to diffuse from the injured cells into the intercellular
spaces and canals in the cell walls. As a result of this observation in our
studies all measurements were performed 3 days after defrosting.

Table 1 indicates the seasonal tolerance to low temperatures of buds,
needles and shoots. During deep dormancy of plants needles attain
a freezing tolerance to —36°C and buds to ~31°C. In that period
differences in tolerance were not observed between populations concer-
ning the studied organs. Towards the end of winter the first to loose their
resistance are buds, and this is observable already in February and
as a result of this there occurs a certain differentiation between popu-
lations. In March in all populations there occurs a very marked decline
in tolerance to freezing of shoots, becoming only —21°C. On the other
hand already in October the resistance of needles and shoots rapidly
increases, the critical temperature becoming between —25°C and —30 JC.

When studying the tolerance to- freezing of individual trees from
three selected populations (Istebna 99, Wetlina 104, Goldap 180) it was
found that in the period of absolute dormancy there are no significant
differences between individuals (Table 2). This observation concerns
both shoots and needles. ‘

Studies on the consecutive effects of dehardeming, hardening and.
dehardening of shoots in various parts of the winter period have been
conducted on three mountain populations Istebna (99), Wetlina (104),
Nowy Targ (103) and one lowland population Zwierzyniec (121) (Fig. 3
and 4).

In December both shoots and needles can be alternately hardened
and dehardened. In the case of the Nowy Targ population shoots after
being detached from the trees will tolerance a temperature of —35°C
and after dehardening only —25°C, and then after hardening —35°C,
and again after dehardening —20°. A similar elasticity is observable
in other populations. This ability disappears completely in the studied
populations of spruce at the beginning of March. In that month shoots
and needles have the highest resistance immediately after collection, and
then they gradually loose it regardless of whether a LD or a SD treat-
ment is applied. These results indicate that on the 1st of March the
spruces were past the period of absolute dormancy, and therefore it was
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Sesonal variations of freezing tolerance

No population, Place

99
Istebna

103
Nowy Targ

104
Wetlina

119
Augustow

121
Zwierzyniec

124
Suwatki

* B- bud. N- needles op S-shoot were an injured at the highest
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-31,0
-36,0
-36,0

-31,0
-36,0
-36,0

-31,0
-36,0
-36,0

-31,0
-36,0
-36,0

-31,0
-36,0
-36,0

-30,0*

-30,0
-35,0
-35,0

-30,0
-35,0
-35,0

Feb. 9

-30,0
-35,0
-35,0

-30,0
-30,0
-35,0

- 30,0*
-30,0
- 30,0*

-30,0*
-30,0
-30,0

-30,0*
-35,0
-35,0

-30,0*
-30,0
-30,0

of bud, needles and shoot of Norway spruce populations

Mar. |

-30,0*
-30,0
-30,0

-30,0*
-30,0
-30,0

-30,0*
-30,0
-30,0

- 30,0*
-30,0
-30,0

-30,0*
-30,0
-30,0

-30,0*
-30,0
-30,0

test temperature,
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Freezing tolerance (Tk50) in CC

Mar. 26

-25,0*
+ =250
-23,0

—25,0*
-25,0*
-24,0

-25,0*
-25,0*
-24,0

-25,0*
-25,0*
-21,0

-25,0*
-25,0
-21,5

-25,0*
-25,0*
-250

Apr. 20

-15,5
-19,5

-20,0
20,0

- 150
- 18,0

- 16,0
-17,0

-20,5
-18,0

-20,0
-19,5

July 11

-8,0
- 115
-8,5

- 11,0
-8,5

-8,0
- 115
-8,5

- 105
-8,0

-11,0
-8,5

- 115
-8,0

Aug. 15 Sep. 6
-7,0 - 100*
-130 - 105
- 100 -6,5

710* —

- 110 -12,0

9,5 -10,0
70 - 10,0%

- 105 - 100
-9,0 -3,0
_7’0* —

- 11,0 -75
-9,5 -3,0
_7’0* -

-12,0 1 -7,0

- 100 -3,0
-7,0% -

- 115 -9,0
9,5 -3,0

Table |

Oct. 24

-27,0
«-30,0

-29,0
-29,0

—29,0
-30,0

-28,0
-26,5

-28,5
-30,0

-26,0
- 26,0
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Table 2
Midwinter, freezing tolerance of Norway spruce trees of some
population
No population, Tree number Freezing tolerance (°C) Tk50

Place Shoot Needles
99 Istebna 1 -32,5 -32,5
2 -31,5 -325
3 -31,0 -31,5
104 Wetlina 1 -33,5 -31,0
2 -33,5 -32.0
3 -32,5 -32,5
180 Gotdap 1 -33,0 —335
2 -32,5 -32,5
3 -32,5 -33,0

no longer possible to reverse the physico-chemical changes that resulted
following dehardening.

