Table 6. — Absolute allelic frequencies in paternal contribution
— SV: Serreyrede forest; PF: Plo-du-Four forest.

MDH1 IDH1
100 120 84 100 116
Mother-
trees
SVl 120 31 & 153 1l
Sv2 59 23 7 63 12
SvV3 60 7 3 60 6
Svu 14 12 0 21 7
SV5 21 4 3 18 4
Své 16 6 1 18 2
Sv7 16 8 1 23 0
Sv8 21 8 0 25 4
SV9 16 9 1 17 7
SV10 20 11 0 31 0
Total T4 363 119 24 429 53

X* = 2151 (p<0.005)  X*(})=14.55 (p<0.05)

PF1 101 82 12 167 14
PF2 18 12 5 20 5
PF3 18 4 0 21 1
PF5 4 5 2 8 0
PFé lée 15 0 30 2
PF7 14 9 1 19 3
PF8 22 3 0 27 0
PF9 26 8 3 27 1
PF10 11 13 4 22 3
Total T5 230 138 27 341 29

x? = 22,01 (p<0.01) X(p) = 891 nis.

l’m: Calculation was carried out grouping the two rarest alleles
and excluding classes whose size was smaller than 4.
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Summary

Thirty-four plus trees of Pinus contorta var. latifolia
were selected from four stands at the same latitude (60° N)
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Alberta, Edmonton Alberta T6G 2H1, Canada.
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in Yukon, Canada. Single-tree families from wind pollina-
tion were sown and grown in the growth chamber for four
growth periods. Two levels of nutrient treatment (ordinary
and stress) were applied from the second growth period and
onwards. Plant height after each of the four growth periods,
final stem diameters, green and oven-dry weights of the
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above-ground part, and frequencies of polycyclic plants
were investigated. In analyses of variance, nutrient-treat-
ment effects were significant in most traits. Seedlings from
ordinary treatment had a much higher frequency of poly-
cyclic shoots than those from stress treatment. The same
families were also planted in a field trial in northern
Sweden and plant height at age 6 was measured. Only 2%
of the total variation in the field trial could be explained
by the within-stand effect in contrast to 20% in the growth
chamber. The relationships between results from the
growth-chamber and field-trial studies, expressed as or-
dinary linear regressions and Pearsonian correlations, were
weak. However, the plant biomass in the growth chamber
showed significant correlations with plant height in the
field trial.

Key words: Lodgepole pine, provenance, geographic variation,
nutrient level, stress environment, contingency tables.

Zusammenfassung

VierunddreiBlig Plusbdume von Pinus contorta var. lati-
folia wurden von vier Bestidnden von demselben Breiten-
grad, 60° N, in Yukon, Kanada, ausgewihlt. Einzelbaumfa-
milien von Windbestdubung wurden in der Klimakammer
ausgesit und wuchsen dort unter vier Wachstumsperioden.
Es wurden zwei Stufen von Nihrstoffbehandlungen (Nor-
mal und StreB) von der zweiten Wachstumsperiode an an-
gewandt. Folgende Eigenschaften wurden wuntersucht:
PflanzenhShe am Ende jeder der vier Wachstumsperioden,
endgiiltige Stammdurchmesser, Frisch- und Ofentrocken-
gewicht der oberirdischen Pflanzenteile und Frequenz von
polyzyklischen Pflanzen. In den Varianzanalysen waren die
Effekte durch die Nahrstoffbehandlung fiir die meisten
Eigenschaften signifikant. Die Samlinge der Normalbe-
handlung zeigten eine hohere Frequenz von polyzyklischen
Trieben als die Sémlinge der Strebehandlung. Die glei-
chen Einzelbaumfamilien wurden auch in einem grofien
Feldversuch in Nordschweden gepflanzt und die Pflanzen-
hohe im Alter von 6 Jahren wurde gemessen. Nur 2% der
gesamten Variation im Feldversuch konnte durch Effekte
innerhalb der Bestinde erklart werden, im Gegensatz zu
20% im Klimakammerversuch. Zwischen den Resultaten
von der Klimakammer und dem Feldversuch gab es schwa-
che Beziehungen, ausgedriickt als gewthnliche lineare Re-
gressionen und Pearson-Korrelationen. Doch waren die
Korrelationen zwischen der Pflanzenbiomasse in der Kli-
makammer und der Pflanzenhohe inr Feldversuch signifi-
kant.

Introduction

In recent years, Pinus contorta (lodgepole pine) has be-
come a common reforestation species in northern Sweden.
An intensive Pinus contorta improvement program is in
progress in Sweden (Rosvart, 1980). In nature, Pinus con-
torta forests exhibit considerable structural variability
(Faney and KnicHt, 1986). It has been well documented that
the genetic variation in morphology and growth habit at
the provenance level is large (for a review, see CRITCHFIELD,
1980; for recent works, see WuerLer and Guries, 1982; Linp-
GREN, 1983; WaeeLer and CrircHFIELD, 1985; yiNG et al., 1985).

