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1. Introduction

The quality of seed, as well as seed production, are both directly and in-
directly of importance for the existence of mankind and also of a consider-
able number of animal organisms. With regard to agricultural and garden
plants the question of seed, from the food production point of view, becomes
of vital interest on a global scale. The quality and quantity of seed production
in forest trees is an important link in the same chain of interests. For many
people the forest, its raw products and the manufacture of its industrial pro-
ducts, means employment, security and a higher standard of living,

Apart from price levels, extent of forest area and management of forestry,
the value of the forestland will depend upon, inter alia, our ability to bring
into being in different parts of our country—under the prevailing conditions
of production and marketing—new forests of the best possible utility or
cultivation value, suitable density and composition of species.

The knowledge, gained through seed research and reforestation studies,
of the differing qualitative properties of the natural seed within certain
extreme climatic regions, for instance in Northern Europe, has helped to
increase understanding in Scandinavia of the genetic and physiologic quality
of forest-tree seed. Forest genetics and its practical application (provenance
research and tree breeding), on the basis of the results achieved from research
and experimental plantations, has time after time actualized the physiologic-
-genetic variation of tree properties, including seed characters, whilst at the
same time steps have been taken for the production in seed orchards of
certain quantities of forest-tree seed. By locating these seed orchards, built
up on selected clones, in areas where the conditions for flowering and seed
ripening are favourable, the tree breeder expects, in seed orchards established
for, and with clones from regions with poor quality and quantity production
of forest seed, both a physiologic and a genetic gain after artificial selection
and intercrossing of the clones with reference to seed quality. At the same
time a larger seed harvest, in relation to the original trees and their places of
growth, is expected in these orchards, due among other things to the better
location of the seed orchards from a climatic point of view. The genetic gain
may also differ for different tree properties. In the first generation of seed
orchards, without having tested the cross combinations of the clones, this
gain is the same as for mass selection with an identical selection intensity.
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The gain is equal to the product of the degree of heritability in a narrow sense
and the selection differential for the characters selected. If selection is applied
to more than one character simultaneously, the genetic correlation between
them and the number of attributes selected also affect the selection gain.

There are still many questions associated with the quality of the natural
seed and with seed production in the seed orchards. The formation of empty
seed is influenced by various genetical, physiological and external factors,
some of which are known (cf. ANpERsson, 1947 a and b, LaxGNER, 1951 and
1953, JouNssoN, KIELLANDER and STEFANSSON, 1933, EHRENBERG, GUSTAFS-
soN, PLyMm ForsHELL and SiMax, 1955, Sarvas, 1953, 1957, 1958, and 1962,
Jouxsson, 1961, KraraN and WHEELER, 1961, and GusTarsson, 1962). The
components of causes which lead to the formation of empty seed, particu-
larly in Norway spruce, have been investigated in only a small degree.
Relatively little information is available for Norway spruce, in contrast to
that for Scots pine, on the variation in seed production, in empty seed and
in seed germination capacity between individual trees within populations
exposed to different environments. Broadly speaking, detailed investigations
of the relationships between cone and seed properties and between seed
characters are lacking for Norway spruce, as are also investigations of the
variation in climatic tolerance during macro- and microsporogenesis.

It would be of great interest to know these variations and relationships,
especially for the composition of clones in seed orchards, for seed supply
areas at altitudes of about 300 m. and above in northern Scandinavia and
comparable climatic regions. The reproductive fitness of the trees in these
regions is of particular importance. High seed production and seed germina-
tion ability are important attributes for selection, as are always timber
production and resistance to diseases, if it is intended that the stands esta-
blished with orchard seeds shall be able to regenerate naturally by seedlings.
Although the natural reproduction of forests has generally diminished and
probably will further diminish, it is especially desirable in the high levels of
northern Scandinavia, from the economic point of view, to have natural
reproduction and increased reproductive fitness of the tree populations. It
would therefore seem, in many cases, that studies on variation among trees
in reproductive capacity are of importance for selection of plus trees and
for seed collection.

From the tree breeder’s viewpoint a large range of variation between trees
is of great interest, and often of great importance for selection, if there exists
a significant correlation (especially in a positive direction) between the pheno-
typic characters and the genotypic constitution. Although the phenotypic
variance includes both the genotypic and the environmental variances as well
as the interaction component between genotype and environment, correlation
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between repeated measurements, e.g. between years, for a phenotypic char-
acter on the same individual can also be used as a criterion for selection, and
lead to an increased selection gain.

The major purposes of the author’s investigation in Norway spruce were
the following: 1) to make a study of the association between some cone
and seed properties and between some seed characters, 2) to study the range
of variation within populations and the variation between populations with
respect to seed yield per cone and seed quality, and 3) to study the reproductive
fitness of trees and populations in especially extreme climatic regions with
regard to the course of meiosis and the formation of male gametophytes. In
populations of Norway spruce there exist not only “genic and chromosomal
sterility” (ef. Dopzraxsgy, 1933) but also disturbances of meiotic divisions
influenced by unfavourable climatic conditions.

Considerable attention is given under point 1 to variations and relationships
of cone and seed properties in order to clarify:

a) the treewise and standwise variation of these properties within some
provincially distributed spruce populations,

b} these properties’ relationships with one another as well as differences
in relationships with regard to trees and populations, and

¢) what effect various characters may have on seed quality and seed
yield per cone, e.g. characters which together with the number of cones
per tree are of importance for harvesting of cones, for the selection of
seed trees and plus trees in especially high altitudes in northern Scandi-
navia.

The studies on the reproductive fitness with reference to male meiosis and
pollen fertility will be published in a paper at present being prepared, entitled
—“Studies of meiosis in Norway spruce (Picea abies (L.) Karst.)".

The present work should be regarded as a contribution intended to help to
clarify some variations and relationships connected with seed production,
seed quality and reproductive fitness of Norway spruce at altitudes above
300 m. especially in northern Sweden. Estimations of covariations between
repeated observations on the same trees and of variance components due
to different tree characters such as seed production ability and germina-
tion capacity give valuable information about the reproduction ability and
the reproductive fitness of the trees.
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2. Flowering and seed setting in conifers. A short review

Afforestation is intimately bound up with the seed question from both the
qualitative and quantitative points of view, and this irrespective of whether
it is a matter of natural or artifical regeneration (through sowing or
planting). The quality of the seed is in its turn dependent upon the genetic
constitution of the seed (cf. e.g. ANDERssoN, 1947 a, b, and 1955, Jouxssox,
KieLLaxper and STEFaNssoN, 1953, Prym Forsuerr, C., 1953, ROHMEDER,
1954, Smvaxk and GusTarssoN, 1954, EHRENBERG, GuUsTAFSSoN, Prym
Forsuerr, C., and Sivaxk, 1955, Happers and Aucrex, 1958, and Jorxssox,
1961) and upon the modifying effect of the milieu upon seed formation and
seed maturity. The forced production of seed is of current importance for
tree species with a small seed production (e.g. Picea abies and Pinus silvesiris)
and especially in regions with a severe climate, where seed production is low
and the physiological quality of the seed in most cases poor. In extreme high-
land country in Central Europe and in highland areas (as a rule more than
300 m. above sea level) in e.g. northern Europe the temperature during the
vegetative period is often a striking minimum factor for seed maturity,
seed production (cf. inter alios, Kerner, 1864, BLoMovisT, 1883, HoLmERZ and
ORTENBLAD, 1886, CIESLAR, 1887, ORTENBLAD, 1894, MAREK, 1910, ScHOTTE,
1911, Renvarr, 1912, Hacem, 1917 and 1931, Bt¢HLER, 1918 and 1922,
Wiseck, 1919, 1920 and 1928, Heikixuemvo, 1921, Ouperrz, 1921, EIDE,
1925 a, b, 1927, 1930, 1931 and 1948, Kusara, 1927, Norprors, 1928,
Orsanr, 1931 and 1952, Mork, 1933 and 1948, Trrex, 1935, Gopske, 1948,
SKINNEMOEN, 1948, NorpsTrOM, 1953 a, RoHMEDER, 1954, and EBELING,
1961) and for growth, conditions of reproduction and tree limit (cf. inter alios
DeNGLER, 1904, 1910 and 1922, Frirs, 1913 and 1918, WaLren, 1917,
Kormonin, 1923 and 1935, Exquist, 1924 and 1933, SrALrFeLT, 1924, WIEDE-
MANN, 1925, E1pE, 1926, 1928, 1930 and 1948, ExerotH, 1930, Hacen, 1931,
AaNsTaD, 1934, LaxcrLeT, 1935 and 1959, ErLanDsson, 1936, Morxk, 1941,
Orbpixng, 1941, NisLunp, 1942, ArnBoRrG, 1943, Exrunp, 1944 and 1954,
RubpEN, 1945, RoBaxk, 1948, Mikora, 1950, MGLLER-STOLL, 1951, LADEFOGED,
1952, HoLMGrEN, 1954 and 1961, Hormscaarp, 1955, PETrERSON, 1955,
SIrEN, 1955, EBELiNG, 1957, 1959, 1961 and 1962, Steranssox, 1957,
SCHULENBURG, 1958, HAGBERG, 1959, and HacrERG and Arman, 1959). Hor-
vmEerz and OrTENBLAD's (1886, p. 53) observations concerning the connection
between temperature and seed production ete. in extreme highland regions in
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northern Sweden may be adduced as an illustrative example of the influence
of extreme temperatures upon seed setting and seed maturity. They state:
“On the other hand, increased cold and shorter vegetative period undoubt-
edly have an unfavourable effect upon the seed production of trees; and the
explanation of the fact that a number of the conifers at the highest altitudes
are sterile is probably to seek in the circumstances indicated above. There
is in our opinion a seed production and seed quality limit, as well as a vegeta-
tion limit. The lowering of the former must keep step with the rise of the
land; and if the latter can retain its once encroached boundaries independ-
ently of the rise referred to, this is in the majority of cases ascribable to
reproductionn by other means than through seed.”’ Similar observations with
respect to feeble or no flowering in certain trees are mentioned by REN-
varLL (1912, p. 33).

Also other external factors seem more or less to affect the setting and
development of the flower buds, the flowering, seed formation and seed
maturity etc., such as the light conditions, rainfall, wind and nutrition, the
age of the tree, the density and the height above sea level etc. (Except for the
disseminating of the pollen, however, the importance of the wind for the
flowering, seed maturity and reproduction (AnpEerssox, 1955) should for
northern Europe probably be restricted to extreme and exposed altitudes (cf.
e.g. HoLmerz and OrTENBLAD, 1886, NorpFors, 1928, Eipe, 1930 and Hora-
GREN, 1954, 1956 and 1961). Especially at low temperatures the wind strength-
ens the effect of temperature markedly.) Of the external factors which in the
above mentioned biological connections have been made the object of obser-
vations and studies, the temperature—probably with every justification—
has been generally considered the most important (cf. VEsTERLUND, 1896,
Hacewm, 1917 and 1931, Eipg, 1930, p. 489, Morxk, 1933 and 1948, TirEN,
1935, SKINNEMOEN, 1948, and EBeLING, 1961).

The effect of climate upon flowering, seed formation and seed maturation
is generally divided between:

1) year for bud setting
2) flowering year
3) year for seed maturation.

(For Norway spruce and other tree species of importance for our forestry,
with the exception of pine, the flowering year and the year for seed matura-
tion coincide.)

2.1. Year for setting of flower buds

Investigations referring to the year for the setting of buds deal as a rule
with questions concerning the effect of the environmental factors upon the
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setting of the flower buds, their development and the influence they exert on
the flowering and cone crop for the following year, and questions of importance
for the periodicity of the seed years (cf. inter alios BLomgvist, 1883, RENVALL,
1912, Lagkari, 1915 and 1921, Svyuvex, 1916, Hacew, 1917, ILvEssaro, 1917,
Eipe, 1926 and 1927, Opsanr, 1931, HemkingeiMo, 1932, 1937 and 1948,
Tren, 1935, MEesser, 1958, Sarvas, 1957 and 1962, and HacNER, 1958).
Tirex (1935) with regard to Norway spruce, and amongst others, HaceEm
(1917) with regard to pine, have found that a high summer temperature
during the year for the bud setting has a positive effect upon the intensity of
the flowering in spruce and pine and upon the cone crop the following yearin the
case of spruce and the same property in the case of pine recorded during the
second year of maturation of the cones. TiIREN (L.c.) states that where the
external morphological flowering threshold exists, in Sweden it is chiefly
a high July temperature, or some phenomenon resulting from this, that
hastens the buds’ developmental phase from wvegetative to reproductive.
Also an “‘intevior flowering maturity’”’ is a prerequisite for the attaining
of this threshold. TirEN consequently ascribes to a high July temperature
a strong triggering effect upon flowering. The external readiness for flowering
is considered by TrrEx to be connected with, inter alia, the occurrence of
vegetative buds that may be transformed to floral organs. In a rich flowering
year the number of terminal and lateral buds is in the case of Norway
spruce—and especially in older spruce trees in the north of Sweden—redu-
ced through the flowering, in contradistinction to what obtains in the case
of pine. This reproduction of buds taking place in a rich flowering year has
a negative effect upon the flowering in the next 2—3 years, until new buds
capable of development have had time to be formed. According to the same
researcher, there is reason to assume that a lack of rainfall during a longer
stretch of the summer season promotes the next year’s spruce flowering.
Although TireEx (1935) has not given any correlation or regression coeffici-
ents to indicate the connection between the cone crop for Norway spruce
and the two meteorological factors (temperature and rainfall), either jointly
or separately, it does nevertheless emerge from the graphic collations pres-
ented by him that the connection bhetween rainfall and humidity and the
bud setting year and the cone crop the following year is very weak. Further,
the connection between temperature and rainfall is as a rule also very slight
(cf. WaLLEN, 1917). As regards pine, ILvessaro (1917) shows a strong posi-
tive connection between summers with little rainfall and a good natural fresh
growth three years later. The results of research on the effect of these cli-
matic factors upon flowering and seed production do not, however, show
complete agreement. Sarvas (1957, p. 542) shows in the case of Norway
spruce that a high summer temperature in combination with drought during
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the bud setting year can scarcely be considered to exercise any decided effect
upon the next year’s seed harvest. He does, on the other hand, ascribe a cer-
tain triggering effect upon flowering to the combined influence of temperature
and drought.

As other external factors of importance for the process of flower formation
the literature adduces, as has been partly discussed earlier, the height above
sea level, the effect of light (BUrLER, 1918, p. 467), nutritive factors (PauL
and Marts, 1931, GeEmMER, 1932, CHANDLER, 1938, Haings, 1946, MURNEEK,
1948, ALLEN, 1953, WENGER, 1953, BEraMman, 1955, Maxi, 1955 and 1958,
Ozawa and MaTtuzaxki, 1955, NEmeC, A., 1956, Hoexstra and MErGEN, 1957,
Marraews and Mrrcrerr, 1957, Houst, 1959, Dewitr, 1960, HAUSSER,
1960, MerceEN and Vorar, 1960, STEINBRENNER, DUFFIELD and CAMPBELL,
1960, KreinscaMmIT, 1958 and 1961, Marrtaews, 1961, FAULKNER, 1962, and
Barnes and Bincuawm, 1963), site conditions (Renvarr, 1912, p. 114, and
Sarvas, 1962, p. 22 and pp. 150—162), variation in 24-hour rhythm between
light and darkness (photoperiodism, cf. BonNiNg, 1948 b, Mirow, 1956, and
Warei~Ng, 1956), the variation in temperature, e.g. as between night and
day or summer and winter (a form of vernalization, cf. BUnNiNG, 1948 b,
Mur~xeek and WrvyTE, 1948) and treatment with auxins, kinetin and acids,
e.g. gibberelins (cf. Skoog, 1944 and 1957, Surper, Axar and IsHikAWa, 1959,
HacuizuMme, 1959 a, b, and Karo, NaraxkaTstv and Reisr, 1959).

Flowering may to a certain extent be induced with the help of methods of
forced fructification such as girdling, strangulation and root pruning ete.
(ARNBORG, 1946, LixpqQuist, 1948 a, JENSEN, 1954, BEraMAN, 1955, SyrACH
Larsen, 1956, Hirr, 1957, HoexstrA and MEeRGEN, 1957, LoNeMaN and
WAREING, 1958, WarEING and Nasr, 1958, HerrMULLER and MELcHIOR, 1960,
Mercuior, 1960, and Marraews, 1961). The effect of these treatments is
as a rule of short duration (one to two years). The treatments reduce the
trees’ growth and vitality and often cause a high percentage of the trees to
die. Girdling and strangulation may in the case of spruce and pine lead
indirectly to severe attacks by insects. Root prunings may in their turn
occasion root infections in both deciduous trees (GarmerT, 1958) and co-
nifers (Low and Grapman, 1960, Favikner and Martaews, 1961). It is
therefore very risky to resort to methods of forced fructification, of the kind
mentioned, to induce flowering in forest-tree seed orchards or seed stands.
The application of girdling and strangulation should be restricted to single
individuals—and in this case preferably to a certain branch or certain
branches in the crown-—to ensure flowering for the carrying out of certain
artificial crossings during a particular year.

Trees with large and well developed crowns are generally higger producers
of cones and seeds than smaller trees or trees with much reduced crowns
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(FAULKNER, 1962), Sunlight is of great importance for the flowering of forest
trees. It is indisputable that trees enjoying much sunlight (e.g. along the
edges of stands or in sparsely planted stands) flower more luxuriantly than
trees in the shade (cf. Rexvarr, 1912, Frorence and McWirniav, 1956,
and MarTHEwWs, 1961).

The genetic and physiological factors (cf. e.g. Lang, 1948), separately and
in combination with each other and with external factors, probably play a
great role for the forest trees’ attainment of their flowering threshold, the
intensity of flowering, periodicity of flowering and fertility, although these
factors and the connection hetween them especially with respect to conifers
are as yet incompletely investigated. It is therefore of very great importance
especially for the work with forest-tree seed orchards (cf. Gustarsson, 1949,
JENSEN, 1954, ANxpERsson, 1957, 1958, 1960 and 1962, Syracu LARSEN,
1956, and SterN, 1960, and others) to investigate as soon as possible the—
probably complicated-—biochemical reactions and reciprocal processes
releasing and regulating the process of flower formation in forest trees.

Genetically conditioned variations have been shown with respect to the
earliness of flowering in Pinus silvesiris (ScEROcK, 1949) and with respect to,
inter alia, the attainment of flowering threshold and the seed production in
Pinus silvestris (Jounsson, KIELLANDER and STEFANSSON, 1953, ANDERSSON,
1954, ArnBoRG and HappErs, 1957, Happers and Ancrex, 1958, BLoMgvisT,
1961, and Jomxsson, 1961) and in Pinus nigra (Gatuy, 1939, and LENGER
and GartHY, 1960). Clone-bound variations in the attainment of flowering
threshold, earliness of flowering, pollen fertility and seed production have
generally begun to appear in our seed orchards of pine (cf. inter alios Jorns-
soN, KieLLaxper and Steransson, 1953, Simax and Gusrarsson, 1954,
ANDERssoN, 1954 and 1960, and Jounssox, 1961). Srmak and GusTAFssoN
(1953 and 1954) and Simax (1960) have likewise shown differences in the
percentage of empty seeds etc. in pine, of both a genetic and a modificatory
character.

Physiologically, a good carbohydrate status is said to have a favourable
effect upon the flowering (BUx~Ning, 1948 a, MURNEEK, 1948, and Birax,
1960). Photosynthesis affects the formation of flowering hormones (BUNNING,
1948 a, p. 200). Good assimilate supply is likewise of great importance for the
embryonic development of the seed plants (BUNNING, 1948 a, p. 209). The em-
bryo or embryos, asis known, get their nourishment from the endosperm, which
in e.g. spruce and pine is developed after the fertilization (cf. Mork, 1933, pp.
133 and 136, HAransson, 1956, p. 10, and Sarvas, 1958, pp. 13—14). If the
endosperm is destroyed, the embryo also dies (cf. Brixx and CoopERr, 1941,
and BuxniNg, 1948 a). A physiologically conditioned variability in male and
female flowering frequency between 60-year and 150-year old pines innorthern
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Finland has been shown by Rexvarr (1912, pp. 11 and 25). The older trees
flowered more profusely in relation to the younger ones, both male and female.
The variability in male flowering as between the age groups was greatest in
unfavourable or weak flowering years. In such flowering years the male
flowering is less reduced than the female flowering. The older trees produced
relatively more male than female flowers also in rich flowering years. The
relation between male and female flowers in the younger trees showed the
same tendency in good flowering years. In weak flowering years the female
flowering was reduced, relatively, to the same extent in both groups.

2.2, Flowering years

If one considers the influence of the weather during the flowering year one
finds only few data in the literature concerning the effect of the climate and
of climatic variations upon the development of the floral buds (the meiotic
divisions of the micro- and megaspore mother cells, pollen mitosis and the
continued development of the female gametophytes) and upon the fertiliza-
tion of forest trees. Indications, observations and studies on modificatory
disturbances of the gamete formation in Norway spruce, pine and larch are
restricted, as far as I have been able to ascertain, to information by RExvALL
(1912), Tmrex (1935), VoceL (1936), ANpERssonN (1947 a, b, and 1954),
Iwaxawa and Cursa (1952), BArRNER and CHRISTIANSEN (1960) and Curis-
TIANSEN (1960). Concerning such influences on the formation of the sex cells
and on fertilization in pine, REnvarLr (1912, p. 32) writes: “Ehe sich die
Befruchtung in dem auf das Bliitejahr folgenden Jahre vollzieht, sind beson-
ders an der polaren und alpinen Waldgrenze viele Faktoren wirksam, durch
welche die spéter folgende Samenbildung gefdhrdet werden kann oder die auch
die Samenqualitit in ungiinstiger Richtung beeinflussen. Sowohl die mé&nn-
liche als die weibliche Bliitenentwicklung fangt zeitig im Frithjahr an, wo in
den {fraglichen Gegenden regelméssig héufige, scharfe und andauernde
Witterungswechsel auftreten. Man kann sich leicht vorstellen, dass diese
ungiinstigen Bedingungen auf die jungen Samenanlagen und Pollenkérner
einen bedeutenden Einfluss ausiiben. So z.B. konnte die Keimfahigkeit des
Pollens aufgehoben werden. Aber auch wenn die Pollenschlduche zur Ent-
wicklung gelangen, ist es nicht ausgeschlossen, dass die Kerne doch nicht
mehr befruchtungsfdhig sind. Ebenso liegt die Sache beziiglich der weiblichen
Anlagen. Vorausgesetzt, dass der erste Friihling den Entwicklungsgang
nicht hemmt, folgen doch noch ein Herbst und ein zweites Frithjahr, wo die
dusseren Einflusse fiir die weitere normale Entwicklung der zarten Organe
kritisch sein konnen. Wenn dann auch die Zapfen auswachsen, ist immerhin
durchaus nicht gesagt, dass auch die Befruchtung wirklich vollzogen ist.”
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Similar indications concerning disturbances of the gamete formation have
been communicated by TirREN (1935, p. 504), as follows in translation from
the Swedish text: “As regards Norway spruce, data concerning the date for
the formation of the sex cells and their further development are very sparse
or altogether lacking. Sca~NarF (1933) refers in this connection to Mivaxke,
who does not (1903), however, give any definite information of interest in
this matter. But a number of other gymnosperm species have been studied
more closely, and among these it is common for the most important changes
in the buds (inter alia, the reduction division) to take place in the spring. It
is thus not improbable that also in spruce we shall find the strongest weather
influences in the spring.” Especially REnvarLL’s—and to a not inconsiderable
extent also TirREN’s—above quoted assumptions are remarkable for their
time. With the exception of some data regarding the number of chromosomes
in different conifers (established by, inter alios, STRASBURGER, 1892, Brack-
MAN, 1898, CuamBERLAIN, 1899, JurL, 1900, FErGcUsoN, 1901 and 1904, C.
Isairkawa, 1902, Mivake, 1903, Carnirr, 1906, Lewis, 1908, SaxTox, 1909,
M. Ismrkawa, 1910, B. Neumec, 1910, Mivaxe and Yasui, 1911, BaLey,
1920, SmoLska, 1927, or communicated by TiscHLER, 1926/1927 and 1931),
there was in 1912 and even in 1935 very sparse information concerning the
reduction division of the conifers. No meiotic disturbances in spruce had heen
demonstrated. Through e.g. HormeisTer (1848 and 1851), StrasBURGER
(1872, 1878, 1880, 1892, 1897 and 1910), CouvrTER (1897 and 1898), BLack-
MaN (1898), CramBeERLAIN (1899 and 1935), FErcuson (1904), LEwis (1908),
Bucrenorz (1918, 1920 aand b, 1926 and 1929), DoyLE (1918) and Scu UrRHOFF
(1927) and others, however, biological science has been enriched by several
new and important observations in the fields of alternating reproductive
cycles, anatomy, embryology and cytology. H. J. Sax (1932) was the first to
describe chromosome pairing in a coniferous hybrid. She gave a detailed
analysis of the chiasma frequency in two larch species, viz., Larix kaempferi
(Sarg.) and L. decidua (Mill.) and in the F,-hybrid between these species
L. eurolepis (Henry). At the same time she stated that the appearance and
orientation of the chromosomes during meiosis had also been studied in
Pinus, Tsuga, Taxus, Picea, Pseudolariz and Cedrus. In the same year DARK
(1932) published a work on the reduction division in Taxus, Sequoia, Cryplo-
meria and Thuja. A year later the Sax, husband and wife (cf. Sax and Sax,
1933), published an investigation on chromosome number, chromosome mor-
phology and the chiasma frequency in a number of coniferous genera, in-
cluding Pinus and Picea. In the majority of the coniferous species studied
the haploid chromosome number was found to be 12. The chiasma frequency
for different coniferous genera and coniferous species varied between 1.9 and
2.7 chiasmata per bivalent (e.g. 2.7 for Picea abies and between 2.3 and 2.5
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for different Pinus species). “The meiotic divisions were very regular, and
unpaired chromosomes were found only in rare cases. Even the species hy-
brids show regular divisions and a high percentage of fertile pollen.” (Cf.
Sax and Sax, 1933, p. 367).

Through, inter alios, TrREN (1935) we know that the connection between
the flowering time of Norway spruce and the temperature during the spring
months is strongly positive. The strongest connection as regards Fenno-
scandia appears to exist between the temperature in the month of May and
the flowering time. There are scattered indications in the literature to the
effect that flower buds and even the embryo formation in conifers may be
damaged by frost (cf. ScuoTTE, 1911, pp. 179 and 182, BUHLER, 1918, p. 446,
VogeL, 1936, p. 40, HEmxiNngEIMO, 1948, p. 15, SkiNnNEMOEN, 1948, p. 33,
RoBax, 1948, p. 82, and Sarvas, 1962, p. 125), and that rain, cold, or both
in combination, may have a prejudicial effect upon the pollen fertility,
pollination and seed setting of conifers (cf. REnvarr, 1912, pp. 32, 90-—91,
BU¥HLER, 1918, p. 467, Eipg, 1925 a, pp. 65—66, 1930, p. 491 and 1932, pp.
276—277, TIREN, 1935, p. 419, SKINNEMOEN, 1948, pp. 33—34, ANDERSSON,
1954, p. 3, BARNER and CHRISTIANSEN, 1960, p. 3, CHRISTIANSEN, 1960, p. 77,
and SiMag, 1960, p. 12).

VocEeL (1936) investigated in the years 1933 and 1934 the reduction division,
pollen dissemination, fertilization and embryo formation in two provenances
of Pinus silvestris. In earlier studies carried out at the School of Forestry in
Eberswalde, cones of non-local pine provenances at Chorin had proved over
a period of several years to contain an abnormal number of empty seeds in
relation to seed of the native provenance (Moravian origin). Especially seed
with south French provenance (Dent du Longre Haute Loire, 1,140 m. above
sea level) had at Chorin (40 m. above sea level) in the winter of 1927/28 an
unusually high percentage of empty seeds (85 per cent). The corresponding
percentage of empty seed in pine seed of Moravian origin (Voget, 1936, p. 35)
from the Chorin tract amounted in the same winter to 30. VogeL’s intention
in his investigations was chiefly to ascertain the causes of the occurrence of
empty seed and of the variation in the amount of empty seed in seed of
Moravian and South French origin. The course of the reduction division in
the springs of both 1933 and 1934 was regular in both provenances. From
communicated temperature data for the months of March and April in the
years 1933 and 1934 (VocEL, 1936, p. 36) it emerges that no night frosts or
high day temperatures occurred during the period for the reduction division
and pollen mitosis. The weather conditions in other respects seem also to
have been favourable during the pollination. It is thus not surprising that no
climatically conditioned disturbances of the gamete formation were observable
in these years. On the other hand, VogeL (1936, p. 40) found that “*Gerade in
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den Jahren, die einen hohen Hohlkornprozentsatz bei klimafremder Proveni-
enz zeigten, gingen hiermit parallel anormale Witterungsverhiltnisse. Diese
Tatsache scheint zu belegen, dass die klimafremden Provenienzen zumindest
physiologisch bereits wihrend der Pollenentwicklung in dem der Reife vor-
hergehenden Jahr beeinflusst werden, wogegen sich der schidigende Faktor
erst bei der weiteren Embryoentwicklung degenerierend auswirkt.”

The first known case in Picea abies with almost suspended chromosome
pairing during metaphase, (so-called asynapsis and asyndesis, cf. BEADLE
and McCrinTock, 1928, and BeaprE, 1930 and 1933) was demonstrated by
the present author in the year 1947 (Axprrsson, 1947 a and b). The incom-
plete chromosome pairing resulted in a more or less random chromosome
distribution among the daughter cells. This irregular chromosome distribution
plus other chromosomal aberrations during anaphase; and succeeding stages
of division during the reduction division gave rise to a very varying pollen size
and pollen form and a high degree of pollen sterility. Only 2.6 per cent morpho-
logically good pollen was developed. The climatic conditions were favourable
during the reduction division. To judge from the seed setting, the course of the
melosis in the mother cells of the embryo sac appear to have been equally irre-
gular. The percentage of empty seeds after the open pollination with copiously
male flowering spruce trees in the vicinity—under climatically very good
conditions for seed maturation—amounted to 98.1 per cent. Similar cases of
asyndesis have since been observed in some trees of Pinus silvestris (ANDERs-
sox, 1954, pp. 16 and 34, and Runguist, unpubl.) The above-adduced case
of asyndesis in Picea abies seems in all probability to have been gene-condi-
tioned. In the first place the asyndetic spruce has even under very favourable
climatic conditions year after year shown the same defective chromosome
pairing, and in the second place grafts of the asyndetic spruce—growing under
somewhat different climatic conditions than those prevailing for the original
tree—have after attaining flowering age (with the exception of the spring of
1961, when all the flower buds on the grafts were destroyed by frost) shown
the same disturbances during meiosis as the original tree. The anomalies
during the reduction division have consisted in the irregular distribution of
homologous and non-homologous chromosomes to the cell poles, “non-
disjunction, misdivision, lagging univalents” and chromatin bridges. Gene-
conditioned asyndesis has been shown in, inter alia, Zea mays (BEapLE and
McCrinToCKk, 1928 and BeapLe, 1930 and 1933), Nicotiana tabacum (CLAUSEN,
1931), Hordeum (ExstrRanD, 1932), Datura (BERGNER, CARTLEGDE and
BrakesLeg, 1934), Nicoliana sylvestris (GoopspEED and AveRy, 1939),
Alopecurus myosuroides (Jounsson, 1941 and 1944), Secale (PraxgEexN, 1943),
Rumezx (Love, 1943) and Triticum vulgare (L1, Pao and L1, 1945).

Among selected Norway spruce trees with presumed normal meiosis were
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found three trees with wholly or partly agglomerated chromosomes during
the meiosis, so-called stickiness (cf. BEapre, 1932). The last mentioned
disturbances were in this case presumed (ANDERSSON, 1947 a and b), on the
basis of certain comparative studies of the course of the meiosis under
varying temperatures, to be of a modificatory nature.

Similar meiotic disturbances in Larix species have been shown by BARNER
and CHRISTIANSEN (1960, p. 1). “The pollen frequently showed irregularities
which pointed to disturbances during the reduction division, which might per-
haps be the cause of unsuccessful controlled pollinations.”” Through control
germinations of the pollen it was possible {o establish the fact that it had no
power of germination. The reduction division in the Jarch may in certain years
in Denmark (according to the same authors) begin as early as in February or
during the first half of the month of May. In this part of the year longer warm
periods on Copenhagen’s latitude are rare. Marked temperature changes in
the 24-hour cycle are, however, common. BARNER and CHRISTIANSEN were
also able to establish the fact that current divisions in Larix decidua stopped
when the temperature dropped below -+ 4 to -+ 2°C., to continue with rising
temperature. The temperature changes gave rise to disturbances of the meiotic
process. Pollen mother cells with disturbed meiosis produced an irregular
pollen with low fertility. In the spring of 1956 CrristiaxseEN (1960) studied
the meiotic process in two trees of Lariz decidua, and one of these in detail
throughout the period during which the divisions were taking place. At the
same time a control was performed of the reduction division (in cut off
branches of the same tree) at temperatures varying between -+ 7 and - 15°C.
In comparison with the control he observed in the flower buds taken direct
from the trees a series of chromosomal disturbances as well as disturbances in
the spindle mechanism during meiosis. The low temperature caused a discon-
tinuation of the divisions and, directly or indirectly, the structural chromo-
some changes arising during the meiotic stages. “Those most frequently
observed were: stickiness, pycnosis, chromosome breaks and fragmentation,
chromatin bridges at anaphase, (abbrev.: A,) and anaphase, (abbrev.: A,),
abnormal contraction of the chromosomes, irregular cell wall formation,
deformities of PMCs and unequal size of nuclei, and abnormal chromosome
numbers. The bivalents at the stages diplotene-M,; were so strongly contracted
that it was often difficult to determine the stage’ (cf. CHrIsTANSEN, 1960, p.
74). The breaking down or inactivation of the nuclear spindle, corresponding
to what is known in other organisms (cf. e.g. DarLINGTON, 1937, pp. 408—410,
and OsTERGREXN, 1950, pp. 371—382), has helped to delay or counteract the
orientation of the chromosomes during the first and second metaphases and
to inhibit the separation of chromosomes and chromatids during the first
and second anaphases respectively.

2—412962
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If there is marked partial sterility on both the female and the male side,
this should lead to a particularly high percentage of degenerated ovules and
probably also a high embryo mortality and therewith weak seed setting. Even
if individuals with both male and female sterility are relatively rare, as in
maize (cf. EMERsoN, BEADLE and Fraskr, 1935) and strains of tomato (cf.
Rick, 1945 and 1946), then either partial or complete male sterility may of
course lead to the occurrence of a high percentage of unfertilized and degener-
ated ovules owing to incomplete pollination. In cross-fertilized plant species
genetically conditioned partial sterility is common in e.g. rye (cf. Mt'NTzING,
1939, 1944, 1945, 1946, 1948 a and b, MUNTZING and PRAKKEN, 1941), and
also in many other cross-fertilized populations. In rye this partial gamete
sterility occurs on both the male and the female sides, and is often caused by
characteristic meiotic disturbances. In addition to climatic factors and partial
sterility (haplontic as well as diplontic), seed setting and the seed crop may
be strongly affected by the flowering intensity, the relation between the
number of male and female flowers and the occurrence of recessive lethal
factors in homozygotic form (cf. e.g. LaxcreT, 1940, WARREN and Haves,
1950, and Jonnssoxn, 1961, p. 17).

As early as 1910 SyLven was able through his studies on self-fertilization
in Norway spruce (Picea abies) to prove that this tree-species is partly self-
fertile. The result of pollination varied from tree to tree with in general a
lower percentage of germination for seed after self-pollination. The vitality
of these inbred progeny has since, with respect to percentage of survival and
growth, also proved to be considerably lower than that found in comparable
progeny from seed after open pollination (LancrLET, 1940).

