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Studies on the resistance of forsythias to low temperatures

The interest in Poland in the breeding of forsythias (Suszka, 1959,
1965; Seneta, 1973) is associated with the high decorative value of
these plants but also with the high sensitivity to low temperatures, in
the eastern and northeastern parts of the country. For this reason search
for quick laboratory methods of evaluating the frost resistance of the
introduced species and variaties of these shrubs as well as of those new
forsythia hybrids that have been raised for their high decorative value
is necessary to facilite selection of forms that could be cultivated through-
out the country.

Popularization of the methods of evaluating the resistance of woody
plants to low temperatures with the help of the estimation of electrical
conductivity and electrical resistance (impedance) of one-year old shoots
has been achieved by Wiln er (1962, 1970 in his work on fruit trees
and ornamental shrubs. As was shown by Wiln er (1962) the measure-
ment of electrical impedance in one year old shoots of trees and shrubs
permits an estimation of their resistance to low temperatures, even with
respect to individuals already growing in the field.

MATERIALS AND METHODS

In Koérnik Arboretum observations were being made on resistance of
shrubs to winter injury following the five severe winters 1939/40, 1955/56,
1962/63, 1969/70 and 1970/71. The absolute minimal temperatures during
these severe winters in Kornik were respectively —31.0°C, —26.8°C,

27.1 C, —24.5°C and —24.4°C. A more accurate description of the
weather conditions during these winters has been presented in the paper
of Biatobok and Pukacki (1974). Here we give only very general
informations on the subject.

Observations on frost damages to trees and shrubs following these severe
winters have been conducted employing almost the same procedure, and usually the
same individuals. Thus it was possible to calculate an average estimate of
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susceptibility to injury by frost over all these winters, for each species or variety.
These observations provided a certain basis for the selection of introduced and
indiginous trees and shrubs resistant to low temperatures. Average degree of frost
injury to' trees and shrubs in the Kornik Arboretum over five severe winters,
was estimated. Damage was graded according to the following scale: 1) plant
undamaged, 2) flower-buds damaged, 3) damage to flower and leaf buds and also
spurs, 4) one year old shoots damaged, 5) one and two-year old shoots damaged,
6) the entire plant frozen to the snow line.

This type of observations however are very time consuming and they concern
only the special site conditions where the collection of woody plants under obser-
vations is located.

Thus we have employed for our studies of cold resistance a Hungarian con-
ductivity meter of the type OK 102/1 with a frequency of 80 cycles per second,
produced by ,,Radelkis”, Elektrochemische Messgerate, Budapest Il. The readings
are taken directly off a scale in S (ohm-1) units. The scale has a range from 0.1 p.S
to 0.5 S. The electrical potential measured was 0.2 V. With the help of this apparatus
we have evaluated the electrical admittance of one year old shoots of trees and
shrubs, which have and have not been subjected to low temperatures.

The measurements of electrical admittance were made using special pliers
equipped on one side with two nickel-plated steel needles as electrodes 0.5 mm
in diameter and 3.2 mm in length. These needles were fixed in plexiglass plates
at a distance of 6.8 mm apart. The electrical admittance of each cutting was
measured at the top, middle, and bottom of each shoot. The temperature of shoots
during measurements was 19° - 21°C.

By comparing differences between these readings of admittance we were hoping
to be able to evaluate the cold resistance of shrubs growing in the Kornik Arbo-
retum, and later those from other parts of Poland. Since the influence of low
temperatures on woody plant tissues is estimated in some European countries and
particularily in USA with the help of the electrical impedance it is in order to
explain here the difference between the concept of electrical conductance and
electrical impedance. Impedance Z can be expressed as the sum of resistance R
and reactance X:

Z=R+X

Its value is expressed in ohm units. The reciprocal of impedance is referred
to as admittance and is obtained from the formula Y = b and it is measured in
the units of simens (Cholewicki, 1973).

Conductance G is the reciprocal of resistance G = 5 and it is measured in the
units of simens, while the reciprocal of reactance is referred to as susceptance
B 27( also measured in simens.

The most suitable period for these investigations in our climatic zone is from
the beginning of November to about the middle of the winter. At this time, most
of the native plants and a majority of those recently introduced have passed through
an acclimation process during the normal autumn weather. A fully dormant state
of the trees under investigation is an indispensable pre-condition for the application
of the electrical admittance method of investigating the winter hardiness of one-
-year old shoots after exposure to artificial low temperatures. Forsythia shoots
growing in the Koérnik Arboretum have been collected on the 7th of February 1972
and the forsythias growing in other parts of the country on the 1st- 3rd December
1971.
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Forty shoots, each 14 cm long were cut from the apices of the trees and shrubs
under investigation. Then the shoots were divided into four groups of ten shoots
each. These shoots were put into plastic bags, their cut surfaces covered with
moistened lignin to prevent drying. They were then placed in the phytotron
chamber at a temperature of 1°C, where they were kept for 24 hours. Each group
of shoots was placed in moistened plastic bags and put into a hermentically closed
steropian box. The cuttings were frozen in refrigerators, in lots of 10, at tempe-
ratures of —25°C, —30°C and —35°C, while the rate of temperature drop was
maintained at 3°C per hour. Control cuttings were held at a temperature of 1°C.
The cuttings were maintained in the said temperatures for 24 hours after which
they were defrosted slowly over 12 hours.