Three are reports of highly significant differences between
provenances in annual rhythm (Hacner, 1970); large be-
tween- and within-provenance differences in seed quality
(HacNEeR, 1980); extensive allozyme variation associated
with geography (Yeu et al., 1985); and variation in height
and dry weight among families within populations consi-
derably larger than that between populations in a green-
house study (Perry and Loran, 1978). Fries (1986) and Fries
and LinpGren (1986) reported that variation in single-tree
families within populations was larger than that between
populations in nine- and ten-year tree heights respectively
whereas ReureLpr (1985) noted the reverse in six-year tree
height. Relative proportions of variances reflect the range
of sampling and relative sampling size (i.e. degrees of free-
dom) among sources of variation. For instance, the relative
proportion of the genetic variation between and within
populations is expected to vary from a range-wide prove-
nance study to a study comprising a few adjacent prove-
nances. For breeding, the relation of within- and between-
population variation for stands from one climatic zone is of
interest and has not to our knowledge been reported.

Pinus contorta has been subdivided into “coastal” and
“interior”, or more detailed sub-species (CrircHFIELD, 1957;
1980). Most coastal sources did not survive and grow well
in the harsh continental climate of northern Sweden. The
present work was undertaken to study the genetic vari-
ation in growth performance of seedlings in the growth
chamber and in a field trial. The seed lots used in the study
originated from the same latitude, but from different
natural stands of the northern Rocky Mountain-Inter-
mountain source representative of seven degrees of longi-
tudinal range. We have applied two nutrient treatments in
the growth-chamber experiment to study the potential ef-
fects of genotype X environment interaction, and thus to
study whether the two treatments differ in their predictive
power.

Lameetu et al. (1983) proposed that plant dry weight
should be used as an early-testing character in Pseudotsu-
ga menziesii. In the present study several traits were as-
sessed to identify those suitable for predicting field per-
formance.

The objectives of the research reported here are:

1) To investigate variation in juvenile growth in a growth
chamber, of single-tree progenies selected from one lati-
tude.

2) To investigate the genotype X nutrient-treatment in-
teraction by applying two different levels of nutrient in
the growth-chamber experiment.

3) To investigate the performance at early age of selected
single-tree progenies in harsh environmental condition in
nature.

4) To investigate the possibility of extrapolating from
growth-chamber results to plants growing in the field.

In this paper, we shall lay emphasis upon the growth-

Table 1. — The four stands in the study.

Stand No. of Latitude
trees

Simpson Lake (SL) 9 60°50

Canol Road (CR) 9 60°40"

Champagne (cp) 8 60°50’

Whitehorse (WS) 8 60°35/
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Longitude Elevation Note
(m)
129°15’ 775
133°02° 850
136°327 900 An isolated
stand
(2 hectares)
134%5” 780



Table 2. — Regimes in the growth chamber. The maximum and minimum values for each period are given.

Period Night length Day/Night temperature Weeks
First Growth Period
Sowing - transplantation 4 n 20°Cc 2
Growth - growth cessation 4 h 25/15° 3
gradual 25/10°c, 10/5°C - 16
prolongation (several noon peaks
4.5 - 16 h with 30°C)
Dormancy and 16 - 24 h 10/5°c, 2° 5
dormancy breaking
Second to fourth growth periods
Growth - growth cessation gradual 20/10°c, 10/5°C 18
prolongation (several noon peaks
2.5 - 16 h with 23°C)

Dormancy and
dormancy breaking as above

chamber experimental data, because more characters were
investigated there than in the field trial.

Material and Methods
Seed Lots

The material studied came from the Swedish Pinus con-
torta selection project (BarTram, 1979). Open-pollinated
seeds were collected from phenotypical plus-trees in vari-
ous stands of Pinus contorta var. latifolia in Yukon, Cana-
da. The plus trees were located at nearly the same latitude,
but from a range of seven degrees in longitude. Detailed
information about the stands studied is shown in Table 1.

The Growth Chamber Experiment

The study was carried out in the growth chamber of the
phytotron at the Swedish Universiity of Agricultural
Sciences in Stockholm, Sweden. The seeds were sown in a
mixture of sand and vermiculite. After germination the
seedlings were grown in boxes on maobile trolleys (wagons)
of size 470 mm X 400 mm X 100 mm. The substrate was
granulated mineral wool. A 25 mm layer of gravel at the
bottom of the boxes served for drainage, a 15 mm layer of
gravel at the top of the substrate kept the surface dry and
free from algae.

