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ABSTRACGT

The annual rhythm and height of 21-year-old irees was registered over
two consecutive years in three provenance field tests in central Sweden.
The rhythm of approx. 200 frees from each of four provenances was
characterized by the pattern of needle elongation and the changes in bark
colour of terminals.

Correlation, regression and multiple discriminant -analyses revealed a
stirong relationship between origin and annual rhythm but exhibited at the
same time a large intra-provenance variation. It was shown that disharmony
between the rhythm of the tree and the external climate results in a decrease
of growth. The variation within a stand progeny was found to be so large
that, irrespective of planting site, there were some trees that were genetically
unfit for the climate. Selection in the nursery may decrease this hetero-
geneity.

It was shown how the regression of height on rhythm among trees within
a4 population may be used in tree breeding to asses plasticity, degree of
adaptation to the test site, and potential growth capacity in different
environments.
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1. Introduction

In provenance research and tree breeding an essential question is in
what degree the tested material is adapted to the environment of the test
site. The usual way of determining the degree of adaptation has been
to compare the survival and height growth with other material, prefer-
ably provenances with an origin which should guarantee a high degree
of adaptation. However, this comparison cannot be made until climatic
extremes have caused considerable mortality or damage, large enough
to make possible a definite ranking of the populations tested. This
method is time consuming since the weather extremes of highest
significance may not occur for decades after planting (Silen, 1965,
describing the importance of mortality in high ages of a provenance
test of Pseudotsuga taxifolia (Poir.) Britt.). Furthermore, the method
is unreliable since the weather extremes on the test site may be of a
different type from those occurring in the place where the material is
to be economically utilized. Finally, this method cannot be used in
short term tests under artificial climatic conditions.

The relative hardiness or climatic adaptation can be described by
means of the annual rhythm. This was observed by Linnaeus (1739)
and by Ortenblad (1898) and demonstrated for many plant species by
Turesson (1930) and for Pinus silvestris by Langlet (1936). The use-
fulness of this procedure in genelogical research has been shown
in a large number of investigations since then (reviewed by Levitt,
1956; Dietrichson, 1964; Langlet, 1964; Meryman, 1966; Eiche, 1966;
Hagner, 1970). Methods have been developed for the assessment of
the annual rhythm for all parts of the growing season, but it is
concluded that the development rate during the middle and later part
of the season is most significant for hardiness (Langlet, 1936, 1963;
Dielrichson, 1964, 1969; Hagner, 1970). The dormancy release is
mainly governed by the temperature regime and, though very im-
portant for susceptibility to spring frost, is of less significance for
survival (Fraser, 1956; Langlet, 1963; Dietrichson, 1964, 1968, 1969;
Nienstaedt, 1966; Worral & Mergen, 1967; Dormling et al., 1968). The
rate of development during shoot extension in June and July, during
maturation in August and September and during “inwintering” in
October have all appeared strongly correlated with the long-term
hardiness of Pinus silvestris (Langlet, 1936, 1959; Dietrichson, 1961,
1964, 1968 ; Hagner, 1966, 1970).



Even though these investigations have shown that there are good
methods available for elucidating the relative adaptation of popula-
tions, it has not been demonstrated that it is possible to describe the
variation among trees within provenances in this way. Naturally it
is of great interest to manifest the means by which the adaptation
of the single tree can be expressed and to study in what way the
adaptation effects survival and growth, This is why a study was
undertaken on 21-year-old specimens of Pinus silvesiris growing in
an experiméntal field plantation. This material was well known from
previous investigations on hardiness (Stefansson & Sinko, 1967;
Hagner, 1966, 1970) and by simultaneous measurements of height and
rhythm it was possible to demonstrate the relationship between these
characteristics.

The results show that many of the morphological characteristics that
were earlier found to relate to the adaptation of provenances also
describe the fitness of the individual tree. It could not be established
whether the rhythm is of importance for the potential survival but it
was shown that the growth is influenced by the harmony between the
external climate and the inherited annual rhythm, and that the varia-
tion in rhythm within a population is so large that a portion of the
trees within a stand progeny cannot be considered as adapted to the
environment in which they came into existence.



2. Material |

The annual growth rhythm was studied during 1968 and 1969 on
approximately two hundred 21-year-old trees from each of four prov-
enances in a field test at Bjorkvattnet in central Sweden (Fig. 1). The
provenances originated from many parent trees within one stand. The
seed was nursery sown in 1948 and the seedlings were planted in the
field in 1950. The growth and survival after ten years in field has been
published by Stefansson & Sinko (1967).

For this investigation two provenances were chosen from northern
seed sources (316, 115), one (22) from a place close to the test site
and one (47) of southern origin (Fig. 1 and Tab. 1). The field test
had a randomized block design, with every provenance represented in
four plots with 144 trees in each plot. The rhythm was studied on
every tree in two different plots for each provenance. While the
environment therefore cannot be considered equal for all provenances,
the objective impression was that it did not vary to any high degree
among the plots.

Mortality had occurred over the past 18 years in the field and in the
autumn of 1968 the percentage of survival were 115: 85 per cent, 316:
77 per cent, 22: 61 per cent, 47: 29 per cent.

Tab. 1. Data concerning provenance field tests and environment of seed source.

Lati- Longi- Alti- Growe® Envi- Age

tude tude E tude seas ron- 1969
Name m ment
Field fests
Béckstrand 65°04” 16°26° 500 119 forest 21
Brattfors 64°317  18°24" 310 122 forest 21
Bjorkvattnet 63°26”7 16°02° 460 121 forest 21
Sur- Heighte¢
vivalb
Q
Provenances —é——-—m——
Muodoslompolo no. 115 68°08” 23°15" 275 102 84.7 3.06
Kompelusvaara no. 117 67°037 22°20" 210 111 87.3 3.35
Moskosel no. 121 65°52’ 19°28" 340 112 86.5 3.75
Norrsele no. 318 65°36”7 17°30" 360 111 76.7 3.62
Ramsele no. 22 63°32” 16°28” 250 131 60.8 3.64
Ange no. 47 62°307 15°38" 170 138 28.5 3.40

Growing season = Number of days per year with a daily mean temperature above
+6°C.
b Survival 1968 at Bjorkvattnet as a percentage of planted seedlings.
¢ Average height 1968 of surviving tree at Bjorkvattnet according to Remréd, 1969
(unpublished).
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Fig. 1. Seed sources O, and field tests [J in northern Sweden.

To establish whether the results obtained from the mentioned
material held true in different envirpnments, a series of 24 seedlings
from each of the seed sources 117 and 316 were studied in two other
field tests: Brattfors and Béckstrand (Fig. 1, Tab. 1). These two field
tesis are planted with seedlings from the same material as that in
Bjorkvattnet. The test at Brattfors is situated in an ordinary forest
climate while the test at Bickstrand is exposed to high winds and a
generally harsh climate.



3. Methods

3.1 Selected variables

The methods measuring the annual rhythm used in this study are
the same as those described in a previous paper (Hagner, 1970), but
the sampling intensity has been adjusted to give a more precise mea-
sure of the individual tree character.

Needle 1968. On 6 July five needle fascicles were sampled from the
middle part of one terminal shoot on a large branch on the south side
and in the middle portion of the crown. The lengths of these ten
needles were measured in the laboratory. On 26 November another
five fascicles were sampled from the same shoot. The tree character
was expressed as the length of the first sampled needles as a per-
centage of those sampled in November.

Needle 1969. On 12 July the longest needle in each of two needle
fascicles was measured. The needles were situated close to the bud on
one terminal shoot on a large branch on the south side and in the
middle portion of the crown. The same two needles were measured
again on 7 August and the tree character was expressed as the length
in July as a percentage of the length in August.

