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Abstract

The aim of this study was to analyse the possibility of enriching the local population of wild cherry (Prunus avium

L.) with introduced material capable to withstand rigorous environmental conditions. Progenies of wild cherry from nine
European countries were tested in northern marginal site of species’ distribution range. Persistence of progeny in relation
to transfer to new environment refers here to the height loss due to frost damage and to the certain variability among
morphological traits. The progenies were evaluated at two and three years of age in the provenance nursery trial in
central Lithuania. F-ratios and significance of provenance and block fixed effects, Pearson and Spearman correlation
coefficients, Tukey comparison lines for LS-means of provenances were estimated for set of traits: tree height at the
end of the vegetation period and in the next spring, tree diameter, tree height to diameter ratio, the diameter of strongest
branch or side stem, branch diameter to tree stem diameter ratio, and autumn over-coloration of shoot tips, leaf gland
length in relation to petiole width, leaf gland colour.

The analysis of variance of most traits revealed that the effects of provenance, block, and provenance by block
interaction were statistically significant and indicates a presence of genetic differences in populations’ general performance
and in ecological reaction norms. Very weak correlation between tree height and tree branchiness ratio gives an indication

of breeding possibility of fast growing trees while retaining relatively slim branches.

Independent samples 7-test and Levene’s test for equality of variances approved the relationship between tree
morphology parameters and leaf gland characters of survived saplings. Determination of changes in morphology of wild
cherry survivors showed that induction of gland pigments is not subjected to stress.

The autumn over-coloration of cherry shoot tips was considered as stress indicator in this study. The more damaged
tree tips were in autumn, the less tree height was next spring.

It was found strong and significant correlation between gland number and hardiness zone index at populations’
origin locations (» = 0.60, P = 0.03). Positive correlations between the maximum number of glands and hardiness zone
index, tree height in spring of 2011 and longitude were moderate but not sufficiently significant.

In general, wild cherry reproductive material from Poland and Austria may be candidates for further testing for the
potential introduction of the most fitted populations to Lithuania.

Key words: Prunus avium, wild cherry, introduction, persistence, growth, morphology.

Introduction

Prunus avium (L.) includes sweet cherries, cul-
tivated for human consumption, and wild cherry trees,
also called mazzards, grown for their wood (Webster
1996, Ganopoulos et al. 2011). The origin of sweet
cherry is believed to be in the region close to the
Caspian and Black Seas and this species is indige-
nous to countries to the south of the Caucasus
Mountains (Webster 1996). The initial spread of the
wild cherry was caused by bird migrations and the
distribution was depending on the movement distanc-
es of bird populations (Webster 1996). The second-

ary spreading of the wild cherry was mostly human-
caused for use in horticulture and the natural range
of wild sweet cherry expanded from place of origin
northwards to the southern Sweden, eastwards to the
northern India and southwards to isolated islands of
Portugal. The Baltic Sea region is the northern limit
of range of distribution of P. avium. In Lithuania P.
avium is scattered throughout temperate broadleaf
forest (Gudzinskas 2000), with prevalence in the west-
ern part of the country (Petrokas 2011; Figure 1). This
abundance is possible due to it grows best in beech
or beech-hornbeam forests (Chukhina 2008) and the
northern boundary of the European hornbeam (Carpi-
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Figure 1. Occurrence/habitats of Prunus avium L. in Lithuania

nus betulus L.) natural distribution range lies across
Lithuania (Karazija 1988).

We chose to focus our efforts on the wild cherry
as it is native forest tree species, which can grow on
a wide variety of soil types. It has the advantage of
fast growing, producing a high quality hardwood tim-
ber in about 70 years which is in demand for furniture
making and able to substitute for wood of tropical
hardwoods. Wild cherry is the most important Euro-
pean timber species in the family Rosaceae (Russell
2003). In Lithuania wild cherry is spreading to forest
stands naturally from domesticated sources or from
already escaped semi-wild trees. There are no mature
stands of P. avium in Lithuania although groups or
individual trees grow as admixture in some stands of
other tree species while young trees are abundant in
understory of many stands. Our aim is to develop vig-
orous, locally well adapted trees with good stem form
suitable for wider use in forestry and farm woodland
plantings. At the time, wild cherry do not have a very
good forestry reputation, as many trees were of un-
known origin or quality; many were probably of sweet
cherry type.

Based on the assumption that natural selection has
optimised populations to their local environment, Eu-
ropean guidelines for the sustainable management of
forests in Europe (MCPFE 1993, Anon. 1999) advocate
and encourage the use in forestry high quality local
seed sources that are genetically and phenotypically
adapted to the site. However, in many cases an envi-
ronmentally induced variation appears to be non-adap-
tive (e.g. de Jong 2005, van Kleunen and Fisher 2005).
It is argued that stressful environments that are out-
side the natural range can break down genetic buffer-
ing mechanisms, and increase the variance associat-
ed with different traits (e.g. Rutherford 2000, 2003).
Carroll et al. (1997) emphasizes the importance of meas-

uring fitness related traits, and paying attention to the
subset of individuals that persist and flourish in the
new environments. Ghalambor et al. (2007) summaris-
es that ‘if an identifiable subset of individuals that
possess a particularly favourable combination of plas-
tic traits is found to be the successful colonizers of
new environments, such evidence could show an im-
portant role of plasticity in facilitating adaptation’.
Analysis of provenance transfer tests shows remark-
able width of adaptability and persistence and, in
consequence, the extended width of ‘local’ adaptation
even under dramatic changes in thermal conditions
and, to a lesser extent, in moisture supplies (Matyas
2007). This phenomenon indicates the substantial
conservatism in the climatic adaptation of numerous
tested tree species, which has an inherent genetic
basis and may have been enhanced by evolution (Ma-
tyas and Nagy 2005). Therefore, we expect that some
provenances or individuals of wild cherry could be able
to succeed even outside their current natural range
and thus would show viability in a study like this. In
general, it was concluded that research of the wild
cherry and similar species which are bird-dispersed
(ornithochory) are very complex and have to be based
on individual tree level research (Ballian et al. 2012,
Petrokas 2010).

The aim of this study was to analyse the possi-
bility of enriching the local population of P. avium
trees better designed to withstand rigorous environ-
mental conditions. The first goal was to analyse sur-
vival, growth, and morphology of the wild cherry at
northern marginal site of species’ distribution in transfer
to Lithuania from West and Central European coun-
tries. The second goal was to provide some methodi-
cal guidance to facilitate the establishment and anal-
ysis of future clonal tests.