We introduced a modification in the presentation of the experimental data.
We do not compare the direct readings of electrical admittance in cuttings after
treatment with low temperatures (expressed in u.S), but the differences between the
admittance of each cuttings made before and after it was frozen. It appears that
this method of evaluating the degree of tissue damage by low temperatures is very
useful for these studies.

Several experiments were run in order to investigate the influence of the water
content of a cutting on its sensitivity to the electrical current. The visual method
of estimating damage to cutting by low temperatures was employed.

The not frozen control cuttings have been moved to the phytotron to a tempe-
rature of 25°C and 75°/0 of relative humidity with a 12 hour day-length, positioning
each one into a plastic flower pot with sand sterilized under a quartz lamp.

Observations were made at three-day intervals for 21 to 30 days; changes in
the colour of the cuttings tissues were checked by incisions. Control cuttings provided
the pattern for color changes. Those plant cuttings whose tissues had turned yellow
or brown were considered inanimate. After the observations were finished, the
average number of days the cuttings retained green tissue was calculated. The
numbers shown in the tables for this experiment are averages for 10 cuttings,
graded on the following scale: 1| — 0-4 days, 2 — 5-8 days, 3 — 9-12 days, 4 —
13 - 16 days, 5-16 days and above.

STATISTICAL CALCULATIONS

As large quantities of data were collected during our investigations of species
and varieties of trees and shrubs resistant to low temperatures, statistical analysis
was necessary to determine the significartce of the effects obtained. This was
particularly necessary because of the varying origins of our plant material, which
introduced another discriminating factor.

On the basis of our results the following statistical calculations were made:

1. Linear, quadratic and cubic regressions of: A) the average differences in
electrical admittance of shoots frozen at three temperatures on the average degree
of damage by frost to trees and shrubs in the Kornik Arboretum during severe
winters; B) the average length of the period during which shoot damage did not
appear after exposure to three different temperatures (survival duration) on
average degree of damage to individuals during severe winters; C) the average
differences in electrical admittance of shoots frozen at three temperatures on the
length of the period during which no sign of tissue damage appeared (survival
duration).

2. Multiple regressions of the difference in electrical admittance before and
after freezing on the average degree of damage in the Kornik Arboretum during
severe winters and on the water content.
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3. Correlation coefficients.

4. The F tests for significance of the linear, quadratic, and cubic regressions
were also calculated.

5. Where presenting the results use was made of the average from the
10 cuttings.

At present, statistical calculations are being conducted for the purpose of
selecting those shrubs and trees in Kérnik Arboretum and in other places in Poland
which are most resistant to low temperatures.

These calculations are being performed on a Polish computer Odra 1204.

RESULTS

The results of statistical analysis on the measurement of electrical
admittance of forsythia shoots are presented in table 1. This table presents
the results of several years of observations of damages to forsythias during
severe winters in the Koérnik Arboretum, the results of measurements of
electrical admittance and the indices of survival of shoots after freezing.
From the values in this table, it can be seen that in general high frost
resistance of forsythias growing in the Koérnik Arboretum corresponds
to small differences in the electrical admittance of shoots and a long sur-
vival period of shoots after freezing. For hybrids produced in the Insti-
tute of Dendrology in Kornik, by doc. dr. B. Suszka, only the measu-
rements on the admittance of the shoots and the period of survival after
freezing are included.

The forsythias most resistant to low temperatures as can be seen from
the data presented in Table 1 are: Forsythia ovata no. 4778 from the
Forest Experiment Station in Korea, F. japonica saxatilis no. 10518 ob-
tained from Kew Garden and F. japonica no. 7549 also obtained from
Kew Garden. These shrubs have low differences in the electrical admit-
tance, and F. japonica and F. japonica saxatilis have the longest survi-
vals of the cuttings after being subjected to the action of low tempera-
tures.

Differences in electrical admittance of the known forsythia cultivars
are much greater for the studied temperatures than of the hybrids bred
in Koérnik. This clearly indicates that the former are less resistant to low
temperatures than the latter. Also the survival duration of the frozen
shoots of forsythia cultivars is shorter than that of the individuals bred
in Kornik.

Anatomical studies of the cortex, cambium and pith (Tab. 4) following
injury by low temperatures indicated that the Kornik varieties have
generally more resistant tissues than the ones already known in culti-
vation. In some cases the cambium is more sensitive to low temperatures
than the bark. However, in the studied forsythias it was frequently found
that the bark is more resistant than the pith.

