Proportion of trees

Characteristic correctly classified
--~--- percent ----

bark texture 89

foliage resin gland occurrence 85

bark color 48

crown shape 29

bark texture and

foliage resin gland occurrence 76

Table 1. — Analysis of homogeneity of frequency distributions

for traits of Arizona cypress trees sampled in Alabama.

Source of Degrees of Calculated chi-
Variation Trait T'reedom square value
Between varieties bark color 4 24.37
bark texture 2 89.41
foliuge resin gland 2 23.40
occurrence
crown shape 6 28.85
foliuge color 6 2.52
Among secd sources bark color 24 24.15
within var. arizonica bark texture 12 24.42
foliage resin gland 12 14.83
occurrence
crown shuape 36 25.33
foliage color 36 31.73
Among seed sources bark color 4 2.95
within var, glabra bark texture 2 0.00
foliage resin gland 2 .92
occurrence .
crown shape 6 5.86
foliage color 6 3.44

Bark texture and foliage resin gland occurrence were
the only two characteristics which were satisfactory as

classification variables, correctly classifying 89% and 85%
of the trees, respectively. When used concurrently, they
correctly classified 76% of the trees. Other single charac-
teristics and combinations of characteristics were unsatis-
factory as classifiers.

It can be concluded that trees of var. arizonica are
identifiable by their furrowed bark and lack of resin glands
on the foliage. Conversely, var. glabra trees will frequently
have smooth bark and foliage dotted with resin glands.
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Summary

Data on tree growth from five field trials of interpro-
venance hybrids and parent provenances of Picea abies
in central Sweden are presented. They belong to three
series of trials established in 1958, 1966 and 1974, respecti-
vely- The mating design is factorial in all series, but many
families are missing.

In two trials the variance components for GCA for tree
growth characters were 3-10 times larger than for SCA. In
one case they were of similar size and in trial No. 2 the
ratio between the components GCA:SCA varied between
1.4 and 5.2. In the fifth trial no estimate of GCA or SCA
was made owing to too many missing values. Strong sig-
nificance for GCA was noted in three of the trials, but
strong significance for SCA was only obtained in the se-
cond trial. Good general combiners were revealed in all
but one of the provenances tested. Our data provide little
or no support for a concept of general superiority of inter-
provenance hybrids.
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A graphic technique to illustrate the stability of a family
at two or more test sites is presented in Figs. 4 and 5 and
families superior at two test sites were distinguished.

Outstanding performance of some individual families
was noted. The largest gains will be obtained by producing
commercial seed of selected families.

Key words: Picea abies (L.) Karsr., provenance hybrids, general
combining ability (GCA), specific combining ability
(SCA), genotype X environment interaction.

Zusammenfassung

In fiinf Feldversuchen mit Provenienzhybriden von Pi-
cea abies (L.) Karsrt. in Zentralschweden wurden Baumho-
hen und Volumenzuwachsmessungen durchgefiihrt. Die Ver-
suche gehdren zu drei verschiedenen Serien, die 1958, 1966
und 1974 gepflanzt wurden. Das Kreuzungsschema ist in
allen Serien faktoriell, wobei jedoch viele Familien fehlen.

In zwei der Versuche waren die Varianzkomponenten
flir allgemeine Kombinationseignung (GCA) 3—10 Mal

Silvae Genetica 31, 5—6 (1982)



groBer als fiir spezifische Kombinationseignung (SCA). In
einem Fall waren sie gleich groB- Im zweiten Versuch va-
rierte die Quote GCA:SCA zwischen 1,4 and 5,2. Im fiinf-
ten Versuch fehlten so viele Familien, daB keine Schit-
zung durchgefiihrt wurde. Hohe Signifikanz fiir GCA wur-
de in drei Fillen erreicht. Hohe Signifikanz fiir SCA wur-
de nur im zweiten Versuch erlangt. Klone mit guter GCA
fanden sich mit einer Ausnahme in allen Provenienzen.
Diese Resultate stiitzen nicht eine allgemeine Uberlegen-
heit von Provenienzhybriden.