Materials and Methods

Test material

Progeny of wild cherry from nine European coun-
tries was tested in the Dubrava nursery trial in Cen-
tral Lithuania. Information on geographical origin and
type of basic material of Austrian (AtK, AtT), Belgian
(BeM), British (GbH), Danish (DkF, DkNZ, DkS), Ger-
man (Del27, Del29, Del31), Italian (ItBF, ItL, ItMB),
Lithuanian (LtT), Polish (PIK, P1Z), and Spanish (EsCL)
test material is presented in Table 1. Hardiness zones
of wild cherry provenances studied (Table 1) are indi-
cated based on the map by Heinze and Schreiber (1984).
This map divides Lithuania into the two zones based
on average lowest winter temperatures (Figure 2).

The provenance trial was established in 2010 by
the Institute of Forestry, Lithuanian Research Centre
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Table 1. Origin, type and amounts of progeny Prove- Tvoe of basi

of wild cherry in Dubrava nursery trial. ID — “ﬁ%"e Provenance y‘:ﬁatoeri;s '©  Lafitude Longitude HZ Naoo  Neors

provenance identification code (the first and the EsCL O Courel Lugo Seed source 2301 2756 9 53 20

second letters indicate country code), HZ — har- ItBF Bosco Fontana Selected stand  45.12 10.44 8 171 70

diness zone, N2010 and N2011 — number of sur- 1tMB Majte Baldo Seed source 45.46 10.51 8 164 41

vived and measured individuals in 2010 and 2011 I Lusiana Seed source 4841 134 8 64 18
AK Koenigshof Seed orchard 48.01 16.74 7 225 91
AT Tulin Seed orchard 48.33 16.08 7 147 54
De131  Zweibriicker Hiigeland ~ Selected stand 49.22 7.32 7 199 89
Pz Zwierzyniec Adamow Stand 50.58 23.12 6 154 122
BeM Mommedeel Seed orchard 50.82 4.74 8 106 5
PIK Krasnystaw Borek Stand 51.00 2295 6 199 142
De127 Hildesheimer Wald Selected stand 5212 90.88 7 187 42
GbH Hardwick Seed orchard 5247 ?2.43 8 99 47
De129 Chorin Selected stand 52.89 13.90 7 42 21
DkF Buskegard Selected stand 55.15 15.05 8 119 56
DkS Soroe Seed source 55.42 11.58 8 71 22
DkNZ  North Zealand Seed source 55.83 12.24 8 139 39
LtT Plateliai Seed source 56.03 21.82 6 1187 485
2121(;?(1)11? Dubrava nursery trial 54.85 24.05 5 3326 1364

CnaEE 8 )i

i Average Annual i
Minimum Temperature i
Zone 1: below 46 C i
Zone2: i to40C ¢ Sk
Zone3: 40 to 34 C L

© Zoned:-34t0-29C
Zone §: 2910 23 C

G Zone§:-23to-18 C

“ ZoneT:-18to-12C

;- Zone8:-12fe-71C

o Zone9:-Tto-1C
Zone 10:-1t0 4 C
Zone 11:above 4 C

10 don’ etk Bt g dang,
:

i, e H07 -, K
0 \ RS “"‘ :
505 807 N

Figure 2. Hardiness zones of plants in Europe (Heinze and
Schreiber 1984) and location of wild cherry provenances
studied. Provenances indicated with squares and codes: Aus-
trian (AtK, AtT), Belgian (BeM), British (GbH), Danish
(DkF, DkNZ, DkS), German (Del27, Del29, Del31), Ital-
ian (ItBF, ItL, [tMB), Lithuanian (LtT), Polish (PIK, P1Z),
and Spanish (EsCL)

for Agriculture and Forestry, and Dubrava Experimen-
tal and Training Forest Enterprise transplanting 1-year
greenhouse raised seedlings of open pollinated prog-
enies to nursery in linear row plots, replicated in two
blocks. Spacing between rows was 0.45 m; distance
between trees was 0.20 m. About 3,300 trees have been
planted in 2010.

Trait estimation

Wild cherry traits were estimated at age two and
three. In total, the number of measured trees (valid
cases, N) was 2,251 in the year 2010 and 1,117 in the
year 2011.

The height (in cm) of tree stem to upper alive bud
(H,,,,) and the diameter (in mm) of stem over bark at
root collar (D, ) were measured with crosswise calli-
per after the end of the vegetation period at the nurs-
ery trial in 2010. The ratio of tree height to diameter
(H/D) was obtained to characterise tree slenderness.
In spring of 2011, the height to upper green (alive) bud
was measured (H,  , in cm) to characterise the extent
of spring frost damage on each survivor. Frost dam-
age during winter and spring 2010/2011 was estimat-
ed as the height loss (HL,,,, = H,,,,— H,,,,). Tree sur-
vival rate of each population was estimated as the
percentage of the remaining trees at the end of the
vegetation season of the year 2011 from the initial
number of trees in the year 2010.

Stem branchiness and forking at age two was
evaluated as the ratio of the diameter (in mm) of strong-
est branch or secondary stem to the diameter (in mm)
of stem (D, /D).

The autumn over-coloration of cherry shoot tips
was considered as stress indicator. Autumn over-col-
oration of green tree (shoot) tips was defined at age
two as follows: 1 — yellowish — the tip is healthy, 2 —
reddish — the tip is slightly damaged, 3 — brown — the
tip is moderately damaged but still alive, 4 — blackish
— the tip is dry.

In this study distinctive characters refer to the
leaf gland traits of wild cherry scored at age three at
mid-July 2011. Observations were made on the fifth leaf
from the top of summer shoot and on all the succes-
sive leaves of that shoot of survivors. We have done
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the following evaluations of leaf glands and transfor-
mations of scores:

1) the pigmentation or ground coloration: 0" —
white or petiole colour, 1* — orange or yellowish, 2
— red or reddish, 3™ — purple or dark reddish; gland
colour: 0 — not red (0" + 1), 1 — red (2™ + 3);

2) the maximum length of glands when viewed from
above: 1% — up to half the width of a petiole, 2™ — over
half the width of a petiole, 3™ — petiole width and more;
gland length: 0 — 1%, 1 — 2™ + 374,

3) the maximum number of glands (1, 2, 3,4, 5 or
6); gland number: 0 — 1-2, 1 — 3-6.

Data analyses

Analyses initially included all trees. Peculiarities
of growth variation were determined at the species and
provenance levels. The variance analysis was done with
the MIXED procedure in SAS Software (SAS Institute,
Inc., SAS/STAT Software, Release 9.3, 2012) which uses
mixed model equations (MME) and the restricted max-
imum likelihood (REML) method. F tests were carried
out to determine when the fixed effects (population and
blocks) were significantly different from zero. The fol-
lowing linear model was used for data analysis:

Vi = 4+ b, tp, +pb, te,

where Y imn is an observation on the n'™ tree from the
m" provenance, u is the field trial mean, bf is the fixed
effect of the jth block, p is the fixed effect of the mth
provenance, pbm/_ is the fixed effect of interaction be-
tween the mth provenance and the jth block, and €
is the random residual.