Further results of the statistical evaluations presented in Tables 2
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Table 1

Mean values of electrical admittance (in jiS) in shoots from forsythia growing in the Kdérnik

Arboretum subjected to the action of low temperatures, as related to their water content, obser-

vations on the damage to tissues in laboratory conditions and data on their mean susceptibility
to injury during severe winters

Inven-| Mean injury D'g'né: (:)I:f;::a;nzdrzger Survival duration after Moisture
tory  Variety and hybrids  over5 severe freezing freezing content °/0 of
o WIners - _gsec 30°C  —35°C —25°C -30°C -3s°C e Wt
1 ! 2 3 * 5 6 8 9 10
4778  F. ovata 12 25 6.2 6.6 5 1 1 50.1
7549  F. japonica 3.4 11 3.9 15.8 5 1 53.9
1078  F. viridissima v. korea-
na 4.0 0.7 6.4 10.6 4 1 1 54.6
7748  F. giraldiana 4.0 2.6 10.7 14.4 4 1 1 57.0
2488 F. *Variegata' 4.2 6.3 8.3 10.6 2 1 1 53.8
2489  F. suspensav. sieboldii 4.2 5.9 10.6 14.6 1 1 1 52.6
8430 F. X intermedia 4.2 2.2 7.8 132 5 1 1 52.1
2485  F. 'Primulina’ 4.2 3.0 10.1 9.1 5 1 1 54.9
2484 F. *Densiflora’ 4.2 0.8 6.5 9.6 5 1 1 55.8
2486 F. 'Vitellina' 4.2 2.6 134 12.1 4 1 1 58.5
10518 F. japonica vat. saxatilis - 21 15 18 2 3 2 52.4
F. H.-203-17 - 0.2 14 2.1 5 3 1 47.8
F. A.-145-1 - 2.0 16 44 3 3 1 54.5
F. H.-205-11 - 17 31 3.6 4 3 1 53.9
F. A-204-46 - 15 33 4.3 5 1 1 50.5
F. 4.-86-94 - 0.0 4.2 52 2 1 1 54,1
F. #A.-205-12 - 2.4 38 3.8 2 3 1 57.4
F. H.-142-4 - 0.6 4.4 53 3 3 1 01.5
F. £.-86-90 - 13 4.6 4.6 5 1 1 54.1
F. 'Maluch' H.-87-60 - 35 3.8 41 2 3 1 53.7
F. A.-91-1 - 2.6 37 54 1 1 1 51.2
F. H.-86-71 - 34 3.2 6.8 3 3 1 55.2
F. £.-86-100 - 2.1 6.9 59 4 1 1 56.2
F. 77.-144-1 - 0.6 71 7.4 5 1 1 52.7
F. A-94-1 - 2.3 5.2 8.1 3 1 1 53.6
F. A.-89-3 - 0.5 53 9.9 5 5 3 56.5
12269  F. 'Lynwood' - 43 19.3 10.6 5 1 1 54.6
12268 F. 'Spring Glory' - 220 16.9 - 5 . 1 51.0

and 3 concern only species and varieties known in cultivation, since only
for these we had a full documentation of the observations. For the studies
on the resistance to low temperatures of the known varieties of forsy-
thias, a freezing temperature of —30°C (Tab. 1, 2) appeared to be most
characteristic. A temperature of —25° is still too high for an evaluation
of the resistance, while a temperature of —35°C is too low for the varie-
ties long under cultivation in the Koérnik Arboretum. However the tem-
perature of —35°C (Tab. 1) proved satisfactory for the evaluation of
resistance of the Koérnik bred hybrids to low temperatures as well as for
the species Forsythia ovata.

The relation was estimated between the difference in electrical admit-
tance in one year old shoots of forsythias measured in the laboratory and
the mean degree of injury to these shrubs growing in the Kornik Arbo-
retum during several severe winters (A). Significance of this relationship
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Table 2
Regression coefficients and I'-test for difference in electrical admittance, survival duration and
injury during severe winters in shoots of Forsythia species

) Correlation coefficient F-test
Regression —25°C -30°C  —35°C  -25°C  -30°C  —3sc % "0-01
1) 0.19 1.95 331 5.99 13.7
Cubic 0.24 0.44 0.59 2) 1.35 2.74 5.39
3) 0.40 0.14 0.06
1) 0.21 222 3.82 5.59 12.2
A Quadratic 0.19 0.43 0.59x 2) 147 3.12 6.22x
Linear 0.16 0.42 0.47 1) 0.20 1.75 2.31 5.32 11.2
1) 071 - - 5.99 137
Cubic 0.15 - - 2) 033 - -
3) 0.00 - -
1) 0.82 0.85 - 5.59 12.2
B Quadratic 0.15 0.83xx - 2) 0.38 34.65 xx -
Linear -0.32 -0-14 - 1) 0.89 0.16 - 5.32 11.2
1) 5.59 8.98 xx 0.03 4.28 7.88
Cubic 0.22 0.35x 0.09 2) 1.02 3.36 2.50
3) 0.07 0.02 0.00
1) 5.82x 9.36xx 0.04 4.26 7.82
C Quadratic 0.22x 0.35xx 0.09 2) 1.06 3.50 2.61
Linear -0.43x —0.50xx -0.04 1) 5.80x 8.58xx 0.03 4.24 .77