Colour 1968. On 8 August (C68:1) and on 20 August (C68:2) the
colour of the bark on five terminal shoots on large branches in the
middle portion of the crown was ocularly estimated. An arbitrary scale
was used which was based on the colour variation in the whole test
plot on the date of measurement. The number 1 was given to the
greenest colour and 9 to the brownest colour. To keep the scale stable
a set of typical shoots was sampled and used for ocular comparison.
The tree character was recorded as the mean without decimals of the
five ohservations,

Colour 1969. The bark colour was registered on 5 August (C69:1)
and on 20 August (C69:2). The sampling was the same as in the
previous year, but the five values were recorded separately to one
decimal, '

Shoot 1969. On 24 June the length of the terminal shoot on one
large branch on the west side and in the middle part of the erown
was measured. A second measurement was taken on 28 August and the
tree character was estimated as the length in June as a percentage
of the length in August.
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Dry matter 1969. On 5 October five grams of needles were collected
from the middle part of four terminal shoots from branches in the
upper portion of the crown. The needles were placed in paper bhags
which were moistened and sealed into plastic bags and stored for one
month in 5°C. Before analysis the paper bags were exposed to a relative
humidity of 95 per cent and 4°C over eight days. The oven-dry weight
was recorded after drying at 75 °C for 49 hours, The tree character was
expressed by the dryweight as a percentage of the fresh weight.

3.2 Statistical methods

Regression and correlation analyses have been carried out on a
computer using a standard programme CORREG at the Data Centre of
the University of Umea, The discriminant analysis was computed at
the Data Centre of the University of Uppsala and the programme used,
DSCRIM, has been published by Veldman (1967).
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4. Results and discussion

4.1 Methods
4.1.1 Efficiency of the methods

One measurement per tree

If the variance is divided into the two components: a) variance
among trees and b) variance within tree plus error, and measured as
a percentage of the total variance within the provenance, it is found
that the dry matter method gives the most exact value for the tree
where a=85 per cent, b=15 per cent. The needle method gives a=78
per cent, b=22 per cent, and bark colour gives a=39 per cent, b=61
per cent. The least efficient method is the bark colour which shows
large variation between repeated measurements on the same tree. The
conclusion is that if only one measurement is to be taken on every
tree the best estimate is obtained if the rhythm is measured using the
dry matter method.

Sample size as used in this investigation

An effective method of describing the annual rhythm of a single tree
should result in a small standard error (s/vfﬁ) of the tree value (e), if
compared to the standard deviation (s) of the provenance (d). An
estimation of d/e for the different methods gives: bark colour 3.70,
needle 3.25, dry matter 2.36. An impression of the effectiveness of the
methods is also given by the distributions shown in Fig. 2.

The effectiveness of a method for discriminating between prove-
nances may be indicated by the t-value for the difference hetween
provenance means, If the difference between 115 and 316 is used the
following t-values are obtained: bark colour 11.7, needle 14.5 and if the
difference between 117 and 316 is used for the dry matter method
it gives 1.5.

In this investigation the inefficiency of the bark colour method was
compensated for by the large size of the sample (five values/tree) and
this method was thus the best for describing the tree character. Values
almost as good were obtained from the needle method, but this is
qualified by the fact that the two needles measured on every ftree
were situated on the same shoot. Accordingly the variation among
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Fig. 2. Variation within provenances and error of a single free estimate.
One line=total range. Two lines for provenances=2xstandard
deviation (s). As a comparison with the variation within provenance,
the mean of a randomly chosen tree and the error of the single tree
estimate is marked (f4-1 X standard error (s/}/n)).

shoots within the tree has now heen included in the variation among
trees.

Considering the differences belween provenance means and the num-
ber of seedlings tested in each provenance, the needle method gave the
most effective results for comparisons between provenances.

4.1.2 The best method

From the statistical results and from the amount of work in field
and laboratory, it may be concluded that bark colour is the best method
because of its simplicity and efficiency. Because of the obscurity of the
biological background of bark colour and considering the difficulty of
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obtaining an objective measure of this characteristic, it is, however,
best to use the needle or shoot method or some other objective method
(Hagner, 1970) on occasions when a correct measure of the annual
rhythm of the tree is required. ‘

It must be pointed out that the shoot measurement which did not
give any useful values in this study have proved to be a very accurate
method for measurement of the annual rhythm in previous investiga-
tions (Dietrichson, 1964; Hagner, 1970). The probable reason why the
result was not so good here is that the first measurement was made
foo late, so that 90 per cent of the elongation was complete for
provenance 47 and 96 per cent was complete for 115.

- 4.2 Annual rhythm
4.2.1 Estimation of rhythm during different parts of the growing season

The correlation between values obtained with different methods are
positive in all cases where the coefficient significantly differs from
zero (Tab, 2—4). Provenance 22 was not included in the correlation
analyses since no observations of shoot and needle elongation were
made on these trees. The mathematical expression of the rhythm for all .
methods was chosen so that a high value would indicate a fast rhythm
or an early growth termination. Accordingly the positive coefficients
show that if a tree had a slow rhythm in June, when the needles were
measured, it also showed a slow rhythm in August, when the bark
colour was measured.

Inefficiency of the methods, resulting in a large standard error of
the single tree value, is one reason for the generally low correlation
coefficients. Another source of error has arisen from the difficulty of
assessing the accurate date when the biological circumstances were
best for each method. This date was difficult to predetermine, especially
as several provenances with higly deviant rhythms had to be measured
at one time. The biological optimum was passed by the fastest while
not yet reached by slower provenances. A third reason for the low
correlation coefficients is probably a slight curvilinearity in the rela-
tionship. This has not been further investigated.

At Bjorkvattnet the dry matter was measured on 40 trees in October.
The correlation coefficients (Tab, 5) had low significance for all
methods since the sample of trees was small. The sum of the co-
efficients can, in such a case, tell more about the interrelationship be-
iween different methods than the single value (Tab, 5). Evidently the
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Tabh. 2, Correlation among rhythm variables and height growth,
Population no. 115. Number of observations=189.

Height 68

~0.42%%* |Colour 68:1

—0.41%%* 0.53%%* |Colour 68:2

-0.26%* Q.57*%* 0.53%** |Colour 69:1
-0.17* 0.36%%* 0.36%** 0.60%** |Colour 69:2
~0.31%%* 0.16* 0.18%* 0.15% 0.05 Needle 68
~0.34%%* 0.26%* 0.29%** 0.34%*% | 0.13 0.46%** | Needle 69
0.04 -0.07 -0.13 ~-0.02 -0.02 0.05 0.30%* | Shoot 69

Tab. 3. Correlation among rhythm variables and height growth.
Population no. 316. Number of observations=180.

Height 68
-0.22%% |Colour 68:1
-0.24%* 0.55%*#% |Colour 68:2
0.11 0.42%%* 0.27%* [Colour 69:1
-0.04 0.20%%* 0.25%* 0.60%** |Colour 69:2
-0.15% 0.22%* 0.15% 0.03 -0.06 Needle 68
-0.00 0.25%* 0.26%* 0.23%* 0.14* 0.41%%* | Needle 69
0.01 -0.00 -0.03 0.12 0.09 -0.07 0.06 Shoot 69

Tab. 4. Correlation among rhythm variables and height growth,
Population no. 47. Number of observations=37.

0.00 Colour 68:1

0.46%* 0.12 Colour 68:2

0.36%* 0.16 0.49%#% |Colour 69:1

0.27 0.18 0.36% 0.68%# |Colour 69:2]

0.02 0.09 0.15 0.13 0.20 Needle 68

0.20 0.49%* 0.42%* 0.27 0.24 0.31 Needle 69 ’

0.10 0.37* 0.05 0.29 0.03 0.15 0.46%* I Shoot 69 ‘

dry matter was by and large positively correlated with the other
methods, that is to say that the trees which show a fast rhythm in
August are still fast in October.

In conclusion it may be stated that this material shows that individual
trees of Pinus silvestris generally exhibit rhythm differences which
persist throughout the latter part of the growing season and may thus
be measured at any time from June until October. Although this must



Tab. 5. Correlation among rhythm variables.
Population ne. 316, Number of observations = 40.