Es wurde eine graphische Methode entwickelt, um die
Stabilitdt der Familien in mehreren Feldversuchen zu il-
lustrieren, (siehe Fig. 4 und 5). Uberlegenheit von densel-
ben Familien kam in zwei Feldversuchen vor.

Unvergleichlich guter Zuwachs wurde fiir einzelne Fa-
milien erreicht. Bei familienweiser Produktion von Sa-
men lassen sich die groffiten kommerziellen Gewinne er-
zielen.

1. Introduction

Following the last glaciation Picea abies migrated west-
wards from its refuge in the eastern part of Russia (cf.
ScumipT-Vocr, 1977)- When the species reached the western
part of the Soviet Union the migration continued both in
southern and northern directions. This species came to
Sweden via Finland following a northward migration, and
then a southward migration within Sweden. This pattern
may have given rise to two important conditions for the
selective breeding of Picea abies:

1. A deficiency of growth promoting genes in southern
and central Swedish populations, lost during the mi-
gration northwards.

2. A substantial genetic differentiation between Swedish
and central European populations of Picea abies.

The loss of vigour is probably a consequence of earlier
growth termination than needed in southern and central
parts of the country. This is one of the reasons for the
superiority in growth of exotic provenances of Picea abies
in southern and central Sweden first reported by LANGLET
(1960). His results have later been confirmed in other pro-
venance experiments (ENgsi6 et al.,, 1978). Therefore, it is
tempting to try to combine the good vigour of the central
European provenances with the hardiness of the native
Swedish provenances of Picea abies. In addition, there are
reports from other species that crosses between different
provenances may lead to a luxuriance of the hybrid off-
spring (DeNGLER, 1939; Jounsson, 1956). Both these possibi-
lities were considered when experimentation with pro-
venance hybridization in Picea abies started during the

60°

= - 'uu‘.—-...&.-:f’-—
)} S eKarshol ,4eeta 0

Glavae £ Apertin ™, .

042,

Fig. 1. — Location of the trials
@ = 1955/1958 trials
A = 1965/1966 trial
] = 1971/1974 trials
Letters O—Z = location of Swedish parent trees.

early fifties (cf. NiLsson, 1958). The belief in the benefits of
provenance hybridization in Picea abies was so strong that
the majority of Swedish seed orchards with this species
were composed of clones of two widely separated pro-
venances.

Promising results of interprovenance hybridization were
later on reported for Picea abies by NiLsson (1964, 1975),
Ericsson (1975) and Bromqvist (1976).

The purpose of this paper is to present data and study
the question of hybrid vigour in five field trials with in-
terprovenance hybrids of Picea abies planted at different
localities in central Sweden.

Table 1. — Geographic data of the test sites, plot size, replications, characters assessed and age
at assessment.

Plot Characteristics Traits Age at
Locality Latitude Longitude Altitude size Repl  of the site studied assessment

Karsbol — 59°37*  13%37° 80 4x8 4  farm land, Height 22

clay Diameter "

Stem volume "

Volume per ha "

Glava 59033 12%36" 60 x1 5-32 farm land, Height 22

x=20.0 fine soil Diameter "

Stem volume "

Apertin 59932¢ 13%1" 90 X1 5-47 farm land, Height 13

x=31.6 fine soil Diameter "

Stem volume "

Hova 58047+ 14°11+ 120 1x1 20-31  farm land, Height 8
Xx=26.6 organic soil

Attesta 59%39" 18%06* 25 1x1  9-24 high productive, Height 8
x=15.9 forest site
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Table 2. — Mating design of Karsbol (1) and Glava (2) trials plan-

ted 1958. S-clones originate from the western part of central Swe-

den. Eo-clones are selected plus trees in south Swedish stands
of central European origin.

