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Introduction 

The inheritance and genetic variation of quantitative and qualitative 
characters in conifers have been studied in progenies obtained from individual 
trees after open and controlled pollination, as well as in clone trials (SYRACH 
LARSEN, 1937, 1947, 1956; DENGLER, 1939; LANGNER, 1952; MERGEN, 1953, 
1955, 1959; FIELDING, 1953, 1960; STERN, 1953; NILSSON, 1955; ARNBORG 
and HADDERS, 1957; TODA, 1955, 1958, TODA ef al. 1959; ERICSOX, 1960; 
CALLAHAM and HASEL, 1961; ZOBEL 1960, 1961). The quantitative characters 
are strongly influenced by environmental factors. The genetic part of the 
variation is recognized from the observation that  the variation xithin pro- 
genies or clones generally is smaller than the variation between them. 

The present investigation concerns seedlings and young trees of Pinus 
silvestris L. obtained by artificial crossing or open pollination. Height, 
branch length, branch angle, number of branches, size of the terminal bud 
and other morphological features were recorded. Differences in the develop- 
ment and variation of these characters among the progenies have been 
studied. The external resemblance of the progenies to  their parent trees has 
been analyzed, as well as the influence of environmental factors on the tree 
development. In a few suitable cases i t  mas possible to  make direct compari- 
sons between clone individuals of the parent trees and the parent offspring. 
The effect of inbreeding was studied in progenies obtained after self-pollina- 
tion. Finally, abnormalities in the formation of buds and branches (EHREN- 
BERG and GUSTAFSSON, 1957; EHRENBERG, 1958) have been examined with 
regard to penetrance and expressivity as defined by TIMOFEEFF-RES~OVSKY 
(1934, 1940) and ALLARD (1960). 
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Figure 1. Localities of p!:ls and minns tiees used as parcnis. 



Material and methods 
1. Parent trees 

The twelve parent trees studied in the experiments reported here were 
phenotypically classified as distinct plus trees or ~ninus trees. Four of the 
trees mere selected in a stand a t  Boxholin in the province of Ostergotland, 
four in a stand south of ange  in the province of Medelpad, three in different 
localities in the province of Yarmlancl and one a t  Vuollerim in the parish of 
Jokkmokk in the province of Lapland (Fig. 1). Data of the trees and the 
localities are presented in Table 1. 

The plus trees a t  Boxholm have superior height growth, straight, slovly 
tapering stems, a narrow fine-limbed crown, and almost right-angled branch- 
ing. They are 3 to 10 years older than the nlinus trees growing in the same 
locality. Although one minus tree, VIII:  46-, has a diameter equalling that  of 
the plus tree E 4013+, it  is characterized by slow height growth, a rapidly 
tapering stem, a nide, coarse-limbed croxn, and almost right-angled 
branching. The second minus tree, S'III: 47-, is also marked by slow height 
growth, mhereas the diameter gro\\th is rapid. The crown is vide, the 
branches are coarse, and the branch angle is intermediate. Both minus trees 
she\\ poor natural prunlng (Fig. 2). 

The plus trees a t  h g e  were chosen for the experiment on account of 
their superior height gromth, good stem form and narrow, fme-limbed 
crowns. The branch angles of both trees are intermediate. Primarily, the 
minus trees are characterized by their acute branch angle, in Ak 4- extremely 
acute, and by their s~ide,  coarse-limbed, long cro\vns. Although their height 
growth is slow, their diameter increment is good. In 1948 the age of three trees 
n as about 90 years, while the fourth tree, ,$4-, was some ten years younger. 

Among the pines studied in the province of Varmland, S 3002+ differs 
from the others by an acute branch angle, relatively low height and a small 
diameter, poor natural pruning and intermediate crown xidth. In 1948 
this tree was over 150 years old. Tree S 3001+ has a particularly narrow 
crown and fine limbs, mllereas tree S 3003- is distinguished by good gro~vth in 
regard to height and diameter. The branch angle of both of the trees is right. 

The plus tree a t  Vuollerim, BD 4016', is approximately 100 years old. 
It has a narrow, regular, fine-limbed crown with right-angled branching. 

Age has been determined by counting the number of annual rings on 
increment cores extracted a t  breast height. The height and distance from 
the ground to  the lonermost greell limb of the crolvn has been measured by 
tape, and the diameter a t  breast height (DBH) by caliper. The crown type 



Trce 
No.') 

2 4015f 
E 4008+ 
VIII 46- 

VIII 47- 

Y 4015+ 

k 2+ 

4 3- 

4 4- 

5 3001 1 

i 30021 

3 30036 

BD1O16' 

Localily 
and 

Province 

land 

Lati- 
tude 

Foxholm 
Ostergot- 

Arise I 
Vastcrnorr 62'25' 

5S007' 

land 

Viigsjofors 
Var~nland 

Alti- 
tude 

( m ) 
- 

180 

275 

157 

208 

118 

110 

60°22' 

60°19' 

Brunsberg 
Viirmland 

Vnollerim 
hrorrhottcn 

Table 1. Parent trees. Data on localities and tree characteristics. 

59'37' 

66'25' 

Site 

fresh, 
'morainc 

moist, 
moraint 

dry, 
sandy 
moraint 

fresh, 
'morainc 

dry, 
sand 

7cnotyp1 
plus- 

trce: + 
minus- 
tree: - 

+ 
4- 
- 

- 

+ 
+ 
- 

- 

-t 

+ 
-I- 

- I- 

Ycar of 
lcasurc- 
ment 

1949 
1949 
1949 

1949 

1948 

1948 

1948 

1928 

1948 

1948 

1948 

1949 

Age 
years 

- 

123 
118 
113 

113 

88 

9 0 

89 

78 

85 

152 

112 

98 

Crown 
radius 
longest: 

(m) 

3.8 
2.8 
4.3 

3.7 

1.8 

2.1 

3.7 

4.2 

1.7 

2.0 

2.0 

2.0 

Dia- 
meter, 
breast 
heighl 
(mm) 

420 
460 
486 

418 

283 

335 

437 

425 

310 

330 

405 

298 

kown 
eight 

(m) 

"Own 

narrow 
narrow 
broad 

broad 

narrow 

narrow 

broad 

broad 

extre- 
mely 
narrow 
narrow 
inter- 
media11 
narrow 

narrow 

:rown 
ratio, 
Per 
cent 

Branch 
angle 

Branet 
type 

45 
49 
63 

65 

48 

50 

51 

77 

54 

73 

42 

65 

right 
right 
intcr- 
mediate 
inter- 
mediate 
intcr- 
mediate 
inter- 
mediale 
acutc 

extreme- 
ly  
acute 
right 

acutc 

right 

right 

fine 
fine 
coarsc 

coarsc 

fine 

finc 

coarse 

coarse 

cxtre- 
mcly 
fine 
fine 

finc 

fine 

l )  Erplcmrrtro~~r of symbols .  Thc l c t t c ~ s  15, Y, S and BD refer to thr provinces (olanr). VTIl and A stand for local districts. 
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d) AIinus tree \'I11 16-, Boxliolrn. C )  X n u s  tree VI I I  47-, Boxholm. 

Fig. 2 d-e. T h e  nzin~~s trees s h o ~ ~  rapidly tapering s t ~ m s  with long hencls and poor 
pruning, vide coarse-limber1 crovns uncl mtermcdia tc t o  aciiLe 5ranch angles. 

has been recorded by  ineasureinents of t h e  largest cronn radius; t he  branch 
type  and the  branching angle having been judged ocularly. Plus trees assigned 
a national registration number (province letter and serial number, e.g. 
E 4Ol5+), are intended to  be used as parent trees in seed orchards. They have 
been propagated by  grafting on a large scale. Grafts from all t he  trees listed 
in Table 1 have heen planted in clonal experiment? for the  purpose of in- 
vestigating the  growth and form of each of t h e  selected trees in different 
surroundings. The branch length and branch angle have been measmed on 
only a few of these clonal trees. The measurements will be extended as soon 
as more grafts have reached an  appropriate age. 
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Fig. 2 f. Plus tree Y .JOl5'-. The stem is qlraiplit anil ~ v e l l  pruned. y )  31inus tree 4 Al-, 
A % ~ g e .  Lowermost par (  of tfic si,enl sho~ving  the poor praninp rind tl:c acute I j ~ a n c h  angles. 

2. Crossings 

The techniques of crossing aiid selfing have been described earlier (PLYM 
FOIZSHELL, 1953; EHREXBEKG and S ~ a r ~ r i ,  1937). The crossings were car- 
ried out in 1938 and 1930. Seeds after open pollination were collected a t  
the same time as the  artificially produced seeds. The various seed-lots xere  
all treated in the same v a y  from harvest -to sowing. Empty seeds were 
separated from filled seeds by the fanning method (Huss, 1951), and the 
percentage of filled seeds was determined by counting the number of seeds 
ir, the two seed groups. 
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Table 2. Provenances, cross combinations, number of trees per progeny and percentage 
of dead trees in 1955 to 1960. 

Boxholrn 

Experi- 
ment 

Varrnland 

1 Boxholm 

Prove- 
nance Combination 

I 

No. oi 
trees 
1954 - 

E 4 0 1 S + x E 4 0 0 8 + . .  
E 4008' x E 4015'. . 
V I I I  46-. . . . . . . . . .  
VII I  46- x V I I I  47- 
~ 4 0 1 5 + x A 2 +  . . . . .  

. . . . . . . . . .  S 3001'. 

E  4015+. . . . . . . . . . .  
E 4008+. . . . . . . . . . .  
V I I I  46- x E 4 0 l 5 +  . 
V I I I  46-. . . . . . . . . .  
V I I I 4 7 - .  . . . . . . . . .  

. . . . . . . . . .  Y 4015'. 
A 3 -  . . . . . . . . . . . . . .  
A.4-xA3- . . . . . . . .  

Percentage of dead trees I 

+ X +  

+ X + 

il) - - 
+ x i  
o. p.2 

o. p. 
o. p. 
- X + 

o. p. 
o. p. 
o. p. 
o . p .  
- X -  

l) Selfed. 2, Open pollinated. 3, The inventory made in the spring immediately 
before the fill-in planting. 

The various cross combinations are presented in Tables 2 and 3. With 
regard to the phenotypes of the parent trees, the combinations can be grouped 
in the following way: 

T y p e  o f  
combination: + x f + x - - x + - x -- Selfing Open pollination 

ci> (0.p.) 
Number of $ - f -  
combinations: 4 5 2 3 G 2  7 4 

The materials from Boxl~olm, Xnge, and Yuollerim were sown in 1951, 
transplanted in 1953, and planted in field experiments in 1951. The percent- 
age of germinated seeds and the seedling and tree mortality in various 
years has been recorded. 

The seeds from the trees in the  province of Varmland obtained after open 
pollination and after selfing were sown in 1950. The seedlings \.\ere planted 
in the same years as the  other materials. The number of seedlings of Varm- 
land origin was low, varying between 8 and 56, except for the  progeny of 
S 3001+ o.p., which consisted of more than 300 individuals. Seedlings of the  
latter were included in one of the field experiments, X. I t  should be borne in 
mind, however, tha t  they are one year ahead in development. 
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Table 3, Experiment 0. Provenances, cross combinations, number of trees per progeny and 
percentage of dead trees in 1958 and 1960. 

Prove- 
nance 

Combination 

;oxholm 

Snge 

Varmland 

Vuollerirn 

E4015f  . . . . . . . . . . .  
E4015+ . . . . . . . . . . .  
E 40l5+ x E 400%. . 
E 4015+ x VI I I  46- . 
E4008- . . . . . . . . . . .  
E 4008- x E 4015+. . 
E 4008. x VI I I  46- . 
VII I  46-. . . . . . . . . .  
\'I11 46-. . . . . . . . . .  
VII I  46- x E 4015+ . 
VII I  46- x VI I I  47-. 
VI I I  47-. . . . . . . . . .  
Y 4015+. . . . . . . . . . .  
Y 4 0 1 5 ' ~  .& 2+. . . . .  

. . . . .  Y 4 0 1 5 t x A 4 -  
4 2+.  . . . . . . . . . . . . .  

. . . . .  A 2 - x Y 4 0 1 5 +  
X 3-. . . . . . . . . . . . . .  
A 3 - .  . . . . . . . . . . . . .  
,P 3- x A 4-. . . . . . . .  
A 4-. . . . . . . . . . . . . .  
A 4 - x Y 4 0 1 5 +  . . . .  
4 4 - x A 3 - .  . . . . . . .  
S 3 0 0 1 ~ .  . . . . . . . . . .  
S3001+ . . . . . . . . . . .  
S 3002+. . . . . . . . . . .  
S 30027. . . . . . . . . . .  
S3003' . . . . . . . . . . .  
S3003+ . . . . . . . . . . .  
BD 4016+. .  . . . . . .  

Xo. of trees 

1954 

Percentage of dead trees 

1) Open pollinated. 2, Selfcd. 

3. Field experiments 

I. Field experiment X. (Fig. 3). This experiment ~ i t h  seven progenies was 
laid out in three blocks. The number of specimens in each plot was 7 x 10 = 

70 with a spacing of 1.5 x 1.3 metres. The control material, (field No. X 7), 
representing the  local provenance, originated from a pine tree a t  Bogesund 
near Stockholm. This material showed poor development. Comprehensive fill-in 
planting was necessary in 1955 and in 1958, one entire plot being replant- 
ed with other stock (field No. 52-43). So far, this progeny has been 
excluded from the measurements and the analysis of the data. 

The progeny obtained from the nlinus tree VIII:  46- a t  Boxholm after 
selfing also grew slowly, and had a high mortality. Fill-in planting was done 
in the blocks I1 and 111, but in block I this progeny had to be replaced with 
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, I - o p .  

- x -  I 
0 O P '  P, I 

Fig. 3. D c s i g  of field experiment X and G, Siidermyra. Experiment X iaic! out  in three 
blocks, experiment G in four blocks. 
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other stock (field S o .  52-63). Consequently only t ~ o  replications of i t  are 
available for analysis. 

Experiment X was established quite close to experiment G, and the 
same site differences occur in both experiments (see below). The site coil- 
ditions thus vary within bloclis as well as between bloclis. 

11. Field experiment G. (Fig. 3). In this experiment ten progenies \!ere 
laid out in randomized bloclis ~ ~ i t h  four replications. Each plot conlains 
9 x 9 = S1 trees with a spacing of 1.5 x 1.5 metres. There \yere two plots 
of the  progenies E 4015+ o. p. and VIII:  47- 0.11. in each block. For com- 
parison with the  local provenance, the experiment included materials ob- 
tained after open pollination from t~ o pine trees gron ing in the aeighbour- 
hood (field Nos. G 9 and G 10). These progenies mere reared in a nursery to- 
gether with the  rest of the experimental material; but  part  of them were 
transplanted on another occasion. Unfortunately, these progenies proved to be 
considerably inferior to  the  rest of the  material, their growth being slow in 
the first years, and the mortality unusually high. In three plots, most of the 
original individuals had to be replaced mith new material. The progenies G 9 
and G 10, therefore, have not been included in the present statistical analysis. 

Although the experiniental field is quite plane, the soil conditioni vary to 
a great extent. In the  years prior to the trial layout, the area, a clay farm 
field, was covered with grass. In the autumn before planting i t  was ploughed. 
Seepages in the blocks I, 111, and I\' were eliminated by trenching. In the  
blocks I1 and I11 each seedling v a s  fertilized with 22.5 g superphosphate and 
7.5 g potassiuir: sulphate inimediately after the planting. The same amounts 
were given to  both bloclis in conjunction with fill-in planling in the spring 
of 1955. The bloclis I and IV mere left unfertilized. The site differences are 
in parts considerable, both betmeen and within some of the  bloclis. 

The experimental area is located on a tenant farm on the state-onned 
Bogesund estate in the  vicinity of Stockholm. 

111. Obseruafion ezperimznt  0 con~prises eighteen progenies obtained after 
selfing and open pollination, and twelve type crossings. The number of 
seedlings in the  different combinations varied from 7 to  50 (Table 3). Each 
progeny x a s  planted in a row without replications, except for the progenies 
consisting of 50 seedlings which were planted in two rows. Xo fill-in planting 
was done. The purpose of this experiment was to observe the  development 
of the  individual trees, and no statistical processing of the data mas intended. 
The experiment m s  established on an old farm field v i t h  h e a ~ y  clay soil a t  
the Bogesund field station. 
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L o q e s t  distance 
between la te ra l  buds (D ?) 
I_ 

Length of 
terrninaL 
bud Wt) 

'U' 
D~arneter of 
termma1 bud (D, ) 

LenQth of 
terminal 

Fis. 1. Characters analyzcd in the years 1958 to 1960. 

4. Properties investigated and  methods of  measurement  

The following characteristics of the young trees have been analyzed 
(Fig. 4). 

a) Tree height (H). The height was measured on the three-year-old seed- 
lings in the nursery in the autumn prior to planting. In the field experi- 
ments measurements were taken on all trees after the termination of 
the groning season in 1956, 1958, 1959 and 1960. 

b) The length of the terminal shoot (Th)  was recorded for all trees in the 
years 1958-1960. 

c) Rranch lengfh (Brl). The branch length has been determined by meas- 
uring the three longest branches in each whorl. Only dominant, m7ell 
developed branches were measured, even if they numbered less than 
three. The whorls are numbered consistently from the top downwards 
as IT horl No. 1, 2, 3, and -2. 

d) Branch angles. The upper angle between the stem and the branches 
measured for length was deterniined with a special protractor. 
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e) The number of branches in each whorl vere counted. 
f) The lengfh ( H t )  and diameter (Dl) of the apical bud were measured 

with a steel ruler graded in millimetres and a slide gauge respectively. 
g) The lateral buds of the terminal shoot. The longest distance (D,) between 

the opposite lateral buds was determined. The biggest three lateral 
buds were also measured in length (Hs). 

h) Each individual was studied with regard to  the occurrence of irregrdarities 
in growth, such as abnormal development of buds and branches, me- 
chanical defects, damage by fungi or animals. 

The 20 tallest undamaged trees in each plot were selected for the regis- 
tration of the properties c-g analyzed in the experiments X and G. The 
height values obtained from these 20 trees were used in computing the 
relationship between height and branch length. In the statistical analyses 
the mean values of plots and progenies mere used for comparison of the 
progenies (SNEDECOR, 1946, p. 266, 268, 318 e f  seq.). 

In experiment X a constructed value had to be used in the ailalysis of 
variance instead of the value missing from the progeny VIII: 46- selfed (X 3). 
One degree of freedom has been subtracted from the total sum of squares 
and from the error sum of squares (KENPTHORNE 1952, p. 173). The preli- 
minary test having revealed significant differences between progenies or 
between blocks, an exact test of the significance was made. 

In experiment G the plot G 5 a in block IV had to be excluded. Instead, 
measurements mere made on the trees in plot G 5 b of block 11. This plot 
replaces G 5 a of block IV in the statistical treatment of the data. In conse- 
quence, progeny G 5 has probably been slightly favoured in comparison 
with the other progenies in block IT. 



Results 

I .  Characteristics of the parent trees of importance for the development of 
the seedlings 

In previous investigations, cone and seed characters have proved to be 
characteristic of the individual parent trees ( P ~ s a r  FORSHELL, 1953; EHREX- 
BERG ef al., 1955). I t  was concluded that  the differences in the length of 
cones, seed morphology, and the ability of the trees to  produce seed after 
selfing, are to  a large extent genetically conditioned. Since the 1,000-grain 
weight is correlated with the cone size (SIJIAK, 1953), and the minus trees 
generally produce larger cones than the plus trees of the same provenance, 
seeds from the minus trees generally have a higher 1,000-grain weight. 
Filled seeds obtained after selfing have a 1,000-grain weight equalling that  
of seeds obtained from the same tree after open pollination. Nevertheless 
seedlings grown from selfed seeds display inferior growth. This seems to 
be due t o  disturbances in embryo development such as polyembryony 
and a high percentage of seeds in the embryo classes 11-111. Inbreeding 
phenomena are thus manifested a t  an early stage, and continue to  reduce 
vigour a t  later stages of growth. 

Table 4 gives a summary of data published by P L Y ~ I  FORSHELI. in 1953 
on cones and seeds collected in 1949 or 1950, and used for obtaining the 
materials analyzed in this investigation. 

Seven trees a t  Boxholm, Ange, and Vuollerim have been analyzed in 
regard to  the following characteristics: 

1) The cone size (mean value of two years) is characteristic of each parent 
tree, but shows some annual variation. I t  is not influenced by various types 
of pollination. The ranking of the trees a t  Boxholm with regard to cone 
length was as follows: VIII: 46- > VIII: 47- > E 4 0 1 5 ~  > E 4008+. The 
cones of the two minus trees are consistently larger than those of the plus 
trees. The same relationship is observed in the h g e  trees, where the ranking 
is: A 4- > A 3- > a 21- > Y 4015+. The cone length varies within the same 
size-range for both the provenances. The cones of the pine BD 4016+ from 
the northerly provenance a t  Vuolleritn are smaller than those of all the other 
trees. 

2) The selfing abilify expressed as the percentage of filled seeds is low in 
t x o  of the Boxholm trees, while the tree YIII: 46- produced more than 50 
per cent filled seeds. The only tree a t  Ange, 3-, from which selfed seeds 
were available in 1949, had a low percentage of full seeds. Later analyses 
have shown that, on an average, the trees a t  ange  have a higher ability for 
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Table 4. Cross combinations and data on cones and seeds, collected in 1949 and 1950 and 
used to obtain the materials for the progeny tests. 

Prove- 
nance 

3oxholm 

mge 

'armland 

'uollerim 

Combination 

E 4015+ o. p.l). . 
i "  . . . .  

x E 4008+. . 
x VIII  46-. 

E 4008+ o. p . .  . . 
i" . . . . .  

x E 4015+. . 
x VIII  46- . 

VIII  46- 0. p. . . 
I . . . . .  

x E  4015+. . 
x VIII  47- . 

VIII  47- 0. p. . . 
Y 4015+ 0. p . .  . . 

x A 2 +  . . . . .  
x A 4 -  . . . . .  

A z +  0 . p  . . . . . . .  
x Y 4015; 

A 3 -  0 . p  . . .  . . .  . 
1 . . . . . . . 

x A 4 -  . . . .  
A 4 -  o. p . .  . . . . .  

x E 4015+. 
x X 3 -  . . . .  

S3001+ 0 . p  . . . .  
i . . . . . .  

S 3002+ 0. p. . . . 
i . . . . . .  

S 3003+ 0. p. . . . 
1 . . . . . .  

B D 4 0 1 6 + i . .  . . . 

Year of 
pollina- 

tion 

Length 
~f cones 
(1nm) 

'er cent 
filled 
seeds 

S o .  of 
filled 
seeds 
Per 

cone 

1,000 
grain 

weight 

'er cent 
germi- 
nated 
seeds 

1) Open pollinated. 2, Selfed. 3, Xot included in later analyses. 4, Four cones only. 

seed production after selfing than the trees a t  Boxholm. Tree BD 401Gi- 
a t  Vuollerim equals tree Y 4015; a t  ange  in this respect. Seeds from trees 
with a high selfing ability generally germinate better than the seeds from the 
other trees. 

3) T h e  seed morphology.  The form and details in the structure of the seeds 
and the basic colour of the seed coat vary but little in any one tree (S I~~AIE ,  
1953), whereas the size of the seed varies with the external conditions, such as 
climate, cone size, etc. A summary of the data from the trees used in this 
investigation is to be found in PLYM ?$ORSHELL'S paper of 1953. Significant 
differences in these characters have been established among the mother 
trees. 
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Fig, 5. Average seedling height of t h e  progenies in 1053. The number of s c e d l i ~ l ~ s  lneasured 
given above the  bars. 

2. Seedling heights in 1953 

The average seedling height of the progenies in 1953 after three growing 
seasons is presented in Fig. 5. The main results of this investigation have 
been discussed earlier (EHR~NEERG et nl., 1955, pp. 339-346). Hence only 
a short review will be given here. 

In the open pollinctfed materials from Boxholm, the progenies from the 
plus trees were superior in growth to those obtained from the minus trees. 
In the h g e  group, too, the plus tree progeniw, when grouped together, shon- 
ed the best growth and decidedly surpassed the minus ones. 

The cross-pollinated materials were arranged in four groups: 

1) plus trees x plus trees 
2) plus trees x minus trees 
3) minus trees x plus trees, and 
4) minus trees x minus trees. 

Of the Boxholm progenies, the plus x plus combinations were tallest, 
distinctly superior to the other three groups. The plus x plus progeny from 
Knge equalled the minus x minus coinbination in height, but was superior 
to the plus s minus and minus x plus progenies. 
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Height, 
cm 
32- 

30 - 

28 - 

26 - 

24 - 

22 - 

20 - 
18 - 

4 

a- Boxholm 
n- - f n ~ e  

1+x 46- l+x 2 + 
0 a BD 4016+ 

-+/ L , , I I , I 1 , , , , 1 , , A 83i 

3.60 4.00 4.40 480 5.20 5.60 6.00 6.40Q 

Fig. G .  Relation bet\~leen 1,000-grain weight and average seedling height in 1'353. 

The superiority of the plus x plus combinations, vhen  compared with 
other combinations of the same provenance, is evident. In addition, the 
greater seedling height of the Boxholm material is of interest, considering 
the lower average 1,000-grain weight of this material. There is a correlation 
between grain weight and juvenile growth in Scots pine (EIIKENBEIIG et al., 
1953, p. 338). In the material investigated here, a correlation is found only 
between the average 1,000-grain weight and the average height of the 
three-year-old seedlings within each provenance group (Fig. 6). The corre- 
lation does not hold good when all the progenies are pooled. In spite of 
their heavier seed, the h g e  progenies were smaller. This inferiority in growth 
is not due to  defective embryo developnient or poor endosperm, but is deter- 
mined by the genotypes of the progeny. 