The normality of residuals’ distribution and ho-
mogeneity of variances were tested with SAS GLM and
UNIVARIATE procedures (SAS Institute, Inc., SAS/
STAT Software Release 9.3, 2012).

Pearson and Spearman correlation coefficients
between traits and correlation coefficients between
provenance trait means and geographical data were
calculated using SAS CORR procedure. LS-means and
Tukey comparison lines for LS-means of provenances
were estimated using SAS GLM procedure (SAS In-
stitute, Inc., SAS/STAT Software Release 9.3, 2012)

Independent samples 7-test of SPSS (Statistical
Package for the Social Sciences) 16.0 for Windows®
was used to compare two classes of a growth param-
eter that were not related. The results for #-test indi-
cated where the means for the two independent class-
es were significantly different at the 5%-probability
level. Prior to conducting statistical analyses, each
variable was tested for deviations from the normal
distribution and for homoscedasticity using Levene’s
test for equality of variances.

To calculate subgroup means and related univar-
iate statistics for the dependent variables of tree

height, height loss, H/D ratio, and branchiness ratio
D, /D within categories of gland maximum length the
Means procedure of SPSS 16.0 for Windows® was
used. Using this procedure, we had layered position
within the level of gland maximum length and observed
how average height loss differs by gland coloration.

Results

The analysis of variance revealed that the effects
of Provenance, Block, and Provenance x Block interac-
tion were statistically significant for most of traits (Ta-
ble 2) except the Block effect for D, /D, ratio and tree
height in spring of 2011. Phenotypic correlations be-
tween traits of wild cherry progeny in Dubrava nurs-
ery trial are presented in Table 3. There was statistical-
ly significant negative relationship between tree height
in spring of 2011 and tree tip autumn over-coloration
in 2010. It means the more damaged tree tips were in
autumn, the smaller tree height was next spring. It must
be noted statistically significant negative relationship
between tree tip autumn over-coloration in 2010 and leaf
gland length in 2011 as well as statistically significant
positive relationships between the leaf gland length and
the rest of the traits. Hypothetically, it means the greater
length of the glands the better.

The two classes of gland colour had about the
same amounts of variability between the scores of
morphology parameters at the 5%-probability level, as

Table 2. Results of ANOVA of wild cherry progeny traits
in Dubrava nursery trial: F-ratio and level of significance of
provenance, block and provenance by block interaction ef-

fects. H, , and H,;  — tree height at the end of 2010 and in
spring of 2011, D,  , — tree diameter in 2010, H/D — tree
ratio of H, | to D, , D, — the diameter of strongest branch

or side stem, D, /D — tree branchiness ratio of D, to D, .,
TiOc — autumn over-coloration of shoot tips in 2010, and
GIPi — gland pigmentation, GlLe — gland length in relation
to petiole width, Gl1Co — gland colour in 2011

F-ratio and level of significance

Trait Provenance Block effect Provenance x Block
effect interaction
D2o10 55.296 *** 162.849 *** 11.868 ***
Du/D 14110 ** 2538 . 6.771 ***
Dor 26.641 *** 22243 *** 11615 ***
GlLe 4888 *** 11.720 *** 2.600 ***
GIPi 7.033 *** 43479 *** 4724
GICo 7.069 *** 45787 *** 3.831 ***
H2o010 46.973 331.155 *** 12.006 ***
H/D 44234 *** 175.036 *** 9.142 ***
H2011 38.225 *** 0.143 . 6.129 ***
TiOc 7146 *** 13.899 *** 2.768 ***

Level of significance: * — 0.05 > P > 0.01, ** — 0.001 > P <
0.01, ***~ P < 0.001
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Table 3. Phenotypic correlations and

X N . . Trait Hzo010 Da2o10 H/D Dor Dy/D TiOc Hao11 GICo
their level of significance for the traits ;
of wild cherry. For traits abbreviations Daoto 0'793*
description see Table 2 H/D 0601 0033"
Dor 0.325" 059" -0.207"
Dy/D 0.062" 0123" -0270' o0.824"
TiOc 02162 -0.2462 -0.016% -0.0762 0.047°
Hao11 0.276" 0.400" -0.048" 020" 0.008"' -0.330°
GICo 0210% 01082 01542 0.009° -0.042> 0.003> -0.0152
GlLe 0.324% 0.3292 0.12% 0.195° 0.064% -0.063° 0.1312 0.184°

*kk

*kk *kk *kk *k * ek ek

Level of significance: * — 0.05 > P > 0.01, ** — 0.001 > P < 0.01, ***~ P < 0.001
! Pearson correlation coefficient and its P-value
2 Spearman correlation coefficient and its P-value

the resulting significance values of Levene’s test were
greater than 0.05 (Table 4). However, only univariate
mean values of tree H/D ratio were significantly dif-
ferent within both classes of gland colour at the high-
est probability level (see the significance values of the
t-test from the top row in Table 4): red gland colour
was characteristic of the survivors having greater class
mean of tree H/D ratio, i.e. red gland colour was char-
acteristic of slimmer trees (Table 5). Tree branchiness
ratio D, /D, autumn tip over-coloration, or spring height
were not related with gland colour in such a way as
described above.

The univariate mean values of tree H/D ratio or
D, /D ratio (Table 6) were significantly different with-
in both classes of gland length at the 0.1%-probabil-
ity or the 0.9%-probability level, respectively (see the

significance values of the #-test from the top row). Over
half the width of a petiole gland length was charac-
teristic of the survived saplings having greater class
mean of tree H/D ratio or D, /D ratio (Table 7). The
estimation of statistical relationships between gland
length and autumn tip over-coloration or spring height
was not possible as the classes of gland length had
different amounts of variability between the scores
(Table 6, Levene’s test).