ReNvaLL (1912, pp. 29 and 31) found that weak male flowering in Pinus
silvestris often constituted the chief cause of the poor pollination and seed
setting in pines near the northern Artic Circle. “‘Es ist eine sehr eigentiim-
liche Sache, dass in einem produktiven weiblichen Bliitejahre der Kiefer ein
entsprechend reichliches ménnliches Blithen nicht eintritt und dass andererseits die
mdnnliche Blittenbildung durch den Jahreseinfluss stark gesteigert werden kann,
ohne aquch das weibliche Blithen entsprechend zu begiinstigen.”

2.3. Year of seed maturation

Unfortunately, even copious flowering does not necessarily always imply
copious seed setting. Already Hacem (1917, p. 113) observed that ¢fa good
flowering year is as a rule (though not always) followed by a rich cone crop
in the following year, but a rich cone year is not always a good seed year.”

Thus investigations directly connected with the seed maturation year for
forest trees do not deal only with course of fertilization, seed setting, maturity
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and germination rate of the seed and different internal connections between
cone and seed properties, seed quality and plant development, but also with
tactors which have a depressing or stimulating effect upon the size and quality
of the seed crop.

Especially as regards pine (Pinus silvesfris) Sarvas (1958 and 1962) has
carried out in Finland detailed investigations of factors reducing seed produc-
tion and seed quality. In this connection he has made certain causes of non-
-fertilization and occurrence of empty seeds the main object of his investiga-
tions. Light has also been thrown upon the seed setting of Norway spruce
(Sarvas, 1957 and 1958). Different causes affect the formation of empty
seeds and these causes can vary for different tree species. In contradistinction
to spruce, the pine develops no empty seed in case of non-pollination. Only
a seed wing shows in the pine that an unfertilized egg cell has degenerated.
On the other hand, in the case of pine, only those embryos which collapse for
one or another reason give rise to empty seeds (Sarvas, 1962, pp. 111 and
163). According to Sarvas (1958, p. 14), self-pollination is, in pine, the main
cause of the appearance of empty seeds. For pine, the percentage of self-
-pollination amounts to on an average 26 per cent according to the same writer
(Sarvas, 1962, p. 185). In the case of Norway spruce, Sarvas (1955 a, p. 34, and
1958, p. 13) states that the greatest amount of empty seed is due to incomplete
pollination. But also the percentage of empty seeds arising chiefly from self-
-pollination is estimated at 20—25 per cent (Sarvas, 1958, p. 13). The average
percentage of empty seed due to both incomplete pollination and self-pollina-
tion is given as 40—50 per cent. In good agreement with the value for the
average empty seed percentage in spruce seed found by Sarvas are HEIkIN-
HEIMO's data. HEikinaEmo (1937, pp. 26 and 67) found that the percentage
of empty seed in the natural seed of Norway spruce amounted for several
years to on an average 45.2 per cent. However, the percentage of empty seed
varied very considerably between populations and between years (Hrikix-
HEIMO, 1937, pp. 27—41) and in certain years—especially in weak flowering
years—it might rise to 100 per cent.

Summarizing, several factors seem to affect the formation of empty seed.
These causes may as regards spruce be classified in two main groups: 1)
factors leading to non-fertilization and 2) factors occasioning the death of
the embryo. The factors leading to non-fertilization are pronounced metan-
dry, genetically conditioned sterility (SvLven, 1910, LancLET, 1940, Joux-
son, L.P.V., 1945, AxpERssonN, 1947 a and b, LaNeNER, 1951, EHRENBERG
et al., 1955, Orr-Ewing, 1957, Sarvas, 1962, and DieckeRrT, 1964), sterility
due to unfavourable temperature climate during the formation of the sex
cells (cf. GusTarsson, 1962, p. 166), adverse wind and weather conditions at
the time of pollination, climatic disturbances during the period between
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pollination and fertilization and the effect of certain damages by insects pos-
sibly arising in the nucellus tissue, archegonia or adjacent tissuesin the ovules
before fertilization. To the other complex of causes, leading to embryo
mortality and therewith also formation of empty seed, belong, inter alia, the
occurrence of recessive lethal factors in homozygotic form, unfavourable
weather conditions after fertilization (Sarvas, 1962, pp. 123 and 123) and a
set of damages by insects.

‘While the percentage of empty seed (in both pine and spruce) and the
degree of non-pollination in pine adversely affect chiefly the size of the seed
crop, the degree of seed maturity and germinating ability affects the quality of
the seed crop.

Further, very close attention, especially in Finland, Norway and Sweden,
has been paid to the connection between the questions of seed maturity,
cone years and fresh growth on the one hand, and the summer temperature
and other climatic factors on the other hand, and also to the reciprocal
connection hetween the questions of seed and fresh growth. The com-
prehensive literature on forest seed should testify to the interest in and the
great importance ascribed to the questions of seed maturity (cf. ScHoTTE,
1905, 1909, 1910, 1911 and 1924, SyLvEN, 1908 and 1916, WirEck, 1910, 1919,
1920, 1928 and 1936, HoimereEn, 1911, Rexvarr, 1912, Seecer, 1913,
HacewM, 1914, 1917 and 1931, Lakanri, 1915, Iuvessaro, 1917, Eipg, 1923,
1925 a, b, 1926, 1927, 1928, 1930, 1931 and 1948, HeixiNHEIMO, 1921, 1932,
1937, 1948 and 1949, Kormopin, 1923, Kusara, 1927, NorpFors, 1928,
Scumipt, 1930, Morxk, 1931 and 1933, OpsanLr, 1931 and 1952, DENGLER,
1932, 1939 and 1940, HoLmgreEN and Tor~NereN, 1932, Scanarr, 1933 and
1937, HeEsSELMAN, 1934 and 1939, TirexN, 1935, 1945, 1946 and 1952, MU NcH,
1936, AcaTtay, 1938, RubxEr, 1938, Recke, 1939, RoumeEDER, 1939 a, b,
1949 and 1954, BaLpwin, 1942, Roeser, 1942, ArNBORG, 1943 and 1958,
PrvyMm ForsgeLL, W., 1945, STEFANSSON, 1946, 1950, 1951 and 1962, MESSER,
1948, Rosaxr, 1948, NorpstroOM, 1950, 1953 a, b and 1955, Sarvas, 1950,
1955 a, 1957, 1958 and 1962, Huss, 1951 and 1961, Cerny and PoLxar, 1951,
GusTAaFsson, 1952, 1956 and 1962, LANGNER, 1953 and 1959, PryMm ForsBELL,
C., 1953, SiegEeL, 1953, Simak, 1953, a and b, 1955 and 1960, Simax and
GusTarssoN, 1953, 1954 and 1959, BraxTtsec, 1954, MULLER-OLSEN and
Simak, 1954, EHRENBERG, GUsTarssoN, Pryy Forsuerr, C. and SiMAK,
1955, EHRENBERG, EXLUNDH and SiMak, 1957, Hikaxsson, 1956, 1959 and
1960, MtLLER-OLSEN, Simak and Gustarsson, 1956, Sivax, GUSTAFSSON
and GransTROM, 1956, BEreMaN, 1957, 1959 and 1960, Orr-EwiNag, 1957,
RubpEN, 1957, HaGNER, 1958, HaoNER and Simak, 1958, Hac~eEr and CALLIN,
1959, NiLsson, 1959, and RouMmeDER and ScudNBacH, 1959).

In recent years the internal and reciprocal relations between different seed
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and cone properties in Scots pine—and of these especially the connection be-
tween degree of seed maturity and germinating ability—have been investigated
by, inter alios, Simax and Gustarsson and their co-workers. Certain sections
of these seed studies are based upon the roentgen-diagnostic method elabor-
ated by Simak and Gustarssox (1953). For certain studies comparisons have
been drawn between seed properties in grafts and their trees of origin in
different climates (Simax and Gusrarsson, 1954). These, as well as earlier
investigations by e.g. ScrorTE, HaceEMm, HeixkiNnuemvo, Embe, Kujara,
NoRDFORS, WIBECK, Morg, OpsanrL, TirEN and NorDSTROM have shown as
clearly as can be desired that, inter alia, the maturity of the seed is strongly
positively correlated with a high summer temperature during the year for
seed maturation. The more favourable the temperature conditions are during
seed maturation, the better the seed quality or the embryo development will
be. The better the embryonic state, the higher the germination capacity.
This result is further accentuated by the fact that seed which is not quite
physiologically up to standard can often be appreciably improved with
respect to germinative power and rate of germination through different
methods of treatment, e.g. through relatively early collection and suitable storing,
resulting in post-maturity (NorpsTROM, 1950 and 1955 and EprLunp, 1959),
through light treatment (Sarvas, 1950, NorpsTROM, 1953 b, Huss, 1961 and
Nvymax, 1963), through stratification (StEraxssonN and Berceman, 1956,
Simak and Gustarssox, 1957, Hagner and SiMAK, 1958, and BERGMAN,
1959), through equilibration (Simak and GusTarssoN, 1959, and BERrRGMAN,
1959) and through soaking in water or weak acids (IKARLBERG, 1933) or polassi-
um nitrate (BERGMAN, 1959).
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CONE AND SEED STUDIES IN NORWAY SPRUCE 23

3. Material and methods

The studies of variation and relationship of cone and seed properties are
mainly based on the Norway spruce cone and seed material collected in
Sweden in the years 1948 and 1954. The material for 1948 covers 5 sample
plots (Stjernarp, Hirryda, Gunnarskog, Holjes and Skalstugan) and the 1954
material covers 6 sample plots (Stjernarp, Gunnarskog, Skalstugan, Kvikk-
jokk, Géllivare and Pajala). Three of the sample plots are common to both
1948 and 1954, namely Stjernarp, Gunnarskog and Skalstugan. The inves-
tigations of seed qualities are for 1948 and 1954 based on the same cone and
seed material used for the studies of relationship of cone and seed properties.
Some seed studies are also made on the seed material collected in 1960
and 1961 from Géllivare and Kiruna. A certain comparison in the question
of cone and seed properties is made with cone and seed collected in 1946
within two of the sample areas (Hérryda and Hoéljes) which are included
in the 1948 material. A comparison in respect to seed quality is made with
seeds obtained after open-pollination and controlled self-fertilization in
1954 from a trial with inbred lines and offsprings after wind pollination
of Norway spruce at Akersberga (cf. Syrven, 1910 and LaxcrLer, 1940).
Particulars of ages for the stands (with the exception of the trial at Akers-
berga) refer to the ages of the trees at breast height in 1955. The localization
of the sample plots can be seen in Fig. 1 and from the following short informa-
tion regarding, among other things, the places where the stands grow.

3.1. The localization of the sample plots

Sample plot 1. Stjernarp (56°38' lat. N. and 12°59" long. .G.) is situated
10 km. E.S.E. of Halmstad. Altitude is approximately 35 m above sea level.
The Norway spruce plantation is of Central European extraction. High crown
density. Age of stand 51 years. The ground vegetation consists mainly of
various species of herbs. Level ground.

Sample plot 2. Hérrgda (57° 42" 1at. N. and 12° 20" long. E.G.) is situated
approximately 20 km. east of Gothenburg. Altitude—approximately 100
metres above sea level. Natural stand of Norway spruce. Normal crown
density. Age of trees 70—100 years. Ground vegetation consists of blueberry
shrubs, herbs and a number of mosses. Sloping ground.
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Sample plot 3. Gunnarskog (59° 51’ lat. N. and 12° 31" long. E.G.) is situated
approximately 20 km. N.N.W. of Arvika. Altitude—approximately 140 m.
above sea level. Natural stand of Norway spruce. Age approximately 70
years. High crown density. Ground vegetation consisting of blueberry shrubs,
herbs and mosses. Sloping ground.

Sample plot 4. Granberget, Héljes (60° 54’ lat. N. and 12° 44" long. E.G.) is
situated approximately 58 km. W.N.W. of Malung. Altitude—approximately
660 m. above sea level. Natural stand of Norway spruce. Age of trees 60 to
100 years. Fairly weak crown density. Most of the trees have broken crowns.
Ground vegetation consists mainly of blueberry and cowberry shrubs, herbs
and mosses. Sloping ground. The stand is exposed to winds.

Sample plot 5. Skalstugan (63° 34’ 1at. N. and 12° 17" long. E.G.) is situated
at the spruce forest limit approximately 30 km. N.N.E. of Storlien. Altitude
is approximately 585 m. above sea level. Sparse natural stand of Norway
spruce interspersed with birch (Befula tortuosa and B. coriacea). Age of trees
from 50 to 200 years. Crown density very sparse. Ground vegetation consists
mainly of blueberry and cowherry shrubs, herbs, dwarf birches (Betula nana),
mosses and lichens. Slightly sloping ground. The stand is extremely exposed
to winds.

Sample plot 6. Kvikkjokk (66° 58’ lat. N. and 17° 45’ long. E.G.) is situated
near the spruce forest limit approximately 100 km. W.N.W. of Jokkmokk
in the Norrbotten Lapp-district. Altitude varies from 400 to 550 m. above
sea level. Natural stand of Norway spruce interspersed with birch (Befula
tortuosa and B. coriacea). The ages of the trees vary from 50 to 150 years.
Crown density is sparse. Ground vegetation consists mainly of blueberry and
cowberry shrubs, mosses and lichens with a certain amount of herbs. The
stand is fairly strongly exposed to winds.

Sample plot 7. Dundret, Gdllivare (67° 07’ lat. N, and 20° 38’ long. E.G.) is
situated approximately 2 km. S.W. of Gillivare. The altitude varies from
370 to 470 metres above sea level. The ages of the trees vary from approxi-
mately 50 to 300 years. Crown density is sparse. Ground vegetation consists
of cowberry and blueberry shrubs, mosses and lichens with certain herbs.
The stand is strongly exposed to the wind.

Sample plot 8. Kaskuvaara, Pajala (67° 09’ lat. N. and 23° 33’ long. E.G.) is
situated approximately 10 km. S.E. of Pajala. Altitude —140 m. above sea
level. Natural stand of Norway spruce. The ages of the trees vary from 70 to
240 years, Crown density sparse. Ground vegetation consists of cowberry and
blueberry shrubs and mosses. Level ground.

Sample plot 9. Aptasvaara, Kiruna, (67°50' lat. N, and 20° 26’ long. E.G.) is
situated 9 km. E.S.E. of Kiruna. The altitude varies from 450 to 500 metres
above sea level. Natural stand of Norway spruce. Ages of trees from 50 to
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250 years. Crown density fairly sparse. Ground vegetation consists of cow-
berry and blueberry shrubs, mosses and lichens. Very strongly exposed to
winds.

Sample plot 10. Akersberga—spruce trial with offsprings after open pollina-
tion and controlled self-pollination (see SYLVEN, 1910). Situated approxim-
ately 25 km. N.E. of Stockholm (59° 30" lat. N. and 187 21’ long. E.G.).
Altitude approximately 20 metres above sea level. The test was started in
1916 with six year old seedlings (cf. LancrLeT, 1940). Planting distance 3 x 3
metres, Ground vegetation consists of herbs and a certain amount of blue-
berry shrubs. Slightly sloping ground.

3.2. Material for the year 1948

Cone samples, consisting of 25 cones from every tree, were collected from
5 sample plots (sample areas 1—5) and from 50 trees per plot. The cones were
taken from within the top third of the tree crowns, on the southern side. Only
trees with more than 30—40 cones within this area and on this side of the
tree crown were included in the investigation. The cones from every tree, on
the other hand, were chosen as randomly as possible in consideration of
distribution and size. The cones were stored individually in bags which were
bundled together in ¢trees” for every area. The cones were highly resinous.

All the cone material was first treated with circulating warm air in a drying
room for cones, at a temperature of 45° C., for 24 hours. After this the cone
scales were removed from each cone by hand, one by one, at the same time
as every seed (both large and small) together with all the cone residue, was
carefully collected. The seed was dried at a temperature of 457 C. for 24 hours
before weighing. The weight of the cone residue was determined after drying
at 100° C. for 24 hours. The lengths of the cones were measured before the seed
extraction. The seed was divided up by cone and tree into two size classes;
1) seed > 1 mm. and 2) seed = 1 mm. (Appendix Tables I—V).

Mean cone values of cone and seed properties, for individual trees and
populations, are also listed in the Appendix Tables I—V. Every mean cone-
value for individual trees in 1948 is based on 25 cones or cone values and
provided with a standard error, calculated according to the formula s/y/n,
where s is the empiric standard deviation among the individual cone values.
The standard error for mean plot values in the appendix tables are calculated
according to the same formula on the basis of 50 mean tree values within
each sample plot. The weights of the seeds are not included in the cone weights.

Spruce flowering as well as the supply of cones was, in general, mediocre in
Southern and Central Sweden during 1948. In the area of Hoéljes in Northern
Virmland, and further north, the flowering was considerably weaker and the
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supply of cones low (cf. Huss, 1949 and Haa~ER, 1958, p. 47). The ripening
and fertility of the seed was satisfactory in the South but somewhat less
satisfactory in Central Sweden.

3.3. Material for the year 1954

In the Autwmn of 1954 cone samples were collected from 6 sample plots
(no. 1, 3, 5—8) and 50 trees per plot. The material during this year was
restricted to 15 cones per tree. As in 1948 the cones were selected as indis-
criminately as possible in regard to size and disposition, within the top third
portion of the tree crowns, on the southern side. On account of the number of
trees felled by storms or by thinning that had occurred within the sample
plots between 1948 and 1954, or the large variation in the supply of cones, it
was only possible in a small degree to include the same trees in the examina-
tion of 1954 as in 1948, within the two stands at Stjernarp and Gunnarskog.
The cone length was measured before the seed extraction, and the seeds were
then extracted by hand cone by cone. The residue of the cones was dried
before weighing, at a temperature of 100° C. for 24 hours. The drying of the
seed was carried out at a temperature of 45° C. for 24 hours, after which the
seed was weighed. The cone weights given in the Appendix Tables VI—XI do
not include the seed but give the average figure for the residue of 15 cones
for every tree. The cones were free from resin.

The seed was divided into four groups; 1) seed<1mm., 2)seed >1=1.5mm.,
3) seed >1.5=<2.0 mm. and 4) seed > 2.0 mm. The germination percentage for
each seed size class was determined after 30 days in the JacoBseEn ger-
minator (cf. Huss, 1951). These germination percentages are presented in
the Appendix Tables XXIII-—XXVIIIL.

The year 1954 was unusually prolific for flowers and cones (cf. Huss, 1954,
AnNDERSsON, 1955, and HaaNER, 1955 and 1958). The pollen production within
large areas of Sweden was in the nature of a record and the conditions for the
distribution of the pollen were very good. Large clouds of pollen were observed
and these were even mistaken for the clouds of smoke from forest fires. The
lakes were covered near the edges with a centimetre thick layer of spruce pollen
(cf. AxpERssoN, 1963). Seed production was high and the supply of cones, as
well as the ripening and germination capacity of the seed, was generally
very good over the whole country (cf. Huss, 1954, and HaexEer, 1955 and
1958).

3.4. Material for the years 1946, 1960 and 1961

Cones were first collected in 1946 from the sample plots in Hérryda and
Holjes. The size of the sample was 15 cones per tree. The same collecting,
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extraction, cleaning and drying procedure was used as that employed in 1948
and 1954. This method has already been described. In the year 1960 a similar
collection within the sample plots was made in Géllivare and Kiruna. The
collection was repeated in Géllivare and Kiruna in 1961. The method for col-
lecting, extraction and cleaning the cones, as well as drying the cone residue,
was the same as that described for the material from 1948 and 1954. The
number of cones examined in the years 1960 and 1961 was restricted to
10 cones per tree.

The supply of spruce cones in the Autumn of 1946 was sparse and seed
ripening was fairly incomplete. The supply of spruce cones was also small in
1960. Seed ripening and seed production was very low. With the exception of
certain mountain districts the production of spruce cones in 1961 was almost
non-existent throughout the whole of Sweden. In Kiruna and Géllivare,
however, spruce flowering as well as the production of cones was greater
in 1961 than in 1960. Seed ripening was, however, very bad.

As can be seen from the aforementioned descriptions, the cones were
chosen, in regard to cone size and cone disposition, as indiscriminately as
possible within the top third of the tree crown’s length, on the southern side
of the tree. Over-and under-representation of certain cone sizes or cones from
certain branches within the crown area has, as far as possible, been avoided.
The restricting of the collecting of cones to the top third of the crown length,
on the southern side of the trees, has been decided upon because the cones are
mainly concentrated to this part of the crown during weak and mediccre
flowering years. This has especially been the case in 1946 and 1948. The only
cones rejected during collection were those with incompletely closed scales
or cones destroyed by fungus attacks, where such have appeared.

Although no strict randomisation mechanism was applied, the selection
procedure must be considered as nearly equivalent to a simple random samp-
ling of cones from the southern side of the top portion of the crown. The
method of sampling should thus warrant consistent estimates of means,
regressions, correlations ete. (still with the restriction to the upper third
of the southern part of the crown).

It has already been stated that the same number of cones was taken from
every tree in one and the same year of collection. The statistical examina-
tion and testing of the observation data has thus been simplified. An alter-
native to this method would be to sample the trees in proportion to their
total number of cones. Such an allocation would result in consistent estimates
of “per cone averages” in the pooled population of cones from all trees of the
plot. For the purpose of the present investigation the above mentioned
averages (with each tree weighted according to its number of cones) have no
advantage over the unweighted means representing those trees in the popula-
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tion which have the required number of cones. Since the selection of a sample
of fixed size from every tree results in much simpler methods for choosing the
sample and for processing and analysing the data, it has been preferred to
the more complicated method of proportional allocation.

3.5. Seed quality

Embryo and endosperm development as well as the contents of seeds
damaged by insects have been examined diagnostically by X-rays, according
to the method worked out by Simax and Gustarssox (1953 a and b) at the
Department of Forest Genetics of the Royal College of Forestry in Stockholm.
The seed material from 1954 has also been germinated in the JacoBsex
germinator (see Huss, 1951).

As has earlier been documented by Stmax and Gustarsson (1954), MULLER-
OLseEx and Sivax (1954), EHRENBERG, GUsTAFssoN, PLyMm FForsnHELL and
Smak (1955) and MLLER-OLsEN, Simak and GusTarsson (1956), there exists
a strong connection between the observed germination of the seed and its
embryo and endosperm development (examined by the X-ray method). By
comparing this morphological seed development with the percentage of
germination found after 30 days in the JacoBsEx germinator, these research
workers could determine the specially related germination percentage (see
Table 1) for decided quality types of embryo and endosperm (so-called
embryo and endosperm classes). If the seed is fresh and sound the estimated
anatomical rate of seed germination in a certain morphological class or a
simple random sample can be regarded as an expression of the probability
of germination for the class or the sample in question. On the basis of the
percentage of seed in each embryo and endosperm class, an average ger-
mination percentage for every tree can be estimated (see the Appendix
Tables XVII B—XXI B and XXIX B—XXXIV B).

In regard to the embryonic development the following five embryo
classes were used from MtLLER-OLsEN, Srvak and GustarssoN (1956):

0:  Neither embryo nor endosperm.

I:  Endosperm, but no embryo. Embryo cavity developed.

II: Endosperm, and one or several embryos of which none were longer than
half of the embryo cavity.

I11: Endosperm, and one not wholly developed embryo, the length of which
measures between half and three-quarters of the embryo cavity.

1V: Endosperm with one fully developed embryo, completely or almost
completely occupying the embryo cavity.

Also, in regard to the endosperm development, the classification that was
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worked out and applied by MULLER-OLSEN, Sivmak and GusTarssoN (1956),
has been followed.

The embryo classes I-—IV have thus been divided into two endosperm
classes, namely:

A:  The endosperm almost fills the seed coat to capacity and absorbs the
X-radiation well.

B:  Theendosperm only incompletely fills the seed coat and is often shrunken
or otherwise deformed. The X-ray absorption is inferior to that of
class A (cf. Figs. 31 and 32).

In addition to this division, the 0 embryo class in the sample area at Kiruna
was divided into four endosperm subclasses: 0,, 0,, 0, and 04 These endo-
sperm subclasses are shown in Figs. 2, 29 and 30, and are defined as follows:
O .

. Seeds with a thick base section but otherwise without visible content
and without any hole or other damage to the seed-coat. The seeds have

almost certainly arisen through lack of pollination.

0,:  Seeds containing one or two small flake-like remains—remnants of the
collapsed female gametophyte. Seeds probably arisen after both non-
pollination and pollination (cf. KLagu~n and WHEELER, 1961).

0, Seeds containing a diffuse and often spongy endosperm mass without
embryo cavity.

04 Seeds containing a clear and compact endosperm mass without embryo
cavity.

The subclasses 0, and 0, include seeds (with aborted ovules) probably
arisen after pollination.

Primary or simple polyembryony due to the development of several ferti-
lized eggs seems to be a general phenomenon in Picea abies (cf. BucanoLTZ,
1950, Warpraw, 1955, and HAikansson, 1936). Specially small seeds often
contain more than one embryo. Seeds containing two or more embryos are
classified into embryo classes with the guidance of the best developed embryo.

Table 1. Picea abies: Germination percentage (after 30 days in the Jacobsen germinator)
of the embryo and endosperm classes (from Miiller-Olsen, Simak and Gustafsson, 1956).

Embryo class 0 I 1L i 111 l v ’

Endosperm class
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Oc oF Iz

Fig. 2, The embryo classes O and I in Norway spruce. The O embryo class is here divided
into four endosperm classes: Oa, Ob, Oc and Od. (The drawings are made with the
guidance of the X-ray negatives). —X 12,

For the present investigation the cones have been kept in a temperature
of + 6°C. before the seed extraction and all seed samples, after extraction by
hand, have been kept in a refrigerator at a temperature of + 4° C. For both
the collection years of 1948 and 1954 the cones were collected during November
from the sample areas south of Skalstugan. At Skalstugan and from the sample
areas north of Skalstugan, the cones were collected from the beginning until
the middle of October. The seed material from 1948 was X-rayed in 1954, and
the seed material from 1954 was not X-rayed until 1955 and the early part of
the year 1956 because of, among other things, the amount of work required
for seed extraction and seed cleaning.

The seed germination analyses in the JacoBsen germinator, for all the
seed samples collected during the autumn 1954, were carried out during the
years 1955—1956 under the following conditions: Number of seeds analysed
from each tree varies, with the frequency of seeds > 2 mm., from 300 to 400.
The temperature during germination was kept constant at 23°C. and the



CONE AND SEED STUDIES IN NORWAY SPRUCE 31

seeds were irradiated for 8 hours daily by artificial light from three 40 watt
daylight tubes, placed 50 cm. above the germinator. Germination time—30
days. The number of germinated seeds was counted after 10, 20 and 30 days.
The seeds were considered as germinated when the roots of the seedlings
had reached a length of 5 mm.

For the classification of endosperm and embryo development in the seed
material collected in 1948 two random samples of 100 seeds from each
tree were used. In the seed material for 1954 the number of seeds from each
tree used was about 300 at Stjernarp, Gunnarskog, Kvikkjokk and Gélli-
vare, 200 at Pajala and 100 at Skalstugan.

From the sample plots at Stjernarp, Gunnarskog, Kvikkjokk and Gélli-
vare the same X-rayed seed samples from every tree and every seed size
class are used for determining the germination rate in the Jacossen ger-
minator. For the other sample plots different simple random samples of
seed from every tree are used for determining the germination percentage
according to both the analysis methods. The seed from the sample plot at
Kiruna, in 1960 and 1961, have been extracted and X-ray photographed
the same autumn as they were collected. The seed from the progenies at
Akersherga in 1954 have been X-ray photographed early in the year 1955.
Seed from Géllivare collected in 1960 and 1961 have been X-ray photo-
graphed early in 1961 and 1962 respectively.

The number of seeds damaged by insects (with or without larvae) has been
decided with the guidance of the X-ray plates.

3.6. Some statistical procedures

The cone and seed material has been subjected to an analysis of variance
with regard to the qualities of cone weight (g.), cone length (mm.), total num-
ber of seeds per cone, total weight of seeds per cone (ing.), number of seeds >
1 mm. per cone and the weight (mg.) of seed > 1 mm. per cone. The analyses of
variance of the data collected were made by the usual computational methods
(SNEDECOR, 1959). The variance has been divided into the components; be-
tween localities, between trees within localities and between cones within
trees. The sums of squares of cones within trees and between trees within
localities have been computed for each separate locality. The results of the
analysis are found in Tables 2—8. At the same time, the part in the total
variance of the different causes of variation has been estimated (see Table 8).

Correlations and regressions have been computed from the 1948 data in
order to elucidate the relationships between cone and seed properties, Owing
to the hierarchical arrangement with a primary grouping of the cones into
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those from the same plot and subdivision into cones from the same tree,
various types of correlations and regressions can be computed. The different
types of coefficients describe different features of the covariation of the
characters studied.

For the zero order correlation (often called “total correlation’”) between
two characters, the following different types of correlations have been
computed:

1) Correlations of tree means

a) for each plot

b) “average within plot correlation”

c) for the pooled data from all plots

2) Correlation of cone values

a) for each tree

b) <average within tree correlation” for each plot

¢) “average within tree correlation” for the pooled data from all plots

d) for the pooled data from all trees on a plot

e) ‘“‘average within plot correlation”

f) for the pooled data from all trees on all plots.
The coefficients 1b), 2b), 2c)and 2e) are based on sums of squares and products
“within groups”. Another type of ““average correlation” also appears in the
Tables, viz. an arithmetic average of correlation coefficients. As an example
arithmetic averages of correlations of type 1a) have been computed.

The calculation of correlations in the 1954 data has been mainly confined
to correlations for individual trees of the type 2a) but also correlations of type
1a) and 1c¢) have been computed. Also, some calculations have been made
of correlations between the 1948 and 1954 observations of the same tree
character.

If we have a linear relationship between three or more variables it is often
of interest to make a detailed study of the relations between these variables.
The covariation of two variables can be greatly influenced by one or more
other factors affecting the two factors under study. To take into consideration
the simultaneous relationship between many factors we may have recourse to
partial correlations involving several variables and multiple regressions of
one variable on several other variables. Expressions of this kind have there-
tore been computed in several cases. A partial correlation coefficient of the
first order measures the relation between two variables, when one other
variable (e.g. X;) is held constant, and a partial correlation coefficient of the
second order measures the relation between two variables (e.g. X; and X,)
when two other additional variables (e.g. X; and X)), are held constant.

Also other multivariate methods, e.g. principal component analysis can be
used in such cases where our interest does not center around the way in which
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one particular characteristic is dependent on a number of other characteristics.
An example is given on page 122,

For studying the regressions of cones and morphological seed characters the
following explanations may be given. Three types of regressions have been
computed in most cases, in order to compare the five groups (e.g. plots or
localities) in the material for 1948 and the six groups in the 1954 material
concerning the relationships between the dependent variable y and the in-
dependent variables, for instance, u and v.

“Total regression’: A regression equation
(1) y = a -+ bu -~ cv, where y, u and v are mean values for trees, has been
determined by the use of the pooled data from all groups for each year
separately (denoted by row number 3 in the tables of covariance analysis).

“Parallel regression’: Five equations in 1948 and six equations in 1954
(2) y=uap;+bpu-+cpr (i=12,...,5in 1948 and

i=1,2,...,6in 1954)
have been fitted to the data (denoted by row number 2 in the tables). The
regression coefficients b, and ¢p have thus the same values in all groups,
whereas the constant term has a different value for each particular group.

“Individual regression’”: A separate regression is determined by means of
the data from each particular group. In this way the following regression
B y=aq +bu+cp
is fitted to the data from the ith group (dencted by row number 1 in the
tables of the analysis of covariance.

Let the sum of squared deviations from (1) be Q,. Similarly, let , denote the
sum of squared deviations from the five and six equations respectively (2),
and @, the sum of squared deviations from the five and six expressions
respectively (3). Comparisons are made between the groups by means of these
three sums, in the following manner.

The quantity Q,—Q, is an expression for differences in the slope between the
individual regressions (denoted by row number 4 in the tables). By means of
a variance ratio test these differences are compared with Qs A significant
ratio indicates that the data cannot beregarded asrandomly drawn from popu-
lations with parallel regressions (such as those of Formula 2). Thus—assuming
that a linear model is appropriate—at least one of the variables u and v
affects y in different ways in the different groups.

However, if this ratio has an insignificant value, and the regression coef-
ficients (b and c) are considered as equal in the different populations, a com-
parison between Q,— (), with Q, can reveal differences in the levels of the
parallel regression (denoted by row number 5 in the tables). The fact that
no significance is found does not mean, however, that it is proved that no
difference exists. If the corresponding test gives a significant value, the model

3—41296¢2
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(1) cannot be regarded as realistic. In this case one might also formulate the
conclusion in the following alternative way. The ““adjusted” means of y in
the groups (adjusted for linear influence from u and v) are significantly differ-
ent.

The terminology is chosen in agreement with SnEbpecor (19539). One
exception is that the term ‘parallel regressions” has been introduced here
to denote the regressions (2) which have common values for the regression
coefficients b and ¢, but different values for the constant a.

Second and third degree polynomials are also fitted to the data for germina-
tion rate in per mille of all seeds not damaged by insects and for empty seed
not damaged by insects in 1934 on thousand-grain weight, cone length in
tenths of a millimetre, cone weight in centigrams, the total number of seeds
per cone and the weight in milligrams of all seeds per cone, using the pro-
gram developed by WEBER and Brotr (1963) for an electronic computer.
Deviations from linearity have been tested for the regressions of the ger-
mination rate in per mille of all seeds not damaged by insects and of the
emptly seed not damaged by insects in 1954 on the other variables.
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4. Conditions governing air temperatures for
the sample plots

Temperature comparisons between the sample plots and between the years
1948 and 1954 have been carried out on the basis of temperature reports from
the meteorological stations situated nearest to the various sample plots. The
air temperature details are therefore subject to varying grades of inexactitude
for the different sample plots, dependent on the difference between the local
temperature and that of the observation station. This uncertainty is partic-
ularly marked in regard to temperature extremes. The altitude variation
and the distance between the sample plots and the meteorological stations
can be seen from the Table below.

. . Difference in Distance
Sample plots Meteorological stations altitude in m. in km.
Stjernarp Halmstad 29 10
Hérryda Bollebygd 25 15
Gunnarskog Arvika 89 20
Holjes Likendis 500 31
Skalstugan Storlien 10 30
Snjasak, Kvikkjokk Kvikkjokk 100 1.5
Dundret, Géllivare Giéllivare 50 2
Aptasvaara, Kiruna Kiruna 25 9
Kaskuvaara, Pajala Pajala 46 10
Akersberga Réskir, Rydbo 5 11

In some cases the differences between the situation of the sample plots and the
relevant meteorological stations, as can be seen, are very large. The tempera-
ture particulars for the stand at Holjes are particularly uncertain. This stand
is situated 31 km. N.N.W. of the meteorological station at Likends and lies
no less than 500 metres higher than this station. With the exception of Stjern-
arp, Skalstugan, Pajala and Kiruna the sample plots are all situated higher
than their respective meteorological stations.