The important part played by the genetic factors in the height of the 
seedlings is further stressed by the comparatively slow growth of the prog- 
enies from the minus trees VIII: 47- and ,$4- after open pollination. Both 
trees have rather high 1,000-grain weight. The conclusion was drawn that  
the inferior growth of many minus trees-"the minus type of growth"-is 
genotypically conditioned and is often apparent already a t  a juvenile stage. 

The seven progenies obtained affer forced seV-fertilization were markedly 
retarded in growth-on an average by about 20 per cent-in comparison 



22 CARIN EICLUNDH EHRENBERG 

with materials obtained after open pollination andFcross pollination. The 
selfed plus tree progenies were less inhibited than thbse of the minus trees. 
The differences in growth rate between the various pollination types and 
betvieen selfed progenies from plus trees and minus trees are not correlated 
with differences in seed weight. As previously mentioned, the 1,000-grain 
weight is characteristic for a mother tree and is strongly correlated with the 
cone weight (PLYM FORSHCLL, 1953). This also applies to  seeds obtained 
after selfing, their 1,000-grain weight being equal to  that  of seeds obtained 
from cones of the same size after open pollination or after crossings (c f .  

BISGHAM and SQUILLACE, 1955). Hereditary factors with a semilethal or 
viability-reducing effect were assumed to be more frequent in the minus 
trees than in the plus trees. Some of these factors may be effective also in 
the heterozygous state. Such factors are active also a t  early stages of embryo 
development, as evidenced from the high percentage of seeds with poor 
embryos and endosperm (embryo class 11-111) found in selfed material. 
These seeds usually develop into weak and slow-growing trees. The conclu- 
sions drawn were as follows: Self-fertilization seems to lead to more disas- 
trous effects on embryo development in the minus trees than in the plus 
trees. Hereditary factors are largely responsible for the "minus type of 
growth". Progenies of minus trees obtained after open and cross pollination 
as well as after selfing often show a stunted juvenile growth. Progenies 
obtained after self-fertilization of plus trees are on an average less affected 
by inbreeding than those of minus trees. 

-4 few more facts that  were not discussed in the previous paper may be 
added here. 

The 1,000-grain weights of the different combinations from tree Y 4015+ 
were about equal. The same was the case with the seed lots from the tree 
A 4- whereas the values for the trees Il 2+ and a 3- differed from one com- 
bination to  another. 

The variation in the grain weight in a 2+ is no doubt a consequence of the 
striking differences between the cone lengths of the two combinations in 
the year of cone collection (cf .  Table 4). The cones obtained from .& 3- after 
selfing were considerably smaller than those obtained after open pollination 
and crossing. This in turn caused a low 1,000-grain weight of the seeds 
produced after selfing. Dissimilarities in cone length, however, cannot 
explain the differences in 1,000-grain weight between the other two com- 
binations (A 3- o. p. and 3- x 4-1. 

Concerning the four-year-old seedlings (1953) obtained from three of the 
Scots pine trees in the province of Varmland, there are no data available 
except on cone length and seedling height, and -for the tree S 3001+ - on 
germinability of the seed and 1,000-grain weight. A slight negative correla- 
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Height, 
crn 
200 7 

I80 - 

160 - 

140 - 

120 - 

100 - 

80 - 

60 - 

Fig. 7. Espprimenf X. Vean heights of the progenies in the years 1953, 
1956 and 1958 t o  1960. 

tion appears between cone length and seedling height. This negative correla- 
tion is spurious, hovever, and is due to the fact that  the progenies obtained 
from S 3003+ after open pollination and selfing were taller than those of the 
other four progenies, in spite of the small cones of S 3003+ (c f .  SIMAK, 1953). 

3. Properties analyzed in 1957 to 1960 

a) Height ( H )  
The height values of the six (experiment X), eight, nine, and ten-year-old 

progenies (experiments X, G, and 0) are presented in Tables 5, 6 and I 
(see appendix) and in Figures 7, 8 and 10-12. 
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Table 6. Heights of the progenies. Significance of the differences between progenies and 
between blocks. 

Experi- 
m e n t  Y e a r  Source o f  variation 1 di 1 Mean Square I 

Progenies . . . . . . . . . . . . . . .  601.64 20.31*** 
Blocks . . . . . . . . . . . . . . . . . .  13.86** 
Error.  . . . . . . . . . . . . . . . . . .  
Progenies. . . . . . . . . . . . . . .  1,241.29 27.51*** 
Bloclis . . . . . . . . . . . . . . . . . .  I D I 9 I 20.97*** 

. . . . . . . . . . . . . . . . . .  Error.  

Progenies . . . . . . . . . . . . . . .  5 2,392.81 21 .6 iY**  
Blocks . . . . . . . . . . . . . . . . . .  1,727.68 15.6s3* 
Error.  . . . . . . . . . . . .  1 I 110.12 I 
Progenies . . . . . . . . . . . . . . .  360.59 3.18** 
Blocks.  . . . . . . . . . . . . . . . . .  1,186.54 I : I 113.44 I lo.&*** 
Error.  . . . . . . . . . . . . . . . . . .  
Progenies . . . . . . . . . . . . . . .  9 681.40 3.17* 
Blocks . . . . . . . . . . . . . . . . . .  2,279.94 10.60*** 
Error . . . . . . . . . . . . . . . . . . .  I 4 1 215.l6 / 
Progenies. . . . . . . . . . . . . . .  1,089.58 3.38** 

. . . . . . . . . . . . . . . . .  Blocks.  3,328.53 1 2! 1 321.89 1 10.34*** 
Error.  . . . . . . . . . . . . . . . . . .  

1) Corrected for missing value. 

I n  experiment X, which includes both a progeny obtained after inbreeding 
and a progeny one year older than the rest of the material, thus a somewhat 
heterogeneous material, the  differences in height anlong the progenies xere  
great from the  very beginning (Table 5, Fig. 7). The mutual order in height 
among the  progenies was constant from 1953 to 1960, with the  exception of 
the  minus crossing VIII:  46- x VIII: 47- which moved down from fourth to 
fifth place between the age of three and six years, and the o. p. progeny of 
S 3001+, which declined in growth rate and fell to second place. Statistically 
significant differences in height between the progenies were established in 
the  years 1958-1960 (Table 6). The mean height of the  progeny obtained 
from the minus crossing VIII:  46- x VIII: 47- was lower than tha t  of all 
the  others, except for the  selfed progeny VIII: 46- i, the  growth of which 
was even slower. The differences between the blocks within the  progenies 
were significant every year (Table 6). They reveal considerable influence of 
the  varying site conditions. 

Experiment G (Fig. 8 )  is of a somewhat different composition. I t  contains 
progenies of the  four pine trees a t  Boxholm after open pollination (two 
plus trees and two minus trees), of one plus tree and one minus tree a t  
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Fig. 8. Expuimenf G. RIean heights of the progenies in the gears 1933 and 
1958 t o  1960. 

h g e ,  as well as of one minus x plus crossing (Boxholm), and one minus x 
minus crossing (Ange). 

On an average there was no difference between the Boxholm and Ange 
groups in regard t o  height during the last three years of measurement, i.e. 
the mean values of the height of the Ange progenies ranked between the 
lowest (-  0.p.) and the second highest ( f  0.p.) of the Boxholm progenies. 
This is in contrast to  the order in 1953, the year prior to planting out in the 
field, when the mean height of the Ange seedlings was about 83 per cent of 
that  of the Boxholm material. 

The differences among the B o x  h ol m progenies were not significant in 1958 
and 1959. In 1960 the two plus progenies (0.p.) showed superior growth, and 
there was a distinct difference in their mean values of height and those of 
the other three progenies (P = 0.05 - 0.01). 

The ranking in height of the progenies was the same during the last three 
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Fig. 9. Relation bctneen mean heights of the  p~ogenies in 1953 and the increase in height 
from 1953 t o  1938 (above) and flom 1953 t o  1960  hel lo^?). X I :  E 40154 x E  4008-, 
X2: E 4OO8+ Y E 4015+, X3: VIII 46- 2 ,  X4: VI I I  46- \ VIIJ 47-, X5: Y 4Ol5+ x a 2-, 
X6: S 3001+ o.p., GI:  E 4 0 1 5 ~  o.p., G2: E AO08" o.p., G3: V I I I  46- x E 403 5+,  G4: 
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years of measurements, uiz. E 4008f 0.p. > E 4015+ 0.p. > VIII: 47- 
0.p. > VIII: 46- x E 4015f > VIII: 46- o.p. The crossing minus x plus 
thus ranked betxeen the two minus progenies. 

The mean height of the minus-crossing a 4- x A 3- in the Ange  group 
was slightly higher than that  of the plus tree progeny Y 4015f 0.p. from 1953 
up to 1960, when the mean values were equal. The third progeny in this group, 
a 3- o. p., was slightly superior in height in 1953. Since 1958, hoviever, this 
progeny has been lagging behind the others by a few centimetres every 
year. The difference in 1960, hovever, was not yet significant. 

As mentioned previously, the differences between the blocks were great 
in both experiments, and the variation between the plots of each progeny 
was also considerable. A striking example of the influence of the site varia- 
tion is shown by the duplicated progenies E 4015f 0.p. and VIII: 47- 0.p. 
Although large, the difference between the mean height values of the parallel 
plots (a and b) of the former progeny mas not significant. In the latter 
progeny, however, the plots differed significantly (P = 0.001 in 1960). 

A rather strong correlation was established between the mean heights of 
the progenies in 1953 on the one hand, and in 1958 and 1960 on the other 
(r = 0.70 and 0.67 respectively), when all the progenies in the two experi- 
ments X and G were considered together (Fig. 9). Thus, on an average, the 
most rapidly growing progenies in 1953 were also the tallest ones in 1960. 
The irregularities that  occurred, however, vere great enough anyhow, so that  
any attempt to  estimate \$hich of the progenies in the nursery beds would be 
the best growers in the years to follox would in many cases have failed. For 
instance, the four progenies E 4008+ o. p., E 4015+ o. p., VIII: 46- x E 4015f 
and VIII: 46- x VIII: 47- vere of about the same height in the nursery, 
and intermediate as compared with the rest. Seven years later, in 1960, the 
progeny E 4008f 0.p. was next tallest of all the progenies, and the minus 
crossing next lowest, the difference in their mean heights having increased 
by about 50 cm. ,4 comparison of the progenies VIII: 46- x E 4015f and 
Y 4015f 0.p. offers another example. The latter was the lowest of the two 
progenies in 1953, on an average six centimetres lower. In 1960 it  was superior 
in height. If the material had been sown with replications in the nursery 
according to a proper design, the ranking of the three-year-old progenies 
might have been different and have given a more reliable indication of the 
inherent growth rates of the individual progenies. 

With regard to  the progenies of the observation experiment 0, measurements 
were made in 1958, 1959, and 1960 (Table I [see appendix], Figs. 10-12). 
As the number of trees is small, and since the design of this experiment 
does not allow any statistical analysis, only the general trends in the 
mutual order of the progenies will be discussed. 
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Ten progenies obtained after crossing, and t\vo progenies produced by 
selfing a t  B o x h o l m  are presented (Fig. 10). The progenies obtained from the 
four plus-tree combinations E 4008.- o.p., E 4015+ x E 4008+, E 4008f x 
E 4015+, and E 4015+ o.p. were superior in height, and they have remained 
in the order now mentioned for the last three years (1958-1960). Next in 
order came the crossings plus x minus and their reciprocal combination, 
closely folloved by the minus-tree progeny VIII: 47- o.p. and the only 
minus x minus crossing VIII: 46- x VIII: 47-. The lowest mean value was 
found in the progeny of the minus tree VIII: 46- o.p. Of the two progenies 
obtained after selfing, E 4015f i and VIII: 46- i, the former showed relatively 
good growth, its mean height slightly exceeding that  of VIII: 47- o.p. in 
1960. The latter, VIII:  46- i, however, had a remarkably slom growth, its 
mean height in 1960 being less than 75 per cent of that  achieved by the 
progenies obtained from the same tree after open pollination. 

The mutual order of the progenies in respect of mean height varied in the 
different years of measurement. The plus-tree progenies (+ x +, + x - , 
- x $, + o.p.), however, were with one exception the tallest of the lot 
during the entire period investigated (seven years). The crossing E 4008f x 
VIII:  46- constituted an exception. I t  showed the lowest mean height value 
in 1953, but ranked fifth in 1960 (cf. Fig. 6, seedling height in relation t o  
1,000-grain weight). Two other progenies obtained from the tree E 4008+- 
used either as mother or father tree - in combination with E 4015f (+ x f)  
ranked second and third both in 1953 and in 1960. The fourth progeny of 
this tree, E 4008f o.p., ranked sixth a t  an age of three years, whereas in 
1960 it  was the tallest progeny of all. Four other combinations in which 
VIII: 46- was included as a parent tree showed quite another trend of 
growth. The progenies grew fairly rapidly up to  1953, when their order of rank- 
ingwas 1 ( + x  -), 4 ( -  x +), 7 ( -  x -), and 8 ( -  o.p.), but their subse- 
quent development was quite slow. In 1960 they ranked 7, 6, 10, and 11, res- 
pectively. The growth of the progeny obtained from this tree after inbreed- 
ing was markedly  slot^. The height of the other progeny obtained after 
inbreeding, E 4 0 1 3  i, was loxer than tha t  of the progenies obtained from 
the same tree after crossing, but higher than those of the combinations 
- x - and - o.p. (1960). 

The progenies obtained when the plus tree E 4008+ was used as one of the 
parent trees were thus superior in height during the years 1958-1960. The 
trees with the con~paratively poorest growth originated from the minus 
tree VIII: 46-. The same relationship was observed in field experiment G 
(cf. Fig. 8), in which some of these combinations participated. 

The Ange  group comprises eleven progenies (Fig. 11). Of these the com- 
binations + o.p., + x $, + x - , and - x + were the tallest (except 



PROGENY TESTS O F  SCOTS P I N E  3 1 

for ,k 2+ x Y 4015+ which was planted on a marshy part of the experimental 
field). Next in height were the two progenies obtained after the crossing 
- x - . The poorest of the progenies mere the - 0.p. As in the Boxholm 
group, the order in mean height of the progenies mas largely constant during 
the last three years (1958-1960), though completely reversed in comparison 
with the status of 1953. The progenies a 2+ 0.p. and A 3- x -4 4- (high 
1,000-grain weight, cf. Table 4), which a t  the age of three were by far the 
tallest ones, ranked fourth and sixth respectively a t  the age of ten. While 
ranking only sixth in 1953, the progeny Y 4015+ 0.p. showed the greatest 
mean height of all in 1960, and the crossing Y 4015; x A 4-, which was 
eleventh in 1953, was the next tallest in 1960. The progeny obtained after 
inbreeding, A 3- i, was still inferior to the others. 

The third group in the observation experiment comprises progenies 
obtained after open pollination and selfing from three plus trees in the 
province of V a r m l a n d  (Fig. 12). In 1953 the ranking of the progenies in the 
nursery mas as follows: S 3003s 0.p. > S 3002+ 0.p. > S 3001+ 0.p. > 
S 3003+ i > S 3001+ i > S 3002+ i. 

When measured in 1960, they ranked differently. The three progenies 
obtained after selfing were still shorter than the progenies obtained from 
the same mother tree after open pollination, but the progeny S 3003% i mas 
taller than both the progenies (0.p. and i) from S 3002+ and these in turn 
taller than the two progenies from S 3001+. Thus, the highest progeny ob- 
tained after inbreeding originated from the tree with the tallest o.p.Cpro- 

geny. 

b) The length of the terminal shoot (Th)  

A strong correlation between the length of the terminal shoot and the 
height of the young tree was obtained from the measurements made in 
1958 (r = 0.83 in experiment X, r = 0.97 in experiment G, all specimens). 
The length of the terminal shoot thus varied parallel with the tree height. 
Strongly significant differences between the mean shoot values were obtained 
in experiment X, slightly significant differences in experiment G, and strongly 
significant differences between the blocks in both the X and G experiments 
(Table 11, 23 and 24). 

The regression of terminal shoot length on the mean height of the individual 
progenies is shown in Fig. 13. No significant difference was found between 
the slopes of the regression lines, i.e. the average increase in the terminal 
shoot length a t  an one-centinletre increase in the tree height of the progenies 
in each experiment was approximately equal in 1958 (0.27 cm in experiment 
X, 0.44 cm in experiment G). 



Th 
crn 1958 

Exper iment  X 

1959 

y = -2,3908 + 0,2003~ 

E x p e r i m e n t  G - 

13. Average regression ol' Icrminal shoal length on trcc height in 1958 t o  ISGO. Experiment X 1: E 4 0 1 5 ' ~  E 4008+, 2: 1.) 400S+X 
E 40151, 3: VII I  46- i, 4: VIII 4G-x VIII 47-, 5: Y 4 0 1 5 f x A  2+, 6: S 3001+ 0.p. Experiment G. 1: E 4015'- o.p., 2: E 400S+ o.p., 
3: VIII 46-x  I i  4015+, 4: VIII 4G- o.p., 5: VIII  47- o.p., 6: Y 4015+ o.p., 7: A 3- o.p., 8: ?'I 4-x?'I 3-. I-IV: block numbers. 
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Table 7. Heights (x) and length of terminal shoots (y). Comparison between adjusted 
progeny means of y. 

Experi- 
ment 

X 

Year Source of variation 

Progenies. . . . . . . . . . . . . . .  
Error.  . . . . . . . . . . . . . . . . . .  

Progenies. . . . . . . . . . . .  
Error .  . . . . . . . . . . . . . . .  
Progenies. . . . . . . . . . . . . . .  
Error .  . . . . . . . . . . . . . . . . . .  

Progenies. . . . . . . . . . . . . . .  
Error .  . . . . . . . . . . . . . . . . . .  

Progenies. . . . . . . . . . . . . . .  
Error .  . . . . . . . . . . . . . . . . . .  

Progenies. . . . . . . . . . . . . . .  
Error.  . . . . . . . . . . . . . . . . . .  

The differences between the progenies in the mean length of the annual 
shoots not only depend on the correlation between annual shoot length and 
tree height, but must also he ascribed to inherent differences (experiment 
X: F = 0.752, experiment G: F = 2.391", Table 7). In experiment X the 
mean value of the terminal shoot length of the progeny obtained by selfing, 
VIII: 46- i ,  deviated distinctly from the other mean values. In experiment G 
the case was the same with the progeny YIII: 46- x E 4015+. In both 
instances, as seen, VIII: 46- was used as the mother tree. 

The development of the progenies in various respects with increasing age 
is shown by the results of measurements in 1959 and 1960. Strongly signif- 
icant differences between the progenies as regards the length of theterminal 
shoot were evident i11 both years in both experiments. The lslocli differences 
were still great (Tables 11, 23 and 24). 

The correlation between the tree height and terminal shoot length continued 
to be strong (experiment X: r = 0.87 in 1959, and 0.87 in 1960; experiment 
G: r = 0.88 in 1959, and 0.85 in 1960). 

As in 1958, the differences in the slopes of the regression lines in experiment 
X were not significant in 1959. The average increase in terminal shoot length 
a t  one centimetre increase in tree height amounted to 0.21 cm in the six 
progenies of the experiment. 

In  experiment G there were slightly significant differences between the 
slopes of the regression lines (F = 2.81"). The progenies of VIII: 46-(- x +, 
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- o.p.), and the minus crossing A 4- x A 3- increased their terminal shoot 
length a t  increasing tree height slightly less than the other progenies. 

Irrespective of the correlation with the tree height, the differences in the 
terminal shoot length of the progenies were strongly significant in both 
experiments (Table 7). The lowest mean values of the terminal shoot length 
were found among the progenies of VIII:  46- in all the combinations (self- 
ing, - x - in experiment X; - x +- and - 0.p. in experiment G). 

In 1960 the increase in the terminal shoot length with increasing tree 
height was significantly lower in the progenies of the minus tree VIII: 46- 
(- x - ,  - i) than in the four plus-tree progenies in experiment X 
(F = 4.38"). The regression lines of the reciprocal combinations between the 
Boxholm trees E 4015f and E 4008+ were almost parallel, and slightly 
steeper than the corresponding lines for Y 4015+ x ,& 2+ and S 3001f o.p. 
The differences in slope, however, were not significant. 

The differentiation between the progenies that  was slightly discernible in 
1958, resulted in 1960 in a clear division of the material into two groups of 
progenies: those from VIII: 46- on the one hand and the plus-tree progenies 
on the other. 

The same trend appeared in experiment G. The differentiation of the pro- 
genies in respect of the differences in the regression of length of the terminal 
shoots on tree height was more distinct in the ten-year-old (F = 4.43***) 
than in the eight-year-old (F = 1.48) material. Moreover, the change in the 
mutual order between the progenies, which was slight in 1959, was more 
distinct in 1960, i.e. the grouping of the progenies according to the parent- 
tree types was clear (Fig. 13). The smallest increase in terminal shoot length 
with rising tree height was shown by the progenies of the minus tree VIII: 46- 
( -  o.p. and - x +) and by the minus crossing A 4- x A 3-. The increase 
was greatest in the plus-tree progenies obtained after open pollination a t  
Boxholm (E 4015+, E 4008+) and Ange (Y4015'). In both experiments that  
part of the variation in the terminal shoot length which did not depend on the 
variation in height was great, and the differences between the progenies were 
statistically significant (Table 7). Here, too, the progenies of the minus tree 
VIII:46- formed a deviating group. The minus crossing A 4- x A 3- also 
had a lower mean value of the terminal shoot length than e.g. Y 4015f 0.p. 
a t  an equal mean height. 

c) Branch length (Brl) 

The evaluation of the branch length in the various whorls was made on 
the basis of measurements of the three longest branches in each u%orl, i.e. 
the branches that  most Iikely mould be the last ones to dry and fall off. The 
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Fig. 14. Experiment X. Length of branches in clilfercnt ~vllorls in 1938 t o  
1960. x = whorl 1 in 1958 = whorl 2 in 1959 - whorl 3 in 1960. @ = whorl 
2 in 1958 = whorl 3 in 1959 = whorl 4 in 1960. A = whorl 1 in 1960. 

= vhor l  2 in 1960. 

one-year-old branches in whorl 1 varied only slightly in length. A clear differ- 
entiation into stronger and weaker branches was first visible in whorl 2, 
and increased in the older whorls. The mean length of the three branches 
measured in each mhorl was used for a comparison of the progenies and for 
an evaluation of the relationship between tree height and branch length. 

In 1958 the branches were measured in whorls 1 and 2, in 1959 in whorls 
2 and 3, and in 1960 in whorls 1 to  4. Each progeny is represented by 3 x 
20 = 60 trees in experiment X and by 4 x 20 = 80 trees in experiment G. 
The crossing combinations measured and the results of measurements in the 
different years are presented in Tables 8-10,23, 24 and IV-VI and in Fig- 
ures 14-18. 

The absolute branch length varied strongly within each progeny. The 
correlation betmeen tree height and branch length in the individual trees 
of a progeny is evident. The variation in the branch length is therefore a 
natural consequence of the variation in the tree height. The branch length is 
equally as sensitive as the tree height to variations in site conditions within 
and between plots and blocks (Tables 23,24 and IV). 

The two progenies in experiment X ,  which were first measured in detail 
in 1958 (Fig. 14), vere produced by crossings between plus trees, in one case 



36 CARIX EIiLUiVDH EHREKBERG 

Table 8. Experiment X. Summary of correlations between tree height and branch length 
in 1958 and 1960. Correlation coefficients (r). 

I Correlation coefficients (r) 
I 

Combination 
Whorl KO. 

1960 
Whorl No. 

E 4015' x E 4008+ 
E 4008+ x E -1015' 
VIII 46- i 
VIII 46- x VIII 47- 
Y 4015+ x a 2- 
S 3OOi+ 0.p. 

r value required for df = 2  df = G  
5 % level 0.950 0.707 
1 % level 0.990 0.834 

between the trees E 4015f and E 4008+, both from Boxholm, and in the 
second case between the trees Y 4015+ and .!I 2+ from h g e .  They were 
thus of the same crossing type, although of different provenance. There was 
no significant difference between tlle t x o  progenies in mean tree height 
(20 trees per plot, Table 111) nor in branch length of whorl 1. In whorl 
2 the difference betveen the mean values was slightly significant. When 
tested by analysis of variance, the ratio between tree height and brancl~length 

(&) was fo~md to he tlle same in both progenies (Table 23). 

The measurements made in the folio\\-ing years (1959 and 1960) gave a 
slightly different picture of the relationships between these two progenies. 
In 1959 the differences in height were significant, but in the second whorl 
the branch lengths as m ell as the ratios of height to  branch length were equal. 
In whorl 3 the cross E 4015f x E 4008f had significantly longer branches 

H 
than the 1hge  progeny both as regards absolute length and the ratio - 

Brl. 
In 1960, finally, the differences in absolute branch length had increased in 
all four whorls, whereas the ratio of tree height over branch length was equal 
(Table V). 

Consequently these two progenies, both of them results of the same 
pollination type, f x +, showed a siinilar development in tree height and 
branch length up to  their ninth year, when definite differences in the absolute 
branch length appeared. 