ABC—explanation in the methodical part 1) — linear effect, 2 — quadratic effect, 3) — cubic effect
xx — significant at 0.01 level, x — significant at 0.05 level

Table 3
Regression coefficients and F-test for difference in electrical admittance and survival duration
of Forsythia species shoots

. Correlation coefficient F—test
Regression —25°C -30°C —35C  -25°C  -30°C —3°C o
1) 85.00x x 0.0 0.0 5.32 11.26
Cubic 0.913xx - - 2) 0.0 0.0 0.0
3) 0.0 0.0 0.0
Quadratic 0.913xx - . - 1) 0.0 0.0 0.0 5.12 10.56
2) 0.0 0.0 0.0
Linear -0.956x«  0.224 - 1) 106.25 xx 0.531 0.0 4.96 10.04

1) linear effect, 2) quadratic effect, 3) cubic effect
x x significant at 0.01 level, x significant at 0.05 level

was established only in the case of quadratic regression for the freezing
treatment with —35°C.

The next calculated relationship (B) was between the survival dura-
tion (the time during which there were no visible necrotic colour changes
in tissues of shoots that have been freeze treated) and the mean degree
of injury to shrubs growing in the Koérnik Arboretum during several
severe winters. A significant value of this relation was only obtained in
the case of quadratic regression for the freezing treatment with —30°C.

Relationship (C), between the difference in electrical admittance of
shoots and the survival duration (time during which no necrotic colour
changes were observed in tissues) following freezing of the shoots in a
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Table 4

Mean values of electrical admittance (in jiS) in shoots from forsythia shrubs growing in the

Kornik Arboretum subjected to the action of low temperatures, as related to observations on
the damage to tissues in laboratory conditions

Diff. in electrical admittance Freezing resistance
Inventory Variety and hybrids before and after freezing [°c]

No. -25°C -30°C —35°C Cortex ~ Cambium Pith
1 2 3 4 5 6 7 8
10518 F. japonica var. saxatilis 2.1 15 18 -35 -30 —35x
4778 F. ovata 25 6.2 6.6 -30x -25 -25
2484 F. ‘Densiflora’ 0.8 6.5 9.6 -30 -25 -25
7549 F. japonica 11 3.9 15.8 -30 -25 -30
2485 F. ‘Primulina’ 3.0 10.1 9.1 -25 -25 -25
2486 F. “Vitellina' 2.6 134 12.1 -25 -25 —25x
2489 F. suspensa v. Sieboldii 5.9 10.6 14.6 -25 -25" -25
12269 F. ‘Lynwood’ 4.3 19.3 10.6 -25 -25 -25
12268 F. ‘Spring Glory' 22.0 16.9 - -25 -25 -25
KA.-203-17 0.2 14 2.1 -35 —35x -30x
F.H.-145-1 2.0 1.6 4.4 -30 -30x -30
K$.-205-11 17 31 36 -35 -30x —35x
F.H.-204-46 15 33 43 -35 -30x -30x
KH.-205-12 2.4 38 38 -35 -25 -35
KA.-142-4 0.6 4.4 53 -35 -30x -25
K£1.-86-90 13 4.6 4.6 -30x -30x -30
F.H.-87-60 35 38 4.1 -35 -30x —35x
F.H.-91-1 2.6 37 5.4 -35 -25 -25
F.H.-86-71 34 32 6.8 -35 -30 -30
F.H.-86-100 21 6.9 5.9 —35x -30x -30
F.H.-144-1 0.6 71 74 230 -30x -30x
F.H.-94-1 23 5.2 8.1 —35¢ -30x -30x
F.H.-89-3 0.5 53 9.9 -35 -30 -3ix

X — partly injured
“ — complete injured

refrigerator, is significant: 1) for the linear effect of the cubic regression
at a temperature treatment of —30°C, 2) for the linear effect of the
quadratic regression at temperature treatments of —25°C and —30°C
and 3) for the linear regression at temperature treatments of —25°C and
-30°C.

Multiple regressions were analysed for the three variables: differences
in admittance, dependent variable (1), frost damage in the Arboretum,
independent variable (2), and water content, dependent variable (3). Only
the multiple correlation coefficient R was significant for the three tem-
peratures examined (Tab. 5).

Table 5
Coefficients of multiple regression of the difference in electrical admittance (1), on the mean
injury during winter freezing (2) and the moisture content (3) in Forsythia species shoots

Tem[legature R r23l H2.3 312
-25 0.8633 xx 0.6579 0.3604 -0.3802
-30 0.9677 xx 0.4909 0.1445 0.3970
-35 0.9796 xx 0.5674 0.4152 -0.0451

xx — significant at 0.01 level
X — significant at 0.05 level
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Table 6

Mean values of electrical admittance (in [iS) in shoots from forsythia from Poland subjected
to the action of low temperatures, as related to their water content and observations on the da-
mage to tissues in laboratory conditions
Date of shoots collecting Nov. 28 — Dec. 2, 1971