In two populations (Nowy Targ and Zwierzyniec) a distinct relation
was shown between the resistance to low temperatures of hardened and
dehardened shoots and the values of the admittance index (Al) (Fig. 4).

Fig. 3. Influence of forth different temperature regimes and long-day on admittance
index (A) and hardiness level (B) of shoots of Norway spruce populations, Nowy
Targ 103 and Zwierzyniec 121. For details, see Fig. 1
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SHOOTS

99 r 10-1

TEMPERATURES AND DAYS OF ACCLIMATION

Fig. 4. Influence of forth different temperature regimes and. long-day on hardiness

level of Norway spruce populations, Istebna 99 and Wetlina 104. For details, see

Fig. 1. Experiment in December (solid line) and exp. in March (broken line).

Arrous indicate that shoots or needles were all injured at the highest test
temperature

When the resistance concerned a temperature of —34°C the value of Al
was 70 and for temperature ~25°C Al was 200.

On the example of 18 populations of Norway spruce in January of
1978 changes were studied in the resistance of shoots under the influence
of dehardeni-ng and hardening (Table 3). In all the treatment variants
"an analysis of resistance was conducted by freezing shoots to a tempe-
rature of ~30°C. Immediately after collecting the shoots outside from all
the populations they were able to sustain the —30° temperature. Then
under the influence of a 22°C temperature and continuous illumination
for two days the resistance of shoots sharply declined. The greatest drop
in resistance was observed in the populations, from northeastern Poland

' Przerwaniki (116), Zwierzyniec (121) and Gotdap (117) but not in Gotdap
(180). On the other hand a high resistance was maintained by the
I montane populations Kowary (98), Nowy Targ (103), Wetlina (104), Blizyn
(107), Stronie Slaskie '(125). Visual observations of injuries conducted after
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Table 3

Influence of long-day and temperatures on admittance index and injury rated of winter twigs
of Norway spruce populations

Before

No population, Place treatment LDr22°C LD/10°C Sb/1°C

A* s/ 1ne* nl IR nl IR
98 Kowary 51 57 0 379 5 257 5
99 Istebna 23 284 5 344 4 245 4
101 Rycerka 78 229 5 388 5 420 6
103 Nowy Targ 58 112 1 319 4 242 4
104 Wetlina 42 101 1 299 4 153 2
107 Blizyn 29 125 2 391 4 300 4
116 Przerwanki 91 450 7 426 8 287 8
117 Gotdap 129 374 8 325 5 205 5
119 Augustow 50 201 4 271 5 106 b
120 Biatowieza 25 167 5 301 4 223 5
121 Zwierzyniec 85 409 8 493 5 332 5
123 Szadek 56 223 5 450 6 346 4
124 Suwatki 63 245 5 342 5 359 4
125 Stronie Slaskie ks 152 3 248 4 156 3
133 Dolina Chochotowska 78 244 5 471 7 329 7
180 Gotdap 81 116 1 370 4 213 3
181 Gotdap 45 140 1 131 2 129 2
182 Gotdap 49 171 5 305 5 173 8

* Al admittance index and **1R — injury rated after freezing at —30°C. Experimental details, see text and Fig. 11
Experimental in Jan. 26, 1978.

14 days from freezing have shown only a few percentage values for
shoots, buds and needles. The mean values of the admittance indicator
in shoots is low and amounts to 115. Then under the influence of a 10°C
and LD the resistance all the populations diistincly declined.

After hardening shoots (SD) 1°C the resistance of all populations
increased and there resulted a lowering of the Al value on the average
for all the populations from 347 to 248. This is most Clearly seen on the
example of the population freon Wetlina (104), Augustéw <119), Stronie
Slaskie (125) and Gotdap (181). Shoots of these populations have sustained
freezing to a temperature of —30°C and the mean value of Al amounted
to 136. A relatively small increase in resistance was observed in such
populations as Rycerka (101), Blizyn (107), Szadek (123), Przerwanki
(.116), Zwierzyniec (121), Suwatki (124) and Dolina Chochotowska (133).
A mean value of Al for all these populations was 339. Similarity as in
the variant with dehardening also in this case a highly significantly
relationship was obtained between the values of the admittance index
(-41) and the survival test r=0.47.