Other progenies includecl in experiment X, and measured in 1959 and 1960, 
are the plus-tree combination E 400S+ x E 4015+, one progeny obtained 
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Fig. 15. Experiment X. Regression of mean branch length on mean tree height in 
1960. XI: E 4015+ u E 4008+, X2: E 4 0 0 8 ~ ~  E 101 5-. S3:  V I I I  46- 1 ,  X4: YII I46-  x 
V I I I  47-, X5: Y 4015+xA 2-t X6: S 3001- 0.11. 
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~ q i t  Experiment G 
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in differrnt wllolls in Fis.  16. Ratios be tneen  branch length and  tree heighl --- 

1958 t o  1960. 9 = illran i ~ e e  height. 

from the tree S 3001+ after open pollination, one from the minus tree YIII:  46- 
after selfing, and finally one minus x minus crossing, YIII:  46- x VIII: 47- 
(Fig. 14). Significant differences between the progenies in tree height and 
absolute branch length appeared in both years (Table 23). Progenies 
t h a t  were superior in height also had longer branches, while progenies with 
a slow growth developed shorter branches. 
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,4s mentioned above, the branch length was strongly correlated with the 
tree height. The strength of this relationship varied between the years, as 
also between the whorls and the progenies. The difference between the 
progenies was evident in 1958, and still more striking in 1960. In the last- 
mentioned year, the strength of the correlation was constant from one whorl 
to  another in the four plus-tree progenies (Table 8). I t  was considerably 
weaker in one of the progenies, S 30011- 0.p. In the minus crossing VIII: 46- 
x VIII: 47-, as well as in the progeny obtained from the same mother tree 
after selfing, the strength of the correlation increased gradually from whorl 
1 to  whorl 4. In the last-mentioned progeny the two uppermost whorls 
showed a particularly weak correlation between the mean branch length 
and tree height. 

For a given whorl the progenies also differed in respect of the average 
increase in branch length per one centimetre increase in tree height. In 1959 
there was no significant difference in the slopes of the regression lines 
representing whorls 2 and 3. In  1960 (Fig. 15), when the measurements 
comprised the whorls 1 to  4, no distinct differences occurred in the three 
uppermost whorls. In whorl 4, however, the two progenies from the minus 
tree VIII: 46- deviated from the plus-tree progenies by showing a signifi- 
cantly greater increase in branch length per one centimetre increase of tree 
height (P < 0.01). 

A similar grouping of plus-tree progenies on the one hand, and the pro- 
genies of the minus tree VIII: 46- on the other, can be made concerning the 
relative branch lengths expressed by the ratios of height over branch length 
(Fig. 16 and Table V). In 1959 the measurements of whorls 2 and 3 prod- 
uced lower ratios for the minus progenies, i.e. the minus progenies had 
in these whorls longer branches in relation to  their height than the plus 
progenies. The differences were significant (P < 0.01, whorl 2; P < 0.001, 
whorl 3). In the last year of measurement (1960), the progenies from VIII: 46- 
(selfing and - x -), manifested, in comparison with the plus-tree progenies, 
a weak height increment in combination with short branches in whorl 1, 
and rather long branches in the whorls 3 and 4. 

Of the plus-tree progenies, S 3001+ 0.p. developed the widest crown, with 
relatively long and strong branches in the whorls 3 and 4. The plus x plus 
cross from Ange, Y 4015+ x A 2+, showed a crown relatively narrow a t  
the base due to  the poor growth of the fourth whorl. 

In contrast to the tree height and absolute branch length, the ratios 
H 
- varied only slightly with the differences in the site conditions (P>0.05 
Brl 
for block differences, Table 23). 

As early as in 1959 clear differences bekeen  the progenies examined in 
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experiment X were found with regard to  the branch length of various whorls, 
the branch length in relation to  tree height, and the average increase in 
branch length per one centimetre increase in height. The differences became 
greater with increasing age of the trees. In 1960, when the progenies were ten 
years old, each offspring had developed a characteristic average crown type 
of its own. The plus-free progenies were characterized by their narrow 
crowns, where the branch lengths increased greatly from whorl 1 to  whorl 3, 
and less in whorl 4 than in whorl 3. With regard to  the relative branch lengths 

(&) in the various whorls, the variation between the plurtree progenies 

was slight, except in S 3001+ o.p., which had longer branches in the lower 
whorls than the other progenies. The correlation between branch lengths 
and tree heights and the regression of the branch lengths over the heights 
were approximately equal in all these progenies. 

The average individual of the minus crossing VIII: 46- x VIII: 47- 
was of an entirely different type. Compared to the plus-tree progenies, its 
height growth was weaker, the average branch in the whorls 1 and 2 was 
shorter, and in the whorls 3 and 4 i t  was longer in relation to  the height of 
the tree. A similar average type was found in the progeny obtained from the 
same mother tree, VIII: 46-, after selfing. In relation to  their height, the 
young trees had short branches in whorl 1, and very long ones in the whorls 
3 and 4. Both these latter progenies developed a dense crown with a wide 
base, and sharply tapered from the base towards the top. 

In experiment G the measurements of 1958 comprised four progenies from 
Boxholm and three from Ange. No significant differences in the mean heights 
of the progenies were established this year (Table 111). The absolute branch 
lengths of the whorls 1 and 2 were of the same order of magnitude in all of 
the seven progenies (Fig. 17 and Tables 24 and IV). No significant differ- 
ences between the progenies of plus trees and minus trees were found. Nor 
were any differences between the provenances detected when the Boxholm 
group of progenies was compared with the Ange group (Table VI). 

Some differentiation hetween the progenies was noticeable in whorl 3 in 
1959. In that  year the mean heights also differed t o  a certain degree. 
The open-pollinated plus progenies from Boxholm showed longer 
branches than the minus tree crossings of the same provenance. A slightly 
significant difference appeared between the Boxholm group and the Ange 
group. On an average, the trees in the latter group had shorter branches 
(Fig. 17). 

In 1960 there was a significant difference in the mean height of the pro- 
genies, and hence also in the length of their branches. With regard to the 
branch length of the whorls 1 and 2, the two progenies from VIII: 46- 
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Fig. 17. Experiment G. Length of branches in different whorls in 1958 to 1960. s = \vhorl 1 
in 1958 = whorl 2 in 1959 = whorl 3 in 1960. @ = \;-horl 2 in 1958 = whorl 3 in 1959 
= whorl 4 in 1960. A = whorl 1 in 1960. Li = whorl 2 in 1960. 

( -  x +, and - 0.p.) showed the lowest mean values, and the plus-tree 
progenies E 4015+ 0.p. and E 4008' o.p. the highest. The corresponding 
values of the fifth Boxholm progeny, VIII: 47- o.p., and of the three h g e  
progenies were intermediate (Fig. 17). No significant differences were estab- 
lished in whorl 3. In whorl 4 the branch length of Y 4015+ o.p., Ange, was 
lower than that  of the plus-tree progenies in the Boxholm group. Treated 
as two groups, the two provenances showed a certain difference in this 
whorl only (Table VI). 

The correlation between tree height and branch length and the average 
increase in branch length per one centimetre increase in tree height is pres- 
ented in Table 9 and Fig. 18. The strength of the relationship varied slightly 
from one year to  another in the different progenies and whorls. Thus, a com- 
parison of the correlation coefficients of all the whorls during the three years 
shows that  those of whorl 2 were consistently lowest in 1959. In 1960 the 
r-values of all the progenies and all the whorls were between 0.70 and 0.93 
(except in one case, where r = 0.60). No regular increase in the strength of 
this correlation seemed to occur with increasing height and age. 

A regression analysis gave no indication of any significant differences 
between the progenies in the regression of the branch length on height in 
any of the whorls measured in any one year (cf. b-coefficients, Table 10). 
The eight regression lines within each whorl are thus largely parallel in re- 
gard to  slope (Fig. 18). 
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Table 9. Experiment G .  Summary of correlations between tree height and branch length in 
1958 and 1960. Correlation coefficients (r). 

Combination 

E 40151 0.p. 
E 4008+ 0.p. 
VIII 46- x E 4015+ 
VIII 46- 0.p. 
VIII 47- 0.p. 
Y 4015+ 0.p. 
A 3- 0.p. 
A 4 - x A 3 -  

Correlation coefficients (r) 

1958 / 1960 
Whorl KO. Whorl No. 

- 
r value required for df =6 df =7 

5 % level 0.707 0.666 
1 % level 0.834 0.798 

The data obtained in 1960 from the measurements of four whorls indicate 
that  the slope of the regression lines rises from whorl 1 to  whorl 4 within 
each progeny (Fig. 18). There were great differences between the progenies 
with regard t o  the branch length a t  equal tree height, particularly in the 
whorls 3 and 4. As far as whorl 4 is concerned, four of the minus progenies 
had higher mean values than those of the other progenies in this respect. 
The differences were significant. 

The ratios of tree height over branch length - are given in Table V. 
( E l )  

('OFr1) are graphically In Fig. 16 the inverted values multiplied by 100 --- 

shown. In 1958 there were significant differences between the progenies in 
whorl 2 only. The progenies of the Boxholm group showed in this whorl a 
mean value that  was distinctly lower than that  of the Ange group, i.e. the 
branches of the Boxholm progenies were longer in relation to  the tree height 
than those of the h g e  group (Table 24). 

In  the following year (1959) there were clear differences between the 
progenies within each of the provenance groups. In the Boxholm group, the 
branches of the two minus progenies VIII: 46- 0.p. and VIII: 47- 0.p. 
n7ere longer in relation to the tree height than the branches of the progenies 
obtained from the plus trees. In the Ange group, too, the minus-tree pro- 
genies A 3- 0.p. and 4- x A 3- were of a different and more long-branched 
type than the plus progeny Y 4015+ 0.p. This applied to  both whorl 2 and 
whorl 3. No differences between the provenance groups appeared in whorl 2, 
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Table 10. Experiment G. Regression of mean branch length on mean tree height. Regres- 
sion coefficients. Significance of the differences between progenies and between blocks. 

Source of variation 1 df 1 hiean Square 

Progenies. . . . . . . . . . . . . . .  0.0048 0.23 
Blocks . . . . . . . . . . . . . . . . . .  
Error .  . . . . . . . . . . . . . . . . . .  
Progenies . . . . . . . . . . . . . . .  6 0.0076 1.52 
Blocks. . . . . . . . . . . . . . . . . .  0.0117 
Error.  . . . . . . . . . . . . . . . . . .  
Progenies . . . . . . . . . . . . . . .  7 0.0026 2.36 
Blocks . . . . . . . . . . . . . . . . . .  0.0034 
Error.  . . . . . . . . . . . . . . . . . .  1 2 1 0 . 0 0 1  1 ""* 1 
Progenies. . . . . . . . . . . . . . .  
Blocks . . . . . . . . . . . . . . . . . .  
Error . . . . . . . . . . . . . . . . . . .  
Progenies. . . . . . . . . . . . . . .  
Blocks . . . . . . . . . . . . . . . . . .  
Error .  . . . . . . . . . . . . . . . . . .  

Progenies . . . . . . . . . . . . . . .  7 0.0273 1.07 
Blocks . . . . . . . . . . . . . . . . . .  1 1 0.015s b . 6 2  1 
Error .  . . . . . . . . . . . . . . . . . .  0.0256 

since the mean values of the three progenies from h g e  were covered by the 
range of variation of the mean values of the Boxholm material. A slightly 
significant difference between the provenances occurred in whorl 3, with the 
highest mean value of the ratios in the Ange group, i.e. the trees in this group 
had the shortest branches in relation to height (Table 24). 

In 1960 the ten-year-old material was further differentiated with regard 
to  the crown type. In the Eoxholm group the two progenies of VIII: 46- 
( -  x +, - 0.p.) had relatively short branches in whorl 1 compared t o  
the plus-tree progenies, and long branches in whorls 3 and 4. The differences 
were significant. The minus progeny VIII: 47- 0.p. equalled the plus-tree 
progenies as regards whorl 1, but behaved as the minus progenies of VIII: 46- 
as regards the lower whorls. In the Ange group the two minus progenies 
likewise differed from the plus-tree progeny by having a relatively short- 
branched upper whorl and distinctly longer branches in the whorls below. 

On an average, the Boxholm group had longer branches in relation to  tree 
height than the h g e  group. The differences, however, were not significant. 

To sum up: in experiment X as well as in experiment G the progenies of 
the plus-tree combinations were of a different type to  those of the minus com- 
binations. In the plus combinations, individuals with vigorous growth and a 
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Fig. 18. Experiment G. Regression of mcan branch length on mean tree height in 1960. 
GI:  E 4015- o.p., G2: I3 4008" o.p., G3: V I I I  46- x E 40151, G i :  Y I l I  46- o. p..  
G5: VIII47- o.p., G6: Y 4015' o.p., G7: 3- o.p., GS: A& 4- x A 3-. 
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Table 11. Experiment X. Angles of branches. Significance of the differences between 
individual progenies. 

1 = E 4015'. x E4OO8+, 2 = E4OO8+x E4OlS+, 3 = VII I  46-i,4 = V I I 1 4 6 - ~ W I 1 4 7 - ,  
5 = Y 4015+xA2+, 6 = S3001+ o.p. 

0 KO significance. * Significant a t  5 % level. **  Significant a t  1 % level. *** Signifi- 
cant a t  0.1 % level. 

crown relatively narrow a t  the base were most common. In tlie minus combi- 
nations the average tree developed a crown with a long-branched base and 
relatively short branches in the first whorl. These minus progenies generally 
displayed rather slow height growth as well. The variation in the tree type 
was greater among the five progenies from Boxholm than among those from 
h g e .  The Boxholm progeny VIII: 46- x E 4OlS+ ( - x +)ranked in between 
the plus-tree progenies and the minus-tree progenies from the same provenance 
in regard to  the character of the branches. As the branch length is correlated 
with tree height, i t  is strongly influenced by the environmental condi- 

H 
tions. The relative branch length, - , however, varied less with differences 

Brl 
in environment. 

d) Branch angle 

In young Scots pines the branches usually form a regular whorl with three 
big branches evenly distributed around the stem and the rest of the branches 
situated slightly below. Disturbances in this common type of branching are 
frequently encountered. In the present material deviations in Lhis respect 
were found especially in the progenies originating from the minus tree 
VIII: 46- a t  Boxholm. In these progenies the normal branching mas disturbed 
x i t h  regard to tlie formation of buds and hranclies (c f .  p. 70 et seq), and 
the variation in the branch angle ~ i t h i n  the whorls increased. The distur- 
bances were most extensive in trees with rapid height growth. 

The mean of the three angles measured in each whorl was used as an ex- 
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Fig. 19. Ezperirnenf X. Mcan branch angles 
in different nhorls in 1958 to 1960. x = 
whorl 1 in 1958 = whorl 2 in 1959 = whorl 
3 In 1960. = whorl 2 in 1958 = whorl 3 
in 1959 = whorl 4 in 1960. A = whorl 2 in 
1960. 

pression of the branch angle of the whorl. The measurements are given 
in Table VII and the significance of the differences between individual pro- 
genies in Tables 11 and 12. As mentioned above, branch lengths and branch 
angles were measured simultaneously on the same individuals (1 to  3 branches 
per mhorl). Generally the size of the branch angle increased with the age of 
the whorl in all the progenies, but there mas a wide difference between them 
in the degree of the increase. 

Experiment X (Table 11 and Fig. 19). In 1958 there were no significant 
differences between the two plus progenies E 4015+ x E 4008+ and Y 4015f 
x A 2+ in the size of the branch angles in the two youngest whorls, 1 and 
2 (Table 11). c 

In 1959 all four plus-tree progenies of this experiment xere-measured 
with regard to  the branch angles of whorls 2 and 3. The angles of the various 
progenies were about the same within the whorls concerned. However, the 
crossing Y 4015' x A 2+ had more acute angles in whorl 2 than the other 
three plus-tree combinations. The angles in whorl 3 in the cross E 4008+ x 
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Table 12. Experiment G. Angles of branches. Significance of the differences between 
individual progenies. 

1 = E4015+ o.p., 2 = E4008' o.p., 3 = VIII 46- x E4015+, 4 = VIII46- o.p., 
5 = VIII 47- o.p., 6 = Y 4015+ o.p., 7 = A 3- o.p., 8 = A4- x A 3-. 

Whorl 
year / No. 

2 
1'360 1 3 

4 

year 1 

S i g n i f i c a n c e  of d i f f e r e n c e  

S i g n i f i c a n c e  of d i f f e r e n c e  

0 No significance * Significant a t  5 % level. * *  Significant a t  1 % level. *** Signifi- 
cant a t  0.1 % level. 

E 4015+ were larger than those in t he  other progenies. In one case only were 
the differences slightly significant (Table 11). 

In 1960 measurements of the two minus progenies of VIII: 46- were 
included. These two progenies were equal in whorl 2, but differed from the 
plus-tree progenies by having significantly larger angles. The progeny oh- 
tained after selfing (VIII: 46- i) showed relatively large branch angles in 
whorl 3. In whorl 4, however, no differences between the progenies were 
observed. The lowest and the highest mean values of the branch angles in 
this whorl were recorded for the two reciprocal Boxhohn plus-tree combina- 
tions. 

Significant block differences did not occur in any whorl or progeny (Table 
23). 
Experiment G (Table 12 and Fig. 20). Marked differences between the pro- 

genies were observed in each yeur of measuren~ent. In the B o x h  o lm group 
the plus-tree progeny E 4013- o.p., had throughout mider branch angles in 
the whorls 2 to  4 than the progeny from the other plus-tree a t  Boxholm, 
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Fig. 20. Experiment G. 1Iean branch angles in different 
whorls in 1958 to  1960. x = vhor l  1 in 1958 = whorl 2 
in  1959 = ~ h o r 1  3 in 1960. g = whorl 2 in 1958 = 

I\-l~orl 3 in 1939 = whorl 4 in 1960. a = whorl 2 in 
1960. 

E 4008% 0.p. The angles of all whorls in the progeny of E 4015% 0.p. were 
more acute than those in thc crossing VIII:  46- x E 4015+. Significant dilfer- 
ences were found in xhorl 1 in 1958 and in whorl 3 and 4 in 1960. In com- 
parison v i t h  the progeny YIII:  46- o.p., significant differences occurred in 
the whorls 1 and 2 in 1958; the angles of the progeny of E 4015+ being 
smaller in whorl 1, but larger in Lvhorl 2. T N O  years later the differ- 
ences had disappeared. Although the progeny VIII:  47- 0.13. was entirely 
different to  E 4015% 0.p. in other characteristics, both had the same braiich 
angles in all the whorls. 

The plus-tree progeny E 4008- o.p. showed consistently smaller branch 
angles than the other progenies, and the combination VIII:  46- x E 4015+ 
consistently larger ones. The minus-tree progenies YIII: 46- 0.p. and 
VIII:  47- o. p. were equal except in xhorl 1 in 1958. 

The order in size of the branch angle of the three progenies in the Ange  
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group was constant. The plus-tree progeny Y 4015+ o.p., with its larger 
branch angles, clearly deviated from the -Lwo nlinus progenies (Fig. 20). 
The offspring of 3- 0.11. had coiisistently the least acute angles of the 
rninus progenies, although the difference is not statistically significailt. 

Tlie block differences were significant for eoch whorl of all -the progenies 
every year (Table 23). 

No average difference occurred between the two provenance groups Bos- 
holm and Ange. In 1960 the h g e  progeny Y 4013+ showed brancli angles 
equal in size to those of the Boxholm crossing - x 7. The combination 
a 4- x L$ 3- had more acute branch angles than any other progeny. Upon 
cornparison of the  plus-tree progenies ~ i t h  the minus-tree progmies, a vide  
range of variation in branch angle was found within each group. The parents 
of the plus-tree group are charac-lerized lsy right t o  intermediate branch 
angles. Progenies obtained from these parent trees after open pollination 
differed consider.ably. The minus--tree group is represented by progenies of 
the Boxholm trees VIII:  4G- and VIII:  47-, which were selected as minus 
trees primarily on account of poor sten1 i'orm, wide crowns, and coarse 
limbs. The branch angles are intermediate to right. The progenies of these 
minus-trees obtained after open pollination have branch angles tha t  are 
larger than those of the corresponding plus-tree progenies or equal to  them. 
The other two minus-tree progenies in the group originate from the h g e  
trees ii 3- and Ax 4-, which have acute to  extremely acute branch angles i11 
all whorls in addition to  other ininus characters. The angles of -the progeny 
1i 3- o.p., and pariicularly those of the crossing a 3 x A 3-, \\-ere also 
acute, and in 1960 they increased less in size from wliorl 2 to  whorl 4 than, 
for instance, those of the plus-tree progeny from the same provenance, 
1- 4015+ 0.11. 

l h e  age of the trees played a certain role in the fornlatioii of the branch 
angles (Figs. 19 and 20). Tlie angles of whorl 1 were measured onlyin 1958. I11 
seven of the nine progenies they \Tere then more acute than those in whorl 2. In 
the two progenies m-ith the minus-tree YIII :  4 -  as mother, whorl 1 had 
angles equal to  vihorl 2, or larger. 111 all the progenies measured in 1958, 
the angles of whorl 2 wcre larger in that year than in 1959. The size of the 
angle thus was more acute in whorl 2 as the trees aged. After another year of 
growth this decrease had ceased in some of the progenies, but continued in 
others, i.e. the angle in \~l lor l  2 of the ten-year-old trees (1960) was either 
larger or smaller than tha-t of whorl 2 in the previous year or equal to  it. 
There was no regular difference betxeen the plus-tree and minus-tree 
progenies in this respect. 

On an average, the  branch angles of whorl 3 were larger in 1959 than in 
1960. There v a s  no regular difference between the plus-tree progenies and 
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Table 13. Experiment X. Number of branches per whorl. Significance of the differences 
between individual progenies. (For explanation of progeny numbers see Fig. 21.) 

\Vhorl S i g n i f i c a n c e  of d i f f e r e n c e  

year I xO' ~1-2~1-3~1-4~1-5~1-6~2-3~2--4~2-5~2-6~3--~~3-5~3-6~4-5~4--6~5-6 

1 
1959 

O KO significance. * Significant a t  5 % level. * *  Significant a t  1 % level. *** Signifi- 
cant at 0.1 0/:, level. 

the minus-tree progenies, nor were there any consistent differences between 
the t x o  provenance groups. 

The changes in the  size of the  branch angle in individual whorls during 
the growth of the  tree is also slio\~n in Figs. 19 and 20. As mentioned above, the  
mean size of the  branch angles differed in the  various combinations, but  the  
fixation of the  angles was parallel in the two whorls of seven progenies, 
regarding v~l~icl l  data from several years are available. The 1958 angle of 
whorl 1 increased steadily during the next two years. The second whorl of 
1958 showed an unchanged or slightly decreased branch angle ill the f o l l o ~  ing 
year. The most distinct decrease in angle size appeared in the two progenies 
E 4015+ o.p, and E 4013- x E 4008', both progenies of the same mother 
tree, hut with different fathers. A similar parallel change in the  angle in 
progenies with common mother trees bu t  different fathers occurred in Y 
4015- 0.p. and Y 4015f x Ai 2+. I11 1960, when the branches were four years 
old, the  angle had again increased in all the progenies. 

e) The number of branches 

The number of branches per ~ h o r l  was registered for the  whorls 1 and 2 in 
1958, 1 to 3 in 1959, and 1 to 4 in 1960 (Tables 13, 14 and VIII). In both 
experiments the  course of all the  progenies ran parallel from year to  year 
in regard to the  variation in the  number of branches in whorl 1 and the 
reduction in the number of branches in whorls 2 to 4 (Figs. 21 and 22). 

In 1958 the number of branches in whorl 2 of each progeny was about half 
of tha t  in whorl 1. In the one-year-older trees of 1959 the  differences between 
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Exparimant X 
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Whorl Whorl 1 2 3 4 WhorL 

Fig. 21. Experimerzt S. Mean number of branches in different whorls and inean heights 
of the progenies in 3953 to  l9GO. 1: E 40l5+ x E 1008+, 2: E 4008+ x E 4015+> 3: 1-111 
46- i, 4: VI I I  46- x VI I I  4 - ,  5: Y 4013+ x a 2+, G :  S 3001; 0.p. 

Exper iment  G 

No of 
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1 

1 2  Whor L 1 2 3  Whorl 1 2 3 4 WhcrL 
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Fig. 22. Experiment G. Mean number of branches in different vihorls and inean heights of 
the progenies in 1958 t o  1960. 1: E 4013' o.p., 2: E 4008- o p., 3: VI I I  4G- x E 4013-, 
4: VI I I  46- o.p., 5: VI I I  47- o.p., 6: Y 4015- o.p., 5: A 3- o.p., 8: A 4 -xA 3-. 



these two whorls were less, but  -the great difference between nhorls 1 and 2 
of 1938 remained as a similar great difference hetn-een whorls 2 and 3 of 
1959. In all the progenies a relatively low number of branches in whorl 1 
was formed in 1960. That  year the number of branches in whorl 2 had 11ecn 
only slightly reduced. IYliorl 3 shorn-ed a slight dccrease in the number of 
branches, on an average one aborted branch per tree throughout the entir-, 
material. The distinct difference bel-ween \~hor l s  3 and 4 in the numher of 
branches was a consequence of the  difference in branch numbers between the 
whorls 1 and 2 in 1958. 

Significant differecces between the progeizies viere established by a whorl- 
by-whorl comparison in different years (Table 13). The differences increased 
as the trees grew older. In 1958 the progenies obtained from the two Boxllolrn 
and h g e  plus-tree crossings in rnperirnent X ,  had on an average an equal 
number of branches in ~~11or.l 1 (Fig. 21). In mhorl 2 the number was slightly 
lower in the h g e  progeny. In 1959, too, the variation I ~ e t \ ~ e e n  the six 
progenies analyzed was slight in ~l-horls 1 and 2. Whorl 3 of tlic Boxholm 
crossing E 4015f x E 4008+ differed significantly from other crossings 
by  retaining a large number of branches. In the progeny VIII :  46-i, obtaiiied 
after selfing, tile nuinher of branches mas distinctly reduced (Table 13). 
Compared to  the other progenies in 1960, VIII:  46-i showed fewer 
branches in all the whorls (significant diiferences in the n-l-horls 1, 2, and -1). 
In the same year the reciprocal plus-tree crossings E 4013' s E 4008+ and 
E 3008+ x E 4015f had a relatively large number of branches in \ ~ l l o ~ l s  1 
and 2. The first-mentioned crossing also showed the largest number of branches 
in T\-llorls 3 and 4 of all the progenies, whereas the nuniher in E 4008.- x 
E 4015+ was heavily reduced. The minus crossing VIII :  46- x YIII :  -17, 
17-hich developed the largest number of branches in whorl 1 in 1939, sliowxl 
in 1960 fewer branches in this whorl than the other progenies, v i t h  the 
exception of the progeny obtained after selfing. 

