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Summary

A black spruce provenance study, based on 2 Newfound-
land provenances, was started in 1968 in a nursery at Pasa-
dena in western Newfoundland, using bulked open-pol-
linated seed. The five-replicated randomized completeblock
design with 100-seed plots was used. Four-year heights of
eight randomly selected seedlings in each plot were deter-
mined in October 1971. The effects o nine environmental
factors d the sites d the provenances on height growth
were studied to identify the subject d those which con-
tributed most to height growth and to assess the usefulness
d thesubset asa predictor.

Analysis d variance was performed with multiple and
equal number o observations per plot, using the mixed
model. A stepwise zig-zag regression procedure was adopt-
ed using the mean provenance height as the dependent
variable and the nine environmental factors d the sites of
the provenances with all their pair-wise cross-products and
squares as independent variables.

No independent variable is correlated with the dependent
variable in a simple linear manner. The significant subset
d independent variables comprised the following:

X2, — Square d thelatitude.

X,X, — Interaction d longitude and mean precipitation
during the period May — September.
XXs — Interaction & mean number o frost-free days

and mean number o days during the annual
growing period.

X,X, — Interaction o the number o frost-free days du-
ring the annual growing period and the day length
onJune2L

Key words: Picea mariana (Mi..) B.S.P., early testing, juvenile
growth.

Sommaire

Une étude de provenances d’Epinette noire, fondee sur 26
provenances de Terre-Neuve fut amorcee en 1968 dans une
pépiniere a Pasadena dans |'ouest de Terre-Neuve, en uti-
lisant en grandes quantites des graines issues de |a pollini-
sation libre. Le «design» du bloc complet randomisé a cing
repetitions avec placeaux de 100 graines chacun fut em-
ploye. La hauteur de huit semis de quatre ans choisis au
hasard dans chaque échantillonnage fut déterminée en oc-
tobre 1971 On etudia I'influence de neuf facteurs environ-
nementaux sur les stations des provenances, touchant la
croissance en hauteur, afin d'identifier le sous- facteur qui,
parmi les autres, contribua plus a la croissance en hau-
teur et afin d'evaluer l'utilité de ce sous-facteur comme
element de prédiction.

On proceda a l'analyse de variance par multiples et un
nombre egal d'observations par placeau, a l'aide du modele
mixte. On adopta un processus de regression en zigzag par
etapes en utilisant la hauteur moyenne des provenances
comme variable dépendante et les neuf facteurs environ-
nementaux des stations des provenances avec tous leurs
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produits croisés accouples et leurs carres comme variables
independantes.

Aucune variable independante n’est corrélative a la va-
riable dépendante d'une simple maniere linéaire. Le sous-
facteur significatif des variables independantes comprenait
les éléments suivants:

X2, — Carredelalatitude.

X,X, — Interaction de la longitude et de la precipitation
moyennede mai a septembre.
X,X; — Interaction du nombre moyen de jours sans gel et

du nombre moyen de jours durant la période de
croissance annuelle.

XX, — Interaction du nombre moyen de jours sans gd
durant la période de crossance annuelle et de la
photopériode du 21 juin.

Zusammenfassung

Ein Provenienzversuch mit 2 Herkiinften der nordame-
rikanischen Schwarzfichte [Picea mariana (MwL.) B. S. P.]
aus Neufundland wurde mit der Vegetationsperiode 1968
in einer Baumschulein Pasadena (westliches Neufundland)
begonnen, wobei frei abgebl ihtes Samenmaterial mehrerer
Baume zur Verwendung kam. Die Untersuchung wurde in
Form eines vollsténdigen randomisierten Blockversuchs in
5 Wiederholungen mit Parzellen zu je 100 Samen durchge-
fuhrt. Im Oktober 1971 wurde in jeder Parzelle an einer
Zufallsauswahl von acht Sdmlingen die Hohe gemessen.
Die Auswirkung von neun Umweltfaktoren der Herkunft-
sorte auf das Hohenwachstum wurde untersucht, um die-
jenigen bestimmen zu kénnen, die am meisten zum Héhen-
wachstum beitragen und die Brauchbarkeit dieser Faktoren
zur Prognose zu beurteilen.

Unter Benutzung des gemischten Modells wurde eine
Varianzanalyse mit M ehrfachbeobachtungen gleichen Um-
fanges in jeder Parzelle durchgefuhrt. Hierfir wurde ein
schrittweises Zickzack-Regressionsverfahren gewahlt, bei
dem die mittlere Provenienzenhshe die abhéngige Variable
darstellt und die neun Umweltfaktoren der Herkunftsorte
mit sémtlichen ihrer paarweisen Vektorprodukte und (Qua-
drate die unabhangigen Variablen bilden.

Keineder unabhangigen Variablen ist mit der abhangigen
auf einfache lineare Weise korreliert. Die signifikante Un-
tergruppe der unabhéngigen Variablen setzt sich wie folgt
zusammen:

X2, — Quadrat der geographischenBreite.