Thirty-two plants from each of the 34 families were
studied. They were grown in 38 boxes, each taking 30 plants
(5 X 6) some of which served as filling. In each box, two
adjacent plants belonged to the same family (two-tree
plots).

Two nutrient treatments were applied in this study. Dur-
ing the first growth period all the plants were treated with
a complete nutrient solution (INGestap, 1979) of low concen-
trat.on (100 mg N/1). The proportions of N:K:P were
100:65:13. From the beginning of the second growth period
one half of the plants received reduced amounts of nutrients
and water (stress), the other half received the ordinary

treatment (ord:nary). Each box received one treatment only.

For stressed plants, nutrient soiution of a concentration
lower than in the ordinary treatment was given only when
the plants showed signs of wilting or the tensiometers in
the boxes showed low values. Each box under stress treat-
ment did not receive equal amounts of nutrient solution.

A systematic thinning was applied after the second
growth period, leaving one plant of each pair (single-tree

plots) and reducing the plant number per family and treat-
ment from 16 to 8 plants in eight different boxes.

The air humidity was kept at 75 per cent relative humi-
dity. The light intensity at seedling level was 22,000 lux
(70W.m?2, 270 nm to 695 nm).

The cultivation regime (Table 2) during the first growth
period mimicked conditions in a nursery in northern
Sweden while the cultivation regimes during the second to
the fourth growth periods mimicked conditions at a field
trial located about two degrees northwards of the nursery
(see next section). Both night lengths and temperatures
changed gradually during each growth period.

Traits evaluated in the growth-chamber experiment
were: plant height at the end of four growth periods,
number of plants with polyeyeclic annual shoots during the
second, third, and fourth growth periods, stem diameter
at basal and second~whorl levels at the end of the fourth
growth period, and green and oven-dry weight of the
above-ground biomass at the end of the fourth growth
period.

Field Trial

A field trial of selected Pinus contorta material was
established in 1981 at Mader, northern Sweden (Lat. 65%48’,
Long. 19°00°, Alt. 490 m). It contains seed lots from 18
stands in Canada, among them the four stands studied in
the growth-chamber experiment.

The 18 stands and four checker seed lots were rando-
mized in each of the five blocks. Within each stand, indi-
vidual seed trees were distributed at random in 10-tree
row plots. According to the original design, 10 seedlings of
each of the 12 seed trees in each of the 18 stands ought to
be planted in each block. However, owing to the small size
of the stand Champagne, only six trees were selected. Thus,
each of the six seed trees from Champagne was represented
by 20 sedlings in each block. In autumn 1986 the total plant
height was assessed in the field trial. Four stands studied
in our growth-chamber were sampled from the 18 stands
for measurements. By the time of assessment in 1986,
around 13% of the trees measured were dead. Seriously
damaged trees were excluded from the statistical analysis.

" Statistical Procedure
A computer, package program from SAS (Statistical Ana-

lysis System) was used for the statistical analysis (SAS In-
stitute, Inc., 1985). Two kinds of estimates of variance com-
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ponents, Henperson’s method III and the restricted maxi-
mum likelihood method, were applied in both growth-
chamber and field-trial data sets. When no exact F-test was
available for one or more factors in the design model, the
pseudo-F test was applied (Hicks, 1973), which is an ap-
proximation to the F test.

1. Growth Chamber Experiment

For data taken from the first two growth periods, plot
means were used as the unit for analysis. After thinning at
the end of the second growth period, the experimental
design became single-tree plots. individual plants were
therefore used as the unit for analysis.

Variances were not homogeneous between the two treat-
ments in the growth chamber. Furthermore, variances were
compared among stands within each treatment using HArt-
LeY’s F(max) test of homogeneity of variance (Otrt, 1977). In
general, the standard deviations changed in proportion to
the means. We therefore transformed the original data to
natural logarithms to satisfy the assumption of equal vari-
ances for the analysis of variance (Scuerrg, 1959).

For binomial data such as number of plants with poly-
cyclic annual shoots (LANNER, 1976) Bernoulli trials were
applied first to test the hypothesis of equal probabilities of
equal frequencies of polycyclic plants between the two
nutrient treatments (LarseN and Marx, 1981). The null
hypothesis was rejected whenever the statistic

Xy
7 m < "2gp
either
+
‘/(x»v)(l_u) (a+m) 2 +2Zay
n+m n+m
nm

where x is the number of polycyclic plants in the ordi-
nary treatment, y is the number of polycyclic plants in the
stress treatment, and n and m are the total number of
plants in the ordinary and stress treatments, respectively.
Second, we also applied the log likelihood ratio test (SoxaL
and Rowntrr, 1981) to analyze the three-way contingency ta-
ble of the frequencies of polycyclic shoots of four stands

under the two nutrient treatments. The analysis is to test
whether the proportion of polycyclic plants is independent
of the stand origin and nutrient treatment. Since our
sample size is at least ten times the number of cells in the
contingency table (Fienserg, 1977), the G-statistics have
approximate Chi-square distributions.

observed
G = 2L (observed) loge( expected )

We also took away one factor in the rows at a time to
check the change of the G-statistic and probability. The G-
values were then compared to find the potential impact,
if any, of each stand.