In experiment G (Fig. 22) there were no significant differences between 
the progenies in 1958 in regard to whorls 1 and 2. On an average the three 
progenies from a n g e  had a lovier number of branches in whorl 1 than the 
Roxholm progenies. In whorl 2 no significant differences belween Lhe 
provenances were found. In the following year (1939) the provenances dif- 
fered significantly as regards whorls 1 and 2, the h g e  group showing the 
lowest mean number of branches. The variation within each group \\-as 
slight. The clifferences between the provenances had almost disappeared in 
whorl 3. Instead, there mas a difference bct \~een the Boxholm progenies in 
this whorl, E 4008-' o.p. maintaining the largest number of l~ranches, and 
the  crossing VIII :  46- x E 4015f the  lo-\^-est number. 

In the ten-year-old nnterial  (1960) the h g e  group had in wl~orls 2 and 3 
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Table 14. Experiment G .  Number of branches per whorl. Significance of the differences 
between indiviaual progenies. (For explanation of progeny numbers see Fig. 22.) 

Whorl S i g n i f i c a n c e  of d i f f e r e n c e  - 
Year I ~1-5l3-G13-il3-8l1-514-Gl4-iI4-8I5-G~5-il5-8l6-i~G-8li-8 

1 / l 1 l I I I / l I l l I  

S i g n i f i c a n c e  of d i f f e r e n c e  

1-3~1-4~1-5~1-6~l-i~1-8~2-3~2-4~2-5~2-6~2-~~2-8~3-4 

: ~ : ~ : ~ : ~ ' ~ : ~  1 1 1 1  1 1 :  
O O O O * *  0  0  0  * *  * * *  : I :  1 '  ' I * * * : ~ :  

0  No significancc. * Significant a t  5 0/, level. **  Significant a t  1 %  level. * * *  Signifi- 
cant a t  0,l  % lewl.  

a loner number of branches per \vliorl than the Boxholin progenies. The 
differences mere significant. Among the individual progenies the ranking 
changed from one nhorl to another (Fig. 22, Table 1 I). The vigorous plus-tree 
progenies from Bosholm had the relatively largest number of branches in 
~ i h o r l s  1, 2 and 4. The t n o  slon-growing progenies nit11 YIII:  46- as their 
mother tree shoued relatively few branches in \ ~ h o r l  1, an intermediate 
number in nhorl 2, the largest number of all the progenies in \vl-horl 3, and 
again a low number in nhorl 4. 

The number of branches in whorl 1 varied from one year to another within 
a progeny (Fig. 23). In the total material the mean values ranged betmeen 
6 and 6.8 in 1958, between 6.6 and 8.6 in 1959, and between 5.5 and 6.8 
in 1960. Fluctuations in the climate a t  the bud settirig in the year before 
the shoot development, as veil as the climatic conditioils in the year when 

**  0  0  0  0  0  * 84: **  0  0  **  
* * * 0 0 * * * * * * 0 0 * * * 0  

0  

0 0 0 * * * 0 0 0 * * * * 0  

0 0 0 0 0 0 0 0 0 0 0 0 0  
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ho o f  
branch25 Lxpervnent. X 2 %  -- Exper iment G 

Fig. 23. hIean number of branches in whorl 1 and mean tree height (H) of the progenies in 
1958 to  1960. 

vhorl  1 mas forming, may have caused a great part of this annual variation. 
No regular correlation with age or tree height was found. 

The changes occurring in the nunlbcr of branches in a \I-horl with increasing 
age (for instance, from whorl 1 of 1958 to nhorl 2 of 1959) showed a parallel 
course in all the  progenies (Figs. 24 and 25). Only two progenies in experimenf 
X deviated in this respect. In VIII: 46- x YIII: 47- the average difference 
between whorl 1 of 1959 and mhorl 2 of 1960 was 1.3 branch per tree, and 
the difference between whorl 2 of 1959 and mhorl 3 of 1960 mas one branch. 
On an average, the second deviating progeny, VIII:  46- i ,  had lost one branch 
in the  1959 whorl 1 when this whorl was registered as whorl 2 in 1960. 
In the rest of the  material the reduction in the number of branches in these 
two whorls varied between 0.1 and 0.7 and between nil and 0.4, respectively. 

In experirneni G the number of branches in the second whorl of 1958 was 
largely constant during the next two years, but whorl 2 of 1960 showed 0.7 
branches less per tree than i t  did as whorl 1 in 1959. V'horl 2 of 1959 had 0.8 
branches less as whorl 3 in 1960. The difference between whorl 3 of 1959 
and whorl 4 of 1960 mas 0.2 per tree. 
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Fig.  24.  Experinvnt X .  Mean number of branches in the whorls with increasing age of 
whorl. X I :  E 4015+ x E 400S+, X2: E 4008+ x E 4015+, 5 3 :  Y I I I  46- i ,  X4: \:I11 
46- x Y I I I  47-, 5.5: Y 4 0 l j i - x  .% 2+, X6: S 3001+ o.p. 
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Fig. 25. Experiment G. Mean number of branches in the whorls with increasing age of 
whorl. GI :  E 4015+ o.p., G2: E4008+ o.p., G3: V I I I  JG- x E 4Ol5', G4: V I I I  46- o.p., 
G5: V I I I  47- o.p., G6: Y 4015+ o.p., G7: 3- o.p., GS: 4-:*.$ 3-. 



Table 15. Form of apical buds. Ratios between length 
(Ht) and longest diameter (Dl) of buds in 1958. 

Combination Ratio 
Ht /D,  

I E 4015+ o. p . .  . . . . . . . . . .  1.95 
YIII  46- x E 4015-. . . . . .  2.09 1 

An increase in the number of branches was recorded hetween whorl 1 of 
1958 and \~-horl 2 of 1959, and in some progenies between ahorl  2 of 1958 
and whorl 3 of 1959 (Fig. 25). Tlie reason for this increase may he found in 
the  classification by branch size applied in tlie registration of the n~lmber 
of branclies. Very neak, tender and short shoots mere classified as "accessory 
shoots", and were not included in the total number of branclies of each 
whorl. There has possibly hcen some inconsistency in selecting the branches 
tha t  were to Isc regarded as belonging to this group, i . r .  an experimental 
error. I t  is also lilrely that  some of tllese accessory shoots developed during 
tlie folloning year to an extent which then caused then: to be classifiecl as 
"branches". There was no such increase in tlle number of branclies from 
mliorl 1 to whorl 2 in the one-year-older trees in 1959. 

A consistent difference hetneen the two provenance groups could be 
shonn in respect of tlie loss of branches in the years 1959-1960 (Fig. 25). 
In tlie B o x h o  li i l  progenies the number was most heavily reduced from n liorl 
1 to nliorl 2, slightly less from nhorl 2 to whorl 3 and by a mere 0.1 branch 
per tree from nhorl 3 to \\liorl 4. In tlle X n g e  group, however, the greatesl 
decrease occurred hetxeen viliorl 2 and whorl 3, and i t  mas more than tnice 
as great as the decrease in the Boxholnl trees. Betneen whorl 3 and nhorl 4, 
tlie loss n a s  three times tha t  of the Boxholm trees in the corresponding 
whorls. 

Tlie varying site conditions in the experimental field mere manifested by 
the large variation in the  same progeny from one plot to another in themean 
number of branches per nhorl. The block differences were significant in 
tlie uppermost whorls in 1958, 1959 and 1960 as well as in the loner nllorls 
in 1960 (Tables 23 and 24). 

G 

I 

. . . . . . . . .  TI11 46- o. p . .  
YIII  47- o. p . .  . . . . . . . . .  
Y 4015- 0. p . .  . . . . . . . . .  
a 3 - o . p  . . . . . . . . . . . . . . .  
X 4 - x A 3 -  . . . . . . . . . . . . .  

2.05 
2.22 
2.25 
2.21 1 
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Table 16. Form of apical bud (Ht/D,). Significance of the differences between progenies 
and between blocks. 

Experiment Source of x ariation / d f  Mean Square 

Progenies . . . . . . . . . . . . . . .  1 0.0024 0.86 
. . . . . . . . . . . . . . . . . .  Blocks 0.0044 

E r ro r .  . . . . . . . . . . . . . . . . . .  

Progenies . . . . . . . . . . . . . . .  0.0G05O 
. . . . . . . . . . . . . . . .  I G i  Blocks E r o r  . . . . . . . .  0.00837 1 0.08573 

f) The apical bud 

The form of the apical bud is defined as the ratio between its length and 
largest diameter (HtiD,), and was investigated in 1958 (Tables 15 and 16). 

In experiment X the two progenies measured were of different provenance 
but of the same crossing type, + x +. The form of the apical buds was 
about the same in both progenies and the variation between the trees was 
slight. In experiment G the average apical buds \?-ere wider in three of the 
Boxhoim progenies than in tlle three progenies of the Ange provenance. 
The fourth progeny from Boxholni, 'C'III: 36- o.p., deviated significantly 
from the other Boxholm progenies by having relatively slim bucls, very 
similar in form to  the apical bud in tlle h g e  group. The apical bud of the 
progeny E 4015+ 0.11. was slightly wider than in tlle other Boxholni prog- 
enies. The plus-tree progeny in -the h ~ g e  group, Y 4015+ o.p., had apical 
buds of the same form as those of the -two minus-tree progenies in this group. 
In this material, -therefore, the form of the apical bud is independent of 
provenance or parent tree type. 

The length of the apical bud (I-It) in the various progenies during dilferent 
years is presented in Fig. 26 and Table IX.  Although the progeny Y 4015' 
x a 2 ~ +  had in all years smaller apical buds than -the other plus-tree progenies 
measured in experiment X, the differences were significant only in 1958. 
In each year the length of the terminal shoot v a s  about equal in these pro- 
genies. The length of the apical bud in the two progenies of the minus tree 
VIII:  36- ( i ,  - x - )  was measured in one year only (1960). The apical 
buds and the  terminal shoots were smaller than those of the plus-tree prog- 
enies. In experiment G the plus-tree progeny E 4008' o.p. had the longest 
apical buds and terminal shoots of all progenies. The apical buds of the  
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Fig. 26. RIean length of thc apical buds in 1958 to  1060. 

Table 17. Summary of correlations between length of 
terminal shoot and length of apical bud in 1958. Correla- 

tion coefficients (r) significant at the 1 level. 

E 4015' o. 1 3 . .  . . . . . . . . . .  
TI11 46- x E 4015+. . . . . .  
VII I  46- o. p . .  . . . . . . . . .  
VII I  47- 0. p . .  . . . . . . . . .  
Y 4015- 0. p . .  . . . . . . . . .  
X 3 - 0 . p  . . . . . . . . . . . . . . .  
4 4 - x 4 3 -  . . . . . . . . . . . . .  

Year 
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Fig. 27. Ratios between length of apical buds (Ht) and length of tcrniinal shoots (Th) in 
1958 t o  1960. (- Boxholrn - - - - - - h g e  - - - Varmland) 

three Ange progenies were of equal length in spite of the different length of 
the  terminal shoot. They were longer than those of the Boxholrn progenies 
(with the exception of E 400S'o.p.). The two progenies of the tree \'III:46- 
showed apical buds of about the same size as those of the other Boxholnl 
progenies. 

The variations in the environment strongly affected the length of the 
apical buds, as shown by the significant block differences in each year 
(Tables 23 and 24). 

The length of the apical bud was positively correlated with the length 
of the  terminal shoot in the  same year, and varied accordingly as the shoot 
varied (r = 0.61 in experiment X, r = 0.63 in experiment G, 1958). The 
correlation coefficients of the individual progenies are given in Table 17. 
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Table 18. Length of apical bud (x) and length of terminal shoot (y). Comparison hetween 
adjusted progeny means of y. 

a. 1958 (x) and 1959 (y) 

1 Erper imrnt  1 Source ol \ armtion 1 df 1 \ I ian Square I F ! 
. . . . . . . . . . . . . . .  l x !  Progenies 0.227 

Error .  . . . . . . . . . . . . . . . . . .  1 0.238 1 0.95 I 
Progenies . . . . . . . . . . . . . . .  26.252 i 5,10** 1 E r r  . . . . . . . . . . . . . . . . . . .  1 ;  / 5,151 

b. 1959 (x) and 1960 (y) 

1 Experiment 1 Source of ia r ia l ioa  1 df 1 \ k i n  Square ! P I  
. . . . . . . . . . . . . . .  Progenies 21.526 1 3.80 

E r ro r .  . . . . . . . . . . . . . . . . . .  / 1 5,657 

. . . . . . . . . . . . . . .  I Progenies 5 107.753 27,81*** 
Error .  . . . . . . . . . . . .  . I  14 I 3.875 

In 1958 the mean bud length of the Boxholm crossing in experiment LX 
increased by 0.9 mm for each centiinetre of increase in the terminal shoot. 
In the h g e  crossing the corresponding value was 0.5 m n .  In experiment G, 
this relative increase in the mean bud length was greatest in the h g e  prog- 
eny a 3- 0.p. (0.9 mm) and smallest in the Boxholm progeny E 4015l- 0.1). 
(0.5 mm). On an average i t  was greater in the Ange group than in the 
Eosholni group. Significant differences were established in each year. 

The ratio of the length of the apical bud to the length of ihe lerrninal shoot 
(100 I-It/Th) ~ a r i e d  strongly between the progenies (Fig. 27). Among the 
plus-tree progenies in experiment X the variation was slight in each year 
of measurement, regardless of crossing type and provenance. In 1960 they 
differed significantly from the two progenies obtained from VIII:  46- ( i ,  
- x - )  which were characterized by a larger ratio than those obtained 
from the plus trees. In experiment G, the two progenies with VIII:  46- as 
mother tree differed from the other Boxholm progenies by a larger ratio 
of the length of the apical bud to the -terminal shoot, being similar to those of 
tlie ininus progenies in the , h g e  group in 1960. In both provenances the 
plus-tree progenies had lower ratios than the minus tree progenies, i.e. small 
apical buds coinpared to their terminal shoot length. 

The Length of the terminal shoot in one year was dependent on the size 
of the apical bud in -the preceding year (Table 18, Figs. 28 and 29). In tlie 
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Table 19. Longest distance between the points of op- 

Experi- 
ment 

X 

G 

posite lateral buds (D,) in 1958. 

Combination Mean Distance 

E 4015f 0. p . .  . . . . . . . . . .  
T I 1 1  46- x E 4015+.  . . . . .  
TI11 46- 0. p . .  . . . . . . . . .  
Y I I I  47- 0. p . .  . . . . . . . . .  
Y 4015+ 0.  p . .  . . . . . . . . .  
2 ~ 3 - O . p  . . . . . . . . . . . . . . .  
X 4 - x a  3-. . . . . . . . . . . . .  

individual trees of one progeny the most vigorous shoots developed from 
the longest buds. On the other hand, different progenies with buds of a n  
equal average size did not produce the same average length of shoots from 
these buds. The Boxholin progenies E 4015+ 0.p. and E 4008' o.p., for 
instance, developed stronger terminal shoots in 1960 than the three progenies 
of the h g e  group, although the former had the smaller buds in 1959. The 
case was the same with the crossing E 4015+ x E 4008+. Its apical buds 
were equal in size to  those of the other plus-tree progenies in experiment X 
in 1959, but the  terminal shoots were longer in 1960. 

g) T h e  lateral buds  of the t e rmina l  shoot 

T h e  longest distance (D,) between the points of opposite lateral buds  (Table 19) 
was measured in 1958. In some of the  progenies, e.g. E 4015+ x E 4008-, 
the  lateral buds were turned outwards. In others, e.g. Y 4015+ x 2+, 
they seemed to be more crowded around the apical bud. The distance, D,, 
however, was not significantly different between any of the  progenies 
(0.2 > P > 0.05 in experiment X, P > 0.2 in experiment G). This distance 
is only in part  dependent on the diameter of the apical bud, D, (Table 20). 
Clear differences between the progenies in regard to the ratio of DJD, were 
established (Table 24). In the  progeny VIII: 46- o.p., for instance, D, was 
long in relation to the diameter of the apical bud, whereas in A3- 0.p. i t  
was comparatively short. 

The length of the  lateral buds (Hs), defined as the mean length of the  
largest three buds, was recorded in 1959 and 1960 (Tables 21, 23 and 24). 
In 1959 there was no significant difference between the progenies in any of 
the  two exper iments  X a n d  G. That year the progenies with VIII: 46- as 
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Table 20 . Diameter of apical bud (x) and longest distance between opposite lateral buds 
(y) . Comparison between adjusted progeny means of y in 1958 . 

( Experiment / Source ol variation I df 1 Mean Square I F I 
. . . . . . . . . . . . . . .  l G 1  Progenies 0.992 

E r r o r  1 I 1 0.221 1 4.48** . . . . . . . . . . . . . . . . .  

Table 21 . Mean length of lateral buds (Hs) in 1959 and 1960 . 
Experi- 1 ment i Combination 

Length (mm) 

1959 1 1960 

. . . . . . . . . . . . . . . . .  E4015-xE4008-  

. . . . . . . . . . . . . . . . .  E 4 0 0 8 f x E 4 0 1 5 +  
1-11146- i . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  TI11 46- x VI I I  47- 
Y 4015+ x A 2- . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . .  S 3001+ o . p  

E 401j+ o . p . . . . . . . . . . . . . . . . . . . . . .  
E 4008+ o . p . . . . . . . . . . . . . . . . . . . . . .  
VIII  46- x E 4015+ . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . .  TI11 46- o p 
TI11 47- 0 . p . . . . . . . . . . . . . . . . . . . . .  
Y 4015f o . p . . . . . . . . . . . . . . . . . . . . .  
A 3 -  o. p . . . . . . . . . . . . . . . . . . . . . . . . .  
X 4 - x a 3 -  . . . . . . . . . . . . . . . . . . . . . . .  

Table 22 . Ratios between apical bud length (Ht) and length of lateral buds (Hs) in 1959 
and 1960 . 

Experi- 
ment 

Combination 
Ratio Ht/Hs 

1959 1 1960 

E 4015; x E 4008+ . . . . . . . . . . . . . . . . . .  
E4008+xE4015+  . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . .  VIII46-  i 
VIII  46-x VI I I  47- . . . . . . . . . . . . . . .  
Y 4015; x A 2+ . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . .  S 3001+ o . p  

E4015+ o . p  . . . . . . . . . . . . . . . . . . . . . .  
E 4008+ o . p . . . . . . . . . . . . . . . . . . . . . .  
VIII  46- x E 4015+ . . . . . . . . . . . . . . . .  
VIII  46- o . p . . . . . . . . . . . . . . . . . . . . .  
VIII  47- o . p . . . . . . . . . . . . . . . . . . . . .  
Y 4015- o . p . . . . . . . . . . . . . . . . . . . . .  
i i 3 - o . p  . . . . . . . . . . . . . . . . . . . . . . . . .  
A 4 - x A 3 -  . . . . . . . . . . . . . . . . . . . . . . .  

1.33 
1.32 

1.34 
1.27 

1.28 
1.29 

1.14 
1.24 
1.32 
1.25 

1.18 
1.16 
1.14 
1.13 
1.18 
1.19 
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Total number of l a t e r a l  buds fl 
Number of srnalL LateraL buds in 1958 W, in 1959 

E x p e r m e n t  F 

Fig. 30. Total nunihcr of l a t e ~ a l  bud\ per tree and number of small lateral buds per. tree 
in 10.58 to  1060. 

the  mother tree were not included in the records. In 1960 the values of 
the  two progenies from 1-111: 36- measured in exper iment  X (i, - x - ) 
deviated distinctly from those of the other progenies, in tha t  both their 
lateral and apical buds Tere relatively sinall and the terminal shoots were 
short. In exper iment  G, however, the lateral buds of YIII :  46- x E 4015- 
and VIII:  46- 0.p. were equal in length to  those of five of the other prog- 
enies. The sixth progeny, E 4008+ o.p., deviated already in 1959 by hav- 
ing larger lateral buds and a t  the same time longer terminal shoots than 
the other progenies. This difference was still more marked and significanL 
in 1960. 

T h e  degree of dominance  of the apical  b ~ ~ l  over the lateral buds  can be 
recognized from the ratios betxeen apical bud length and lateral bud length 
(Ht/Hs) (Tables 22, 23 and 24). In the four plus-tree progenies in ezper imen t  
S measured in 1959 and 1960, and in the two progenies of YIII:  46- measured 
in 1960 only, the relationship between the apical bud and the 1a.teral buds was 
about the same. In experirnent G the progenies differed significantly in 1959, 
relatively large lateral bucls occurring in the progeny VIII:  47- 0.p. and 
relatively small ones in A\ 3- 0.13. In 1960 the differences between the 
individual progenies were slight, but Lhe provenance groups showed different 
mean ratios. The progenies from h g e  had definitely inore dominating 
apical buds than those from Boxholin. The difference is significant on the 5 
per cent level. 

T h e  n u m b e r  of lnternl bucls was recorded in the years 1958-1960 (Fig. 30) 
and the mean values per tree for each progeny and year are given in 
Table XI. 
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No. of Lateral buds in 1958 H,  in 1959 a 
No, of b ranchcs  in w h o r l  1 n 

Exper~ rnen t  X 1 Experiment G 

Fig. 31. hIea11 number of lateral buds in 1958 and 1939 and mean 
number of branches in ~ h o r l  1 in the year nest .  

Among the plus-tree progenies in experiment X ,  the southerly ones from 
Boxholm showed a slightly larger number of lateral buds in the first two 
years than the progenies from h g e  and \'armland. The difference in 1959 
was significant on the 5 0/;, level. In 1960 the progenies obtained from 
VIII: 46- (i, - x - )  produced fewer lateral buds-two and one buds less 
per tree respectively-than the other progenies (P < 0.001). In experiment G 
the trend was similar, uiz. a larger number of lateral buds in the plus-tree 
progenies in the  Boxholm group compared to the  h g e  progeny Y 4015f 
0.p. during the first two years, but in one progeny only, E 4015f o.p., in 
the last year of measurement (1960). The minus-tree progenies in the  two 
provenance groups showed fewer lateral buds than the  plus-tree progenies 
of the same provenance. Significant differences between the provenance 
groups were recorded in 1959 only (P < 0.05). That year the Ange progenies 
had, on an average, one lateral bud less than the Eoxholm progenies. 

The average number of lateral buds per terminal shoot decreased with 
increasing age of the progenies (Fig. 30). The greatest decrease in the num- 
ber of buds from 1958 to 1960 occurred in the  minus progenies VIII:  46- 
o.p. and YIII: 47- 0.p. 

The number of lateral buds tha t  developed branches in the following 
year decreased as the  progenies grew older (Fig. 31). In 1959 shoots developed 
from almost all lateral buds formed in the previous year. In 1960, however, 
the number of branches in whorl 1 was about 10 per cent less than the 
number of lateral buds set in 1959. Damage by insects or fungi may have 
been partly responsible for this decrease. However, since the tendency was 
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Exper iment  X i E x p s r ~ r n e n t  G 

Fig. 32. Percentage of small lateral buds in 1958 t o  1960. 

the  same in all the  progenies, there is reason to assume a true abortion of 
poorly developed buds. 

A differentiation in the size of the lateral buds of the terminal shoot is 
characteristic of P i n u s  siluestris. In the present material the lateral buds 
were classified into three groups: large, small, and accessory. Buds in the  
last-mentioned group were small, weak and irregularly distributed in the  
bud cluster. If they developed a t  all, they produced weak, short branches, 
and they have not been included in the compilation of the  present data.No 
regular relationship could be found between the total number of lateral buds 
per tree and the percentage of small lateral buds. For instance, theprogenies 
VIII: 46- x E 4015+ and A 3- 0.p. had, on an average, an equal number 
of lateral buds, whereas the frequency of small buds differed entirely in the  
two progenies (Fig. 32). Neither was there any regular increase or decrease 
in the percentage of small buds with increasing age of the progenies. Con- 
sequently the order of the  progenies in regard to this character varied from one 
year to another. Exceptions were the progeny VIII:  46- x E 4015+, where 
the  percentage m-as consistently low, and A 3- 0.p. where it was relatively 
high in all three years. The progeny with the  slowest growth, VIII:  46- i, 
was observed only in 1960. I t  then showed a very low percentage of small 
buds, as well as a low total number of buds. 

The effect of differences in environment was evidenced by the strongly 
significant block differences in es7ery character of the  apical and lateral 
buds referred to above (Tables 23 and 24). 
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Table 23. Experiment X. Characters studied in 1958 to 1960. Significance of the differences 
between progenies and between blocks. 

Character 

All trees 
. . . . . . . . . . . . . . . . .  Height (H). 

Length of terminal shoot (Th) 
Length of terminal shoot/ 

. . . . . . . .  Height (100 T h / H ) .  

60 trees 
Height . . . . . . . . . . . . . . . . . . . . .  

. . . . .  Length of tcrrninal shoot 
Length of branches (Brl) 

JThorl xo. 1 . .  . . . .  
2 . . . . . .  
3 . . . . . .  
4 . .  . . . .  

