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Abstract

It is well known that since trees grow additively, existing morphological traits may constrain future morphology
and growth. Therefore, the branching habits of Wych elm (Ulmus glabra Hudson) have been investigated to establish a
predictive model for height growth of trees. Open pollinated progeny from 6 Lithuanian populations were evaluated at
seven years of age in a field trial in central Lithuania. To predict the presence of growth intensity based on values of
a set of branching parameters (including basal bud number, branching trend, stem form, and natural pruning) the predictions
were accomplished at the species level by applying the binary logistic regression procedure. In conclusion, selection for
the greater height of Wych elm trees also means selection for the basal bud presence, amphitony, stem dominance, and

perfect stem pruning.
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Introduction

Mature ash stands are remarkable for the largest
growing stock volume of Wych elm (Ulmus glabra
Hudson = U. montana With.) in Lithuania (KulieS$is
and Kulbokas 2009). In general, the Wych elm is a
minor tree species in Lithuania, but against a back-
ground of ash decline it is important to provide some
guidance for the improved initial selection of trees.

This paper reports the effect of the branching
structure on height growth of Wych elm. Height growth
has commonly been used as the primary trait for the
selection in forest tree breeding. Less attention has
been given to the relationships between the height
growth and branching pattern. This study is an attempt
to quantify various branching patterns. The term
“branching pattern” will refer here to the branching
and natural pruning occurring as the result of ontoge-
netic (size-related) variations in the structural traits of
tree axes.

Farnsworth and Niklas (1995) point out that since
plants grow additively existing morphological traits
tend to constrain future morphology and growth. The
hypothesis of this paper is that growth intensity is
related to particular architectural phenomena (see
Barthélémy and Caraglio 2007), as adaptation to the
environment seems to hinge on interactions between
individual modules or iterated units, such internodes,

or groupings of these components, such as shoots and
branches (Hallé 1986, Oborny 2004). In analyzes of
phenotypic variation in plants genetically programmed
ontogenetic changes in form and function (e.g. meta-
morphosis) can be similar in pattern to environmen-
tally induced changes (plasticity), yet the metamor-
phosis is subject to plasticity (Diggle 2002).
Importantly, variation in phenetic parameters of
different taxa is not continuous and character states
(variants of characters) are not combined randomly.
Wych elm is sometimes divided into subspecies (Uotila
1997, Myking and Yakovlev 2006). Ssp. glabra (in the
south of the species’ range) has leaves that are rela-
tively broad, short tapering, with acute lobes present,
trees often have a short, forked trunk and a low, broad
crown. Ssp. montana (Stokes) Lindqvist. (in the north
of the species’ range — northern Britain, Scandinavia)
has leaves that are relatively long, long tapering, with-
out acute lobes, the upper surface of which are stri-
gose (Sherman-Broyles 2007), trees commonly have a
long single trunk and a tall, narrow crown. The sub-
species are not accepted by Flora Europaea (Tutin
et al. 1968), as there is much overlap between popula-
tions in these characters and the distinction may be
owing to environmental influence, rather than genetic
variation. However, the origin of species differences,
and of novel phenotypes in general, involves the de-
velopmental recombination followed by the genetic
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accommodation of change (West-Eberhard 2005),
therefore character states of the Wych elm are to be
investigated and described to advance current under-
standing of speciation processes.

In the above context, it was important to identify
whether growth intensity was associated with branch-
ing habits in Wych elm. So, branching architecture
traits (e.g. branching trend, stem form, natural prun-
ing, and basal buds) of trees were examined in accord-
ance with the ontogenetic, size-related effects (Cham-
bel et al. 2005) of height and diameter growth, to de-
velop a predictive tool for the growth and form of Wych
elm trees.

Materials and methods

Study site and plant material

The Wych elm half-sibs from the 6 natural regions
of Lithuanian forests grown in central Lithuania were
evaluated at seven years of age in the field trial of
Ulmus spp., latitude 54°51°N, longitude 24°03’E. In
general, the location of field trial, formerly a mixed
forest site on normally moist fertile soil, is flat, with
some northerly aspect. Mother-tree-sites of half-sibs
— originally forest land — represent the major soil types
in which Wych elm is typically planted in Lithuanian
forests (Table 1). The selection of seed trees for this
trial was based on provenance concept of geographic
representation of tree populations, the available infor-
mation on autochthonous origin, and some adaptive
traits including disease resistance.