S 3129 S 3366 Eo72 Eo73 Eo74 Eo75 Eo76 Eo77
S 3348 1;2 152 132 132 132 2 132 132
S 3366 152 - 152 132 - 1;2 - -
S 3369 1352 1;2 152 152 132 152 132 -
S 3353 152 2 1520 152 152 132 152 132
S 3043 - 152 152 - 132 2 - -
S 3044 1;2 1352 1352 152 - 132 - -

2. Material and Methods

2.1 The trials

The experimental plantations included in the present
investigation are listed in Table 1. All trials were estab-
lished by Dr. Bo Nusson. The location of the trials is
shown in Figure 1. To illustrate the approximate origin of
the clones the letters of their reference numbers are indi-
cated on the map.

2.1.1. Karsbol and Glava

In Table 2, the families planted at' Karsbol and Glava
are given. Some of the clones of Swedish origin were so-
called plus trees, others were ordinary trees or minus
trees, the latter showing poor vigour in the stands. The
mating design may be regarded as a factorial one with
several families missing. However, estimates of general
and specific combining ability variances (GCA and SCA)
may be obtained. Two commercial control seedlots from
local stands were planted at both sites. All seedlots were
sown in a greenhouse in March 1955, and field planting
was carried out during spring 1958 at a spacing of 1.5 X
1.5 m. At Karsbol thinnings were carried out in 1964 and
in 1971 and at Glava in 1973.

The assessments were made in 1976 when the trees had
reached an age of 22 years from seed. Results from Kars-
bol and Glava were presented by NiLsson (1964, 1975).

2.1.2. Apertin

In the trial at Apertin six clones from the western part
of central Sweden and one clone of central European ori-

Table 3.

gin were crossed with 12 males selected in west Germany
in a factorial design.

Twelve open pollinated families of Swedish and German
parents were included in the Apertin trial as shown in
Table 3.

The seeds were sown on gravel in a greenhouse during
spring 1965 and the field trial was established during au-
tumn 1966 at a spacing of 1.8 X 2.4 m.

The assessments at Apertin were made in 1977 at an age
of 13 years from seed.

2.1.3. Hova and Attesta

The families tested at Hova and Attesta are shown in
Table 4. The mating design may be regarded as a partial
factorial one or as three separate factorial experiments
between which there are no common families. The num-
ber of seeds was in many cases too low to allow field
planting at two test sites. These two trials are the oldest
ones containing hybrids between central Swedish clones
and clones of eastern European origin. The males were
selected in Danish provenance trials. They are not plus
trees but may be regarded-es representatives of their re-
spective populations. The Swedish clones are plus trees of
varying origin.

Open pollinated progenies from some of the males cons-
titute controls in these trials and four open pollinated
families from a central Swedish stand of central European
origin were also included. The same commercial controls
as planted at Karsbol were planted at Hova and Attesta as
well.

The seeds were sown in a greenhouse in 1971 and the
field trials were established during spring 1974. The
spacing was 2.3 X 2.3 m.

Heights were measured in 1978 at age 8 from seed.

The volumes of the trees were estimated depending on
size by the formulae presented by NAsLunp (1941) and AN-
DERSSON (1954).

2.2. Statistical methods

An analysis of variance was carried out to test the signi-
ficance of GCA and SCA differences and to estimate vari-
ance components. Different linear models were used de-
pending on the experimental design of the trials.

— Mating design of Apertin trial — planted 1966. Family reference numbers

are denoted.

CONTROL POLLINATED (FULL-SIB) FAMILIES

Q S Up 285 Up 286 Up 287 Up 288 Up 289 Up 290 Up 291 Up 292 Up 293 Up 294 Up 295 Up 139
S 3125 1 8 15 22 29 36 43 50 56 61 66 7
S 3357 2 9 16 23 30 37 44 51 - - - -
S 3364 3 10 17 24 31 38 45 52 57 62 67 72
S 6231 4 1" 18 25 32 39 46 53 58 63 68 73
S 6318 5 12 19 26 33 40 47 - - - - -
W 6007 6 13 20 27 34 41 48 54 59 64 69 -
up 1 7 14 21 28 35 42 49 55 60 65 70 74

OPEN POLLINATED (HALF-SIB) FAMILIES:

s 3125
S 3357
S 3364 "
S 6318 .
W 6007 "
Up 1 "
E 2002 "
t 2003 "
E 2004 " "
E 2007 " .
S 3357 " "
S 6318 " "

in the stand
"
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Open pollination in the clone archive at Grimstad.

in which the tree is growing.