Height/Lenglh of branches 
(H/Brl) Whorl KO. 1 . .  . . . .  

2 . .  . . . .  
3 . .  . . . .  
4.. . . . .  

. . .  Branch angle Whorl Xo. 1. 
2 . . . .  
J . . . .  

4 . .  . .  
. .  KO. of branches per whorl 1.  

2 . .  . 
3 . .  . 
4 . .  . 

. . . . . . . .  Form of apical b u d . .  
Length of apical bud (Ht) .  . . .  
Length of apical bud/Length ( 

terminal shoot (100 Ht /Th)  . 
Length of apical bud/Diameter ( 

. . . . . . . .  apical bud (HtlD,). 
Diameter of apical bud (D,). . 
Distance between opposite later: 

. . . . . . . . . . . . . . . .  buds (D,). 
Diameter of apical bud/Distanc 

between opposite lateral buc 
(D,/Dz) . . . . . . . . . . . . . . . . . . .  

Length of lateral buds (Hs) . . 
Length of apical bud/Length ( 

. . . . . . .  lateral buds (Ht /Hs)  
. . . . . . . . .  No. of lateral buds .  

No. of big lateral buds . . . . . .  
Percentage of small lateral buds 

1959 
between 

proge- 
nies 

proge- 
nies 

proge- 
nies -- 

*** 
* * *  

* * *  

* * 
*** 
* * *  
* * *  
* :g 

**  

* * *  
0 

*** 
* *  

* * *  
* * *  
0 

* * 
0 

0 

**  

* *  

***  

**  

0 

*** 

0 

O No significance. * Significant a t  5 % level. ** Significant a t  1 % level. * * *  Signifi- 
cant a t  0.1 % level. 

l )  Two progenies. 
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Table 24. Experiment 6. Characters studied in 1958 to 1960. Significance of the differ- 
ences between progenies, between blocks, between provenances and between plus and 
minus groups. 

C h a r a c t e r  

~11 trees 
Height (1-1). . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Length of terminal shoot (Th) . . . . . . . . . . . . .  
Length of terminal shoot/Hcight (100 T11/II: 

0 trees 
Height . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Length of terminal shoo t . .  . . . . . . . . . . . . . . . .  

Length of branches (Brl) 
Ml~or l  No. 1. . . . . . . . . . . . . . . . . . . . . . . . . .  

2 . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 . . . . . . . . . . . . . . . . . . . . . . . . . .  

HeightILength of branches 
(H/Brl) TT'horl S o .  1 .  . . . . . . . . . . . . . . . . .  

2 . . . . . . . . . . . . . . . . . .  
3 . . . . . . . . . . . . . . . . . .  
4 . . . . . . . . . . . . . . . . . .  

Branch angle 
. . . . . . . . . . . . . . . .  n-llori SO. I . .  

. . . . . . . . . . . .  No, of branches per \~ l lor l  1. 
2 . . . . . . . . . . . . .  
3 . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . .  Form of apical b u d . .  
. . . . . . . . . . . . . . .  Length of apical bud ( H t ) .  

Length of apical bud/Len$th of lerminal shoo 
(100 Ht/Th) . . . . . . . . . . . . . . . . . . . . . . . . . .  

Length of apical bud/Diametcr of termina 
. . . . . . . . . . . . . . . . . . . . . . . . . .  bud (Ht!D,). 

. . . . . . . . . . . . .  Diameter of apical bud (Dl ) .  
Distance between opposite lateral buds (D,). 
Diameter of apical butl/Distance bctwecl 

. . . . . . . . . . .  opposite lateral buds (DJD,). 
. . . . . . . . . . . . . .  Length of lateral buds (Hs ) .  

Length of apical bud/Length of lateral bud 
(Ht/Hs).  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . .  No. of lateral b u d s . .  
. . . . . . . . . . . . . . . . .  No. of big lateral buds. 

. . . . . . . . . .  Percentage of small lateral buds. 

0 No significance. * Significant a t  5 % level.** Significant a t  1 % level. 
***  Significant a t  0.1 0/6 level. 

prove- 
nanccs 

plus and 
r~inus group! -- 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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Table 24 (continued). 
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h) Abnormalities 

Various disturbances in the  development of buds and branches occurring 
in the  progenies analyzed in the present work have been partly reported 
in previous papers (EHRENBERG et al., 1955; EHRENUERG, 1958, 1961). 

The abnormalities are of two different types: 

1. Disturbances in bud and shoot formation (Figs. 33-35). They seem 
to  be caused by one or a few dominant genes with varying pene- 
trance and expressivity. 
These disturbances may be divided into the following types: 

a. Apical bud divided into two, three, or four parts within one bud 
sheath. 

b. Two, three, or four separate apical buds of equal size. 
c. Forks on the annual shoots. 
d. Fasciation, i.e. a flattening of the upper part  of the annual shoot 

and a formation of several apical buds in a row a t  the top of the  
s11oot. 

2. Disturbances in the buds already developed. The phenomenon of 
prolepsis belongs to this type of disturbance. The buds developed 
on the annual shoots a t  the  end of the growing season burst again 
in the  same year, producing short shoots with new apical and lateral 
buds (Fig. 36). The number of branches in the first whorl is often in- 
creased in the  following year. 

In addition, trees with short, thick needles or other rare deviations from 
the normal type mere found occasionally (see below p. 82). 

Data from the observations made in various years are presenled in Tables 
25 and 37. Table 23 is taken from EHRENBERG (1961) but  i t  has been extend- 
ed to  include some results of the inventories in 1957 and 1961. The four 
progenies of the Boxholm minus tree VIII:  46- sho\ved an exceptionally high 
frequency of individuals with abnormalities of the  type 1 a-d. X detailed 
analysis of the frequency and type of abnormalities mas confined Lo these 
progenies. 

1. The percentage of specimens with abnornzalities of the type 1 a-d 
varied markedly in the  different progenies and years without any clear 
relation to the  age of the progeny (Table 25). 

As stated previously (EHREFBERG and G-c-STAFSSOX, 1957), these abnor- 
malities were largely restricted to progenies with YIII:  46- as a parent. 
The occurrence of abnormal shoots in the other progenies was more or less 
sporadic. In progenies obtained from the plus trees E 4015+ and E 4008f 
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Fig. 33. Abnor~nalities of the 
type l a  and b. Two or more 
apical buds nithin one hud 
sheath or many separate apical 
buds. 

Fig. 34. Forlrs developing on young annual shoots. a) The tip of the shoot is flattcnecl out. 
b )  Ten days later the fork is clearly seen. 
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Table 27. Expressivity of abnormalities 1 a-d in four progenies from the minus tree 
VIP1 46- and the mean tree heights of the progenies in 1960 and 1961. 

V I I I  46- x E 4015+ . 208 I17 366 118 1 191i0 1 1'111 46- o. p . .  . . . 190 1 129 1 :: 1 311 98 

Experi- 
merit 

Y I I I  46- i . .  . . . . . . . 1 4  12 1 1 Y I I I  4 6 - x  Y I I I  47- 1 1 2 i  / 2 i  1 1 38 

V I I I  4 6 - X E  4Ol5+.  72 36 78 186 93 1 lg6' 1 T I 1 1  46- o. p . .  . . . . / 80 1 51 1 71 1 202 1 93 

KO. of 
points Mean Height 

Per (cm) 
tree 

1960 V I I I  46- i . .  . . . . . . . 4 8 1 I \ . I I I 4 6 - i V i I I 4 i -  1: 2 :  1 3  1 36 

Year 

after open pollination, however, abnormal specimens mere recorded regularly 
every year, the frequency usually being several times higher in the progeny 
of E 4015+. The lowest frequency of abnormalities was recorded in the seven- 
year-old material in 1957. 

Fasciation (1 d) was in most years the  type of anomaly least frequent 
in the  entire material, as well as in each individual progeny (Table 26). 
Trees with fork formation (1 c) were frequent in the first years, mhile the 
number of individuals with divided apical buds (1 a-b) dominated in 1961. 
A rough estimate of the expressivity (the degree of manifestation of a gene, 
T I ~ I O F E E F F - R E ~ S O ~ ~ K Y ,  1934; ALLARD, 1960) was made for the four progenies 
of VIII: 46- in 1960 and 1961. Fasciation was classified as three points, 
fork formation as two points, and divided apical buds as one point. If any 
of the three types \ws repeatedly recorded in the  same individual, the 
scoring of the  feature n a s  doubled. The results are given in Table 27. Ex- 
pressivity in the slow-growing progenies ( i ,  - x - ) was lowest in 1960, 
fork formation and fasciation being rare in these progenies. The progenies 
with the  most vigorous growth, - x + and - o.p., also had the highest 
mean values in points, i.e. expressivity was highest in vigorous trees. In 
t h e  following year (1961) divided apical buds were the abnormality most 
commonly occurring even in vigorously groving trees, and the expressivity 
was therefore about equal in weak and vigorous progenies tha t  year. In 
addition to this variation between the years, probably caused by climatic 
factors, there were other environmental factors tha t  influenced the develop- 
ment of the buds and shoots. As mentioned before, the site conditions varied 
in  both experiments. The effect of these dissimilarities was expressed by 

Combination of 
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Table 28. Influence of environment on expressivity of the abnormalities 1 a-d. Mean 
points per tree in different plots of four progenies in 1960 and 1961. 

. . . . . . . . .  YII I  46- i . .  
V I I I  46- x V I I I  47- . . 

I Block I Block 

Table 29. Penetrance. Trees with abnormalities of type 1 a-d in one to four years in per cent 

Experi- 
ment 

X 

G 

of the total number of abnormal trees. 
Numbers in brackets based on less than five trees. 

/ No. of I Number of years Percentage 
of abnorrnal Combination abnornlal 

. . .  E 4015- x E 40O8+. 
E 4 0 0 8 + x E  4015f . .  . .  
V I I I  46- i . .  . . . . . . . . .  
Y I I I  46- x Y I I I  47- . . 
Y 4015' x a 2.. . . . . . .  

. . . . . . .  S 3001+ 0. p . .  

E 4015f o. p . .  . . . . . . .  
E 4008+ o. p . .  . . . . . . .  
Y I I I  46- x E 4015+. . .  
V I I I  46- 0. p . .  . . . . . .  
VII I  47- 0. p . .  . . . . . .  
Y 4015+ 0. p . .  . . . . . .  
A s - u . p .  . . . . . . . . . . .  
A 4- x A 3-.  . . . . . . . . .  

4 I trees 

Table 30. Penetrance of abnormalities of type 1 a-d in 1958 to 1961. Percentage of total 
number of abnormal trees. 

Experi- P e r c e n t a g e  
Combination 

1958 1 1959 1 1960 1 1961 I- 
- 

(i 

Y I I I  46- i .  . . . . . . . . . . . . .  80.9 28.6 19.0 28.6 
\'I11 4 6 x V 1 1 1  17- . .  . I  Si .5  1 42.5 1 38.8 46.3 

Y I I I  46- x E 4015+. . . . . . .  57.6 42.9 59.6 1 47.0 
V I I M  0. p . . .  , I  65.9 1 50.0 1 55.7 52.8 
E 4015- 0. p . .  . . . . . . . . . .  39.4 78.8 36.4 1 27.3 
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Fig. 35. Trees x i i h  fasciation take on a busliy, irregular shape. a) Fasciation and forking 
of the terminal shoot in one year results in heavy ],ranches between two branch whorls 
in the year next. b) Several leading shoots developed out of a fasciated terminal shoot 
compete. 

the variation in the point values per tree obtained in the different plots 
within each progeny (Table 28). In experiment G the lowest mean point- 
value occurred in block IY, xllere the trees were inferior in growth to those 
in the other three plots in bloclis 1-111. 

;\Ialformations occurred in some specimens every year. In others they 
appeared only in one or two of the four years (Table 29). The penetrance 
(the ability of a gene t o  be expressed in individuals carrying it, TIMOFECFF- 
RESSO\-SKY, 1934; ALLARD, 1960) mas apparantly incomplete, and varied 
in the different progenies. The progeny obtained from VIII: 46- after 
selfing thus had a total of 42 abnormal individuals out of 137 (30.7 per cent). 
Of these 42 individuals only 6 (i.e. 14 per cent) showed abnormalities in 
more than  two years. Gro\\th in this progeny was slow, and vigour was 
depressed. In the  progenies YIII:  46- x E 4015- and VIII:  46- o.p., 
\ ~ h i c h  produced high frequencies of abnormal trees (62 and ,57 per cent 
respectively), n~alformations mere observed in about tmo-thirds of the 
abnornlal trees during several years. 

In the progenies with a low percentage of deformed specimens, malfor- 
mations generally occurred only one year in the same tree (Table 29). The 
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Table 31. Comparison between length of terminal shoots in trees with abnormalities 1 a-d - 
(Th,) an4 in normal trees (3%). 

V I I I  46- i 

T I 1 1  46- x V I I I  47- 

V I I I  46- x E 4015+ 

V I I I  46- 0.  p 

progeny E 4015+ o.p. deviated slightly. Although i t  had a low frequency 
of abnormal individuals (5.2 per cent), no less than  36 per cent of these 
produced ma!formed shoots or buds in more than one year. 

The penetrance varied in the individual progenies from one year to another 
(Table 30). In the  progeny obtained after selfing, VIII :  46- i, abnormalities 
thus appeared in 34 out of 42 individuals in 1958 (81 per cent) but  only in 8 
individuals in 1960 (19 per cent). A similar great variation occurred in 
E 4015f o.p., while the  corresponding values in the other progenies varied 
between 66 and 39 per cent. 

As a consequence of disturbances in the formation of buds and shoots, 
the individuals generally took on a bushy and irregular appearance. 
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Table 32. Length of terminal shoots in 1961. Comparison between trees with 
abnormalities 1 a-rl in 1960 (Tha6,,) and the progeny mean (Th). 

I Experi- Combination I ment s l~oot  

X 

Particularly the uppermost part of the  young tree deviated markedly from 
the normal appearance by displaying several terminal shoots, or a flattened 
shoot ~ v i t h  a large number of buds. The number of lateral branches in whorl 
1 as well, was usually larger than normal. Two or several terminal shoots 
in one year resulted in either a maintenance of several leading shoots, or 
in a leading terminal, with the  other terminal shoots reduced to  heavy 
lateral branches next year (Fig. 35). Double or redoubled annual shoots on t h e  
branches of the various whorls also contributed to the deformation of the trees. 

The abnormalities generally occurred in the  individuals of a progeny 
growing most vigorously. Thus, trees with abnormalities had, on an average, 
longer terminal shoots than individuals tha t  had no malformations during 
the same year (Table 31). Abnormal shoot development did not impede the 
growth of the leading shoot next year (Table 32). 

V I I I  46- i . .  . . . . . . . . Tila 60 26.9 =2.66 1 T i  I 12; 1 17.9 &0.75 

TI11  4 6 - x T I I I  47- . . / I 1 37.7 k1 .45  
33.1 4-0.75 

- 

G 

2. Prolepsis.  The occurrence of proleptic shoots had a similar effect on the 
appearance of the trees, whether developed from apical or from lateral buds 
(EHRESBERG and GUSTAFSSOX, 1957). In the first case, double sets of branches 
were formed in whorl 1 upon the development of shoots in the  following 
year. In the latter case the tree developed strong lateral branches which 
competed heavily with the terminal shoot (Fig. 36). SCHLUTER (1956) made 
similar observations in his study on abnornlal shoot development in Scots 
pine. 

Prolepsis occurred every year in all the Boxholm progenies in the  experi- 
men t s  X and G. Its frequency varied strongly between the progenies and 
between the years (Table 33). The average percentage of proleptic trees was 
highest in 1957 and decreased when the trees grew older. The progeny ob- 

Tilabo 1 ; 38.3*0.61 V I I I  46- x E 4015f.  . . Th 37.9 5 0 . 2 8  --- 

\-I11 46- 0. p . .  . . . . . . 37.5 =0.76 
34.6 &0.5'7 



PROGENY TESTS O F  SCOTS P I N E  79 

Fig. 36. a) Prolcpsis developed from lateral buds. b) Strong lateral branches developed 
from proleptic lateral buds compete heavily with the terminal shoot. 

tained after inbreeding, TTIII: 46- i (not recorded in 1957), had the lowest 
frequency of individuals with prolepsis in 1959 (0.8 per cent). 

The conspicuous differences between the progenies are further evident 
from the great variation in penetrance of the character (Table 34). The 
strongly varying values indicate great dissimilarities in the genetic con- 
stitution of the progenies. A predisposition for prolepsis must consequently 
be considered to exist to a large extent in the progenies of the parent trees 
E 4015+ and VIII:  16-, where 14 to 24 per cent of the individuals showed 
prolepsis, irrespective of whether the progenies had been produced by con- 
trolled crossings or open pollination. The crossing between these two trees, 
VIII:  46- x E 4015+, resulted in a progeny in which over 43 per cent of the 
young trees showed prolepsis. The percentage of individuals with recurrent 
prolepsis was also higher in this progeny than in the others. 

The trait  mas usually observed only one year, and very seldom four years 
in the  same individual. In the progenies E 4008f 0.p. and VIII: 47- o.p., 
for instance, 85 to 90 per cent of the abnormal trees developed proleptic 
shoots in one year only. The same phenomenon, though still more pro- 
nounced, appeared in the progenies from h g e  and Varmland. In these, pro- 
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Table 34. Penetrance. Trees with prolepsis in one to four years in per cent of the total 
number of proleptic trees. Numbers in brackets based on less t han  five trees. 

No. of 
roleptic 
trees 

Experi- 
ment Combination 

Number of years 'ercentage 
f proleptic 

trees 

E 4008+ x E 4015+. . . .  
VII I  46- i . .  . . . . . . . . .  
VII I  46- x VI I I  47- . . 
Y 4015+ x a 2.. . . . . . .  
S 3001+ o. D . .  . . . . . . .  

- 

E 4015" o. p. .  . . . . . . .  
E 40087 o. p . .  . . . . . . .  
VII I  46- x E 4015+. . .  
V I I I  46- 0. p . .  . . . . . .  
V I I I  47- 0. p . .  . . . . . .  

. . . . . .  Y 4015+ 0. p . .  
A S - 0 . p  . . . . . . . . . . . .  
A 4 - x h 3 - . .  . . . . . . . .  

lepsis was lacking entirely in some years (e. g. in 1960), and in nearly all 
the abnormal trees recorded, i t  appeared only once. 

JTTithin a progeny, prolepsis occurred more frequently in vigorous trees 
than in slow-groh~ing individuals. On an average, the proleptic trees had 
longer terminal shoots than the normal trees in the same progeny (Table 35). 
There was no indication that  prolepsis in one year had any inhibiting effect 
on the  growth during the following year (Table 36). 

As mentioned above, the frequency of trees with prolepsis was also high 
in the progenies in which abnormalities of the type 1 a-d (fork formation, 
fasciation, etc.) occurred a t  a relatively high frequency. The two kinds of 
anomalies occurred in the same individuals more often than would have 
been expected if they had been entirely independent of each other. Com- 
parisons were made betxeen 13 pairs of percentages (SNEDECOR 1946 p. 447 
et seq., angle transformation). Average of 13 differences (in degrees): 

8.506 
8.5065 2.278, t = - = 3.73"*. Df = 12. 

2.278 
The great variation in the frequency and occurrence of prolepsis was also 

conditioned by the varying environmental factors contributing to the large 
block variations observed in each progeny in the same year. 

The results obtained in the observation experiment 0 were similar t o  
those obtained in the experiments X and G (Table 37). The percentage of 
trees with abnormalities of the type 1 a-d was high in the progenies that  
originated from the minus tree VIII:  46- as the mother or father tree. No 
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Table 35. Comparison between length of terminal shoots in trees with prolepsis (Th,,) 
and in normal trees (Th). 

3xperi- 
ment Combination 

VIII 46- i. 

VIII 46- x VI I I  47- . 

VIII 46- x E 4015+. . 

VIII 46- 0 . p . .  . . . . . 

Significance of 
the differences 

such abnormal individuals occurred in the other progenies included in the  
experiment. A high percentage of prolepsis was recorded among the same 
progenies as in experiments X and G. The influence of i.a. the climate during 
the different years was evident, since the  frequencies of both types of abnor- 
malities varied strongly from one year to another. In the  slowgrowing and 
weak progeny VIII: 46- i, the  frequency of abnormal individuals was low. 

i) Other irregularities in the development of the young trees 

A few individuals with shorf,  thick and stiff needles were recorded in the  
selfed progenies (Tables 38,39 and Fig. 37). Trees with short needles occurred 
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Table 36. Length of terminal shoots in 1960 and 1961 in trees with prolepsis in 1959 and 
1960 respectively (ThpS9 and ThpLO) compared with the mean length of terminal shoots 

of the progenies (Th). 

Experi- 
ment 

X 

Table 37. Experiment 0. Percentage of trees with abnormalities 1 a-d and with prolepsis 

Y I I I  46- x E 4015+. . . . . . .  

V I I I  46- 0. p . .  . . . . . . . . . .  

Combination 

Combination Terminal Number hIean Length 1 Year / shoot 1 OE trees (em) 

31.1 50 .75  
26.7 50 .45  

T ~ G O  
lgG1 / T h  1 3:: 1 37.1 t 1.23 

37.9 =k0.28 

28.8 51 .35  
25.0 5 0 . 4 5  

33.6 52 .64  

V I I I  46- x V I I I  47- . . . . . .  
29.1 k1 .67  
22.7 k0 .48  

36.9 +4.21 
194 33.1 =k0.75 

h-0. 
of 

trees 

Ten progenies from Ange and six from Varmland showed no abnormalities 1 a- d and no 
prolepsis. 

. . . . . . .  E 4015+ o. p . .  
E 4 0 1 5 + x E 4 0 0 8 +  . . . .  
E 4015+ i . .  . . . . . . . . .  
E 4008+ o. p . .  . . . . . . .  
E 4 0 0 8 + x E 4 0 1 5 +  . . . .  
V I I I  46- 0. p. .  . . . . . .  
V I I I  46- x E 4015+. . .  
E 4015+xVI I I  46-. . .  
E 4008+ x V I I I  46-. . .  
V I I I  46- x V I I I  47- . . 
V I I I  46- i . .  . . . . . . . .  
VII I  47- 0. p . .  . . . . . .  
Y 4015+ x A 4-. . . . . . .  
BD 4016+ i .  . . . . . . . . .  

I I I I I I I 

P e r c e n t a g e  of t r e e s  

32 
23 
16  
23  
19  
24 
24 
22 
24 
24 
43 
24 
24 

7 

1958 1960 

1 a-d I ~ r o l e ~ s i s l  l 
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Table 38. Percentage of trees with short needles, sinuous shoots and young cones in 1960 
and 1961. 

Experi- 
ment 

Percentage of trees 

Combination 

E 4015+ x E 4008;. . . .  
. . .  E 4008+ x E 4015+. 

VI I I  46- i .  . . . . . . . . . .  
VII I  46- x VI I I  47- . . 

. . . . . .  Y 4 0 1 5 ~  x a 2.. 
. . . . . . .  S 3001+ o. p.. 

. . . . . . .  E 4Ol5+ o. p . .  

. . . . . . .  E 4OO8+ o. p . .  
VI I I  46- x E 4015;. . .  
VII I  46- 0. p . .  . . . . . .  
VII I  47- 0. p . .  . . . . . .  
Y 4015+ o. p . .  . . . . . .  
a s - 0 . p  . . . . . . . . . . . .  
A ~ - x A ~ - . .  . . . . . . . .  

Short needles I Sinuous shoots cones 

now and then in other progenies, too, but there the needles were of a different 
and weaker type than those of the short-needled, selfed trees. SCHROCK (1957), 
in analyzing a progeny obtained from a pine .rvith abnormally high cone 
production, records some individuals with short, thickened needles. He 
ascribes their rare occurrence to a recessive gene. The occurrence of such 
short-needled individuals in the selfed progenies in the present material is 
an indication that  the abnormality is due to  the homozygotization of recessive 

Fig. 37. In the  selfecl progeny E 4015; i 
trees with short stiff needles occurred. 
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Fig. 38. Trees with sinuous shoots occurred in the grafts as well as in tlle progenies of tlle 
plus tree E 4008-. a) Graft of E 4008+. Terminal shoot and branches in whorl 1 with 
bends in 1960. b) The same graft in 1962 with the  bends remaining in the  three-year old 
stein and branches. c) Young tree of the  crossing E 4008+ Y E 4015+. Terminal shoot and 
branches of ~vhorl  1 in 1960. d) The same tree two years later still shon'ing the  bends and 
crooks formed in 1960. 
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Table 39. Experiment 0. Percentage of trees with short needles, sinuous shoots and young 
cones in 1960. 

Combination 

E 4015+ o. p. . . . . .  
E 4015+ x E 4008+. 

. . . . . . .  E 4015+ i . .  
E 4008+ o. p.. . . . .  
E 4008+ x E 4015+. 
V I I I  46- 0. p.. . . . .  
V I I I  46- x E 4015+ 
E 4015+ x V I I I  46- 
E 4008+ x T'III 46- 
VI I I  46- x V I I I  47- 
V I I I  46- i .  . . . . . . .  
V I I I  47- 0. p. . . . .  
Y 4015+ 0. p. . . . .  
Y 4015+ x A 2+. . . .  

No. 
of 

.rees 

Percentage of trees 

Shorl 
nee- 
dles 

Sinu- 
ous 

hoot! 

- 
loun: 
cones 

Combination 

Percentage of trees / 
No. 
of 

trees 

A 2 + o . p  . . . . . . .  
A 2+ x Y 4015+. . 
A 3 - 0 . p  . . . . . . .  
A 3 - x A 4 -  . . . . .  