Height loss due to the frost damage did not vary
simply as a function of gland maximum length (Table
8); therefore it must take into account both gland
length and gland colour. Mean + SE column shows
how average height loss differs by gland pigmenta-
tion or ground coloration of skin within level of gland
maximum length. Although greater height loss was

Table 4. The univariate
tests of morphology pa-

Levene's test t-test

0,

rameters of wild cherry  Parameters Equal variances Sig ¢ of Sig. Mz SE ofthgsD/i;feCrlence

. ’ (2-tailed) Difference _—

survivors used to compare Lower Upper
two independent classes

£ their | pf tand col , TreeHDratioin  assumed 0.128 0.721 -5532 1114 0  -7.62+138 -1033  -4.92

ot thewr feal gland cofour at 5919 not assumed -5.405 708334 0 762141 -1039  -4.85
age three in 2011. M = SE

= mean + standard error,  Tree branchiness  assumed 2.845 0.092 1474 1114  0.141  0.02£0.01  -0.01 0.04

Sig. = significance, CI =  ratio Dy/Din 2010 notassumed 1.434 700146 0152 0.02%0.01  -0.01 0.04

confidence interval Tip over-coloration  2ssumed 0.071 0.789 -0.143 1114  0.886 -0.01£0.05 -0.10 0.9

in 2010 not assumed -0.143 746.854 0.886 -0.01%0.05 -0.10 0.09

Spring heightin ~ assumed 0.224 0.636 0.096 1361 0924 016163  -3.05 3.36

2011 not assumed 0.096 883.504 0.924 0.16+164  -3.06 3.37

Table 5. Group statistics of gland colour for the tree
H/D ratio of wild cherry at age three in 2011. N = the
number of valid cases, M £ SE = mean + standard er-
ror, SD = standard deviation

N M=+ SE SD
740 85.64 £0.78 21.21
376 9327 x1.17 2279

Growth parameter Gland colour
Not red
Red

Tree H/D ratio in
2010

characteristic of survivors having red gland colour
across all the levels of gland maximum length, the gap
widens over the increase in gland length. The extent
of frost damage of survived saplings having glands
of petiole width and larger can be characterised by
average height loss of 77.51 £ 2.60 cm while that of
the sapling having glands over half the width of a
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Table 6. The univariate
tests of morphology param-
eters of wild cherry survi-
vors used to compare two
independent classes of their
leaf gland length at age three
in 2011. M + SE = mean =+
standard error, Sig. = signif-
icance, CI = confidence in-
terval

Levene's test t-test
. 95% CI
Parameters Equal variances S ¢ df Sig. M+ SE of the Difference
19 (2-talled) Difference T U jooor
Tree HID ratioin  assumed 1.666 0.197 -4.160 1114 0  -571:1.37 -8.41 -3.02
2010 not assumed -4.134 784.630 0 -5.71 £1.38 -8.43 -3.00
Tree branchiness ~ assumed 0.962 0327 -2.623 1114  0.009 -0.03+0.01  -0.06 -0.01
ratio Du/D in 2010 not assumed -2.593 773.211 0.010 -0.03%0.01 -0.06 -0.01
Tip over-coloration assumed 10.516 0.001 2.120 1114 0.034 0.10 £0.05 0.01 0.19
in 2010 not assumed 2.043 717.899 0.041 0.10 £0.05 0.00 0.20
Spring height in assumed 40.349 0 -4.983 1361 0 -8.08+1.62 -11.26 -4.90
2011 not assumed -5.385 1076.440 0 -8.08+1.50 -11.03 5.14

Table 7. Group statistics for gland length of wild cherry’s
growth parameters at age three in 2011. N = the number of
valid cases, M + SE = mean =+ standard error, SD = standard

deviation

Growth parameters Gland length

N

M+ SE SD

o Up to half the width of a petiole
Tree H/D ratio in 2010 Over half the width of a petiole

Tree branchiness ratio Up to half the width of a petiole
Over half the width of a petiole

Dy,/D in 2010

391

391

725 90.21 +0.81

725 0.38£0.01

84.50 £ 1.12 22.19
21.72

0.35£0.01 0.20

0.20

Table 8. Growth parame-

saplings having glands of petiole width and larger can
be characterised by average height loss of 92% of
initial tree height while that of the sapling having
glands over half the width of a petiole was 74%, and
that of the sapling having glands up to half the width
of a petiole was 65%. One individual from Poland
(PIK7) had no leaf glands at all however it lost 76 cm
of height (78 cm) due to the frost damage of yr. 2010/
2011. Frost damage of survived sapling having red

Gland maximum

Tree H/D  Tree branchiness

ters by gland traits statistics length Gland coloration N Hzo10+£ SE Hloo11 £ SE ratio ratio Der/D
for wild cherry survivors at White or petiole colour |~ * 182 71.33% 217 40.73% 226 78.95£ 183 037 £002
age three in 2011. N = the U o 7 the wigt 029 O Yelovwish 177 76.75+2.10 5538+ 243 8633+ 1.66  0.37 £ 0.01
number of valid cases, H,, . ofapetiols Redorreddish o 69 81.12+3.82 61.61+4.91 80.64+286 027003
+ SE — mean + standard s Purple or dark reddish 13 88.00+7.63 52.77+881 8861+500 035006
ror of tree height (cm) in Total 391 76.06+1.41 5449+ 163 8450+1.12  0.35+0.01
2010 yr., HL, = SE = \(/)Vhlte or petiole colour o . 82 8273301 54044342 8390£248  036+002
. range or yellowish 262 9233+ 1.71 60.59+2.11 88.64 + 1.22 0.39+0.01

mean * standard error of Of"er Vzt.thle Width ¢ ed or reddish 141 9610+ 280 69.28+3.64 9201+ 186 036 +0.02
tree height loss (em) due to 0@ pefiote Purple or dark reddish o 31 101.64 £5.88 7232+ 7.00 97.23+4.08 042004
frost damage in 2010/2011 Total 516 9230+ 131 6263+ 1.63 89.32£0.93 038 +0.01
White or petiole colour . 14 105.57 £ 10.7¢59.36 £ 9.19 8050742  041£005

o Orange or yellowish 73 104.64 +3.18 66.31+ 3.68 8826+ 228 040 +0.02

z‘z‘r'g'e width and o or reddish Red 99 109.64 +2.84 87.00+3.92 9498+ 252  041+0.02