S- and W-clones are of central
Swedish origin.

E-clones are of central European
origin.

Up-clones are of western German
origin.



Table 4. — Mating design of Hova and Attesta trials — planted 1974.

Family reference numbers are

denoted. Numbers written in italies indicate that those families are only represented at Hova.

Full-sib families:

0P families from:

-
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The trials at Karsbol, Hova and Attesta were laid out in
randomized blocks (cf. Table I). The Attesta trial was not
included in this type of analysis since the number of fami-
lies missing was regarded as too high (cf. Table 4). The
trials at Glava and Apertin have a completely randomized
design (cf. Table 1). Two linear models were used; for
Karsbol and Hova, model (1) and for Glava and Apertin,
model (2):

Yijk = u + 8 + 8j + Sij + bk + €ijk 1)
Yijr=pt gt g + s Tey (@)
where
pu = an effect common to all crosses and blocks
g; = the GCA of parenti
s;; = the SCA in the cross between parents iandj
b, = the effect of block k
ejjx = the error term

We assume that g;, s;; and e, are independent random
variables with means zero and variances o, o, and g, re-
spectively.

For Karsbol and Hova an analysis of variance for a two-
way classification was carried out according to MATERN
(1977).

For Glava and Apertin an analysis of variance with a
one-way classification was made. Since the number of re-
plicates are unequal an unweighted means analysis was
used (SeArLE, 1971 p. 365—369).

Estimation of GCA for individual parents was carried
out according to Henperson (1975) for Karsbol, Apertin and

Hova.

3. Results and Discussion

3.1. The relationship between GCA and SCA variance

The relationship between the size of GCA and SCA
variance is of crucial importance for the forest tree
breeder. At present only the GCA variance can easily be
exploited by establishment of conventional seed orchards.

The computation of GCA and SCA variance is, accord-
ing to the formulae derived for their estimation, only
strictly valid for randomly selected trees originating from
the same Mendelian population.

None of these conditions were present in our study
which involved pure and hybrid offspring from widely se-
parated populations. Moreover, in most cases the trees
selected constituted some of the best performing trees in

20 Vdrmland 150 m above sea level
45 w 375 m " " M

their stands. The estimates of the GCA and SCA variances
may therefore be of limited value if the breeding is con-
fined within either of the provenances. This must be kept
in mind when these variables are presented in our paper.

There is a need for trials with a systematic mating de-
sign which include a sufficient number of all three types
of crosses within and between two provenances. Based on
such trials it would be possible to compare GCA’s esti-
mated from intra-provenance crosses with the GCA'’s
estimated from inter-provenance crosses. Such data would
be very useful for most of the breeding zones for Picea
abies in Scandinavia since interprovenance hybridization
is thought to be one good means of improving vigour in
Picea abies.

Until we have this knowledge, the estimates of GCA and
SCA variances obtained in our study can with reliability
only be utilized for a renewed hybridization between the
provenances tested in our study. Another prerequisite for
the reliability of the estimates is that the trees to be used
in such a hybridization should be selected in the same way
as they were in our study.

The data from the analyses carried out are summarized
in Table 5. The F ratios for GCA were in most cases highly
significant (except Glava, diameter and stem volume). The
F ratios for SCA were non-significant or of lower signifi-
cance than for GCA, with the exception of Glava. The
deviation from the general pattern at Glava may be due to
various reasons. Competition became more severe in this
trial because thinnings were too late. Each family was also
represented by varying numbers of plants which may have
given rise to uneven effects of competition. According to
NissoN (pers. comm.) the border effects were strong in
this trial which was planted without border rows. These
factors may also have operated in combination. Accor-
dingly, greater weight should be placed on the results
from Karsbol than those from Glava. The variance com-
ponents for the characters studied at Karsbol, Hova, and
Apertin were several times higher for GCA than SCA,
with one exception — tree height at Hova. Whether this
could be attributed to a different sample of clones at Hova
as compared to Karsbol and Apertin or to the uncertain-
ties in the estimation of GCA and SCA at Hova can only
be speculated about.
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Table 5. — Mean squares, F ratios and variance components for trials at Karsbol,
Glava, Apertin and Hova.