Log-transformed data were analyzed according to the
linear model:

Yy =H+ oy + Bj + Y + (@ Py + () + Wig) + egia
where

Yijxy = individual observation

u = grand mean
a; = nutrient-treatment effect,i =1, 2.
p; = stand effect,j = 1,2,3,4.

Yk(jy = single-tree-family effect within each stand,
k=1,2....80r9.

(ap)y; = interaction between nutrient treatment and
stand
{(ay)ik;; = interaction between nutrient treatment and
single-tree family
Wy = box (wagon) effect within each treatment, 1 =

1,2,3...19.
€1 = residual error

The nutrient effect was considered as fixed, and stands
and families~-within-stands as random effects. The estima-
tion of variance components did not include nutrient-treat-
ment effect. Structures of the expected mean squares of
the design model are presented in Table 3.

Posterior-comparison procedures, DuncaN’s multiple-
range test and Tukey’s HSD were applied to compare means
of the four stands.

Table 3. — Structure of the analysis of variance of data set in growth chamber.

Source D.F. Expected mean squares
Treatment 1 0% +K; - 0%y +Ka- 02ps) T+ K3 - 025. 7+ Ky - O21
2 2

Stand 3 0%p + K5 0%pg .1+ Ke- O%pg)+ K7 - 025.7+Kg - 0%
2 2 2

Stand = T 3 0°g + Kg - 0%pg)x T+ K10* 05T
2 2 2

Family (S) 30 0% +Kjy O%kg.T+Ki2: O7F(g)

2
Family (S) x T 30 o)

Wagon (T) 36

Error 431

2
+ K3 - 0%pg« T

2
+ Ky 0w

Note: The coefficients, K,, are not constant integers owing to imbalance of the design. Error

degree of freedom changes over time.

Individual-tree heritability =

4 02?(3)

2
a%g + 0%y + %k - T+ OFis) + O2s 1 + O
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Table 4. — Structure of the analysis of variance of data set in field trial.

Source D.F. Expected mean squares

Block 4 GZE + K- 021_-(5), p+Ky-02%5.p+ K3 62

Stand 3 GZE + Ky °2F(s) « B+K5-0%5.5+Kg- 021?(31 +K7-02%g
Family (S) 30 o2 +Kg °2F(s) « B+Kg-* °2F(S)

Stand x Block 12 o% +Ky °2F(s) . B+Ki1- 0%,

Family (S) = Block 112 °2E + Ko 0'21;-(5), B

Error 1412 o'2E

Note: The coefficients, Ki, are not integers owing to imbalanced data set.

4 OZF(S)

Individual-tree heritability =

2 2
o%; + 0%pg) . B+ O%s.p+ OF(g) + 0%

2, Field Trial

Analysis of variance was applied according to the linear
model:

yi_]k =U+ o+ ﬂj + Yk[j) + (o B)ij + (a 'Y)ik(j) + euk

where
Y;;x = individual observation
u# = grand mean
a; = block effect,i = 1,2, 3,4,5
f; = stand effect,j =1,2,3,4.
Yk(j) = single-tree-family effect within each stand,
k=1,2....80r9.
(af);; = interaction between block and stand
(ap)ik(jy = interaction between block and single-tree family
;51 = residual error

In the above model, all the effects are considered as
random effects. Structures of the expected mean squares of
the design model are presented in Table 4. Duncan’s mul-
tiple-range test and Tukey’s HSD were applied for posterior
comparisons of means of the four stands.

Table 5. — Mean value, standard error of the means and coef-
ficient of variation of traits measured at the end of the growth-
chamber experiments.