Purple or dark reddish 23 126.91+4.58 83.22+8.40101.74 +2.52 033 +0.04

Total 209 109.52 +1.99 77.51+2.60 9241+ 158 039 +0.01

White o petiole colour . 228 77.53% 187 51.87+1.89 8083+ 146 037001

Orange or yellowish 512 88.70+ 1.29 59.61+ 1.47 87.78 + 0.91 0.38+0.01

Total Red or reddish Red 309 97.00+1.87 7324+241 9243+133 036 +0.01

Purple or dark reddish 67 107.67+3.88 72.27+4.78 97.10£2.33 038 +0.03

Total 1116 89.88+ 0.94 62.56 + 1.09 88.21+ 0.66  0.37 + 0.01

petiole was 62.63 £ 1.63 cm, and that of the sapling
having glands up to half the width of a petiole was
54.49 £ 1.63 cm. The average height loss of the sap-
lings of red gland colour was 72.75 + 3.59 cm while
that of the saplings of not red gland colour was 55.74
+ 1.68 cm. The largest gland maximum length was char-
acteristic of the slimmest saplings (88.21 + 0.66 is the
mean of tree H/D ratio) of purple (dark reddish) gland
coloration, the smallest gland maximum length was
characteristic of the thickest saplings of white (peti-
ole colour) gland coloration. Frost damage of survived

gland colour was characterised by average height loss
of 86% of overall mean of tree height while this of the
sapling having not red gland colour was 66%.
European populations’ progenies of wild cherry
substantially differed in mortality and growth losses
due to frost damages (Table 9). The highest surviva-
bility was observed in the Polish populations (survival
rate was 75.3%), the worst — in the Belgian (4.7%).
While the smallest height loss (H,,,, — H,,,,) and the
smallest initial height (H, ) was observed for Austri-
an AtT population (38.56 +2.10 and 50.10 + 1.66, cor-
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Table 9. Statistics for wild cherry’s provenances at Dubrava nursery trial. S — survival (in %), ID — national identification

number, H, , and H

2011
D — the ratio of H, ,, to D D

20107 b

— tree height (cm) at the end of 2010 and in spring of 2011, D
. — the diameter (mm) of strongest branch or side stem, D /D — the ratio of D, to D

Lo10 — tree diameter (mm) in 2010, H/

20107

M + SE — mean + standard error, CV — coefficient of variation in %

Proven s Hoo1o Hao11 D2o10 H/D Dir DudD

ance ID M+ SE cv M+ SE cv M+ SE cv M+ SE cv M+ SE cv M+ SE cv
AtK 40 100.74+ 1.86 cd’ 28 18.70+1.81b 145 10.33+0.19¢cb 27 98.30+1.22de 19 348+0.17d 75 0.33+0.02de 70
AT 37 50.10+ 1.66 | 40 11.54+1.18ced 123 5.80%0.11h 23 84.58 + 1.67 gh 24 197+0.10h 60 0.33+0.02fde 61
BeM 5 70.83+2.91h 42 222+1.18f 548  6.50+0.23h 37 106.31x1.96a 19 140+0.14i 106 0.19£0.02h 100
De127 22 72.77+2.06 hg 39 397+0.69f 239 8.04+0.17f 28 88.97 +1.63fg 25 3.02+0.13edf 57  0.37+0.02 dec 57
De129 50  97.17+5.69 bed 38 6.02+2.12fe 228 11.33+0.51a 29 84.29+3.01igh 23 476+037a 50 0.41+0.03 bac 41
De131 45 79.78+2.12ed 38 8.37+1.23fe 207 848+0.18¢ 30 92,68+ 1.33 ¢ 20 345+0.14d 56 0.41+0.02 bac 51
DkF 47 99.28+ 3.79 be 42 16.03+2.88cb 19% 9.76+032cbd 35 99.33+1.93bc 21 324+0.24ed 81 0.31+0.02fe 68
DkNZ 28 105.52+2.67a 28 36.94+256a 82 11.73+0.27a 26 89.67 + 1.42fe 18 4.27+0.28ba 74  0.34+0.02 fde 65
DkS 31 78.36 £ 4.21 fe 45 18.62+3.51b 159 9.10+0.29 ed 27 82.76+262gh 26 420+026bac 51 046+0.02a 43
EsCL 38 88.81+ 3.77 bed 32 1574+313cbd 145 10.76+0.40a 28 82.57+232fgh 21 438+0.32ba 55 040+ 0.02bdac 45
GbH 47 96.27+ 2.62 bc 27 6.66+ 1.63 fe 243 940+0.22ced 24 103.24+227ba 22 419+0.24bac 57 044+0.02ba 50
ItBF 41 103.86+2.31 ba 29 880+1.21ed 179 9.91:+0.19cbd 24 105.54+2.04a 25 3.24:+0.18d 73 0.33+0.02fde 70
ItL 28  73.77+3.87fg 42 2.20+t0.50f 181 863+035¢e 33 84.16+2.20 fg 21 350+0.30dc 69 0.38+0.03bdec 63
1tMB 25 60.84+2.24i 47 2.81+046f 212 7.29%0.16g 28 81.17+ 1.82 ih 29 254+0.149¢g 69 0.35+0.02dec 66
LtT 41 80.42+ 0.97 f 36 14.56+068cbd 138 9.92:0.10cbd 29 80.50+ 0.66 i 25 3.99+0.08 bc 61 0.40+0.01 bac 55
PIK 71 94.39 + 2.09 cd 31 33.72+265a 111 9.03+0.18e 28 104.73t137ba 18 2.75+0.13 egf 66  0.29+0.01fg 62
PIZ 79 96.47 + 2.08 be 27 3312+272a 102 10.10+0.19b 23 95.95+1.52dc 20 259+0.144gf 67 0.25+0.01g 68

Mean 84.13 £0.59 15.03 + 0.44 9.27 £0.05 90.16 * 0.41 3.40 £0.04 0.36 £ 0.00
Min 7 0 2 18 0 0
Max 211 170 21 257 13 1.33

* LS-means with the same letter are not significantly different (Tukey HSD test, P <0.05)

respondingly), the largest height loss and the largest
initial height was observed for Italian ItBF population
(95.07 £ 2.52 and 103.86, correspondingly). According
to the coefficients of within-population variation of
spring height (H,,,,) wild cherry survivors lined up as
follows (starting with the progeny showing best uni-
formity of the data): DkNZ, P1Z and PIK (similar prog-
enies), AtT, LtT, AtK, EsCL, DkS, ItBF, ItL, DkKF, Del31,
ItMB, Del29, Del27, GbH, and BeM.

In total, survivors were thicker and had less thick
branches or side stems than the saplings had initially
(mean of tree H/D ratio in 2010 was 88.21 £ 0.66 vs

Del31, BeM, P1Z, AtT, and ItMB. According to the CVs
of gland colour the populations’ progenies lined up
as follows (starting with the progeny showing best
uniformity of the data): BeM, ItBF, GbH, DkF, EsCL,
Pl1Z, TtL, Del29, PIK, DkNZ, AtK, AtT, ItMB, LtT,
Del31, DkS, and Del27. In conclusion, the ItBF, GbH,
DKF, EsCL populations’ survivors were most uniform

Table 10. Statistics for wild cherry’s progenies at Dubrava
nursery trial. S — survival (in %), ID — national identifica-
tion code of provenance, M + SE — mean =+ standard error,
CV — coefficient of variation, in %