GCA SCA F ratio Variance components

D.f. M.S. D.f. M.S. GCA SCA GCA SCA error
KARSB0L
Height, m 12 3.07 20 0.424 7.24%** 1,18 0.14  0.02 0.36
Diameter, mm 12 267.1 20 63.66 4.20%* 1.32 11.18 3.87 48.19
Stem volume, dm3 12 150.4 20 29.89 5.03*** 1,25 6.62 1.49 23.92
Volume per ha, m3 12 1034.2 20 173.1 5.97*** 1,12 47.31  4.66 154.43
GLAVA
Height, m 12 0.724 20 0.196 3.70%* 1.78* 0.42 0.08 2.03
Diameter, m m 12 186.9 20 85.19 2.19 3.07*** 82.06 57.44 513.2
Stem volume, an® 12 199.1 20 89.38 2.23 3.19*** 88,47 61.35 518.3
APERTIN
Height, m 17 0.57 48 0.075 7.62%** 1.47* 0.07 0.02 1.21
Diameter, mm 17 153.3 48 19.39 7.90%** 1,58% 19.58 7.12 292.10
Stem volume, dm3 17 19.84 48 2.16 9. 17%x* 1 54 2.58 0.76 33.33
HOVA
Height, cm 35 1524.02 51 444.6 3.43%** 2 42%* 42,37 43.47 183.77

The previous reports from Karsbol and Apertin are
somewhat ambiguous with respect to the relative size of
GCA and SCA variance for height growth. NiLsson (1964)

General combining ability. %

20 Karsbol, age 22
1 Stem volume
10

o4

-10

Apertin, age 13
Stem volume

n+

+

Clones:
B North Swedish

Z Central Swedish
% South Swedish
# Central European

10~ Hova, age 8
{ Height

0,, _,A
[770™

-0

f

AN\

[

Fig. 2. — Parental GCA’s in percentage units above and below
experiment mean (). At Karsbol z = 257 dm’ At Apertin
7 = 10.7 dm?. At Hova 2 = 107 cm.

+ = plus tree, — =

minus tree, O = intermediate, ? = unknown.
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stressed that strong GCA was noted for height growth but
stated that SCA may also be of importance. Later on Ni.-
sson and ANDERssON (1969) stated that “The hybrids show
strong specific combining effects in relation to general
combining effects”. In his summary of interprovenance
hybridization in Picea abies Niisson (1975) focused atten-
tion on the exploitation of SCA in Picea abies breeding
whereas nothing was mentioned about the exploitation of
GCA. For bud-set and bud-flushing Nisson (1964, 1969)
reported that GCA was significant whereas SCA was non
- significant. This finding agrees largely with the results
reported by Eriksson et al. (1978).

There is only one paper known to us, presenting data on
the relative role of GCA and SCA following interproven-
ance hybridization in Picea abies. Skrerra (1979) reported
that SCA variance was significantly larger than GCA
variance in an eight year old trial consisting of interpro-
venance hybrids between Norwegian and German clones.
The mating design was a 7 X 2 factorial one. On the other
hand the GCA and SCA variances in two other factorials,
5 X 2 and 8 X 2 respectively, were of almost the same
magnitude. In these cases all clones were of Norwegian
origin. In another Norwegian investigation, both types of
effects are found significant both for growth rhythm
characteristics and height growth of families in diallel
matings, each carried out within three separate stands
(SkrePPA, pers comm., 1981).