Colour 68:1

0.47*%*% |Colour 68:2

0.29 0.35% Colour 69:1

0.10 0.40%** 0.54*#% |Colour 69:2

0.03 -0.36%* -0.01 -0.29 Needle 68

0.09 0.15 0.42 0.29 0.10 Needle 69

-0.18 0.16 ~-0.01 0.07 -0.01 -0.05 Shoot 69

0.09 0.18 0.20 -0.01 0.13 0.08 0.02 Dry matter

Sum of coefficients; C68:1 = 0.90, C68:2 = 1.35, C69:11 = 1.78, C69:2 = 1.00
N68 =-0.41, N69 = 1.08, Sh.69 = 0.00, Drym. = 0.69

be true in general the low coefficients of correlation may partly be
caused by a deviation from the general pattern by certain individuals
which show a slow rhythm in one part of the season and a fast rhythm
in another part. Dietrichson (1967) found in studies on open pollinated
progenies of Picea abies (L.) Karst. that earliness in June was not
always combined with earliness in September, This has not been
further analysed in this material.

4.2.2 Comparison of rhythm estimates from two years

The material for elucidation of the constancy between years was
chosen from the needle values in 1968 and 1969 of provenances 115
and 47. There were two reasons for this choice: the high degree of
objectivity in this method and the more apparent biological background
of needle elongation than of bark colour.

Assuming absolute constancy in the two consecutive years a regres-
sion of needle 68 on needle 69 would show a completely linear or
curvilinear relationship. However, the dispersion about the regression
lines is considerable (Fig. 8). The correlation coefficients are: prov.
115, r=0.46 (p<0.001, df=188), prov. 47, r=0.31 (p>0.05, df=386).
The question is whether or not this dispersion is greater than can be
expected from the error in the assessment of the single tree value
caused by inefficiency of the method. A 90 per cent confidence interval,
estimated from the standard error (s/}/n) of the single tree estimate,
was drawn in Fig. 3. The result was that only one out of 37 in prove-
nance 47 and only three out of 189 in provenance 115 fell outside this
interval. As these trees make up less than 10 per cent of the provenance
samples a hypothesis about different rhythm in 1968 and 1969 cannot
be accepted,
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Fig. 3. Distribution of single trees from two provenances (115 and 47)
according to the relative development of needles in 1968 and 1969.

4.2.3 Comparisons between trees within provenance and between trees from
different provenances

The variation within provenances is large in comparison to the
difference between provenance means (Fig. 2) and it is remarkable
that in spite of the great geographical difference hetween seed sources
47 and 115 there are some trees in the two groups which have common
values for the three characteristics.

However, a true comparison of the trees should consider not only
one characteristic of rhythm at a time, since the trees with one extreme
value may show normal values in other measures of rhythm, Thus the
dispersions about the means would not appear as high if the distri-
butions were studied in a multivariate way, that is, if all rhythm
values were considered simultaneously. This is why a multiple dis-
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criminant analysis? has been carried out (Veldman, 1967) in which the
following six variables were included: Bark colour 68:1, 68:2, 69:1,
69:2, Needle 68, 69.

The results show that the provenances are well discriminated by the
dimensions (Tab. 6, Fig. 4). The correlation of the first discriminant
and the variables exhibit very high significance (p<0.0001) and they
show that the most meaningful observation for characterizing the
provenances was Needle 69, closely followed by Colour 69:1 (Tab. 6).

However, the dispersion about the centroids is large (Fig. 4) and it
may be concluded that even though the rhythm is described by a
constellation of six different observations during two successive years
the deviation of individual trees from the provenance mean is very
large, since for instance 13.8 per cent of the trees in 115 show more
similarities to 316 than to the trees from their own seed source. At the
same time 0.5 per cent of the trees in 115 show more similarities to

1 A discriminant analysis assumes homogeneity of variance and covariance matrices
(Cooley & Lohnes, 1962). As the values of rhythm go towards an asymptotic value with
time, populations with a fast rhythm have a skewed distribution and a smaller variance.
This is most apparent for Shoot 69 (Fig. 2) and therefore this variable has been excluded
from the analysis.

The F-ratios of variances of provenances and selected variables were computed and
found to have a mean of 1.83 (p<0.01, d.f. 37 and 180). Though significantly different
from 1.00, the distributions seem to be similar enough for this analysis in view of the
following two quotations. Lindquist (1953) discussed the importance of assumptions
underlying F-tests and concluded (p. 86); “‘In general, when the heterogeneity in form or
variance is ‘marked’ but not ‘extreme’, allowance may be made for this fact by setting
a higher ‘apparent’ level of significance.” Boneau (1960) tested violations of assumptions
underlying the t-test and the influence from sample size and concluded (p. 63); “By the
time the sample sizes reach 25 or 30, the approach should be close enough that one can,
in effect, ignore the effects of violations of assumptions except for extremes”. As the
discriminant analysis ‘“may be conceptualized as an extension of single classification
analysis of variance to include simultaneously a group of dependent variables’’ (Veldman
1967), the conclusions drawn by Lindquist and Boneau should apply to this analysis.
Considering the large sample sizes (37, 180) and the relative equality of variances (F=
=1.83) the results are valid and can be used for a study of the distribution of individual
multivariate characteristics (Fig. 4).

A note by Mdardberg (1968) that the discriminant analysis assumes linearity between
variables may be worth attention. As mentioned in chapter 4.2.1 the coefficients of corre-
lation (Tab. 2, 3, 4) indicate a general linearity, but certain coefficients are low and may
be partially caused by a slight curvilinearity. Mardberg does not suggest any effect from
curvilinearity but the plausible result in discriminant analysis is an increased dispersion
of the multivariate distribution and a decreased efficiency in the classificaion.

Furthermore, for considerations of the intra- and inter-provenance variation in the
multivariate distributions one has to take into account the sampling error. The magnitude
of the error of the single tree estimate in the univariate case (se) is illustrated in Fig. 2.
A corresponding illustration in Fig. 4 should consist of a circle with a diameter approxi-
mately 2/5 of se since the discriminant dimension consists of a function from six variables
and the precision increases with additional variables (see Brown (1911); ryp = sp?/st%;

e = St VT — 1¢g). Evidently the effect from the sampling error upon the position of
individual scores in the multivariate distributions is fairly small.
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Fig. 4. Scores for single trees from three provenances distributed according to the two di-
mensions obtained in the discriminant analysis.

47 than to their own provenance. Corresponding values for 47 are:
8.1 per cent are more closely related to 316 and 2.7 per cent are more
closely related to 115, Even after allowing for increases in the disper-
sion due to curvilinearity among variables and due to sampling error,
the mentioned figures must be considered as indicating that the intra-
provenance variation in adaptation is indeed large.

4.3 Height growth
4.3.1 Interrelationship between rhythm and height

The intra-provenance relationship between rhythm and height was
studied by means of regression analyses (Fig. 5—38, Tab. 7, 8). For
provenance 115 all methods except the shoot measurement gave signifi-
cant relationship between height and rhythm. The weakest correlation
exists within provenance 47, where only the first colour measurement
in 1969 has given a significant regression coefficient. One reason for
this is that a smaller number of trees was studied in 47. Another
reason is the horizontality of the distribution.

The generally low R2 values originate from three main sources; the
error variance of the rhythm estimate, the variation in height growth
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Tab. 6. Discriminant analysis of three groups; Group 1; Provenance 47, number of obser-
vations 37; Group 2: Provenance 316, number of observations 183. Group 3: Pro-
venance 115, number of observations 189. Degrees of freedom 12 and 802. F-ratio
57.58 (p<0.0001).

Correlations of discriminant

and variables Univariate analyses of variance

Variable Dimension 1¢ Dimension 20  F-ratio P
1 Colour 68:1 0.80%*# -0.02 157.5 <0.0001
2 Colour 68:2 0.84 %% 0.21%%* 195.8 <<0.0001
3 Needle 68 0.76%** 0.19%* 137.1 < 0.0001
4 Needle 69 0.90%** -0.01 249.3 < 0.0001
5 Colour 69:1 0.88%#* -0.26%%* 231.0 < 0.0001
6 Colour 69:2 0.66%*x* 0.36 90.2 < 0.0001

@ Dimension 1: 95.9 %, variance, x® = 467, D.F. = 7, P<0.0001

b Dimension 2: 4,06 % variance, y* = 35.6, D.F.= 5, P<0.0001

due to random environmental influence and the incomplete genetic
correlation.

The error variance of the rhythm was, for example, very high in
such measurements as colour 69:2 and shoot 69, since the measure-
ment was made at a time when the studied parameter had a low cor-
relation with rhythm (too late). The standard error of the rhythm
estimate (s/]/ﬁ) is also considerable under favourable conditions (Fig.
2) and could only be decreased by use of better methods or by an en-
larged sample size.