Dff. in electrical admit- Survival duration ofshoots

tance before and after : Moisture
Variety Place freezing after freezing content %
_25°C -30°C  -35°C —25°C -30°C —gsec OF eshwt
1 2 3 4 5 6 7 8 9
F. sp. (6] Ciechocinek 2.7 8.7 317 5 1 1 58.8
F. sp. Torun 3.0 15.0 317 5 1 1 57.6
F.sp. 1) Bydgoszcz 2.0 19.2 41.8 5 1 1 56.8
F. sp. (W) Ciechocinek 3.0 275 55.9 5 1 1 60.7
F. sp. (6] Inowroctaw 3.0 16.5 35.2 5 1 1 58.5
F.sp (3) Ciechocinek 2.9 177 40.0 5 1 1 59.8
F. sp. 2 Inowroctaw 5.7 19.2 36.7 5 1 1 58.7
F. suspensa Bydgoszcz 31 22.1 36.6 5 1 1 62.1
F. sp. 3 Inowroctaw 4.5 22.0 39.2 5 1 1 61.1
F. sp. @ Bydgoszcz 10.9 27.4 97.4 4 1 1 60.4
F. sp. 4) Inowroctaw 118 233 53.0 4 3 1 60.2
F. sp. ®) Bydgoszcz 31 133 311 5 1 1 59.9

Most commonly cultivated in Poland are the attractive varieties of
F. intermedia ’Vitellina’, 'Primulina’, 'Densiflora’ and? 'Spectabilis’. These
are characterized however by susceptibility to frost which is indicated
by the serious damages primarily to flowers buds, 60 - 100% of which
have been affected, and to one year old shoots as well as to some older
ones. These damages were most severe in the regions of Warsaw, Bialy-
stok, Krakdéw and Poznan. Of the 309 specimens of this species under
observation only 22 (7%) have not suffered winter injury. The most
valuable specimens for us have been selected in Warsaw and Poznan.

Also common in various parts of the country are susceptible varieties
of F. suspensa var. sieboldii and var. fortunei, in which a similar though
perhaps not so severe a frost damage to flower buds has been observed.
Within these varieties note was also taken of the several frost resistant
specimens from the collection of the Botanical Garden in Warsaw.

Within the group of Forsythia sp. the most valuable ones are 60-year
old, very viable and luxuriant shrubs of forsythia found in the park
around a monastry in southeastern Poland, in Jarostaw and in the castle
park in Przemys$l. These are adapted to the severe winter conditions ty-
pical for this part of the country and have not had any sings of winter
injuries. Similarily valuable frost resistant specimens have been selected
in the cold climate of northeastern Poland, in the region of Olsztyn,
around the Szczytno castle.

Material for investigations was collected in parks on the lower Vistula
River and in the towns (listed in Table 6). From the measurements of

https://rcin.org.pl



STUDIES ON THE RESISTANCE OF FORSYTHIAS 187

differences in admittance and survival duration after freezing, it is clear
that all of the individuals in these parks have higher differences in
admittance than the F. ovata growing in the Karnik Arboretum, which
means that they are less frost resistant than this F. ovata.

DISCUSSION

Observations on the frcst injuries to forsythias conducted over 32
years represent a valuable material to be utilized when evaluating labo-
ratory methods of estimating the effect of low temperatures on these
shrubs. It appears that not only in the Kérnik Arboretum, but also throu-
ghout the country it is possible to find individuals of forsythias which are
very resistant to low temperatures. These are possibly generative offs-
pring of the species and varieties cultivated by us. This property of the
shrubs has been confirmed by the laboratory tests using the difference
in electrical admittance of the shoots before and after freezing.

Field observations and laboratory studies have shown that a great
resistance to low temperatures is demonstrable in Forsythia ovata, F. ja-
ponica and F. japonica var. saxatilis. For this reason Suszka (1959)
has used F. ovata in his breeding work on forsythias resistant to low
temperatures. Many of the hybrid individuals he has obtained are chara-
cterized by greater resistance to low temperatures than the maternal
Forsythia ovata. Long term studies on the possibility of cultivating these
in eastern and northeastern Poland that have been conducted by Sus z-
k a have confirmed that it is possible to breed ornamental forsythia varie-
ties more resistant than the maternal forms. In this way a possibility
resulted of extending their cultivation into regions of our country where
so far the shrub has not been used.

In our studies a temperature of —30°C proved sufficiently selective
for the forsythias so far under cultivation, however the breeding value
of Forsythia ovata and of its hybrids bred in Koérnik is best demonstrated
at a freezing temperature of —35°C.

The breeding of forsythia varieties resistant to low temperatures can
represent cnly the first stage of cultivation of these shrubs. It will be
the responsibility of breeders later on to increase the decorative value of
these varieties while maintaining their high resistance to low tempera-
tures.

In the case of exceptionally high resistance of Forsythia ovata to low
temperatures, compared to other cultivars studied by us, we were obtai-
ning significant correlations for the linear effect as well as for the qua-
dratic effect of the quadratic regression. This result gives a simple me-
thod of utilizing the variation in the degree of resistance to low tempe-
ratures for the needs of breeding new varieties.