The influence of air temperature on the ripening of seed can be assumed to
depend on the mean 24-hour temperature. In regard to seed ripening, however,
one can question if the mean air temperature of the six warmest hours of the
day is not a better expression of the temperature factor than the 24-hour
average temperature (in the same way as Morxk, 1941, and DanL and Mork,
1959, queried this matter in regard to growth). Since the temperature of the
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air at the meteorological stations is not registered by a thermograph, it is
not possible for these stations to calculate the mean temperature for the six
warmest hours per day. To illustrate the air temperature conditions at these
meteorological stations and the differences in temperature between stations,
diagrams have been drawn in Fig. 3 (based on the mean 24-hour temperatures
for the various collecting years) which give the number of days with an average
temperature of =6°, 8°, 10°, 12° and 15° C. during the period from the com-
mencement of spruce flowering until the end of September. In 1948 the mean
24-hour temperatures during the months of June, July and August for Halm-
stad, Bollebygd, Arvika, Likends and Storlien amounted to 16.2, 15.7, 15.7,
14.4 and 10.0° C. respectively. The mean 24-hour temperature for the same
stations in 1948, arranged in the same way, during the months of June,
July, August and September amounted to 15.6, 14.9, 14.7, 13.1 and 9.2° C.
The average 24-hour temperatures during the months of June, July and
August in 1954, for Halmstad, Arvika, Storlien, Kvikkjokk, Gillivare and
Pajala were 15.4, 14.6, 10.1, 11.7, 12.0 and 12.5° C. respectively. The compara-
tive series of mean air temperatures during the months of June, July, August
and September for the same year, for the same stations (in the same order as
above) were 14.8, 13.7, 9.1, 10.2, 10.6 and 11.1° C. The average 24-hour tem-
perature in Kiruna for the period June, July and August was 12.2° C. in 1960
and 11.2° C. in 1961. For the period June, July, August and September 1960
it was 10.8° C. and for the same period in 1961it was 10.0° C. The diagrams in
Figures 4-—7 show the maximum and minimum temperatures, at the different
meteorological stations, during the period covering 45 days before spruce
flowering until 15 days after the commencement of flowering. At the same
time the rainfall in millimetres is given on the diagram for the 15-day period
reckoned from the commencement of flowering. The maximum and minimum
temperatures have been included in order to show as clearly as possible the
characteristic temperature fluctuations during the meiosis and the pollen
mitosis, at least for the sample plots that lie relatively near the meteorological
stations. The degrees of frost (particularly in combination with high winds)
together with sudden and large air temperature changes have shown them-
selves to disturb the progress of the meiosis and pollen mitosis of the Nor-
way spruce (see the Figs. 33-—36). The aberrations include chromosome
“stickiness”, spontaneous breakage of chromosomes, abnormal anaphases,
chromatid breakages and also, especially when the temperature suddenly
changes from below zero to about 4 20° C. or more, desynapsis, i.e. a number
of bivalents fall apart to univalents during early metaphase I. Therefore, the
appearance of empty seeds can also be considered to have a certain connection
with the influence of the climatic temperatures during the micro- and macro-
sporogenesis and fertilization (especially with regard to the minimum air
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temperature (cf. Fig. 24) and the amplitude between the extreme air tem-
peratures for the 24 hours). The formation of empty seeds on spruce can also
be connected with a series of other factors (cf. Gustarsson, 1962), such as
purely genetically caused sterility (haplontic as well as diplontic), failure to
pollinate (see Sarvas, 1955, 1957 and 1958), self-fertilization and damages
caused by insects in a direct or an indirect way to the nucellus cap, pollen
tubes, ovules, archegonia, embryos and endosperm tissues.
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5. Variation and relationship of some morphological
cone and seed characters

The number of cones per tree, the size of cone, the seed weight, the number
of seeds per cone and the maturity and germinative capacity of the seed are
factors affecting the size and quality of the seed crop. The relation between
the three first-mentioned factors and the exchange of seed in Norway spruce,
and the regional variation in seed production and seed quality in both pine
and spruce have been relatively well known for some time (Hacem, 1917,
WiBEck, 1920, Eipg, 1923, 1927, and 1928 —1930, KuJsara, 1927, HeIkIN-
HEIMO, 1932, 1937, and 1948, and WricHT, 1945). Since the beginning
of this investigation several studies on the seed production and seed quality
of conifers, especially pine, have been published (cf. inter alios, JorNssox,
KieLLanDeER and SteranssoNn, 1953, Prym Forsuerr, C., 1953, SiMAK,
1953 b and 1960, Simaxk and GusTAFssoN, 1954, EHrRENBERG and SiMaKk, 1957,
Sarvas, 1957 and 1962, Happers and Aucren, 1958, HasNeRr, 1958, and
Jounsson, 1961).

Especially Prym Forsuerr, C. (1953), Simax (1953 b, 1955 b and 1960),
Simak and GusTarssoN (1954), EHRENBERG, GUSTAFSSON, PLyM FORSHELL
and Simak (1955), EurensBerG and Simvax (1957), Jonxsson (1961), and
Sarvas (1962) have carried out detailed investigations on the reciprocal
variations of the above adduced components and their relation with seed
yield and seed quality in the case of Scots pine. Also, the relation between
cone weight on the one hand and the number of seeds, the embryo status
and percentage of germination on the other hand have been the object
of detailed studies (Simaxk, 1955 b, and Smmax and Gustarsson, 1954). As
regards Norway spruce, there are on the whole neither detailed studies of the
relation between these factors nor more comprehensive statistical investiga-
tions of the variation in the seed production and seed quality of individual
trees.

It ought to be pointed out at the outset that every population, represented
by a sample plot, as well as every individual tree, occurs only in one geo-
graphic locality and every tree in only one specimen within this locality. In
the following analysis it is impossible to distinguish exactly between gene-
conditioned variation and modifications. It is only in a sample plot with
constant environmental conditions that the differences between tree charac-
ters are determined mainly by genetical factors. (Such characters are aver-
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age cone length, correlation between cone length and number of seeds, 1,000-
-grain weight etc.). In a varying environment (if one disregards possible inter-
actions between the genotypes and the ages of the trees) the variation within
trees is dependent on these environments, provided that no spontaneous bud
mutations or other somatic mutations have occurred, which seems to be not
uncommon in fruit trees (cf. Nysonm, 1961), and given rise to branches and
cones of seeds of a different genotype than the other fructiferous branches
within one tree or some of the trees. In varying environments the correla-
tions and regressions between some cone values can still be more or less
specific for each tree but these relationships are influenced by the effects of
environmental factors. The relationships between free-means for two variables
are influenced not only by genetic factors, but also by the effect of environ-
mental or site differences between trees, and to a certain degree, by environ-
mental variations of cone values within trees. The cone values within a popu-
lation (without consideration of trees) as well as the correlations and the
regressions between cone values are likewise genetically more or less specific
for the population. The environmental variations befween frees and within
trees however, also in this case, exert their influence on these values and
relations.

In a well-planned field test, with replications, it is usually possible, in a
general way, to differentiate between genetical and environmental varia-
tions, as well as to show different interactions between, for instance, ge-
notypes and environment. However, the possibilities for similar analyses
of the data from the present investigation are very limited. The populations
have been chosen with the object of examining the generative adaptation of
different spruce populations to widely varying climatic conditions, with
reference to course of meiosis, pollen fertility, number of seeds with embryo
per cone and seed germination rate.

To the environmental variations befween populations (represented by the
sample plots) and within populations (in other words the non-genetic varia-
tion between trees within the same population and the non-genetic variation
between cones within the same population) can be added, in the following
material, both climatic and site variations as well as variations caused by the
collecting of cone samples. The changes, for instance, in the strength of the
correlation between two properties from one year to another in a certain
genotype, are referred to interactions between the genotype and environmen-
tal factors in the broad sense (e.g. as against non-genetic). The effects of genetic
and non-genetic factors on correlations and regressions between different
characters (as between cone properties, between cone and seed properties,
and between seed characters internally) as well as the genetic and non-genetic
fractions of the phenotypic variations, compose a complex problem. A corre-
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lation between two characters of a tree may arise, 1) because these characters
are genetically correlated, 2) because the tree and its characters had developed
in a certain environment, or 3) because the characters, to a certain degree,
are the results of the joint effects of genetical and environmental factors.
The genotype cannot develop the characters without having access to a proper
environment. The characters of the phenotype are thus the result of environ-
mental factors and a series of chain interactions 1) between genes and 2) be-
tween the genetic constitution and the external conditions.

5.1. The 1948 material

In the Appendix Tables I—V the mean cone values for individual trees and
sample plots at Stjernarp, Hérryda, Gunnarskog, Héljes and Skalstugan are
presented (cf. Fig. 1). The results of tests of significance for differences between
sample plots and between trees within sample plots, as well as the magni-
tude of the within-tree variance in the material in its)totality and in the
populations taken separately, for different properties, are shown in the Tables
2—7. The percentages of the total variation constituted by the individual
components of variance are given in Table 8. The results of the calculations
of average correlation coefficients between cone and seed properties, between
cone properties and between seed properties separately, are given in Tables 9,
15, 16 and 17, and of some partial correlations in Tables 21 and 22. Table
9 contains befween-free correlations (correlations between tree means) within
sample plots or populations. As a complement, the author has included in
Tables 9 and 16 the total group correlations between trees for the material in
its entirety and a series of coefficients representing the arithmetical means
of five average inter-tree correlations within groups or populations for
different pairs of variables.

Some series of partial regression coefficients hetween seed and cone proper-
ties are presented in Tables 10 and 14. Some series of regression coefficients
between cone weight and cone length, between cone and seed characters
and between seed properties for individual trees (see also Table 20) are
computed in the Appendix Tables XII-——XVI. Correlations have also been
computed for each individual tree between characters of the 25 cones. Table
17 shows the frequency distribution of such correlations. Further, correla-
tions have been computed for each locality by treating all the 1,250 cones
as one group.

Table 15 presents such correlations between cone values within sample plots.
Table 16 shows average correlations based on within-tree sums of squares and
products of cone values. Similarly correlations between cone values within
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the total material respectively within-tree correlations for the five localities

taken together are shown in Tables 15 and 16. In the material for the year

1948 the variables X;—X, in the tables giving correlation and regression

coefficients and in regression equations, correspond to the following cone

and seed properties:

X, = thousand-grain weight in centigram (when nothing else is pointed out)

100X,

Xy

X, = cone length in tenths of a millimetre (millimetre in the Appendix Tables
XII—XVI and in Table 20)

X, = cone weight in centigram (gram in the Appendix Tables XI[—XVI
and in Table 20)

X, = the total number of seeds per cone (in whole numbers)

X, = X3/108 in cm?.

cone weight in milligram 10X,

of all seeds per cone =

© ™ total number of seeds per cone X,
" 7" the weight in milligram of all seeds per cone
Xg = the number of seeds > 1 mm. per cone, and
X, = the weight in milligram of seeds > 1 mm. per cone.
The units of length, volume and weight are those used in the punched card
processing of the data.

5.1.1. Analysis of variance of properties of cones and seeds

Mean squares and variance ratios for cone weight are shown in Table 2.
All variance ratios or F-values (between localities and trees as well as
between trees and cones) correspond to probability values far below 0.1 9.
The analysis thus shows that a very marked significance exists as regards
differences in cone weight between at least some of the populations rep-
resented in the investigation and between trees in the whole material.
The two high altitude populations at Héljes and Skalstugan differ signifi-
cantly from the three low altitude populations and from each other with
respect to cone weight (both as to mean weights and as to variation between
trees within populations and as regards the variation between cones within
trees). The differences in cone weight between localities are due chiefly
to the great difference between low altitude populations on the one hand
and the high altitude populations on the other hand. The difference between
the three low altitude populations has the probability value 1 9% < P <
5 9, while the difference in cone weight between the low altitudes and the
high altitudes and between the different plots at high altitudes has the
probability value P < 0.1 9%,
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Table 2, Analysis of variance of cone weight between and within populations of Norway

spruce.
Source of Variation Sum of Squares ?:egrees of Mean Square
reedom
Between localities . ........ 536098 4 134025
Between trees within
localities ................. 225778 245 922
viz., at Stjernarp ....... 46047 49 940
Hiarryda ...t 92557 49 1889
Gunnarskog .......... 61032 49 1246
Holjes ..ot 20094 49 410
Skalstugan ........... 6048 49 123
Between cones within trees 84605 6000 14.1
viz., at Stjernarp........ 23274 1200 19.4
Harryda ............. 24123 1200 20.1
Gunnarskog .......... 23218 1200 19.3
Holjes ... 10305 1200 8.6
Skalstugan . .......... 3685 1200 3.1
Total 846481 6249
Quotients:
. 134,024.62 939.73
Localities = ————— =145.44*** Trees, Stjernarp = ———— =48.45%**
921.54 19.39
921.54 1,888.91
Trees = - = 65.35%** »  Hiérryda = — =03.97%**
14.10 20.10
1,245.54
»  Gunnarskog = - =04,38%**
19.35
410.08
» Holjes = =47.75%**
8.59
23.43
» Skalstugan = =40,19%**

#** Statistically significant at the 0.1 9 level.

The mean values for cone weight (gram) amount for the different popula-
tions to:

Stjernarp 28.1 Héljes 14.8
Hérryda 29.8 Skalstugan 8.8
Gunnarskog 32.4 Total mean 22.8

Since the three low altitude populations and the two high altitude popula-
tions represent five different provenances, the differences in cone weights as
between the localities were probably caused chiefly by the environment, as
the differences between the low altitude populations with respect to this
property are relatively small. However, the number of populations is small and
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the cone weight decreases also with northern latitude, so that the conclusion
in this case cannot be more than an assumption.

The obvious differences in the averages of the trees are somewhat easier to
generalize, There are here a relatively large number of trees within sample
plots. At the same time the environmental variations are smaller within than
between plots. Since the variations and the differences are undoubtedly both
modificatory and genetically conditioned one cannot abstract from either of
the causes of variation, but there is some indication that the genotype with
regard to many cone and seed properties may have a dominating influence
upon this interplay (cf. Jounssoxn, KieLLaANDER and StEFanssox, 1953, pp.
372 and 373, Simaxk and Gustarsson, 1954, pp. 28, 29, 46 and 63, HADDERS
and Aucren, 1958, pp. 460, 466 and 467, and Jounsson, 1961, pp. 19 and 20).
Since the Norway spruce included in the plots, as well as forest trees in
general and other cross-fertilizing species are strongly heterozygotic for a
large number of genes, and are in consequence very variable in their here-
ditary constitution, it is, also in this material, legitimate to assume the
existence of a not inconsiderable genotypically conditioned variation.

Table 3 shows an analysis of variance of cone length.

Table 3. Analysis of variance of cone length between and within populations of Norway

spruce.
Source of Variation Sum of Squares D?grees of Mean Square
Freedom
Between localities ......... 3245096 4 811274
Between trees within
localities ........... ... ... 905811 245 3697
viz., at Stjernarp ....... 249177 49 5085
Hirryda ............. 272809 49 5568
Gunnarskog .......... 214867 49 4385
Holjes ...t 98416 49 2008
Skalstugan ........... 70543 49 1440
Between cones within trees . 376984 6000 63
viz., at Stjernarp ....... 82664 1200 69
Hérryda ....... 0ot 88564 1200 74
Gunnarskog .......... 94470 1200 79
Holjes oo, 62164 1200 52
Skalstugan ........... 49122 1200 41
Total |+ 4527891 6249 ‘

If one calculates the variance ratios for the sources of variation befween
localities and between trees within localities (as also for the subgroups between
trees within individual localities) in the same way as the estimates of corre-
sponding ratios in Table 2, one obtains the F-values to which correspond
P-values appreciably less than 0.1 9;. Thus, the five groups of trees cannot
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be regarded as pure random samples drawn from identical populations and
the cones cannot be regarded as pure random samples drawn from identical
trees within the same sample plot, since there are real differences in cone
length for the different populations.

Like the cone weight, the cone length for the year 1948 is greatest in Gunnar-
skog and smallest in Skalstugan. The Central European spruce is considered
to have, and probably in general has, longer cones than the native spruce in
Scandinavia (cf. ScBROTER, 1898, and SyLVEN, 1912 and 1916). This tax-
onomic property is, however, very variable. Both regional and altitudinal
variations are appreciable (cf. MErzera, 1939, and Linpouist, 1948 b).
The variation is indeed so great that the difference in cone length between the
Central European spruce and the spruce native to Scandinavia may in some
cases be effaced, despite the fact that the domestic spruce has been cultivated
in a considerably more northern locality than its Central European counter-
part (cf. the means for the Norway spruce populations in Gunnarskog and
Stjernarp with respect to cone length). There is no significant difference
between the cone lengths of the two provenances, but the sample plot at
Gunnarskog has, as may be seen, a tendency to greater cone length.

In Tables 4—7 are shown the analyses of variance of seed number and
seed weight per cone.

Table 4. Analysis of variance of total number of seeds per cone between and within popula-
tions of Norway spruce,

Source of Variation Sum of Squares %i%rcedeslgf Mean Square
Between localities ......... 17620034 4 4405009
Between trees within ......
localities . ...oovvviii 8843694 245 36097

viz., at Stjernarp ....... 1331105 49 27165

Hirryda ... 1895755 49 38689

Gunnarskog .......... 3043803 49 62118

Holjes ..ot 1407112 49 28717

Skalstugan ........... 1165919 49 23794
Between cones within trees. 6120190 6000 1020

viz., at Stjernarp ....... 927384 1200 773

Harrvda ..ovvvvnnnn e 1365360 1200 1138

Gunnarskog .......... 2024688 1200 1687

Holjes ..ovvvin 816352 1200 680

Skalstugan ........... 986406 1200 822

Total 32583918 6249

The analysis shows that there are likewise very definite differences
(P < 0.19,) in seed number and seed weight between localities and between
trees within localities, The Central European spruce in Stjernarp has both the

4—412962
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Table 5. Analysis of variance of the weight of all seeds per cone between and within popula-

tions of Norway spruce.

Source of Variation Sum of Squares I%egrees of Mean Square
reedom
Between localities ......... 825692664 4 206423166
Between trees within
localities .........oovint. 381011081 245 1555147
viz., at Stjernarp ....... 112202482 49 2289847
Hiérryda ............. 124157162 49 2533820
Gunnarskog .......... 101036436 49 2061968
Holjes ..o 32996231 49 673392
Skalstugan ........... 10618771 49 216710
Between cones within trees. 208089025 6000 34682
viz., at Stjernarp ....... 52126658 1200 43439
Hérryda .......oo 61239889 1200 51033
Gunnarskog .......... 60169772 1200 50141
Holjes ...t 24746151 1200 20622
Skalstugan ........... 9806555 1200 8172
Total | 1414792770 6249

greatest number of seeds and the highest seed weight per cone, at the same
time as it has on the average a lower standard deviation for these properties
than the populations at Hirryda and Gunnarskog. As the number of seeds
and the seed weight are markedly reduced with northern latitude and with
the height above sea level, it does not seem to be possible to draw any con-
clusions concerning the ditferences in the provenance of these characters.

Table 6. Analysis of variance of number of seeds > 1 mm. per cone hetween and within
populations of Norway spruce.

Source of Variation Sum of Squares Dfagrees of Mean Square
Freedom
Between localities ........ 17592704 4 4398176
Between trees within
localities ................. 10062034 245 41070
viz., at Stjernarp ....... 2042573 49 41685
Hiarryda ... 2500356 49 51028
Gunnarskog .......... 3245798 49 66241
Holjes ......ovvviinn 1433876 49 29263
Skalstugan ........... §39431 49 17131
Between cones within trees. 5474345 6000 912
viz., at Stjernarp ....... 869930 1200 725
Harryda ............. 12556771 1200 1046
Gunnarskog .......... 1823595 1200 1520
Hoéljes .......oovvvnn 750576 1200 625
Skalstugan ........... 774474 1200 645
Total 33129083 6249
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Table 7. Analysis of variance of the weight of seeds > 1 mm, per cone between and within
populations of Norway spruce.

Source of Variation Sum of Squares I%egrees of Mean Square
Freedom
Between localities ........ 812819827 4 203204957
Between trees within
localities ................. 396536001 245 1618514
viz., at Stjernarp ....... 118640232 49 2421229
Hirryda ............. 130608943 49 2665489
Gunnarskog .......... 104083223 49 2124147
Hoéljes ............... 33053206 49 674555
Skalstugan ........... 10150398 49 207150
Between cones within trees. 205662074 6000 34277
viz., at Stjernarp ....... 52305679 1200 43588
Hiérryda ............. 60503981 1200 50420
Gunnarskog .......... 59079360 1200 49233
Holjes ... 24442587 1200 20369
Skalstugan . .......... 9330469 1200 7775
Total | 1415017902 6249

The average seed numbers and seed weights (mg.) per cone in the different
localities amount to:

Total ‘Weight of ‘Weight of

number of >Sfe;rllsm total number seeds
seeds ’ of seeds > 1 mm.

Stjernarp ............. 247.2 225.9 1177.6 1153.5
Hérryda .............. 241.0 221.6 1149.5 1126.4
Gunnarskog ........... 182.0 163.8 813.0 790.3
Holjes ................ 148.4 121.2 511.4 484.3
Skalstugan ............ 109.3 92.6 238.9 226.8
Total mean 185.6 165.0 778.0 765.3

The differences between the number of seeds and seed weights for the indi-
vidual trees within the plots are probably not solely ascribable, any more than
are the differences in cone weight and cone length, to the environment-condi-
tioned variation.

The population mean values, calculated on the basis of the cone mean
values for trees, for cone length (X, in tenths of a mm.), cone weight (X;incg.)

cone weight

and number of seeds/cone (X In mg.) are:
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617.6

X3 XG
2,806.4 113.6
2,976.6 124.7
1,477.7 101.5
3,238.2 188.2

880.1 83.5

Table 8 shows the estimated percentages of the total variance corresponding
to different components of variance.
The percentage of the total variance dependent upon differences between
localities and populations is naturally very high. The percentage of variance
for this source of variation with regard to cone weight, cone length, total
number of seeds per cone, the weight of the total number of seeds, the num-

Table 8. Components of variance and percentage of the portions of variance.

Total No. of | Total seed Ng. of 1 ‘Weight of
Cone weight | Cone length | seeds per weight per seeds > seeds >1
" mm. per
(X3) (Xy) cone cone cone mm. per cone
Source of Variation (Xa) (X2) (Xg) (Xo)
Compo- Compo- Compo- Compo- Compo- Compo-
nent of |9%| nent of [%!| nent of [9%]| nent of |%| nent of |%| nent of |9%
variance variance variance variance variance variance
‘Within populations:
Stjernarp:
between trees 36.8 |65 200.7 |74| 1055.7 |58 89856.3 67| 1638.4 69| 95105.7 |69
within trees 194 (35 68.9 |26 772.8 |42| 43438.9 [33| 724.9 (31| 43588.1 |31
Harryda:
between trees 74.8 |79; 219.8 |75] 1502.0 [57] 99311.5 |66, 1999.2 |66] 104602.8 (67
within trees 20.1 |21 73.8 |25| 1137.8 [43] 51033.2 |34| 1046.5 34| 50420.0 {33
Gunnarskog:
between trecs 49.0 |72| 172.3 69| 2417.2 |[59| 80473.1162| 2588.8 |63| 82996.6 63
within trees 19.3 (28 78.7 31| 1687.2 |41| 50141.5 38| 1519.7 [37| 49232.8 |37
Holjes:
b«Jatween trees 16.1 |65 78.3 [60| 1121.5 (62| 26110.8 |56| 1145.5 [65] 26167.5 |56
within trees 8.6 |35 51.8 |40 680.3 38| 20621.8 |44 625.5 |35| 20368.8 ({44
Skalstugan:
between trees 4.8 |79 56.0 |52 918.9 |53 8341.5 {51} 659.4 |51 7975.0 |51
within trees 3.1 |21 40.9 |38 822.0 (47 8172.1 (49| 645.4 |49 7775.4 149
Mean:
between trees 36.3 |7 145.4 |70 1403.1 (58| 60818.6 |64; 1606.3 [64| 63369.5 |65
within trees 14.1 |28 62.8 (30| 1020.0 42| 34681.5 |36] 912.4 36| 34277.0 |35
Between and within
populations (the entire
material):
between localities 106.4 |68] 646.1 |76] 3495.1 (59| 163894.4 |63} 3485.7 |58| 161269.1 (62
» trees 36.3 1237 1454 (17| 1403.1 |24| 60818.6 |24| 1606.3 (27| 63369.5 |25
within trees 14.1 9 62.8 7| 1020.0 |17 34681.5 |13| 912.4 |15| 34277.0 |13
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her of seeds > 1 mm. in diameter (greatest diameter) and the weight of the
seeds > 1 mm., amounts to 68, 76, 59, 63, 58 and 62 per cent respectively
of the total variance. To differences befween frees within populations are
ascribable for the same properties, arranged in the same sequence, 23, 17,
24, 24, 27 and 25 per cent respectively of the total variation. To the differ-
ences between cones of the same tree, for the properties in question, are
ascribable 7—17 per cent of the total variance. If, depending on differences
within populations, the variance is divided among individual populations
and these percentages of variance are in turn divided among trees and
cones, one obtains (on an average for five populations) an estimate of the
compound environment— and genotype-conditioned proportion of the vari-
ance belween ftrees within populations amounting to 71 per cent for cone
properties (cone weight and cone length), 58 per cent for the number of
seeds per cone and 64 per cent for the weight of all the seeds per cone.
Thus, of the lotal variation within populations 29 per cent for the cone pro-
perties is atlributable to the environment-conditioned variation within trees or
befween cones within trees.

5.1.2. The relationship of the average 1,000-grain weight of all seeds per tree
with the tree means of cone length, cone weight, number of seeds per cone,

cone weight
cone volume and g

number of seeds/cone’
(Calculated on the basis of conc mean values for trees by populations and on an average
for the populations.)

The correlation, between cone mean values for trees within groups or
populations (cf. Table 9), between the variables X; (1,000-grain weight of all
seeds) and X, (cone length) varies within the five populations from 0.350 in
Hiérryda to 0.647 in Skalstugan. For the five groups taken together theaverage
correlation coefficient for X; and X, amounts to 0.459. The average corre-
lation for this pair of variables is, if the high altitude and low altitude
populations respectively are taken together, somewhat more marked within
the high altitude populations at Skalstugan and Holjes than within the low
altitude populations, or 0.587 against 0.433. If we convert r to z according

1
to FISHER, z = 5 [loge (1+1)-log, (1~ r)], and divide the z-difference by

its approximate standard error we obtain the ratio:
Z -2, 0.67-046  0.21 13920

R T 1 1 y241 h
Vigocn2taeo-n-2 Vis+®

=0.21 x 7.60 =1.596°.
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Entering a table of ¢ for oo degrees of freedom, we find that a ¢ value of
1.596 has a probability lying between the 10 and 5 9%, levels of significance.
The average correlation differences between the two groups is, thus, not
significant.

If one were to regard the five populations as one stand, a total group
correlation between the variables X; and X, amounting to 0.796 would be
obtained. This total group correlation is interesting hecause of its high value.
It is influenced by the correlation between population means as well as by
the correlation within the populations. From a biological point of view this
total group correlation is of secondary interest, as it does not distinguish
between the part of the covariation caused by environmental differences
between areas and the covariation within areas.

The partial coefficients both for individual regressions (based on the trees
within only one sample plot), average regressions and over-all regression of
X, on X, (cone weight), X, (number of seeds per cone), X, (cone length) and
X (cone weight per seed) are given in Table 10 and those for the regressions
of X, on X, and X; (cone volume) in Table 14. The partial regression coeffici-
ents (e.g. byp 546 Within the populations and within the whole material) indicate
for the sample in question how much X, is on an average changed when an
independent variable (e.g. X,) is altered by one unit, and when at the same
time the other variables (e.g. X, X, and X,) are kept constant. As can be
seen from the mean errors in the Tables 10 and 14, many of the regression
coefficients are statistically relatively uncertain and far from being significant.
On the other hand, these tables give a clear picture of just how complex the
relations are between many of the properties or pairs of variates investigated.

It should be observed that X, appears as denominator in the expression
for X;. Therefore the regression of X, and X, (total or partial) must be judged
with some caution; a possibility of a ‘‘spurious” negative correlation is
inherent in the way the values of X, and X, are computed. Similarly, regres-
sions and correlations involving X; and X, or those involving simultaneously
X,, X, and X, may contain elements due to “spurious correlations”.

If, as before, we designate the dependent variable (1,000-grain weight of
all seeds) with X, we get the equations for the individual regression functions
with the help of the population mean values for the different properties and
the partial regression coefficients in Table 10. They are as follows:

Stjernarp. . ... X, = - 504 ~ 0.206 X; + 2.069 X, + 0.302 X, + 6.186 X,
Hérryda...... X, = 33 - 0.037 X, + 1.584 X, ~ 0.194 X, + 3.147 X,
Gunnarskog...X; = 370 + 0.114 X; - 1.296 X, + 0.113 X, — 1.024 X,
Holjes........ X, = 176 + 0.090 X; -~ 0516 X, + 0.212 X, — 0.559 X,

Skalstugan....X, = 125 + 0.234 X, - 1.3056 X, + 0.167 X, — 0.914 X,
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Table 9. Correlations between tree means based on the product sums and sums of squares of
tree averages within populations in the year 1948.

Population Gunnar- Total material treated as
Stjernarp | Harryda A one group. (Total group
skog X
correlations between trees)
Between the
variables r by T r
X, and X, 0.558 0.350 0.429 0.796
X, 0.563 0.600 0.547 0.814
X, 0.242 0.123 0.160 0.665
X 0.524 0.273 0.286 0.625
X 0.531 0.590 0.166 0.496
X,and X, 0.835 0.782 0.497 0.912
X, 0.663 0.425 | —0.045 0.693
X5 0.990 0.980 0.939 0.911
Xg 0.532 0.556 0.484 0.354
X,and X, 0.572 0.443 0.503 0.725
5 0.827 0.754 0.249 0.751
X, 0.801 0.772 0.198 0.655
X, and X 0.650 0.409 | —0.142 0.497
Xg —0.019 | —0.209 | —0.689 0.020
X, and X 0.520 0.525 0.405 0.609
Population HOli Skal- Average correlations in the five
oljes ‘e
stugan localities
Arithme- | Average based on sums of
Between the r T tic products and squares
variables average within populations
X, and X, 0.549 0.647 0.507 0.459
X, 0.551 0.649 0.582 0.567
X, 0.280 0.199 0.201 0.184
5 0.539 0.656 0.456 0.299
Xg 0.336 0.436 0.412 0.356
X, and X, 0.835 0.882 0.766 0.692
X, 0.424 0.499 0.393 0.294
X, 0.993 0.986 0.978 0.892
X, 0.546 0.359 0.496 0.492
Xgand X, 0.611 0.649 0.556 0.496
X; 0.816 0.885 0.706 0.464
X 0.509 0.280 0.512 0.467
X, and X, 0.409 0.478 0.361 0.119
6 —0.344 | —0.525 | —0.357 —0.437
Xy and X, 0.544 0.373 0.474 0.419
Value of r different from zero at
Correlation based on: the P 9, level of significance
D.F. P =59 P=19
1) 50 trees in one locality 48 0.279 0.361
2) 250 trees treated as one group 248 0.124 0.163

3) the product moment correlation coeffi-

cients for the five individual populations

(arithmetic average) 240 0.126 0.165
4) sums of products and squares for cone-

values between trees within the five popu-

lations 244 0.125 0.164
X, =thousand-grain weight X, =the total number of seeds per cone
X, =X3/10% in cm?,

Ag=cone length cone weight in milligram 10 X,

- ; X, = =
Xy =cone weight " total number of seeds per cone X,
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Table 10. Coefficients in regressions of X, on X;, X;, X, and X, in 1948.

(Calculated on the basis of mean cone values for trees)

Population Type of regression bis.226 b14.326 bi2.348 bi6.342
Stjernarp . | Individual regression —0.206-0.154| 2.069--1.661] 0.302+0.146; 6.1864-3.647
Harryda .. —0.037--0.084| 1.584--1.207|—0.194+0.119] 3.1474-1.870
Gunnarskog 0.1144-0.034| —1.296--0.645; 0.1134+0.068}--1.0244-0.053
Holjes .. .. 0.090+0.094|—0.5164+1.038] 0.212--0.163]—0.5594-1.323
Skalstugan » 0.2344-0.107|—1.305-+0.848| 0.167--0.146|—0.9144-1.013
The whole
material .. | Average regression 0.0784-0.016|—0.366+0.271] 0.0774-0.046{—0.143-+-0.308
N .. | Total regression 0.041+-0.017; 0.468-+0.2565 0.1144-0.049{ 0.265--0.311

The average regression equation of X; on X;, X, X, and X, becomes:
X, = 223 + 0.078 X; — 0.366 X4 4+ 0.077 X, — 0,143 X,

X, = thousand-grain weight in cg. X, = the total number of seeds per cone
X, = cone length in tenths of a mm. X = 10X,
X, = cone weigth in cg. 6 X,

As can be seen from the equations, the combined relations between the
dependent variable (X;) and the independent variables (Xj, X, and X;) differ
considerably between the individual populations.

Especially the Norway spruce plot in Stjernarp of Central European origin,
as well as the spruce plot in Hérryda of native origin, show regression coeffi-
cients which deviate considerably from those for the other spruce plots of
native origin. The partial coefficient of regression of 1,000-grain weight on
cone weight is in the first two plots negative when the variables X,, X, and
X are held constant. In the three other plots there is a considerable positive
association between X and X; when X,, X, and X are kept constant, The
partial regression of 1,000-grain weight on total number of seeds per cone
is positive in the stands at Stjernarp and Hérryda and negative in the other
three spruce stands when cone length, cone weight and cone weight per seed
remain constant. The partial regression of the 1,000-grain weight on the
cone weight per seed (X,), when X,, X; and X, are held constant, is positive
in the sample plots at Stjernarp and Héarryda, while the inverse relation
obtains between these variables in the three most northern located sample
plots. The sample plot at Hérryda is the only plot showing a negative partial
regression of 1,000-grain weight on cone length when cone weight, number
of seeds per cone and cone weight per seed are constant.

The correlation between X; (1,000-grain weight of all seeds) and X, (“‘cone
weight”” = cone weight minus seed weight) is on the average somewhat more
pronounced than between X; and X, and is of about the same order of magni-
tude in all groups. The average correlation between 1,000-grain weight and
cone weight is for the five groups 0.567. In the case of equal cone weight the
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partial correlation between 1,000-grain weight and cone length is reduced. The
difference between the total correlation coefficient for the whole material
r;p=0.459, and the corresponding partial correlation coefficient ry, ;=0.112,
gives a clear indication of this.

The correlation between the 1,000-grain weight (X,) and the number of
seeds per cone (X,) are within populations weak in all cases (cf. Table 9) and
at the same time influenced by other relations (cf. Table 21). The partial
correlation within groups between 1,000-grain weight and number of seeds
per cone with constant cone weight is - 0.136. The correlation between 1,000~
grain weight and cone volume (X; and X,) is weak in two sample plots and
moderate in three. In the whole material it amounts on the average to 0.299.

The correlation between the 1,000-grain weight (X;) and cone weight/
number of seeds per cone (X) is very variable. The correlation is slight to
weak in the two populations from Virmland (Gunnarskog and Héljes) and
moderate in the other three.

In Table 11 is shown a testing of the slope and level of the regression lines
in the five single populations for the regression of X, on Xj.

Table 11. Regression of 1,000-grain weight of all seeds (X,) on cone weight (X;).

(Calculated on the basis of mean cone values)

Sum of Mean
Row Squares Square
num- Variation due to D.F.
ber X;on X,
Deviations from
1 individual regressions ............... 240 1041811.37 4340.88
2 parallel regressions .................. 244 1058543.00 4338.29
3 total regression ........ ... .. ..o 248 1363349.00 5497.38
Differences in
4 slope (2)—(1) ... 4 16731.63 4182.91
5 level (3)—(2) .o 4 304806.00 | 76201.50
6 total differences (3)—(1) ............. 8 321537.63 | 40192.20
Flzﬁill: 0.96° Fy= (jj—): 17.56%%* F,= @: 9.26%%*
69] (2) 1)

The average regression equation (for the whole material) of X; on Xjis X, =2214-0.074 X;.
**# Statistically significant at the 0.1 9 level. °Not significant.

