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Introduction

As part o a general assessment o clone collections and
progeny trials in larch it was desired to study the variation
and inheritance o stem form. Beside vigour, straightness
o stem plays an important part in the evaluation of parent
trees for breeding. Various methods for measuring and
scoring stem form have been suggested by different
workers, especially in connection with provenance trials.
These methods may roughly be divided into 3 groups.
Firstly evaluation based solely on measurements. Perry (14),
GeNYs (4) and SHELBOURNE (15). Secondly evaluation based
solely on scoring: GeHrn (5), LAanGNER (9), LitrLEFIELD and
Evrason (11), and Seecaarp (16) and thirdly an evaluation
based on a mixture of measurements and scoring: FiscHER
3).

Stem form is usually assessed by three kinds of devia-
tions from the straight: Crooks (sinuosity), basal sweep and
lean. In general it is believed that crookedness is to a con-
siderable extent genetically determined and that basal
sweep and lean are mainly the result of factors such as
wind and site.

In the current investigations d larch our aim was to find
a practical method of assessment, which at one and the
same time gave us a sufficiently detailed picture of the
variation in stem form, and made it possible to sort out the
least desirable parents from the point of view of crooked-
ness. Various means of measuring crooks and basal sweeps
have been contemplated but no satisfactory method was
found, which would enable us to measure a large number
of trees within a reasonable time.

We therefore decided to classify the material into 5
groups, each group being defined and illustrated by type
trees. The distribution of trees in the 5 classes was re-
gistered for each clone or progeny. These distributions were
compared and formed the basis for grading the material.

Material

Stem form was scored in two clone collections of Japa-
nese larch (Larix leptolepis) and in one of European larch
(Larix decidua). Further scoring was done in a progeny
trial of Hybrid larch from controlled crossings between
parents from the clone collections.

The clones were all grafted in 1953 and were thus 10
yearsold at thetime of assessment. They represent a selec-
tion of plus trees made by Dr. C. Syracu Larsen (V-num-
bers) and by H. BarneEr (K-numbers). One of the clone col-
lections of Japanese larch and that of European larch are
situated in the same experimental field at the State Forest
Plant Breeding Station at Humlebaek. The soil here is of
a rather heavy, clayish nature. The second clone collection
o Japanese larch and the progeny trial of the hybrids are
a few kilometersapart at Viborg State 'Forest ~districtn the
central part d Jutland. The soil here is lighter and more
sandy and the climate of a more continental type with
heavier frosts and stronger winds than that of Humlebaek.
The two clone collections of Japanese larch are duplicates.

The lay-outs of the clone collections and the progeny
trial are as follows: —

Clone collections:

1 Humlebaek, Birkemarken: Randomized block design with
3 replications and 4 trees per plot. Number of clones is
for Japanese larch, 32, and for European larch, 27. Plant-
ing distance: 3 X 3m.

2. Viborg district: Randomized block design with 2 repli-
cations and 6 trees per plot. 33 clones and planting dis-
tance, 3 X 3m.

Progeny trial, Viborg district:

Randomized block design with 3 replications and 50 trees
per plot. 3 progenies of which 5 are replicated twice only.
The progenies consist of two groups of halfsibs of 19 and
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20 progenies respectively. The experiment was planted in
1957 with 2 year old plants. Trees were thus 8 years old
at the time of assessment. Planting distance: 3 X 1.3 m.

Method

The 5 classes mentioned above are illustrated in figures
1—5. In defining the classes we have attempted to cover the
range of variation commonly observed in larch. The clas-
ses represent an increasing degree of crookedness from
the absolutely straight to severe crooks. They are defined
as follows:

Class 1: Straight.

Class 2: Crooks small, 1—2 in number.

Class 3: Crooks small, 3 or more in number.

Class 4: Crooks pronounced, 1—2 in number.

Class 5: Crooks pronounced, 3 or more in number.

Apart from basal sweeps the whole stem has been as-
sessed. In support of the photographs of the type trees the
following rules were used for the distinction between
straight, small crooks and pronounced crooks:

Straight: Absolutely straight without any crooks.