In the experiment discussed above (Table 3) after two treatment
stages, SD/1°C and LD/22cC a highly significant relationship was
obtained between Al and the survival test. In the remaining variants
these relationships were not observed. One can suspect that a relationship
between these characters will take place where a clear differentiation
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will occur in the resistance of the studied plants (Pukacki 1978).
When the testing temperatures are too high or too low, correlations will
not be obtained (Table 3). On the other hand by selecting the right
freezing temperature the discussed relationship can be obtained.

DISCUSSION

The high resistance of Norway spruce to frosts is well known.
Sakai and Weiser (1973) report that buds of P. pungens from
ivlontana, USA have sustained a freezing of —60°C and needles and
shoots of —80°C. The data presented here also indicate a high resistance
of buds to freezing to —36'C. However resistance of buds in that time
was lower, —31°C (Table 1). In the climatic conditions of Poland of
basic importance is the late winter and early autumn tolerance of spruces
to low temperatures. This phenomenon in varicus populations will be
determined to a large extent by the time of flushing and termination of
growth. The dynamically growing montane populations Istebna and No-
wy Targ have a somewhat greater tolerance of needles in September
than the populations from northeastern Poland. This is in agreement with
the data reported by Scheu man and Hoffmann (1967). These
authors have shown, that in the autumn period it is more possible to
harden montane spruces than the lowland ones from eastern Pomerania.

It is probably associated with the genetically controlled character of
early spring flushing (Giertych 1976).

The period of autumn preparation for the winter in plants is meta-
bolically a very active one (Siminovitch et al. 1967, Weiser
1970, Levitt 1972). In the case of spruces this is very clearly shown
by Eriksen (1977). In the autumn there occurs an increase in soluble
proteins and aspartate aminotransferase. Similarity in the bark of Cornus
stolonifera in early October a rapid increase of rRNA was observed
(Harrison et al. 1978). It is possible that for similar reasons in the
present studies the dynamically growing montane populations Istebna,
and Nowy Targ are more resistant towards the end of the summer than
the less intensively growing population Zwierzyniec 121 from north-
eastern Poland.

Analysing experiments on the induction of tolerance to freezing by
I.D and SD and appropriate temperatures (Fig. 2 and 3) a considerable
elasticity of spruces to these treatments during absolute dormancy is
visible. On the other hand in March when the spruces were probably
already in the stage of imposed dormancy it was not possible to alter
tolerance to freezing. Since the freezing tolerance of shoots immediately
after they are collected in both periods is very close, but in March the
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shoots can no longer be hardened, it is possible that there exists an
intermediate phase between absolute dormancy and imposed dormancy.
Probably a significant role is played here by endogenous seasonal
rhythms of resistance (Harrison et al. 1978). One would have to
consider however whether and to what extent it is possible to affect the
endogenous rhythm by external factors such as thermo- and photo-
periodism. Lapin (1967) claims that the seasonal rhythm of plant
resistance is exclusively controlled by an internal system of regulation.
On the basis of the results presented here it is hardly likely that it will
always be possible to freely affect the “endogenous clock” of woody
plants by temperature and light treatments.

The ability of Norway spruce shoots to undergo in mid-winter
a series of changes in resistance following external treatments as was
observed, in this study, is probably the result of physical changes in the
structure of cells. This would be in agreement with the pointsof view
of Tumanov (1967) who believes that tolerance to freezing in
resistant woody plants depends on physical changes in the protoplast.
For the same reason it is possible to freeze woody plant tissues to
a temperature of liquid nitrogen, —196°C (Sakai 1973, Sakai and
Nishiyama 1978).

SUMMARY

Studies conducted have shown that intrapopulation variability in
freezing tolerance during winter is not great for Polish races of Picea
abies (L.) Karst. On the other hand there exists a distinct seasonal
differentiation between various populations resulting from a variability
in the course of phenophases. In the winter least sensitive to frost
injuries are needles and shoots since they sustain a temperature of
—36°C. At that time buds are distinctly less tolerant, to —31°C. During
absolute dormancy shoots of spruces can be repeatedly hardened and de-
hardened by subjecting them to SD/1°C and LD/220 or 15°C treatments
respectively. A complete loss of this ability occurs in early March. This
indicates that there is an intermediate phase between absolute dormancy
and imposed dormancy. The greatest stability in tolerance to freezing in-
dependently of photoperiod and temperature treatments is manifest by
the more poorly growing provenances least useful for forestry. On the
other hand the valuable, dynamically growing populations are sensitive to
LD and high temperatures. The above phenomena can be followed by the
method of measuring electrical admittance of shoots.