The testing of the regression values for the five samples shows that one or
several reliable differences exist with respect to one or more of the levels of
the parallel regression lines. On the other hand, there are no significant
differences between the slopes of the five individual regression lines.

The individual regression equations for the populations in Stjernarp,
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BETWEEN-TREE REGRESSION OF X; ON X3 AT STUERNARP IN 1948

X+1,000-grain weight in cg.
650 .

5501
450

3501

2501

1503 . X;=238+0.084X 3

O 50 1500 250 3500
X3 =cone weight in cg.

Fig. 8.

BETWEEN-TREE REGRESSION OF X; ON X5 AT HARRYDA IN 1948
Xsincg
700
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5001

400+

3004 *°

X =272+ 0.068X,
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Fig. 9.
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BETWEEN-TREE REGRESSION OF X, ON X; AT GUNNARSKOG IN 1948

X| in cg.
6004 . .
500
400
300 .
2005 . X;= 226 + 0.067 Xy
. 2000 3000 " 4000
X in cg
Fig. 10.

BETWEEN-TREE REGRESSION OF X, ON X5 AT HOLJES IN 1948

400

300

X4=1000-grain weight in cg.
500

Xi=214+ 0.086X3

800 100 1600 2000
Xs=cone weightin cq.
Fig. 11.
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X;incg. BETWEEN-TREE REGRESSION OF X, ON X; AT SKALSTUGAN IN 1948
350

300

250

200
HOL . . X;=90+0143Xs
500 700 900 100 1300
Xzinecg

Fig. 12.

Hirryda, Gunnarskog, Holjes and Skalstugan respectively, for the two varia-
bles (X and X,) are:

X, = 238 + 0.084 X,

X, =272 +0.068 X,

X, = 226 + 0.067 X,

X, = 214 +- 0.086 X,

Xy = 90 4 0.143 X,

Figures 8—12 illustrate the linear regression relationships between the
dependent variable X; and the independent variable X within different
populations.

In Table 12 the same analysis of covariance has been performed where
also the regression of X; on X, and on X, has been taken into consideration.
The significance test in Table 12 shows that significant differences exist in
the levels of the regression of the 1,000-grain weight of all seeds per cone on
cone weight, number of seeds per cone and cone weight per seed.

From the equation for the average regression in Table 10 it is apparent that
there is a positive regression on the average in the whole material of 1,000-
grain weight (X;) on cone weight (X;) and of 1,000-grain weight on cone
length (X,) when the other three variables are held constant. A negative
regression exists in the total material of 1,000-grain weight on the number
of seeds per cone (X,) when X,, X;, and X, are held constant, and of 1,000-
grain weight on cone weight per seed (Xg). In the case of equal cone weight
and cone length there is a tendency for the 1,000-grain weight to be reduced
with increased number of seeds per cone (see also Table 21). With equal
cone weight and number of seeds per cone but different cone length, the
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Table 12. Regression of 1,000-grain weight of all seeds per cone (X;) on cone weight (X;),

cone weight
No. seeds/eone (X,) and ———— (X,).
No. seeds/cone

Sum of Mean
Row Squares Square
num- Source of Variation D.F.
ber X, on X, X, X,
Deviations from individual
regressions:
Stjernarp oo vv i e 46 261645.3 5688.0
) S =1 4« ¥ N 46 277172.8 6025.5
GUNNAarskog .« .ot 46 238628.9 5187.6
HOLieS oo v 46 134069.1 2914.5
Skalstugan ... 46 57176.0 1243.0
1 X individual regressions.............. 230 968692.2 4211.7
2 parallel regressions .................. 242 1038824.0 4292.7
3 total regression ......... ... i 246 1284850.0 5223.0
Differences in:
4 slope (2)—(1) . .ooviiiiii i 12 70132.0 5844.3
5 level (3)—(2) . .cvvvviiiiiiinnn, 4 246 026.0 61506.5
[§ total differences (3)—(1) .......... ... 16 316158.0 19759.9
Flzﬁl—): 1.39° F,= SO—): 14.33*%%* F3=@= 4.69%%*
1) (2) 1)

*x% Statistically significant at the 0.1 9, level. °Not significant

For the average regression for the whole material we have the equation
X, =248+40.080 X; — 0.221 X,+0.062 X,

longer cone contains, on the average, seeds with somewhat higher 1,000-
grain weight. If the cone length and the number of seeds per cone are held
constant there is a tendency for the 1,000-grain weight to increase in the
total material when the cone weight increases.

5.1.3. Between-tree relationship of seed number with cone length, cone weight,

cone weight
cone volume and

number of seeds/cone'

(Calculated on the basis of cone mean values for trees by populations and on an average
for the populations.)

The correlation between the number of seeds per cone (X,) and cone length
(X,) is 0.663 for the Central European spruce at Stjernarp and 0.425,—0.045,
0.424 and 0.499 respectively for the native Norway spruce populations at
Harryda, Gunnarskog, Hoéljes and Skalstugan. The average correlation
coefficient between the same two variables in the four native spruce popula-
tions is 0.213.

The correlation between number of seeds per cone (X,) and cone weight
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Table 13. Regression of total number of seeds/cone (X,) on cone weight (X;) and cone
volume (X;=X3/10°).

Sum of Mean
Row ] Squares Square
num- Variation due to D.F.
ber X, on X, X5/108
Deviations from
1 individual regressions ............... 235 231140.93 983.58;
2 parallel regressions .................. 243 261166.00 1074.76
3 total regression ........... ... . ... 247 496165.00 2008.77
Differences in
4 slope (2)—(1) ... 8 30025.07 3753.13
5 level (3)—(2) v vvvieni i 4 234999.00 58749.75
6 total differences (3)—(1) ............. 12 265024.07 22085.34
F, = @: 3.82%%% F,= @: 54.66%%* F3=@= 22.45%*x*
1) (2) 169

(X,) varies between 0.443 in Hérryda to 0.649 in Skalstugan, and the average
correlation in the whole material is 0.496.

The partial correlation coefficient ry, , between trees within groupsis 0.425.
Thus if the cone length is kept constant the correlation between X; and X,
decreases. If r 45, and r 4 4 are calculated for the total material, these numeri-
cal relations are found to be 0.470 and - 0.144 respectively. If the number of
seeds is kept constant the partial correlation between cone weight and cone
volume is thus practically unchanged. With constant cone weight the partial
correlation between the number of seeds per cone and the cone volume is
slightly negative. With equal cone volume the partial correlation (ry ;) be-
tween cone weight and number of seeds per cone between trees with in groups
is on the average 0.501, which indicates that in the material for the year
1948 the cone volume has no significant influence upon the correlation he-
tween cone weight and number of seeds per cone, since rg, is 0.496, With equal
cone weight and different cone length, the relation (r,, ;) between the number
of seeds per cone and cone length is reduced. The partial correlation coefficient
(r42.5) is — 0.078, while the average correlation coefficient (r,,) within groups,
presented in Table 9, is 0.294.

The correlation between the number of seeds per cone (X,) and cone weight
per seed (X,) is, of course, negative. The more seeds per cone, the less the
cone weight per seed will be. The correlation for all plots is on an average
- 0.437.

In Table 13 are given the mean squares for three different regression types,
referring to the regression of X, on X; and X; (for ascertaining with analysis
of covariance whether there is any statistically demonstrable difference with
respect to the slope of the individual regression planes and whether there is
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Table 14. Coefficients in regressions of X, en X; and X, =X3j/10°%

Population Type of regression b43.5 b45.3
Stjernarp ............. Individual regression 0.0064-0.011 0.034--0.012
Harryda .............. » 0.0144-0.009 0.0114-0.012
Gunnarskog ........... " 0.041-£0.009 —0.0114-0.005
Holjes ......oovvin , 0.07040.016 —0.054+0.039
Skalstugan ............ , 0.144--0.032 —0.1514-0.079
The whole material ....

. " Average regression 0.0354-0.004 —0.008--0.003
. Total regression 0.04840.004 -—0.008+0.005

The average regression equation of X, on X; and X is,
X,=113+0.035 X; — 0.008 Xj.
The equation for the total regression plane is
X, =84--0.048 X; — 0.009 Xj;.

any established difference in level with respect to the parallel regressions of
the five groups).

The variance ratio test in Table 13 shows clearly that the individual regres-
sion coefficients of the groups are not all equal, i.e. that at least one of these
is statistically different from the regression coefficient for the average re-
gression function for the whole material. The coefficient for the average
regression of the number of seeds per cone on cone weight in centigrams with
equal cone volume (cf. Table 14) within the five sample plots is on the average
- 0.035. When the cone volume remains constant a change in the cone weight
of one gram corresponds to a change in the number of seeds per cone by an
average of 3.5 seeds.

Finally the individual regression equations of the single population samples
are as follows:

Stjernarp X, = 181 + 0.006 X, + 0.034 X;
Hérryda X, =102 + 0.014 X, + 0.011 X
Gunnarskog X, = 67 + 0.041 X; ~ 0.011 X
Holjes X, = 70 +0.070 X; - 0.054 X,
Skalstugan X, = 18 + 0.144 X; - 0.151 X

From the average regression equation it follows that the regression of the
number of seeds per cone, X,, on the cone volume, Xy, (in this case the cube
of the cone’s length in cm., X5/10%) with equal cone weight is on the average
slightly negative for the 1948 material. The numerical value of the regression
coefficient is of course, in this case as in other cases, also dependent on the
unit in which the variate is given.

Since the regression of X, on X; = X3/10%, like the partial correlation
coefficient ry,, at constant cone weight, is negative in the whole material,
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BETWEEN-TREE REGRESSION OF X, ON X; AT STJERNARP IN 1948
Xy=total number of seeds per cone.
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BETWEEN-TREE REGRESSION OF X, ON X; AT HARRYDA IN 1948

X4=total number of seeds per cone
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X3=cone weight in dg
Fig. 14.
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BETWEEN-TREE REGRESSION OF X,ON X; AT GUNNARSKOG [N 1948
Xy=total number of seeds per cone

3004
 J
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L J
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2001 « °
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i . ® X4=65+0.36X3
200 300 400
Fig. 15. X3=cone weight in dg.

this means that with equal cone weight and different cone length the shorter
cone contains more seeds per cone. The population in Stjernarp deviates
strikingly in this respect from the rest of the material. In the last mentioned
population, with equal cone weight and different cone length, the longer cone
contains more seeds per cone.

If nothing but the regression of X, on X, is taken into consideration the
following regression coefficients (b,4) for the populations at Stjernarp, Hirryda,
Gunnarskog, Holjes and Skalstugan are obtained: 0.031, 0.020, 0.036, 0.051
and 0.090 respectively (cf. Figures 13—17). The average regression (for the
whole material) is

X, =115 ++ 0.031 X,

The concordance with corresponding partial regression coefficient (by5) in
Table 14 at a constant cone volume, is—except for the populations in Stjern-
arp and Skalstugan—surprisingly pronounced. The linear regressions of X,
on X, for individual stands are:

Stjernarp X, = 160 - 0.031 X,

Hérryda X, = 181 + 0.020 X

Gunnarskog X, = 65 4+ 0.036 X,

Holjes X, = 73 +0.051 X,

Skalstugan X, = 30 --0.090 X,

5—412962
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BETWEEN-TREE REGRESSION OF X, ON X3 AT HOLJES IN 1948
X4=total number of seeds per cone
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Xz=cone weight in dg

BETWEEN-TREE REGRESSION OF X, ON X3 AT SKALSTUGAN IN 1948
X,=total number of seeds per cone.
2004
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5.1.4. Average correlations and regressions between cones within populations,
within trees and between trees within populations of cone and seed properties.
(Calculated on the basis of cone values by populations and within trees within populations.)

If one wishes to clarify the average within-tree correlation in one or several
populations or the variation by trees in the correlation and regression coef-
ficients for populations, one is obliged to carry out the correlation and regres-
sion analysis on individual cone values within trees. If, on the other hand, one
wishes to study the associations of the cone and seed properties in a population
(apart from single trees), one must calculate the corresponding correlations
and regressions in a sample of cones from a combined cone material.

To elucidate the sizes and internal relationships of these correlation groups
we present in this section some average correlations within populations
(without respect to trees) in Table 15, and the corresponding total correla-
tions within trees within single populations in the whole material, in Table
16. In addition to these correlations a series of regressions has been cal-
culated to illustrate the relationships within trees within populations for
some pairs of variables.

The correlation coefficients in Tables 15 and 16 are in agreement or differ
more or less for some pairs of variates. They are not, however, independent of
each other, since the coefficients in Table 15 are weighted means of the infer-
free and within-free correlation coefficients. The correlation coefficients in
Tables 9 and 16, on the other hand, are to be regarded as independent of one
another.

It will be seen from Table 15 that the different sets of pairs of variables show
different variability and strength. The correlations between the cone length
and cone weight (r,;) as well as between cone weight and the weight of all
seeds per cone (ry;) are fairly constant within the sets, whereas the correlation
coefficients between, for example, cone length and total number of seeds
(ry,) and between cone length and the weight of seeds > 1 mm. per cone (ry)
differ markedly. The heterogeneity between populations is of the same size
for the three sets of coefficients ryy, ry,, and rg.

If we test the differences of the correlation between populations, we find
that there exists a large number of significant differences within most of the
sets of coefficients. There are, for example, statistically established differ-
rences for all possible differences hetween the coefficients r,,. The differ-
ences all reach or exceed the 5 9 level of significance. The f-value for the
correlation difference between the coefficients r,, at Stjernarp and Hérryda
is e.g.:

. 0.95-0.61

) ‘\/':5:
1247

= 8. AGHHH,
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Table 15. Correlations between cones within localities and in the total material for the year

1948.
Population Total material treated as
. — Gunnar- one grou
Stjernarp | Harryda skog Total betweer? cone
correlations
Between the
variables by r r T
X, and X, 0.835 0.797 0.816 0.930
X, 0.631 0.455 0.173 0.694
X, 0.738 0.548 0.404 0.788
Xg 0.469 0.290 0.223 0.677
X, 0.719 0.507 0.406 0.778
Xgand X, 0.579 0.475 0.427 0.685
X, 0.725 0.702 0.619 0.800
X 0.496 0.437 0.473 0.688
Xg 0.701 0.684 0.619 0.794
X,and X, 0.711 0.752 0.843 0.892
Xg 0.802 0.389 0.949 0.951
X, 0.640 0.731 0.825 0.877
X, and X 0.766 0.782 0.885 0.913
X, 0.996 0.998 0.997 0.999
Xgand X, 0.794 0.780 0.887 0.918
Population Holjes Skal- Average correlations in the five
stugan localities
Arithme- | Average based on sums of
Between the T r tic products and squares
variables average within populations
X, and X 0.817 0.854 0.824 0.806
X, 0.454 0.535 0.450 0.421
X, 0.604 0.687 0.596 0.571
Xg 0.462 0.571 0.403 0.359
X, 0.599 0.689 0.584 0.553
X, and X, 0.582 0.625 0.538 0.484
X, 0.719 0.771 0.707 0.687
X 0.585 0.650 0.528 0.480
X, 0.713 0.769 0.697 0.674
X, and X, 0.831 0.853 0.798 0.761
Xg 0.876 0.951 0.893 0.898
Xy 0.805 0.832 0.767 0.727
X, and X, 0.870 0.884 0.837 0.811
9 0.996 0.998 0.997 0.997
Xgand X, 0.879 0.885 0.845 0.822
Value of r different from zero at
Correlation based on: the P 9, level of significance
D.F. P=59% P=1¢9
1) 1250 cones in one locality 1248 0.055 0.073
2) 6250 cones treated as one group 6248 0.025 0.033

3) sums of products and squares between
cone values within trees within the five
populations 6244 0.025 0.033

X, =cone length

X, =cone weight

X, =the total number of seeds per cone

X, =the weight of all seeds per cone
Xg=the number of sceds > 1 mm. per cone
Xy =the weight of seeds > 1 mm. per cone
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Table 16. Average correlations between cones within trees for the year 1948.

Population . iv
? Stjernarp | Harryda Gunnar- Holjes Skal- gggéi;?
v skog stugan ;
tions
Between the
variables T I T T r T
Xoand Xy ..o 0.846 0.847 0.837 0.790 0.815 0.820
D SR 0.574 0.524 0.159 0.507 0.433 0.432
D 0.727 0.762 0.368 0.634 0.656 0.587
Xg v 0.547 0.546 0.177 0.504 0.700 0.451
D 0.705 0.674 0.372 0.630 0.637 0.581
Xgand X, ........ 0.579 0.588 0.285 0.531 0.596 0.470
X, oo 0.772 0.740 0.486 0.718 0.751 0.673
Xg oininnn 0.516 0.588 0.295 0.561 0.584 0.474
D 0.754 0.737 0.487 0.717 0.713 0.667
Xyand X, ........ 0.725 0.834 0.873 0.832 0.883 0.807
D, PN 0.889 0.979 0.985 0.923 0.956 0.956
D O 0.702 0.827 0.864 0.831 0.877 0.796
X,and Xg ........ 0.747 0.846 0.887 0.864 0.900 0.828
D 0.996 0.999 0.999 0.809 0.997 0.976
Xgand Xy ........ 0.762 0.847 0.912 0.863 0.909 0.830
Value of r different from zero at
the P 9 level of significance
Correlation based on: D.F. P=59 P=19%
within-tree correlation for individual popu-
lations 1199 0.057 0.074
average within-tree correlation in the five
populations 5999 0.025 0.033
X, =cone length X, =the weight of all seeds per cone
X, =cone weight X g =the number of seeds > 1 mm, per cone
X, =the total number of seeds per cone Xy =the weight of seeds > 1 mm. per cone

We have here applied the z-transformation (v. p. 53) to the r-values.

It should be noted that the significance can be due to the possible exist-
ence of differences between trees in the same locality with regard to the
covariation of the two variates.

On examining the Tables 9, 15 and 16 one finds that the numerical values
for the coefficients in Table 15, for each population and variate combination,
lie hetween the corresponding value for inter-tree correlations in Table 9, and
for the within-tree correlations in Table 16. The difference in strength of the
inter-tree and within-tree coefficients for comparable pairs of variates, which
is very complex, depends partly on the differences in environmental effects,
and consequently also on the dissimilarities in interactions between genotypes
and external conditions.

In 28 cases out of 75 the total correlation coefticients for single populations,
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(see Table 15) are larger, seen numerically, than the corresponding coefficients
in Table 16. In two cases they are equal and in 45 cases, smaller. The within-
tree correlation coefficients in this material are therefore on an average larger
than the corresponding coefficients within populations, when the cones are
treated as one group without consideration to trees. In the stand at Hirryda,
for instance, all within-tree coefficients are larger than the corresponding
coefficients in Table 15.

If we further consider the within-tree correlations in Table 16, we find
1) that the correlation between the variables X, (cone length) and Xj; (cone
weight) amounts on the average for the five populations to 0.820 (as against
0.692 for between trees in Table 9), and 2) that this correlation (like all of the
other coefficients in Table 16 and all coefficients in Table 15, and most of the
coefficients in Table 9) has a very high significance (see SNEDECOR, 1939, p.
174, MerriNGgTON, 1942, p. 311, and the probability values below the Tables
9, 15 and 16).

Since the correlation between cone length and cone weight, ry,, is strong
within trees, it may be of interest to calculate the proportion of the variability
in X,, which can be referred to a linear covariation with Xj. The proportion of
this variation is measured by the value of r2, which in this case is 0.6724.
About 67 per cent of the variation in X, (cone length) may therefore be
referred to the covariation with X (cone weight) or conversely.

In the same way, the deviations between the coefficients in Table 9 and the
corresponding coefficient in Table 15 are numerous when considered in per-
centage, and in certain cases of considerable size. The coefficient r,3 at Gunnar-
skog is, for instance, between frees 0.497 and inter-cones within the population
0.816. On calculating the three sets of inter-tree coefficients r,;, rg; and r,;, one
obtains (together with the three comparable sets of correlation coefficients in
the Tables 9 and 15) six sets of observations, or 30 pairs of coefficients.
15 of these 30 inter-tree coefficients in Table 9 are, in their numerical values,
either clearly smaller or somewhat smaller than the equivalent correlation
coefficients in Table 15, two are numerically considered the same and 13 are
larger than the corresponding coefficients in Table 15. It does not seem to be
possible, however, to carry out any tests of these correlation differences which
would be entirely free from points of objection.

If we test the differences of the correlation between the coefficients in
Tables 9 and 16, we find that (if we abstract from the total group correla-
tions in Table 9) significant differences (P < 5 9%,) between the comparable
coefficients in the two tables exist between the two coefficients ryy at Gun-
narskog as well as for the two coefficients ry;, and ry in the total material
(between trees within populations versus within trees within populations).
The t-values for testing the differences are as follows:
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0.66 0.66 /56306 3
15 (Gunnarskog) = ——= == = ——==——— = 0.66 x 6.725 =
/ 1 V1245
/50-3 " H0x24-2
== 4.44%%% (P < 0.1 %),

. . 0.30 _
Ly (in total material) = — : = 4.58*** and
V5 i9-2 " 50212

fyy = 2.44% (P < 2 9),

If we furthermore test the significance of the differences between the inter-
free correlation coefficients ry,, ry; and ry; and the corresponding within-tree
correlation coefficients in Table 16, we also find significant differences between
the coefficients ry, at Harryda (f,, = 2.89%%), ry, at Gunnarskog (f;; = 2.08%)
and ry, at Héarryda (¢,; = 2.15%). The three sets of inter-tree correlations used
for these comparisons are given below:

Stjernarp Hiarryda Gunnarskog Holjes Skalstugan
req 0.749 0.518 0.422 0.584 0.718
Isq 0.706 0.696 0.686 0.724 0.819
T4y 0.710 0.706 0.826 0.842 0.818

These correlation differences at Gunnarskog and Hérryda indicate that the
magnitude of the between-tree and the within-free relationships between
identical pairs of cone and seed characters may, in some cases, be significantly
different.

In addition to the investigations of the types of correlations and the relative
strength (between different cone and seed qualities and between seed qualities
themselves) within a tree type, it is of no less interest for practical purposes
to clarify and verify whether these relationships for a certain tree genus and
species are to be considered as general, or whether the connection can change
in a significant way from region to region and from year to year. It is theretore
of interest to examine: 1) whether, for example, the two high altitude popula-
tions of indigenous Norway spruce at Holjes and Skalstugan deviate signif-
icantly in their correlation from the two low altitude populations of Norway
spruce at Hirryda and Gunnarskog, and in which manner they differ,
2) whether there is any apparent trend in these connections for a number of
regions, 3) whether a population and one and the same tree can show differ-
ent strengths of correlation during different years (or, in other words under
various environmental conditions) and 4) whether trees of different geno-
types react differently to the same changes of environment. It is of the



72 ENAR ANDERSSON

greatest interest to confirm the differences in interactions between geno-
types and environments.

If the z-values for the correlation coefficients in Table 16 are compared
with one another between populations, one finds a number of obvious correla-
tion differences. The within-tree correlation between the variates X, and X,
remains constant in the three low altitude populations but decreases to a.
statistically significant degree in relation to these in the two high altitude
populations (taken together). The within-tree correlation difference between
the population in Héljes (660 m. above sea level) and that in Stjernarp (or
between Holjes—Hérryda) is significant and corresponds to a P-value < 0.1
per cent. Almost equally significant is the corresponding difference between
Héljes and Gunnarskog (the P-value for this difference is practically equal to
0.1 per cent). There is no statistically established difference in this respect
between the sample plot in Gunnarskog and either of the plots in Stjernarp
and Hérryda. The differences in northern latitude between the tree localities
do not in this case seem to have demonstrably affected the correlation between
cone length and cone weight. This means, further, that the Norway spruce
population of Central European origin in Stjernarp shows on an average the
same within-tree correlation between X, and X; as the spruce populations of
native origin at Hérryda and Gunnarskog. The within-tree correlation differ-
ence for the same pair of coefficients between, on the one hand, the population
in Skalstugan (585 m. above sea level) and, on the other hand, the populationin
Stjernarp or Héarryda is significant at the 1 per cent level. On the other hand,
the corresponding differences for X,, X, between the spruce plot in Skalstugan
and that at Gunnarskog, and between Skalstugan and Holjes, do not quite
attain a satisfactory significance. (The differences in z-units are both 0.07
instead of the 0.08 required here at the 5 per cent level.)

If we compare the correlation coefficients for the same pair of variates (X,
and X;) in Table 9, we find that the coefficients for the average inter-tree
correlation in the plots at Stjernarp and Héljes are exactly the same, viz., 0.835,
and that the inter-tree correlation for cone length and cone weight does not
seem to diminish with the plots’ height above sea level in combination with
the more northern location of the stands (with the exception of Gunnarskog),
but has rather a slight tendency to increase (cf. Skalstugan—Héljes and Skal-
stugan—Gunnarskog). The inter-tree correlation difference between the two
coefficients, ry3, in the stand at Gunnarskog and that at Skalstugan is very
highly significant (P << 0.1 per cent). The difference between the same
coefficients at Holjes and Gunnarskog corresponds to a value of P between 1
and 0.1 per cent.

The correlation within frees between the cone and seed properties is for
the year 1948 (in relation to the other four populations) significantly lowest
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in the population in Gunnarskog. (The P-value is for all comparisons < 0.1
per cent).

If we compare the correlations between X, (cone length) and X, (number
of seeds per cone) within trees, we find (if we disregard the population
at Gunnarskog) that the differences between the correlation coefficients of the
single populations and the corresponding coefficient for Stjernarp increase in
proportion as the tree localities are situated farther north, which in this case
implies that the correlations between the variables X,, X, diminish in the
north in relation to the connection found in Stjernarp. The differences due to
the values for z are the following: between Stjernarp and Harryda = 0.07°,
between Stjernarp and Héljes = 0.09%, and between Stjernarp and Skalstu-
gan = 0.19%%,

The corresponding inter-tree correlation differences between populations
are not significantly different.

The within-tree correlation for the variate pair X, and X, (total seed weight
per cone) is significantly lower at Holjes and Skalstugan than at Stjernarp and
Hirryda. The difference between the z-values for the correlation coetficients
between Stjernarp and Holjes amounts to 0.17***, between Stjernarp and
Skalstugan to 0.13** and between Stjernarp and Harryda to 0.08°. If, again,
one neglects the population at Gunnarskog, the total correlation within
trees between the variables X, and X. in the present spruce material appears
in the first place to decrease with the height above sea level of the tree localities.

The correlation within trees between X, (cone length) and X, (number of
seeds > 1 mm. per cone) at Skalstugan is significantly greater than in the other
populations (P <¢ 0.1 per cent). There is on the other hand no significance
between any of the populations at Héljes, Stjernarp and Hérryda with respect
to this relation. The within-tree correlation between the variate pair X, and X,
(the weight of the number of seeds > 1 mm. per cone) is, as is the case between
X,, X,, significantly greater in Stjernarp than in the populations at Holjes and
Skalstugan.

For the single populations the within-tree correlation between X, and X,
(with the exception of Gunnarskog) is practically constant. Only the correlation
difference between Skalstugan and Holjes amounts to a significance at the 5
per cent level.

The correlation within trees between X, (cone weight) and X, (total number
of seeds per cone) remains (with the exception of the population in Gunnarskog)
relatively constant in the populations. This difference in z-units between
Stjernarp and Héljes amounts, however, to 0.13**, The within-tree correlation
between X; and Xy (number of seeds > 1 mm. per cone) agrees with the corre-
sponding correlation between X; and X,, with the exception of the three com-
parisons Skalstugan contra Hdéljes, Stjernarp contra Skalstugan and Stjernarp
contra Héarryda. The correlation difference between Skalstugan and Holjes is
in this case not significant, but the differences between Stjernarp and Skal-
stugan and between Stjernarp and Hérryda, on the other hand, attain a sig-
nificance at the 5 per cent level,
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No essential difference in the strength of the correlation between the
populations appears to exist for the pairs of variables X; and X, (weight of
seeds > 1 mm. per cone). With the exception of all comparisons with the
population in Gunnarskog, only the correlation difference between Stjernarp
(r = 0.754) and Skalstugan (r = 0.713) is significant.

Characteristic of the correlation within trees between number of seeds and
seed weight (X, X, and X, X,) is, inter alia, 1) that the population in Gunnar-
skog no longer, in such a striking way as for the covariation of the cone and
seed properties, deviates from the four other populations, 2) that the correlation
is lowest in the most southern plot (Stjernarp), and 3) that on the aver-
age the correlation increases in more northerly situated tree localities.
The average correlation within single populations (¢f. Table 15) between the
variates X, (total number of seeds per cone) and X, (weight of total number of
seeds per cone) increases on the average with northern latitude (from Stjernarp
to Skalstugan). The {-values for the within-tree correlation differences between
the variate pairs (X, X;) in, on the one hand, Stjernarp, and on the other hand,
each of the other four stands, all correspond to P-values < 0.1 per cent. The
t-values tor corresponding differences between Gunnarskog—Hérryda, Gunnar-
skog—Hodoljes, Skalstugan—Hoéljes, and Skalstugan—Hirryda amount to
3.67%**%  3.92%%k*k 4 BO¥** gnd 4.65%** respectively, which means that the
correlation differences between Stjernarp and the other sample plots are also
for the variate pairs X (number of seeds > 1 mm. per cone) and X, (weight of
seeds > 1 min, per cone) very significant. The P-valueis in all cases << 0.1 percent
and the correlation, as appears from Table 16, islowestin Stjernarp. The {-values
for the correlation differences between Gunnarskog—Hirryda, Gunnarskog-—
Holjes, Skalstugan—Hodljes, and Skalstugan—Hdirryda amount to 7.10%**,
5.63*** 5 14%*% and 6.61*** respectively (P is, also in these cases, < 0.1 per
cent). The correlation within trees between the variables X, X, thus seems—-
in relation to the corresponding connection in the population in Stjernarp—to
increase in more northerly situated tree localities.

Since, amongst other factors, the cone weight may affect the seed weight
differently in different populations (ctf. Table 10) and likewise the covariation
of seed weight and number of seeds, as has earlier been shown with respect to
the inter-tree correlation, it is highly motivated to compute the partial
correlations within trees between number of seeds > 1 mm. per cone (X) and
weight of seeds > 1 mm. per cone (X,) at constant cone weight. If we compute
these average partial correlations of the first order (ry,.,) between the variables
Xg» X, we get for the populations in Stjernarp, Hirryda, Gunnarskog, Hdljes,
Skalstugan and on an average for the five populations, the following coefficient-
series: 0.663, 0.757, 0.921, 0.799, 0.865 and 0.783. The f-value for the partial
correlation difference in z-units between Skalstugan—Stjernarp is given by

,_ (1.31--0.08) V1197

— = 12.48%%%,
V2

The corresponding {-values between Hirryda—Stjernarp, Gunnarskog—>Stjern-
arp, Holjes—Stjernarp, Gunnarskog—H®éljes, Gunnarskog—Skalstugan, Skal-
stugan—Holjes, and Skalstugan-—Hirryda amount to 4.65%**, 19.57%%*,
7.09%%% 12, 48%%* 7 09*%** 5 38%** and7.83*** respectively. The P-valueis thus
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in all cases < 0.1 per cent. The correlation differences between the coefficients
I'gq.q are still greater and more significant at constant cone weight. The correla-
tion within trees between the number of seeds > 1 mm. per cone and the weight
of seeds > 1 mm. per cone at constant cone weight increases likewise in relation
to the corresponding partial correlations in Stjernarp and Hérryda with northern
latitude, but appear also at the same time to have a weak tendency to decrease
with the height of the tree locality above sea level.

From Table 17 may be seen the nature and the degree of the correlation for
individual trees with respect to some cone and seed properties in the five
populations taken separately. Some series of regression coefficients between
different pairs of variates are presented by trees and by populations in the
Appendix-Tables XI1I—XVI.

The within-tree correlation between the variables X, and X, is, as may be
seen from Table 17, extremely marked. Moderate to marked is e.g. the correla-
tion between X (cone weight) and X, (weight of the total number of seeds
per cone) and between X; and X, (weight of the number of seeds > 1 mm.
per cone). The correlations between the variates X, and X, are, for instance,
weak to moderate. A certain percentage (which may be seen from Table 17) of
the trees in Gunnarskog and Héljes shows even negative values with regard to
four of the six correlations investigated. As regards the sample coefficients
of correlation corresponding to rys, I'ss sy, sy, a0d Iy in Table 17, it has been
found desirable to test for each pair of variates whether it can be assumed
that the five sets of 50 correlations can be conceived of as five simple random
samples from one and the same population of correlation coefficients. To test
this hypothesis the correlation coefficients have first been transformed into
z-values, whereupon an analysis of variance has been made of the z’s. The
degrees of freedom for the populations mean squares are in this case 4 and for
the error mean squares (for individual trees within populations) 245. All the
five F-values (corresponding to the five combinations of two variates) were
found to be highly significant with P far below 0.1 9,. Thus, the hypothesis
cannot be accepted. The observed mean square of z-values between trees
within localities is significantly higher (P < 0.1 9%,) than its expectation under
the assumption that the cones from the 50 trees in the same locality are
samples from 50 populations having the same correlation between the in-
vestigated characters. Thus, the conclusion is reached that there exist
differences between trees as regards the strength, and in certain cases also
the sign of association between the investigated variables (cf. Table 17).

An analysis of covariance, in accordance with the Table 18, for the 7 pairs
of variates in the population samples from Stjernarp, Héarryda and Gunnar-
skog (cf. Table 19) shows, that for every investigated pair of variates and each
population the slopes of the individual free regression lines are significantly
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Table 17. Frequency table showing the distribution of correlations between cones in 1948
computed for 50 individual trees from each population (25 cones from each tree).

No. trees with a correlation coefficient ranking within the
following limits of classes
clole|lelololelole =

Between |L|L LILILISIEIE| 2212|252 £
Population the P I I R I B e Bl Bl Bl Bl Bl B e g =
. ol w|jo| ol D ! ] | | | ) ] ‘ |
variables | [ ; [ i
LI T eleleleleleloelel =
RN EBEEIEEEEIE I
Clelel o=
B Do — =2
< (=] > < (=1
Stjernarp X, and X, 1| 2] 8/26 13
X, and X, 1|2 5] 6| 9{13{10| 4
X,y and X, 212 3] 6411} 7{11| 8
X5 and X, 1/ 6{ 9| 9|14 11
X, and X, 1] 2] 6| 7| 8|16 10
Harryda X, and X, 2 3] 2|22 21
X, and X, 211 (3¢ 2| 6 9,16 6 4 1
X, and X, 114141 2 3; 9{10j10]11
X, and X, 1 2| 11 4] 6| 7|24 5
X, and X, 1 3 5| 5| 9|22 4
Gunnarskog| X, and X, 1 21 1] 8|26 12
Xoand X, | 2|2 (51154 (6|9} 3 4] 3| 4} 2
Xyand X, | 1 211 [5}13|5{6|[10] 5| 3| 4] 3| 2
Xz and X, 1 {31511} 3i11} 7} 8| 5| 5
X, and X, 13|14 |1} 4|12 6|11} 2| 5
Hboljes X, and X, 10| 8|23 9
X, and X, 111 2|14 5 7| 6{11] 8| 4
X, and X, 1]1/11]2 20 2 6|11 8|11 4 1
X, and X, 1 1 1| 3| 71 5|12(15 5
X, and X, 1 11 2|1 2y 7] 5|11}16
Skalstugan | X, and X 1| 2| 41023 10
X, and X, 1 2121 6| 7} 5(11|11] 5
X5 and X, 1 21114 3| 8| 6| 813} 3 1
X, and X, 113 2] 2y 5| 811]14 4
X, and X, 31 3] 1] 5| 9]12{12 5
.95—1.00
Stjernarp X, and X, 00_,0——
o
0.95—1.00
Hirryda X, and X, %5
0.95—1.00
Gunnarskog| X, and X, QT
0.95—1.00
Holjes X, and X,
50
0.95—1.00
Skalstugan | X, and X, %5

X, =cone length

X, =cone weight

X, =total number of seeds per cone

X, =the weight of all seeds per cone

X, =the weight of seeds > 1 mm. per cone
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Table 18. Regression of number of seeds/cone (X,) on cone length (X,) at Stjernarp in 1948.
(Calculated on the basis of individual cone values)

Sum of Mean
Row Squares Square
num- Variation due to D.F.
ber Xyon X,
Deviations from
1 individual regressions ............... 1150 582637 506.64
2 parallel regressions .................. 1199 621917 518.70
3 total regression .......... ... oo o 1248 1375945 1102.52
Differences in
4 slope (2)——(1) . .ovvniii i 49 39280 801.63
5 level (3)—(2) vt 49 754028 15388.33
4 5
Flz(—zs 1.58% Fy= (Tzz 209.67%%*
1) (2)

different. The values of F obtained fail in three cases only to reach the 0.1
per cent level of significance. In one single case the estimated significance of
the differences in slope is rather low (1 % < P < 5 9,). These analyses also
demonstrate thal there are very significant differences in elevation between the
tolal regression line and the parallel regression lines for each population and any
set of paired observations.