Small crooks: If the crooks do not traverse a line from the
base to the top of the tree the crooks are definitely
small and they are believed to be of minor importance
to the quality of the stem.

Pronounced crooks: If the crooks are visible in a stem with
a diameter of 10 cm or more at breast height the crook-
edness is severe and will probably reduce the quality
of the stem considerably.

A crook is defined as the distance from the top of one
curve to the next on the same side of the tree.

Basal sweep is, in accordance with Genys (4), the J-
shaped lower part of the tree. Basal sweeps are recorded
separately as will be seen in the form at figure 6.

It will be noted from the classification and the support-
ing rules that the greatest importance is attached to the

Fig. 2. — Scoring: Class 1: /4. Class 2: % Hybrid larch, S. 2986,
9 years old.

distinction between small and pronounced crooks, i. e.

between classes 2—3 and 4—5.

A form for the assessment in the field is shown in fig-
ure 6. Each tree is in turn registered in one or possibly two
of the classes and basal sweeps or breaks are noted. In the
clone collections all the grafts were secored, while in the
progeny trial only 10 trees per plot or 30 trees per progeny

Fig. 1. — Scoring: Class 1: 1.

Japanese larch, K. 51, 11 years old.
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Fig. 3. — Scoring: Class 3: 1. Hybrid larch, S. 2987, 9 years old.



Fig. 4. — Scoring: Class 3: 3. Class 4: '/s. Hybrid larch, S. 2988,
9 years old.

were registered. Normally it is fairly easy to place a tree
in one class or another. If however doubt arises the tree
may be registered with a fraction in both classes say % and
3/s. The sum of trees distributed over different classes
should always equal the number of trees scored.

Basal sweeps and breaks, although recorded, are not
treated in the following discussion.

Results

Variation between clones: An illustration of the variation
between clones is best seen in table 1, where the clones
from the three clone collections are arranged in order of
merit. The succession from the top to the bottom of the

¥
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Fig. 5. — Scoring: Class 5: 1. Hybrid larch, S. 2962, 9 years old.

table represents an increasing degree of crookedness. As a
criterion for the ranking the percentage of trees in the
merged classes 4 and 5 had priority. The clones having no
trees in the classes 4 and 5 were arranged by decreasing
percentage in class 1. It is obvious from this table that the
clones in all 3 clone collections show a wide range of crook-
edness. There seems to be little doubt that real differences
between genotypes exist but it has not been possible to
apply a Chi-square test as the expected frequencies are
less than 5 in some classes.

Variation within clones: As might have been expected most
clones show comparatively little variation between the 12
grafts scored. This is demonstrated by the histograms in
figure 7. Normally the stem form varies between two or

Species: Hybrid Larch, No. 656 Plot no: 122, 172
Locality: Ulvedal, Viborg district Date: 5-3-1964

|
treeno: |1 /2|34 |5|6|7|8|9]|10 12113114 15%16‘17(18‘19 201‘ ‘ ‘ sum I | sum II
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Fig. 6. — Scoring of stem crookedness.
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Table 1. — Clones arranged in order of merit based on the percentage assignment of trees to classes.

Japanese Larch Stendalgard Japanese Larch Birkemarken European Larch Birkemarken
class class class