From the studies on the effect of low temperatures on the differences
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in electrical admittance of shoots subjected to the action of low tempe-
ratures we have found that within the genus Forsythia:

1. The species and varieties under cultivation in Koérnik Arboretum
and in other parts of Poland differ substantially in cold resistance.

2. There exist in Poland numerous individuals of Forsythia highly
resistant to low temperatures.

3. Utilization of the individuals resistant to low temperatures as ma-
ternal plants in a breeding program can lead to the selection of highly
resistant hybrids.

4. The method of evaluating the electrical admittance can be succes-
sfully utilized for the screening of forsythia individuals for resistance to
low temperatures.

We are most grateful to Prof, dr hab. Zdzistaw Paj g(k for helping
us in clarifying electrical terminology, and to Prof, dr hab. Tadeusz C a-
linski for his help with the statistical methods.

For the observations on survival duration after freezing we wish to

express our sincere thanks to Mrs. B. Wnuk.

Institute of Dendrology
Koérnik nr. Poznan
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STEFAN BIALOBOK, HENRYK CHYLARECKI, PAWEL PUKACKI

Badania nad odpornoscig forsycji na niskie temperatury

Streszczenie

Forsycja nalezy do krzewéw cenionych w Polsce. U gatunkéw i odmian po-
wszechnie u nas uprawianych sg uszkadzane przez mrozy, w czasie surowych zim,
pedy i paczki kwiatowe, gtownie w Polsce wschodniej, potnocno-wschodniej i $rod-
kowej. Odmiany o wysokich wartosciach ozdobnych, ktére mogag by¢ uprawiane na
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terenie calego kraju mozna otrzymac przez selekcje osobnikéw odpornych na mrozy
rosngcych w starych parkach i ogrodach lub przez hodowle nowych mieszancow.
We wspomnianych czesciach Polski prowadzono selekcje forsycji i stwierdzono, ze
na 309 osobnikéw tylko 22 nie ucierpiato od mrozéw. Jako wskaznik odpornosci
na niskie temperatury w badaniach laboratoryjnych przyjeto pomiary admitancji
elektrycznej pedéw (odwrotno$¢ impedancji), ktorg mierzy sie w simensach. Do
tych pomiaréw zostat uzyty wegierski konduktometr OK 102/1. Czesto$¢ pradu po-
miarowego wynosita 80 Hz.

Jednoroczne pedy poddawano przez 24 godziny dziataniu temperatur: —25°C,
—30°C i —35°C. Temperature obnizano o 3°C na godzine. Pedy odmrazane przez
12 godzin przenoszono do fitotronu, gdzie w ciggu 16 dni okre$lano stopien uszko-
dzenia ich tkanek wedtug skali pigciostopniowej. Jako wskaznik odpornosci na niskie
temperatury przyjeto roznice admitancji elektrycznej miedzy nieprzemrozonymi
a przemrozonymi pedami, co bardzo utatwito opracowanie wnioskéw w zakresie
oceny tej metody do masowych badan odpornosci roslin drzewiastych na niskie
temperatury. Decydujacy wpltyw na dalsze badania miato poréwnanie obserwacji
odpornosci forsycji, rosngcej w Arboretum Kornickim, na mrozy w okresie 1939 -
- 1971 r. z pomiarami admitancji.

Do najbardziej odpornych na mrozy w Arboretum Koérnickim nalezy Forsythia
ovata, u ktorej stwierdzono tez matg réznice admitancji w temperaturze —35°C.
Znacznie mniejszg réznice admitancji elektrycznej pedéw jak u F. ovata stwierdzo-
no u F. japonica var. saxatilis. Rowniez F. japonica jest odporna na mrozy i do-
piero w temperaturze —35°C pedy jej sg silnie uszkadzane.

Inne gatunki i odmiany forsycji (tab. 1) okazatly sie nieodporne na mrozy pod-
czas surowych zim. Stwierdzono tez u nich wysoka roznice elektrycznej admitancji
nie tylko po przemrozeniu pedéw w —35°C. O wysokiej odpornosci na niskie tem-
peratury tych trzech forsycji $wiadczy dtuzszy okres przezywania przemrozonych
pedow.

U kornickich mieszancow forsycji stwierdzono na ogét mniejsza réznice admi-
tancji pedéw niz u uprawianych w Polsce gatunkéw i odmian forsycji (tab. 1), co
wskazuje na ich wiekszg odpornos¢ na niskie temperatury. RoOwniez obserwacje
uszkodzen przez niskie temperatury tkanek kory, miazgi i rdzenia (tab. 4) wska-
zuja, ze mieszance kornickie sg na ogo6t odporniejsze niz dotychczas znane u nas
w uprawie gatunki i odmiany forsycji. Nieodporne na mrozy okazaty sie odmiany
amerykanskie 'Lynwood’ i 'Spring Glory’.

Temperatura —30°C dobrze segreguje badane forsycje (tab. 1 i 2) pod wzgledem
ich odpornosci na niskie temperatury, natomiast dla oceny mieszancow kornickich
bardziej odpowiednia jest temperatura —35°C. Temperatura —25°C jest za niska dla
selekcji forsycji odpornej na mrozy.