Table 1. Composition of Wych elm progeny and soil fertil-
ity categories of mother-tree-sites of Dubrava field trial (n —

number of measured individuals, n.— number of families)

Population Latitude Longitude n ns _ Soil typological group

Kaisiadorys 54°50" 24°12' 17 8  Normally moist fertile

Utena 55°09' 25°28' 32 11 Normally moist or temporarily wet
very fertile

Trakai 54°41" 24°48' 31 13  Temporarily wet very fertile

Kédainiai 55°14' 23°43' 16 6  Permanently wet particularly
fertile

Jonava 55°13' 24°23' 40 14 Normally moist particularly fertile

TelSiai 56°02' 22°25' 41 14 Temporarily wet particularly fertile

The trial was established in 2002 by the Lithua-
nian Forest Research Institute at the nursery of Du-
brava experimental and training forest enterprise in
randomized design with two to four single-tree plots
of each family. In total about 224 trees were planted.
The spacing between trees was 2.1 by 2.1 m. Each row
was surrounded by a single buffer row with the same
spacing. Information on identity and origin of families
is presented in Table 1 (from Abraitis 2000).

Trait evaluation and variables
Wych elm traits were evaluated at seven years;
the number of individuals was 171. All the evaluated

tree characteristics were transformed to dichotomous
variables. As no information were available a priori
on the biophysical attributes of the parents, the total
sample of the half-sib progenies from 6 Lithuanian
populations in terms of those attributes can be con-
sidered as random.

Height and diameter increment of the tree stems
were measured on standing trees at the height of the
stem (= tree axis of order 1) and the diameter of the
stem (over bark; crosswise calliper measurement at
root neck at the end of vegetation period); stem size,
i.e. height size and diameter size: 0- less than mean —
53.2% and 51.5% of the individuals, respectively, 1-
greater than mean — 46.8% and 48.5% of individuals,
respectively.

Stem form and forking was evaluated as the dom-
inance of stem axis whereby the main central stem of
the plant is dominant over (i.e. grows more strongly
than) other side stems (Figure 1). Ultimate shapes of
the strongest parent axes from order one to the ulti-
mate orders for Wych elm were as follows (Petrokas
2008a): 1- multi-dominant axes: the union of several
stems/branches at the root neck/branch base — 4.1%,
2- co-dominant axes: at the basal zone of stem/branch
- the diameter of any side axis is about half the diam-

Figure 1. Multi-dominant (1), co-dominant (2), decurrent
(3), apparent (4), and excurrent (5) stem axes of Wych elm
at age seven

eter of the base of union — 11.7%, 3- decurrent axis:
the axis is bifurcated or trifurcated; lower offshoot of
supposed axis is prevailing — 45%, 4- apparent axis:
some offshoot of supposed axis is prevailing at the
furcations — 32.7%, 5- excurrent axis: there are no fur-
cations of axis — rectilinear axis is prevailing at full
height/length — 6.4% of valid cases; stem form: 0- no
stem dominance (1%+2"+3) [- dominant stem
(4"+5"™); stem character: 0- minor categories of stem
form (154+2"+41+5") 1. prevailing category of stem
form, i.e. 3%.

The privileged repartition of sibling shoots (Troll
1937) on the upper, lateral or basal position of a slanted
or horizontal parent shoot is referred to, respectively,
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as epitony, amphitony or hypotony. The privileged
repartition of sibling axes from order 2 to the ultimate
orders or branching trend was defined as the (1) am-
phitony (Figure 2) — 29.8% or (0) amphitony-epitony
— 70.2% of individuals. Amphitony-hypotony is not
found yet.

0 1 ?

o —o— o

Figure 2. Amphitony-epitony (0), amphitony (1), and am-
phitony-hypotony (not found yet) seen in the cross-sections
of Wych elm branchlets

Natural pruning of stem axis was evaluated as the
timing and intensity of knot occlusion (Petrokas 2008a)
at the crown base of stem (= order 1 parent axis): 1-
limb failure (stubs) — 66.7%, 2- decomposed limb knot-
holes — 18.1%, 3- branch occlusion (knots) — 15.2%,
4- branch shedding (scars) — 0% of the individuals;
stem pruning: 0- prevailing category, i.e. 1*, 1- minor
categories (2+31).,