Clone 1 2 3 4 5 Clone 1 2 3 4 5 Clone 1 2 3 4 s
K. 51 50 50 0 0 0 K. 36 65 35 0 0 0 V. 618 25 5 0 0 0
K. 44* 20 71 9 0 0 K. 46 60 40 0 0 0 V. 622 6 69 25 0 0
K. 36 16 42 42 0 0 K. 51 42 58 0 0 0 K.1 92* 5 68 27 0 0
V. 634 15 27 58 0 0 K. 43 33 67 0 0 0 V. 981 4 88 8 ] 0
V. 633 7 85 8 0 [} V. 631 15 il 8 0 0 V. 1860 ] 92 8 0 0
V. 1859 2 48 50 0 0 K. 52 12 25 63 0 0 V. 621%* 0 920 10 0 0
K. 52 0 100 0 0 0 K. 37 8 84 8 0 0 V. 983 0 8 92 0 0
K. 3% 0 8 90 0 2 V. 634 6 7 17 0 0 Vo. 4 0 33 65 0 2
K. 49 0 33 65 0 2 K. 50 4 21 5 0 0 K. 194 0 8 88 0 4
K. 53 1] 96 0 0 4 K. 44* 2 89 9 0 0 V. 44* 0 0 95 0 5
K. 37* 0 18 kil 0 5 V. 975 2 31 67 0 0 K. 191** 0 60 30 10 0
V. 631 6 42 42 10 0 K. 49 2 15 83 0 0 V. 982 0 0 90 0 10
K. 45 0 25 65 8 2 K. 41 2 6 92 0 0 K. 189** 0 20 68 0 12
K. 55 0 88 0 0 12 V. 633* 0 73 27 0 0 V. 617 8 33 45 8 6
K. 50** 0 0 85 10 5 K. 39 0 67 33 0 0 V. 980 0 0 86 8 6
K. 41 0 8 7 8 7 K. 47 0 58 42 0 0 Vo. 55* 0 0 80 9 11
K. 43 2 64 15 17 2 K. 38 0 0 96 4 0 V. 418 0 8 71 8 13
K. 56 0 33 48 17 2 K. 55 0 0 96 4 0 V. 977* 0 0 k(i 8 16
K. 46* 30 34 9 27 0 K. 53 0 25 65 8 2 K. 193* 0 9 64 18 9
V. 1376* 0 9 62 27 2 V. 632 0 8 80 8 4 Vo. 58%* 0 11 61 11 17
V. 975 0 0 71 25 4 K. 48 0 8 79 0 13 V. 984 0 0 71 25 4
V. 1378*%* 3 57 10 27 3 K. 54 0 0 83 0 17 K. 195* 0 9 57 18 16
K. 58 0 0 67 0 33 V. 1859 6 67 5 19 0 K. 188%¥ 0 10 48 40 2
K. 54 0 0 63 25 12 K. 40 0 0 81 8 11 Vo. 56 0 0 38 49 13
K. 40 0 0 62 25 13 V. 1858* 0 25 55 20 0 V. 620 0 0 29 17 54
V. 1858 0 33 25 42 0 V. 1376* 0 0 1 18 11 K. 190** 0 0 15 20 65
K. 47 0 K 48 38 7 K. 45 0 8 63 17 12 V. 978 0 1] 6 25 69
K. 42 0 8 42 25 25 K. 58 0 0 71 8 21
V. 632* 0 0 45 55 0 V. 1378** 0 20 40 40 0
K. 38 0 0 42 8 50 K. 42 15 2 27 56 0
K. 48 0 0 40 33 27 V. 635 0 0 40 41 19
K. 57 0 0 19 8 3 K. 57* 0 0 7 18 5
V. 635 0 0 4 8 88
Mean 46 299 406 134 115 Mean 8.6 308 46.4 8.4 5.8 Mean 1.8 256 501 101 124
* 11 trees scored. ** 10 trees scored. In all the rest 12 trees have been scored.

Table 2. — Hybrid Larch progenies arranged in order of merit. Percentage assignment to quality

classes.
European Larch V. 44 X Japanese Larch Japanese Larch V. 634 X European Larch
No. ‘ Male class . ‘ Male class
parent 1 2 3 4 5 parent 1 2 3 4 5