Table 19. Estimated F-values for differences in regression between trees within three popula-
tion samples for 1948.

(Calculated on the basis of individual cone values)

Slopes Levels
Regression of . ,

Stjernarp | Hérryda Ggi}ggl_ Stjernarp | Harryda Gglr\l (I:gar_
X;on X, 3.43%%% | 3 g1®** | 3.@5%k** | 53 ZLHR*RF| 127 56 *| T4,48%**
X,on X, 2,89 kx| D 3RHkk | D IGHER | 5 QHKRK| 44, 72%**} 30,04 %**
X,on X, 1.58* 2.06%* 2.75% %% | 29 @7 * ¥k 4] DL ¥k 36,48% % *
X, on X, 3,44 %%k | 4 3hxwE | D TARKKR | §3 74K 58 QYRR DY 4OH**
Xgon X, 2.09%* 2,74k %% | D ZTHFE | §4.22%** 65,07***) 33.33%**
X;on X, Q.02%%% | 13,02%%% | §.78%%% |118.63%%%|346.20%*%|201.23***
X, 0n X, 2,93%%% | § 34% %%k | 4 Q5%Ek | §5,51%%*|317,33%%*|115.69%**

Many of the trees, which grow side by side under apparently the same
environment conditions, differ more strikingly from one another as regards
correlations and regressions, than such trees that grow under more differing
milieu conditions within one and the same sample area. Differences in the
genotypical constitution of the trees, therefore, very likely have a different
effect upon the seed and cone properties taken separately (cf. also Stmax and
GusTarssoN, 1954), as is also the case with correlations and regressions be-
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tween the cone and seed properties both befween and within trees. On the
other hand, the genotype of a tree with a large number of seeds per cone (as
in Picea abies) should not very much affect, during one and the same seed
setting year, the pariation of cone values for both cone and seed properties within
a tree. This variation (with the exception of 1) occurrence of somatic mutations,
and 2) interactions between genotype and environment, which may change
within the crown of a tree) is highly milieu-conditioned. Even inter-cone cor-
relations and regressions within trees are more or less influenced by environ-
ment. Climatic and pollination conditions as well as fungus and insect damage to
cones, and other factors, may also, for various reasons, vary within the crown
of a tree.

On the basis of the sums of the products and the sums of squares of the
deviations from the means, for single trees, average within-tree regressions
are calculated in Table 20 for each population and each investigated pair of
variates. The differences between the five populations as regards the slope
of the regression lines have been simultaneocusly tested through an analysis
of variance of the 250 regression coefficients within individual trees. The test
was intended to show whether the regression coefficients within each com-
bination of variates could be considered to constitute a sample taken at
random from one and the same collective. If this had been the case the regres-
sion coefficients for the individual populations would not have differed
more than would have been brought about by coincidence. The differences
between the populations, with regard to the average regression coefficients,
however, appeared to be significant. P was in four cases less than 0.1 9%,
in one case 1 9, (for the differences between the five coefficients of regression
of X, on X,, for explanations see the text below Table 20), and in one case
59, (for the differences between the five coefficients of regression of Xg
on X,).

Table 20 shows the average linear regressions, within population samples
between, 1) cone weight (X;) and cone length (X,), 2) the total number of
seeds per cone (X,) and cone length (X,), 3) X, and X, 4) the weight of all
seeds per cone (X,) and cone weight, 5) the number of seeds > 1 mm. per cone
(X;) and cone weight, 6) X, and X, and 7) the weight of seeds > 1 mm. per
cone (X,) and X,. All the regression coefficients are highly significant. The
same table shows that the cone weight of Norway spruce changes at Stjernarp
with approximately 0.449 grams, and at Skalstugan with approximately
0.223 grams for every millimetre difference in the length of cone. The covaria-
tion in cone weight and cone length has, consequently, a tendency to decrease
in the two Norway spruce stands which are situated farthest north and at the
highest altitudes. The regression of X; on X, is not absolutely strictly recti-
linear but this tendency to “non-linearity’ is not significant. The straight
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Table 20. Average regressions for different sets of pair of variates and for each locality
in the year 1948.

(Calculated on sums of squares and products of cones within trees)

Population Regression cquation Regression equation
Stjernarp ................ XNy=--—- 2280+ 0.449 X, | X;= 131.41--3.371 X,
Hérryda ......oocooin Xy=— 2095+ 0442 X, | Xg=  95.80-1-4.239 \3
Gunnarskog .............. XNg=— 1634+ 0.415 X, | Xg=  79.33-+-2.615 X,
Hoéljes ..o Xy=— 1034+ 0322 X, | Xg= 50.25+4.787 X,
Skalstugan ............... Xy=— 4974 0223 X, | X;= 16.10--8.625 X4
Stjernarp ... X,= 2930 1922 X, | Xg= 13.33+-0.861 X,
Héarryda ..o X,=— 353+ 2131 X, | Xg=— 4.30--0.939 X,
Gunnarskog . ........... .. I X,= 95.83+ 0.734 X, Xg=— 6.17-40.935 X,
Holjes ..o Xy= 4.79-- 1.836 X, | Xg=— 9.9840.885 X,
Skalstugan ............... Xy=— 47.93- 2541 X, | Xg=— 0.32+0.847 X,
Stjernarp ................ X,= 144.50-- 3.653 Xy | Xy=— 22.64--0.998 X,
Harryda ... Xy= 10983+ 4.423 X3 | Xy=— 15.96--0.993 X,
Gunnarskog .............. X,= 9584+ 2.661 X; | Xg=— 14.87-0.990 X,
Holjes ..o X,= 7813+ 4.727X; | Xy,=  73.16+0.804 X,
Skalstugan ............... X,=  23.26+ 9743 X; = X,=— 5.55--0.973 \.
Stjernarp ......... .. L X,= 161.72--36.218 X,

Hérryda ... X,=  39.29--37.276 X,
Gunnarskog .............. X,= 12.024-24.737 X,
Holjes ... X;=— 9 394 35.209 \3
Skalstugan ............... X,;=—10211-+-38.763 X,

N.B. In the table the following variables and units of length and weight have been used:
X, =cone length in millimetre
X, =cone weight in gram
X, =the total number of seeds per conc
X, =the weight in milligram of all seeds per cone
Xg=the number of seeds > 1 mm. per cone
X, =the weight in milligram of seeds > 1 mm. per cone

line therefore fits satisfactorily over at least the observed range (cf. Fig. 18).
In cases with weak curvilinear regressions, a square root transformation,
y=da-+5b \r_, a logarithmic transformation, y = a - b logx, or a second
degree polynomial, y = a + bx + cx?, give a better fit especially to higher
values of the variates than the linear regression.

If we test the significance of the difference between the average regression
coefficients (by,) for localities in Table 20, based on their respective standard
errors between trees, we find that the values of ¢, obtained by such a test,
correspond to a significance at the 0.1 9, level for the difference between
regression coefficients in all comparisons between localities except those
within the group Stjernarp, Harryda and Gunnarskog, where no significant
differences are found between the coefficients b,.

Positive average regressions exist between number of seeds per cone and
cone length. The within-tree regressions are in this case very specific for each
population without any indication of a geographic trend.
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WITHIN -TREE REGRESSION OF X5 ON X, AT STJERNARP IN 1948
X3=cone weight in dg.
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Fig. 18. X,=cone length in mm.

The coefficient by, (regression of total number of seeds on cone weight) is
much higher for Skalstugan than the other populations. The difference is
highly significant. Similarly, the coefficient b,; (regression of weight of all
seeds on cone weight) is noticeably lower in Gunnarskog than in the other
four localities (P << 0.1 9,). As we have seen, the regressions of X, on X, and
of X, on X,, differ significantly among the five seed sources studied at the
5 9, respectively 1 %, level. It is in both cases the two most northerly stands
at the highest altitudes (Holjes and Skalstugan) which cause these deviations.
There are, however, in these two cases, no statistically significant differences
in the regression coefficients between the populations at Stjernarp, Hérryda
and Gunnarskog.

5.1.5. Some partial inter-tree and within-tree correlations

In order to study the actual relations between two variables, when one or
two additional factors are held constant, some partial correlations of the
first and second order are caleulated in the Tables 21 and 22. The partial
correlation coefficients, presented in Table 21 are based on mean cone values
for individual trees and the coefficients in Table 22 on cone values within
trees.
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a3.1.5.1. Partial inter-tree correlations

A brief inspection of Table 21 shows that between trees in this material we
have: 1) in most cases a strongly reduced partial correlation in comparison
with a similar total correlation (which shows that many of the total correla-
tions are to no inconsiderable degree only apparent), 2) a slight, reasonably
constant and insignificant partial correlation between the 1,000-grain weight
of all seeds per cone (X;) and the cone length (X,) in the five populations when
the cone weight (X;) is held constant, 3) a varying, consequent positive and
significant partial correlation between the variables X, and X, when the
total number of seeds per cone (X,) remains constant, 4) a varying, positive
and, in two cases out of five, significant correlation between the variables
X, and X; when X, is held constant, 5) a moderate reasonably constant pos-
itive and significant correlation between X; and X; when X, is held con-
stant, 6) an insignificant correlation between X, and X, where the cone
length is held constant, 7) an insignificant correlation, in four cases out of five,
between X; and X, with the same cone weight (the significant coefficient at
Skalstugan, like the other four partial coefficients, also has a negative sign),
8) with the exception of Gunnarskog, positive, moderate in strength and, in
four cases out of five, significant correlation between X, and X, when the
1,000-grain weight is constant, 9) considered on the average weak, falling
from the south to the north and, in two cases out of five, significant correla-
tion at the 5 9 level between X, and X, with constant cone weight (of the two
significant correlations the one in Gunnarskog is negative), 10) a relatively
constant moderate, positive and significant correlation between X; and X
when the 1,000-grain weight is held constant, 11) a from south to north,
from insignificant to moderate, increasing, positive and, in three cases out
of five, significant correlation between Xj and X, when cone length is constant,
12) a varying in strength, positive and significant correlation between cone
length (X,) and the weight of all seeds per cone (X,) when the number of
seeds per cone (X,) remains constant, 13) a moderate strength, fairly constant
and significant correlation between X3 and X, when X, is held constant,
14) varying between populations, positive, significant and on the average
a strong correlation between X, and X, when the cone length is the same
(X,), and 15) a positive, significant, fairly constant and on the average
strong correlation between X, and X, when X, is constant.

The value of X, (the average 1,000-grain weight of all seeds per cone) in
Table 21 is for individual trees calculated by:

X, - 100

="

6—412962
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The numerator X, (cf. Table 15, 16 and 22) denotes the average weight of all
seeds per cone and the denominator X, the average number of all seeds per
cone.

It should be observed that the correlations between X, and X, (total as well
as partial) as mentioned earlier must be judged with caution, as a possibility
of a negative ““spurious correlation” is inherent in the way the values of X
and X, are computed.

Many of the correlation coefficients of the second order are further reduced
in relation to the coefficients of the first order. The coefficients ry, g, and ry.04
are not significant. A tendency to negative correlation throughout the pop-
ulations, significant at Skalstugan, exists between 1,000-grain weight and
the number of seeds per cone when cone weight and cone length are kept
constant. The inter-tree correlations between 1,000-grain weight (X;) and
cone weight (X;) with the same cone length and number of seeds per cone
are positive, as can be seen, but on the other hand they are not significant
within two populations out of five. The coefficients ry,,;, do not reach the
5 9, level of significance in three cases out of five. Two of these last
named insignificant coefficients have negative signs, in contrast to the
equivalent total correlation coefficients, ry, in Table 9. The covariation
between cone length and the weight of all seeds per cone, when cone weight
and number of seeds per cone are kept constant, is noticeably strong and
significant at Gunnarskog, and weak and not significant within the other
stands. Regarding the correlation between cone weight and seed weight
per cone, when X, and X, are held constant, the population at Hérryda
differs from the other stands. The positive coefficients ry, ;, are significant
and moderate in strength at Gunnarskog, Holjes and Skalstugan. A tendency
to a trend can be traced in the material with reference to the set of the
coefficients ry, ;5 (between cone weight and total number of seeds per cone
when 1,000-grain weight and cone length are constant), and the situa-
tion of the populations. The numerical value of the correlation for this
variate pair with the same 1,000-grain weight and cone length, increases
within the more northerly situated populations in relation to the equivalent
coefficients in the stands at Stjernarp and Hérryda. The difference between
the correlation coefficient (r;,4,) at Stjernarp and at Skalstugan is 0.57 z-units,
and the t-value for the difference is given by

0.57 057 V45

\/50 5 5 v

= 2.70%*,
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Table 21, Partial inter-iree correlations for populations in the year 1948.
Pop- |
ula-
tion | Stjernarp Hérryda Gunnarskog Hdljes Skalstugan
rry-:
‘ 1
Tlogeveeonnnn. 0.193° —0.239° | 0.216° 0.194° 0.208°
Prgateronoennn 0.547 0.331 | 0.442 0.495 0.645
Figgen oo 0.213° 0559 | 0.426 0.201° 0.218°
Pigige v rereennn 0.533 0.613 | 0.547 0.500 0.697
Tagoteeovonnnn. 0.759 0.763 | 0.347 0.763 0.797
Poagigevenenennn 0.741 0.732 0.602 0.803 0.847
Poguge v onnnnn 0.652 0.686 0.315 0.736 0.736
Tiggeeennenns —0.206° —0.030° 0.199° 0.062° —0.187°
P e, —0.118° -~0.199° —0.159° —0.086° —0.384
Paggeennonenns 0.656 0.411 —0.127° 0.337 0.496
Pagge oo 0.411 0.141° |  ~0.393 —0.198° —0,205°
Taggseennnnnn. 0.281 0.098° —0.692 —0.155° —0.221°
Paggeeeencnnn. 0.543 0.465 0.503 0.570 0.697
Pagge e v oenns 0.045° 0.196° 0.606 0.516 0.511
Tagge oo, 0.142° —0.095° —0.155° 0.004° --0,063°
Panigevveeenenn 0.409 —0.059° 0.128° —0.054° —0.016°
o 0.533 | 0340 | 0815 0.465 0.621
Tapigeooeennnin 0.519 | 0.604 . 0.555 0.491 0.658
Pyguge oo | 0.430 | 0.627 | 0.933 0.808 0.762
Pamgeeoveennnn 0.527 0.618 | 0.765 0.732 0.856
Partial inter-tree correlation of the first order Value of r different from zero at
the P ¢ level of significance
D.F P=1509 P=19,
47 0.282 0.365
Stjernarp Hérrvda Gunnarskog Holjes Skalstugan
0.268° —0.219° 0.169° 0.181° 0,143°
0.227° 0.577 0.392 0.198° 0.371
0.634 0.651 0.480 0.738 0.725
—0.221° -—0.172° —0.082° —0,049° —0.357
0.445 0.098° —0.372 —0.185° —0.138°
0.093° 0.257° 0.588 0.514 0.576
0.259° —0.188° 0.724 0.136° 0.159°
0.218° 0.554 0.139° 0.223° 0.317
0.431 0.634 0.894 0.737 0.667

Partial inter-tree correlation of the second order

Value of r different from zero at

the P 9 level of significance

D.F.
46

P59,
0.285

° Note that the value of r does not reach the 5 9 level of significance.

P=19
0.368
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This value of { somewhat exceeds the 1 %, level of significance. The #-value for
the corresponding partial correlation difference between the population at
Hirryda and the one at Gunnarskog is just below the 5 % level.

If we further test the significance of the inter-tree difference between partial
correlations of the second order we find, for example, that the difference
between the coefficient ry;,, at Harryda and Hoéljes and between the coef-
ficient ryyq, at Gunnarskog and Holjes exceeds the 5 9 level of significance.
The difference between the coefficient r,, ;5 at Stjernarp and at Gunnarskog,
between the coefficient r,, 5, at Gunnarskog and Hérryda and at Gunnarskog
and Héljes, and hetween the two coefficients ry; ,3 at Gunnarskog and Stjern-
arp, exceeds the 0.1 9 level of significance, and the same is true for the
difference between for example: the pair of partial coefficients of the first
order, Iy, 5, at Stjernarp and Gunnarskog, ry, ;, at Gunnarskog and Skalstugan,
and ry, ; at Stjernarp and Gunnarskog. The f-value for the difference between
the average inter-tree coefficients, ry;, at Hérryda and Holjes is

= 0.43 {23 = 2.06*.

The obtained f-value corresponds to a significance at the 5 9 level. Thus,
these five populations show, with regard to partial correlations for cone and
seed properties, in co-operation with their environments a number of significant
different inter-tree associations for comparable pairs of variates.

5.1.5.2. Partial within-tree correlations

The partial correlations in Table 22, with the exception of five coefficients
in the population at Gunnarskog, all show reduced associations in relation to
the total correlation coefficients in Table 16. These exceptions are composed
of four partial coefficients of the first order: ryg 4 o740 Typ.0s Tz and of one
coefficient ry; . of the second order. The correlations of the first order, ry 4,
between cone length (X,) and cone weight (X;) when the number of seeds per
cone (X,) is equal, are still strong, positive and highly significant. The
coefficients, ry;, when the seed weight per cone (X;) is equal, are more
strongly reduced in comparison with the total correlation coefficients, ry,
but are still moderate in strength, positive and all highly significant. The
correlations between cone length and the number of seeds per cone with the
same cone weight (ry, ;) and between cone length and number of seeds per
cone with equal seed weight per cone (r,,,) are on the other hand, for the
individual populations, greatly reduced in strength. For two of the popula-
tions the coefficients r,, 5 are weak and significantly negative. Within four of
five populations there exists a weak, negative and significant within-tree
correlation between cone length and the number of seeds per cone when seed
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weight per cone is constant. The correlation between cone weight and the
number of seeds per cone when cone length (ry,,) is equal, is also weak but
positive and significant throughout for the five populations examined for
1948. When seed weight per cone is equal, the within-tree correlation between
cone weight and number of seeds per cone (ry, ;) is insignificant in the stand at
Stjernarp and significantly negative within the four indigenous spruce stands,
The correlations between cone length and seed weight per cone when cone
weight (ry; ;) is equal, as can also be seen in Table 22, are weak, significant and
positive, with the exception of the sample plot at Gunnarskog. The correla-
tions ry, 4 I, and rg,, with a few exceptions are moderate in strength, posi-
tive and highly significant. The correlations between the number of seeds and
the weight of seeds per cone when cone length, r,;,, is equal, and between
the number of seeds and seed weight, when cone weight r,; 5, is constant,
are all positive, moderate in strength at Stjernarp and strong within the rest
of the populations.

The partial correlation of the second order within trees between cone length
and cone weight, with the same number of seeds and seed weight per cone, is
moderate in strength, positive and constant within four of the five popula-
tions. This within-tree correlation is strongest within the population at Gun-
narskog (as opposed to an equivalent inter-tree correlation). The difference
between the within-tree correlation coefficient of second order at Gunnarskog
and any corresponding coefficient for each and every one of the other four
stands exceeds the 0.1 %, level of significance. The t-value for this partial
correlation difference between Gunnarskog and Holjes is, for instance:

- —106;& — 0.33 /508 = 8.07%%%,
Vesoz-1-1

This means that the positive relation between cone length and cone weight,
with the same number of seeds and the same seed weight per cone, is stronger
within trees at Gunnarskog than within frees amongst the four remaining
stands examined in 1948. Thus, different localities and populations show in
this material different within-tree correlations between cone properties.

The partial correlations within trees of the second order, ry 3;, between cone
length and the number of seeds per cone, with the same cone weight and seed
weight per cone, are all significant, strongly reduced in strength in comparison
with the total correlations in Table 16, and in three cases out of five, negative.
Only the two correlation differences between Stjernarp and Hoéljes, and be-
tween Hirryda and Skalstugan, are not significant. The correlations, ry or,
between cone weight and the number of seeds per cone, with equal cone
length and seed weight per cone, arc insignificant in one case and posi-
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Table 22, Partial within-tree correlations for populations in the year 1948.

Pop-

ula-

tion Stjernarp Harryda Gunnarskog Holjes Skalstugan
Tay .z
Tog,ge v eennin 0.769 0.782 0.837 0.713 0.769
Togmeeennnns 0.652 0.650 0.810 0.622 0.647
Toggeoveonnnn, 0.194 0.060 —0.152 0.168 —0.113
Toggeeeennnnnn 0.099 —0.312 —0.358 —0.048° —0.413
Paguae v oeennnn 0.214 0.318 0.281 0.247 0.465
Pygre o 0.044° —0.079 --0.327 —0.172 —0.217
Togige o oveennnn 0.218 0.378 —0.081 0.156 0.115
Toyige v vvnnnnen 0.551 0.692 0.476 0.444 0.647
Py evennnn. 0.429 0.275 0.350 0.458 0.495
Tagigesennenn: 0.627 0.559 0.507 0.587 0.596
Tipgeeeennnnn. 0.547 0.788 0.887 0.766 0.880
Ta7 .8 e vvvnnns 0.536 0.733 0.887 0.764 0.821

Partial correlation of the first order

Value of r different from zero at
the P 9, level of significance

D.F, P =59 P=19
1198 0.057 0.074

Stjernarp Hiérryda Gunnarskog Haoljes Skalstugan
Togudr c v veennn 0.651 0.660 0.785 0.624 0.627
Togug7 c v veennnn 0.093 —(.344 —0.168 0.133 —0.366
Tg4.27 v oo ennn —0.027° 0.270 —0.068 —0.182 0.072
Porga oo evnonn. 0.138 0.493 0.109 0.045° 0.368
Pggugg v v eev e 0,381 0.040° 0.226 0.430 0.202
Tazu08 oo eonnn 0.516 0.769 0.878 0.758 0.845

Partial correlation of the second order

Value of r differenti from zero at
the P 9, level of significance
P =59 P=19
0.057 0.074

D.¥.
1197

“ Note that the value of r does not reach the 5 °f level of significance.

tive in two cases out of five. The three correlation differences between
Stjernarp and Gunnarskog, Stjernarp and Skalstugan and between Gunnar-
skog and Skalstugan, are not significant. The correlation, ry; 4, between
cone length and seed weight per cone when the cone weight and the number
of seeds per cone are held constant, is positive throughout, significant in
four cases out of five, weak in strength at Stjernarp, Gunnarskog and Holjes,
and moderate at Harryda and Skalstugan. The correlation difference between
this pair of coefficients is not significant for the comparison between Stjern-
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arp and Gunnarskog. The correlation between cone weight and seed weight per
cone, Iy; o4, 18 similarly strongly reduced after the influence of the cone length
and the number of seeds per cone is eliminated. It is positive throughout, and
significant in four cases out of five. Two of the differences between the
coefficient, ry, ., are not significant, namely, between the coefficient for the
stand in Stjernarp and that in Héljes, and between the coefficient in Gunnar-
skog and that at Skalstugan. Highly significant differences exist, for example,
between the stand at Stjernarp and the stand at Hérryda, and between
Stjernarp and Skalstugan in regard to the correlation r,; ,5. Thus, a number
of significant differences between average correlations of the second order,
between comparable pairs of variates for cone and seed properties, are present
within trees for populations and areas. This is also true for many of the correla-
tion differences of the first order in this material. The partial correlations vary
from significant positive to significant negative values.

§.1.5.3. Differences in partial inter-tree and within-tree correlations in 1948

A test of the significance of the differences between comparable partial
inter-tree correlations (Table 21) and within-tree correlations (Table 22)
shows that a number of significant differences exist between the two correla-
tion groups. For instance, there exists a significant difference, for the correla-
tions of the second order (as well as for the total correlations) within the
stand at Gunnarskog, between the inter-tree correlation and the within-tree
correlation, in regard to cone length and cone weight, when seed weight and
the number of seeds per cone are constant. The t-value for this ry, ,,-differ-
ence is given by

t= 1952050 == = 0.76 x 6.585 == 5.00%**,

T
Veoas—nyzat

50 -5

The partial correlation within trees for these cone properties in Gunnarskog’
is therefore stronger than befween frees. No significant differences between
the inter-tree and within-tree correlations could be shown, however, within the
four other stands in regard to the examined cone properties.

Also, other sets of inter-tree and within-tree correlation coefficients show some
significant differences within populations during one and the same year. Thus,
there are significant differences between the two coefficients ry,,, at Hér-
ryda (t = 3.82%%%), r,, o, at Hirryda (¢ = 4.81***) and, at Gunnarskog (f =
5.33%##) and between the coefficients r,, ,; at Skalstugan (f = 2.90%¥). There
exist also similar cases of significant differences between certain pairs of
coefficients of the first order within some comparable sets of correlations
within populations.
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The examples of significant differences cited, despite the fact that the num-
ber is not large, show that the average mutual variation between cone
qualities (ryg4;), between cone and seed qualities (ry;5, and rg,,) and be-
tween the seed qualities themselves (r,,,5) can within certain populations
amount to significantly different values within frees and befween frees.

5.2. The 1954 material

5.2.1. Cone and seed characteristics 1954 in relation to corresponding char-
acteristics 1948

The investigations are carried out on material from the sample plots at
Stjernarp, Gunnarskog, Skalstugan, Kvikkjokk, Géllivare and Pajala (cf.
Fig. 1). Mean values of cone and seed characteristics are presented for each
individual tree in the Appendix Tables VI—XI. The averages for individual
populations are brought together in Table 23. At the same time, in order to
facilitate comparisons between comparable stands in 1948 and 1954’s mate-
rial, a list of corresponding mean cone values for the sample plots examined
in 1948 is given in Table 24, An analysis of variance relating to differences
between population means, indicates (as in the material for 1948) for all
studied properties highly significant differences among geographic areas
(P < 0.1 %). The comparison between the two years is complicated by the
fact that some but not all trees are common to both years. Thus, although
30 trees were observed in each plot in 1948 and in 1954, only two trees at
Gunnarskog were observed on both occasions; 41 and 30 trees, respectively,
were common to 1948 and 1954 at Stjernarp and Skalstugan. To avoid
computational difficulties resulting from this mixed structure of the data, a
simplified statistical technique was used. In comparing the 1948 and 1954
means of 50 trees the {-test for two independent samples was applied. This
should be a conservative procedure in the sense that the significance of the
difference is underestimated., This test was applied to the data from Stjern-
arp and Skalstugan. As a check, the mean difference between the 1954 and
1948 values for trees observed in both years was tested by the one-sample
-test. A comparison of the population mean cone values of the two years
(cf. Tables 23 and 24) shows that the average length of cones for the 50
trees at Stjernarp and Gunnarskog is lower in 1954 than in 1948. If we
test the significances of these two differences between years by the two-
-sample f-test, we find that P is in both cases <t 0.1 9. This significance
between years can to a certain degree be influenced by the variation in the
number of cones per tree (whole tree crown) and by the composition of
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Table 23. Mean cone values for populations in the year 1954,
(Unweighted average of mean cone values for trees)
Popula- Stjernarp Gunnarskog | Skalstugan | Kvikkjokk Géllivare Pajala
Latitude " Latitude \ | / Latitude ' Latitude Latitude Latitude
Cone 56° 387 59° 517 63° 347 66° 58’ 67° 07" 67° 09’
and seed Altitude Altitude Altitude Altitude Altitude Altitude
properties 35 m. 140 m. /|\ 585 m. 400-550m./|\370-470 m., 140 m.
X, =thousand-grain
weight in gramy 5 55 | 44| 4124.0.12] 2.84-0.08) 2.56-0.09] 2.68.0.09] 2.590.09
of all seeds per
cone
X, =conelengthincem.| 10.2340.17 9.554+-0.14 7.57--0.12 6.93 £ 0.09 6.66 +0.10 6.77 =0.10
Xy :gr’fl‘fn weight il 4543061 13.8300.43] 879029 6.08-021 5452018  6.37.0.22
Xy —the total number) 576 ¢g 3 61| 260,46 4 4.65| 191.64 4+ 3.84) 165.18 13.31| 150.55 - 3.63| 172.01 -3.30
of seeds per cone
X, =the weight in
gram of the totall 4 43 604l 1.0720.04 0552002 042002 0.4040.02] 0.4520.02
number of sceds
per cone
Xg =the number of
seeds > 1 mm. | 226.79--4.99 242,57 1-4.23| 171.02 -4.77| 135.544+3.79| 115.81.-4.,19| 147.7243.88
per cone
X, =the weight in
gram of seeds > 0.98 +.0.04 1.06 £ 0.04 0.54--0.02 0.401-0.02 0.37 £0.02 0.43 -0.02
1 mm. per cone
Number of all seeds - - = - -
7 L. (.4 27 44 2 2 - 2 N ) 25 41 - 0.7
per cm. cone length 27.07+0.43| 27.274-0.44 25.321-0.42] 23.8520.52] 22.6140.45] 25.414-0.53
Number of all seeds
per gram cone 18.30+0.82) 18.83£0.59] 21.812.0.62| 27.1840.92} 27.624.0.80{ 26.9940.10

weight

trees in the plot. In the sample plot at Gunnarskog the average number of
cones per tree was about 166 in 1954 compared with roughly 79 cones in
1948, i.e. approximately 110 9, higher than 1948. It was, however, impos-
sible in both cases to make an exact calculation of the number of cones per
tree, because of the highly variable number of cones that had been pulled
down from the trees (mainly by crossbills and squirrels). Simultaneously,
the pollen production in 1954 was unprecedently high. In 1954 the Stjernarp
stand produced longer cones than the stand at Gunnarskog (P < 1 9%). In
1948 the proportions were the reverse, although the difference is not found to
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Table 24. Mean cone values for populations in the year 1948,

(Unweighted average of mean cone values for trees)

Population Stjernarp Hirryda Gunnarskog Holjes Skalstugan
Latitude Latitude Latitude / Latitude Latitude

Cone 56° 38" 57° 427 59° 517 60° 547 63° 347
and seed Altitude Altitude Altitude Altitude Altitude
properties 35 m, 100 m. 140 m. 660 m. / 585 m.
X, = thousand-grain

weight in gram 4,74 +0.13| 4.75-+0.14} 4.434+0.12| 3.4140.09| 2.16-=0.07

of all seeds per cone
X, = conelength in cm. 11.33-4-0.20 11.4840.21| 11.74-0.18 7.80+-0.13 6.184+-0.11
X, = cone weightin gram 28.06+-0.87 | 29.7741.23 | 32.3841.00| 14.78-4+0.57| 8.80+40.31
X, = the total number of AR A4 4iE e - a4 ~

seeds per cone 247.15-+4.70 |241.04 - 5.56 |181.99 4 7.05 |148.37--4.79 1109.274-4.36
X, = the weight in gram

of the total number 1.184-0.05 1.15+0.05 0.814+0.04 0.514+0.02 0.24-L0.01

of seeds per cone
Xg = the number of seeds - —— \ )

> 1 mm. per cone 225.94 -5.77(221.64L6.39 [168.09-+-6.91 1121.204-4.84 | 91.694-3.83
X, = the weight in gram

of seeds > 1 mm. 1.154-0.04 1.1240.05] 0.7940.04| 0.48-40.02 0.23+0.01

per cone
Number of all seeds per . - a -
cm. cone length 21.81--0,43 | 21.004+0.48 | 15.504+0.62] 19.024+0.56 | 17.684+0.71
Number of all seeds per )
gram cone weight 8.81+0.29| 8.104+0.34| 5.624+0.24| 10.0440.38| 12.4240.40

be significant. However, the cones from the stand at Skalstugan were longer in
1954 than in 1948 (P < 0.1 9;). In 1954 the cone length as well as the average
seed and other cone characteristics, decreased with the northerly position
of the sample areas and with the higher altitude. The length of cones in
Gillivare in 1954 was consequently only about 65 9%, of the cone length at
Stjernarp, and approximately 70 9, of the cone length at Gunnarskog. The
mean cone weights in Stjernarp and Gunnarskog show remarkably greater
differences between the two years.

The average 1,000-grain weight of all seeds was higher in 1954 at Gunnar-
skog than at Stjernarp (P << 5 9,), in contrast to 1948. The difference in
average 1,000-grain weight in 1954 between, on the one hand, Stjernarp and
Gunnarskog, and on the other hand, the four most northerly situated stands,
is statistically significant. In 1954 the average 1,000-grain weight at Stjern-
arp is significantly lower than in 1948. The P-value for the difference between
the two years is less than 0.1 9%,. On the other hand, the average 1,000-grain
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weight at Skalstugan is significantly higher in 1954 than in 1948 (P < 0.1 9,).
If the comparison between the two years is made by the {-test applied to
values for those trees which were observed on both occasions, we reach the
same level of significance between the two years for cone length and 1,000-
grain weight.

The differences in the total number of seeds per cone between, on the one
hand the two most southern, and on the other hand the four most northern
populations in 1954 are high and statistically significant. The same compari-
son in 1948 between Stjernarp and Gunnarskog on the one hand, and Holjes
and Skalstugan on the other, is similarly highly significant. There are con-
siderable differences between the years. The differences between the years
1948 and 1954 in the total number of seeds per cone are significant at the
0.1 9% level within the localities Stjernarp, Gunnarskog and Skalstugan.
The total number of seeds per cone is greater in 1954 than in 1948 within the
three populations, despite the fact that the cone length, and the weight of
the cones, was considerably less at Stjernarp and Gunnarskog in 1954. The
increase in the total number of seeds per cone in the year 1954, in compari-
son with the number of seeds in 1948, in round figures amounted to 12 9 at
Stjernarp, 43 %, at Gunnarskog and 76 9, at Skalstugan. The number of
seeds >> 1 mm. per cone in Stjernarp and Skalstugan, on the other hand, is
almost constant in the two years.

The significant difference in the number of seeds per cm. cone weight
between stands and geographic areas in 1948 is caused mainly by the low
averages at Gunnarskog and Skalstugan. Trees 371 and 377 (see Appendix
Table III) provide an additional reason, among other things, for the large
deviation in Gunnarskog, but even disregarding these trees, the between-
tree heterogeneity within this stand was large and significant. Other trees
at Gunnarskog, such as numbers 312, 356 and 364, vary in a most striking
way in regard to the length of cone.