3.2 GCA of parents

The high significance for GCA variance noted at Kars-
bol, Apertin, and Hova called for an examination of the
GCA of individual parents. In Fig. 2, in which the GCA of
individual parents at Karsbol, Apertin, and Hova is
shown, different screens are used to make it possible to
distinguish parents of varying origins. An examination of
these figures discloses that there are no apparent proven-
ance differences between parental GCA values. The only
clear tendency is the poor performance of the South Swe-
dish parents at Hova. Good general combiners may be
found in all origins except for the South Swedish one.
These results stress the need for individual progeny test-



Volume/stem, dm®, age 19
Karsbol

Glava

60}

55

401

35+

25+

20

151 5
15 20 25 30 35 40 45
Volume/stem, dm?, at two test localities

Fig. 3. — Mean volume/tree of the families at Karsbol and Glava.

ing of clones originating from different populations (see
also NissoNn and ANDERssoN, 1969).

3.3 Genotype X environment interaction

To get a graphical impression of the genotype X envi-
ronment interaction, the results from Karsbol and Glava
for stem volume were plotted in a diagram of the type
used by Fintay and WikinsonN (1963). From this diagram
(cf. Fig. 3) it is evident that some pronounced changes in
ranking from Karsbol and Glava occurred.

A similar pattern was noted for the families tested at
Hova and Attesta. Using Tukey’s test for non-additivity

Amplitude, o

(SokarL and Rowurr, 1969, p. 378) the interaction was shown
to be significant at the 0.1% level for Karsbol — Glava
whereas it was non-significant for Hova — Attesta.

For a proper selection of clones for future seed orchards
it is necessary to cover the variability in site conditions
when candidate clones are progeny tested. In his study on
genotype X environment interaction, Owino (1977) found
that the efficiency of selection of the best families was
increased by 20% when three instead of one test site was
used-

Different methods to estimate the genotype X environ-
ment interaction have been derived (Yares and CocHRAN,
1938; Wricke, 1962; FiNnLAy and WiLkiNsoN, 1963; EBERHART
and Russer, 1966; Tai, 1971). In most of them a regression
on the performance over sites is calculated. Many of the
old Swedish progeny tests were only planted on one site
or replicated at two or three test localities only. The small
number of sites does not permit an estimate of stability by
using regression analysis. We have tried to develop a
simple method for  the breeder to directly identify the
most stable families in a diagram. By stable is meant that
an entry shows the same relative performance on two or
more test sites (cf. EseruarT and RusseL, 1966).

When many families are illustrated in the Finlay-Wil-
kinson type of diagram it is difficult for the breeder to
trace individual families, especially if three or more test
sites are involved. Therefore, for such a situation we sug-
gest that the differences between the results (“amplitude”)
at the two test sites are plotted against the mean value of
the family at the two sites. In such diagrams (Figs. 4 and
5), the families of greatest interest for the breeder are
easily indentified in the lower right corner of the diagram.
The difference between progeny values at different test
sites (amplitude) may be expressed in measurement units
or in standard deviation units. We preferred to use the
latter since it varied from one trial to the other. If it is
assumed that the two sites are of equal importance for
breeding in a certain zone, the families to the right of the
diagonal axis in Fig. 5 ought to be selected. A large aver-
age height or volume can only to a certain extent compen-
sate for the drawback of a large amplitude.

The type of diagram shown in Figs. 4 and 5 can be ex-
tended to experimental series comprising three or more
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Fig. 4. — Amplitude (difference between sites) plotted against family means
over test sites — Karsbol and Glava.
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Fig. 5. — Amplitude (difference between sites) plotted against family means
over test sites — Hova and Attesta.

trials. For such series comprising e.g. four trials the mean
amplitude fcr the differences trial 1 — trial 2, trial 2 —
trial 3, trial 3 — trial 4 has to be plotted against the mean
volume at all four trials. The numbers are given according
to declining mean performance of the trial.