645 K. 39 2 16 80 0 2 636 V. 982 13 50 36 0 1

644 K. 38 0 3 94 3 0 634 V. 980 7 35 56 0 2

648 K. 43 0 23 T4 0 3 628 K. 200 2 17 9 2 0

660 V. 634 0 13 84 0 3 631 V. 977 2 25 71 0 2

657 K. 187 3 24 68 3 2 633 V. 979 4 46 47 3 0

656 K. 186 2 49 44 3 2 635 V. 981 4 37 56 0 3

658* V. 631 0 25 70 5 0 629* K. 202 5 55 36 0 4

643 K. 37 0 7 87 3 3 632 V. 978 7 79 7 7 0

651 K. 56 2 19 70 7 2 625 K. 196 0 20 72 3 5

646 K. 40 0 16 74 1 9 627 K. 198 0 9 82 3 6

642 K. 36 2 30 57 3 8 637 V. 983 0 23 67 10 0

659 V. 632 0 17 68 10 5 623 K. 194 [ 10 i 10 3

654* K. 184 0 5 i 10 ) 624 K. 195 0 10 7 10 3

649 K. 50 0 0 81 13 6 622 K. 192 5 18 61 10 6

647 K. 41 1 10 62 20 7 626 K. 197 0 33 49 8 10

655* K. 185 ] 0 71 15 14 621 K. 190 0 10 70 7 13

653 K. 58 0 0 69 17 14 620 K. 189 1 6 72 10 11

652 K. 57 0 0 66 17 17 630 V. 44 0 18 59 17 6

650 K. 54 0 10 52 27 11 638* V. 984 0 15 56 10 19

661 V. 975 0 0 52 17 31

Mean 0.6 13.3 70.0 8.7 7.4 Mean 2.6 27.2 59.5 5.8 4.9

* 20 trees scored. In all the rest 30 trees have been scored.

three classes with the majority of trees concentrated in one such as site, stock/scion relationship, or more or less suc-
of the classes. Some clones however have a more even dis-  cessfull grafting. This quality of some clones is also ap~
tribution to the different classes and examples are K. 42, parent when comparisons are made between the grafts of
46, 47 and K. 48. They seem to be less stable or perhaps one clone on two different sites.

more easily influenced by smaller changes in environment
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Fig. 7. — Histograms showing the percentage assignment to classes of individual clones of Japanese larch, Stendalgard. The 33 clones are
arranged in order of merit from the top left to the bottom right. — The 4 shaded histograms below illustrate the mean distribution of
the clone collections and the progeny trial. — The number 1—5 denote classes.

The influence of environment on stem form: As already
mentioned there are two clone collections of Japanese larch,
each having the same set of 32 clones, but located on dif-
ferent sites and under different climatic conditions. In
order to find out how much the environment might influence
the stem form the mean distributions for the two clone col-
lections were compared. A Chi-square test of the two mean
distributions showed a significant difference at the 95%
level. A closer examination of each clone at the two sites
revealed that almost all the clones at Stendalgard, Jutland
were slightly more crooked than their counterparts at Bir-
kemarken, Sjaelland and that 5 clones: V. 635, K. 36, K. 38,
K. 47 and K. 48 differed markedly. However excluding V.
635 from the test (this clone being the most variable of the
five) resulted in the Chi-square value = 7.60 which is less
than the tabulated value 7.81 for 3 df. at P: 0.05. This shows
that site effect, although present, has relatively little in-
fluence on stem form in the majority of the clones.

Further the clones at the two sites were ranked accord-
ing to their degree of crookedness (table 3). The coefficient
of rank correlation was worked out for Stendalgird and
Birkemarken and gave very good correlation between the
two sites. The calculated figure for the coefficient of rank
correlation was 4.536, which is highly significant. Ap-
parently the environmental differences have influenced the
relative merit of the clones very little.

From these observations it seems that comparison of
clones in respect of stem form gives almost the same re-
sult at two different sites.

Variation between progenies of Hybrid Larch: Of the 39
progenies present in the experiment, 3¢ were replicated
three times and from each progeny 30 trees were scored.
The 10 trees per plot were taken as follows: Every alter-
nate tree in row 2 and 4 was registered starting with tree
No. 1 in row 2 and tree No. 2 in row 4. Each plot was ori-

Table 3. — Rank correlation between clones of Japanese Larch at
two sites, Birkemarken and Stendalgard.
Rank Rank Rank