Bud burst progress was defined between annual
shoots of strongest axes of sequencing orders
(Petrokas 2008b): 1- leaf buds are swollen, the apex of
the buds is brownish — 0%, 2- buds are still closed,
the apex of the buds is pea-green — 15.2%, 3- buds
start opening and extremities of the first leaves are
visible at the apex of the buds — 28.7%, 4- extremities
of some leaves are out but laminas are cuddled togeth-
er — 31%, 5- laminas are separate, but not yet spread
— 18.7%, 6- laminas are spreading — 5.8%, 7- first leaves
are fully extended — 0.6% of the individuals; bud burst
character: 0- minor stages (2"+3"+5"+6"+7™)  1- pre-
vailing stage, i.e. 4™,

Basal bud presence (Petrokas 2008a) was evalu-
ated as the number of small dormant buds (at the end
of vegetation period) without a subtending leaf at the
base of sterile annual shoots of order 1 or 2 strong-
est axes: 0- no basal bud — 52.6%, 1- basal bud present
—47.4% of the individuals.

Data analyses

The prediction of the presence or absence of
growth intensity characteristics based on values of a
set of branching variables were accomplished by ap-
plying binary logistic regression procedure of SPSS
(Statistical Package for the Social Sciences) 16.0 for
Windows®. The goal of logistic regression (Garson
2008) is to find the best fitting (yet biologically rea-

sonable) model to describe the relationship between
the binary or dichotomous characteristic of interest
(dependent variable = outcome variable containing
data coded as 1 or 0) and a set of independent (pre-
dictor or explanatory) variables. Logistic regression
predicts the logit of the dependent event. The “event”
is a particular value of y, the dependent variable. By
default the event is y = 1 for binary dependents cod-
ed 0,1, and the reference category is 0. Logistic regres-
sion generates the coefficients and its standard errors
and significance levels of a formula to predict a logit
transformation of the probability of presence of the
dependent variable:

logit(p) = In(odds(event)) = b, + b X + b X +
b X, + ... +b X
where p is the probability of the event occurring, b,
is a constant, k is the number of predictors X,
i=1,2,....,k. The regression coefficients are the coeffi-
cients b, b, b, ... b, of the regression equation. An
independent variable with a regression coefficient not
significantly different from 0 (p>0.05) can be removed
from the regression model; if p<0.05 then the variable
contributes significantly to the prediction of the out-
come. The logistic regression coefficients showed the
change (increase when b>0, decrease when b.<0) in
the predicted logged odds of having the characteris-
tic of interest for a one-unit change in the independ-
ent variables. Each regression coefficient was evalu-
ated using a Wald test. The ratio of the coefficient to
its standard error squared, equals the Wald statistic.
The Wald chi-square statistic tests the unique contri-
bution of each predictor in the context of the other
predictors — that is, holding constant the other pre-
dictors — that is, eliminating any overlap between pre-
dictors. If the significance level of the Wald statistic
is small (less than significance level o = 0.05) then the
parameter is useful to the model.

The logit transformation was defined as the nat-
ural log of the probability of the event occurring di-
vided by the probability of the event not occurring.
By taking the exponential of both sides of the regres-
sion equation as given above, the equation is as fol-
lows:

odds(event) = €% x hiXix gh2X2x eb3X3 x  x obkXk

It is clear that when variable X, increases by 1
unit, with all other factors remaining unchanged, then

the odds will increase by factor ¢ . This factor g% is
the odds ratio of the row independent X, (the predic-
tor) with the dependent and it is the predicted change
in odds for a unit increase in the corresponding inde-
pendent variable. The odds ratio (Exp(b)) is the fac-
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tor by which the independent increases or (if nega-
tive) decreases the log odds of the dependent. When
b=0, Exp(b)=1, so therefore an odds ratio of 1 corre-
sponds to an explanatory variable which does not
affect the dependent variable.