3- i . .  . . . . . . . .  
A 4 - o . p  . . . . . . .  
,& 4- x Y 4015+. . 
A 4 - x A 3 -  . . . . .  
S 30011 0. p . .  . .  
S 3001+i . . . . . .  
S 3002+ 0. p . .  . .  
S 3002+i . . . . . .  
S 3003+ 0. p . .  . .  
S 3003+i . . . . . .  
BD4016+i  . . . . .  

Short 
nee- 
dles 

21 
23 
49 
48 
15 
30 
24 
25 
23 
25 
11 
14 
23 

7 
7 

factors present in the mother trees. This is in accordance with the view 
expressed by SCHROCK. 

Trees with markedly sinuous terminal shoots and branches (Fig. 38) 
occurred in 10 to  30 per cent of the progenies of E 4008+ in 1960 and 1961 
in the experiments X and G (Table 38). Similar, though less markedly sinuous 
terminal shoots were observed in some other progenies, but in these cases 
the shoots eventually became straight as the lignification proceeded. In 
the first-mentioned progenies the stems remained slightly crooked, as did 
also the branches. In the observation experiment 0, too, the percentage of 
trees with sinuous annual shoots and deformed steins was considerably 
higher in the progenies of E 4008% (o.p., + x $, f x - )  than in the 
other progenies (Table 39). 

Four grafts of E 4008+ growing close to  the experimental fields, and 
grafted in 1950, exhibited the same winding of the terminal shoots, crooked 
stems and sinuous branches. Another 37 grafts of E 4008+ growing partly 
in a plus-tree archive, and partly in a clone trial near Boxholm, were studied 
in this respect. In 1961 these grafts were eight years old, and 28 of them 
shom-ed more or less winding stems and branches. In seven of the grafts the 
branches only were deformed. In one specimen the malformation was limited 
to  the stem and terminal shoot. Finally, one graft had a straight stem and 
normal branches. Four grafts of E 4015+, growing in the same locality, were 
normal. 

Sinu- 
ous / Young 

hoots 'Ones 

4.2 

27.3 

4.3 
20.8 

2.2 

3.3 

4.0 

50.0 9.1 
21.7 

8.7 1 28.6 
14.3 28.6 
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The plus tree E 4008f itself has a straight, vell pruned stem. If the tree 
had sinuous shoots and a crooked stem in its youth, then the bends must 
have straightened out later. Since sinuous terminal shoots occur in grafts 
as well as among the progeny trees of E 4008+, the character probably 
exists in the plus tree itself and is transmitted to the offspring. In slash pine 
(Pinus Ellioffii var. Ellioffii ENGELM.), according to R ~ E R G E N  (19551, similar 
malformations occur in young trees obtained from a parent tree with "cork- 
s c r e ~ ~  stem" after controlled pollinations. MERGES considers this character 
to be partly due to  environmental influences. A very rapid growth of the 
terminal shoots combined with a slow lignification of the cells may mean 
that  "the weight of the leader bends the new grorth", and further, "if 
lignification sets in while the new candles are crooked, they will maintain 
this form". Both the time when lignification starts and the speed a t  which i t  
proceeds vary with the climate of the year. The significant differences 
between the progenies with regard to the frequency of crooked trees, h o w  
ever, are proof of genetic differences. "The tendency to form sweeps or crooks 
in the boles of slash pine is under genetic control." 

The results obtained in Pinus siluesfris in the present investigation evident- 
ly lead to the same conclusions (cf. DENGLER, 1939; SCAMONI, 1950; PERRY, 
1960; DUFFIELD, 1962). 

j) Age of flowering 

The cone production was recorded every year a t  the same time as the 
other characters. The age a t  which the first cones were set varied strongly 
between the progenies. There was also considerable variation among 
the individuals in a progeny. In the years 1957 to 1959 a few cones mere 
observed in some trees of the Ange progenies. In 1960 two progenies of 
Y 4015+, used as the mother tree, contained 35 and 25 per cent respectively 
of trees with first-year cones (Table 38). The two other progenies from Ange, 
A 3- 0.p. and A 4- x A 3-, as well as the progeny from Varmland, S 3001+ 
o.p., had beetween 3 and 10 per cent trees with cones. In  the Boxholm 
progenies, cones were practically lacking. Similar results were obtained in 
1961. 

The northern progenies thus produced cones at an earlier age than the 
southern ones. Similar conditions were found by LANGLET (1943). According 
to him, the transplanting of northern provenances southwards facilitates 
female flowering a t  an early age, whereas he found the male flowering to  be 
more irregular. Recently he has pointed out that  a variation in the age of 
flowering may occur also in the native locality of the northern provenances 
(personal communication). The age of flowering would thus depend on 
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Table 40. Percentage of trees attacked by Melampsora pinitorqua in 1958 to 1961. 

Experi- 
ment 

E 4015+ x E 4008+. . . . . . .  
E 4008+ x E 4015+. . . . . . .  
VII I  46- i .  . . . . . . . . . . . . .  
VII I  46- x VI I I  47- . . . . .  
Y 4015+ x A 2+. . . . . . . . . .  
S 3001+ o. a . .  . . . . . . . . . .  

Percentage of trees 
Combination 

1958 1 1959 1 I- - 

- 

- 

E 4015+ o. p . .  . . . . . . . . . .  
E 4008+ o. p . .  . . . . . . . . . .  
V I I I 4 6 - x E 4 0 1 5 i . .  . . . .  
VIII  46- 0. p.. . . . . . . . . .  
VIII  47- 0. p.. . . . . . . . . .  
Y 4015+ 0. p.. . . . . . . . . .  
A 3 - 0 . p  . . . . . . . . . . . . . . .  
A 4 - x A 3 - .  . . . . . . . . . . . .  

inherent factors characteristic of each progeny, although some effect of the 
transplanting is also noticeable. 

Besides this difference between the provenances, the progenies in the Ange 
group differed markedly inter se. The frequency of cone-producing individuals 
was up to eight times higher in the progenies of Y 4015+ than in the other 
two Ange progenies. Also the number of cones per tree was more abundant 
in the Y 4015+ progenies. A similar great difference between progenies and 
between trees of a progeny was found by SCHROCK (1949) in Pinus siluestris, 
FIELDIXG (1960) in Pinus radiata, J o ~ s s s o ~  (1949) and STERN (1961) in 
Betula species. 

The high frequency of early-flowering specimens in some of the progenies 
indicates that  the ability to flower a t  an early age is genetically controlled 
( c f .  MATTHEWS, 1950; MERGEN, 1961). The mode of inheritance cannot be 
established. SCHROCK (1949) in Pinus siluestris suggested this character to 
be due to a dominant gene. 

Judging from the density of needles on the branches, male flax-ering has 
so far been very scarce in all the progenies (cf. SYLYEN, 1908; LAXGLET, 
1943). 

k )  Damage caused by fungi 

Widespread infection with pine tviisting rust (Xelan~psora pinitorqua 
(Braun) Rostrup) was observed in 1958 and 1959, when the trees were eight 
and nine years old (Tables 40 and 41). The damages were recorded when 
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Fig. 39. E.rpermen t  G. Percentage of trees infected by X e l n m p s o r n  pini- 
forquu in difkerent plots of each progeny in 1958. G I  a and b: E 4015f o.p., 
G2: E 400SC o.p., G3: V I I I  46-x E 4015-, G4: V I I I  46- 0.p.. G5 a and 
h: V I I I  47- o.p., G6: Y 4015-i o.p., G7: 3- o.p , G8: A% 4 - x A  3%. 

loo- 

90- 

80. 

70- 

60- 

50- 

40 - 

30- 

M- 

10 - 

the trees were measured in September. The percentage of individuals clearly 
showing the characteristic yellow spore masses on the annual shoots ranged 
between 1 and 94. In 1960 and 1961 the infection was slight ( < 5 per cent). 
Probably the  variation was mainly due to differences in tree height, since 
in each progeny there was a clear connection between the average tree 
height of a plot and the percentage of infected individuals (Fig. 39, cf. 
SYLVEN, 1917). The distance from the source of infection also seemed to  
be of importance. There were young aspens growing alongside a ditch 
running right through the experimental field, and the infection was heav- 
iest in the plots adjoining the ditch (Fig. 40). 
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Table 41. Experiment 0. Percentage of trees attacked by Melampsora pinitorqua in 1958 
to 1960. 

E 4015' o. p . .  . . . . . . .  
E 4 0 1 5 + x E  4008;. . . .  
E 4015- i .  . . . . . . . . . .  
E 4008' o. p . .  . . . . . . .  
E 4 0 0 8 ' ~  E 4015+. . . .  
V I I I  46- 0. p. .  . . . . . . .  
V I I I  46- x E 4015+. . .  
E 4015' x V I I I  46-. . .  
E 4008+ x V I I I  46-. . .  
VII I  46- x V I I I  47- . . 
V I I I  46- i .  . . . . . . . . . .  
V I I I  47- 0. p . .  . . . . . .  
Y 4015' o. p .  . . . . . . .  
Y 4015;xA 2'. . . . . . .  
Y 4015+ x A 4-. . . . . . .  

To. of 
trees 

53.11 12 .5  / b 2+ o p . .  . . . .  
82.6 13.0 8.7 2+ x Y 4Ol5+. 

Percentage 
trees 

19581195911960 
I I 

Combination qo. of 
trees 

- 

23 
24 
46 
47 
15 
30 
24 
24 
23 
25 
11 
14 
23 

7 
7 

37.51 6.3 

Significant differences hetween the progenies in experiment G were re- 
corded in 1958, but  not in 1959. In experiment X the two progenies with 
the slowest growth (VIII: 46- x VIII: 47-, VIII:  46- i) also showed the 
lowest percentage of infected specimens. I t  is difficult to determine whether 
this variation in resistance is really due to  genetic factors. GAVRIS (1939), 
RENNERFELT (1953), B E R G ~ T A N  (1953) and KLINGSTROM (1963) are inclined 
to believe in the existence of genetic differences. 

Percentage 
of trees 

19581195911960 

6.3 
26.1 
36.8 

8.3 
8.7 
4.5 

12.0 

8.3 

87.0 
84.2 
66.7 
54.2 

4 5 . 5  
7 5 . 0  
7 0 . 8  
32.6 
54.2 
58.3 
45.5 
68.0 

4 .  Estimation of heritability 

. . . . . .  A 3 -  o . p  
. . . .  a 3 - x x 4 -  

X 3 -  i . . . . . . . .  
. . . . . .  A 4 -  o . p  

A 4- x Y dOl5+. 
4 4 - x A 3 - .  . . .  
S 30017 0 . p . .  . 
S 3 0 0 1 - i . .  . . .  

. S 3002+ o. p . .  
S 3002+ i . . . . .  
S 3 0 0 3 ~  o . p  . . .  

. . . . .  S 3003-i 
BD 4016+ i . .  . .  

30.4 
21.1 
20.8 
12.5 
4.5 

16.0 
20.0 

4.7 
16.7 
45.8 
54.5 
72.0 

In 1960 estimates of heritability ("narrow sense", LUSH 1949) of tree 
height, ratio between tree height and branch length, branch angle and number 
of branches per ~ ~ h o r l  were made for the material in experiments X (VIII: 46- i 
excluded) and G. The estimates are based on the variance components, cal- 
culated from the mean squares of the analysis of variance of the different 
characters (KEMPTHORNE 1952, p. 110 et seq.). The estimation of the  
genotypic variance, oi, was calculated from the components of variance with 
consideration given to  the number and type of combinations (controlled 
crossing, open pollination) included in each experiment. An example is 
given below of the estimation of the  heritability of height growth in experi- 
ment G. 

8.7 
8.3 
6.5 

3.3 
4.2 
8.3 
4.3 

18.2 
14.3 

4.3 

14.3 

38.1 
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Fig. 40. The percentage of infected trees was highest in the  plots adjacent t o  the  ditch 
with young aspens. 
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1) Analys i s  of variance of plot means  

Source of variation df h1.s. 
Progenies 7 1089.58 
Blocks 3 3328.53 
Error 21 321.89 
Number of progenies = 8 

2) Var iance  befween frees ~ v i f h i n  plots s ( ;d 

3) Components  of variance 

From 1) is estimated the  components of variance for: 

1089.58-321.89 
Progenies, s; = 

4 
= 191.92 

3328.53-321.89 
Blocks, s i  = - 

8 
= 375.83 

Plots within bloclrs, s;, - 
1104.31 

- 321.89--- = 307.57 
77.10 

Trees within plots, s;l = 1104.31 

4 )  Genetic variance (4) 
The component of variance of s; has an expected value equalling 

LX . a; 
where the  value of cc depends on the  type of t he  combinations included. 

Hence, as an  estimation of n; the  expression 

0; =+ 
can be used. 

In the  experiment treated here 

where n = number of parent trees, t = number of progenies, k ;  = the  number of prog- 
enies in which the  i:th tree appears as parent. Applying the  above formula we find 
cc = 217 in experiment G. 

Thus 

5) Enuironnzental variance 

The components of variance s i  and sI1, are assumed t o  be due exclusively t o  enriron- 

mental influence, whereas s;l may be divided further in one portion due t o  genetical 
and one portion due to  environmental influences. Let the environmental effect be 
0; then the  expectation of s i l  is 

0: + p";. 
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t ,  = number of progenies of open pollinated origin = 6 

t ,  = number of progenies of cross pollinated origin = 2 

We thus find /I = 11/16 and oz can be estimated as 

11 
s i l  - p . s2 = 1104.31 - - . 671.72 = 642.50 

B 16  

We now have three different estimates of the  environmental variance (within a plot, 
within a block and total  respectively) 

sz = 642.5 

sz + s;, = 642.5 + 307.57 = 950.07 

si  + s;, + s i  = 950.07 + 375.03 = 1325.90 

6) Estimution of heritability ("narrow sense") 

The estimates of heritability correspond to the assumptions that  1) the 
block effects are added t o  the effects of the progenies, 2) the genetic 
effects are additive and 3) the obtained height values of a plot are a simple 
random sample from a population, the mean of which is the true mean of 
the progeny on the plot. 

The method used is applicable only to  experiments of the type studied 

Table 42. Estimates of heritability (narrow sense) for four 
characters of the ten-year-old progenies (per cent). 

I I Heritability 
Character - / Exoerirnent 

Tree height (all trees). . . . . . . .  
Ratio height/Bra~lch length 

Whorl 1 . .  . . . . . . . . . . . . . . . .  
2 . . . . . . . . . . . . . . . . . .  
3 . . . . . . . . . . . . . . . . . .  
4 . . . . . . . . . . . . . . . . . .  

Branch angle \\%or1 2 .  . . . . . . .  
3 . . . . . . . .  
4 . . . . . . . .  

Kumber of branches Whorl 1 .  . 
2 . .  
3 . .  
4 . .  

Experiment 
G 

41 r: 

87 
30 
68 
89 
36 
96 
81 
34 
33 
4 1 
14 
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here. The estimation of h2 may be regarded as rather inaccurate since only 
eight progenies are included (five in experiment X). 

The estimates of heritability of the four characters analyzed are given 
in Table 42. 

If the above mentioned assumptions are accepted, then the estimates 
indicate a higher heritability of tree height than that  estimated by TODA 
(1958) for Scots pine (h2 = about 24 %). In Cryptomeria the estimates of 
heritability for the same character were similar or about 25 % (TODA et al. 
1959). On the other hand, the results obtained in experiment G in the present 
material are in agreement with the estimates of heritability of Pinus ponderosa 
height groxth calculated by CALLAHAM and HASEL (39 %, 1961) and SQUIL- 
LACE and SILEN (36 0/6, 1962). 

Selection gain 

The estimates of heritability can be used to indicate the expected selection 
gains. An example will be given below. 

The selection of the best growing progeny in experiment G-in this case 
E 4008+ 0.p.-may lead to  an estimated improvement of about thirteen per 
cent compared to the mean population height growth. This selection gain 
was calculated from the estimates of heritability given above and taking 
into consideration the type of combination The selection intensity was 
12.5 per cent (one progeny out of eight). The selection gain in height 
(centimetres) was estimated as 

321.89 
where k = 1.65 (cf. ALLARD, 1960 p. 93 et seq.), si  = 1 9 1 . 9 2 , ~ ~  = --------- - - 

4 
80.47. 

An improvement in height growth of more than twelve per cent, through 
selection of the best growing progeny, must be considered rather good. 

The estimated values of the heritability for crown width (2) in both 

experiments and branch angle (experiment G) were fairly large, especially 
in the two lowermost whorls. Selections of progenies displaying relatively 
narrow crowns and wide branch angles will probably be effective and lead 
to  improvement in these characters. 
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Estimates of heritability of the  number of branches per whorl were of 
similar magnitude as heritability estimates for height growth (experiment G) 
in some of the  whorls but  conspicuously lower in others. There was no 
consistent increase or decrease of the values from whorl 1 to  whorl 4 (cf.  
CAMPBELL 1961). Despite the  varying estimates of heritability in different 
whorls, the  values may be considered high enough to  indicate a possible 
gain, through selection, in this character. 

ZOBEL (1961) points out tha t  heritability "is not a constant factor for 
all conditions, and will change with tree environment and with tree age". 
Environmental variance accounted for a great part  of the  total variance in 
this material. Still the  magnitude of the genetic portion of the variance is 
considerable and indicates great possibilities for improvement through 
selection. Estimates of heritability based on data from the progeny tests 
studied here when the trees have grown older may not be similar to those 
obtained to-day. 

I t  should perhaps be emphasized once again that the  precision of the  
estimates of heritability given above is rather low owing to the small number 
of progenies. Further these progenies cannot be regarded as a sample from 
an ordinary population of Scots pine. 



Discussion 

A thorough analysis of the progenies studied reveals: 
1) A great variability within and between the progenies in regard to the 

quantitative and qualitative characters. 
2) A varying degree of environmental influence on the characters studied. 
3) An influence of the age of the young trees on the establishment of a 

habit characteristic of a particular progeny. 
4) A striking overall phenotypical resemblance of the progenies to their 

parent trees. 
T h e  variation i n  different characters. The progenies differed significantly 

in tree height, length of terminal shoots, branch length, branch angle, number 
of branches per n horl, length and form of the apical bud, and length and number 
of the lateral buds of the terminal shoots. The variation in the ratios between 
terminal shoot length and tree height, between tree height and branch 
length and between apical bud length and terminal shoot length is 
controlled genetically. Each progeny thus developed a highly characteristic 
average habitus (Figs. 41-44). 

The present results agree n i th  those obtained in other investigations into 
quantitative characters in conifers, where progenies from open pollination 
or of controlled crossings as well as clones have been studied (for literature 
and review up to 1959 see SCHUTT, 1959; ROHMEDER und SCHOXBACH, 
1959; ZOBEL, 1960). FIELDING (1953), in working ~ ~ i t h  P i n u s  ~ a d i a t a  Don., 
established clear-cut differences betneen clones in their rate of gron th, 
resistance to diseases and insects, wood density, trunk form, size and angle 
of the branches, flowering time, length of flowering period, and in their 
cone- and seed-characteristics. He ascribes a great part of these differences 
to  inherent variation. In a later work (1960) the same author analyzed the 
branching characteristics in plantations of P i n u s  radiata ranging in age up 
to  33 years. The variations in the number of whorls, the number of branches 
on the annual shoots, the length of the internodes, the number of branches 
in the whorl, and the angle of the branches, are considered by him to be 
largely determined by differences in their genetic constitution. J o ~ x s s o s  
(1954) reports from a 15-year-old provenance test n i t h  Scots pine that  
whether the seed is of northern or southern origin is of decisive importance 
for the subsequent growth of the trees, but that  a t  the same time the genetic 
constitution of the individual progenies plays an important rde.  This is in 
agreement with the results of the numerous provenance tests analyzed by 
SCHOTTE (19231, LANGLET (1936, 1959), PETRINI (1959), and others. 
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Analyses of growth rate in progenies obtained through wind-pollination of 
Pinus ponderosa Laws., made by CALLAHA~I and HASEL (1961), showecl 
that "about 39 per cent of the variation in 15 years heights could be attributed 
to heritable genetic differences between progenies". Significant differences 
in tree height, stem girth, stem taper, crown diameter, bark thickness and 
angle of the longest branch were established by TODA (1958) in a seedling 
population of Cryptomeria. In progeny tests, using control-pollinated and 
wind-pollinated progenies of rust-resistant western white pine phenotypes 
(Pinus monticola Dougl.) along with wind-pollinated progenies from non- 
resistant phenotypes, BINGHA~I  et al. (1960) found highly significant differ- 
ences between progenies of different mating types and between progenies 
of the same mating type. 

The progenies studied in the present investigation originate from plus 
and minus trees of widely different phenotype and provenance. Conse- 
quently great differences were to be expected between the progenies of the 
various crossing types. Considering each character separately the folloming 
facts mag be discussed. 

Height 

Regarding the variation in height, the investigation of the material in 
1953 (EHRENBERG et al. 1955) lead to  a discussion of the relationship between 
the 1,000-grain weight and the height of the three-year-old seedlings, of the 
differences in height of the plus-tree progenies on the one hand and the 
minus-tree progenies on the other, and, finally, of the effect of self-fertiliza- 
tion on the offspring of plus and minus trees. Already a t  that  age the geno- 
typic influence on height growth was predominant, the effect of the 1,000- 
grain xeight on seedling growth being less pronounced, though still notice- 
able. In  general the influence of the weight of the seed will last for two to 
four years in pine. After that  differences due to seed development vanish and 
the tree's own genotypic constitution is expressed (ROHNEDER und SCHON- 
BACH, 1959). In the present material the plus-tree progenies within each prov- 
enance were on an average superior in height to  the minus-tree progenies 
a t  three years of age, and remained superior up to the age of ten in 1960. 
The few exceptions in 1953, where progenies of minus crossings were superior 
or equal to progenies of plus crossings, had disappeared by 1960. The plus- 
tree progenies with a retarded growth in 1953 were among the best growing 
ones a t  the age of ten. Most of the changes in the ranking list occurred before 
the trees reached the age of eight, but the progenies of the minus tree VIII: 
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5 2  E 400SLx G 3015- 5 3  VIII  46- i S 4  TI11 46- x VIII 4; 

Fig. 41 a. Experin~cnt X. Ayerage Lrce type of the  20 tallest undamaged trees of each 
progeny in 1960. 

46- (o.p., - x $, - x - ) still fell behind also after that  age. Similarly 
the minus cross from Ange, A 4- x A 3-, which was slightly superior in 
mean height to  the plus-tree progeny from the same provenance, Y 4013+ 
o.p., up to 1959, seemed in 1960 to grow less than the plus-tree progeny. 
The 20 tallest trees in the latter progeny, chosen for measurements of 
branching and top-bud characteristics, were significantly higher than those 
in the minus crossing, though the total mean heights were about the same in 
both progenies. 

The progenies were not grown in replicates in the nursery beds, and hence 
it was not possible to sort out the environmental influences. Differences in 
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-17 

21 E 4015+ o.p. G2 E 40081. 0.1). G3 VII I  4G- x E 4015+ G4 T'III 46- 0.p. 

2 5  VIII 47- 0.p. GG Y 4015+ 0.11. G7 A 3- o.p. GS A 4 - x A 3 -  

Fig. 41 b. Experiment G. Average tree type of the 20 Lallcst undamaged trees of each 
progeny in 1960. 

site conditions may be responsible for the exceptions from the rule that  the 
plus-tree progenies mere superior in height to  the minus-tree progenies. As 
some irregularities still existed when the trees had reached Lhe age of ten, 
the possibilities of selecting the best groning progenies before this age seem 
doubtful. Discussing these problems in P i n u s  ponderosa, CALLA HA^^ and 
HASEL (1961) conclude that  "differences in inherent growth potentialities 
of progenies can be recognized in two-year-old seedlings. Fast growing seed- 
lings on the average proved to be the fastest growing trees 13 years later". 
SCHKOCK und STERN (1952) assume that  an estimate of the future height 
gronth of individual trees or progenies may be possible after eight to ten 



Fig. 42. Grafts and typical progeny trees oiiginating from 
the  plus trees a t  Boxholin. a)  Graft of E 4015+. b) Young 
tree obtained after self-fertilization of E 4015+ with short 
nccclles and depressccl growth compared t o  crossing seedlings. 

years, or earlier provided that  height values sx  available from repeated 
measurements and that  no disturbances in the development of the trees 
occur (cf. SCHROCK, 1956, 1957). NILS~ON (1956) considers it  likely that  the 
state of ten-year-old trees may be typical for the later development of the 
trees, while Xun-CH (1949) is of the opinion that  nothing could he said about 
the final development and ranking of the progenies in his material before 
they reach the age of 20. He  thinks it  probable, however, that  progeny 
tests can give an overall picture of the final state of the material after 10 t o  
13 years. 

When compared as units, the two provenance groups Boxholm and Ange 
did not differ significantly in height. Among the plus-tree progenies, those 
from h g e  had consistently the lowest mean height, although the difference 
was not significant. Among the minus-tree progenies, the highest and the 
lowest ones were the two from Ange, the Boxholm progenies being inter- 
mediate. Thus the transfer of the northern Ange material to the latitude of 
Stockholm did not cause i t  to  grow slower than the southern material 
transferred northwards. 

The decisive factor in the ten-year-old material was the parental bacli- 
ground, whether plus or minus, which seemed to determine the rate of 
growth. 
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c d e 

Fig. 42. c) and  cl) Young trees of plus x plus origin. e) Graft of E 4008+. 

Crown width 

The same parental influence holds good for the crown vidth. The progenies 
originating from the wide-crowned minus trees had relatively long branches 
in the lower whorls, but often comparatively short branches in ~~11orl 1. 
The progenies of the minus tree VIII: 46- in particular showed a wide 
crown in all combinations. A similar tendency was noticeable in the other 
minus progenies. 