Clone Birkemarken | Stendalgard difference
K. 36 1 3 2
K. 46 2 18 16
K. 51 3 1 —2
K. 43 4 17 13
V. 631 5 12 7
K. 52 6 7 1
K. 37 7 11 4
V. 634 8 4 —4
K. 50 9 15 6
K. 44 10 2 —8
V. 975 11 20 9
K. 49 12 9 —3
K. 41 13 16 3
V. 633 14 5 -9
K. 39 15 8 -1
K. 47 16 26 10
K. 38 17 29 12
K. 55 18 14 —4
K. 53 19 10 —9
V. 632 20 28 8
K. 48 21 30 9
K. 54 22 23 1
V. 1859 23 6 —17
K. 40 24 24 0
V. 1858 25 25 0
V.1376 26 19 =17
K. 45 27 13 —14
K. 58 28 22 —6
V. 1378 29 21 —8
K. 42 30 27 —3
V. 635 31 32 1
K. 57 32 31 -1

Number of clones: 32

Sum of squared differences: 1976

. - o . 6 1976 8+++
Rank correlation coefficient: R =1 + mj = 0.63

30
’ = — e = 0.449 for df. = 32 — 2 = 30.
Student’s t = 0.638 1/1 0.6352 0 or df
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Table 4. — Chi-square test of the hybrids Jap. Larch V. 634 X Eur.

Larch.¥)
| class ! I Mal
Moy 2 3 4 5 ‘ Sum ‘ parent
620 0.25 1.7 21,75 3.00 3.25 30 K.189
621 - 3.00 2100 200 400 30 K.190
622 1.50 5,50 1825 3.00 1.75 30 K.192
623 - 3.00 2300 3,00 100 30 K.194
624 - 3.00 23,00 3,00 1.00 30 K.195
630 - 550 1775 500 1.75 30 V.4
631 0,50 7.50 21,50 — 050 30 V.977
632 - 2.00 24.00 200 200 30 V.978
634 2,00 1050 16.75 — 0.75 30 V.980
635 125 11,00 16.75 — 1,00 30 V.981
636 4.00 15.00 10.75 — 025 30 V.982
637 - 7.00 2000 3.00 — 30 V.983
Total 950 74,75 23450 24,00 17.25 350
84.25 275.75

*) Only progenies in which 30 trees were scored have been tested.
Chi? = (total number)
(number of trees per class within each clone)?

Chi 3 =1)

(number of trees per clone) X (total number per class) ’

== 360 X (1.15651 — 1) = 56.3¢ T+ T
Tabulated Chi® at P: 0.01 for 11 df. = 24.73

ginally planted in 5 rows of 10 trees. In some cases it was
necessary to extend the scoring to row 5 when trees were
missing in the other rows. In the actual scoring all 5 clas-
ses were used but in the comparison of the frequency dis-
tributions it was necessary to merge the classes into two
groups comprising class 1 + 2 and class 3 + 4 + 5 respec-
tively in order to get the expected frequency above 5. The
Chi-square test of the 34 progenies has shown highly sig-
nificant differences between their distributions. Both
groups of halfsibs mentioned above were also subjected to
Chi-square tests (tables 4 and 5). Of the hybrids having
V.634 as common mother, 12 of the male parents were
present in the clone collection of European larch. These
12 progenies were significantly different with a Chi-square
of 56.43 (tabulated value 24.73 for 11 df. at P: 0.01) which
indicate considerable differences in breeding value of the
male parents. It appears that three progenies, Nos. 634, 635
and 636, all with Polish larch as males distinguish them-
selves in respect of better stemform. Similarly 15 progenies
with the European larch, V. 44, as the common mother were

Table 5. — Chi-square test of the hybrids Eur. Larch V. 44 X Jap.

Larch.*)

class Male
No. ‘ 1 9 3 4 5 Sum ; parent
642 0.75 9.25 16.75 1.00 225 30 K. 36
643 - 2.00 26.00 1,00 1.00 30 K. 37
644 - 1.00 28.00 - 1.00 30 K. 38
645 050 475 24.00 — 0.7 30 K. 39
646 - 4.75 22,25 0.25 2.75 30 K. 40
647 0.25 3.00 18.75 6.00 2.00 30 K.41
648 —  7.00 22,00 — 1.00 30 K. 43
649 - — 2425 400 1.7 30 K. 50
650 - 3.00 15.75 8.00 3.25 30 K. 54
651 050 5.75 21.00 2,00 0.75 30 K. 56
652 - — 20.00 5.00 5.00 30 K. 57
653 - — 2075 5.00 425 30 K. 58
659 - 5.00 20.50 3.00 1.50 30 V. 632
660 — 400 25.00 — 100 30 V. 634
661 — - 1575 5.00 925 30 V. 975

2.00 49.50 320.75 40.25 3750 450
372.25 7775

*) Only progenies in which 30 trees were scored have been tested.