The calculations show that the between-sample variation is significantly
larger than the between-tree variation in the weight of the total number of
seeds per cone in 1948, and is significant in 1954 (P < 0.1 9%,). The diffe-
rence between geographic seed sources may, of course, be highly influenced
by conditions of environment, but much of the between-tree variations
within population samples cannot be explained only by environment fac-
tors. Different trees produce, as shown earlier, different number of seeds
per cone, different seed weights and different percentages of empty seeds
per cone (see Appendix Tables XVII—XXI and XXIX—XXXIV). It is
therefore interesting to note at this point that Jounsson (1961) found,
generally, special and close relationships in Pinus silvesiris between on the
one hand, clones, and on the other hand, seed and cone properties such as
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the number of seeds per cone, 1,000-grain weight, the percentages of empty
seeds, total weight of seeds, the number of cones per tree and the mean
cone weight per tree. Similar relationships were also found in Scots pine by
EHRENBERG, GUSTAFSSON, PLyM ForsurLL and Sivax (1955), between origi-
nal trees and grafts in different regions for certain seed characteristics such as
seed shape and some seed details, The difference in average weight of the
total number of seeds per cone, between the two years, was significant at
the 5 9%, point for the stand at Stjernarp and at the 0.1 9; level at Gunnar-
skog and Skalstugan. A comparison of the average weight of the total num-
ber of seeds per cone made by the #-test applied to paired data at Stjernarp
(i.e. the data of the 41 trees observed both in 1948 and 1954) gives a differ-
ence which is significant at the 0.1 9; level. The seed weight per cone was
higher at Stjernarp in 1948 than in 1954 but at Gunnarskog and Skalstugan
it was higher in 1954 than in 1948. The difference between the average
weight of seeds > 1 mm. per cone between the years 1948 and 1954 is signif-
icant at the 1 9, point at Stjernarp and at the 0.1 9 level at Gunnarskog
and Skalstugan. Just as the thousand-grain weight has diminished, with
the exception of Gunnarskog in 1954, so has the total seed weight per cone,
as well as the weight of seeds >> 1 mm. per cone shown, on the average, a
clear tendency to reduce, in regard to the disposition of the populations
towards the north. Similarly, the location of the habitat, in relation to sea
level, can be seen to have an influence on the seed weight. The difference
with regard to the average weight of seeds > 1 mm. per cone in 1954 between
Stjernarp (altitude 35 m.) and Gunnarskog (altitude 140 m.), isnot significant.
The corresponding differences between Gunnarskog and each of the other
populations are significant at the 0.1 9 level. Skalstugan (altitude 585 m.)
also differs in a highly significant manner from other populations. On the
other hand, the difference between the weight of seeds > 1 mm. per cone
between the three most northerly districts is negligible in 1954. Only the
difference between Géllivare and Pajala becomes significant at the 5 9 level.

The total number of seeds per gram cone weight was very variable in
1948. The number was lowest in Gunnarskog and highest in Skalstugan. The
average difference between Gunnarskog and Stjernarp, and between Gun-
narskog and Skalstugan, is highly significant (P < 0.1 9;). In 1954 the cor-
responding numbers were lowest for Stjernarp and Gunnarskog and highest
for the three most northerly populations and areas. The difference between,
on the one hand, Stjernarp and Gunnarskog, and on the other hand Kvikk-
jokk, Géllivare and Pajala, is highly significant (P < 0.1 (). The corres-
ponding difference between Gunnarskog and Skalstugan is also highly sig-
nificant. The average number of seeds per unit of cone weight was, in all
districts, greatest in 1954. In relation to 1948 the increases in the number of
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sceds per gram cone weight at Stjernarp, Gunnarskog and Skalstugan were
approximately 110, 235 and 76 9 respectively.

The number of seeds per cone in Norway spruce is dependent, among
other things, on the length of the cone, cone-form (see Wrrrtrock, 1914 and
ArNBORG, 1943) and the number of cone-scales per cone (cf. ARNBORG, 1943).
A coarse and cylindrical cone from the same stand, with the same cone
length and cone-scale size contains, on an average, more seeds than a nar-
row or a strongly pointed cone. The cone weight covaries with cone-form
and cone-scale thickness (Jouxsson, 1961) without any regard to the num-
ber of cones per tree. Characters such as cone-form and cone-scale, for
instance, in a collection of clones at Roskér, Bogesund, planted with pri-
marily northern clones of Norway spruce for studying the sources of meiosis
and seed properties, have shown themselves to be specific for clones as noted
earlier in regard to cone weight and, in a certain degree, cone size on Scots
pine (cf. PLvm ForsuELL, C., 1953, Simax and GUsTAFSSON, 1954, EHRENBERG
et al., 1955, Jounssox, 1961, and ExLuNnpH EHRENBERG, 1963).

5.2.2. Some relationships of cone and seed properties

Some series of between-tree linear regressions, mostly between cone and
seed properties for the year 1954, are presented in Tables 25 and 26, and
sampling errors for the same regressions in Table 28, Table 27 shows multiple
regressions of 1,000-grain weight on cone length and cone weight, and of
1,000-grain weight on cone length, cone weight and total number of seeds
per cone. Tests of significance of slopes and levels of regressions are given in
Tables 29 and 30. Average correlations for some sets of pairs of variates
within trees for localities, and for the whole material, are found in Table 31.
Table 32 shows the frequency distribution of within-tree correlations, Partial
correlations within trees are presented in Table 33. Between-tree regressions
(linear, quadratic and cubic) of germination rate (found in the JacoBseN ger-
minator) in per mille of all seeds not damaged by insects on thousand-grain
weight in centigram of all seeds per cone, are given by populations and for six
populations treated as one group in the Appendix Tables XXII A—XXII E.
The percentages of seed germination for the total number of seeds (after 30
days in the Jacossex apparatus) are gathered in Appendix Tables XXIII—
XXVIIIL. The distribution of the total number of seeds into embryo and
endosperm classes, as well as the percentages of empty sceds, and seeds
damaged by insects, of total number of seeds in 1948 and 1954, can be seen
in Appendix Tables XVII—XXI and XXIX—XXXIV. Some correlations
between years for different cone and seed properties are shown in Table
34 and average within-tree regression equations for populations are grouped
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together in Table 36. Correlation coefficients for individual trees in the years
1948 and 1954 at Skalstugan and Stjernarp are listed in Tables 35 a and 35 b.
Between-tree correlations for populations are presented in Tables 37, 42 and
44. Partial inter-tree correlations for individual populations are given in
Tables 38 and 43. Mean values in seed quality for populations in 1948 and
1954 are assembled in Tables 40 and 41. A number of multiple regressions
are brought together in Table 46 a and b. Further, linear, quadratic and cubic
regressions of X5 and of X, on other seed characters and on cone properties
are found in Appendix Tables XXIT A ... E and XXXV A .. . E. Values
of F for deviations of the second and third degree polynomial from linear
regressions are given in Table 47 a and b. Some intra-class correlations for
seed characters at Géllivare and Kiruna are presented in Tables 48 a—48 d.
Some correlations between tree means for a number of seed characters are
shown in Table 49 for the years 1954 and 1960, 1954 and 1961 as well as for
1960 and 1961 at Gillivare and Kiruna. The distribution of seeds into embryo
and endosperm classes after open pollination and selfing at Akersberga is
shown in Appendix Table XL A. Finally, seed analyses and germination
rates after open and self-pollination are found in Appendix Tables XL B and
XLI.

In the material for the year 1954 the variates X, . ., X, X, Xi4 Xp0 Xy,
X,, and X, in the fables giving regression and correlation coefficients, and
in regression equations, are defined as follows:
100X,

X,

X, = thousand-grain weight in centigram of all seeds per cone =
(gram in Table 23)

X, = cone length in tenths of a millimetre
(millimetre in Table 36)
X, = cone weight in centigram
(gram in Table 36)
X, = total number of seeds per cone (in whole numbers)
X, = weight in milligram of all seeds per cone

X, = germination capacity (in the Jaconsex germinator) in per mille of
total number of seeds per cone
(in per cent in the Appendix Tables XXIII—XXVIII)

X,; = germination rate (in the JacomsEn germinator) in per cent of all
seeds not damaged by insects
(the per cent data transformed to corresponding angular value by
the formula, angle = arcsin \ per cent/100)

X, = empty seeds (not damaged by insects) in per mille of all seeds not
damaged by insects
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(the per mille data transformed to corresponding angular value by the
formula, angle = arcsin \/ per mille/1000)

X,; = germination rate (in the Jacopsex germinator) in per mille of all
seeds not damaged by insects
(the per mille data transformed to corresponding angular value by the
formula, angle = arcsin \s"’per mille?l—()a))

X, = empty seeds (not damaged by insects) in per cent of all seeds not
damaged by insects
(the per cent data transformed to corresponding angular value by the

X, = empty seeds (of embryo type 0) not damaged by insects

X,¢ = seeds (not damaged by insects) with embryo unable to germinate, in
per cent of all seeds not damaged by insects
(the per cent data transformed to corresponding angular value by the
formula, angle = arcsin \/fper cenm)

X;, = calculated germination rate in per cent of all seeds not damaged by
insects
(the per cent data transformed to corresponding angular value by the
formula, angle = arcsin \ per cent/100)

X, = calculated germination rate in per cent of all seeds (not damaged by
insects) with embryo
(the per cent data transformed to corresponding angular value by the

X;e = age of the sample tree at breast height

X, = empty seeds (not damaged by insects) of all seeds not damaged by
insects (not transformed value)

X, = germination rate (in the Jacomsen germinator) of all seeds not
damaged by insects (not transformed value)

X,y = height in metres of the sample tree

The notation is the same as the one relating to the 1948 data. However,
some additional characters appear.

5.2.2.1. Between-tree regressions of cone length on cone weight

The regressions of cone length (X,) on cone weight (Xj;) in 1954 are pre-
sented in Table 25. All the regression coefficients (for this pair of variates)
are very highly significant. The regression of cone length on cone weight are
highest at Gillivare (by, = 0.423) and lowest at Stjernarp (0.245). The dif-
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ference between the two regression coefficients is significant at the 1 9
level. The coefficient of the regression of X; on X, is at Stjernarp 3.095 and
at Gaéllivare 1.343. The difference between the regression coefficients is
highly significant (P is less than 0.1 9%). The two regression lines have there-
fore different slopes.

The analysis given in Table 29 shows that the differences in slope between
the six regressions of X, on X, for the six localities are only significant at
the 5 9, level, whereas much more significant differences exist between the
levels of the six parallel regressions (P << 0.1 9%,).

In regard to the regression of X; on X,, the author has already commented
upon the difference in slopes for Stjernarp and Gallivare. An analysis of
covariance comprising all localities gives a highly significant F-value when
testing the differences of slopes.

5.2.2.2. Belween-tree regressions of 1,000-grain weight of all seeds on cone
properties and of 1,000-grain weight on other seed characters

From the regression equations in Table 25 it can be seen, among other
things, how the thousand-grain weight is dependent upon cone length, cone
weight and certain investigated seed properties. The equations for the mul-
tiple regression of thousand-grain weight on cone length and cone weight,
and of thousand-grain weight on cone length, cone weight, and the total
number of seeds per cone are given in Table 27. The sampling errors of reg-
ression coefficients are grouped together in Table 28. As regards the simple
regressions of 1,000-grain weight on other investigated seed properties,
Table 25 shows that (with the exception of the regressions of 1,000-grain
weight on total number of seeds per cone at Stjernarp and Géllivare) posi-
tive relationships exist between the 1,000-grain weight and the other in-
vestigated variables. It will be noted, however, that the coefficient by,
the slope of the regression of X; on X,, is not found to be significantly dif-
ferent from zero with the exception of the stand at Skalstugan.

Table 30 shows the tests of significance of the difterences between popula-
tions in regard to simple and multiple regressions. These tests show, among
other things, that the differences between population regression levels are
significant for all studied comparisons, and that no significant differences
between the slopes are found for the regressions of 1,000-grain weight (X)
on cone length (X,) and on number of seeds per cone (X) as well as of X
on X,, X, Deviations of the individual regressions of X; on X; and of X,
on X, X, X, from the corresponding parallel regressions are, for instance,
significant at the 5 9, level and the difference between the regression coef-
ficlents, b, at the 0.1 %, point. These varying relations with regard to the
slopes can be summed up in the following way:
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Table 25. Regressions hetween trees within populations for different pair of variates in the year 1954,

(Calculated on the basis of mean cone values for trees)

Type of regression

Population

Regression equation

Regression equation

Individual regression

2>

Parallel regression
Total regression

Individual regression
,,

Parallel regression
Total regression

Individual regression
,,

Parallel regression
Total regression

Individual regression
»

Parallel regression
Total regression

Stjernarp
Gunnarskog
Skalstugan
Kvikkjokk
Géllivare

Pajala

The whole material

33

Stjernarp
Gunnarskog
Skalstugan
Kvikkjokk
Géllivare

Pajala

The whole material

iE

Stjernarp
Gunnarskog
Skalstugan
Kvikkjokk
Géllivare

Pajala

The whole material

2

Stjernarp
Gunnarskog
Skalstugan
Kvikkjokk
Géllivare

Pajala

The whole material

33

X, =

—91.5610.453 X,

X, = --23.64-0.456 X,

X, =
X, =
X,
X, =
X, =
X, =

Il

igke
I

48.52-40.310 X,

15.22-0.347 X,
185.33+0.125 X,
—81.31+0.502 X,
. 2.46+0.391 X,
—10.24+0.401 X,

= 172.1140.132 X
= 189.9940.161 X,

104.661-0.204 X,
151.47+0.172 X,
225.26+0.079 X,

60.0240.312 X,
160.97+0.159 X,

= 167.2540.152 X,

= 497.95-0.454 X,

408.03--0.016 X,

73.531-1.006 X,
242.3140.081 X,
294.490.173 X,
160.53--0.570 X,
271.30 +-0.183 X,
114.39 10,956 X,

30.35--0.333 X,
120.34+0.272 X,
110.74+0.313 X,

74.90+40.428 X,

86.79+40.450 X,

62.09-0.439 X,

87.95-+0.337 X,

= 145.52-0.249 X,

Xy =
X, =
X, =

652.91+0.245 X,
573.34--0.276 X,
489.26+0.305 X,
485.53-0.341 X,
435.64-+0.423 X,
477.244-0.313 X,
539.164+0.276 X,
480.11+0.340 X,

190.61-+0.084 X,
101.59+0.166 X,
34.0640.208 X,
103.66--0.089 X,
9.544+0.212 X,
88.72--0.123 X,
91.68--0.140 X,

. — 25.1440.287 X,

246.88-£0.020 X,
198.00+0.045 X,
117.21+0.085 X,
125.41+0.065 X,

74.85+0.139 X,
121.94+0.079 X,
162.19+0.044 X,
108.79+0.101 X,

X, =thousand-grain weight in centigram of all seeds
X, =cone length in tenths of a millimetre

X;=cone weight in centigram

X, =the total number of seeds per cone
X, =the weight in milligram of all seeds per cone

1) no significant differences are found between the slopes of the six individual
regressions of X, on X, and of X; on X, (i.e. these population regression

lines are parallel, or not far from parallel, within the groups),

2) no significant differences are found hetween the slopes of the six indivi-
dual regressions of X, on X, and X, (these population regression planes are

parallel, or not far from parallel) and

T—412962
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Table 26. Regressions between irees within populations for different pairs of variates in the year 1954,

(Calculated on the basis of mean cone values for trees)

Type of regression Population Regression equation Regression cquation
Individual regression Stjernarp X, = 25519-0.021 X, | X;;= 112.624-0.385 X,
” Gunnarskog X, = 185.18=+0.070 X, | Xy=— 19.73+-0.475 X,
” Skalstugan X, = 16530136 X, | Xyp= 185.01--0.142 X,
7 Kvikkjokk X, = 124.00+0.097 X, | X;(=-~107.05+0.481 X,
” Gallivare X, = 106.194+0.110 X, | X, = 61.48+0.143 X,
” Pajala X, = 132.3240.089 X, | X;p=  52.22+-0.419 X,
Parallel regression The whole material Xy = 1568.51+0.068 X; | X y= 46.494+0.350 X,
Total regression 7 X, = 1129320137 X, | X;p=—186.20--0.644 X,
Individual regression Stjernarp X, = 339770441 X, | Xjp= 3748240087 X,
” Gunnarskog X, = 240.804+-0.602 X, | X;4= 1836.27-+-0.179 X,
” Skalstugan X, =— 8.00+0.637 X, | X;p= 200.61-0.108 X,
” Kvikkjokl X, = 142.83+0.461 X, | Xy,- 115.70—0.182 X,
” Géllivare X, = 152.68+0.460 X; | Xj,= 41.72--0.211 X,
» Pajala X, =— 15.71—0.727 X, | Xy~  54.74+0.304 X,
Parallel regression The whole material X, = 17011+-0.522 X, | X, 194.00-0.142 X,
Total regression ” X; =  35.883+0.667 X; | Xyp= 103.1840.240 X,
Individual regression | Stjernarp Xig= 36.39+1.263 X | Xjg= 900.65-—1.423 X,
? Gunnarskog Xjg=— 33.85+1.183 X, | X|;= 240.40+-0.725 X,
” Skalstugan Xig= 13700994 X; | Xyp=  41.204+1.324 X
” Kvikkjokk Xjp=—146.25+-1.457 X | Xjp= 201.48—0.395 X,
” Giéllivare Xig=— 60.15-+-0.808 X; | Xyp= 43.52+-0.751 X
” Pajala Xig=— 9.87+1.337 X, | X;p= 228441820 X,
Parallel regression The whole material Xjp=— 43.1041.196 X, | X;;= 224.104+0.501 X,
Total regression ” Xyp=— 91.53+1.353 X, | X,p= — 56.25-+1.882 X,

Xy
X,
X3
X,
Xz

X;,=the germination capacity (JacoBseEN’s germinator) in per

=cone weight in centigram
=the total number of seeds per cone

=thousand-grain weight in centigram of all seeds per cone
=cone length in tenths of a millimetre

=the weight in milligram of all seeds per cone

mille of all sceds per cone

3) there are differences between the six populations with regard to the slopes
of the regressions of X; on X, of X, on X, and of X, on X,, X; and X,.
The relationships between 1,000-grain weight (X;) and other investigated
characters appear in detail in the regression equations. The average parallel
regression coefficient by, (within the six populations) is 0.391 + 0.044, b5 is
0.159 -+ 0.014, by, is 0.183 - 0.160 and b, is 0.377 - 0.011. The mean
values (within the whole material) are for the independent variables X,,
X, X, and X, in respective units, 795.17, 927.57, 203.00 and 654.30 respec-
tively. Using these values for the averages of the four independent variables
and the regression coefficients quoted we find that e.g. a 10 per cent in-
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crease in the cone length (X,) has a stronger influence on the thousand-grain
weight (X)) than a 10 per cent increase in any one of the three variables
X,, X, and X,. The regression of X, on X, has a slight tendency to curvili-
nearity (see Fig. 19), but this slight tendency does not appear to change the
order of the four wvariables when ranked according to their effect on X.
The relationships between the 1,000-grain weight and the weight of all seeds
per cone for the populations are very consistent. The connection between
1,000-grain weight of all seeds and the total number of seeds per cone, on
the other hand, is very uncertain (with the exception of Skalstugan). As
noted earlier, the regression of X; on X, and of X; on X, must be judged
with caution. The variables X, and X; are positively correlated. As a con-
sequence, the partial regression coefficients of X, on X, and X, (Table 27)
are smaller than the corresponding total regression coefficients (Table 25).
In two populations, Skalstugan and Pajala, it can be seen that the cone
length has a negative effect on 1,000-grain weight when the cone weight is
held constant. On the other hand, the coefficients with a negative sign
have large standard errors (0.098 and 0.162 respectively) and cannot be
regarded as being significantly different from zero. Except for Stjernarp,
the same degree of uncertainty exists with regard to the positive regression
coefficients of X, on X, with a constant cone weight. On the other hand,
within the spruce stands of Central European origin at Stjernarp, as in the
1948 material, there exists a clear tendency that the longest cones, with
equal cone weight, contain seeds with the highest 1,000-grain weight.
Referring to Table 27 we also find that, with the same cone length, the
heaviest cone contains seeds with the highest thousand-grain weight. Com-
paring the coefficients of the multiple regression of X, on X,, X; and X,
we find that with a constant cone length and cone weight there exists, with
the exception of Skalstugan, a negative relation between 1,000-grain weight
and the number of seeds per cone. The coefficients of regression of 1,000-grain
weight on cone weight with constant cone length and number of seeds per
cone are positive, but, as can be seen below, these coefficients, as well as
bys0q ad by, 4, often have large standard errors.

Within the whole material (cf. the coefficients of the parallel regression in
Table 27) the thousand-grain weight of all seeds increases with an average
9.1 cg. when the length of cone, with the same cone weight and the same
number of seeds per cone, increases with 10 millimetres. If the cone weight,
with equal cone length and equal number of seeds per cone, increases with
1 gram the 1,000-grain weight increases on the average with 15.9 cg. On
the other hand, if the number of seeds per cone is altered by 10 the result is
a change in the 1,000-grain weight, with a constant cone length and constant
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BETWEEN-TREE REGRESSION OF X, ON X, AT STJERNARP IN 1954
X#1,000-grain weight in cg.
6001

500- N /
. ) /
4001 o o . *

300+

Xy=-9156+0.453X

2004, °
700 ' 900 1100 1300
Xy=cone length in tenths of a mm.

Fig. 19.

cone weight, by an average of about 5.8 cg. With the same cone length and
equal cone weight the cones with the lowest number of seeds contain, on
the average, seeds with the highest 1,000-grain weight. The individual
regression surfaces deviate significantly at the 5 9, level from the six parallel
regression surfaces. The differences between the parallel regression surfaces
are also, in this case, significant at the 0.1 %, point.

5.2.2.3. Belween-tree regressions of lotal number of seeds per cone on cone length,
cone weight and the weight of all seeds per cone

It appears from Tables 25 and 26 that the regression coefficients of the
total number of seeds per cone (X,) on each of the variables, cone length
(X,), cone weight (X;) and weight of all seeds per cone (X;) are positive,
The standard errors of these regressions are seen in Table 28. For the regres-
sion of X, on X, there exists no significant difference between the slopes of
the regression lines, but there is a significant difference between the levels
(P < 0.19,). There are highly significant differences in slopes for the
regression of X, on X, and of X, on X,. The increase in the total number of
seeds for the whole material, at one centimetre increase in cone length,
amounts to an average of 14 seeds per cone in the six sample plots. From the
average parallel regression of X, on Xj; for the whole material, we can read
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Table 27. Multiple regressions of X; on X, and X, and of X; on X;, X; and X,.

(Calculated on the basis of tree means in 1954)

Type of regression Population Regression equation
Individual regression Stjernarp X, = 53.57-+0.182 X,-+0.088 X;
” Gunnarskog X, =167.20-4-0.040 X,+-0.150 X
” Skalstugan X;=175.62—0.145 X,+0.248 X;
” Kvikkjokk X, =148.03--0.007 X,-+0.169 X,
” Géllivare X, =206.714+0.043 X,4-0.061 X,
” Pajala X;= 75.69—0.033 X,40.322 X,

Parallel regression
Total regression

The whole material

33

X, =143.20--0.034 X,+0.149 X,
X, =160.18+0.015 X,-+0.147 X,

Individual regression Stjernarp X,=339.7740.327 X,+0.083 X;—1.545 X,
7 Gunnarskog X, =245.014+0.180 X,~0.147 X;—0.799 X,
” Skalstugan X, =154.08—0.189 X,+40.230 X;+0.366 X,
> Kvikkjokk X;=234.20—0.054 X,~+0.219 X,;,—0.450 X,
”? Gillivare X, =247.91+0.090 X,+0.156 X;—0.829 X,
” Pajala X, =171.07—0.045 X,+0.383 X;—0.736 X,

Parallel regression
Total regression

The whole material

I

X, =207.162-0.091 X,-+0.159 X, —0.584 X,
X, =168,19+0.103 X,-+0.164 X,—0.465 X,

X, = thousand-grain weight in centigram of all seeds per cone
X, = cone length in tenths of a millimetre

X, = cone weight in centigram

X, = the total number of seeds per cone

|

off that an increase in cone weight, with one gram, gives an average increase
in X, by 4.4 seeds per cone. If the weight of all seeds per cone (X,) is altered
by 10 cg. the average for the whole material of the total number of seeds
per cone (X,) is altered by 6.8. The regressions of X, on X,, with equal
1,000-grain weight and cone weight, are positive, with the exception of the
plot at Kvikkjokk. The coefficients for the regression of X, on Xj, with
constant 1,000-grain weight and cone length, are all positive. The coeffi-
cient by, 15 at Stjernarp, Gunnarskog and Skalstugan is significant at the 5 9%
level and the one at Pajala at the 1 9, point. The coefficient by, at Kvikk-
jokk is significant at the 1 9%, level, and at Géllivare at the 0.1 % point.
With equal 1,000-grain weight and cone weight the longest cones, from all
sample plots, contain on an average the highest number of seeds per cone.
With the same 1,000-grain weight and an equal cone length, the heaviest
cones within the whole material contain on the average the highest number
of seeds per cone. The differences in slopes between the six individual regres-
sion surfaces are significant at the 0.1 9 level.
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Table 28, The sampling errors of regression coefficients in Tables 25 and 26.

Population
Stjernarp Gl;;;ggl' Skalstugan| Kvikkjokk| Géallivare Pajala
& & & & & &

Regression of b b b b b b
X, onXNpoooiin 0.093 0.106 0.086 0.135 0.129 0.133
Xy on Xg. oo 0.026 0.032 0.027 0.054 0.072 0.048
X, om X, 0.535 0.362 0.251 0.372 0.354 0.434
X, oon X, 0.018 0.025 0.020 0.035 0.046 0.029
X, on Xygoovv o 0.057 0.055 0.068 0.038 0.084 0.053
Xy onXg. oo 0.020 0.022 0.039 0.033 0.053 0.043
X,on X, ool 0.028 0.044 0.036 0.054 0.043 0.046
X, on X5, ...l 0.008 0.014 0.015 0.021 0.022 0.018
X, on X, ool 0.228 0.277 0.227 0.267 0.215 0.262
X, on X5 ... 0.063 0.085 0.070 0.101 0.115 0.087
Xoon Xy ooooont. 0.174 0.268 0.204 0.444 0.164 0.222
Xjgon Xy. ool 0.190 0.266 0.166 0.486 0.181 0.303
Xoon Xz oo, 0.054 0.083 0.067 0.200 0.097 0.122
Xppon Xy oot 0.917 0.790 0.476 1.260 0.484 0.860

X, = thousand-grain weight in centigram of all seeds
X, = cone length in tenths of a millimetre

X, == cone weight in centigram

X, = the total number of seeds per cone

X. = the weight in milligram of all seeds per cone

7

X, = the germination capacity in per mille of all seeds

5.2.2.4. Between-tree regressions of the weight of all seeds
per cone on cone weight

The six regression coefficients for individual regressions, as well as for
the average parallel and total regressions, are all highly significant (cf.
Table 28). Between the individual regression lines for populations no signifi-
cant differences appear in slopes but, on the other hand, the differences in
elevations are highly significant. The differences in regression relationships,
between populations and areas consist therefore, mainly in the variations
or changes in the means of the variates from population to population.

5.2.2.5. Belween-tree regressions of the seed germination capacity of total number
of seeds per cone on thousand-grain weight of all seeds per cone

Large variations in germination capacity (found in JAcoBSEN’S ger-
minator) in per mille of total number of seeds per cone, exist between trees
within populations, as well as between populations. Two groups of coeffi-
cients for the regression of germination rate of the total number of seeds per
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BETWEEN-TREE REGRESSION OF X;; ON X; AT KVIKKJOKK IN 1954

[ Xy=-16.341+0.1553X,
T Xp= 6.274-0.03277 X9+ 0.00037X3
I X, = 5.722 - 0.02561%, + 0.00034 X% +0.00000004X}

Xz1=germination rate in per cent of all seeds not damaged by insects.
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Fig. 20. Graphs of polynomials of first, second and third degree fitted to seed data.

cone on cone properties, and two groups of coefficients for the regression of
germination rate of the total number of seeds per cone on other seed charac-
ters are presented in Table 26.

In this connection, only the covariation between seed germination rate
of total number of seeds per cone, and thousand-grain weight of all seeds
per cone is discussed. Regressions and correlations between germination
rate of the number of seeds not damaged by insects, on the one hand, and
some cone and seed properties on the other hand, are given in the Tables
XXIT A — XXII E, 41, 42 and 43.

When we consider the regression (linear) of germination rate of all seeds
per cone (X;,) on thousand-grain weight of all seeds per cone (X;) we find
that the differences in slopes of the individual regressions for populations
are highly significant. The coefficients of regression of X, on X for the whole
material deviate in a highly significant way from 0. It should be pointed
out that within the populations, as well as within the whole material, there
exists a positive correlation between the germination capacity of the seed
and its 1,000-grain weight. If the 1,000-grain weight per cone is changed
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Table 29. Regression of cone length (X,) on cone weight (X;) in 1954.

(Calculated on the basis of cone mean values for trees)

Row- Source of variation D.F. Sum of squares | Mean square
number
Deviations from individual
regressions: ...............
Stjernarp ............... 48 174,266.50
Gunnarskog ............. 48 103,756.01
Skalstugan .............. 48 148,734.88
Kvikkjokk .............. 48 55,926.21
Géllivare. ............... 48 103,905.27
Pajala.................. 48 108,406.57
1 Y individual regressions. . . 288 694,095.44 2,413.18
2 parallel regressions ....... 293 728,227.01 2,485.42
3 total regression .......... 298 890,406.29 2,987.94
Differences in:
4 slope (2)—(1) ............ 5 33,231.57 6,646.31
5 level (3)—(2) .. vvvvennn.. 5 162,179.28 32,435.85
6 total differences (3)—(1) .. 10 195,410.85 19,541.09
F,=® 975 Fy= ) 13.05%xx F,= 0 _ g 1pxxn
1) (2) 1)

by one gram the seed germination capacity of all seeds is changed by an
average of 11.96 9% within the whole material, for the stand at Stjernarp
with a similar average of 12.63 9, for Gunnarskog 11.83 9,, Skalstugan
9.94 9%, Kvikkjokk 14.57 9, Géllivare 8.08 %, and Pajala with 13.37 %,.
The differences between populations in slopes of the regression lines are not
significant. The differences in levels of the parallel regressions are, however,
highly significant.

5.2.2.6. Some within-free correlations in 1954 and in relation to 1948

Six series of seven values of total correlation coefficients are given in
Table 31. The {first six values in the series represent the average correlation
coefficients within trees for single populations, and the seventh value gives
the average correlation coefficient within trees for the whole material. The
coefficients at Stjernarp, Gunnarskog and Skalstugan in Table 31 are thus
comparable with the corresponding coefficients in Table 16 for the year
1948. The trees, and the cones, are selected in the same way as in 1948 and
from the same populations. The correlation model is therefore the same as
in 1948, but, as noted earlier, not all the trees within the samples are the
same for both years. All the coefficients are highly significant.

A characteristic for the correlation data shown in Table 31 is that the
coefficients for the same set of variables at Stjernarp, Gunnarskog and Skal-
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Table 30. Estimated F-values for differences between populations in 1954,
(See Tables 25—29)

Differences between populations
Regression of
in slopes in levels in total differences
X, onXpooiiiiiin 1.30° 6.47%%* 3.00%**
X, onXgo oot 2.40% 6.82%** 4.69%**
Xy on X, 2.04° 11.14%** 6.69%**
X, on Xqo oo 6.91%** 23.55%** 16.42%**
X; on Xjgoooiiiinnn 5.05%x* 24,23%%* 15.47%**
Xgon Xgooovinoinn, 2,75% 13.05%** 8.10%**
XoonXp.ooooininn, 10.03%** 5.14%%* 7.98%%*
X, onXpo ool 2.12° 25.67%** 14.14%**
X,on X5, 6.60%** 31.01*x* 20.20%%*
X, on Xoo ool 2.93% 13.86%** 8.62%**
X; on Xg.o ool 1.90° 14.68%** 8.40%**
Xpgon Xyo oot 0.68° 18.64%** 9.61%%*
Xpgon Xoo ool 0.32° 9.14%** 4.68%**
Xjpon X3 ool 1.05° 8.14%%% 4.60%*%
Xgpon X, 1.86° 8.51%%* 5.25%%x*
X; on Xy, X3.o0inn 1.42° 6.84x** 3.26%**
X, on X,, X5, X,. ... 2.32% 7.53%** 3.75%**

X, =thousand-grain weight of total number of seeds per cone
X, =cone length

X, =cone weight

X, =total number of seeds per cone

X, =the weight of all seeds per cone

7

X;,=the germination capacity of the total number of seeds per cone

* Statistically significant at the 5 9 level

1%
s 3 33 FEET) o/ 22
o 0.1 %

° Note that the value of r does not reach the 5 % level of significance

stugan in 1954, with the exception of the coefficients for the covariation
between the variables X, and X, at Gunnarskog, are numerically larger
than in 1948.

Trees and individual populations show a number of significant differences
in covariation between the studied pairs of variates but the differences are
smaller, on the average, in 1954 than in 1948 even though the geographical
variations of the sample plots, in regard to both altitude and latitude, are
greater in 1954. All correlation coefficients in Table 31 are highly significant.
The correlation between cone length (X,) and cone weight (Xj), for example,
is highest in Gunnarskog followed immediately by Kvikkjokk, and lowest in
Pajala. No indication of a trend exists in considering the strength of the
correlations and the northern latitude.
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Table 31. Average correlations between cones within trees for the year 1954.

Population Stiernarp | CUpnar- Skal- Kvikk- Gillivare | Pajala Average
>H I skog stugan jokk : ! within
localities
Between
the variables r r P r r r r
Xpand X5 ...t 0.898 0.955 0.899 0.921 0.884 0.868 0.892
Lo 0.773 0.801 0.779 0.589 0.592 0.765 0.720
X, 0.854 0.901 0.805 0.704 0.705 0.769 0.808
Xgand X, ... 0.731 0.803 0.772 0.619 0.629 0.760 0.698
PP 0.832 0.902 0.842 0.759 0.778 0.890 0.844
X,and X, .......... 0.735 0.794 0.907 0.812 0.830 0.768 0.775
Correlation based on: Value of r different from zero at the P 9
level of significance
D.F. P =59 P=179
average correlation within trees for
individual populations 699 0.074 0.097
average correlation within trees for
the total material 4199 0.030 0.040
X, =cone length X, =total number of seeds per cone
X, =cone weight X, =the weight of all seeds per cone

If a calculation is made of the partial within-tree correlations between
the variables X, (number of seeds per cone) and X, (weight of seeds per cone)
when the influence of either X, (cone length) or X; (cone weight) is eliminated,
or when both X, and X, are eliminated or held constant, the following values
for partial correlation coefficients of the first and second order, for the six
combined populations in Table 31, are achieved:

o34 = 0.784 )
2 _— . 9
Iag. = 0.665 T23.47 0.65
ry., = 0.301 1 B
Toq.; = 0.252 Pygr = 0.224
ry = 0.178
. L 0.052
a7 = 0.130 T31.97 05

Iaps = 0.228

b = (.097
Igpq = 0.570 Ty7.31

Pyqpo == 0.463 ‘ B
ry,, = 0.670 Pypoe = 0.437
Iype = 0.473

L = 447
ryps = 0.484 Ty7.23 0.447

Four variables thus give six partial correlation coefficients of the second
order,
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[For the tests of significance of the coefficients the degrees of freedom,
Tor partial correlations of the first order, are in this case 4,198 and for the
corresponding coefficients of the second order 4,197. One of the partial
correlation coefficients presented, ry ., 15 significant at the 0.1 ¢ level
and all the others exceed this level of significance. The calculated partial
correlation coefficients all show a reduced association between the variables,
in comparison with the zero order correlations. Between cone weight and
total number of all seeds per cone there even exists a slight negative associa-
tion, when cone length and the weight of all seeds per cone are eliminated.
Especially the coefficients rg,, and ry; 4 give a clear indication that the
positive total correlations between the variables X; and X, and also X, and
X,, can be explained as a result of the covariation existing between X, and
X,, Xz and X, X, and X, and between X, and X,.