Z wynikow tych badan obliczono wspétczynniki regresji i test F Fishera dla:
a) zaleznosci Sredniej réznicy admitancji pedéw w 3 temperaturach a $rednim stop-
niem uszkodzenia krzewow przez mrozy w Arboretum, b) zaleznosci miedzy okre-
sem przezycia pedéw przemrozonych a stopniem uszkodzenia krzewoéw w Arboretum,
c) zaleznosci miedzy réznicg admitancji pedéw a przezywaniem przemrozonych pe-
dow.

W poszukiwaniach forsycji odpornych na mrozy w obszarze dolnej Wisty nie
znaleziono osobnikéw majacych mniejszg réznice admitancji elektrycznej pedow
niz Forsythia ovata.

W wyniku badan wplywu niskich temperatur na réznice admitancji pedéw
forsycji nalezy stwierdzi¢, ze przy pomocy tej metody mozna przeprowadzi¢ selekcje
osobnikéw odpornych na mrozy. Mozna réwniez rozwing¢ hodowle mieszancow
forsycji odpornej na niskie temperatury i wykorzysta¢ opisywang metode do szyb-
kiej ich oceny pod wzgledem tej cechy.
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CTE®AH BANMOBOK. MEHPbLIK XWUIAPELKW, MABEM MYKALK.W

ViccnefoBaHna MoposocTolikocTy Bugos Forsythia

Pe3rome

dop3numa  NPUHaANEXUT K KYCTapHWKam, BbICOKO LEHHWMbIM B [losble. Y mosce-
MECTHO KyNbTUBMPYEMbIX 3[€Cb BWAOB M PasHOBWAHOCTEV BO BPEMS CYpPOBbIX 3UM, OCOGEH-
HO B BOCTOYHOW, CEBEPO-BOCTOYHON U LEHTPasbHOM [lonblie, no6ern 1 LBETOYHbIE MOUKM
nospexgatoTcs mMopo3amu. Popmbl, 06nafaroLLme BbICOKAMU [eKOPaTUBHLIMU [OCTOMHCTBAMU
li npucnocobneHHble A0S KyNbTUBMPOBaHWA Ha TeppuTOpUKM BCe CTpaHbl, MOFYT ObITb
noMyyeHbl NyTeM OTOOpa MOPO30CTOMKMX 3K3eMMNAAPOB, PacTYLUMX B CTapblX Mapkax ¥ ca-
[iaX, WM >ke NyTem CenekLMW HOBbIX rmMbpugoB. B ynomsaHyTbIX paiioHax [Monblum npoBoau-
nacb cenekuust op3uumii M BbINO YCTaHOBMEHO, 4TO U3 309 3K3eMMAAPOB TOMbKO 22 He
nocTpasjaio OT MOPO30B. B kayecTBe MokasaTens MOPO30CTOMKOCTM B N1abopaTopHbIX Ycro-
BUAX Bbl WCMONb30BA/IN  MOJHYHO  3/1IEKTPONPOBOAMMOCTL  M06eros  (BennymHa, obpartHas
MO/IHOMY COMPOTWB/IEHNIO), OMpefenseMyto B CUMeHcax. [na u3vepeHus ee ynoTtpe6nsncs
BeHrepckuini koHayktomeTp OK 102/1. YactoTa Toka cocTaBnsna 80 repLos.

lognuHble nobern nofsepranucb B TeYeHMe CYTOK BO34eicTBuiO Temnepatyp —25°C,
—304C, —35°C. Temnepatypa CHWkanacb Ha 3°C B uac. llocne ux pasmopoxusaHus (B Te-
yeHue 12 yacoB) mobern nepeHOCWINCb B (PUTOTPOH, FAe Ha MPOTskeHun 16 fgHeld onpege-
nanacb CTeneHb MOBPEXAEHUA TKaHel M0 NATMUCTaneHHON Lwkane. [lokasaTenem MOpPO30-
CTOWKOCTU CNyXWna PasHOCTb 3/71eKTPONPOBOAMMOCTY, OMPeseneHHON Yy MPOMOPOXEHHbIX
! HEMPOMOPOXEHHbIX M06eros. [1o/yyeHHble [faHHble O6MErynunM OLEHKY 3HayeHWs 3Toro
MeToAa MpY MacCoBOM W3yYeHUM YCTOWYMBOCTM [APEBECHbIX PacTeHW K HU3KWM Temrepa-
Typam. Peluatollee 3HadeHMe ANA AanbHERLLUMX WCCNeJOBaHWA MMENo OnocTaBfieHWe Hab/to-
JeHnii 1939 - 1971 rr. 3a MOpO30CTOMKOCTbIO Forsythia, KynbTuBmpyemoii B ApbopeTyme
KypHUKa, ¢ n3MepeHneM 3M1eKTPONpPOBOAHOCTH.