Chi? = 450 X (1.14053 — 1) = 63.23 7 T (see note under table 4)
Tabulated Ch? at P: 0.01 for 14 df. = 29.14
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tested and significant differences found at P:0.01 (Chi-
square 63.23 against 29.14 for 14 df.). For the same reasons
as mentioned above the classes 1, 2 and 3 as well as 4 and
5 were merged in this test.

Finally it is interesting to compare the average distribu-
tion of each of the 3 clone collections with that of the pro-
geny trial. From the shaded histograms in figure 7 it will
be seen that the distribution of the hybrids is different
from those of the clones. The former shows a greater uni-
formity expressed by the higher concentration of trees in
class 3. It is probably the constitution of the progeny trial
in two equal groups of halfsibs which is responsible for the
smaller variation between the hybrids.

Variation within progenies: In contrast to the wvariation
between progenies the trees within progenies in general
vary more than the grafts within a clone. Most progenies
are represented in 4 classes. Only 10 out of 39 progenies
have trees registered in 3 classes and none in 2 or 1. For
comparison the clone collection of Japanese larch at Sten-
dalgard have 9 clones registered in 4 classes, 18 in 3, 5 in
2 classes and 1 in 1 class only.

Offspring in relation to clones: It has been demonstrated
that a considerable variation in stem form exists between
clones of both Japanese and European larch. Further it has
been proved that offspring, having a sample of these clones
as parents, belong to significantly different distributions.
The scoring of clones gives us the genotypes of the selected
individuals, or an approximation to the genotypes depend-
ing of how much we can reduce the environmental factors
by the number of grafts and replications in the experimen-
tal design. The scoring of the progenies on the other hand
may give the breeding value of the same clones provided
the proper means of comparison are available. Although
our chief concern is the breeding value, and in this context
the breeding value in respect of stem form, it is of con-
siderable interest to see whether the stem form of the
clones are correlated with the stem form of their offspring.
Often in the early stages of a breeding programme seed
orchards have been established on basis of the parent trees’
superior phenotypic value-or perhaps on their good geno-
typic value judged from the clone collections.

Table 6. — Rank correlation beteween male parents of European
Larch (clones) and offspring of Hybrid Larch (V. 634 X European
Larch).
) \ ‘ Rank

Male parent | Rank Offspring Rank | difference

K. 192 1 622 9 —8

V. 981 2 635 4 —2

V. 983 3 637 6 —3

K. 194 4 623 7 —3

V.44 5 630 12 —7

V. 982 6 636 1 5

K. 189 7 620 11 —4

V. 980 8 634 2 6

V. 977 9 631 3 6

V. 984 10 638 13 —3

K. 195 11 624 8 3

K. 190 12 621 10 2

V. 978 13 632 5 8
Number of clones: 13
Sum of squared differences: 334
Rank correlation coefficient: R =1 %M, = —0.124

13 (169 1)
) . 11 . -1

Student’s t = —0.124 ‘l/l—_mz—‘l)y = —0.414 for df. = 11.

Tabulated |t| = 2.201 for P: 0.05.