Estimation in logistic regression chooses param-
eters that maximize the likelihood of observing the
sample values. The null model -2 log-likelihood is
given by -2 * In(L ) where L is the likelihood of ob-
taining the observations if the independent variables
had no effect on the outcome. The full model -2 log-
likelihood is given by -2 * In(L) where L is the likeli-
hood of obtaining the observations with all independ-
ent variables incorporated in the model. The difference
of these two yields a chi-square statistic (%?) which
is a measure of how well the independent variables af-
fect the outcome or dependent variable. If the p-val-
ue for the overall model fit statistic was less than the
conventional 0.05 then there was evidence that at least
one of the independent variables contributed to the
prediction of the outcome. Cox and Snell’s R-square
(Cox and Snell 1989) is based on the log-likelihood for
the model compared to the log-likelihood for a base-
line model and it takes the sample size into account.
With categorical outcomes, it has a theoretical maxi-
mum value of less than 1, even for a “perfect” model,
however the greater the value, the greater the improve-
ment of the full model over the intercept model.
Nagelkerke’s R-square (Nagelkerke 1991) is an adjust-
ed version of the Cox and Snell R-square that adjusts
the scale of the statistic to cover the full range from 0
to 1. The Hosmer and Lemeshow goodness-of-fit test
(Hosmer and Lemeshow 2000) tests the null hypothe-
sis that there is a linear relationship between the pre-
dictor variables and the log odds of the criterion var-
iable. The Hosmer-Lemeshow goodness-of-fit statis-
tic (x?,,) helps to determine whether the final model
adequately describes the data.

The classification table was used to evaluate the
predictive accuracy of the logistic regression model.
To use the results of logistic regression to classify
subjects, my decision rule took the following form: if
the probability of the event is greater than or equal
to some threshold (by default, it is set at 0.5), I shall
predict that the event will take place. In the classifi-
cation table the observed values for the dependent
outcome and the predicted values were cross-classi-
fied. In a perfect model, all cases are on the diagonal
and the overall percent correct is 100%.

Tests of independence and measures of associa-
tion and agreement for the data were accomplished by
applying crosstab procedure (SPSS 16.0 for Windows®).
Gamma, a symmetric measure of association, was used
to summarize the strength of the relationship between

two variables. As gamma approaches either -1 or +1,
the relationship becomes increasingly stronger and
more significant. Gamma does not make an adjustment
for either ties or table size so it was related to other
correlation coefficients, e.g. Kendall’s tau-b and Som-
ers’ d. All of these correlations are based on identify-
ing concordant, discordant, and tied pairs of obser-
vations. Gamma (y) is the surplus of concordant pairs
(P) over discordant pairs (Q), as a percentage of all
pairs ignoring ties. It is computed as (P - Q)/(P + Q).
Kendall’s tau-b takes ties into account. It is comput-
ed as the excess of concordant over discordant pairs
(P - Q), divided by a term representing the geometric
mean between the number of pairs not tied on x (X))
and the number not tied on y (Y ): tau-b = (P - Q)/ V[((P
+Q+Y)(P +Q+ X)) Taub is the most appropriate
with square tables in which the number of rows and
the number of columns are equal. Somers’ d is gamma
modified to penalize for pairs tied only on x and only
on y. Somers’ d, dyx =({P-Q)/(P +Q+Y) for the
hypotheses in which x causes or predicts y. For the
directional (asymmetric) hypotheses in which y caus-
es or predicts x, the formula is: dXy =P-Q)/P+Q+
X)) Y, is pairs tied on Y, and X is pairs tied on X.
Kendall’s tau-b and Somers’ d ranges from -1 to +1.
Rules of thumb for determining the strength of asso-
ciation between variables (Table 2): (1) a correlation
coefficient’s size indicates the strength of association
between two variables, (2) the sign (+ or -) indicates
the direction of the association.

Table 2. Coefficient range of Kendall's tau b,
gamma, and Somers'd for determining the
strength of association between variables

Coefficient range  Strength of association*

+0.81 to £1.00 Strong
+0.61 to £0.80 Moderate
+0.41 to £0.60 Weak
+0.21 to £0.40 Very weak
+0.00 to £0.20 None

*Assuming the correlation coefficient is statisti-
cally significant

Results

The combined tests for the prediction model of
stem height size by basal buds, branching trend, stem
form, and stem pruning showed that the effect of each
predictor in Wych elm progeny at age seven contrib-
utes to the binary logistic regression model, as the
significance of model coefficients (final step, block, or
model chi-square of 34.453 on 4 df) is very small — p
=0.000 (less than { = 0.05). Binary logistic regression
model summary: -2 Log likelihood = 201.895, Cox and
Snell’s R-square = 0.182, Nagelkerke’s R-square =
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0.244. The nonsignificant chi-square of Hosmer-Leme-
show goodness-of-fit test (= 4.298, p = 0.745) was
computed from the chi-square distribution with 7 de-
grees of freedom and indicated that the data fit the
model well.