K Havnbonee MOpO30CTOMKMM pacTEHUAM B YC/OBMSX Hallero apbopeTyma OTHOCMTCS
p. ovata, y KOTOPOA YCTaHOBMEHbl TakKe HebOoMbLUME W3MEHEHWs 371eKTPONpPOBOAYMOCTM
nof Bo3feiicTBueM Temnepatypbl —35°C. 3HauMTeNbHO MeHbLUMe W3MEHEHUs 3/1eKTPOMNpoBo-
aumoctu, yem y F. ovata, o6HapyxeHbl y F. japonica var. saxatilis, HO 3TOT BUf Takke
MOPO30CTOEK M MO6Gern y Hero CUbHO MOBPEXAarTca ToAbko npu —35°C.

[Opyruve Buabl u pasHoBugHocTM Forsythia (Tabn. 1) okasanucb HeycTOWYMBLIMK K MO-
po3amM CypoBbIX 3VM. Y HWX BbISIB/IEHbI OOMbLUME W3MEHEHWA 3/IEKTPONPOBOAUMOCTY MpK
NpoMopaXmBaHuy noberoB He Tonbko A0 —35°C. O BbICOKOW YCTOMYMBOCTU K HU3KUM
TemrepaTypam 3TuX Tpex (hop3uumMiA CBMAETENbCTBYET 60bLIasA MPOLOMKUTENBHOCTL Mepe-
XXMBaHWSA NMPOMOPOXKEHHBLIX MOGEros.

Y KYPHULKUX TUOPUAOB (DOP3ULMIA YCTAHOBMEHbI B LIE/IOM MEHbLUE pasnyns B 3/eK-
TPOMPOBOANMOCTY MPOMOPOXEHHbLIX U HEMPOMOPOXXEHHbIX M00eros, uYem Yy BUAOB U pas-
HOBWAHOCTEW, KynbTUBMPYeMbIX B [Monblwe (Tabn. 1), 4T0 yKa3blBaeT Ha WX 60MbLUytO
YCTOMYMBOCTb K HU3KUM Temnepatypam. HabniofeHns 3a MNOBPeXAeHWAMU TKaHel Kopbl,
KamMmbnsi 1 CepALeBVHbl, BbI3BAHHBIMV HU3KUMWU Temrnepatypamu (Tabn. 4), Takxke ykasblBa-
I0T, YTO KYpHULKVe rnbpuabl B (Uenom 6Gonee yCTOWYMBBLI, YeM [0 CWMX MOP W3BECTHblE Yy Hac
B KyNbType BUAbl M PasHOBMAHOCTM (hOp3uLMii. He MOPO30CTOMKMMK OKas3anCb amMepuKaH-
ckune copta 'Lynwood' u 'Spring Glory’.

Temnepatypa —30°C (Tabn. | u 2) XOpowo pasfensieT uccnefoBaHHble  (HOpMbl
Forsythia no ux ycTonuMBOCTM W MOPO3Yy; HO ANA KYPHULKMX TrMOGpUAOB 60nee mpurofHa
Temnepatypa —35°C. Temnepatypa -25°C CAMWIKOM HM3Ka ANS NpoBefeHus oTtbopa ¢op-
3ULMIA Ha MOPO30CTOMKOCTb.

Mo pesynbTatam 3TUX WCCNEAOBaHWA BbIYUCMEHbI KO3((ULMEHTbI perpeccun u TecT
F duwepa gna: a) cpefHeii pasHOCTW 3NEKTPOMPOBOAMMOCTM MOGEroB npy Tpex Temre-
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paTtypax W CpefHero YpOoBHs MOBPEXeHUs KYCTapHMKOB MOPO30M B apbopeTyme, 6) 3aBu-
CUMOCTU MeXAy MepuoAoM BbDKUBaHUS MPOMOPOXEHHbLIX MOGEroB U CTENeHbID MOBPEXAEHUS
KYCTapHUKOB B apbopeTyMe, B) 3aBUCUMOCTU MeXAY W3MEHEHUSMM 3/1eKTPONPOBOAVMOCTY
I BbDKMBAHWEM MPOMOPOXEHHBIX MO6Eros.

[ns 3TX 3aBUCMMOCTEW MOMyyYeHa He JIMHelHas perpeccusi, a KpUBOIMHENHO-Kybuyec-
Kasi N KBagpaTHas. B nouckax MOpPO30CTOMKMX (hopM (Pop3vLmMiA B paiioHe HWKHel Bucnbl
He HallAeHO TaKMX, KOTOpble Obl MMEN MEHbLUME W3MEHEHWS 31eKTPOMpPOBOAVMOCTY NOGEroB,
yem F. ovata.

B pesynbrate U3yyeHUst BAUSHUA HU3CKMX Temrepatyp Ha 3/71eKTpOnpoBOAMMOCTbL MO-
6eroB (hop3vLMM MOXHO YTBEPXAaTb, UTO 3TOT METOA MOXeT 6biTb UCMO/Mb30BaH A
oT6opa MOPO30CTOMKMX 0co6eii. OH MPUroAeH Takke Npy Cenekuum rmbpuraoB Ans GbICTPOiA
OLEHKM MX YCTOMYMBOCTM K HU3KWUM TemMepaTypam.
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