Table 7. — Rank correlation between male parents of Japanese
Larch (clones) and offspring of Hybrid Larch (V. 44 X Japanese

Larch).
‘ ; . ! Rank

Male parent | Rank | Offspring LRank difference
K. 36 1 642 9 —8
V. 634 2 660 4 —2
K. 39 3 645 1 2
K. 37 4 643 6 —2
V. 631 5 658 5 0
K. 50 6 649 11 —5
K. 41 7 647 12 -3
K. 43 8 648 3 5
K. 56 9 651 7 2
V. 975 10 661 16 —6
K. 58 11 653 13 —2
K. 54 12 650 15 -3
K. 49 13 646 8 5
V.632 14 659 10 4
K. 38 15 644 2 13
K. 57 16 652 14 2

Number of clones: 16

Sum of squared differences: 418

. . 6 > 418
Rank correlation coefficient: R =1 - 16 (256 - 1) = 0.385

14
s t=o. e = L =4
Student’s 0.385 V T oses — 196 for df. — 14

Tabulated {t' = 2.160 for P: 0.05.

From the current investigations it was possible to com-
pare the stem form of some clones with the stem form of
those progenies in which the clenes acted as male parents.
The rank correlation coefficient between clones and their
progenies was calculated fin two cases: (1) Between 13 clones
of European larch and their progenies (halfsibs with Japa-
nese larch V.634 as common mother) and (2) between 16
clones and their progenies (halfsibs with European larch
V.44 as common mother) (See tables 6 and 7). Neither of
the two correlation coefficients were significant, indicating
that no relation between the ranks of clones and their off-
springs in respect of stem form could be proved. In the
group of V.634 X European larch, three clones, V. 977, 978
and 980 impressed their offspring with a much better stem
form than might have been expected from the clone col-
lection while two clones, V. 192 and V. 44, were a good deal
below expectation. In the other group of V.44 X Japanese
larch, K. 38 gave rise to a much better progeny than ex-
pected and K. 36 and V. 975 a good deal below expectation.

These discrepancies in the ranking of clones and off-
spring should not be ignored. It is confirmed by the ob-
servations of the Japanese clone V.975, which gives a
much more crooked offspring than its genotype would in-
dicate. Being included in several seed orchards it now must
be removed or the seed orchards be given up.

Discussion

In describing our material of clones and progenies we
have found a division into 5 classes convenient. In our ex-
perience it covers the range of variation of stem form rea-
sonably well and it helps us in grading the material without
specifying the value of the individual classes. It will be
noted that all description is essentially a registration of
single trees into classes, and as distinct from other methods
of scoring stem form except Seecaarp’s (16), comparisons
and tests are between frequency distributions. Admittedly
our material did not suffice for a complete application of
the scoring system, because the number of trees of the in-
dividual clones and progenies often was too small.

As will be appreciated from the preceding sections the
expected frequencies were in some cases insufficient (less
than 5) to allow for a Chi-square test. Where the tests have
been applied it was necessary to merge neighbouring clas-
ses to obtain expexted frequencies of at least 5.

Therefore in new descriptions it seems reasonable to
score about 40—50 trees and perhaps subdivide class 3
(small crooks, 3 or more in number) into two classes thus
working with 6 classes in all.

The scoring of clones and progenies with subsequent
gradings and tests has emphasized the different genetical
values which might be deduced from the two kinds of ma-
terial. The classification of clones in order of increasing
crookedness may help to evaluate the genotypic value of
the selected material. A similar classification of progenies
gives us a possibility to assess the breeding value of the
parents, which in our example are some of the clones in
the clone collections. Some indication of the risk involved
in concluding from the clone performance to the breeding
value of the clones is given in the two rank correlation
tests between the male parents and their offspring.

The scoring and assessment of clones have their greatest
interest for the study of the wvariation of the selected ma-
terial. If we had intended to establish plantations with
vegetatively propagated material the results from the clone
collections might have been applied directly. This is not
likely to be done in larch but may be contemplated for other
species such as beech, oak and teak. The wide range of
variation between clones has already been mentioned. It
may seem a little surprising that we find clones with very
pronounced crooks in our selected material as the criterion
for selection was among other things, straightness of stem.
In our opinion it shows how difficult it may be to assess
stem form in older trees of larch. This species seems to
have a great ability to “straighten” out crooks which does
not mean that the wood has the same quality as in trees
with originally straight stems. Scoring of stem form thus
seems dependant on the age of the trees. The evaluation
might therefore best be carried out when crookedness is
at its worst, that is, between the 5th and the 20th year.