An essential cause of the low R2? is found in the random variation of
the height growth. The reasons for this are: compelition among irees,
pathologic decrease of height, deviation in microenvironment.

As the height growth is only partially governed by the climatic
adaptation gene complex it is obvious that the R? is also decreased by
an incomplete genetical correlation.

The forms of the regression-functions are fairly similar for the
various methods (Fig. 5—8). The function of provenance 115 from the
northern seed source has a negative slope, which means that the trees
with the slowest rhythm or longest growing season grow best. The
opposite is true for provenance 47 from the southern seed source. The
two intermediate provenances show in all cases, except for colour
68:2, a regression function with a maximum close to the population
mean,

These results may be interpreted to show that the two provenances
47 and 115 originate so far from the place where they are now growing
that no trees within these provenances have an annual rhythm that
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Tab. 7. Regressions of bark colour variables on height 1968.

N=Number of observations; t}, —*¢* value of the first regression coefficient; R2—

=coefficient of determination; F=variance ratio.

N tb1 th2 R2 o
Bark colour 8§ Aug 1968 = (C68:1
Prov. 47, Height = 41.39 ~ 1.797 (€681 84 1.43 _ 0.024 2.04
Prov. 22, Height = 22.33 + 8.988 (681~
-1.362 C6812 189 3.23**  3.89%** 0,10 10.5%*
Prov. 316, Height = 46.99 — 2.063 C681 197 3.23*%* — 0.051 10.5%*
Prov. 115, Height = 41.98 — 0.2918 (6812 201 6.88%** — 0.19  47.4%**
Bark colour 20 Aug 1968 = C68:2
Prov. 47, Height = 30.91 4- 1.285 (682 84 1.19 — 0.017 1.43
Prov. 22, Height = 23.09 + 8.170 C682 ~
- 1.197 C6822 189 4.01%*% 4.59%%+ 0,11 16.1%%*
Prov. 316, Height = 40.93 — 0.1833 C6822 197  3.57%*%* — 0.062 12,9%**
Prov. 115, Height = 40.15 - 0.2236 (6822 201 6.66%** — 0.18  44.4%%*
Bark colour 5 Aug 1969 = C69:1
Prov. 47, Height = 26.85 4 3.344 C691 84 3.32*%% 0.12  11.0%*
Prov. 22, Height = 12.84 4+ 13.00 C691 ~
-1.704 C6912 188 0.04 3.72%x% (0,071 13.9%**
Prov. 316, Height = 8.469 - 11.43 C691 -
-1.139 C6912 193 2.52%%  2.35%%  0.037 5.56%
Prov. 115, Height = 37.34 — 0.1855 C691?2 196 3.89%** — 0.078 15.1%%*
Bark colour 26 Aug 1969 = (C69:2
Prov. 47, Height = 29.89 4 1.444 (692 84 1.40 — 0.013 1.06
Prov. 22, Height = 39.32 - 0.8208 (692 188 0.97 — 0.005 0.94
Prov. 316, Height = 11.45 4 12.14 €692 -
—1.446 C6922 192 0.02 1.65 0.017 2.47
Prov. 115, Height = 37.81 - 1.327 €692 196 2.54%% — 0.032  6.44%*
Bark colour. A sum of values from 1968 and 1969 = C89
Prov. 47, Height = 25.64 - 0.7337 C89 84 1.62 — 0.031 2.63
Prov. 22, Height = 9.133 4 3.901 C89 -
- 0.1358 C892 188 2.02%* 2.30* 0.057 4.09%
Prov. 316, Height = -3.136 + 4.511 C89 —
- 0.1260 C892 193 2.33% 2.54%%  0.049  5.41%*

Prov. 115, Height = 42.82 — 0.02117 C892 196 6.35%%* — 0.17  40.4%**

i

fits the environment at Bjorkvattnet, while the two provenances 22
and 316 mainly contain trees that harmonize with the climate. However,
the presence of a height optimum in the centre of the distributions of
22 and 316 shows that these provenances contain seedlings which
deviate from the population mean positively and negatively to such a
high degree that their rhythm makes them unfit for the environment.
That is to say that although one can generally state that provenances
47 and 115 are not adapted to the Bjorkvatinet environment and that
22 and 316 are better adapted, one has to conclude that not one of the
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Tab. 8. Regressions of needle, shoot and dry matter on height 1968. For description of

characters, see Tab. 7.

N tbl tp, R2 F
Needle length in per cent 6 July 1968 = N68
Prov. 47, Height = 34.43 + 0.01074 N68 82 0.12 — 0.001  0.01
Prov. 22, Height = 27.47 4 0.2767 N68 —
- 0.002183 N682 178 0.23 0.26 0.001 0.14
Prov. 316, Height = —-50.40 - 2.549 N68 -
—0.01845 N68*2 184 2.20%* 2.35%%  0.049 4.84**
Prov. 115, Height = 61.86 — 0.3805 N68 189 4.37¥** — 0.093 19.1%**
Needle length in per cent 12 July 1969 = N69
Prov. 47, Height = 20.35 4 0.2381 N69 39 1.54 — 0.060 2.36
Prov. 316, Height = 16.94 4+ 0.5020 N69 —
— 0.003252 N69*2 188 0.66 0.61 0.003 0.37
Prov. 115, Height = 48.84 - 0.002527 N692 196 4.85*%** — 0.102 23.5%**
Shoot length in per cent 24 June 1969 = S69
Prov. 47, Height = 27.25 -+ 0.0009003 S69 39 0.81 — 0.018 0.66
Prov. 316, Height = 27.39 + 0.0009694 S692 189 0.93 — 0.005 0.87
Prov. 115, Height = 14.73 — 0.1686 S69 196 0.67 — 0.002 0.46
Dry matter 5 Oct 1969 = D69
Test at Brattfors 117, Height = 146.7 —
~1.917 D69 24 1.64 — 0.11 2.68
Test at Bickstrand 117, Height = -19.83 -
-+ 1.090 D69 24 212% — 0.17 4.47%
Test at Brattfors 316, Height = 157.1 -
— 2,127 D69 32 2.15* — 0.13 4.63*
Test at Béackstrand 316, Height = 77.92 —
— 0.7865 D69 30 1.57 — 0.08 2.45

provenances is fully adapted. As there are trees present in provenance
22 which have too slow a rhythm, and at the same time this prove-
nance contains trees with too fast a rhythm, the conclusion is that
the wvariation in climatic adaptation among trees within an open
pollinated stand progeny is so large that the progeny cannot be con-
sidered as fully adapted to any environment, only adapted to a certain
extent, '

The regression functions for the various provenances show a height
maximum at different values of rhythm (Fig. 5~—8 and Tab. 9). This
is true for all measurements of rhythm and most pronounced for bark
colour (Fig. 6). This indicates that there is no absolute rhythm which
independent of the provenance would make the tree growth maximal,
but that there are other genes interacting with the annual rhythm
gene complex to form the base for climatic adaptation.



Height m

Height

N
R

5 5
47
4 4
47
22 316
3f 316 3
- 113
22 115
2| 2t
s 1
LATE GROWTH TERMINATION EARLY LATE GROWTH TERWNATION ERLY
0 1 l L 1 ] )] I | S 0 L 1 . L L i L L -
1 2 3 .4 5 6 7 8 g9 1 2 3 4 5 6 7 8 [}
Bark colour 68:2 Bark colour 69:1
Fig. 5. Fig. 6
5 -
5¢
I 4t a7
4 .
I e 316
i 4
B 22
3 -
3t
L s 15
2 -
2 -
| 1 L
LATE GRCWTH TERVMA‘Y\ON EARLY LaTE GROWTH TERMINATION | AR
L 1 1 Jj i 1 1 do . L i
20 50 60 70 80 90 100 0 40 50 60 70 80 90 100
Needle 68 % Needle69%
Fig. 7. Fig. 8.

Fig. 5—8. Regressions of height on rhythm variables for single trees within four pro-
venances at Bjérkvattnet. Equations are presented in Tab. 7 and 8.