Among the plus-tree progenies, those from h g e  had by far the most 
slender crowns, indicating genetic differences between tlie provenances in 
this character. 

The different types of crown in the various progenies were already clearly 
visible when the trees were seven years old. With increasing age tlie crown 
cl~aracteristics of the progenies became more pronounced. 

Evidence from other pine species, too, indicates a strong genetic control 
of this characteristic manifesting itself already in the seedling stage. In slash 
pine, Pinus Ellioffii, BARBER et al. (1955) reported distinct differences in 
crown width between different lots of three-gear-old seedlings originating 
from mother-trees with slender or wide crowns after open pollination. Similar 
results with open pollinated material were obtained in a progeny test with 
Pinus radiafa (SHERRY, 1947), in which the mother trees differed in regard 
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Fig. 43. GrafL and typical progeny trees originating from the  ininus trecs atBox11oh 
a) Graft of Y I I I  46-. b) Young Lrec obtained alter open pollination of Y I I I  -16-. 

t o  crown type. The progenies were measured a t  the age of seven, and a high 
percentage of the  young trees showed a marked resemblance to the maternal 
parent. The data indicated tha t  the  genes responsible for the slender branch- 
ing and the short internodes are dominant ill character. 

Branch angle 

With regard to the  branch angle, a distinct genetic variation between 
the progenies n a s  found. A strong genetic influence on this character %-as 
likewise denlonstrated hy FIELDIXG in Pinrrs m d i a t n  (1953). 

In general, each mhorl in a progeny had a characteristic branch angle in 
relation to the  other progenies, hu t  significant differences b e k e e n  two 
progenies in one whorl did not imply significant differences in the  ~ ~ h o r l  
below or above. ,4 progeny could even possess relatively acute branch 
angles in one whorl and less acute angles in another. This w2s particularly 
the  case in the  eight-year-old progenies in 1958, when only the two uppermost 
R horls \yere measured. 

The ranking of the progenies in regard to the branch angle can thus turn 
out to  be quite different depending on which nhorls are compared. Evidently, 
the character of the  branching is so variable in young trees tha t  a fully 
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Fig. 43 c) Young tree of minus :< minus origin. d) Young tree of the  progeny 
1-111 4 i -  0.p. 

reliable estimation of the branch angle for a special progeny cannot be made 
before the trees have passed the age of ten or eleven. 

The resemblance of the progenies to their parents was strong in the ange  
group, where the parent trees were chosen for crossing experiments primarily 
because of the great differences in their branching. The plus trees had right 
branch angles in contrast to the very acute ones of the minus trees. In the 
progenies the branch angles were of the same type as that  of their respective 
parents. Even in the young trees this resemblance was pronounced (Fig. 44). 

In the Boxholm group, on the other hand, the type of the branch angle 
was not the deciding factor, when the trees were chosen as parent trees, the 
branch angle types varying within a much smaller range than in the h g e  trees. 
Nonetheless a classification was made, the two plus trees being classified 
as "right angled" and the two minus trees as "intermediate". No regular 
similarity could be established between parent tree and offspring in respect 
of the branch angle. Of the two progenies of the plus tree E 4008+, the one 
obtained after open pollination had more acute branch angles in every whorl 
than the other progenies. The second progeny of this tree, obtained from 
the + i< + crossing, had very large branch angles. The progenies of the 
minus tree VIII: 46- had the largest branch angles of all. 

This apparent discrepancy between the type of the parent trees and the 
type of their offspring in the Boxholrn material could possibly be due to 
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Fig. 44. Grafts and typical young trees originating from plus and minus trees a t  h g e .  
a) Graft of Y 4015-~. b) and c) Young trees from the crossings plus x plus and plus x minus, 
respectivcl)-. 

gene recombination. The most probable explanation, however, is an unrelia- 
ble estimation of the type of branch angle of the parent trees. Ocularly 
estimated, the plus tree E 4008+ showed right branch angles, but in a clonal 
test, grafts from this tree had more acute branch angles than those of the 
other right-angled plus tree, E 4015'. In other clonal tests with Pinus  
silvestris (NILSSOS, 1955; ARNBORG and HADDERS, 1957) there exists a 
positive correlation between the mother tree and the graft in regard to the 
type of the branch angle. Similar results have been obtained in Pinus  
radiata by FIELDING (1953), who reports a definite resemblance of the 
clones to  the mother trees in the angle of branching. I t  would seem there- 
fore, that  the type of branch angle in the plus tree E 4008+ should have been 
classified as "intermediate" instead of "right", and that  i t  should have 
been distinguished from the plus tree E 4015+ in this character. If the latter 
mas indeed the case, the branching characteristics of the two plus trees were 
reflected in their progenies as well. 

Phenotypically the minus tree VIII: 46- from Boxholm was classified as 
"intermediate" in branch angle. Considering the branch-angle types of the 
progenies, i t  reacts genotypically as a vide-angled tree. The progeny obtained 
after self-fertilization displayed very wide branch angles and the cross VIII: 
46- x E 4015+ showed in each whorl and each year larger branch angles 
than the progenies from these trees when crossed with other trees. Either 
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Fig. 44 d) Young tree obtained after open pollination of 3-. 
e) Young tree of minus x minus origin. 

the classification of the mother tree was incorrect, or the genotype of the 
mother tree did not reveal itself properly in the actual phenotype. 

The increase of the branch angle from whorl 1 to whorl 4 was not as 
consistent in the present material as described by FIELDIXG (1960) in the 
case of the Monterey pine. According to FIELDING a very acute branch angle 
was found in the top-most whorl, and the angle widened as the branch aged. 
This was not the case in the progenies studied here. I t  is true that  the branch 
angles of the fourth whorl were the widest ones in comparison with the 
angles of the whorls 1-3 in the same year, thus, an increase wilh in- 
creasing age of the tree. The angles did not, however, widen regularly as the 
branch grew older. Nor did whorl 2 or 3 always shorn a larger branch angle 
than the whorl above them. In some of the minus-tree progenies, for in- 
stance, where the branch angles on the whole developed in a more irregular 
fashion, the branch angles of whorl 2 were mostly wider than those of whorl 
1, but the angles of the whorls 3 and 4 were sometimes equal or even more 
acute than those of the whorl iininediately above. The age of the branches, 
a t  which the greatest increase in angle size took place, varied considerably 
between the progenies. In some progenies the differences in branch angle 
were greater between whorls 2 and 3 than between whorls 3 and 4, in others 
the greatest differences were recorded between whorls 3 and 4. In general, 
the minus-tree progenies displayed a comparatively small increase in the size 
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of the branch angle from whorl 2 to whorl 4, irrespective of whether they 
were acute-angled or wide-angled. 

Hence, a t  an  age of ten years the progenies differed significantly in charac- 
teristic development of the branch angles. They could not be divided up 
into one typical plus-tree and one minus-tree progeny group, o\~-ing to the 
fact tha t  the  parent trees of the  plus or minus groups were not selected 
according to  one principle only. For the same reason the two provenance 
groups, treated as units, did not differ distinctly from one another. Decisive 
for the progeny's type of branching were the characteristics of the parent 
trees. 

Apical and laterul buds 

The cllaracters relating to the apical and lateral buds of the terniinal shoot 
likewise varied greatly among the progenies. Significant differences mere 
found in thelength of the apical buds and thelateral buds, the form of the apical 
bud, the  ratio between the length of the apical bud and the length of the  
terminal shoot, the total number of lateral buds, and the percentage of 
sinall lateral buds. Generally the  plus-tree progenies had comparatively 
small apical buds in relation to the length of the terminal shoot and a larger 
number of lateral buds. The other characters did not seem to be typical 
for anyone combination type. In experiment X the variation between the 
plus-tree progenies was small, and was not associated x i t h  differences 
in geographic origin. 

Abnormalities 

The abnormalities recorded in some progenies were evidently due to one 
or a few dominant genes. The frequency of ahnornial trees as well as the 
degree of abnorinal developn~ent in each individual (double apical bud-fork- 
ing-fasciation) varied strongly between the years and sites. This variation 
indicates a strong environmental influence on the expression of these charac- 
ters ( c f .  SCHROCK, 1957). EICHE (1955) studying chlorophyll defects in pine 
seedlings, reports a similar great variation in the  expressivity of tha t  charac- 
ter. 

In general, fasciation arises by fusion of separate organs or by lateral 
expansion of an organ a t  its groming point (REED, 1912). The latter type of 
fasciation becomes morphologically apparent by a gradual flattening out 
of the distal part  of the  stem (SCHOUTE, 1936). Only this type mas observed 
in the present material. Fasciation occurs in all vascular plants as a rare 
anomaly (SCHOUTE L C . ) .  In conifers i t  has been observed in Picea abies 
(SYLVEN, 1916), Pinus silucstris (SYLVEX, 1916; SCHLL~TER, 1956; SCHROCK, 
1957; EHRENEERG, 1958), Pinus Elliottii (MERGEPI', 1955, 1959), Pinus 
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radiata (FIELDISG, 1953). According to S C H O U ~ E  (LC.) the  typical fasciation 
"is due to a disharmonic growth, the central zones of the  vegetative cone 
being dilated by tangential growth of the  surrounding zone of differentiating 
organs". In  several species this type of abnormality is under direct genetic 
control (DE TRIES, 1884; K ~ o x ,  1908; GEORGESCU, 1927; ~ I E K G C N ,  1959). 
From non-isolated flowers of a 19-year old tree of P i n u s  siluestris, SCHROCK 
(1957) obtained a progeny mith abnormally high cone production and great 
variation in vigour and growth. Deformities such as forking of the terminal 
and lateral shoots also occurred. The mother tree itself showed early fertility, 
abnornlally high cone production, and a stem with small crooks and bends. 
The appearance of progeny trees defective in other characters is assumed 
to result from spontaneous self-fertilization. These deformities \\ere consider- 
ed to be conditioned by recessive genes. The repeated crooks and bends in 
the  stem of tlie mother tree are supposed by SCHROCK to be clue to repeated 
"Znieselbildungen", i.e. the  formation of t n o  leading shoots in one year. 
One shoot disappears later on or forms a strong side branch. X sinall bend 
of the remaining leading shoot will be the result of this. Nothing is said by 
SCHROCI~ about the cause of the  formation of two leading shoots. Consider- 
ing the results in the  present material, the formation of two terminal shoots 
may be caused by the occurrence of double apical buds. If tha t  was tlie case 
in the inotller tree studied by SLIIROCK, the abnormality may be due to a 
dominanl gene, already manifesting itself in the  mother tree and appearing 
as forking in the  progeny. On the other hand several traits, such as reduced 
seed yield of the  mother tree and pronounced growth depression in the pro- 
geny, support the assumption tha t  self-fertilization has occurred. A recessive 
mode of inheritance of the  trait  is then possible. 

In the present material the abnormalities appeared in progenies obtained 
after open pollination as well as from controlled crossings and self-fertiliza- 
tion of the minus tree TTIII: 46-. RIoreover, n hen this tree was used as the 
male parent in crossings, abnormal trees occurred in the offspring. The 
dominant mode of inheritance cannot be doubted in this case. 

The strong influence of environmental factors on the variation of this 
character was clearly demonstrated. The penetrance and expressivity varied 
from year to year and also differed in the different plots of a progeny in the  
same year. This was evident, for instance, in the  inbred offspring of VIII: 46-, 
where the progeny trees are generally depressed in vigour and growth. 

Fasciation may also be produced by mechanical injuries to  the growing 
point, or by insects or fungi (Khox, 1908; REED, 1912), but  only specimens 
with inherent tendencies of developing the malformations will do so when 
injured (GEORGESCU, 1927). No injuries on the deformed trees mere ob- 
served in the  present material, and the development of the deformities must 
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be ascribed to a disharmonic gromth, caused in these instances by one 
(or more) dominant genes. A condition favouring the appearance of fas- 
ciation is superabundant nourishment (GOEEEL, 1928). Generally fasciation, 
forking and double apical buds occurred in the most vigorously groning trees 
in a progeny. This confirms the statement, mentioned above, that  vigorous 
growth favours the development of deformities. 

The other type of abnormalities recorded here, prolepsis, occurrecl in all 
the progenies in a varying degree. Genetic differences between the individual 
progenies and between provenances were established, and the great influence 
of the environment on the occurrence of prolepsis x a s  observed. Special, 
partly unknown seasonal conditions, as well as high nutrition, favoured the 
development of proleptic shoots. Similar results were obtained by SCHL~?TER 
(1956) in Pinus siluestris, by FIELDING (1960) in Pinus radiata and by Ru- 
DOLPH (1962) in Pinus banksiana. No significant differences between prov- 
enances in the frequency of proleptic trees appeared in the provenance 
tests of Pinus siluesfris, described by DENGLER (1938) and SCHXIDT (1940), 
but the individual progenies of one and the same provenance varied to a 
great extent. The provenance difference established in the present material, 
with rare occurrence of prolepsis in the northern progenies from ,hge,may 
be due to general provenance differences, as well as to individual differences 
between the parent trees irrespective of geographic origin. The number of 
progenies is too small, however, to allow any general conclusions, particu- 
larly as the environmental influence was profound. Several years of obser- 
vation are necessary before a reliable opinion can be formed of the degree 
of variation within and between the progenies. The character is undoubtly 
genetically conditioned, but no conclusions regarding the mode of inheritance 
or the number of genes involved can be drawn a t  present. The occurrence of 
prolepsis and abnormalities of type 1 a-d in the same individuals somewhat 
more frequent than mould have been expected if they had been entirely 
independent of each other may be explained in different mays, for instance 
by assuming that  their gene loci in part are on the same chromosomes. 

Effect of inbreeding 

The effect of forced inbreeding (selfing) was evident in the progenies 
obtained from self-fertilization. In addition to a pronounced lethality in the 
nursery beds and during the first years after planting, the young trees dis- 
played depressed vigour and retarded growth. Aberrations such as chlorophyll 
defects or abnormally short needles vere also recorded. 

Inbreeding depression and the occurrence of deformed individuals in 
inbred progenies have been observed in many coniferous species (DENGLER, 
1939; v. J~ETTSTEIN, 1940; LAXGLET, 1940; JOHNSON, 1945; SCAMONI, 
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1950; MERGEN, 1954; BINGHAM and SQUILLACE, 1955; Ruden, 1957; SCHROCK, 
1957; LANGNER, 1958; D I B I P ~ L ~ ~ C I C R ,  1959). Generally all individualsin a self- 
ed progeny are depressed, but exceptions also occur. MERGEY (1954) reports 
that in slash pine, "a few individual inbred seedlings were as tall as cross- 
or wind-pollinated ones". In the present material some vigorously growing 
trees appeared also in the inbred progenies. Offhand i t  was assumed that  
they were the result of unsuccessful isolation and consequent fertilization 
by foreign pollen. Further experiments will decide whether this was the 
case, or whether a considerable variation in vitality and growth ability 
may exist also within a selfed progeny. 

Such a variation undoubtly exists between selfed progenies from different 
mother trees (DORBIAN, 1952 in Pinus Ellioffii; BINGHAM and SQUILLACE, 
1953 in Pinus monticola; LAXGNER, 1958 in Larin: japonica, and ORR-EWING, 
1954 in Douglas Fir). This was clearly demonstrated in the present experi- 
ments too, where there was a marked difference in the height and vigour of 
the selfed progenies of three plus trees from Varmland. Compared to the 
rind-pollinated progeny from the same mother tree, the mean height of 
the selfed progeny was lower. The tallest inbred and the tallest open-pollinat- 
ed progeny originated from one and the same n~other  tree. Likewise the 
open-pollinated and selfed progenies that  were most inferior in height, 
sprung from another mother tree. I t  has been stated previously that  the 
capability of self-fertilization varies widely in Scots pine ( P L Y ~ I  FORSHELL, 
1953; EHREXBERG and S I ~ ~ A K ,  1957). Evidently the capacity of producing 
viable and well growing offspring after self-fertilization varies considerably 
too. 

Variafion caused by  environmental factors 

The great influence of environmental factors on the characters recorded 
was manifested by the significant block differences occurring every year 
and in nearly all characters. This influence is particularly clear in experiment 
G, where the site conditions in one of the blocks (IV) are very poor. Height, 
as well as the characters strongly correlated with height, for instance, the 
length of the terminal shoot and branch length, vary more with site condi- 
tions than the branch angle and properties related to  the apical bud and 
lateral buds of the terminal shoot. Some form indexes, for instance the ratio 
between the tree height and branch length, between the length of the apical 
bud and the length of the terminal shoot, between the length of the apical 
bud and the length of the lateral buds of the terminal shoot, so characteristic 
for each progeny, varied only slightly with differences in the environment. 
According to RICHENS (1945) "sufficient evidence has now been obtained 
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to confirm the assumption that  the genotype has an important effect on 
crown shape, and the only question that  can be profitably discussed is the 
relative importance and the mode of interaction of the environment and 
the genotypes". The height and the length of the branches are no doubt very 
sensitive to environmental influences, but the relationship between them 
is fairly static and the proportion of the variation contributed by environ- 
mental factors relat i~ely small ( c f .  BARBER, DORLIA?: and JORDAS, 1955; 
SHERRY, 1947). A similar condition was found in seed of Scots pine as 
regards length and 17-idth of the seeds and the ratio between them ( S I ~ I A I ~ ,  
1953). The seed size was greatly influenced by climatic factors, by the weight 
of the cone, and by the position of the seed in the cone, varying strongly 
from one tree to another and even in the tree itself. The shape of the seed, 
on the other hand, was fairly constant, and characteristic of the irldividual 
tree. Even more fixed are the seed details as described by SIRIAI~ and GUSTAFS- 
sox (195 4). 

Discussing the possibilities of a genetic improvement of forest trees, 
SCHREIXER (1958) presents estimates of heritability and improvement 
procedures for different characters. The improvement procedures are the 
following: 

1) Genetical improvement. 
2) Genetical improvement followed by some degree of silvicultural control. 
3) Genetical improvement and silvicultural control of equal importance. 
4) Silvicultmal control plus genetic research to determine the possibilities 

of genetical improvement, and, finally, 
5) Silvicultural control. 

Out of 13 characteristics relating to gro\~-th rate, optimum stein forin and 
optimum branching, only one, the minimum numbers of branches, is supposed 
to be under such a considerable genetic control that  iinprovemcnt may be 
achieved mainly through selection and breeding. The other characters can 
be widely influenced by environmental factors, which have to be controlled 
carefully. In characteristics affecting wood quality, for instance, or physical- 
chemical and anatomical properties, a few may be sul~ject to  genetical im- 
provement exclusively, since the influence of the environment is supposecl 
to  be weak. Sufficient heritability indices to justify genetical improvement 
was supposed to be present in 29 out of 39 characters recorded in the two 
groups. 

A comparison between the estimates of heritability reviewed by SCHREINER 
and those calculated for some of the characters analyzed in the present mate- 
rial reveals a rather good agreement as regards the characters height growth 
and branch angle. Evidently height growth may be improved by selection in 
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combination with strong silvicultural control, as SCHREINER assumes. The 
wide branch angle, indispensable for elimination of large knots in the stem, 
seeins to be even more strongly genetically controlled and so may be improved 
mainly by selection and breeding. As regards the numbers of branches per 
whorl, which is of importance for the number and distribution of knots, 
there is "evidence for sufficient heritability to justify genetical improvement" 
in this character without silvicultural control, according to SCHREISER. 
Judging from tlie results obtained in the present material improvement by 
selection is possible but some degree of silvicultural control seems to be 
necessary. Finally, the estimates of heritability for the slightly varying ratio 
betneen tree height and branch length indicate great possibilities for im- 
provement by selection. Some sten1 form characteristics mentioned by 
SCHREINER, such as crooks and forks, are shown to be inherited in the present 
material. Allhougli no estimation of heritability has been made for these 
characters here, the conclusion is certainly justified that  stem form may be 
improved by selection and breeding. 

I t  has been pointed out before (p. 95) that  the precision of the estimates of 
heritability is low (Table 42). The good agreement nit11 the results reviewed 
by SCHREISER indicates, hoviever, that  these estimates aremeaningful even 
though they were obtained from such a small and varying sample. 

Relationship between parent trees and of fspr ing 

The relationship between the parent trees and the progenies in the present 
material has not been statistically analyzed. As mentioned before (p. 7) 
the parent trees \yere classified as plus or minus trees according to their 
phenotypes. Some characters were measured as exactly as possible (c.g. 
height, diameter). As the trees had reached the age mhen the height growth 
slowly ceases, and as the crowns had been damaged by tlie repeated collection 
of scions and by the erection of scaffoldings around them for the purpose of 
making crossings, the values obtainable for other characters (branch lengths, 
branch angles) were considered unreliable and not representative of the 
trees. The damages made may also have influenced the development of 
other characters and may thus have rendered the comparison between 
parent trees and offspring, based on exact measurements, still more un- 
certain. Besides these interferences in the crown development, the widely 
differing environments of the plus- and minus trees on the one hand, and 
those of their progenies on the other, must be taken into consideration. 
In the present material, where the parent trees grow a t  different latitudes 
and altitudes, in different climates, and on different sites, an elimination of 
the effects of the environment in order to make the values from the parent 
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trees and their offspring comparable, must be considered very difficult. 
Furthermore, the plus trees a t  Boxholm are now growing in a clear cut area, 
and no trees of the same age are available in the  neighbourhood for com- 
parison and calculation of the  relative values of the plus trees. The classi- 
fication is based on the general appearance of the trees and on the compari- 
son ~ ~ i t h  other plus trees growing on to all appearance similar sites in the 
surrounding forests. 

Under the circumstances, a comparison between the parent trees and 
their offspring as to details hardly seems justified, and consequently no 
calculation of the strength of the correlation between them has been made. 

There is no doubt tha t  the never-ceasing influence of the  environment 
during the life-time of a tree, and its important r81e in the formation of the 
final tree type must be talien into account nei hen estimating the phenotypic 
characteristics of a tree. This is emphasized by KIELIAADER (1956) \%hen 
discussing the difficulties in selecting plus trees of Piceu abies. H e  concludes 
tha t  "to a much wider extent than hitherto supposed, tlle dimensions of 
tlle mother trees would be the result of environmental than of hereditary 
factors", and further, tha t  "the influence of the hereditary factors would 
thus on forest land in Norway spruce be more or less eliminated by a number 
of environmental factors in the never-ceasing interaction between heredity 
and environment". XXDERSSO~V (1963) further stresses the need of a thorough 
analysis of the  environment in conjunction x i t h  the  selection of plus trees 
and in estimatmg the correlation between parent trees and their offspring. 
Such an estimate is justified only if the  influence of environment has been 
eliminated to the greatest possible extent. Differences between parent trees 
and between parent trees and progenies in latitude, altitude, temperature, 
sites and age always exist, and a correct adjustment may be difficult. To 
circumvent these difficulties various methods are recommended, for instance 
clonal tests of the parent trees in connection with progeny tests on the same 
localities, progeny tests in the  immediate neighbourhood of the stand nhere 
the  parent trees grow, and comparisons of cuttings from the parent trees 
with progenies from the same parent trees under strictly uniforni conditions, 
for instance in a phytotron. SQUILLACE and BINGHAM (1954) used special 
methods for measuring the mother trees in order to eliminate differences in 
environment and age between them and the progenies. They point out, 
however, tha t  "the method may not be satisfactory on trees where growth 
in upper crown has decreased appreciably or ceased (probably trees over 
100 years old)". 

In this connection a work by ROHMEDER (1961) may be mentioned. He  
studied progenies obtained after wind-pollination, of Picea abies (two stands, 
59 and 22 mother trees respectively), Pinus silvestris (two stands, 35 and 31 
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trees), and Quercus pefraea (one stand, 31 trees). The progenies were planted 
in five experimental fields in different localities, and were measured a t  ages 
ranging between 9 and 20 years (spruce), 6 and 9 years (pine) and 1 and 9 
years (oak). The average ages of the mother trees were in spruce 85 and 97 
years, in pine 113 and 120 years, and in oak 150 years. The mother trees in 
each stand were divided up into three groups according to their heights or 
timber yield. Group I included the phenotypical "plus" trees, group I1 the 
intermediate ones, and group I11 the trees inferior in height and yield. The 
mean values of each group mere compared with the mean height values of 
the progenies originating from the corresponding group of mother trees. No 
correlations between the mother-tree groups and the corresponding progeny 
groups in height or timber yield could be established. On an average the 
progenies from the inferior mother trees (group 111) had reached the same 
heights as the progenies from the mother trees in group I. He concludes that  
a cursory selection of the best yielding trees, the so-called "plus trees" in a 
stand, the harvesting of the seed exclusively from these trees, and the estab- 
lishment of new stands from these seed collections do not result in increased 
timber yield in the next generation (cf.  WRIGHT, BINGHAM and D O R ~ ~ A N ,  
1958, p. 805). A single tree selection, on the other hand, combined mith 
progeny tests, may result in a corisiderable increase in timber yield, since a 
great variation in this character occurs among the mother trees as well as 
between the individual progenies in a group. 