The classification table (Table 3) shows the prac-
tical results of using the logistic regression model,
which assumes that height size (less than the mean
or greater than the mean — see descriptive statistics
of stem height in Table 4) is linearly related to the
structural predictors: basal buds, branching trend, stem
form, and stem pruning. By default, the classification
table shows that decision rule allows us to correctly
classify 44 / 80 = 55% of the subjects where the
predicted event — height size, greater than the mean,
— was observed. This is known as the sensitivity of
prediction, that is, the percentage of occurrences cor-
rectly predicted. We also see that decision rule allows
us to correctly classify 70 / 91 = 77% of the subjects
where the predicted event was not observed. This is
known as the specificity of prediction, that is, the
percentage of nonoccurrences correctly predicted.
Overall our predictions were correct 114 out of 171
times, for an overall success rate of 67%. This sug-
gests that overall, the model is in fact correct about
two out of three times.

Table 3. Relating height size to the predictors — basal buds,
branching trend, stem form, and stem pruning — in Wych elm
at age seven: the classification

Predicted
Observed Height size Percentage
less than greater than correct
mean mean

. . less than mean 70 21 76.9
Height size

greater than mean 36 44 55.0

Overall percentage 66.7

Table 4. Descriptive statistics of stem diameter and height
in Wych elm at age seven. S.E.=standard error

Std.

Variable Min. Max. Meant S.E. L Variance
Deviation
Stem diameter (cm) 2.0 15.0 7.540.2 23 53
Stem height (cm) 140.0 740.0 387.018.4 110.1 1.2

The parameter estimates table summarizes the ef-
fect of each predictor (Table 5). Significance levels (p)
of the Wald statistic were small (less than 0.05) then
all the parameters were useful to the final model. All the
predictors with positive regression coefficients — ba-
sal buds, branching trend, stem form, and stem prun-
ing — show the increase in the likelihood of event cat-
egory of height size (greater than the mean) with re-
spect to the reference category (less than the mean).

Table 5. The effect of each predictor of height size in Wych
elm at age seven shown in the final step of binary logistic
regression procedure: variables in the equation. B=regression
coefficient, S.E.=standard error of regression coefficient,
p=significance level of Wald chi-square, Exp(B)=o0dds ratio
for the predictor, CI=confidence interval

. Wald 95.0% Cl for
Predictor (cause category) B SE. chi-square p Exp(B) Exp(B)
Basalbuds (1= present) 1.03 0.35 8.79 0.003 2.81 [1.42-5.56]
Branching trend (1= amphitony) 1.13 0.41 7.66 0.006 3.08 [1.39-6.84]
Stem form (1= dominantstem) 0.84 0.35 5.69 0.017 2.33 [1.16-4.65]
f;i';)p'””'”g (1= knotholes or 4 47 g38 1505 0000 436 [2.07-9.18]

Constant -2.25 049  20.77 0.000 0.11

For every unit increase in basal buds, a 1.03 unit in-
crease in height size score is predicted, holding all other
variables constant. Since basal buds are coded 0/1 (the
reference category is 0 = absent, the cause category is
1 = present) the interpretation is simple: for present basal
buds, the predicted height size score would be 1.03
points higher than for absent. Wych elm trees with basal
buds are about 3 times more likely to have greater height
size than are trees with no basal buds as the odds ra-
tio (Exp(B)) of this variable with the height size is 2.81;
the 95% confidence interval for the odds ratio varies
from 1.42 to 5.56. For every unit increase in branching
trend, a 1.13 unit increase in height size score is pre-
dicted, holding all other variables constant. Since
branching trend is coded 0/1 (the reference category is
0 = amphitony-epitony), for amphitony, the predicted
height size score would be 1.13 points higher than for
amphitony-epitony. The odds ratio of branching trend
with the height size is 3.08. This means that in the model
the odds for a positive relationship in case of amphi-
tony are 3 times higher than in case of amphitony-epi-
tony; the 95% confidence interval for the odds ratio
varies from 1.39 to 6.84. The same reasoning applies to
the rest of predictors, i.e. stem form and stem pruning
(see Table 5). The effect of stem pruning is most re-
markable in comparison to the rest of the effects. Since
stem pruning is coded 0/1 (0 = stubs) the interpreta-
tion is the following: for knotholes or knots, the pre-
dicted height size score would be 1.47 points higher
than for stubs. Trees with knotholes or knots are over
4 times more likely to have greater height size than are
trees with stubs as in the model the odds for a posi-
tive relationship in case of minor categories, i.e. knot-
holes or knots, are over 4 times higher than in case of
prevailing category, i.e. stubs.