4.3.2. Are the results at Bjorkvaitnet also valid in a different environment?

To discover whether the relationship between rhythm and height
growth would also be found in different environments, the rhythm
was measured in October 1969 by the needle dry matter method on
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Fig. 9—12. Regressions

of height on dry matter of needles for trees from two pro-

venances (117 and 316) tested in two different localities, Brattfors and

Bickstrand.

trees from seed sources 117 and 316 grown at Brattfors and Bick-
strand (Fig. 1 and Tab. 1). The significance of the regressions of height
on dry matter (Tab. 8§, Fig. 9—12) is low, mainly for two reasons; the
number of trees studied was low (24) and the regressions are prohably

curvilinear,
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The climate at Brattfors is known from earlier studies (Stefansson
& Sinko, 1967) to be fairly good, while that of Backstrand is quite
severe. The mean height of the studied trees; Brattfors 117: 4.8 m,
316: 4.9 m, Béickstrand 117: 3.7 m, 316: 3.7 m, also proves that the
environments differ between the two places.

If the results are to be in accordance with the results at Bjorkvattnet,
there should be a negative linear regression for both provenances in the
favourable climate at Brattfors and a lesser negative or a positive slope
in the harsh climate at Béckstrand. This holds true for both prove-
nances. A comparison of the regression coefficients show that they are
significantly different (p<<0.01) in fhe two environments for both
provenances.

These results do not constitute actual proof, but the tendency is the
same as in the material at Bjoérkvattnet, that is, if a provenance is
placed in a favourable climate the trees with the slowest rhythm grow
best, while the reverse is true if a provenance is placed in a harsh
climate, This supports the theory that the results found at Bjérkvatt-
net are applicable to different environments.

4.3.3 Is the rhythm influenced by the height growth or is the height growth in-
Sfluenced by the rhythm?

Investigations carried out on shoots of various sizes within a tree
crown have shown that long shoots have a slower development rate
than short shoots (Dietrichson, 1964, Pinus silvestris, and Owston, 1969,
Pinus strobus L.). If this were true for leaders of different trees, the
growth termination would be later for trees with fast height growth,
and the statement by Dietrichson (1964) “the provenance problem is
a site problem” would be correct.

If the annual rhythm is to a high degree governed by height, and
rapid growth should result in slow rhythm, then all regressions of the
type: height=f(rhythm), for t{rees within a provenance, should result
in a negalive regression coefficient. Furthermore the influence on the
slope of the regression from the geographical parameters of the seed
source should be small or masked.

As neither the results from Bjorkvatinet nor those from Brattfors
and Bickstrand show any of these tendencies, the influence of height
growth on annual rhythm seems to be fairly small within this material.
Furthermore, these results and those that have been shown earlier,
i.e. the constancy from one year to the next, indicate that the rhythm is
a genetically fixed feature with a relatively low degree of environ-



25

3.8
£ | Provenance 316
<
) 371
0 |
I
36
35
No
35
34F 30
F 25
33F 20
E 15
32F 10

Provenance Height

mean colour optimum
1 1 1 Pl 1

31k L
14 18 22 26 30 34 3842 46 50 54 5862 66 7.0 74 7.8
Bark colour69:1

Fig. 13. Regression of height on bark colour for trees in
provenance 316, and their distribution over bark
colour values at Bjorkvattnet.

mental modification. This has been demonstrated for Picea abies by
Dietrichson (1967) who found the broad sense heritability in open
pollinated families to be 0.80.

4.3.4 The use of the rhythm character for selection of fast—growing
subpopulations

To obtain an example of what the result of a selection within a
provenance would be, the bark colour 69:1 of 316 at Bjérkvatinet was
studied in detail (Fig. 13). The tree height has a maximum at 5.03
where it reaches 3.714 m, This is 2.48 per cent better height than the
mean of the provenance itself. A selection of that third (387 per cent)
of the population that had a bark colour around the maximum (from
4.6 to 5.4), gave a mean height of 3.709 m or 2.35 per cent higher than
the mean,

A corresponding selection within provenances 115 and 47, which have
regression curves that are steadily decreasing and increasing respec-
tively towards higher bark colour values, resulted in subpopulations
with greater difference to the provenance mean than for 316. A choice
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within 115 of that five per cent of the trees with the greenest colour

{lowest values) gave a subpopulation with 12.2 per cent taller trees

than that of the provenance itself.

As the regression analysis of data from provenance 47 showed that
there is an insignificant curvilinear relationship within this distribu-
tion, with a maximum just outside the right-hand end of the distribu-
tion (Height=22.744-6.678 - C691-—0.6206 - (C691)2; max. at colour
5.38) it is more adequate to refer to this regression when dealing with
the outer portion of the distribution. If a selection of that five per cent
of the trees with highest bark colour values is made, the selected sub-
population is 14.2 per cent taller than the mean.

Although the percentage gain from the selection seems to he larger
in populations from south and north, the smaller mean heights of
these populations make the final result less good. By the use of per-
centages presented above on the mean heights in the whole provenance
test at Bjorkvattnet (Tab. 1), the selected subpopulations will have
the following heights; 316: 3.70 m, 115: 3.43 m, 47: 4.00 m.

These figures show that selection in population 47 would be bene-
ficial. The height 4.00 is actually 6.7 per cent better than the height
of the best provenance {121) among all of those tested at Bjorkvattnet.
However, the comparison is not quite valid since the competition is
much larger within 121 (87 per cent survival) than within 47 (29 per
cent survival). Conversely, reduced competition will mostly affect the
diameter growth and can hardly be the sole reason for the discussed
difference in height.

The above-mentioned results can hardly be obtained in forestry
practice by, for instance, selection in the nursery before planting. The
reason for this is that the results can be achieved only if one can
assume:

a. that there is no variation in bark colour among shoots within the
tree that restricts the efficiency of the selection,

b. that the environment of the place where the seedlings are planted
and the age of the tree have no influence upon the ranking of sced-
lings by bark colour that was made e.g. in the nursery.

c. that it is possible to determine, before selection, the hark colour
that will give the optimum growth in the forest environment, e.g.
at Bjorkvattnet.

The first assumption is false, and it is most improbable that a
method will be developed that totally excludes wvariation between
repeated measurements on the same tree. Accordingly the gain from
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selection will be less than the above mentioned figures show. Assump-
tions b, and c. cannot be considered as true until further research has
been carried out in this field.

The gain from selection is mainly dependent on the degree of intra-
population variation in rhythm. The open pollinated stand progeny
has been found to vary considerably and as it is quite possible that
the seed orchard progenies, which will become our future stock, ex-
hibit an even larger internal variation in rhythm, it may be concluded
that there is reason to continue research on these matters.

4.3.5 The assessment of degree of adaptation of a population

It is logical to expect that the best growing provenances in the field
test at Bjorkvatinet are those best adapted to the test site (Tab. 1,
Fig. 1), and accordingly, the main portion of the trees within these
provenances should have an annual rhythm that enables them to
harmonize with the climate. This could be expressed so that the
maximum growth would occur among trees with a rhythm equal to the
provenance mean under the assumption of non-skewed distribution. As
a logical extension of this reasoning, one could state that the mutual
position of the provenance mean rhythm and the rhythm for which the
function for the regression of height on rhythm has a maximum,
would describe the degree of adaptation of the provenance to the
environment.

The colour measurements illustrated in Fig, 6 could be taken as an
example. Provenance 22 has a height maximum for colour 69:1 at 3.82
and the provenance mean colour is 3.88, which is almost the same.
Accordingly this could be taken as an indication of optimal adaptation
to the environment. Provenance 316 has its height maximum at 5.03
while the mean is 4.72. This is a very small difference but could be
taken as an indication of an adaptation to a better climate.

These examples can be systematized by the remaining measure-
ments of bark colour and needle length for which there have heen
found regression curves with a maximum (Tab. 9) (functions with
insignificant regression coefficients are not presented).

In Fig. 14 the difference between the value at height maximum (a)
and the provenance mean (m), a—in, is illustrated for different prove-
nances and rhythm estimates. A positive difference shows that the

provenance is adapted to a more favourable climate than that of
Bjorkvattnet.
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Tab, 9. Maximum, minimum and mean values of the distribution, and the rhythm value
for which the regression of height on rhythm has a maximum. For regression func-
tions, see Tab, 7 and 8.