X,X, — Wechselbeziehung zwischen geographischer Lénge
und mittlerer Niederschlagsmenge im Zeitraum
Mai — September.

X,Xs; — Wechselwirkung zwischen der mittleren Anzahl
frostfreier Tage und der mittleren Zahl aller Tage
innerhalb der jahrlichen Wachstumsperiode.

XX, — Wechselwirkung zwischen der mittleren Anzahl
frostfreier Tage der jahrlichen Wachtumsperiode
und der Tageslinge am 2L Juni.

Introduction

Black spruce (Picea mariana (MiL.) B.S.P.) occupies a
very prominent positionin Canadian forestry due to its ex-
cellence as pulpwood, its widespread distribution, occupy-
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ing very variable sites, relative tolerance to insect pests
and diseases and relative ease in artificial regeneration.
Consequently, several national and regional projects on
the genetic improvement of the species are in progress.
However, long periods of time to sexual and economic ma-
turity are serious challenges to obtaining useful results
from such studies. The conventional early tests, based on
infantile-juvenile-mature correlations for specified char-
acters of progenies as reported, among others, by Kruc
(1963), Lancrer (1959), NansoN (1968) and Scumipt (1972) also
require long periods of time for establishing criteria for
early detection of superior provenances. The need for alter-
native methods clearly exists.

A regional black spruce provenance study is one of the
three genetic studies on this species currently in progress at
the Newfoundland Forest Research Centre of the Canadian
Forestry Service. Preliminary results of this study reported
earlier (KuaLL, 1975) have indicated strong genetic control
on juvenile height growth. The ecotypic nature of variation
in this character, corresponding with Rowe’s forest sections
(Rowe, 1972) indicates selection pressures exerted by widely
different climatic conditions prevailing in the various forest
sections during the micro-evolution of black spruce on the
Island. The data were analysed to study the effect of se-
lected environmental factors of the sites of the provenances
on height growth in an attempt to isolate which subset of
these contributed most to height growth and to assess the
usefulness of the subset as a predictor.

Material and Methods

The provenance

This study is based on 26 provenances from insular New-
foundland, all in the Boreal forest region (Rowe, 1972). The
sampling covered wide north-south, east-west and coastal-
inland distribution so as to include the maximum variety
of geographical and climatic conditions. Open-pollinated
seed was obtained from each of the seven dominant or co-
dominant trees in each provenance. The parent trees were
spaced at least 30 m apart to minimize inbreeding. The
cleaned seed from the seven trees of each provenance was
mixed in equal quantities by weight. This bulked seed of
each provenance constituted its sample of seed. The bulked
seed was sown on May 27—29, 1968 in the Canadian For-
estry Service Research Nursery at Pasadena near Deer
Lake in western Newfoundland (lat. 49° 00’ N, long. 579 35’
N) in a five-replicated randomized complete block design
experiment with 100-seed plots.

The data

Total heights of eight randomly selected seedlings in each
plot were measured at the age of four years in October
1971. The provenance mean values were calculated based
on the 40 seedlings of each provenance. Values of the fol-
lowing environmental variables at the origin of the parent
trees were obtained.

X*) ; — Latitude (° N).

X¥) , — Longitude ("W).

X¥)  — Altitude (m).

X#**), — Mean number of frost-free days.

X**); — Mean number of degree-days during the annual
growing period.

X#¥), — Mean temperature during the period May—Sep-
tember (°C).

X*¥), — Mean precipitation during the period May-Sep-
tember (mm).

X#**), — Mean maximum July temperature (°C).

X#*), — Day length on June 21.

*) Anon. (1971).
**) CuarmaN and Brown (1966).

The values of variables X, — X, are based on observa-
tions over a very large number of years.

The statistical analysis

The data on the height of seedlings were analysed by
analysis of variance with multiple and equal number of
observations per plot using the mixed model (SteeL and
Torrie 1960). Multiple regression analysis was performed
on the data, using the mean heights of provenances over
all replications as the dependent or response variable and
the nine afore-mentioned geographic and meteorological
factors at the origin of the parent trees as independent
variables. A preliminary analysis was done using the first
order prediction equation shown in equation (1), without
interactions or higher order effects of the independent var-
iables:

Y =a+ 38X; ()
where Y is the predicted value of the dependent variable

(Y), @ is the estimated intercept and ﬁi is the estimated
partial regression coefficient of the independent variable
X; (wherei=1,...,9). The multiple correlation coefficient,
residual mean square and the lack of fit test indicated that
the first order prediction regression equation did not ade-
quately represent the correlation between the dependent
and the nine independent variables. The multiple regression
analysis was repeated using the predictive equation shown
in equation (2) which includes the nine independent vari-
ables and all their pairwise cross-products and squares,
giving a total of 54 independent variables:

¥=a+ .21§1X1 + Ej B+ oXX; + 2B 4 X% 2
1 1 1

(The various symbols used in this equation have the same
meaning as explained above and X; indicates an X-variable
with a larger subscript than X;) A stepwise zig-zag re-
gression procedure (two steps ahead, one back) was adopted
as a mean of identifying the most important subset of the
independent variables (WitsoN, 1975; Brair, Brown and
WiLson, 1971).