For the rest of data tests of independence and
measures of association and agreement were accom-
plished by applying the crosstab procedure. The sta-
tistically significant relationship between stem diam-
eter size and stem pruning was assessed (x> = 5.666,
df =1, p=0.017). In the crosstabulation output you
will see that 38.6% of the “less than mean” category
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and 28.1% of the “greater than mean” category of stem
diameter size were prevailing category of stem prun-
ing, i.e. stubs, “ 66.7% of total. The exact significance
value of each measure of association is less than 0.03
(Table 6), therefore it can be concluded there is a sta-
tistically significant relationship between the ordinal
variables of stem diameter size and stem pruning. The
relationship is very weak. Gamma is 0.37, hence we may
say that knowing the independent variable reduces our
errors in predicting the rank (not value) of the depend-
ent variable by 37%. The statistically significant rela-
tionship between bud burst character and stem char-
acter was assessed as well (x*> = 9.217, df =1, p =
0.002). 43.3% of the “minor stages” category and
19.3% of the “prevailing stage” category (4" - medi-
um flushing) of bud burst character were different
categories of stem character in total. The exact signif-
icance value of each measure of association is less than
0.004 (Table 7), therefore it can be concluded there is
a statistically significant weak relationship between
bud burst character and stem character. Gamma is 0.47,
hence we may say that knowing the independent var-
iable reduces our errors in predicting the rank of the
dependent variable by 47%.

Table 6. The strength of the relationship between stem di-
ameter size and stem pruning in Wych elm at age seven.
S.E.=standard error, Sig.=significance

Measures of association Value A;ylrzn E : Ap_;r_lr)ox. A%ﬁg"_)x' E;%(?t
Symmetric

Kendall's tau-b 0.18 0.08 241 0.016  0.023
Gamma 0.37 0.14 241 0.016  0.023
Directional — Somers'd

Symmetric 0.18 0.08 2.41 0.016  0.023
Stem diameter size Dependent  0.19 0.08 2.41 0.016  0.023
Stem pruning Dependent 0.17 0.07 2.41 0.016  0.023

* Not assuming the null hypothesis
b Using the asymptotic standard error assuming the null hy-
pothesis

Table 7. The strength of the relationship between bud burst
character and stem character in Wych elm at age seven.
S.E.=standard error, Sig.=significance

Measures of association Value A;ygn E : Ap_‘FEOX' Apspigr;.)x. Egg-:t
Symmetric

Kendall's tau-b 0.23 0.08 3.06 0.002 0.003
Gamma 0.47 0.13 3.06 0.002 0.005
Directional — Somers'd

Symmetric 0.23 0.08 3.06 0.002 0.003
Bud burst character Dependent  0.22 0.07 3.06 0.002 0.003
Stem character Dependent 0.25 0.08 3.06 0.002  0.003

* Not assuming the null hypothesis
® Using the asymptotic standard error assuming the null hy-
pothesis

Discussion and conclusions

The rules of forest tree breeding and tree selec-
tion during growth are based on phenotype and growth
characteristics of every particular tree. The presented
work justifies some characteristics as predictors of
growth rate and valuable stem form of the young (sev-
en year old) elm trees, using logistic regression as
statistical verification of dependences. The study
presents a new approach of this topic.

The practical results of using the binary logistic
regression model, which assumes that height of Wych
elm trees, greater than the mean, is related to the struc-
tural predictors (phenotypic markers for early deter-
mination of height?) are the following: (1) the odds for
a positive relationship in case of basal bud presence
are about 3 times higher than in case of no basal buds,
(2) the odds for a positive relationship in case of
amphitony are 3 times higher than in case of amphi-
tony-epitony, (3) the odds for a positive relationship
in case of dominant stem are over 2 times higher than
in case of no stem dominance, (4) the odds for a pos-
itive relationship in case of minor categories of stem
pruning, i.e. knotholes or knots, are over 4 times higher
than in case of prevailing category, i.e. stubs. In con-
clusion, selection for the greater height of Wych elm
trees also means selection for the basal bud presence,
amphitony, stem dominance, and perfect stem pruning.