. . H D c
90.16 + 0.41 and mean of tree branchiness ratio D, /D Prove- S T'Iza‘t{t“";r) o G'?”dz'(j’?fth G'?“dzg‘;';’“r
. . nance coloration in in n
in 2010 was 0.37 = 0.01 vs 0.36 £ 0.00). The best initial |5 M+SE OV  M<iSE OV  MiSE OV
tree branchiness ratios D, /D (or slimmest branches) — A 40 204007 53 077+004 55 035005 137
b d for sienificantly different Belgi 4 AT 37 151+008 63 046+007 109 0.35+007 137
were observed tor significantly ditierent belglan an BeM 5 178:011 65 060025 92 080:020 56
Polish progenies, the worst — for the Danish DkS and  De127 22 1.80+007 55 060:008 85 002002 750
prog )
British GbH (see Tukey comparison lines for LS-means ~ De129 50 1.60£015 62 081£009 49 043011 119
] ( y P ) ) De131 45 184+007 54 056+005 89 0.22+004 191
for D, /D in Table 9). LS-means of the Lithuanian LtT  pke 47 200+011 57 0.80+005 50 0.50+007 100
for D, /D were not significantly different from the DNZ 28 1342007 55 082:006 48 036:008 13
. S DkS 31 1.76+0.13 59 0.64+011 77 0.18+008 217
German Del29 and Del31. Thickest stems (i.e. initial £y 35 1501010 52 0802009 51 0504012 102
tree H/D ratios ranging from 100) were observed for  GbH 47 160009 54 089005 35 051:007 98
- S ItBF 41 184+008 60 081:005 48 0.64+006 75
similar BeM and ItBF, PIK and GbH populations” prog- - 28 1.86+013 56 0.72:011 64 044012 116
enies. Healthiest tree tips were observed for the Dan- 1B 25 209%0.09 54 027+007 167 029£007 159
ish DKNZ population; however its survival rate was 47 41 1.73+003 60 072£002 64 023£002 187
. : L PK 71 137+005 55 067+004 70 0.37+004 130
low in comparison to the Polish rivals (Table 10). The PIZ 79 1.52+0.07 61  046+005 109 0.44+005 114
greatest mean of gland length along with its lowest Mean 1.74 £0.02 0.67 £0.01 0.33£0.01
.. . Mi 1 0 0
CV was observed for the British GbH population. Mon . 1 1

According to the CVs of gland length in relation to
petiole width Wild cherry populations of survivors
lined up as follows (starting with the progeny show-
ing best uniformity of the data): GbH, DkNZ, ItBF,
Del29, DKF, EsCL, AtK, LtT, ItL, PIK, DkS, Del27,

* Ranges from 1 (yellowish, i.e. tree tip is healthy) to 4 (black-
ish, i.e. the tip is dry)

® Ranges from O (up to half the width of a petiole) to 1 (over
half the width of a petiole)

¢ Ranges from 0 (not red) to 1 (red)
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according to the distinctive morphological characters
of leaf glands.

Correlations (Pearson correlation coefficients and
their P-values) between trait means of provenances of
wild cherry and geographical data are given in Table
11. There was strong statistically significant positive
relationship between gland number and hardiness zone
index (r = 0.60, P = 0.03). The moderate or strong
positive correlations, i.e. between gland maximum
number and hardiness zone index, tree height in spring
of 2011 and longitude, were not sufficiently significant
(Table 11).

Table 11. Pearson correlation coefficients (and their P-val-
ues in italics) between provenance trait means at Dubrava
nursery trial and geographical and ecological data at prove-
nances’ origin locations. Strongest or significant correlations
are in bold

Hardines

Trait Latitude  Longitude

zone
Tree height at the end of 2010 (H10) -0.008 0.232 0.059
0.976 0.371 0.822
Tree diameter in 2010 (Do) 0.023 0.236 0.034
0.932 0.361 0.898
Ratio of Hyy to Dy (H/D) -0.063 0.023 0.002
0.811 0.930 0.993
Tree height in spring of 2011 (Hon ) -0.348 0.338 0.464
0.170 0.185 0.061
Tree height loss due to frost damage (HL211) 0.455 0.090 -0.458
0.118 0.770 0.116
Diameter of strongest branch or side stem (Di) 0.201 0.242 -0.237
0.439 0.350 0.360
Branchiness ratio of D to Dt (D&r/D) 0.198 0.103 -0.312
0.445 0.694 0.223
Autumn over-coloration of shoot tips (TiOc) 0.211 -0.178 -0.013
0.416 0.495 0.959
Gland pigmentation (GIPi) 0.403 -0.119 -0.311
0.108 0.649 0.225
Gland colour (GICo) 0.377 -0.278 -0.282
0.135 0.280 0.272
Gland max. length in relation to petiole width (GILm) 0.310 0.125 -0.272
0.226 0.632 0.291
Gland length in relation to petiole width (GlLe) 0.271 0.231 -0.271
0.293 0.371 0.294
Gland maximum number (GINm) 0.517 -0.406 -0.484
0.070 0.169 0.094
Gland number (GINu) 0.601 -0.302 -0.511
0.030 0.315 0.074

Discussion and conclusions

The genetic diversity of P. avium has been shown
to be weakly spatially structured (Mariette et al. 1997,
Mohanty et al. 2001). The pattern of genetic variabil-
ity in this species implies that forest reproduction ma-
terial should be collected from unrelated trees spread
out over large enough areas (Jarni et al. 2012). Since
P. avium is an entomophilous species, high pollen flow
which would homogenize the populations is improba-
ble, even if wild cherry pollen is easily located by in-
sects (Frascaria et al. 1993, Gomdry and Paule 2001).
Earlier study in wild cherry indicates that the vast ma-
jority of seed was dispersed no further than 50 m from
the mother tree (Turcek 1968). Variability inside select-

ed seed stands, of which the area is very limited, is
not large (Fernandez et al. 1994), because natural suck-
ering of wild cherry leads to clones covering varying
areas (Frascaria et al. 1993): as a consequence, seeds
are effectively harvested on very few genotypes in
selected seed stands. So, the test material for our study
was collected from the broad area of species’ distri-
bution range. The EUFORGEN gene conservation strat-
egy for wild cherry recommends using a minimum of
50 clones per seed orchard which should be regional-
ly structured by the ecological conditions (Kleinschmit
and Stephan 1997). Based on izozyme studies of dis-
tribution of wild cherry clones in populations, it is
recommended to select and use in plantations a mix-
ture of at least 5 to 10 clones, mostly from different
origins, in order to improve heterogeneity and self-
sustainability (Ducci and Santi 1997).