Traits Ordinary treatment Stress treatment
Mean CV. Mean Ccv.
Plant height (mm)
1st-Growth Period 4655+ 1.02 35.94 46.76+ 0.96 33.80
2nd-Growth Period 184.78 £ 3.05 27.01 154.14 + 2.38 25.50
3rd-Growth Period 380.77+£ 5.60 24.11 249.21+ 3.40 22.52
4th-Growth Period 563.31+ 9.31 27.15 412,54+ 5.16 20.64
Traits measured at the end of the experiment
Green weight (g) 134.18+ 5.82 71.28 78.77+ 2.39 50.04
Oven-dry weight (g} 4450+ 1.99 73.33 2536+ 0.81 52.64
Stemn diameter (mm) 12,46+ 2.56 33.74 9.10+ 1.37 24.82
(Basal level)
Stem diameter (mm) 593+ 1.28 34.96 4.99+ 0.55 18.22

(2nd-whorl level)

3. Relationships between Growth-chamber and Field-trial
Data Sets

Ordinary linear regression analysis (Gunst and MASON,
1980) was applied to transpose growth-chamber results to
the field trial. Single-tree-family means were used as units
in the regression analysis. In the present study, only plant
height in the field trial was available as response variable,
while many characters investigated in the growth-chamber
experiment were used separately as single-predictor vari-
ables. Pearsonian correlations were calculated to deter-
mine the degree of association found in the regression
analysis. The significance of the difference between two
values of correlation coefficient obtained from two treat-
ments was tested by transforming correlation coefficients
to the Z distribution (Sokar and Rontr, 1981).

4. Estimation of Heritabilities

Half-sib relationship is assumed in our experimental
seed lots, which is a simplified assumption. This was ex-
tensively discussed by Fries and LiNnpDGReN (1986). Individ-
ual-tree narrow-sense heritabilities were calculated ac-
cording to the formulae in Tables 3 and 4.

Results and Discussion

1. Growth Chamber Experiment
Nutrient-Treatment Effects

All growth characters were strongly affected by nutrient
treatments (Table 5). Nutrient-treatment effects were sta-
tistically significant except for biomass characters (Table
6) although Figure 1 demonstrates that the effect of nutri-
ent treatment on green weight was pronounced. One reason
for the non-significant results for nutrient-treatment ef-
fects on biomass traits might be that the statistical tests
of treatment effect were based upon the pseudo-F test of
which the error term was a linear combination of mean
squares (Hicks, 1973). In our case, one of the mean squares
was substracted in the linear combination, i.e. the coef-
ficient was negative. GayrLor and Horper (1969) cautioned
against the use of the pseudo-F test under this condition.
However, the low P-values for nutrient-treatment effects
on green and dry weights (0.15 and 0.14, respecdtively)
also indicated that there are nutrient-treatment effects.

Figure 2 shows that the frequency of plants with poly-
cylic shoots was higher in the ordinary treatment than in
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Table 6. — Mean squares and P-values from the analysis of variance of the growth-chamber experiment based on loga
rithmically transformed data.

M.S.

1st-Gp
Source D.F. Height

M.S. P-value
Treatment 1 - -
Stand 3 0.19 0.69
Stand x T. 3 - -
Family (S) 30 0.35 0.66
Family (S)xT. 30 - -
Wagon (T) 36 0.16 0.30
Error 431 0.14

Green

D.F. weight

M.S. P-value
Treatment 1 18.13 0.15
Stand 3 5.46 0.18
Stand x T. 3 1.26 0.11
Family (S) 30 2.11 0.0003
Family (S)xT. 30 0.57 0.23
Wagen (T) 36 0.21 0.938
Error 431

3rd-GP 4th-Gp
D.F. Height Height
P-value M.S. P-value M.S. P-value
0.01 1 22.67 0.0001 11.72 0.01
0.25 3 0.78 0.10 0.97 0.08
0.31 3 0.07 0.27 0.12 0.08
0.001 30 0.29 0.0001 0.29 0.0001
0.30 30 0.05 0.39 0.05 0.50
0.19 36 0.07 0.07 0.05 0.58
431 0.05 0.05
Basal 2nd-whorl
stem stem
dia- dia-
meter meter
P-value M.S. P-value M.S. P-value
0.14 10.52 0.02 1.03 0.03
0.19 0.88 0.24 0.28 0.35
0.14 0.23 0.10 0.03 0.986
0.0003 0.42 0.0001 0.31 0.34
0.23 0.10 0.36 0.27 0.02
0.995 0.06 0.94 0.25 0.C4
0.10 0.17

Ordinary Stress

250 9 simpson Lake

Whitehorse South

150 o
. %
100 Z

AN

"1 s 3 6 7 9 12
150 Champagne
100 -

50 -

w W

26 27 28 30
Family identification number
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the stress treatment during all growth periods. The signi-
ficance of the treatment effect is evident from the log
likelihood ratio test summarized in Table 7. Bernoulli
trials showed high Z values for the three growth periods
(10.616, 8.655, 5.761, respectively), which also confirms the
effect of treatment.