Provenance Min. Mean Max. Value at
no. value value value height max.

Bark colour 68:1

47 2.0 3.52 6.0 —
22 3.0 3.92 7.0 3.30
316 3.0 5.16 8.0 —
115 4.0 6.13 8.0 —
Bark colour 68:2

47 2.0 3.22 5.0 6.48
22 2.0 3.97 7.0 3.41
316 3.0 4.90 8.0 2.81
115 4.0 6.38 9.0 —
Bark colour 69:1

47 1.0 2,43 5.0 5.38
22 1.3 3.88 6.0 3.82
316 1.8 4,72 7.1 5.03
115 3.2 5.77 8.8 4.41
Bark colour 69:2

47 2.2 3.53 4.8 3.90
22 2.4 3.94 6.3 -—
316 2.8 4,23 6.4 4.20
115 3.0 5.13 8.0 —
Needle 68

47 50 66 92 79
22 53 68 90 63
316 54 73 96 69
115 64 81 96 —
Needle 69

47 41 60 77 77
316 39 74 97 77
115 70 84 99 54

The small and slightly negative values in Fig. 14 shown by 22, could
be taken as an indication of a full adaptation fo the climate at Bjork-
vattnet. However, the height at age 21 (Tab. 1) shows that optimal
growth occurs among those provenances originating north of the seed
source 22, The survival percentages (Tab. 1) also indicate that the
trees from 22 generally suffer from a lack of hardiness. Obviously,
there are reasons to doubt the conclusion about a full adaptation of
provenance 22,

The discrepancy between the trend in Fig. 14 and the practical
results may be the effect of a rhythm-environment interaction or of
mortality.
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Provenance

47 22 316 115

Fig. 14. The difference, a—-m, between the rythm value for .
which the regression of height on rhythm shows a
height maximum (a) and the mean rhythm of the
provenance (m). For a and m see Tab. 9.

The influence of height growth on the rhythm has been discussed in
chapter 4.3.3 and was found to be generally low or non-existent. How-
ever, if there is some influence, and a rapid height growth causes late
growth termination, this should decrease the difference: regression
optimum—provenance mean, and lower the dotted connecting line in
Fig. 14.

The climatic adaptation or the annual rhythm of the provenance in-
fluences its survival and resistance to frost, pathogens and mechanical
injuries (Dietrichson, 1961, 1964, 1968; Eiche, 1966; Stefansson &
Sinko, 1967). It is most probable that this is also true among single
trees within a provenance. In fact the small height of trees with a too
long growing season may be partially caused by an inferior resistance.
Any relationship between annual rhythm and resistance influences the
mutual position of the height maximum and mean of rhythm, and it is
necessary to establish such a correlation and reveal its form before the
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discussed method for assessment of degree of adaptation to the testing
environment may be used.

If mortality were solely restricted to trees with a long growing
season, the distributions of rhythm within the two provenances 47 and
22, which have low survival, (29 per cent and 61 per cent respectively)
would have been skewed, This is not so (Fig. 2, colour 69:1, needle 69)
and this problem therefore requires further research.

4.3.6 The use of the single tree rhythm character in tree breeding

It has been found that the intra-provenance variation in climatic
adaptation of Pinus silvestris is large, consequently this fact should be
considered in tree breeding provided the heritability is high.

As early as in 1918 Raunkiaer showed a similarity in leafing time
between parents and progenies of Fagus silvatica L. and he concluded
that «. .. the striking correspondence between mother and descendants
...shows that early or late leaftime is genotypically determined”,
Hagner (1966) established a high parent-progeny correlation in patterns
of shoot extension of progenies after controlled crossings of Pinus
silvestris. Dietrichson (1967) estimated the broad sense heritability in
open pollinated families of Picea abies and found h? for shoot extension
to be as high as 0.80. These findings indicate a firm basis for breeding.

The production of a progeny depends upon the potential growth
capacity and on the degree of adaptation to the testing environment. A
lack of climatic adaptation to the site results in a non-optimal growth
and an abnormal survival. The tree breeder faces an intricate problem
when he must act on the production figures from a progeny test, be-
cause he has to decide where a progeny shall be utilized and what
its potential production will be. Unless he can assess to what degree
a progeny is adapted to the test site, and how a lack of adaptation in-
fluences the production, he will not be able to know the potential
growth capacity. As far as this is concerned the tree breeder will benefit
in three ways from a recording of the annual rhythm of the single tree
in the progeny test: a. Assessment of plasticity, b, Assessment of the
degree of adaptation to the testing environment, c. Estimation of
potential growth capacity.

a. Plasticity

The genetic concept of plasticity is “the extent to which the expres-
sion of an individual's genotype can be modified by environmental
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factors” (Rieger et al., 1968) or in other words the sensitivity for lack
of adaptation. In tree breeding we are interested in trees and progenies
showing high plasticity since these could be used over a wider geo-
graphical and climatical range. The plasticity may be estimated as an
“adaptive stability” (Finlay & Wilkinson, 1963; Nienstaedt, 1969)
that is the correlation, e.g. of the provenance height and the plantation
mean height in a series of geographically distributed field tests. The
plasticity could also be described in terms of a relationship between
annual rhythm and height. The curve in Fig. 6 could be used as an
example, If the plasticity had been higher among the trees in prove-
nance 22 the curve would have been more flat and the trees with a
rhythm deviating from the rhythm for which the regression function
has a maximum, would have been negatively affected to a lesser extent.

b. Assessment of the degree of adaption to the testing environment

As has been shown in chapter 4.3.5, it is possible to assess the degree
of adaptation of any progeny on the basis of the relationship between
population mean rhythm and rhythm for which the regression function
has a maximum, It is essential to note that this method does not rely
on a comparison with other populations, and accordingly, it is possible
to determine the relative adaptation to the testing environment even
when only one population is tested. This will benefit studies in climate
chambers, where limitation of space is an acute problem. Assuming
that this method is applicable to other species it may be possible to
interpret the production data from old plantations and arboretas where
often only one provenance is tested.

c. Estimation of the potential growth capacity

The regressions in Tab. 7 and 8 demonstrate the decrease in height
growth of the single seedling that is caused by an inoptimal annual
rhythm. If the rhythm of the individual seedling in progenies are
recorded prior to planting, and if assumptions a and b in chapter
4.3.4 are valid, it. will be possible to estimate corresponding regressions
for each progeny at the time the results of the progeny test are to be
considered. The height maximum (hmax) of such a function is a better
expression of the potential growth capacity than the average height
of the progeny, because it is influenced to a lesser degree by a non-
optimal rhythm of the progeny as a whole and by the intra-progeny
variance in annual rhythm. Even though it is probable that other genes
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independent of the rhythm gene complex interact with the environment
and influence the hmax, the information obtained in this way will in-
crease the possibility of making a correct judgement about the growth
capacity of progenies even when they are tested in an environment
to which they are not adapted.

5. Conclusions

It has been established that the methods of describing annual
rhythm, which earlier have proved useful for prediction of climatic
adaptation and hardiness of populations, can also be used for studies
of adaptation of the single tree within populations.

The variation in annual rhythm among trees from a stand collection
is so large that a natural population cannot be considered as fully
adapted to any site, since it always contains a portion of trees which
are not genetically adjusted to the environment. A disharmony bhetween
the rhythm of the tree and the testing environment results in a de-
crease of growth,

In tree breeding one can bhenefit from recording the rhythm of
single trees in connection with progeny testing, since regressions with
height growth will enable assessment of the degree of adaptation to the
test site. This will improve the prediction of what environment a
progeny is adapted to and it will increase the precision in the evalua-
tion of the potential growth capacity of the progeny.

Research has to proceed in this field and establish more efficient
methods and elucidate the interaction of the inherited rhythm and
external climate on height growth and resistance of the individual tree.
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Sammanfattning

Sambandet inom proveniens mellan drsrytm och tillviixt hos enskilda trid
av Pinus silvesiris L.