The multiple  correlation coefficient Ry, = 0.9166, corresponding to
four wvariables and 6 x 50 x (15 —1) —3 = 4,197 degrees of freedom
within trees, is highly significant. In the present cases the association of
X, with X,, X, and X, collectively accounts for 84 %, of the variability in
X, and the association of X, with X, X; and X, accounts for 81.6 ¢, of the
variability in X,, since the value of R, .3, is 0.9034. The value of R, 53, is
therefore highly significant.

We may therefore conclude that X is greatly influenced by the combined
effects of X,, X, and X, and that X, in the same way is greatly influenced
by the combined effects of X,, X, and X,.

To summarize: In the combined cone material for 1954 it appears that
within trees there is 1) a significant and positive correlation (although
fairly weak) between cone length and the number of seeds per cone, with
constant cone weight and constant seed weight per cone (in other words the
longer cones, with equal cone weight and equal seed weight per cone, con-
tain on the average more seeds per cone than the shorter cones), 2) a signifi-
cant and positive correlation (although very weak) between cone length
and seed weight per cone, with constant cone weight and constant number
of seeds per cone (in other words the longer cones, with equal cone weight
and equal number of seeds per cone, show an average tendency to heavier
seed than the shorter cones), 3) a significant positive correlation between
cone weight and seed weight per cone, with constant cone length and con-
stant number of seeds per cone (in other words the heavier cones, with equal
cone length and equal number of seeds per cone, contain on the average
heavier seeds than the lighter cones), 4) a very weak negative correlation
(although significant) between cone weight and the number of seeds per
cone, with constant cone length and constant weight of seeds per cone (in
other words the heavier cones, with equal cone length and equal weight of
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Table 32. Frequency table showing the distribution of correlations between cones in 1954
computed for 50 individual trees from each population (15 cones from each tree).

No. of trees with a correlation coefficient ranking within the
following limits of classes
Between | o | ol o |clola|lalolalaleolale|a o
Poputation|  the |21 E IR 515 S 81512182832
variables | 7 0 A O I A I I O B e I o I I I B
ldldidldlSIS|8I81S|2|83|R|2(8
[er] S o2 [=2] [=23 - . . v 3 d . . .
Fla || =|S]le|ocisic | ol |o|oie o
(e =) < [ f
i i 1 T i
Stjernarp | X, and X, 1 1 21 3 737
X, and X, 2 317 8|23] 7
X, and X, 2 213|565 (14|16] 8
X;and X, 1 1|4 616 |22
Gunnar- | X;and X, 1 1148
skog X,and X, 2 14 6,27|10
X, and X, 112 1(10(23]13
X;and X, 1 21 7140
Skal- X, and X, 111 5110(33
stugan | X, and X, ti1(471(11118] 8
X, and X, 1 21811219 8
X, and X, 3 (10|20 17
Kvikkjokk| X, and X, 1] 1) 8[40
X, and X, 1 1 2 4 5126 |7 (101 7 5
Xyand X, 1 1 2 3 11414]8|12{10] 4
X, and X, 1 21214161412 9
Giéllivare | X, and X, 11 611825
X, and X, 11 (1 ]2 (1}3]8|13] 8j10| 1
X,and X, | 1 3 1 416 |10f11| 9| 5
X, and X, 1 1711221 3| 911318
Pajala X, and X, 11 4(19(25
X, and X, 2 11 (1 4|4 13]16] 9
X, and X, 2 1 11|26 |10]19] 8
Xzand X, 1 71032

X, =cone length
X; =cone weight
X, =total number of seeds per cone
X, =the weight of all seeds per cone

seeds, have on the average a slight tendency to contain a smaller number
of seeds than the lighter cones), 3) a significant and positive correlation
between number of seeds and the seed weight of all seeds per cone, with a
constant cone length and constant cone weight (in other words, cones with
a higher total number of seeds, with equal cone weight and equal cone length,
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have a higher seed weight than cones with a lower number of seeds), and 6) a
significant and positive correlation between cone length and cone weight,
with a constant number of seeds per cone and a constant seed weight per
cone (in other words, the longer cones, with an equal number of seeds per
cone and an equal seed weight per cone, have on the average a higher weight
per cone than the shorter cones, without any regard being paid to the form
of the cones).

Partial correlations within trees for single populations are presented in
Table 33. Most of the coefficients are positive, significant and more or less
strongly reduced in strength in comparison with the total correlation coef-
ficients in Table 31. Three of the coefficients of the second order are signif-
icantly negative, namely ry,, at Skalstugan and Gillivare (i.e. between
cone weight and number of seeds per cone with the same cone length and
seed weight per cone) and ry, 4, at Pajala (i.e. between cone length and seed
weight per cone with the same cone weight and number of seeds per cone).
Two of the coefficients in the ry, ,,-set and three of the ry, 5,-set are negative
but not significant. In the population at Pajala, for instance, the within-
tree correlation between cone weight and seed weight (ry;.5,), with the same
cone length and number of seeds per cone, is significantly larger than the
corresponding correlation coefficient in any of the other five stands. The
t-value for the difference between the two coefficients at Pajala and Skal-
stugan is given by

= 080°043 0.37)/348 = 6.90%**.

\/ 2
50(15 — 1) — 4

This f-value exceeds the 0.1 9, level of significance.

5.2.2.7. Correlations befween years

Some average total correlations between cone properties and between
seed characters based on tree means for a number of trees between the
years 1948 and 1954 and between 1946 and 1948 have been computed in
Table 34. The correlations between the years have been calculated for the
trees in Stjernarp and Skalstugan for the following characters:

X; = 1,000-grain weight of all seeds per cone

, = cone length

s = cone weight

4 = total number of seeds per cone

; = the weight of all seeds per cone

15 = empty seeds (of embryo type 0) not damaged by insects

X,, = empty seeds (of embryo types 0 4 I) not damaged by insects.

I

el e aie
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Table 33. Partial within-tree correlations for populations in the year 1954.

Population
Stjernarp Ggl{lélgr_ Skalstugan| Kvikkjokle | Gillivare Pajala
Toga cvrennnn 0.769 0.875 0.747 0.876 0.816 0.685
Togq «vvennnen 0.650 0.758 0.691 0.837 0.753 0.630
Togg oenvmenns 0.388 0.193 0.305 0.062° 0.099 0.326
Togiz cvennnnnn 0.412 0.324 0.196 0.041° 0.002° 0.426
Tgap v vevveenn 0.132 0.215 0.261 0.244 0.280 0.300
Pgg g cvvvenne 0.318 0.331 0.037° 0.008° —0.048° 0.262
Torg o 0.438 0.309 0.203 0.020° 0.059° | —0.015°
Tonug v evnennn 0.664 0.728 0.373 0.479 0.475 0.440
Tgg00 v evennn 0.284 0.323 0.455 0.401 0.467 0.701
Pggug v vv e 0.637 0.730 0.530 0.558 0.590 0.736
Tygip o omeennnn 0.227 0.278 0.752 0.692 0.722 0.436
Tagig oeeennnnn 0.335 0.271 0.749 0.669 0.697 0.309
Value of r different from zero at the P 9 level
of significance
D.F. P =59 P =129
Partial within-tree correlation of the first order 698 0.074 0.097
Population
Stjernarp (‘Ef{l;lfr' Skalstugan | Kvikkjokk| Gallivare | Pajala
D
Togg7 v ovvnnns 0.285 0.120 0.236 0.062° 0.058° 0.348
Tg4.97 +voveenn 0.072° 0.137 —0.139 —0.048° | —0.075 —0.009°
Torgg voevnen. 0.354 0.271 —0.041° | —0.025° | —0.014° —0.130
Pagog vvveenns 0.264 0.280 0.408 0.326 0.398 0.664
Tanag «oovenen 0.199 0.226 0.737 0.669 0.696 0.332
Value of r different from zero at the P 9, level
of significance
D.F. P =359 P=129
Partial within-tree correlation of the second order 697 0.074 0.097

-

° Note that the value of r does not reach the 5 9 level of significance.

As can be seen in the Table 34, correlations between the years 1946 and 1948
have only been computed for the first five characters for the trees in Harryda
and Holjes.

The correlations presented in Table 34 show positive and significant
coefficients between years for all the examined characters at Stjernarp,
with the exception of the coefficient for cone weight, which is not significant.
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A negative correlation was indicated between years at Skalstugan for all
characters except empty seeds not damaged by insects. None of the coef-
ficients were, however, significant. The relationships between the years
1946 and 1948 were weak and non-significant at Hérryda with the excep-
tion of the association between the total number of seeds per cone. The
total correlations between years for the tree sample at Holjes were positive
and moderate to rather strong, but probably because of the small number
of observations they were not significant for the 1,000-grain weight and cone
length., As can be seen, the correlations at Skalstugan occupy a unique
position. These total correlation coefficients indicate the lack of relationships
between years for the same genotvpes in the characters which have been
studied. An examination of Table 34 shows also that the relationships between
years for the same cone and seed characters can vary considerably between
populations and areas.

The observed tendencies to negative correlations between the years 1948
and 1954 for cone properties and seed weight in the same trees at Skalstugan
must be considered as strange and difficult to explain. Large variations in
the number of cones per tree and in the mean temperatures of the vegetation
periods—as well as in the extreme temperatures for seed properties during
certain periods—can contribute towards changing cone and seed properties.
The distribution of the colder and warmer days during the period of vegeta-
tion is equally of great importance from the biological point of view (cf.
among others, LaxcrLeTr, 1935). Different genotypes can act ditferently un-
der the same influences. To judge from the 24-hour mean temperatures for
both years for the months of June, July, August and September at Stor-
lien (9.2° C. in 1948 compared with 9.1° C. in 1954), the differences in tem-
perature between the vegetation periods of the two years are wholly in-
significant. Fig. 3 gives the same picture of variations in temperature be-
tween the vegetation periods during 1948 and 1954 (from the commencement
of spruce flowering until September 30th). The temperature at Skalstugan,
however, may have been different from that at Storlien, and especially
the extreme temperatures (cf. Figs. b and 7) can have differed considerably
in the two localities.

Four sets of correlation coefficients have been calculated for the years
1948 and 1954, in order to examine whether changes exist in the strength
of the correlations for individual trees. The coefficients, presented in Table
35 a and b, are based on 25 cone values per tree for the year 1948, and 15
cone values for 1954. The z-value for the coefficient of the year 1954 is
subtracted from the corresponding value in 1948 for each tree, and the
differences are considered as a sample from a population of differences. We
can first test the hypothesis that in every tree the 25 cones of 1948 and the
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Table 34. Correlaticn between tree means 1948 and tree means 1954 as well as for 1946 and 1948.

(Based on mean values for individual trees)

No. of
B etwee sets of
Pc;}i)gléa t}iet;:eal?s opserva- X X, X, X, X, X Xog
tions =
trees
Stjernarp | 1948 and 1954 41 0.415%*%|  0.482%%|  0,294° 0.494**|  0.466%*
” 1948 and 1954 39 0.509%* | 0.509%*
Skal-
stugan .| 1948 and 1954 30 —0.288° | —0.142° | —0.325° | —0.078° | —0.271° | 0.173° | 0.219°
Harryda .| 1946 and 1948 19 0.171° 0.097° | —0.126° 0.564* 0.250°
Holjes . . .| 1946 and 1948 10 0.516° 0.576° 0.768%*|  0.661* 0.668*

X, =thousand-grain weight in centigram of all seeds

X, =cone length in tenths of a millimetre

X, =cone weight in centigram

X, =the total number of seeds per cone

X, =the weight in milligram of all seeds per cone

X5 =empty seeds (of embryo type 0) not damaged by insects

X,, —empty seeds (of embryo types 0-41) not damaged by insects
* Significant at the 5 % level

o ” 1%

¢ Note that the value of r does not reach the 5 9 level of significance

15 cones of 1954 are drawn from populations that are identical as far as the
correlation between the two characters studied is concerned. This being the
case, each difference should be (approximately) normally distributed with
mean O and variance
1 1
15-3"25-3

(see CRAMER, 1945, p. 400 formula 29.7.4).

Denoting the sum of the squared deviations of differences from their
mean by 5% it is seen that

= (.12879

S2/0.12879

has—under the hypothesis mentioned—approximately a chi-square distri-
bution with n—1 degrees of freedom, where n is the number of trees observed
on both oceasions. Applying this method to the coefficients of Table 35 a,
the following values of chi-square (with d.f. = 29) were obtained: 53.84**,
66.10%**  68,22%%* and 85.60%** respectively for differences between the
two years in the coefficients ryy, ryy, rs, and ry, respectively, at Skalstugan.
The corresponding %2-values (with d.f. = 40) for the 41 trees at Stjernarp
and for the same sets of differences were: 54.67%%, 106.04***, 100.98*** and
88.82%** respectively.

In spite of the approximate character of the test, the very strong signifi-
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Table 35 a. Some correlation coefficients for individual trees in the years 1948 and 1954 at

Skalstugan.
-
Tree \ Tree | <
No. Year Iyy Iy Ty Tyq “ No. Year | Iy Iyy gy ry;
2 1948 | 0.636| 0.818| 0.683] 0.766| 25 | 1948 | 0.734] 0.805 0.637] 0.826
2 1954 | 0.608) 0.754] 0.780 0.713‘ 25 | 1954 | 0.710] 0.767| 0.899) 0.894
3 1948 | 0.726] 0.796] 0.575! 0.714| 26 | 1948 | 0.622| 0.846] 0.7562} 0.853
3 1954 | 0.954] 0.988; 0.974 0.957% 26 | 1954 | 0.565 0.883; 0.737| 0.758
4 1948 | 0.196{ 0.860[ 0.218] 0.852] 27 | 1948 | 0.730) 0.917| 0.749| 0.774
4 1954 | 0.874] 0.982] 0.862) 0.959] 27 | 1954 | 0.931] 0.904| 0.794] 0.863
7 1948 | 0.637) 0.891 0.602] 0.820] 28 | 1948 | 0.804] 0.920] 0.769] 0.858
7 1954 | 0.927) 0.979] 0.923 O.958r‘ 28 | 1954 | 0.717} 0.915) 0.750| 0.826
9 1948 | 0.8407 0.916{ 0.784) 0.926] 29 | 1948 ; 0.813] 0.908} 0.870; 0.904
9 1954 | 0.805| 0.839] 0.785| 0.852; 29 | 1954 | 0.847| 0.910) 0.746] 0.676
10 1948 | 0.456| 0.612] 0.410| 0.264| 30 | 1948 |-0.275| 0.891)-0.194] 0.255
10 1954 | 0.666] 0.927| 0.699 ().948( 30 | 1954 | 0.804| 0.876] 0.690; 0.895
11 1948 | 0.743] 0.916] 0.793 0.878( 31 | 1948 | 0.247| 0.851| 0.076] 0.264
11 1954 | 0.882) 0.985| 0.888] 0.881| 31 | 1954 | 0.884| 0.921| 0.921} 0.874
12 1948 | 0.711] 0.819] 0.642 0.6751‘ 33 | 1948 | 0.528; 0.622] 0.304| 0.509
12 1954 | 0.923) 0.971) 0.912) 0.908 33 | 1954 | 0.889] 0.971| 0.874) 0.719
13 1948 | 0.403| 0.697| 0.438] 0.500( 35 | 1948 | 0.701] 0.862| 0.759 0.890
13 1954 | 0.651] 0.940{ 0.623] 0.834) 35 | 1954 | 0.778 0.926{ 0.880{ 0.896
15 1948 | 0.478 0.812] 0.686 0.734iw‘ 42 | 1948 | 0.612] 0.890f 0.700{ 0.868
15 1954 | 0.916] 0.959] 0.827 0.789“ 42 | 1954 | 0.741] 0.981] 0.667| 0.891
16 1948 | 0.482) 0.906) 0.474; 0.626] 44 | 1948 | 0.375| 0.821] 0.287| 0.598
16 1954 | 0.748| 0.963] 0.760) 0.894) 44 | 1954 | 0.522) 0.961] 0.633] 0.824
18 1948 | 0.116] 0.406{ 0.1563] 0.387! 45 | 1948 | 0.379 0.606) 0.464] 0.656
18 1954 | 0.7387| 0.792| 0.560{ 0.834 45 | 1954 | 0.774| 0.799] 0.818} 0.893
19 1948 | 0.868| 0.943; 0.913] 0.930 47 | 1948 | 0.628| 0.837| 0.710} 0.787
19 1954 | 0.879] 0.893| 0.861 0.946‘[ 47 | 1954 | 0.709| 0.665 0.544| 0.748
23 1948 | 0.729) 0.813| 0.825/ 0.925 49 | 1948 | 0.452] 0.578/ 0.274] 0.326
23 1954 | 0.595| 0.912) 0.617| 0.738] 49 | 1954 | 0.661| 0.905| 0.792] 0.969
24 1948 | 0.740| 0.919) 0.779| 0.895] 50 | 1948 | 0.791| 0.860| 0.775! 0.698
24 1954 | 0.867| 0.906| 0.916] 0.6950 50 | 1954 | 0.372] 0.814] 0.344| 0.655

cances obtained indicate clearly that we must reject the hypothesis that
the correlation has remained unchanged within each tree. It should perhaps
be added that we have made no assumption that the correlation should be
the same in different trees. We now test the hypothesis that the changes of
the correlations within the trees does not show any tendency towards the
positive or the negative side. To test this hypothesis we compute
-t
Se

/
\/n (n-1

8—412962
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Table 35 b. Some correlation coefficients for individual trees in the years 1948 and 1954 at

Stjernarp.
Tree ‘ Tree |
NIO' Year Tay T3y Tsq T3z No. Year Tas Tse T34 Tyq
3 1948 | 0.431| 0.797) 0.531| 0.849] 73 | 1948 | 0.686] 0.854| 0.640 0.790
3 1954 | 0.838} 0.947| 0.856{ 0.780} 73 | 1954 | 0.839] 0.904} 0.774] 0.822
9 1948 | 0.491| 0.801 0.457] 0.551j| 75 | 1948 | 0.495] 0.737| 0.510| 0.840
9 1954 | 0.802; 0.370{ 0.438| 0.679) 75 | 1954 | 0.717| 0.980[ 0.745| 0.849
11 1948 | 0.660| 0.870| 0.454] 0.845|| 76 | 1948 | 0.863| 0.958] 0.828} 0.906
11 1954 | 0.663] 0.971] 0.613] 0.915] 76 | 1954 | 0.935] 0.963] 0.910] 0.944
40 1948 | 0.223| 0.880| 0.364| 0.606] 77 | 1948 | 0.668] 0.880] 0.728| 0.874
40 1954 [ 0.319| 0.916] 0.244; 0.762} 77 | 1854 | 0.610| 0.790[ 0.491} 0.863
51 1948 | 0.826| 0.968] 0.856 0.926‘ 78 | 1948 | 0.562] 0.887| 0.739] 0.906
51 1954 | 0.867| 0.946 0.941] 78 | 1954 | 0.929 0.960] 0.852] 0.947

55 1948 | 0.625| 0.693

0

0

0. 0.709
55 1954 | 0.833| 0.854 O.

0

0

0

0

56

16 1948 | 0.368| 0.867| 0.314] 0.797
55| 0.640 1954 | 0.708| 0.863| 0.710[ 0.893
69

35

-3~
© ©

1

56 1948 | 0.783| 0.937; 0.8 0.618t 80 | 1948 | 0.844| 0.832| 0.847; 0.927
56 1954 | 0.752| 0.953; 0.6 0.909; 80 | 1954 | 0.573, 0.933] 0.755| 0.873
57 1948 | 0.711] 0.840] 0.735| 0.934) 81 | 1948 | 0.718| 0.808; 0.746| 0.920
57 1954 | 0.877; 0.915] 0.877| 0.853| 81 | 1954 | 0.845 0.730] 0.519] 0.684
59 1948 | 0.389] 0.936] 0.480; 0.845] 83 | 1948 | 0.754| 0.954] 0.769] 0.877
59 1954 | 0.901] 0.972] 0.925| 0.964| 83 | 1954 | 0.797| 0.912| 0.752] 0.747
60 1948 | 0.583] 0.879| 0.440| 0.931] 84 | 1948 | 0.690| 0.802; 0.505] 0.500
60 1954 | 0.850; 0.969; 0.849| 0.943| 84 | 1954 | 0.803] 0.909] 0.731] 0.894
61 1948 | 0.679] 0.825| 0.530] 0.579) 85 | 1948 | 0.515| 0.884| 0.667] 0.635
61 1954 | 0.895( 0.981| 0.844| 0.936] 85 | 1954 | 0.856| 0.985| 0.836{ 0.945
63 1948 | 0.534{ 0.860| 0.693| 0.861) 86 | 1948 | 0.530| 0.865| 0.544| 0.858
63 1954 | 0.850] 0.970; 0.847| 0.897| 86 | 1954 | 0.810] 0.992) 0.827| 0.977
64 1948 | 0.283] 0.899] 0.429| 0.565| 87 | 1948 | 0.583] 0.797| 0.478] 0.667
64 1954 | 0.623] 0.844| 0.721} 0.171)f 87 | 1954 | 0.812; 0.986| 0.821| 0.946
65 1948 | 0.613| 0.834| 0.596{ 0.740) 88 | 1948 | 0.709| 0.863} 0.677| 0.885
65 1954 | 0.855| 0.938| 0.884| 0.911)] 88 | 1954 | 0.858| 0.945| 0.838| 0.869

66 1948 | 0.576| 0.857| 0.147| 0.839|| 89 | 1948 | 0.747] 0.905] 0.692] 0.627
66 1954 | 0.952) 0.991] 0.964| 0.969| 89 | 1954 | 0.958] 0.969 0.942| 0.944

67 1948 | 0.192] 0.830[ 0.142{ 0.603! 90 | 1948 | 0.732; 0.902{ 0.804| 0.782
67 1954 | 0.786| 0.982] 0.821| 0.903] 90 | 1954 | 0.836] 0.669] 0.284] 0.529

68 1948 | 0.630{ 0.854; 0.610 0.798§ 92 | 1948 | 0.756] 0.842| 0.719

0.778

68 1954 | 0.660 72| 0.637 0.881] 92 1 1954 | 0.579| 0.942| 0.541) 0.850
69 1948 | 0.350 83| 0.269] 0.632 93 | 1948 | 0.309| 0.898] 0.353] 0.793
52| 0.933| 0.965)] 93 | 1954 | 0.842| 0.895] 0.926{ 0.801

70 1948 | 0.684| 0.775| 0.735| 0.589|| 94 | 1948 | 0.869| 0.934] 0.891| 0.963
70 1954 | 0.886; 0.923| 0.749; 0.900] 94 | 1954 | 0.674; 0.911] 0.703] 0.770

71 1948 | 0.722 0.938) 0.841} 0.919 95 | 1948 | 0.693] 0.907| 0.746} 0.813
71 1954 | 0.825( 0.984| 0.813| 0.929] 95 | 1954 | 0.560[ 0.756{ 0.799| 0.920

72 1948 | 0.448] 0.607| 0.210 0.535‘
72 1954 | 0.807) 0.957] 0.838] 0.798§

0.9
0.7
69 1954 | 0.904| 0.9
0.7
0.9
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where d represents the arithmetic average of the n differences, and compare
it with the significance points of “Student’s” { with n—1 degrees of freedom.

Although there is a tendency for d to deviate slightly from zero in the case
of two samples of unequal size (cf. the formula referred to above), the very
strong deviation of {-values from zero indicate a clear tendency in all four
cases that the correlation within trees is stronger in 1954 than in 1948.

The following f-values were obtained in this way:

T T3p Ty T3y
= — 6.30%*% 4 80%**  _ Fe9¥FF 3 3T%* (at Stjernarp)
{ = 447w 430 395%kx _3.05%  (at Skalstugan)
** Statistically significant at the 1 9} level.
wAok » » » » 0.1 0/0 »

The test values have given us information which can be summarized as
follows: 1) the correlations between cones within the individual trees have
not remained unchanged from 1948 to 1954 and 2) there is a significant
tendency that the changes, for all pairs of variates studied, have gone in the
direction of stronger correlation in 1954 than in 1948.

Table 35 a and b also shows that different genotypes have reacted very
differently to changes of environment within the same sample plot. For
example, trees number 28 and 50 at Skalstugan and number 77 and 94
at Stjernarp have larger correlation coefficients throughout in 1948 than
they have in 1954, Only one of these 16 correlation differences, however,
reaches the 1 9%, level of significance. In regard to the four studied correla-
tions, other trees in both stands have significantly larger coefficients in 1954
for one or more pairs of variates. Single genotypes of Norway spruce may
thus, in respect to the correlation between cone length and total number of
seeds per cone, ry, between cone length and cone weight, ry;, between cone
weight and total number of seeds per cone, ry, and between cone weight and
weight of all seeds per cone, ry,, react differently to different environmental
conditions (i.e. between years). They may also in some cases act differ-
ently individually under approximately the same external conditions in
the same year and within the same sample plot.

5.2.2.8. Some within-tree regressions and correlations for single trees

For five pairs of variates, the total regression of one variate on another
variate have been computed for each one of the 300 trees in the six localities.
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Table 36. Average regressions for different sets of pair of variates and for each locality in
the year 1954.
(Calculated on sums of squares and products of cones within trees)

Population Regression equation Regression equation
Stjernarp....... X,= 60.6242.755 X, X,= 177.384 6.584 X,
Gunnarskog. . ... X,= 53.064-3.069 X, X,;= 123594 9.863 X,
Skalstugan. . ... X,= 43.7043.645 X, X,= 8549412117 X,
Kvikkjokk...... Xy= 41.70+44.534 X, X,;=  83.07--13.476 X,
Géllivare....... X,= 42.63+4+4.398 X, Xy;=  67.30+15.358 X;
Pajala......... X,= 44.954-3.572 X, X,= 100.01411.302 X,
Stjernarp....... X;=-—14.74+0.292 X, X, = 132.95--59.091 X,

Gunnarskog..... X, =—14.53+0.297 X, X,=— 35.91480.254 X,
Skalstugan. .. .. Xy=— 8.02-+0.222 X, X, = 3.21+62.320 X,
Kvikkjokk. .. .. X;=— 6.87+0.187 X, X,=— 17.514+70.807 X,
Géllivare. ...... Xy=— 6.40+0.178 X, X, =— 47.10+-82.404 X,
Pajala......... Xy=— 7.914+0.211 X, X,=— 73.58-+81.880 X,
Stjernarp ...... Xy= 44.7842.270 X,
Gunnarskog..... X,=-—32.5243.063 X,
Skalstugan. .. .. X;=-36.20+3.013 X,
Kvikkjokk...... X, =-—15.384+2.604 X,
Gillivare....... X, =—42.34+2.903 X,
Pajala......... X;=—15.06+2.763 X,

N.B. In the table the following variables and units of length and weight have been used:

X, =cone length in millimetre

X, =cone weight in gram

X, =the total number of seeds per cone

X, =the weight in milligram of all sceds per conc

For each pair an analysis of variance has been performed on the 300 regres-
sion coefficients. It was found that there are significant differences between
the six populations, as shown by the following F-values, each one with 5
and 294 degrees of freedom for the numerator, and the denominater, res-
pectively.

Regression of Variance ratio (F)

X;on X, 47.07%%*
X, on X, 33.45% %%
X, on X; 10,625
X,on X, 2.99%

X, on X, 8. 73w

In Table 36 the average within tree regressions are given for five of the
above pairs of variates. (The regressions of Table 36 are based on sums of
squares and products of cones within trees.) All the regression coefficients
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deviate significantly from zero. (The fest of significance might equally well
be carried out on the corresponding coefficients of correlation in Table 31.)
All the regression coefficients are positive. This is in accordance with the
finding of Table 31, that there is a positive correlation between each pair of
variates considered. That e.g. the coefficient by, is 0.292 in Stjernarp (if only
the total regression of X;on X, is considered) means that for each increase (or
decrease) in cone length of one millimetre there is a corresponding increase (or
decrease) in cone weight of 0.292 gram.

The constant term a« = —14.74 in the same equation would indicate
that X, has a negative value when X, is 0. Such a negative value would, of
course, have no biological meaning. It can only be interpreted as a warning
not to extend the linear relation between the two variates outside the
range of the observations.

On comparing Tables 20 and 36 we find that the coefficients for the regres-
sion of X, on X,, X, on X, and X, on X,, calculated on sums of squares and
products of cones within trees, at Stjernarp, Gunnarskog and Skalstugan
are numerically greater than the coefficients for the corresponding regres-
sions in 1948. We also find that the coefficients for the regression of X, on
X, (at Stjernarp and Gunnarskog) are larger in 1948 than in 1954. A test
of the significance shows that these differences (with the exception of the
difference between the byy-coefficients at Skalstugan) are highly significant.
The differences, on the average, are much greater between years than be-
tween populations in one and the same year.

The frequency distribution of individual trees according to inter-cone
correlations of a number of variables in 1954 is presented in Table 32. The
corresponding distribution in 1948 is found in Table 17. In the same way
as for the 1948 data, the present data have been analysed in order to test the
possible equality of the six sets of coefficients (from the six different localities).
The following F-values were obtained in the analysis of variance of the trans-
formed correlations:

The sets of The values of F
correlation (for differences between
coefficients population means

of coefficients
within each set)

Iy 13.00%%
Tas 7.55%%%
Iyr 13,425
oy 9,20%5k

The degrees of freedom for the population mean squares are 5, and for the
error mean squares (for individual trees within populations) 294. Thus, for
any one of the pairs of variates the 300 correlation coefficients cannot be
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Table 37. Correlation between tree means for individual populations and for the six pepulations treated as
one group in the year 1954,

Population . Kviklk- , :
. Gunnar- Skal- SVIKK 1T . The six
Stjernarp skog stugan jokls Gallivare | Pajala populations
Between
the variables r r l r ’ r ‘ 7 ‘ r ‘ 7
XNpand X;. ... s. 0.870 0.877 0.748 0.828 0.754 0.722 0.944
D 0.400 0.483 0.636 0.229 0.577 0.358 0.859
D T 0.700 0.696 0.601 0.412 0.421 0.552 0.877
Xyand X,........... 0.335 0.416 0.635 0.410 0.679 0.527 0.844
D, ST 0.709 0.716 0.795 0.551 0.523 0.769 0.898
Xyand X, ..o ou 0 0.222 0.543 0.819 0.510 0.514 0.562 0.851
Correlation based on: Value of r different from zero at the P 9;
level of significance
D.F. P=39% P=19
1) 50 trees in one locality 48 0.279 0.361
2) 300 trees treated as onc group 298 0.114 0.149

X, =cone length

X, =conec weight

X, =the total number of seeds per cone
X, =the weight of all seeds per cone

considered as random samples from six identical populations of coefficients.
Also the observed variance of z-values within populations are significantly
greater than those expected on the assumption that the cones from the 50
trees in the same population are samples from 50 populations having the
same correlation between the investigated properties. The four X2-values
for the discrepancies between the observed and expected sums of squares
exceed the 0.1 9 level of significance. Significant differences exist therefore,
between trees, in regard to the strength of the correlations between the
investigated variables. As seen in Table 32 the correlations can be negative
for some trees, and positive for others.

5.2.2.9. Some comparisons of belween-tree correlations in 1954 and 1948 and
of within-tree and between-tree correlations in 1954 with respect to morphological
cone and seed characters

As was found for the inter-tree correlations between morphological cone
and seed characters in 1948, the corresponding correlations in 1954 vary in
magnitude, and in some cases in sign for different pairs of characteristics
and from locality to locality. Both similarities and dissimilarities exist
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within and between years in regard to correlation coefficients in the three
localities which were studied in 1948 and 1954.

A comparison of Table 9 (together with the values of ry,, ry;, and ry,; on page
71) with Table 37 shows that among the similarities, with respect to the sign
and relative size of the correlations in both years, are included: 1) that two of
the three localities (Stjernarp and Gunnarskog) show very weak and insignif-
icant associations between 1,000-grain weight of all seeds per cone (X;) and
total number of seeds per cone (X)), 2) that the populations at Stjernarp and
Skalstugan show a positive and strong correlation between cone length (X,)
and cone weight (Xj), 3) that there is no significant difference between Stjernarp
and Skalstugan with respect to the value of ry,;, neither in 1948 nor in 1954, 4)
that the correlations between the variables X, and X, at Stjernarp and Skal-
stugan in both years are positive and highly significant and about the same
relative size, yet these coefficients do not account for much of the variation
present, 5) that there is also no difference between the two localities or between
the two years with respect to the value of ryy, 6) that the correlation between
the variables X, and X, is positive, significant and moderate in strength at each
of the three localities and no difference between any pair of the rgs-coefficients
reaches the 5 9 level of significance, 7) that there is no significant difference
between the years, nor between the three localities, as to the values of ry,, 8)
that the correlations between X, and X, are positive in the three localities,
strong at Skalstugan and highly significant at Skalstugan and Gunnarskog in
both years, and 9) that the correlation between the variables X; and X, and
between X, and X, is in both 1954 and 1948 strongest at Skalstugan and bet-
ween X, and X, strongest at Stjernarp.

Among the dissimilarities between and within years regarding the studied
correlations at Stjernarp, Gunnarskog and Skalstugan are the following: 1) that
1,000-grain weight in 1954, contrary to 1948, is negatively associated with the
total number of seeds per cone both at Stjernarp and Gunnarskog, 2) that the
correlation between the characteristics just mentioned (X; and X,) at Skal-
stugan in 1954 is, contrary to 1948, significantly larger than in both Stjernarp
and Gunnarskog (the difference is signiticant at the 1 9, level), 3) that the
correlation between cone length and cone weight at Gunnarskogin 1954 deviates
in a highly significant manner from the corresponding coefficient at Gunnar-
skog in 1948 (the significance exceeds the 0.1 % level), 4) that the difference
between 1954 and 1948 in regard to the value of ry; at Gunnarskog is significant
at the 1 9 level, and that the difference between Stjernarp and Gunnarskog as
to the value of ry, is significant at the 1 % level in 1948 but not in 1954, 5) that
the correlation between the characteristics X, and X, at Gunnarskog is signif-
icantly stronger (at the 5 9 level) in 1954 than in 1948, 6) that in 1954, contrary
to 1948, significant differences exist between the localities for the association of
the total number of seeds per cone with the weight of all seeds per cone (the
difference between the r,-coefficient at Skalstugan and Stjernarp in 1954
exceeds the 0.1 % level and the one between Skalstugan and Gunnarskog the
5 9% point of significance) and 7) that the correlation difference between X, and
X, is significantly higher (at the 1 9 level) in 1954 than in 1948, both in Stjer-
narp and Gunnarskog.

Summing up the above comparisons and the comparisons between within-
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tree and hetween-tree correlations (Tables 31 and 37) we find 1) that signifi-
cant positive correlations exist within each pair of variates, 2) that (if the
values of r, and r,,; are included in the comparisons) significant differences
between localities are found in seven of eight studied pairs of variates,
3) that (with the exception of the associations of the 1,000-grain weight of
all seeds per cone with the weight of all seeds per cone) the strongest associa-
tions are found, in general, between cone length and cone weight and between
these two cone properties on the one hand and the seed characteristics on
the other, 4) that significant differences between years are found in four of
eight pairs within one or two out of three localities, 5) if the correlation
studies are extended to include comparisons between inter-tree and within-
tree associations in 1954, we find a very high percentage of significant dif-
ferences in correlation between within-tree and inter-tree coefficients (see
Tables 31 and 37), 6) that most of these differences are highly significant,
and 7) that the within-tree coefficients, almost without exception, are larger
than the inter-tree coefficients.

5.2.2.10. Some partial inter-tree correlations of cone and
seed properties in 1954

Partial correlation coefficients for several associations between the
characteristics are calculated and presented in Table 38,

It is apparent from Table 38 that some of the partial correlation coeffi-
cients of the first order for the associations studied are similar to their
respective simple correlation coefficients in Table 37, whereas the associa-
tions between other variables have changed either in size or in direction or
both. In some cases the correlation differences between localities, in rela-
tion to the differences between total correlation coefficients, have been
changed in a significant manner. It would seem that, when seed properties
are kept constant, the partial correlations between cone characters do not
convey much more information than the corresponding total correlations.