Polycyclic shoots are usually found on fast-growing
trees in nature (LANNER and vaN Drn BERgG, 1975). This might
be one reason for the low frequency of polycyclic plants
from the stress treatment. In a study of four-year-old
Pinus.contorta RenrripT (1983) reported that 87% of seed-
lings grown at low elevation (750 m) produced polycyclic
shoots, in contrast to none at high elevation (1,500 m). In
ReureLptr’s study the difference between seedlings grown
at low and high elevation was large (113 cm vs. 26 cm in
final height). In a nursery study of Pinus contorta (FRANK-
LN and CaLranam, 1970) most seedlings were monocyclic in
the first and second growing seasons. In the third to fifth
growing seasons almost all seedlings produced polycylic
shoots. O’'ReiLLy and Owens (1985) reported that the average
percent of polycyclic shoots increased to a maximum at the
third year, then decreased in the fourth year in prove-
nances from British Columbia and Yukon.

Between-stand Differences

Multiple comparison procedures (DuNcaN’s multiple-
range test and Tukey’s HSD) showed that stand Cham-
pagne was always significantly different from the other
three stands even if there was no significant stand effect
in the overall test of the analysis of variance (cf. Mrap and
Curnow, 1983). We therefore assume that there is a dif-
ference between stand Champagne and the three other
stands. The reason for the difference between stand
Champagne and others might be that it is small and iso-
lated from the nearest neighboring stands of pine (BArT-
rAM, 1979). In a provenance study including 34 natural
stands from southern Rocky Mountains, Moore (1984) found

Figure 1. — Thirty-four family means of green weight in the
growth-chamber study




Table 7. — Log likelihood ratio test of the frequencies of polycyclic shoots.

Tests 2nd-growth period
Proba-
D.F. G bility

1l. Four stands and 7
two treatments
are included

2.1 Four stands in 3 2.02 0.57
’Stress’ treat-
ment

a. Stand 'CP’ is 2 0.41 o0.82%
excluded

. Stand ’'CR’ is 2 1.43 0.49
excluded

c. Stand ’'SL’ is 2 1.53 0.47
excluded

d. Stand ‘WS’ is 2 1.99 0.37
excluded

2.2 Four stands in 3 2.60 0.46
'Ordinary’ treat-
ment

a. Stand 'CP’ is 2 2.46 0.29
excluded

b. Stand ’‘CR’ is 2 2.47 0.29
excluded

c¢. Stand ’'SL’ is 2 1.03 0.60
excluded

d. Stand 'WS’ is 2 0.98 0.61

excluded

3rd-growth period 4th-growth period

Proba- Proba-
G bility G bility
81.93 0.00 42.10 0.00™
2.05 0.56 2.66 0.44%
0.05 0.97% 2.14 0.34"%
1.65 0.44 2.02 0.37%
1.73 0.42 ®
1.99 0.37 2.12 0.35%
8.18 0.04 0.15 0.99
5.45 0.077 0.10 0.95
7.79 0.02" 0.10 0.95
0.68 0.71 0.10 0.95
8.04 0.02 0.10 0.95

W: More than 50% of the cells have expected values less than 5. Chi-square may not be valid.
N: Not testable since none of the plants showed polycyclic shoots.

*: Significant at the 5% level.

clinal latitudinal effects of seed source on growth pattern,
but no clear elevational effects. Our stands, however, ori-
ginated from a northern area; the potential impact of
elevational difference might be pronounced. RrureLpr and
Wykorr (1981) and ReureLbt (1985) found in northern Rocky
Mountains studies that elevation accounted for approxi-
mately three times as much variance in shoot elongation
as geography. LINDGREN (1983) and Fries (1986) stressed that
there is a reduced growth of trees originating above 800 m
from this part of Canada, which is in agreement with the
inferior performance of the Champagne stand from 900 m.
Thus, a combination of strong selection at this altitude
and genetic drift might have broadened the difference
between this stand and others.

“Fable 7 shows that stand differences in frequency of
polycyclic shoots were significant only for ordinary treat-
ment in the third growth period. In natural stands, poly-
cylic shoots are common, but there is no obvious difference
between coastal and interior localities (CrrrcurieLp, 1980).
In a progeny-trial study including provenances from
northern British Columbia and Yukon, Frirs and LINDGREN
(1986) found no significant difference between areas of
origin. O’'Reirry and Owens (1985) found large differences
between provenances. Their report did not mention wheth-
er or not this difference could be related to the origin of
the provenances. Our data suggest that for the occurrence

of polycyclic shoots the environmental factor (nutrient
regime) is much more important than the genetic factor
(stand).

Within-stand Differences

Table 6 shows that family-within-stand effects are sta-
tistically significant for green and dry weights and plant
height from the second growth period onward. This agrees
with other observations on conifers (eg. Eriksson, 1982;
Fries and LinpDGreN, 1986; JonssoN et al., 1986; Fries, 1986).