To draw any general conclusions as to the correlation between the yield 
of the "plus" trees and the yield of their progenies in these experiments 
seems hardly justified for the following reasons. No adjustment for the 
differences in environment and age between the mother trees infer  se and 
between the mother trees and the progenies has been attempted. The classifi- 
cation of the mother trees may be based on purely accidental differences 
caused by environment. Furthermore the mother trees and the progenies are 
growing on widely differing sites and in different climates. For these reasons 
a conlparison between them is not very reliable. To use the terrn "plus" tree 
in this connection must be considered misleading. As the term is now gener- 
ally defined, i t  means a tree, superior to trees growing on the same site and 
of the same age as regards timber yield (height and diameter), stem form, 
branching habit, wood quality and wood density. Plus trees must also be 
superior to  the mean values of the whole stand (ANDERSSON, 1962). The 
environmental influences on the development of a tree no~ninated as a 
"plus" tree must be very carefully analyzed, and environmental factors 
favouring or impeding it  must be taken into account. These indispensable 
conditions being fulfilled, very few trees in a stand will be approved as 
"plus" trees sensu sfricfo. The expected correlation between the three groups 



of mother trees and the corresponding groups of progenies which failed to 
appear in the progeny trials reported by ROHMEDER, may be explained by 
the cursory selection of the mother trees without making an allowance for 
environmental factors. A selection of individual trees superior in height and 
yield, on the other hand, may render superior progenies, as also pointed out 
by ROHMEDER ( L C . ) .  

In the present progeny tests the great influence of the environment on the 
phenotypic clevelopment is acknowledged, as vell as its varying effect on 
distinct part-characters. A great variation due to  genetic differences be- 
tween the progenies was also established, as well as a general resemblance of 
the offspring to their parent trees. On the whole the "plus" trees proclucecl 
"plus" progenies, with rapid gro\\th, straight stems and narrow crowns. 
Progenies from the minus trees displayed the same minus characters as 
their parent trees. Thus the estimation of the genotype on the basis of the 
phenotype of the parent trees has given a very satisfactory result in lhis 
investigation. 



Summary 

'The inheritance and genetic variation of quantitative and qualitative 
characters have been studied in progenies of P i n u s  siluestris, obtained from 
individual trees by open or controlled pollination. 

The characters studied are height, branch length, branch angle, nuinher 
of branches, size of the apical bud, size and number of the lateral buds of 
the terminal shoot and other n~orphological features. 

The external resemblance of the progenies to  their parent trees has been 
analyzed, as well as the influence of environmental factors on tree develop- 
ment. 

The twelve trees used as parents were classified as distincl plus trees or 
minus trees. Two plus and two minus trees grow in a stand a t  Boxholm 
(Lat. 58'0Tf), two plus and two minus trees in a stand near h g e  (Lat. 62"25'), 
three plus trees in different localities in the province of Vdrmland (Lat. 
59'37'-60'22') and one plus tree a t  Vuollerim (Lat. 66'25'). 

The plus trees generally shorn superior height groxth, straight, slowly 
tapering stems, a narrow fine-limbed crovn, and right to  intermediate 
branch angles. 

The minus trees are characterized by s l o ~  height gio\vth, a rapidly taper- 
ing stem, a wide, coarse-limbed crown, and very poor natural pruning. The 
branch angles of the minus trees a t  Boxholn~ are right to intermediate where- 
as the minus trees a t  h g e  have acute to extremely acute branch angles. 

On an average the plus-tree progenies were characterized by vigorous 
growth, a relatively narron crown, midely varying branch angles, small apical 
buds in relation to the length of the terminal shoot, a relatively large number 
of branches in the whorls 1 and 2, variations in the form of the apical bud, 
and a relatively large number of lateral buds. 

The minus-tree progenies generally displayed a rather slow height go \ \  th. 
They developed a crown with a long-branched base and relatively short 
branches in whorl 1. The branch angles were acute or right depending on 
the type of the parent trees' I~ranch angle. The number of branches in the 
Lno uppermost whorls was relatively lo\17. The form of the apical bud varied 
independently of the parent tree type. The apical buds were large in relation 
to  the length of the terminal shoot. The number of lateral buds was relatively 
small. 

X comparison of the two provenance groups Boxholm and h g e  s h o ~ ~ e d  
distinct differences betn een Lhem in regard to  tree height in 1953, the meau 
height of the h g e  progenies being about 83 per cent of that  of Lhe Boxholln 
progenies. I11 the years 1958-1960, on an average, no differences between 
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the mean heights of the groups were recorded as the minus tree progenies 
from Boxholni were inferior in height to the three Ange progenies. The 
progenies in the Ange group had significantly shorter branches in whorl 4 
only. The branches of the Boxholm group were dislinctly longer in relation 
to the tree height than those of the Ange group in 1958 (whorl 2) and 1959 
(whorl 3). In 1960 the same differences still remained, but were not signif- 
icant. No average difference was established in regard to  the branch angles. 
The Ange progenies had a significantly lower number of branches in whorl 1 
in 1958-1960, in whorl 2 in 1939 and 1960, and in whorl 3 in 1960. A consistent 
difference between the two groups was observed in respect of the loss of 
branches, the ange  group showing a decrease between whorl 2 and 3 more 
than twice as great as the decrease in the Boxholm trees, and betxseen nhorls 
3 and 4 more than three times as great as in the Boxholm group. The form 
of the apical b~lcl was independent of the provenance. The apical buds of 
the Boxholm progenies were generally shorter than those of the Ange 
progenies, and less dominating compared with the lateral buds. The nurnber 
of lateral buds was significantly lower in the Ange group in 1959 only, on 
an average one lateral bud less per tree than in the Boxholm group. 

The effect of inbreeding was studied in progenies obtained after selfpollina- 
tion. In addition to a pronounced lethality in the nursery beds and during 
the first years after planting, the young trees showed depressed vigour and 
retarded growth. Differences in vitality and growth ability were found 
between the selfed progenies of different mother trees. Aberrations such as 
chlorophyll defects and abnormally short thick needles were recorded. 

Abnormalities in the formation of buds and branches such as forking, 
fasciation and prolepsis have been examined with regard to  penetrance and 
expressivity and their genetical background has been discussed. 

Sinuous terminal shoots and branches occurred in some of the progenies. 
The deformity remained as crooks and bends on the stem and branches. The 
character seems to be transmitted from the parent tree to the offspring. 

The age a t  which the first cones mere set varied greatly between the 
progenies as well as among the individuals within a progeny. The progenies 
in the Ange group produced cones a t  an earlier age than those in the Boxholm 
group. The ability to flower a t  an early age seems to be strongly genetically 
controlled. 

Widespread infection with pine twisting rust (Alelampsora pinitorqua) 
was observed when the material was eight and nine years old. A clear connec- 
tion between the average tree height of a plol and the percentage of infected 
specimens was established. Probably the great differences in height and 
vigour between both progenies and plots contributed to  the great vari a t' ion 
in the degree of damage in the material caused by the fungus. The distance 
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from the source of infection also appeared to be of significance. The variation 
in resistance may be due to genetic factors or may be created entirely by 
differing environmental conditions. 

The great influence of the environmental factors was manifested by the 
significant block differences occurring every year and in nearly all the charac- 
ters. Height, and characters correlated with height, for instance the length 
of the terminal shoot and the branch length, varied more with the site condi- 
tions than was the case with the branch angle and the length of the apical and 
lateral buds of the terminal shoot. Some form indexes, for instance the ratio 
betxeen tree height and branch length and between the length of the api- 
cal bud and that  of the lateral buds, varied only slightly with differences 
in environment. 

The age of the young trees a t  \\lzich the development of the properties 
characteristic for each progeny can be properly estimated is discussed. The 
differences between the progenies became greater with increasing age of the 
trees, and the cllaracteristic habit of each progeny mas more pronounced 
in the ten-year-old trees in 1960 than in the eight-year-old trees in 1958. 

Estimates of heritability ("narrow sense") were made for the characters 
tree height, ratio between tree height and branch length, branch angle and 
number of branches per whorl. The estimates are based on the variance corn- 
ponents, calculated from the mean square of analysis of variance of different 
characters in 1960. I t  is emphasized, that  the precision of the estimates of 
heritability is rather low owing to the small number of progenies. Further 
these progenies cannot be regarded as a sample from an ordinary popula- 
tion of Scots pine. Still the magnitude of the genetic portion of the variance 
is considerable and indicates great possibilities for improvement through 
selection. 
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&ftlig variation i avkommefiirsiik med tall 

Utvecklingen och variationen a v  bvailtitativa och kvalitativa egensliaper hos 
tall, Pinus silvestris, har undersokts hos 5tta-tioiriga avliommor f r i n  en- 
sliilda t rad  efter fri avblomning eller kontrollerad korsning. Planthojd, gren- 
langcl, grenvinkel, antal  grenar per grenvarv, langd och diameter hos topp- 
sliottets topp- och sidoknoppar lilisom antalet sidoknoppar p i  toppskottet har 
registrerats 110s de enskilda avkommorna och variationen mellan och inom av- 
liommorna analyserats. 

Tolv tracl, klassificerade som typislia plus- eller minustrad, har anrants  son1 
foraldratrad, darav t v i  plus- och t v i  minustrad i e t t  bestand vid Boxholin 
(lat. 5S007'), t v 5  plus- och t v 5  minustrad i e t t  bestind vid Ange (lat. 62'25'), 
t re plustrad i olika best5nd i Varmland (lat. 59'37'-60'22') och ett  plustrad 
vid Vuollerim (lat. 66'23'). 

Plustruclen liarakteriseras av  god hojdtillvaxt, rak I5ngsa1nt avsinalnande 
stam, fingrenig snial krona, rata till intermediara greilvinlilar och god livist- 
rensning. 

Minustruden har relativt l5ngsam hojdtillviixt, god diametertillvast, hastigt 
avsmalnande stam, grovgrenig, vid krona och d5lig kvistrensning. Grenvinli- 
larna hos minustraden i Boxholm ar  rata till intermediara, medan minus- 
trade11 i Ange har spetsiga till extremt spetsiga vinklar. 

Plustriidsavkornmorna utmarkes i genomsnitt a v  god hojdtillvaxt, ja~nforelse- 
vis smal krona, varierande grenvinkelstorlek, sm5 toppknoppar i forhillande 
till toppskottslangden, relativt stort antal grenar i varv 1 och 2, varierande 
topplinoppsform och e t t  relativt stort antal sidolinoppar p i  toppskottet. 

Minustriidsavkomrnorna liarakteriseras av  genoinsnittligt lagre planthojd och 
bredare krona an  plustradsavkommorna, ra ta  eller spetsiga grenvinklar be- 
roende p5  foraldratradens grenvinkeltyp och liorta relativt f5 grcnar i de t v i  
oversta grenvarven. Toppkiiopparna var stora i forh5llande till toppsliottets 
langd och av  varierande form. Antalet sicloknoppar pa  toppskottet Tar jam- 
forelsevis litet. 

Avliommorna inom ,q n g e - g r u p p  e n  uppnidde efter tre tillviixtperioder 
(1953)enrnedelhojdpicaSO % avBoxho1msgruppens .Fen~t i l l s juBrsena-  
re (1958-1960) rcgistrerades ingen signifiliant sliillnad i medelhoj d mellan grup- 
perna. Minustradsavkominorna fr5n Boxholin hade cl5 lagre plantinedelhoj cl a n  
avliommorna fr5n Ange. Ingeil sliillnad mellan grupperna observerqdes betraf- 
fande grenlangden i varv 1-3, medan grenarna i varv 4 var signifiliant 
liortare hos Xngeavkommorna an  hos Boxholmsarliommoriia. I forhillande till 
planthojden var grenarna hos Boxholmsgruppen jamfort med Angegruppen 
langre i varv 2 Br 1958 och i varv 3 Br 1959. 1960 var tendensen i varv 1 lik- 
nande men skillnaderna iclie signifikanta. Ingen genomsnittlig olikhet mellan 
proveilienserna forelig betraffande grenvinklarna. Avltommorna fr5n h g e  
hade e t t  lagre antal grenar i varv 1 under 5ren 1958-1960, i varv 2 5r 1959 och 
1960 oc11 endast i varv 3 5r 1960. Inom ,bgegruppen var skillnaden i antalet 
grenar nlellan grenvarven 2 och 3 dubbelt s5 stor och mellan varv 3 oc11 4 t re  
g5nger s i  stor som inoin Boxholmsgruppen i r  1960. Topplinoppens form 
varierade oberoende av avlio~nmornas proveniens. B o x l ~ o l n ~ s a . i ~ k o i ~ ~ i ~ ~ o r ~ ~ a  hade 
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i allmanhet mindre toppknoppar ocl1 relativt topplinoppen storre sidoknoppar 
an hgeavkommorna.  Antalet sidolinoppar p i  toppsliottet var 1959 signifika- 
t iv t  lagre inom Angegruppen, i genomsnitt en knopp mindre per planta, an in- 
om Boxholmsgruppen. 

Effekten a v  inauel undersoktes hos avkommor erhillna efter sjalvbefrulit- 
ning. Dessa avkommor utmarlites av  hog plantavging i plantskolan s ival  som 
under de forsta h e n  efter utplantering i faltforsoli, svag hojdtillvaxt och dilig 
vitalitet. Skillnader i vitalitet och medelhojd mellan inavelsavliommor f r i n  
olika modertrad lionstaterades. Plantor rned lilorofylldefekter eller liorta, 
tjocka barr registrerades hos vissa inavelsavkommor. 

Abnormt  utbildade k n o p p a r  och 61.sskott (fasciation, gaffelbildning, dubbla linop- 
par, prolepsis) forekom i hog frelivens hos avliommor efter minustradet 
\'I11 46- fr5n Boxholm. Dessa missbildningars penetrans och expressivitet har  
analyserats och deras genetiska baligrund diskuterats. 

Abnormt  lcrokiga rirsskott observerades hos en stor procent av  plantorna i 
avlionunor efter plustrade-t E 400S+. Abnormiteten livarstod efter forved- 
iiingen a v  sliotten t v i  till flera 51. som stamliroliar och slingriga grenar. Egen- 
skapen synes vara arftligt betingad dB sarnma foreteelse iterfanns hos yinpar 
av  foraldratradet E 400S+. 

I iottsuttningen hos de olilia avkommorna registrerades. Avkommorna fr5n 
h g e t r a d e n  producerade liott vid tidigare ilder an  avliommorna f r i n  Bosholm. 
Stora sliillnader i procenten liottbarande individ per avkomma forelgg inom 
Angegruppen liksom i antalet kottar per trad inom en avkomina. 

Starlia angrepp av knuckes juka ,  Me lampsora  p in i torqua,  forekoin i r  1959 
och 1960. N5gon genomg8ende sliillnad mellan avltommorna i procenten in- 
fekterade trad liunde inte faststallas. E t t  sainband mellaii parcellernas plant- 
medelhojd och procenten angripna plantor lionstaterades, d. v. s. med okad 
medelhojd okade irekvensen angripna plantor. Frekvensen infekterade plantor 
var aven storre i de parceller, som lag narmast infelitionskallan 211 i langre 
bort belagna parceller. Variationen i graden av  infektion i materialet lian bero 
p i  arftliga skillnader mellan avliommorna eller vara helt miljobetingad. 

M i l j o n s  s turkn  in f ly tande  p8  utformningen av de analyserade karaktarerna 
framgir a v  de signifikanta skillnaderna rnellan blocken, soin forel& varje 51.. 
Planthojdcn liksom med denna liorrelerade egenskaper, &om toppsliottets 
och grenarnas langd, syntes mera p h e r k a d e  a r  miljoforhillandena an  t .  ex. 
grenvinlieln eller topp- och sidoknopparnas storlek. Vissa index-viirden, t. ex. 
forh5llandet mellan planthojd och grenlangd, varierade ocks5 mindre med 
miljon. 

Skillnaderna mellan avliommorna ifr8ga om genomsnittlig planttyp okade 
ined okad ilder. Den for den enskilda avfiominan karakteristiska planttgpen 
var mera utpraglad i det tiogriga materialet an 110s de Bttagriga plantorna. 

En ska t fn ing  au  heritabiliteten ("narrow sense") for hiijd, forhillandet mellan 
hojd och grenlangd, grenvinkel och antal grenar per varv utfordes med 
data f r i n  matningarna 1960. Skattningarna mis te  anses ganslia otillforlitliga, 
beroende p& det ringa antalet avliommor i forsoken. Ytterligare en osakerhets- 
falitor utgor dct forhillandet, a t t  avliomrnorna inte kan betraktas som et t  
stickprov ur en normalpopulation. De relativt hoga varden, som erhillits for 
heritabiliteten for de olilia egenskaperna, tyder dock p i  en rnojlig positiv ef- 
fekt vid urvalsforadling. 
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Table I . Experiment 0 . Heights of the progenies in 1958 to 1960 . 

Combination 

V I I I  46- o . p . . . . . .  
V I I I  36- i . . . . . . . . .  
V I I I  46- x E 4015+ . 
TI11 46- :; TI11 47- 
V I I I  47- 0 . p . . . . . .  

. . . . . . .  Y 4015- o p 
Y4015 'xX2+  . . . . .  
Y 4O15+xA& 4- . . . . .  
a 2 +  0 . p  . . . . . . . . . .  
A 2+ x r 4 0 w )  . . .  
A 3- 0.13. . . . . . . . . .  
A 3 -  i . . . . . . . . . . . .  
A 3 - x 4 4 -  . . . . . . . .  
a 4 -  0 . p .  . . . . . . . . .  

4- x Y 4015'. . . . .  
A 4 - x X  3- . . . . . . . .  
S 30011 o . p . . . . . . .  
S 3001+ i . . . . . . . . . .  
S 3002+ o . p . . . . . . .  
S 3002+ i . . . . . . . . . .  
S 3003 + 0. p . . . . . . .  
S 3003+ i . . . . . . . . . .  
BD 4016+ i . . . . . . . .  

Vo . 0 

trees 
KO . 0 

trees 
Height 

tcm) 

1959 
... 

Height 
(cm) 

1 7 . 1  4.72 
1 6 2 . 6 5  5.44 
195.4% 8.16 
170.1 5 7.52 
197 .2h  7.33 
1 7 9 . 4  7.74 
176.6& 5.83 
158.8+ 5.85 
120.6, 3.90 
173.5+ 5.61 
159.8+ 5.65 
166.4% 5.70 
138.3, 7.29 
131.5& 8.63 
134.5, 5.44 
126.9 + 7.13 
111 .55  7.38 
113.5, 4.69 

90.3+ 6.59 
121.5& 4.20 
1 0 . 1  5.71 
120.5% 6.35 
120 .85  6.65 
146.2= 7.32 
117.6= 9.26 
174.3, 8.29 
154.3= 9.31 
187 .85  5.42 
175.0=10.98 
107.1 +10.05 

I) Growing on a marshy pa r t  of the field . 

No . oi 
trees 

32 
16 
23 
22 
23 
19 
25 
24 
42 
23 
25 
24 
24 
22 
25 
23 
24 
46 
15  
47 
30 
24 
24 
23 
25 
11 
14  
23 
7 
7 
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Table 11. Mean length of terminal shoots (Th) in 1958 to 1960. 

Length (cm) 

1959 1 1960 
EX- 
peri- 
ment 

Combination 
No. of 
trees 

Th NO. of 
trees 

Th 1 xo. of 
trees 

E 4015- x E 4008". . 
E 4008- x E 4015+. . 
VIII 46- i . . . . . . . . .  
VIII 46- x VI I I  47- 
~ 4 0 1 5 + x A 2 +  . . . . .  
S 3001+ 0. p. . . . . .  
E 4015+ o. p . .  . . . .  
E 4008+ o. p. . . . . .  
\-I11 46- x E 4015+ 
V I I I  46- 0. p. . . . .  
VII I  47- 0. p. . . . .  
Y 4015+ 0. p. . . . .  
A 3 - o . p .  . . . . . . . .  
A 4 - x A  3-. . . . . . .  

Table 111. Progenies, selected for analysis of the properties c-g and mean heights of the 
selected trees in different years. 

No. of trees per progeny: Experiment X = 60. Experiment G = SO. 

Experi- 
ment 

Combination 1 1958 

E 4015+ x E 4008'. . . .  
E 1008+ x E 4013'. . . .  
VII I  46- il) . . . . . . . . .  
VII I  46- x V I I I  47- . . 
Y 4 0 1 5 + x a  27. .  . . . . .  

. . . . . . .  S 3001- 0. p . .  

I) 40 trees. 

147.4,1.62 

126.612.28 

E 4015'- o. p. . . . . . . . .  
E 4008+ o. p. . . . . . . . .  

. . .  V I I I  46- x E 4015+ 
. . . . . . .  TI11 46- 0. p. 

V I I I  47- 0. p. . . . . . . .  
. . . . . . . . .  Y 4 0 1 5 + o . p  

3- 0. p. . . . . . . . . . . .  
. . . . . . . . .  A 4 - x A 3 - .  

134.4$2.11 

111.8 +1.02 
119.1 '2.44 
125.5+2.51 
127.4=1.88 
120.452.59 
126.551.61 
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Table V. Ratios between tree height (H) and branch length (Brl) in different whorls in 
1958 to 1960. 

Ratio HIBrl 
Ex- 
peri- 
ment 

Combination 

X 

E 4015- x E 4 0 0 8 ~ .  . 
E 4OOS+ x E 4015+. . 
\'I11 46- i . .  . . . . . . . 
\'I11 46- x TI11 47- 
Y 4 0 1 5 + x A 2 + . .  . . . 
S 3001+ o . D . .  . . . . . 

G 

E 4015+ o. 11. . . . . . . 
E 4008+ o. p. . . . . . . 
V I I I  46- x E 4015+ . 
V I I I 4 6 -  o. p. . . . . . 
\'I11 47- 0.11. . . . . . 
Y 4015+ 0. p. . . . . . 
A 3- 0 . p .  . . . . . . . . . 
A 4- x A 3-. . . . . . . . 
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Table VI. Length of branches. Significance of the differences between provenances. 

Experi- 
ment Year 

Significance of 
Provenance the  differences1) 

Boxholm 4 
Ange 

Boxholin 
Ange 

I 

Boxholm / 1 / 23.7 
Anze 21.7 1 
- -- - 

Boxholm 
Ange 1 1 1 36.3 

Boxholm 
Ange 3 54.7 

1) Significance of the  differences between provenances calculated in the  following wag. 

1 Year ( Whorl S o .  I Source of variation ( df I Mean Square I F 1 
1958 1 1 I Between prow- / 1 I 72.6185 I 1.277' 1 

nances 
Within prove- 56.8723 3.936** 

nances 
Error 

72.6185 
Quotient: - = 1.277" 

56.8723 - = 3.936** 
56.8723 14.4477 
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Experi- 
ment 

S 

G 

CARIK EI iLUNDH EHRENBERG 

Table IX . Mean length of apical buds (Ht) in 1958 to 1960 . 

Combination 

1-111 46- x VI I I  47- . . . .  
Y 4015+ x A 2+ . . . . . . . . .  

. . . . . . . . .  S 3001+ o .p .  

E 4015+ o . p . . . . . . . . . . .  
E 4005' o . p  . . . . . . . . . . .  
VII I  46- x E 4015- . . . . .  
VII I  46- o  . p . . . . . . . . . .  
V I I I  47- 0 . p . . . . . . . . . .  
Y 4015.- o . p . . . . . . . . . .  
A s - o . p .  . . . . . . . . . . . . .  
.& 4- x a 3- . . . . . . . . . . . .  

Length of apical bud (mm) 

Table X . Ratios between length of apical buds (Ht) and length of terminal shoots (Th) . 
in 1958 to 1960 (PO0 Mt/Tb) . 

Experi- Ratios 100 Ht /Th  
ment Combination 

1958 1 1959 1 1960 I- 
E 4 0 1 5 + x E 4 0 0 8  i- . . . . . .  
E 4008+xE 4015f . . . . . .  
VII I  46- i . . . . . . . . . . . .  

. . . .  1'111 46- x VIII  47- 
. . . . . . . . .  Y 4 0 1 5 ' ~  A& 2+ 

29.2 

28.7 

E 4015+ o . p . . . . . . . . . .  
E 4008+ o .p .  . . . . . . . . .  
VII I  46- x E 4015'. . . . .  
VII I46 -  o . p . . . . . . . . . .  

. . . . . . . . . .  . VII I  47- o p 
. . . . . . . . .  Y 4015+ 0 .p .  

213-0.p. . . . . . . . . . . . . .  
A 4 - x h 3 -  . . . . . . . . . . . .  

S 3001- o . n . . . . . . . . . .  1 
29.9 

37.0 
3 i .4  
32.0 
35.1 
40.2 
36.4 
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Table XI. Mean number of lateral buds per terminal shoot in 1958 to 1960. 

Experi- 
ment 

E 4015;xE 4008'. . . . . .  
E 4 0 0 8 f x E  4015'. . . . . .  
T I 1 1  46- i . .  . . . . . . . . . . .  
V I I I  46- x T I 1 1  47- . . . .  
Y 4015' x A 22 .  . . . . . . . .  
S 30011 o. n. . . . . . . . . .  

Combination 

V I I I  46- o. p.  . . . . . . . . .  
TI11 47- 0. p.  . . . . . . . . .  
Y 4015- o. 11.. . . . . . . . .  
X 3 - 0 . p .  . . . . . . . . . . . . .  
A 4- x Li 3-. . . . . . . . . . . .  

1958 
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Table 42, Tree height (a11 trees), Expermlent G. For "41" read "1.6", 
9th line from bortorn. For "s2 " read "s2 ". 

g L 
Line 3, For "lower" read "higher". 
Line 14, For "phenotype and provenancen read "phenotypes and provcnanc:es". 
Text belaw Fig, 41a. For "%OM read "GO", 
Fig. 41b. Progeny 47- o. p. Whorl 4. Branch length should be 66 cm. 
Text below Fig. 45b, For "20" read "80". 
Lines 13 ro 25. For "and the lowest . . . being intermediate" read "one was 
from Knge and the lbwest one from Boxholm". 
cine 28. For "An i n t ~ o d u c ~ i o n  to genetic statistics" read "The design and analysis 
of expcriniants", 

Thc a u ~ h o r  is indepted to Docent: hi', Nybom and Mr B. Ericson, Lic, of 
Forestry, for drawing her a t t enr im to several of rhe above corrections. 