The partial coefficients of the first order for the association of cone length
with seed weight are not significant when cone weight is held constant.
The association of cone weight with seed weight (r,,.,) is on the average weak
to moderate and significant when cone length is held constant. The associa-
tion (rg;.4,) of cone weight with seed weight is insignificant in three of six
localities when the influence of both cone length and number of seeds is
eliminated.

The association of weight of all seeds per cone with total number of all
seeds per cone reaches significance in four of six localities when the influence
of both cone length and cone weight is eliminated. The partial coefficient of
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Table 38. Partial inter-tree correlations in 1954,
Population
stjernarp | T | giqistugan| Kvikkjokk| Gallivare | Pajala
k=4
Tageg v vennnnn 0.852 0.849 0.577 0.827 0.604 0.672
Tagomeeennnnn 0.742 0.755 0.557 0.790 0.690 0.558
Tog,g vovvvnnnn, 0.234° 0.270° 0.314 —0.216° 0.135° | —0.038°
Toan oeennnnnn. 0.351 0.174° 0.314 0.024° 0.463 0.069°
Tgmig v innennn. 0.239° 0.203° 0.016° —0.095° 0.048° ( —0.007°
N 0.684 0.590 0.181° 0.353 0.178° 0.454
T340 e nnnnn —0.029° —0.018° 0.311 0.404 0.455 0.416
Tageq oo in e onn 0.258° 0.046° —0.046° 0.180° 0.561 0.179°
Tggug vovmeannnn 0.284 0.306 0.651 0.411 0.345 0.642
Tyrog oo 0.691 0.642 0.620 0.436 0.276° |  0.673
Targ v, —0.089° 0.329 0.708 0.469 0.366 0.468
Tang o veerenn, —0.023° 0.386 0.670 0.373 0.254° | 0.289

Value of r different from zero at the P 9
level of significance

Partial correlation of the first order based on D.F. P =59 P=19%

50 trees in one locality 47 0.282 0.365

Population
Stjernarp G‘;ﬁgi‘ Skalstugan| Kvikkjokk | Géllivare | Pajala
i)

Pagay «eoeennn. 0.720 0.759 0.603 0.799 0.586 0.556
Toggr «ovennnn. 0.246° 0.213° 0.409 | —0.196° 0.127° | —0.038°
Tangs «ovennnn 0.252° 0.111° | —0.276° | —0.015° 0.015° | 0.003°
Tagur o ooennnn —0,004° | —0.132° | ~—0.280° 0.263° 0.376 0.170°
Parog +vernn 0.283° 0.331 0.642 0.274° 0.215° | 0.358
Targs «oonnenn —0.084° 0.351 0.700 0.363 0.250° | 0.289

Value of r different from zero at the P 9
level of significance
D.F. P =579,

- P=19%
46 0.285

0.368

Partial correlation of the second order
based on 50 trees in one locality

° Note that the value of r does not reach the 5 9; level of significance

the second order (ry,.,;) at Skalstugan is significantly larger than any of the
other five coefficients for the corresponding association.

A test of the significance of the differences between comparable partial
inter-tree correlations (Table 38) and within-tree correlations in 1954 (Table
33) shows that a number of significant correlation differences exist especially
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between coefficients of the first order. Thus, there are differences significant
at the 1 9 level between the inter-tree and within-tree correlation coeffi-
cients r;;.5 at Kvikkjokk, res4, rera and rsp, at Géllivare and at the 0.1 9
level between the coefficients ry, ,, ry,. and ry, at Géllivare. Significant
correlation differences at the 5 9, level for example, are found between the
coefficients r,,, and ry, 5 at Stjernarp, ry, , at Gunnarskog, r,, , at Skalstugan
and ry,., at Kvikkjokk. Only a few significant correlation differences between
inter-tree and within-tree coefficients of the second order are found in this
material.

5.2.3. Examples of the application of multivariate methods

The presentation of the variation of the observations of cone and seed
characters has been made with the help of the concepts and symbols of such
now classical statistical fields as analysis of variance, regression and correla-
tion analysis. These are no doubt familiar to the presumptive readers of the
paper. This has, however, lead to a rather extensive tabulation of standard
deviations, regressions, correlation coefficients etc. It is of a certain interest
to try to use some of the more recent methods in multivariate analysis such
as discriminant functions, component analysis etc. in order to reduce the pres-
entation to a number of statistics intended to contain, in a concentrated
form, as much as possible of the information relevant for the particular
problems of estimation and testing considered. For multivariate methods
the reader is referred to textbooks, e.g. Rao (1952), AnpERson (1958),
Kexparr (1961). (For genetic applications similar to those shown here see
e.g. CLirrForD & BInNET, 1954, pp. 325—336.)

In order to illustrate these methods, two examples, closely related to one
another, will be given. For the statistical methods involved, see KENDALL
(1961), pp. 167—169. The computations have been carried out on the
computer BESK by means of a program (Q9) for finding generalized eigen-
values and eigenvectors.

In the first example the observations from 1954 of the tree means of the
variables X, X,, X, X,, X; and X, in the six localities are utilized. We
try to form new variables of the type

Wy = Xy 4+ Xy + 03X5 + ,X, + @,X; + 34X
which can efficiently discriminate between the six populations. By this we
shall mean that the variance ratio “between/within” is large. (More speci-
fically, the variance ratio is the quotient obtained by dividing the mean
square between localities by the mean square between trees within locali-
ties.) Determining the coefficients in such a way that the variance ratio is
maximized, one obtains the maximum ratio F; = 261.63 for the variable

W, = 0.31 X, - 4.36 X, + 0.51 X; 4 24.76 X, —0.28 X; + 1.31 Xj,.
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The expression has heen normed in such a way that the mean square “within
localities” is 108, We then try to supplement W, by a new variable W,
orthogonal to W) (in the sense that the “‘within localities” covariance of
W, and W, vanishes) and having the highest possible variance ratio. This
condition is satisfied by
W, = 250 X; +2.22 X, 3.00 X; —13.06 X, + 7.32 X, — 647 X,

having maximum variance ratio, F, = 20.69, among variables orthogonal
to W,. Proceeding in the analogous way, four more variables are found,
mutually orthogonal and orthogonal to W, and W, with the variance ratios
Fy,=25.78, F; =335, F;=0.05 and Fy=0.00 respectively. The sum
Fy +Fy + ...+ Fg = 291.50 can be considered as a measure of the total
difference between the six localities with respect to the variables X, X,
X, Xy X, and Xj,. From the high value of Fy it is seen that Z; accounts
for an essential part of this difference. Comparing the coefficients ay, @y, . . .,
a;, in Z; with the variation (standard deviation within localities) of the
respective variables, it is seen that the coefficients of X, (cone length) and
X, (total number of seeds per cone) are comparatively large, whereas X
(cone weight) and X, (germination capacity of all seeds) have moderate
coefficients. The coefficients of X (thousand-grain weight of all seeds) and
X, (weight per cone of all seeds) are small in comparison with the varia-
tion of these variables,

It is found that the total difference between the localities with regard to
the four variables X,, X, X,, and X, expressed in the way described above,
amounts to 269.11. Of this variation, the greater part, corresponding to a
variance ratio of 254.93, is accounted for by the variable

Z, =437 X, 4+ 033 X; +23.12 X, +0.72 X,

which is the linear combination of the four variables having the highest
variance ratio. It is seen that Z; has an almost as good power to discriminate
between the populations as W,. Supplementing Z; by the “best” discrimi-
nator orthogonal to Z;, and having, as has Z,, the mean square 10% within
localities we find

Zy = —237X,— 313 X; — 1298 X, + 7.71 X,.
However, the corresponding variance ratio is as low as 9.0. Trying to reduce
further the number of original variables entering into the linear expression
one arrives at the expression

U =598 X, + 2485 X,

which is the linear expression in two of the original variables with the
highest variance ratio (250.7). Thus U, contains a considerable part, or
86 %, of the “‘total difference” 291.5. It is not possible to obtain a very
good discrimination by using only one of the original variables, The highest
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Table 39. Averages of certain linear combinations of observations.

Average of
Locality

W, A U, X, X,
Géllivare .............. 7,089 6,867 7,729 666 151
Kvikkjokk ............ 7,677 7,350 8,246 693 165
Pajala ................ 7,933 7,470 8,325 677 172
Skalstugan ............ 8,815 8,427 9,291 757 192
Gunnarskog ............ 11,721 11,428 12,187 956 260
Stjernarp .............. 12,573 12,112 12,999 1,023 277

variance ratio (198.9) is obtained for the variable X,, the second highest
(164.5) for X,.

It is of a certain interest to compare the mean values of the variables in
the six localities. These means are given in Table 39, where the localities are
ranged in ascending order of the values of W,. It is seen that the order is the
same also according to Z,, U, and X,. In the case of X,, Kvikkjokk and
Pajala are interchanged.

It is seen, however, that these two localities show no great discrepancies
in regard to the values of Wy, Z;, and U,. The other differences between loca-
lities are greater. There is an especially large difference between the group
consisting of Gunnarskog and Stjernarp and the group comprising the four
other localities.

One might label the three closely related variables W,, Z;, and U, as
expressions of the “‘size”” of the cones, whereas the supplementary variables
W, and Z, have a more complicated structure. W, might perhaps be considered
as related to the “form” of the cones, having coefficients of opposite signs
for X, and X; (cone length and cone weight, respectively), and positive
coefficient for X, (weight of all seeds per cone) and negative for X, (number
of all seeds per cone). This variable has, however, a comparatively poor
discriminating power.

One might now surmise that the most easily recognizable differences
between seeds and cones from widely separated localities refer to the size
of the cones, as expressed e.g. by Z;. This does not preclude the possibility
that the differences between trees in the same locality are also primarily
related to the size of the cones. However, an analogous comparison of the
variation “between trees” in one locality with the variation “between cones
within trees” has not given a clear indication of any similar “‘size variable”,
accounting for the main differences “‘between trees”. This comparison is
made for Kvikkjokk (1954). For this locality, sums and squares and products
within and between trees are available for the variables X,, X, X, and X,
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i.e. those four variables that are found to contain most information about
the differences between populations. The variable
VvV, = 25.19 X, —19.10 X; — 30.37 X, + 12.72 X,
is the one with maximum variance ratio “between trees” divided by ‘“‘within
trees”’. The variance ratio corresponding to V, is Iy = 48.10. Proceeding to
the possible three more orthogonal (within trees) variables, one gets the
variance ratios F, = 37.85, Fy = 23.48, F, = 7.95. Thus F;, + F, 4+ F3 +
F, = 117.38. Hence no single linear expression accounts for any greater
portion of the variation between trees. The variable with the highest vari-
ance ratio, V,, seems to have some resemblance, although not very distinct,
to the supplementary variables W, and Z, considered above. The linear
combination of two variables with the highest variance ratio is
36.46 X, — 20.18 X,.

The corresponding variance ratio is 42.52. Evidently, this expression is
more related to the form of the cones than to their size. The original variable
with the highest variance ratio (20.02) is X,

It is possible to perform other types of multivariate analyses by utilizing
the tables of variances, correlations etc. given in the text and the Appendix
of the present work.
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6. The variation of seed quality

The quality and production of the seed of forest trees, as already men-
tioned in the introduction, is of great interest for forestry. Access to the
necessary quantities of forest tree seed of good genotypic and physiological
qualities is the most important requirement for all natural and artificial re-
generation. The variations in seed quality and seed crop, like the relationships
between cone and seed properties and between seed properties, are influenced
by conditions of environment and the genotypical constitution of the trees.
A greater knowledge of how these factors affect the formation and the fer-
tility of gametes, seed crop, seed quality and plant development, etc., as well
as information on the interaction between genotype and milieu, with respect
to different seed and cone characters, is therefore of great interest both for
the immediate and for the future provision of forest tree seed. The repro-
ductive fitness of trees for localities with varying climatic conditions, and
especially for extremely high altitudes, is of great importance for gamete
fertility (ANDERssON, 1947 and 1954), and for endosperm, embryo and seed
development, and seed production (cf. Simax and Gusrarsson, 1954, and
Gustarssox, 1962).

The present part of this work concentrates on the variation of seed quality,
including seed germination capacity, the percentage of empty seeds (not
damaged by insects), the frequency of seeds (not damaged by insects) with
embryo unable to germinate, and the frequency of seeds damaged by insects.
The production of seed in 1948, expressed as the number of seeds per cone,
has been described and analysed in the same way as the weight of seeds in
that year. Mean values for the production and the weight of seeds can be
found in the Appendix Tables I-—V. Analyses of variance are shown in
Tables 4—8. The variation in seed production and seed weight in 1954 is
presented in Table 23 and in the Appendix Tables VI—XI. The results of
the studies of seed quality for localities are given in Tables 40 and 41, and
for individual trees within each sample plot in the Appendix Tables XVII—
XXI and XXITI—XXXIV.

6.1. Seed quality in the material of 1948

The present study of seed quality was not designed to determine the
variation within trees. Therefore, it is not possible to test whether the
variation between trees is larger than the variation within trees. It is interest-
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ing, however, to note that the variation between individual trees seems to be
very evident within geographical localities. The percentages of empty seeds
for individual trees listed in the Appendix Tables XVII--XXI A and B show,
namely, a large range of variation within each locality. For example, the
percentage of empty seeds not damaged by insects amongst all seeds not
damaged by insects (see Appendix Tables XVII B-—XXI B) varies at Stjer-
narp (embryo type 0--I) from 34 to 89 with a mean of 62 (the standard
errors of means are presented in Table 40). At Hérryda this percentage
varies from 9 to 83, with a mean of 39 (see Appendix Table XVIII B), at
Gunnarskog from 28 to 89, with a mean of 55, at Héljes from 20 to 77, with
a mean of 50, and at Skalstugan from 32 to 96, with a mean of 72.

The range of variation in empty seeds between trees within the plots may
therefore be considered as large for this material. Both variance analysis and
a comparison of means (see Table 40) show that the differences between
localities are highly significant. The F-value (38.44) exceeds the 0.1 9, level
of significance. It can be seen from Table 40 that the percentages of empty
seed not damaged by insects amongst all seeds in 1948 are 62, 37, 50, 49 and
70, at Stjernarp, Harryda, Gunnarskog, Héljes and Skalstugan respectively.
Thus the percentage of empty seeds is very high in the Central European
spruce at Stjernarp. By analysing the corresponding angular values it is seen
that this percentage is significantly greater (P <0.1 9,) than the correspon-
ding percentages for spruce of native origin at Hérryda and Gunnarskog and
even from the plot at Holjes, despite the fact that the climatic conditions at
Stjernarp were much more favourable for the formation of gametes and for
flowering and seed development than at the other three mentioned localities.
The environmental influences on meiosis and on seed formation at Skalstugan
are especially strong and not at all comparable with corresponding conditions
at Stjernarp. The meiotic disturbances, as mentioned earlier, will be dis-
cussed in detail in a later work *Studies of Meiosis in Norway spruce (Picea
abies (L.) Karst.)”.

The reason for the high percentage of empty seed is not clear, but may in
stands of Norway spruce be due to: 1) the possibly high frequency of recessive
lethal genes which should cause a certain percentage of embryo mortality,
i. e. the homozygous recessive type dies, 2) a varying degree of spontaneous
self-fertilization (cf. Lananer, 1953) and that the degree of self-sterility
varies from tree to tree (cf. SyLvENn, 1910, LaNGLET, 1940, ANDERSSON,
1947 b, and Kraeux and WHEELER, 1961), and possibly from offspring to off-
spring (see Appendix Table XLI), probably depending on the occurrence of
incompatibility factors, located at one or more loci, acting at different levels
through interactions between genes and between embryo and surrounding
" tissues, or the presence of recessive lethal or sub-lethal genes which after



Table 40. Mean values in seed quality for populations in the year 1948,

Calculated on tree values with the guidance of the embryo and endosperm development (n = 48)

Population Stjernarp Hirryda Gunnarskog T1dljes Skalstugan
Angu- Angu- Angu- Angu- Angu-
Aver-| lar Aver-| lar Aver-| lar Aver-| lar Aver-{ lar
age |trans-| Corre- age |trans-| Corre- age |trans-| Corre- age [trans-| Corre- age |trans-| Corre-
per- |forma-| sponding | per- [forma-| sponding | per- [forma-| sponding per- |forma-| sponding { per- |forma- sponding
cent- | lion angle* cent- | tion angle* cent-§ tion angle* cent- | tion angle* cent- } tion angle*
Sced quality age ex- with age exX- with age ex- with age ex- wilh age ex- with
(not |press-| standard | (not |press-| standard | (not [press-| standard (not |press-| standard | (not {press-| standard
trans-| ed as error trans-| ed as crror trans-| ed as error trans-{ ed as error trans-{ ed as error
form- | per- form- § per- form- | per- form-| per- form- | per-
ed) | cent- ed) | cent- cd) | cent- ced) | cent- ed) | cent-
age age age age age
Germination rate in per = - . ) o - . . = . . -
cent of Lotal number of 35.92 | 35.40 [36.524-1.08] 56.83 | 57.00 |49.034-1.57| 39.66 | 39.20 [38.754+1.17] 46.66 | 46.50 |42.984-1.19] 7.83 1 7.10 |15.50--0.75
seeds o
Empty seeds (not damag- i
ed by insects) in per cent | 61.58 | 61.60 [51.70--1.12| 38.04 | 37.40 [37.6741.73{ 50.15 | 50.30 [45.16-4-1.29] 49.25 | 49.20 |44.524-1.27] 69.38 | 70.30 [56.99-+1.30
of total number of seeds
Seeds damaged by insects
in per cent of total num- 0.80| 0.26 | 2.904-0.51} 2.79} 2.10| 8.26+0.68] 8.42| 7.60 |16.05--0.80] 1.10} 0.53 | 4.1940.55] 4.15| 3.60 {10.994-0.62
ber of sceds
Seeds (not damaged by
insects) with embryo
unable to germinate in 1.70 | 1.60 | 7.254-0.28] 2.34 | 2.20 | 8.514+0.33}] 1.77 | 1.70 | 7.4740.23] 2.99] 2.80| 9.56-4-0.42] 18.64 | 17.60 |24.7941.08
per cent of total number of
seeds n
100 9, 100 % 100 9%, 100 9 100 %
Germination rate in per :
cent for all seeds not 36.21 { 35.80 {36.774-1.04] 58.62 | 59.00 |50.18-}-1.66| 43.51 | 43.10 |41.034-1.29f 47.22 | 47.10 [43.364+1.24] 8.16 | 7.50 {15.854+-0.76
damaged by insects
Germination rate in per
cent for all sceds (not 95.41 | 95.60 |77.90+ 0.40 96.10 | 96.20 78.784-0.31| 95.61 | 95.70 |78.06-1-0.30] 93.83 | 94.30 [76.13--0.60] 29.15 | 28.80 |32.464-0.79

damaged by insects) with
cmbryo

* transformed by Lhe formula, angle iarcsin\/percenlage/IOO
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fertilization, in more difficult cases, can cause the death of homozygotes for
the recessive lethals or sub-lethals (death may occur under these circum-
stances at any stage after fertilization), 3) partial gametic sterility owing
to the fact that a tree, a population or a provenance is not well adapted gene-
ratively to the climatic conditions at a locality, i. e. having an increased
sensitivity to temperature disturbances of meiotic divisions and of the
mitotie divisions in the gametes (see the Figs. 33—36), 4) damages by insects,
5) the occurrence of partial or complete gametic sterility among trees caused
by genetically influenced structural aberrations of chromosomes, 6) delayed
pollination, involving cases where the egg cells degenerate, 7) non-pollina-
tion, i.e. fertilization has failed because of lack of pollen (cf. Sarvas, 1955,
p- 34, and 1958, p. 13) and 8) a combined effect of two or more causes (of
those just mentioned 1—7).

Mutations that change the fertility may arise, but dominant lethal genes
disappear with their carriers. Dominant lethals result, however, in the death
of all gametes which carry such genes.

On seeking for an explanation of the high frequency of empty seed at
Stjernarp one finds that numbers 6 and 7 in the list are the most unlikely
because flowering intensity was higher at Stjernarp than at Hairryda,
Gunnarskog and Héljes, and furthermore, the stand density was higher at
Stjernarp than at any of the other localities.

The conditions for pollination may also change from year to year and
from locality to locality according to the direction of the wind, wind-force,
turbulence, air moisture, male flowering intensity, topographical conditions,
the frequency of own species’ remote-pollen, and the distance to near-pollen
sources of own tree species (cf. ANDERSSON, 1950, Sarvas, 1955, and STrRaND,
1957). In this connection the time sequence in flowering of the two sexes of
flowers is important. If pronounced metandry (protogyny) exists it can mean
a protection against self-fertilization. Simultaneously, the risk increases that
the female flowers, lacking pollen, or because of delayed pollination can be
too old or inconceptible for fertilization. A certain frequency of empty seeds
can also be created, under certain conditions, as a vesult of the metandry.
The conditions which must exist in such a case, in addition to metandry, are,
1) that the tree species is able to produce empty seeds without fertilization
(which is the case with Norway spruce), and 2) that the amount of own
species’ remote-pollen in the air is very small or non-existant. A tendency
for metandry is indicated in Picea abies (¢f. SYLvEN, 1910, p. 222 (406*), 1916,
p. 53, and Syrach Larsex, 1937, p. 124 and Fig. 27 in this work). It is there-
fore not impossible that a certain frequency of empty seeds was produced at
Stjernarp just because pollination of the earliest opened conceptible female
flowers was delayed or incomplete. The probability of this assumption is

Q-—412962
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RELATION OFf GERMINATION CAPACITY OF NORWAY SPRUCE TO NUMBER OF
DAYS WITH A MEAN AIR TEMPERATURE OF =15°C DURING THE PERIOD
FROM THE COMMENCEMENT OF FLOWERING UNTIL THE END OF SEPT 1954,

Germination rate in per cent of seeds
(not damaged by insects) with embryos.
Y

100y%

STJERNARP ® Tiso®
80
OPAJALA

60
40 SKVIKKJOKK

@ SKALSTUGAN
20

Y=3134+1443X

0 % . , - — . . - X

) 10 15 20 25 30 35 40 45 50

Number of days with a mean air temperature =15°C during the period
from the commencement of spruce flowering until the end of September 1954

Fig. 22.

Tables XVII B—XXI B, which together with the Appendix Tables XVIIT A
—XXI A and Table 40 summarize the results of the seed germination
studies in 1948, that the germination rate in per cent of all seeds varies
strikingly from tree to tree within each sample plot. The total range of
variation in germination rate (Appendix Tables XVII B—XXI B) expressed
in per cent of the total number of seeds, extends at Stjernarp from 10 to 63,
with a mean of 36, at Hirryda from 16 to 85, with a mean of 57, at Gunnar-
skog from 10 to 62, with a mean of 40, at Holjes from 22 to 74, with a mean
of 47, and at Skalstugan from 1 to 23, with a mean of 8.

In order to facilitate the understanding of the remaining germination
percentages given in the Appendix Tables XVII B—XXI B and XXIX B
—XXXIV B it can be stated that the germination rate in per cent of all
seeds not damaged by insects is given by the formula

100 G

100—i
where G is the calculated germination rate in per cent of all seeds (on the
assumption that seeds, damaged by insects, with embryo do not germinate),
and i the percentage of all seeds damaged by insects. The germination rate in
per cent of all seeds (not damaged by insects) with embryo [cf. the sum of the
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percentages of the embryo and endosperm classes 11 A—IV B in Appendix
Tables XVIT A—XXT A and XXIX A—XXXIVAwhichis=100—({--0-+1)]
is obtained as

100 G

100 — (i+0-+1I)

where ¢ means empty seeds (not damaged by insects) containing neither
embryo nor endosperm, [ denotes empty seeds (not damaged by insects),
containing endosperm but no embryo, and 041 represents the total frequency
of empty seeds (not damaged by insects) expressed in per cent of all seeds.
Seeds (not damaged by insects) with embryo unable to germinate, in per cent
of total number of seeds, is expressed as

100 — (04141 +G).
Finally, the percentage of seeds (not damaged by insects) with embryo
unable to germinate amongst all seeds (not damaged by insects) with
embryo is given by the ratio
100 [100 — (0 +I4+i+G)]
100 — (0 +1-L-0)

It can be seen from the Appendix Tables that the germination rate for all
seeds not damaged by insects shows about the same range and pattern of
variation within localities. The germination rate in per cent of all seeds (not
damaged by insects) with embryo falls, at Stjernarp within a range from 88 to
97, with a mean of 95, at Harryda from 88 to 97, with a mean of 96, at
Gunnarskog from 90 to 97, with a mean of 96, at Holjes from 74 to 97, with
a mean of 94, and at Skalstugan from 16 to 52, with a mean of about 29.

The percentage of seeds (not damaged by insects) with embryo unable to
germinate amongst all seeds (undamaged by insects) with embryo, ranges,
at Stjernarp from 3 to 12, with the average 4.6, at Héarryda from 3 to 12,
with a mean of 4, at Gunnarskog from 3 to 10, with a mean of 4, at Holjes
from 3 to 26, with a mean of 6, and at Skalstugan within 48 to 84, with a
mean of about 71.

The mean percentages of seeds damaged by insects for trees and popu-
lations are listed in the Appendix Tables XVII A—XXT A. This percentage
falls, at Stjernarp within O to 5, with a mean of 0.8, at Hérryda within 0 to
7.5, with a mean of 2.8, at Gunnarskog within 0.5 to 23.0, with a mean of 8.4,
at Holjes within 0 to 6.5, with a mean of 1.1, and at Skalstugan within 0 to
17, with a mean of 4. The latitudinal range of the sample plots in this study
for the year 1948 is rather great, ranging from 56° 38’ N at Stjernarp to 63°
34’ N at Skalstugan. The range of variation in height above sea level for these
plots is also considerable for Scandinavia, ranging from 35 m. at Stjernarp
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RELATION OF SEEDS WITH EMBRYOS OF NORWAY SPRUCE UNABLE TO GER-
MINATE TO NUMBER OF DAYS WITH THREE ALTERNATIVE MEAN AIR
TEMPERATURES DURING THE PERIOD FROM THE COMMENCEMENT OF
FLOWERING UNTIL THE END OF SEPTEMBER 1954

Seeds (not damaged by insects) with embryos unable to germinate
in per cent of ali seeds (not damaged by insects) with embryos.

7O saisiucne 1% SKALSTUGAN® 1% SKALSTUGAN
60 7 60 /
KVIKKJOKKe KVIKKJOKK® oK VIKKJOKKe
50 501 50
401 qGHLLIVvARE QGHLLIVARE 40 OGALLIVARE
30 30+ 304
SPAIALA SPAJALA
Y=-105.61+961X Y=-3957 + 2.064X Y=-7730+1936X
205 p
14 16 18 3% 40 44 48 52 56 60 64 68 72 76x

Number of days during the period from the commencement of spruce flower-
ing until the end of September 1954 with a mean air temperature of:
| <6°C | <10°C | <12°C

Fig. 23,

to 660 m. at Holjes and 585 m. at Skalstugan. It is therefore not surprising
that differences exist between the geographic localities in regard to seed
properties. Highly significant differences are also found between localities
for all the examined seed quality properties (seed yield per cone included).
The obtained F-values all have a significance far beyond the 0.1 9, point
of significance and accordingly, may be considered to be very highly signif-
icant. For instance, the variance ratio, F, (calculated on angular values)
between geographic areas is, for seeds damaged by insects in per cent of
total number of seeds 68.56 *** with 4 and 235 d. {. for the variances bet-
ween and within areas respectively, for seeds (not damaged by insects)
with embrye unable to germinate in per cent of the total number of seeds
176.58 *** for seeds (undamaged by insects) with embryo unable to ger-
minate in per cent of all seeds (not damaged by insects) with embryo
1,558.16%%*  for germination rate in per cent of total number of seeds
115.10*** and for empty seeds not damaged by insects, here amongst all
seeds, 29.57**%%  All variance ratios have the same number of degrees of
freedom.

As it will be impossible to determine, only from this analysis, whether the
variation found between populations and areas is primarily due to environ-
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mental or genotypic causes, it may be added that the found cytological
abnormalities of meiosis and pollen mitosis in Norway spruce (cf. Figs. 33—
36) seem to be a result, in a certain degree, of the combined effect of variables
of air temperature and time exposure to the temperature, as well as of inter-
actions between these variables and the genotypical constitutions of the trees.
The interactions of the various combinations of trees on the one hand and
variables of temperature and the time factor on the other hand seem to pro-
duce rather complex results in terms of pollen fertility and seed set. The
disturbances of meiosis vary with: the number of degrees of frost, the
exposure of the flower buds to an unfavourable temperature, the
rate of the changes of temperature, the range of the variation in tem-
perature, and with the genotypic constitution and reproductive fitness
of the trees. The failure of normal development of conifer seeds (undamaged
by insects) containing embryo, seems to be attributed to a low average
temperature during the seed maturing period. The effect of temperature
during this period has earlier been pointed out by, inter alios, Kusara (1927),
‘Wiseck (1931), Morxk (1933, pp. 124—132), NorpsTtrOM (1950 and 1955),
Simax and Gusrarssox (1954), EHRENBERG, GUSTAFSSON, PLyM FORSHELL
and Sivar (1955), and MULLER-OLSEN, SiMaK and Gustarsson (1956). It
can also be seen from the regression in I'ig. 22 that the seed germination rate
in per cent of all seeds (undamaged by insects) with embryo, is strongly
influenced by the number of days with a mean air temperature = 15° C.
during the seed maturing period. The correlation between these two variables
is 0.960** with 4 degrees of freedom. Likewise, the regressions for the four
populations in Fig. 23 illustrate a positive significant relationship between
the failure of seed maturity and the number of days with a mean air tempe-
rature of < 6°, << 10°, and << 12° C. respectively during the seed maturing
period. The coefficients of correlation for the associations of seeds withembryo
unable to germinate, amongst all seeds, undamaged by insects, with embryo,
with the four alternative mean air temperatures of << 6°, < 10°, < 127, and
=< 15° C. are 0.998%% 0.979*, 0.952*, and — 0.960** respectively. Furthermore,
the regressions in Fig. 24 illustrate a positive relationship between the ave-
rage frequency of empty seeds amongst all seeds, undamaged by insects, in
each sample plot and the number of days with a minimum air temperature of
—4° and below —4° C. at the nearest weather-station during a period of 45
and 50 days respectively, counting from the commencement of spruce flow-
ering in the studied populations. The coefficients of correlation for the
two pairs of variables are 0.452 and 0.693 respectively. These coefficients,
however, are uncertain on account of the probable variation in the minimum
temperatures between the weather-stations and the respective stands, which
in the present case are not found to be significantly different from zero.
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RELATION OF EMPTY SEEDS TO NUMBER OF DAYS WITH A MINIMUM AIR
TEMPERATURE OF -4°C OR BELOW -4°C DURING A PERIOD OF 45 RESPEC-
TIVELY 50 DAYS IMMEDIATELY BEFORE THE SPRUCE FLOWERING IN 1954

Empty seeds (not damaged by insects) in per cent of all seeds (not damaged by
insects) in Norway spruce.

Y Y
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The alternative of 45 days. _
Number of days with a minimum air temperature of -4°C or below -4°C during

aperiod of 45 respectively 50 days immediately before the commence-
ment of flowering of Norway spruce.

Fig. 24.

Finally, there is a striking increase in the rates of empty seed and of embryo
type II at Skalstugan in relation to Héljes and more southernly situated
sample plots. The embryo type IV at Skalstugan not only decreases but
almost completely disappears.

On considering the variation between trees within sample plots one also
finds that different trees appear to be able to produce varying frequencies of
embryo types even under equivalent climatic conditions (e. g. see Appendix
Table XVII A), which is in agreement with the observations of Simax and
GusTtaFrssoN (1934), and EHRENBERG et al. (1955).

6.2, Seed quality in the material of 1954

The investigation embraces the sample plots at Stjernarp, Gunnarskog’
Skalstugan, Kvikkjokk, Géllivare and Pajala (cf. Fig. 1). The plots at
Stjernarp, Gunnarskog and Skalstugan, as has already been shown, are
included in both the 1948 and 1954 material and Gallivare, and moreover, in
the material for 1960 and 1961. The study has been undertaken to determine
the range of variation of different seed characters, as in 1948, between trees
within the plots, the variation between areas and some inter-tree correlations
and regressions between on the one hand, among other things, germination
rate (observed in the Jacossex germinator) of all seeds, undamaged by in-
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DISTRIBUTION OF SEEDS INTO EMBRYO AND ENDOSPERM CLASSES
OF NORWAY SPRUCE IN THE SAMPLE PLOT AT KIRUNA IN 1961
Per cent of seeds in each embryo
and endosperm class.
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Fig. 25.
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Table 42, Between-tree correlations for individual populations and for the six populations treated as one
group in the year 1954.

Population ggl;uslla}i
Stjernarp Gur?nar- ‘bkal— K.W%{%{' Gillivare | Pajala tions
skog stugan jokk
treated as
Between one group
the variables r r r r r r r
Xopand X, ... 0.699 0.527 0.597 0.435 0.579 0.675 0.656
D 0.285 0.258 0.159 0.152 0.111 0.221 0.534
Xgoviiiin 0.204 0.315 0.259 0.143 0.275 0.444 0.550
Xio oo —0.179 0.137 0.393 —0.031 0.141 0.281 0.514
D N 0.656 0.539 0.551 0.367 0.554 0.690 0.670
Xpgand Xy ovvinnt 0.697 0.529 0.610 0.428 0.605 0.675 0.647
Xoooviio 0.284 0.246 0.178 0.170 0.110 0.209 0.524
D NN 0.200 0.316 0.279 0.164 0.283 0.454 0.545
D, I —0.178 0.129 0.406 —0.021 0.116 0.283 0.509
D R 0.653 0.536 0.564 0.364 0.573 0.686 0.657
Correlation based on: Value of r different from zero at the P 9;
level of significance
D.F. P=59 P=19
1) 50 trees in one locality 48 0.279 0.361
2) 300 trees treated as one group 298 0.114 0.149

X, =thousand-grain weight of all seeds per cone
X, =cone length

X, =cone weight

X, =the total number of seeds per cone

X, =the weight of all seeds per cone

X3 =germination rate (in the Jacossex germinator) in per mille of all seeds not
damaged by insects

(the per mille data transformed to corresponding angular data by the formula,
angle = arcsin \/ per mille/1000)

X, =germination rate (in the JacoBsexN germinator) of all seeds not damaged by
insects (net transformed data)

sects, and on the other hand seed properties as well as cone properties. Among
these other seed characters are the total number and weight of all seeds per
cone (see among others, Tables 42, 43, 46 and the Appendix Tables XXII A—
E). Data on observed seed germination rates in per cent of total number of
seeds per cone for individual trees and populations based on test procedures in
the JacoBsEN germinator, and the frequency distribution of seed in seed size
classes are given in the Appendix Tables XXITI—XXVIII. Calculated per-
centages of seed damaged by insects, of empty seeds and of a series of seed
germination rate (analysed by the X-ray method described by Simax and
GusTarssoN, 1953 and 1954) for trees and populations, are listed in the
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DISTRIBUTION OF SEEDS INTO EMBRYO AND ENDOSPERM CLASSES
IN 4 SINGLE TREES OF NORWAY SPRUCE AT KIRUNA IN 1961

Per cent of seeds in each embryo
and endosperm class.
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Embryo and endosperm classes (the class 0 here divided
in four subclasses).

Fig. 26.
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Appendix Tables XXIX—XXXIV A and B. The mean values of seed ger-
mination ability for populations are summarized in Table 41.

It can be seen from the Appendix Tables XXIX B—XXXIV B that
similarly to 1948 there is a conside