The assessment of stem form in progeny trials as di-
stinet from clone collections may give us an estimate of
the breeding value, which is fundamental for progress in
the breeding work. With one female and many male part-
ners, as in the progeny trials treated here, we get at the
most the relative merit of the male parents. We have no
possibility of separating special and general combining
abilities, and in working out the breeding values, that of
the female partner has to be fixed arbitrarily. For a re-
liable estimate of the breeding value very much depends
therefore on the planning of crossing series and subsequent
experimental lay-outs. The recommendations of H. Jouns-
soN, Sweden (8) for parallel crossings and triangular cross-
ing-series should be noted.

Finally it has to be stressed that the ultimate screening
of the material is based on a combined evaluation of growth
rate and stem form. The order of merit may therefore be
different from that of stem form only.
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Summary

The need of a practical method for scoring and assessing
stem form has long been felt. As actual measurements
are found to be both difficult and time consuming to carry
out, especially in extensive progeny or provenance trials,
a system of scoring the material by means of 5 classes has
been used. The classes are defined and illustrated by type
trees. The scoring is a registration of the frequency with
which the trees occur in the different classes. Without
specifying the value of the individual classes the probability
that the progenies or clones belong to the same distribution
has been tested by Chi-square tests.

Three clone collections, two of Japanese and one of Eu-
ropean larch, and a progeny trial of Hybrid larch have been
subjected to the scoring. A demonstration of the variation
between and within both clones and progenies is given in
various tables and figures. In the case of the progenies
significant differences in assignment to classes were proved
by Chi-square tests thus reflecting differences in breeding
value of the male parents. Rank correlation between clones
and offsprings was tested in two instances, where the
clones acted as males for a common female. No correlation
was found in either test, indicating the risk of deducing
breeding value from the performance of the clones.

The influence of site on stem form has been investigated
for two clone collections of Japanese larch. A small effect
of site was registered for a majority of clones while a few
seemed more strongly influenced. The ranks of the clones
at the two sites however were higly correlated.

Finally the genetic values which might be deduced from
clone collections and progeny trials are discussed.

Résumé

Titre de I'article: Mesure de la forme de la tige dans des
clones et des descendances de méléze.

On a éprouvé depuis longtemps le besoin d'une méthode
pratique d’évaluation et de mesure de la forme de la tige.
Les méthodes actuelles sont difficiles & mettre en oeuvre et
demandent beaucoup de temps, spécialement dans les gran-
des plantations comparatives de descendances ou de pro-
venances; on a donc employé un systéme d’évaluation du
matériel en utilisant cing classes. Les classes sont définies
et illustrées par des arbres-types. L’évaluation constitue
une mesure de la fréquence des arbres dans les diverses
classes. Sans tenir compte de la valeur de chaque classe,
on a testé par le test de Chi-carré la probabilité pour que
les descendances ou clones appartiennent a la méme distri-
bution.
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On a soumis a cette méthode trois collections de clones
(deux de méleéze du Japon et une de méléze d’Europe) et un
test de descendances de méléze hybride. Les tables et les
figures montrent la variation a lintérieur et entre les clo-
nes et descendances. On a trouvé entre les descendances
des différences significatives quant a la proportion des di-
verses classes (différences vérifiées par un test de Chi-
carré), ce qui prouve l'existence de différences dans les
aptitudes héréditaires (breeding value) des parents maéles.
Des corrélations de rang entre clones et descendances ont
été établies dans deux cas, les clones étant pris comme pa-
rents males pour un parent femelle commun. On n’a trouvé
aucune corrélation, ce qui indique qu’il y a un risque a dé-
duire 'aptitude héréditaire de la performance des clones.

L’influence de la station sur la forme de la tige a été
étudiée pour deux collections de clones de mélézes du Ja-
pon. Cette influence se manifeste assez légérement pour
la majorité des clones et plus fortement pour un petit
ncmbre d’entre eux. Les classements des clones dans les
deux stations sont cependant liés par une corrélation trés
forte.

On discute enfin les parameétres génétiques qui peuvent
étre déduits des collections de clones et des tests de des-
cendances.
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