Inledning

En visentlig fraga vid skogstriadsforiadling och proveniensforskning dr hur
man skall faststdlla klimatanpassningen hos faltprévat plantmaterial. Den
vanligaste metoden har hittills varit att jaimféra Overlevnaden hos den
provade populationen med 6verlevnaden hos provenienser, som haft sin ur-
sprungsort néra forsbkslokalen. Denna metod ar fidskriavande eftersom é&r
med extremt klimat oftast intrdffar med ladnga intervaller och dessutom
missvisande i de fall dar klimattypen pa forsdksplatsen avviker fran den
som rader pa den plats dir den praktiska odlingen skall ske. Inte heller
kan metoden anvindas vid korttidsstudier eller i klimatkammare.

Den relativa hirdigheten eller klimatanpassningen kan emellertid faststil-
las genom kartliggning av den éarliga tillvixtcykeln. Detta blev uppenbart
for vaxtforskare redan pa ett tidigt stadium (Linnaeus, 1739) och man vet
nu att tallens klimatanpassning med framgang kan kartliggas genom métning
av utvecklingshastigheten under skottskjutningen i juni—juli, under av-
mognaden i augusti—september och under invintringen i oktober. (Langlet,
1936, 1959; Dietrichson, 1961, 1964, 1968; Hagner, 1966, 1970). Aven om
dessa ron visat att det finns sikra metoder for beskrivning av populationers
klimatanpassning har det inte klarlagts at{ det enskilda tridets anpassning
kan beskrivas p4 samma sétt.

Avsikten med denna undersdkning som foretogs pa 21-arig tall i ett pro-
veniensforsék i Jimtland var att utreda hur klimatanpassningen hos det en-
skilda tridet skall beskrivas och vilken inverkan anpassningsgraden har pa
tillvixten. Resultaten visar att klimatanpassningen hos det enskilda triadet
liksom hos populationen, speglas av utvecklingshastigheten under hdgsom-
maren och avmognadsforloppet under sensommaren och hosten. Vidare
framgar av resultatet att graden av anpassning paverkar tridets hojdtillvixt,

Material

Den Aarliga vixtrytmen studerades under 1968 och 1969 i ett proveniens-
forsok, anlagt 1950 i Bjorkvattnet, p4 ca 200 trdd inom var och en av fyra
provenienser fran 62:a, 63:e, 65:e och 68:e breddgraderna (fig. 1, tabell 1),
Som jamforelse till de resultat som erhélls i Bjorkvattnet utférdes 1969 en
mindre studie pa tvad provenienser (117, 316) i vart och ett av de tvé paral-
lellforsoken i Brattfors och Backstrand (fig. 1, tabell 1).

Metoder

Arsrytmen skattades med hjilp av fyra metoder, vilka utférligt beskrivits
av Hagner (1970). Skottens strackningscykel kartlades genom mitning dels
av skottlingden i juni och dels av de till halften utvecklade barren i juli.
Dessa matt uttrycktes i procent av de fullbildade organen, vilka mittes i



36

augusti, Skottets avmognad bedémdes genom okuldrskattning av dess bark-
targ i augusti, under vilken manad firgen fordndras fran klar gron till
mérk brun. Barrens mognadsgrad skattades genom miétning av deras torr-
substans i oktober, vilket skedde med hjalp av ugnstorkning (75°C, 49
tim.). Statistiska analyser har frimst utforts med tva standardprogram,
CORREG p& Ume4a universitets datacentral och DSCRIM pa Uppsala univer-
sitets datacentral.

Resultat och diskussion
Den bdsta metoden

Genom studier av variationen, dels inom och mellan olika provenienser
och dels mellan upprepade méitningar pad samma individ (fig. 2), fram-
gick att beddmningen av barkfirgen var den bista metoden men att barr-
mitningen givit i det ndrmaste lika korrekta resultat, Torrsubstansbeddm-
ningen gav sikra resultat men var betydligt mer arbetskrivande. Skottmét-
ningen, som i andra undersékningar gett synnerligen goda resultat, utférdes
i detta fall nir skottskjutningen var i det niirmaste fullbordad och gav darfor
oanvidndbara virden,

Overensstimmelse mellan skattningar av rytmen under skilda delar av vege-
lationsperioden

De olika metodernas viarden jamférdes genom korrelationsanalys (tabell
2—4). Koefficienterna visar i stort att den bedémning av rytmen som gjorts
i juli 6verensstimmer med den som gjordes i augusti men ocksid med den
som péa ett begrinsat material gjordes i oktober (tabell 5), De timligen laga
koefficienterna antyder emellertid att ménga trid har en avvikande rytm.

Jdmférelse av rytmen under tvd pd varandra foljande dr

En jamforelse av barrutvecklingen 1968 och 1969 hos trad inom provenien-
serna 47 och 115 visade en stor spridning och tamligen svag korrelation
(figur 3). Genom att ett konfidensband beriknades med ledning av miitfelet
kunde man konstatera att spridningen runt regressionen inte var ovintat
stor och att en hypotes om att rytmen under 1968 och 1969 var olika darfor
inte kunde accepteras.

Jdmforelse mellan trid frdn olika provenienser

En studie av fordelningarna av rytm inom provenienserna gav vid handen
att en Overlappning féreldg t. 0. m. hos de bada mycket olikartade provenien-
serna 47 och 115 (figur 2). DA en rittvisande jimforelse emellertid endast
kan ske med samtidig hinsyn tagen till samtliga uppmitta rytmkaraktirer,
utférdes en multipel diskriminantanalys, i vilken sex variabler inkluderades
(tva observationer av barkfirg under 1968 och tva under 1969, en barrmit-
ning 1968 och en 1969) (figur 4, tabell 6), Aven sedan hiinsyn tagits till att
spridningen inom provenienserna tkats nagot, dels p. g. a. att provenienserna
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inte hade exakt samma varians, dels genom att variablerna foretedde nagot
krokta sambandsfunktioner och dels p. g. a. mitfel, kunde man konstatera att
spridningen inom provenienserna var anmirkningsvirt stor. Salunda hade
ménga av tallarna frin Muodoslompolo (115; lat. 68°) en rytm motsvarande
medeltalet for dem som hirstammade fran Norrsele (316; lat, 65°).

Samband mellan (rddets héjd och dess rylm

Rytmens inverkan pé hoéjdtillvaxten studerades genom en secrie regressions-
analyser (tabell 7, 8). Krokta samband foreldg inom de flesta provenienserna.
Av funktionernas lutning framgick att de trdd som vixte snabbast hade en
arsrytm som ungefir motsvarade medeltalet hos proveniensen 22, d.v.s.
slokalproveniensen» (figur 5—8). Denna tendens var pétaglig hos plantor
oberoende av proveniens men var #iven tydlig hos plantor inom samma pro-
veniens. P grund av att krokta sambandskurvor forelag dven inom de pro-
venienser som vixte béast, d.v.s. 22 och 316, var det tydligt att dven dessa
inneholl vissa plantor med en arsrytin som omdjliggjorde optimal tillvaxi,
trots att provenienserna som sddana kunde anses vara i hég grad anpassade
till forsokslokalen. Detta innebir foljaktligen att spridningen inom en be-
stindsavkomma Air si stor att populationen inte kan anses vara fullt anpassad
till nagon lokal utan endast i viss hogre eller ligre grad.

Gdllde resultaten som erhdllits i Bjérkvattnet dven i annan miljé om rytmen
uppskattades med annan metod?

I de tva faltforsoken i Brattfors och Backstrand mattes hojden hos 24 triad
inom vardera provenienserna 117 och 316. Samtidigt (den 5:e okt.) insamla-
des barrprover pa vilka torrsubstanshalten senare mittes. Regressionsanalys
visade svaga men i tva fall signifikanta samband mellan triddhojd och torr-
substanshalt. En jaimforelse inom samma proveniens mellan regressionskoeffi-
cienterna i Brattfors och Biackstrand visade for bada provenienserna starkt
signifikanta skillnader (p <0,001). Koefficienterna hade mer utpriglat nec-
gativa virden i Brattfors-materialet, D& klimatet &r mycket stringare i
Backstrand dn i Brattfors har resultatet en med Bjorkvatinet-materialet
Overensstimmande tendens, eftersom trid som har en kortare utvecklings-
cykel, d.v.s. inleder sin avmognad tidigare pa hosten, tillvixtméssigt hdvdat
sig bittre i det stringare klimatet.