To determine at what stage of the stepwise regression
procedure to stop a lack of fit term, which measures directly
how well the equation fits the data, was calculated at each
stage and tested for significance. This was continued until
the test, which is a conservative one, yielded a non-signifi-
cant result. Because each of the 26 provenances had only
one value for each member of the set of nine X-variables
associated with it, the-regression results corresponded to a
partitioning of the provenance sums of squares and degrees
of freedom obtained from the analysis of variance into a
component due to regression with degrees of freedom
equal to the number of X-variables included at the partic-
ular stage of interest and a component due to lack of fit.
These components could then be tested by an F-test using
the Experimental Error mean square, which because it was
based on individual observations, had to be divided by 40
to bring it to the same terms as the regression results which
were based on provenance means. Following this criterion
the zig-zag procedure was stopped at stage 5 which included
four independent variables and established the general
equation shown in equation (3):

C=a+ BXY + BXoX; + BuX X5 + feXoX, 3)

Results and Discussion

Equation (4) was finally obtained as the regression equa-
tion:
¥ = 184.3582 — 0.0339X?2, — 0.0108X,X; +

0.0011X,X; — 0.0007X,X, @
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The multiple regression coefficient was very high (R =
0.8847; R2? = 0.7827) and the residual mean square was
5.9839. Table 1 shows the test of significance of the regres-
sion equation.

Table 1. — Test of significance of the regression equation.

Mean

Source of variation D.F. Sum of squares squares F
Provenances 25
Regression I 712.2400 178.0600 29, TE*¥%*
Lack of fit 21 197.7371 9.4161 1.5798
Experimental error 100 23,935.67 5.9839+

+ - Sum of squares divided by (40)(100), see text.

*%% _ Statistically significant, P(F > 29.76) < 0.001.

ns _ Statistically non-significant, P(F > 1.57) > 0.05.

If the zig-zag regression procedure had been continued
to the last step (which was step 31) it would have included
15 independent variables. The multiple correlation coef-
ficient would have increased to 0.9720 (R? = 0.9447) and the
residual mean square would have been reduced to 5.0350.
As these changes would have been insignificant equation
(4) was taken as the best fit for the data.

It is interesting that no independent variable is cor-
related with the response variable in a simple linear man-
ner. Only one such variable, latitude, occurs alone and is
correlated with height growth in the quadratic power. All
other independent variables are correlated with the re-
sponse variable through their first order interactions as is
shown by the regression equation.

Although with additional data the form of the regression
equation may change it is evident that the geographic and
meteorological variables tested are highly correlated with
total height at this age. The equation presented can there-
fore be used quite satisfactorily to predict average response
under similar experimental conditions.

The biological interpretation of the effect of geographic
and meteorological factors on response is complex. First,
although these four variables are the ones most closely
associated with the response variable, they probably affect
the latter through other variables by a very complicated
process. The complexity of the correlation is created, at
least partially, by the complex pattern of the climate of
insular Newfoundland, with its small land mass, surround-
ed by a variety of maritime influences. The climate is
strongly influenced by the Labrador and Gaspe currents
(Hagrg, 1952). The Labrador current virtually encircles the
Island and brings the Arctic Sea ice which often persists
into May and June and delays the rise of air temperature
in spring over coastal areas. This effect is more pronounced
on the Northern Peninsula and the northeast coast than
elsewhere and low temperatures persist in these areas till
late June or early July. The important effects of the cur-
rent are delayed spring and lower temperatures in the
north than in the south in winter and spring. The tempera-
ture pattern is altered in summer by frequent southwest
winds. These winds pass over the cold Labrador current
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and cool the southern coast. They warm up as they move
over the Island and produce the paradoxical trend of in-
creasing temperatures from south to north in summer.
However, the Northern Peninsula continues to be under
the influence of the Labrador current and remains colder
than the rest of the Island throughout the year. Conse-
quently, the meteorological factors represented by the in-
dependent variables X,—X;, X; and X, have the highest
values in central Newfoundland and decrease towards the
coast. Only the mean precipitation during the period May—
September increases from north to south. Thus, the genetic
changes produced in black spruce of insular Newfoundland
by natural selection during micro-evolution do not follow
a north-south or east-west trend but a complex inland-
coastal trend. This is reflected in the absence of correla-
tion of any of the independent variables with the response
variable except through their interaction with other in-
dependent variables or in the quadratic form.

Conclusion

The following four independent variables at the origin
of the parent trees out of the 54 tested are significantly
correlated with the four-year height growth of black
spruce:

X2, — Square of the latitude.

X,X, — Interaction of longitude and mean precipitation
during the period May—September.

XX, — Interaction of mean number of frost-free days
and mean number of days during the annual
growing period.

X, X, — Interaction of the mean number of frost-free days
during the annual growing period and the day
length on June 21.
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