The relative proportions of the variance components of
four-year plant height in the growth chamber are shown
in Figure 3. The figures were obtained by the restricted
maximum likelihood method which gave almost identical
estimates to those of HenpersoN’s method III. The calcu-
lated individual tree heritability amounts to over 0.8 which
is an extremely high value. For open-pollinated progeny
tests such as ours, the common assumption that the seeds
collected from a single tree have a half-sib relationship is
usually invalid. Therefore, any uncounted error such as
full-sibling, inbreeding, and maternal effects present in
the within-stand term would be inflated by the multiplier
term (eg. Lowe et al., 1982). Our stands originated from
the same latitude, which means that the relative variance
component of the stands is small. Furthermore, the growth
chamber environment is quite homogeneous. These com-
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Figure 2. — Frequency of plants with polycyclic shoots during different growth periods in the growth chamber.

bined effects might explain the unusually high value for
the heritability.

The log likelihood ratio test could not be run at the
family level because most cells contain less than 5 observa-
tions of poiycyclic plants. No conclusions could therefore
be drawn about the family difference in the character
although some families showed different growth patterns.

The variation patterns in natural populations is deter-
mined by the properties of the genetic system and the kind
of environmental variation (SterNn and Rocue, 1974). For
long-lived tree species, such as Pinus contorta, environ-
ment heterogeneous in time is usually taken as the ex-
planation of the genetic variation within populations. But
EnNos (1983) argued that temporal variation in the direc-
tion of selection should not be taken as the sole explana-
tion for maintenance of genetic variation. He further stress-
ed that the demography, the mating system, and the
amount of gene flow in natural populations are important
factors for maintaining the genetic variation within popu-
lations.

Interaction

With one exception, i.e. the second-whorl stem diameter,
the analysis of variance did not show any significant in-
teraction either at the stand or at the family level (cf. Ta-
ble 6). The lack of significant genotype X treatment inter-
actions suggests that the genetic entries do not respond
differently to nutrient levels.
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2. Field Trial

Table 8 shows the results from the analysis of variance.
There is clearly significant genetic variation of families
within stands, which is in agreement with the results from
the growth-chamber experiment, from which we also found
larger variation within than among stands. The variance
components for family effect, however, accounted for only
two percent of the total variation (cf Figure 3).

The results from the field trial must be interpreted with
caution since this trial has not yet passed the phase of
establishment, which for pines in northern Sweden may
last 20 years (cf eicue and ANDERSSON, 1974).

Our analysis of the field trial is based upon a single-
location data set. The estimate of additive genetic vari-
ance is therefore confounded with the genotype X envi-
ronment interaction. In a study of 19 sites covering lati-
tudes 56 to 67 throughout Sweden (IUFRO -collections)
LinDGrReN et al. (1976) reported that there were no im-
portant provenance X site interactions in height growth
after four growing seasons in field. After eight seasons a
study of the same material showed that some provenances
performed better in some sites than others (LiNDGREN, 1983;
1984). The field trial in the present study is located in an
extremely harsh area. In this area planting Pinus contorta
is not allowed from the planting season 1988. The prove-
nances used in this study might be too southern for the
site. This could explain the low heritability in the field




trial. The significance and magnitude of potential geno-
type X environment interactions of our stands will be
presented when data from more test sites are available.

3. Relationship between growth-chamber
and field-trial performance

Table 9 shows the results from the linear regression
analysis of the growth-chamber and field-trial data sets.
Three main results are: 1) Among 16 P-values, seven are
significant at or lower than the 5% level. Other P-values
are also quite low, with one exceptional case which is high-
er than 0.5. This indicates a relationship between the
growth-chamber and field-trial data sets. 2) Green, oven-
dry weights, and basal stem diameter, show significant
linear relationship with field-trial height. 3) Pairwise com-~
parisons of the correlation coefficients between field and
growth-chamber plant heights reveal that the ones from
the ordinary treatment are always higher than the ones
from the stress treatment. For other traits, the pattern is
the opposite. This suggests that there are stress effects
on the results. Figure 4 shows the bi-variate plots for
green weight in growth chamber and plant height in field
trial.

It is worth pointing out that the coefficients of deter-
mination, R2, of the linear regression model are in general
quite low (from 0.013 to 0.238). The figures of the adjusted
R2?, which always fall inside the confidence interval (Her-
LAND, 1987), are smaller and even negative in one case. The
low coefficients of determination thus limit the conclusion
that can be drawn from our regression analyses (Gunst
and Mason, 1980). But in considering genetic gain from
selection, the figures for the correlation coefficients pre-
sented in Table 9 are of interest. The Pearsonian correla-
tion coefficients were calculated on family means, Wwhich
reflect an approximation of the true genetic correlations.
The coefficients (0.37 to 0.49) imply a similar performance
of the genetic entries in both growth-chamber and field
conditions.