The preliminary results, which give the first indi-
cations of the improvement potential for wild cherry
in Lithuania in relation to introduction and which con-
firm some results obtained by Santi et al. (1998), are
encouraging. It is also necessary to incorporate stud-
ies on susceptibility to bacterial canker and cherry leaf
spot in the future. Cherry leaf spot (Blumeriella jaapii
(Rehm) Arx.) has been recognized as the most serious
sanitary problem of wild cherry (grown for timber) in
some European countries (Motta et al. 1994, Santi et
al. 1998), which results in premature leaf defoliation,
vigour decrease, especially in diameter, and winter
hardiness reduction, which can even induce tree death
due to low winter temperatures (Wharton et al. 2003).
Bacterial canker (Pseudomonas syringae Van Hall,
1904) is a major cause of dieback in wild cherry plan-
tations (Santi et al. 2004). Both diseases thrive in moist
and cool conditions (Eisensmith and Jones 1981, Hirano
and Upper 2000), so the projected increase of atmos-
pheric moisture content in northern latitudes (Frei et
al. 2000) may benefit the diseases in Lithuania.

Our interest was in selecting the vigorous trees
with small branches. Branches with large diameter or
very fastigiated result in bigger wounds and necessi-
tate rapid and severe pruning (Santi et al. 1998). There
is an indication of breeding possibility of fast grow-
ing trees while retaining relatively slim branches as the
correlation between tree height and tree branchiness
ratio was very weak (see Table 3). The related unfa-
vourable correlation was reported by Curnel et al. (2003)
that the tallest clones of wild cherry tended to be more
forked.

A significant clone x site interaction had no neg-
ative impact on genetic gain at first multisite clonal
test of wild cherry in Belgium (Curnel et al. 2003). Stud-
ying the clones for the characters where the G x E
interaction is detectable allows the breeder for the
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determination of the relative stability of the clones
(Curnel et al. 2003). Statistically significant effects of
provenance and provenance X block interaction re-
vealed in the analysis of variance in our study (pre-
sented in Table 2) indicates a presence of genetic dif-
ferences in populations’ general performance and in
ecological reaction norms. It means that the develop-
ment of locally adapted lines for the evaluation of
future tests is required (Hajnala et al. 2007).

Muranty et al. (1998) concluded that selection for
vigour can be done based on an index combining
height growth and girth growth in order to obtain the
highest precision in the evaluation of genetic values
for vigour. Importantly, tree height in spring of 2011
(H,,,,) was negatively correlated with ratio of H,  to
D,,,, in this study, which shows that early selection
on height after one year of growth in nursery would
not be efficient. It is in agreement with the clonal study
by Muranty et al. (1998). Our data indicate that height
growth or height loss estimates can be used both for
breeding for growth and for adaptation/survival.

Juvenile age is most decisive period for survival,
establishing and adaptation in new environments
therefore studies at this age are of primary importance.
Studies of progenies of black and wild cherries have
shown moderate to strong age-age correlations (r =
0.37?0.77) for growth performance (Gerhold 1987, Stan-
ton et al. 1983, Nocetti et al. 2012). Such correlations
allows for forecasting of progeny future performance
based on early age assessments. Current study is part
of a cherry breeding strategy mainly focused on de-
veloping cultivars that have to be well adapted to
future climatic conditions. However, the principal dif-
ficulty to this approach is our inability to test the trees
under putative environmental conditions.

Most Prunus species have a dual dormancy in-
duction control system, securing timely growth ces-
sation and dormancy induction in autumn (Hemery et
al. 2009). An exception to this is P. avium, which main-
tains growth in short days at intermediate temperatures
and stops growing only at low temperatures (Heide
2008). This behaviour could affect normal winter bud
development or cause delayed or erratic bud burst in
spring. This is reflected in the results of the study.
The CVs of tree height to upper alive bud were from
3.1 to 13 times greater in the spring of 2011 in com-
parison to the autumn of 2010 (see Table 9). Accord-
ing to this trait (CV,,,/CV,, ) progenies of wild cher-
ry lined up as follows (starting with the progeny show-
ing most erratic CV, /CV, ~of tree height): BeM (13),
GbH (9), ItBF (6.2), Del27 (6.1), Del129 (6), Del31 (5.4),
AtK (5.2), DKF (4.7), EsCL (4.5), ItMB (4.5), ItL (4.3),
LtT (3.8), P1Z (3.8), PIK (3.6), DkS (3.5), AtT (3.1), DkNZ
(2.9).

The results of the study showed that, converse-
ly to the pigmentation of shoot tips, induction of cherry
gland pigments is not subjected to stress. Anthocy-
anins may be developmentally permanent in this case.
The red coloration of shoot tips and leaves in many
woody plants occurs in tandem with the onset of dor-
mancy and cold hardiness due to induction of anthocy-
anins (Chalker-Scott 1999), nevertheless, securing time-
ly growth cessation and dormancy induction in au-
tumn are missing among P. avium species (Hemery et
al. 2009). The red coloration of cherry shoot tips is
probably based on anthocyanin biosynthesis, which
is caused by stress like drought (Balakumar et al. 1993),
nutrient deficiencies (Rajendran et al. 1992), wound-
ing (Ferreres et al. 1997) or pathogen infection (Dixon
et al. 1994).

It must be noted statistically significant positive
relationships between the leaf gland length and the
rest of wild cherry traits, except last year autumn over-
coloration of shoot tips (Table 3). It means the great-
er length of the glands the better. In general, it may
be stated that those conditions which produce vigor-
ous vegetative growth favour gland development,
since on old trees or on trees subjected to unfavour-
able growth conditions, the petiolar glands become
much reduced, sometimes even disappearing, although
normally present in the varieties (Dorsey and Weiss
1920). Finally, we have found that gland number is the
best indicator of initial hardiness of transferred prov-
enances.

Wild cherry possesses high level of genetic var-
iation (Russell 2003). It is therefore likely that cherry
is capable to adapt successfully with some shift in
climate space. The results of this study approved our
expectations that some individuals of wild cherry could
be able to succeed even outside their current range
of hardiness and thus show viability in long distance
transfer. We have found few Italian ItBF individuals
originating from provenances from hardiness zone 8,
which showed no height loss due to frost damage at
hardiness zone 5 at all. Moreover, the survival rate for
this progeny was close to that of local Lithuanian LtT
provenance (see Table 9).

In general, the uniformity of the data observed for
some traits of European wild cherry (transferred from
hardiness zones 6, 7, 8, and 9) suggests some tenden-
cy for its putative hardiness at central part of Lithua-
nia (hardiness zone 5). According to the CVs calcu-
lated for the mean values of spring height (H,, ) the
similar progenies showing the best uniformity of the
data (or the lowest CVs), i.e. Polish P1Z and PIK from
hardiness zone 6, were also the best survivors (see
Table 9). The similar progenies showing the worst
uniformity of the data (or the highest CVs), i.e. Bel-
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gian BeM and German Del27 from hardiness zone 8
and 7 correspondingly, were the worst survivors. In
conclusion, forest reproductive material from Poland
(PIK and PIZ from hardiness zone 6) and Austria (AtK
and AtT from hardiness zone 7) is candidate for fur-
ther testing for the potential introduction of most fit-
ted populations of wild cherry to the western and
central parts of Lithuania (hardiness zone 6 and 5).