In Wych elm terminal growth succeeds topologi-
cally from a lateral branching as a result of apical
mortality (Troll 1937, Hallé et al. 1978, Barthélémy et
al. 1989, 1991, Barthélémy and Caraglio 2007), there-
fore scaffold (primary) branches may become the main
structural system of a tree — growing away from the
stem, they receive more light than would a bundle of
branches lying close to the stem and pointing upwards
(Mattheck 1998). This is why Wych elm trees with
present basal buds are about 3 times more likely to
have greater height than are trees with no basal buds
in contrast to Harmer (1989), Buck-Sorlin and Bell
(2000), who regarded lower number of basal buds as
fairly good measure for shoot vigor in Quercus
petraea and Quercus robur. The effect of stem form
on height of Wych elm trees is originating from the
same axis orders in different tree parts and thus may
be considered as an effect of meristem differentiation,
while the effect of stem pruning may be considered
as a local position (architectural, sensu Diggle 1995)
effect originating from different branching orders in
the same section of a crown (see Klachn 1963, Bar-
thélémy and Caraglio 2007). Branching order is com-
posed of all categories of successive units (Figure 3)
presenting the same differentiation of a meristem
(Klaehn 1963, Barthélémy et al. 1997). When succes-
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sive units, even though not strictly edified by a sin-
gle meristem, are more or less in a rectilinear disposi-
tion, it can be considered that the general spatial di-
rection of such a succession constitutes an axis.
Amphitony is a frequent feature in rectilinear branch-
es whereas epitony and hypotony are characterized by
the predominant development of lateral axes on the
convex side of the curved, downwardly or upwardly
orientated branches (Caraglio and Barthélémy 1997).
The term “amphitony-hypotony” (see Figure 2) is here
a reference to the probability that some types of Wych
elm may have very pendulous twigs, a factor which
could make them unattractive to foraging beetles —
vectors of the Dutch elm disease (see Webber 2008).

Finally, using crosstabs’ ordinal-by-ordinal meas-
ures, it was found a statistically significant weak and
positive association between the stem diameter and
stem pruning, and similarly between bud burst and
stem form. The positive association between bud burst
and stem form may indicate that spring phenology is
related to life history in Wych elm.
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BBICOTA POCTA U ETO CBA3b C XAPAKTEPOM BETBJIEHUA YV WIBMA (ULMUS

GLABRA HUDSON) B JIMTBE

P. Ilerpokac

Pestome

W3BecTHO, 4TO M3-32 aJAUTHUBHOTO pocTa Oyaymas MOp¢oJIOTHs JepeBa NMPEoNpenelieHa ero HACTOSIHMHU
MOpP(HOTOTHUECKIMH YepTaMH. TakuM 00pa3oM, TpH UCCIIEAOBAHNH IpH3HAKOB BeTBieHHs wibMa (Ulmus glabra Hudson)
Oblia yCTaHOBJIEHA MOJICIb HPOTHO3MPOBAHHUS POCTA JEPEBbEB B BHICOTY. OLICHKA NPHU3HAKOB CEMHJIETHHX INOJIYCHOCOB,
SIBJIAIOLIMXCS TIOTOMKaMH OTKPBITOIO ONBUICHHS U3 IIECTH JIMTOBCKUX IOIY/IALMIL, IPOU3BE/ICHA HA UCIIBITATEIBHOM Y4acTKe B
neHTpasibHoit Jlute. [IporHo3 o MHTEHCHBHOCTH POCTA BHINOJHEH HAa OCHOBE ITApaMETPOB XapaKTepa BETBICHHUS (B T.4. YHCIA
0a3aNbHBIX IIOYEK, HAIpPaBICHHUS OOKOBOTO BETBIECHHUS, ()OPMEI CTEONIS M CAMOOYHMINEHHS OT Cy4beB). DTO CIENaHO IpH
MOMOLIH MPOIIEAYPbl OMHAPHOIT TorucTHYeCKOH perpeccru. I1o JaHHBIM HCCIIEIOBAHMS, B CENEKIIMU HIbMa PEBOCXOICTBO 110
BBICOTE POCTa O3HAYaeT NMPUCYTCTBHE 0a3albHBIX IMOYeK, aMOUTOHHIO, JOMUHUPYIOIIYIO OCh cTEONIs U Xopouiee

CaMOOYUIICHUE OT CYyYbEB.

Kumouesslie cinoBa: Ulmus glabra, WJIbM, XapaKTEp BETBJICHUs, BbICOTA POCTa, MHTECHCUBHOCTL POCTA.
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