We have tested the difference between the two correla-
tion coefficients for ordinary and stress treatments for
the following traits: plant height at the end of the fourth
growth period, green and oven-dry weights, and basal stem
diameter. We could not reject the null hypothesis that
there was no difference between the pair of correlation
coefficients (P-values are 0.74, 0.67, 0.63, and 0.61, respec-
tively). Thus, we have no evidence to differentiate the
predictive power of the two nutrient treatments in growth-
chamber experiment.

Final plant height in growth chamber

Stand

Stand x Treatment

Family within stand
Family x Treatment

Error

Plant height in field trial

Block
Stand

Famiiy within stand

Stand x Block

Family x Block

Error

Figure 3. — Variance component distribution (%) in growth cham-
ber and field trial.

Conclusion

Our studies in both the growth chamber and the field
trial show that the genetic variation within stands is larger
than the variation between stands in the material from the
same latitude. However, one of the stands studied, Cham-
pagne, is consistently ranked last and significantly differ-
ent from the other three stands in our growth-chamber
and field-trial studies. This might be due to the unique

Table 8. — Analysis of variance of tree height in the field trial.

Mean

Source D.F square
Block 4 20274.40
Stand 3 7936.40
Family (Stand) 30 1992 .44
Stand x Block 12 2980.84
Family (S) x Block 112 1252.69
Error 1412 623.45

Variance component (%)

Restricted
Henderson'’s maximum

P-value method III likelihood

""""" 1o 12
14 1.1 1.1
04 2.0 2.3
0.009 2.9 3.2
0.0001 8.0 7.7
74.9 74.4

Note: “Family (S) x Block‘ includes plot error within blocks.
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Table 9. — Linear relationships between growth-chamber traits and field-trial plant height.

(Field) (Growth chamber)
Dependent Total Independent
variable D. F. variable
Plant height 33 1st-GP height (0)
”w 33 ”w " (s)
" 33 2nd-GP height (0)
" 33 " " (s)
" 33 3rd-GP height (0)
" 33 " " (s)
" 33 4th-GP height (0)
” 33 ” " (S)
" 33 Green-weight (O)
L] 33 " " (S)
" 33 Oven-dry weight (O)
n 33 " L] (s)
" 33 Stem diameter (O)
(basal)
" 33 Stem diameter (S)
(basal)
" 33 Stem diameter (O)
(2nd-whorl)
" 33 Stem diameter (S)

(2nd-whorl)

Ordinary treatment
Stress treatment

p < 0.05

p < 0.01

*
n

evolutionary history of the stand. Local differentiation be-
tween stands implies the need for the preservation of ge-
netic variation between stands in breeding populations.

Among the characters evaluated in the growth-chamber
experiment, the incidence of polycyclic shoots was found
to be a trait influenced mainly by nutrient treatment. The
lack of stand effects could be attributed to the climatically
limited origin of the stands.

Plant height at the end of the fourth growth period,
above-ground biomass, and basal stem diameter studied in
the growth-chamber experiment showed significant but

Plant height in field trial, cm

100
O Ordinary treatment
L 4 i [=] @ Stress treatment
[ 4 a
90 A . o
¢ %, o % o
] .
e O /S =] a UU
80 - n‘an o
o ¢ 0o o
1 ¢ ° DD ¢ a
Oee O Y on
70 - . | *g o
%Gge O o
J * . [u] a
60 -
I T . -
o 100 200 300

Green-weight in growth chamber, g
Figure 4. — Bi-variate plot of green weight in growth chamber

and plant height in field trial based on 34 family means.
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Pearsonian
Regression correlation
coefficient P-value coefficient
0.28*0.16 0.096 0.29
0.14 *0.21 0.520 0.11
0.10 £ 9.05 0.064 0.32
0.10 *0.07 0.154 0.25
0.05 +0.02 0.051 0.34
0.08 ¥0.05 0.096 0.29
0.03 x0.01 0.032* 0.37
0.05 *0.03 0.097 0.29
0.01 £+0.002 0.021* 0.39
0.02 *0.006 0.004x** 0.48
0.02 +0.01 0.024%* 0.39
0.06 +0.02 0.004*» 0.49
0.01 +0.006 0.044* 0.35
0.03 *0.01 0.006%* 0.46
0.01 £0.02 0.361 0.16
0.04 *0.03 0.203 0.22

weak correlations with plant height in the field trial. The
comparative results of the variance components estimation
suggest that the growth-chamber environment is more able
to differentiate among the genetic entries than the field
trial. However, we need to wait for a longer time than just
five years for reliable results from field trials to evaluate
the relative efficiency of early testing in controlled envi-
ronments.
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