Using provenances instead of progenies has
downsides as not allows for estimating genetic param-
eters, however, it brings in valuable information on
ability of populations to survive in different environ-
ments (important issue when assessing effects climate
change to forestry), and is low cost method to improve
growth and quality of tree species where more costly
breeding efforts are not possible.
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COXPAHEHHUE ITIOTOMCTBA YEPEIIHMU (PRUNUS AVIUM L.) HA CEBEPHOM IMPE/EJIE
EE ECTECTBEHHOI'O APEAJIA IIPU IEPEMELHIEHUUA B JIUTBY

P. Ilerpokac, A. ILiopa
Peziome

Llenpro JaHHOTO HCCNEOBaHUS OBIIO NMPOAHATU3HPOBATH BO3MOXKHOCTH OOOTAIIEHHs MECTHBIX HMOMYJISIUI YepelrHu
(Prunus avium L.) AHTpOLYLIUPOBAaHHBIM MaTE€PUAJIOM, CIIOCOOCTBYIOIUM CYIIECTBOBAHHIO IIPH 3HAYUTEIBHBIX OTKIOHEHHUIX
OT onTUMyMa Bua. [loToMcTBa YepelrHy U3 AeBsITH cTpaH EBpomb! ObUTH UCIIBITaHBI HA CEBEPHOM IIpe/iesie €€ eCTECTBEHHOTO
apeasia. JlaHHBIC COXpaHEHHMS IOTOMCTBA 31€Ch OTHOCSTCS K IOTEPEe BBHICOTHI M3-32 yIepOa oT 3aMOPO3KOB U K OIPE/ICIICHHOM
BaprabebHOCTH MIPHU3HAKOB JiepeBheB. MccenoBaHus MOTOMCTBA YEPEIIHH NPOBOJIIINCE Ha MCHBITATEIPHOM ydJacTKe B
LeHTpa bHOH JIuTBe B BO3pacTe ABYX M TpeX JeT. F-oTHouieHHus (GuKcHpOBaHHBIX 3()(EKTOB MpoucxokaeHus u OJ0Ka,
k03¢ unrentrsr koppensunu I[Iupcona u Cnupmena, pa3nudus ThlOKM ObUIM BBIYHCIEHBI IS Cleyouiero Habopa
aJIaNTUBHBIX U MOP(OJIOTHIECKHX TIPH3HAKOB: BBICOTA JAEPEBa OCEHBIO M BECHOM, TMaMeTp CTBOJIA JIepeBa, COOTHOIICHUE ATON
BBICOTHI M IMAMETpa OCEHbIO0, TMaMeTp CHIbHEeHIIeH OOKOBOI BETBH WIIM OTBETBJIECHHS CTEONsI, COOTHOIICHHE ITOTO JUaMeTpa
C IMaMeTPOM JIepeBa, OCCHHSI OKpacKa BepXyIIeK H00eroB, JIIMHA XKelle3 TUCTHEB [0 OTHOMICHHIO K MIMPUHE YSPEIIKOB, I[BET
JKeJIe3 IUCTHEB.

JlucniepcroHHBII aHamu3 GONBIIMHCTBA MPU3HAKOB TOKa3a, 4To 3 (EKTh MPOUCXOKACHHS, OI0Ka, U B3aUMOJICHCTBUS
MEXIY MPOUCXOXKJCHHEM UM OJOKOM OBLIM CTaTUCTHYECKH 3HAYMMBIMH. JTO yKa3blBaeT HA NMPHUCYTCTBHE ICHETHYECKHUX
pa3nu4uii Mexay HOMYISIISIMH B O0IIeil MPOM3BOAUTENEHOCTH M B DKOJOTHUSCKHX HOpMax peaknuu. OdeHb ciabas
KOPPEISAIUs MEXIy BBICOTOH IE€PEeBhEB M COOTHONICHHEM BETBHUCTOCTHU JCPEBHEB IO3BOJISET CYAUTH O BO3MOXKHOCTH
pa3BeneHHs OBICTPOpPACTYUX 0C00eH, COXpaHss OTHOCUTETbHO TOHKUE BETBH.

T-TecT 1711 HE3aBUCHUMBIX BEIOOPOK U TecT JIeBeHa Ha paBEHCTBO JUCIIEPCUI MOATBEPANIHN CBSI3b MEXy ITOKa3aTeNIIMH
pocTa BEDKUBIIMX JEPEBLEB M MPU3HAKaMHU HKeNE30K JTUCTheB. OnpereneHie n3MeHeH!H B MOpP(OIOTUH BEDKHBIINX 0cO0ei
MOKa3aJI0, YTO MHAYKIMS MUTMEHTOB JKeIE30K He mopsepraercst crpeccy. OceHHss OKpacka BEpXyIIeK MOOEroB YepenrHu
CUMTaeTCs ITOKa3aTeNleM CTpecca B JAHHOM HCcleoBaHuN. YeM GoIbIe HOBPEKICHHBIX JepPEeBhEB OBLIO OCEHBIO, TEM MEHBIIE
BBICOTA JepeBa ObUIa CIIEAYIONIEH BECHOH.

Brina oOHapyKeHa CUIIbHASI M 3HAYMMasi KOPPEJIALHS MEXK/y YHCIOM KeJle3 M HHICKCOM KIMMATHYeCKOi 30HbI B MEcTax
npoucxoxaeHus nonyasinui (R = 0.60, P = 0.03). [TonoxuTenbHble KOPPEIIIUN MKy MAaKCUMAIBHBIM KOJIMYECTBOM JKelle3
U MHJEKCOM KJIMMAaTHYECKOH 30HBI, BHICOTON aepeBbeB BecHOM 2011 u moaroToil ObIIM yMEpEeHHBIMH, HO HEIOCTATOYHO
3HAYUMBIMIL.

B o6mem, necopenpoayKuHoHHbIH MaTepuan yepemrHy u3 [lomsmu u ABCTpHM MOXET OBITH MCIIONB30BaH IS
JTaJIbHEeHIIero TeCTUPOBaHUS Ha OTEHIIMAN HHTPOIYKIUU Haubonee NpuCcroCcoONeHHBIX MOMysAui B JIUTBy.

KonroueBnle cioBa: Prunus avium, 9epellHs, HHTPOIYKIHs, COXpaHEHHE, PocT, Mopdoiorus.
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