Paverkas rytmen av tillvdxten eller tillvdxien av rytmen?

Undersokningar, utférda pa skott av varierande lidngd pa samma trid-
krona, har visat att utvecklingen &r senare hos langa skott (Dietrichson,
1964; Owston, 1969). Om detsamma skulle gilla mellan skott hos skilda indi-
vider kan niringshalten hos marken genom inflytande pa tillvixten modi-
fiera arsrytmen. »Proveniensproblemets blir sett boniletsproblems» (Dict-
richson, 1964).

Om snabb tillviaxt medfér sen avmognad hor de regressionsfunktioner av ty-
pen hojd=f(rytm) som hérletts ur det foreliggande materialet alltid ha en ne-
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gativ regressionskoefficient. Vidare bor harkomsten i sa fall inte paverka lut-
ningen hos regressionskurvan, Eftersom detta inte dverensstimmer med de
resultat som tidigare presenterats, kan markférhillanden knappast péaverka
arsryvtmen i nagon hog grad. Den hoga heritabilitet f6r skottskjutnings-
cykeln (broad sense heritability==0,80) som Dietrichson (1967) berdknat pa
avkommor av gran bekriftar ocksa detta pastaende.

Anvdndningen av drsrytmskattning for selektion av snebbvdrande sub-
populationer

En beriikning av den cffekt som en selektion med ledning av barkfidrgen
skulle f& har gjorts pa provenienserna 47, 316 och 115. Sambandet mellan
hojd och firg framgick av regressionsfunktioner i tabell 7 och i figurerna
6 och 13 samt av en krokt regressionskurva for proveniens 47, vilken inte
presenterats i nagon tabell. Ett urval av de 5 % av triden som hade bark-
fargsvarden nidrmast regressionskurvans maximum resulterade i subpopula-
tioner med foljande medelhdjder 316: 3,7 m, 115: 3,4 m, 47: 4,0 m. Berik-
ningen har gjorts pa grundval av dessa populationers medelhdjd i faltforso-
ket i Bjorkvattnet.

Dessa siffror antyder att en selektion i proveniens 47 skulle vara fordel-
aktigast och resultera i en héjd, som med 6,7 % Overstiger medelhdjden hos
den mest snabbvuxna proveniensen i forstket (nr 121). Jaimférelsen dr emel-
lertid felaktig eftersom konkurrensen dr betydligt storre i 121 (87 % Over-
levande) d4n i 47 (29 % Overlevande). Emellertid paverkar minskad konkur-
rens knappast hojdtillvixten i sa hdég grad att detta kan forklara hela
skillnaden,

Det resultat som redovisats kan inte uppnés vid praktisk sclektion i plant-
skolan, eftersom detta forutsétter att féljande antaganden &r korrekta:

a. att ingen variation som nedsitter effektiviteten i selektionen férekommer i
barkfargen hos skilda skott inom samma trad.
att miljo och plantalder inte paverkar drsrytmen.

¢, att det &r mdjligt att redan fore planteringen foérutsidga vilken barkfirg
som ger optimal tillvixt.

Det forsta antagandet dr felaktigt och vi kommer troligen aldrig att for-
foga Over metoder for en exakt uppskattning av arsrytmen. De Ovriga an-
tagandena kan endast belysas genom ytterligare forskning.

Selektionsvinsten star i direkt relation till spridningen i &rsrytm inom
populationen. Eftersom vért framtida skogsodlingsmaterial kommer att hm-
tas fran froplantager, dédr vi har modertrad med storre genctisk spridning én
i de studerade bestindens, Ar det mojligt att selektion f6r arsrytm blir av
storre betydelse i framtiden &4n vad som fér ndrvarande ar fallet.

Bestimning av klimatanpassningen hos en population

Av regressionsfunktionerna framgick att de mest vilvixande populatio-
nerna, 22 och 316, hade ett hojdmaximum som lag ndra populationsmedel-
talet medan de mindre snabbvixande, d.v.s. den proveniens som flyttats
fran séder och den som flyttats mycket langt norrifran, hade ett maximum
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som lag utanfor fordelningen. Detta innebir att anpassningsgraden skulle
kunna beridknas pa det inbdrdes avstindet mellan héjdmaximum och popula-
tionsmedeltal. Vidare f0ljer, att populationen ir underhirdig om héjdmaxi-
mum ligger pd den sida av medeltalet som innebir tidig invintring, medan
den daremot dr Overhédrdig om hojdmaximum ligger pa andra sidan av
medeltalet. Detta forhallande belystes ytterligare genom studier av samtliga
andragradsfunktioner (dven icke signifikanta; ej presenterade i tabell 7, 8)
(tabell 9, figur 14).

Tillimpning av metoder f6r mdining av drsrytmen hos trdd vid skogstrdds-

forddling

Variationen i 4rsrytm har visat sig vara stor bland trid inom samma pro-
veniens. Resultaten av denna understkning tyder pd att rytmkaraktiren ar
en starkt genetiskt betingad egenskap, vilket dven bekriftas av den héga
heritabilitet (broad sense heritability=0,80), vilken Dietrichson (1967) be-
riknat pa skottskjutningen hos avkommor av gran efter fri avblomning, Det
finns dérfér all anledning att ta hinsyn till och utnyttja denna karaktir i
skogstriadsforadling.

En kartliggning av arsrytmen hos enskilda trdd redan i plantskolestadiet
borde gagna avkommeprévningen pa i forsta hand féljande siitt: a. bestdm-
ning av plasticiteten, b, bestimning av avkommans grad av anpassning till
forsdkslokalen, c. bestdmning av potentiell tillvixtkapacitet.

a. Plasticifeten. Plasticiteten »the extent to which the expression of an in-
dividual’s genotype can be modified by environmental factors» (Rieger
et al., 1968) 4r av infresse vid skogstridsfoériidiing. Detta beror pa att en
mindre kinslighet hos plantmaterialet for avvikelse fran det klimat som
plantorna fordrar for optimal utveckling, mdojliggdér anvindningen av
foriadlat material dver stérre omréaden. Plasticiteten kan faststillas genom
krokningsgraden hos sambandskurvan for tillvidxt och rytm inom en
population, eftersom hogre plasticitet medfér en mindre accentuerad
krokning,

b. Anpassning till férsékslokalen. Som tidigare visats kan relationen mellan
populationsmedeltalet och héjdmaximum anvindas for att beskriva gra-
den av anpassning. Det bor noteras att detta inte bygger p& jamforelse
med andra populationer och alltsd ér en metod som kan anvindas dven
nar endast en population provas. Detta bor kunna 6ka virdet av dldre
forsoksytor i1 vilka jamforelsematerial saknas, Metoden borde dven kunna
effektivisera t.ex, klimatkammarférsok, vid vilka utrymmet alliid ar
minimalt,

c. Potentiell tillvédxtkapacitet. Den potentiella tillvixtkapaciteten, med vilken
hir avses de tillvaxtresurser en avkomma hesitter vid sidan av den till-
vaxtformaga som hetingas av graden av anpassning till odlingsmiljén,
speglas av hoéjden vid maximumpunkten (hmax) hos sambandskurvan
for hojd och rytm. Trots att andra gener 4n de som ingéar i rytm-gen-
komplexet troligen samspelar med miljéon och paverkar hmax, hér denna
viarderingsgrund mdojliggdra en bittre bedémning av modertriadens avels-
viarde 4n nar viarderingen grundas p& avkommans medelhdéjd, sirskilt i de
fall d& avkomman ej ér anpassad till férsdkslokalen.
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Slutsatser

Ett flertal av de morfologiska metoder som kan anvindas for att beskriva
populationernas klimatanpassning kan ocksad anviandas f6r beskrivning av
anpassningen hos enskilda trad.

Triadets hojdutveckling paverkas av dess nedédrvda arsrytm.

Spridningen i rytm inom en bestandsavkomma ar sa stor att det, oberoende
av odlingsmiljo, alltid férekommer trid som vixer inoptimalt p.g.a. dalig
anpassning.

Vid skogstriadsforadling kan en beskrivning av varje plantas arsrytm effek-
tivisera avkommeprovningen.

Yiterligare forskning pa detta omrade dr angeldgen.
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