Institute of Dendrology
62-035 Kornik
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PAWEL PUKACKI

Tolerancja pedow Swierka pospolitego polskich proweniencji
na przemrazanie

Streszczenie

Przeprowadzone badania wykazaty, ze zmienno$¢ wewnatrzpopulacyjna pol-
skich, ras Swierka (Picea abies) w tolerancji na przemrazanie w okresie zimy jest
niewielka. Natomiast, istnieje wyrazne sezonowe zréznicowanie miedzy poszczegol-
nymi populacjami, wynikajace ze zmiennosci w przebiegu faz fenologic-znych. Zima
najmniej narazone na uszkodzenia mrozowe sg iglty i pedy. Wytrzymujg one mro-
zenie w temperaturze —36°C. Pagki w tym czasie wykazujg wyraznie nizsza, od-
porno$¢ do —31°C. W okresie spoczynku bezwzglednego jednoroczne pedy Swier-
kéw mozna kolejno odhartowaé, zahartowa¢ i ponownie rozhartowac¢ poddajac je
dziataniu dlugiego dnia (LD) i temperatur 22°C lub 15°C oraz krétkiemu dniu
(SD) i temperaturze 1°C. Catkowity zanik tych wiasciwosci nastepuje w poczatkach
marca. Wskazuje to na istitienie fazy posredniej miedzy spoczynkiem bezwzgled-
nym a spoczynkiem wzglednym. Najwyzszg stabilnoscig w tolerancji na przemra-
zanie niezaleznie od fotoperiodu i temperatury traktowania, charakteryzujg sie po-
pulacje stabo rosngce — mato przydatne dla gospodarki lesnej. Natomiast war-
tosciowe populacje odznaczajace sie silnym wzrostem sg czute na LD i wysokie
temperatury. Powyzsze zjawiska mozna $ledzi¢ metodq pomiaru admitancji elek-
trycznej pedow.

MABEN MYKALKKN

TonepaHTHOCTL K MPOMOPaXKMBaHUIO no6eroB e 06bIKHOBEHHOM
pasnn4yHbIX NONbLCKNX I'IpOBGHGHLLI/IVI

Pe3rome

MpoBefeHHbIE WUCCNEAOBAHNS BbISBUMM, YTO BHYTPUMOMYNALUMOHHAS WM3MEHUYMBOCTL MOJb-
cknx pac enn (Picea abies) B OTHOLUEHWM TONEPAHTHOCTV K MPOMOPXKMBAHWIO B TeueHue
3UMbl He3HaunTenbHa. CyLUeCTBYeT OfHAKO OTYET/MBas Ce30HHas AuddepeHUMaLms mexay
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OTAENbHbIMY - MONYAALMAMM, MPUYNHON  KOTOPOW ABNAKOTCA pasnMums B (heHOMOrMYECKMX
craauax. B 3MMHMIA nepuoj HavMMeHee MOBPEXAAOTCA MOpo3aMu XBOSi M noGern. OHu
MepeHoCcAaT MpomapaxmBaHue fo .—36°C. B nepuog cOCTOAHWS abCcOMOTHOrO MOKOS OfHO-
NeTHMe Mo6ern enn MOXHO MOOYepedHO OTKa/MBaTb, 3aKa/MBaTb 1 BHOBb OTKa/MBaTb,
noageprasi Ux BO3AENCTBUIO AAMHHOrO aHst (LD) n Temnepatyp 22°C wam 15°C 1 KOpPOTKOro
aHs (SD) m Temnepatypbl 1°C. TonHOE MCYE3HOBEHWE 3TWUX CBOMCTB MPUXOAWTCA Ha Hayano
mMapTa. JTO YKasblBaeT Ha CyLLEeCTBOBaHME MPOMEXYTOYHON CTagun MeXAy abCcoMtTHbIM
Y OTHOCWUTENIbHLIM COCTOSIHMEM MOKOS. Camoil  60MbLIO  CTabWUNbHOCTbIO  TOMEPaHTHOCTY
K NIpOMapaXuBaHWio, BHE 3aBWCMMOCTKM OT (oTonepuoda U TemnepaTypbl BO3AENCTBUSA,
XapaKTepy3ytTcs MeAneHHOPacTyLLiMe NOMyfauuy — Maio MPUrofHble ANA JIECHOr0 XO3fi-
CcTBa. B TO e Bpems, LEHHble MOnynauun, OTINYAIOLLMEC WHTEHCKBHbIM POCTOM YYyBCTBU-
TeflbHbl K LD n BbiCOKMM TemnepaTypam. 3a 3TUMU ABNEHWAMM MOXHO CNnegutb C ro-
MOLLIbIO M3MEPEHNs 3NEKTPUYECKOro afMmUTaHca noberos.
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