3.4 Realized gains

The gains obtained from different types of families are
shown in Fig. 6 with the standard deviation as the unit,
which is analogous to the approach used by GierrycH (1976)
for Norway spruce provenances. With assessments at dif-
ferent ages and for different characters, percentage gains
will diminish with age whereas gains in standard devia-
tion units may be expected to be more independent of
age. Neither the commercial controls nor the open polli-
nated families were included in the calculation of the
standard deviation and the gains shown in Fig. 6 are gains
in relation to the average of the artificially pollinated
families.

The same two commercial controls were used for four of
the five test sites illustrated in Fig. 6. Their mean values
varied from —0.650 to —1.280. The presence of central
Swedish X eastern European hybrids at Hova and Attesta
may have caused the slightly lower values of the com-
mercial controls at these test sites. Eastern European
provenances are the best growing provenances for this
part of Sweden (e.g. LanGLeT, 1960; KruTzscH, 1975).

Gains obtained following mating between the three best
Swedish and three best central (or eastern) European
clones identified on the basis of GCA (cf. Fig. 2) are shown
in Fig. 6. At Karsbol five of the nine possible families were
present while seven families were present at Glava. The
mating design for the trials at Hova and Attesta did not
permit such an illustration. For these two trials the mean
values for the hybrid families (Swedish X eastern Euro-
pean) including the three best Swedish parents are illus-
trated. The best Swedish X Swedish and Swedish X cen-
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tral/eastern European families are also illustrated in these
figures.

Units of the standard deviation

-2 -1 0 1 2 3 4
1 1 4 1 1 1
COMM. CHECKS
Karsbol NN 3 BEST SWx3 BEST CE
vol/ha BEST SW
SW-SWEDISH NI BEST HYBRID
COMM. CHECKS
Glava NN 3 BEST SWx3 BEST CE
stem volume BEST SW
CE=CENTRAL
EUROPEAN UINHINNE BEST HYBRID NHITINAIITEN
COMM. CHECKS
Hova IINNANNIN 3 BEST SWXALL EE
height
EE-EASTERN BEST sw
EUROPEAN NN BEST HYBRID MMM
COMM. CHECKS
Attesta INHNNNI 3 BEST SWXALL EE
height ' BEST SW
BN BEST HYBRID NN
Apertin
OP 12 TREES
stem volume NIRRT 3 BEST SW x 3BEST CE
NN BEST HYBRID HINHNMHIININ
Fig. 6. — Deviations (in standard deviation units) from experi-

ment mean for families or groups of families and commerecial
control means.



Except for Glava, where the differences between fami-
lies were probably exaggerated by not thinning at the
proper time, the 3 X 3 best families exceed the mean va-
lue by at least 0.95 standard deviation units. The differ-
ence between them and the mean value for the two com-
mercial controls amounted to approximately two units of
the standard deviation.

The biggest gains will be obtained by making use of the
best full-sib families, which exceed the average by 2—4
units. This points to the potential gains that may be ob-
tained by using two-clone seed orchards. A prerequisite
would be that the families are superior at two or more
test sites (cf. page ) and that clones are fairly self-sterile.

At Karsbol, Glava, and Apertin none of the provenances
or provenance combinations was superior to the others.
In contrast to this, the analysis of variance on the data
from Hova revealed a significant difference between the
different types of mating included in this trial. This could
probably be attributed to the good performance of the
Swedish X eastern European families. At the nursery
stage the interprovenance hybrids, later on tested at Aper-
tin, outgrew the Swedish parental population, according
to NiLsson (1975).

4. Concluding Remarks

Data in the present investigation give little or no sup-
port for a general superiority of interprovenance hybrids.
Some families are superior while others are inferior. The
reason for this is apparently that they are offspring of
good or poor parents. A good parent thus contributes a
growth promoting growth rhythm to its offspring.

Some genetic improvement from interprovenance hy-
bridization at the population level may be obtained but
the greatest progress will be obtained by crossing good
general combining parents. Gains exceeding the family
average by 4 standard deviation units may be obtained
from some full-sib families. Such big gains suggest that
commercial seed ought to be produced in biclonal seed
orchards or by any other method that ensures the mass
production of full-sib families.
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