loblolly pine. Jour. Hered. 7i: 33—40 (1980). —— Barxss, R. D,
and Sryies, B. T.: The closed-cone pines of Mexico and Central
America. Commonw. For. Rev. 62: 81—84 (1983). == BERGMANN,
F.: Genetische Untersuchungen bei Picea abies mit Hilfe der Iso-
‘enzym-Identifizierung. Theoret. Appl. Genet. 43: 222—225 (1973).
—— Birks, J. S. and Barnes, R. D.: Multivariate analysis of data
from international provenance trials of Pinus oocarpa/Pinus
patula subspecies tecunumanii. Commonw. For. Rev. 64: 367—374
(1985). —— Brewer, G. J. and Sing, C. F.: An Introduction to
Isozyme Techniques. Academic Press, New York (1970). —
Brown, A. H. D., Matueson, A. C. and Evpripcg, K. G.: Estimation
of the mating system of Eucalyptus obliqua L‘Hgrit, by using al-
lozyme polymorphisms. Aust. J. Bot. 23: 931—949 (1975). ~—
Brown, A. H. D., Nevo, E., Zouary, D. and Dacan, O.: Genetic
variation in natural populations of wild barley (Hordeum spon-
taneum). Genetica 49: 97—108 (1978). ——  BrownN, A. H. D. and
Moran, G. F.: Isozymes and the genetic resources of forest trees.
Proc. Symp. ‘Isozymes of North American Forest Trees and
‘Forest Insects’. USDA For. Serv. Gen. Tech. Rep. PSW-48 (1981).
—— Conkrg, M. T.: Inheritance of alcohol dehydrogenase and
leucine aminopeptidase isozymes in Knobcone pine. For. Sci. 17,
190—194 (1971). —— ERriksoN, G., ScHELANDER, B. and AxEeBrAND, V.:
Inbreeding depression in an old experimental plantation of Picea
abies. Hereditas 73: 183—194 (1973). —— FrankLIN, E. C.: Survey
of mutant forms and inbreeding depression in species of the family
Pinaceae. Southeast Forest Exp. Sta., USDA For. Serv. Res. Pap.
SE-61, 21 pp (1970). —— Gowzer, J. C. and Ross, G. J. S.: Minimum
spanning trees and single linkage cluster analysis. Appl. Statist.
18: 54—64 (1969). —— Greaves, A.: Descriptions of seed sources
and collections for provenances of Pinus caribaea. Commonw.
For. Inst. Oxford Trop. For. Pap. 12, 98 pp (1978). —— GREAVES,
A.: Descriptions of seed sources and collections for provenances
of Pinus oocarpa. Commonw. For. Inst. Oxford Trop. For. Pap.
13, 144 pp (1979). —— GrirriN, A. R. and Linogren, D.: Effect of
inbreeding on production of filled seed in Pinus radiata — ex-
perimental results and a model of gene action. Theor. Appl. Genet.
71: 334—343 (1985). —— Guries, R. P, and Lepig, F. T.: Inheritance
of some polymorphic iscenzymes in Pitch Pine (Pinus rigida M...).
Heredity 40, 27-32 (1978). —— Hawmrick, J. L.: The distribution
of genetic variation within and among natural plant populations.
Chapter 20 of ‘Genetics and Conservation’. Eds C. M. SciioNEWALD~
Cox, S. M. Cuaueers, B. Macerype and W. L. Tuomas. Benjamin
Cummings, Menlo Park California (1983). —— Jovy, R. J. and
Apams, W. T.: Allozyme analysis of pitch xloblolly pine hybrids
produced by supplemental mass pollination. For. Sci. 29: 423—432
(1983). —— Lirrig, E. L. and CrircurieLp, W. B.: Subdivisions of
the genus Pinus. USDA Forest Service, Miscellaneous Publication
No 144. (1969). —— Lovriess, M. D. and Hawmrick, J. L.: Ecological

determinants of genetic structure in plant populations. Ann. Rev.
Ecol. Syst. 15: 65—95 (1984). —— McCarTtER, P. S. and Birks, J. S.:
Pinus patula subspecies tecunumanii: the application of numerieal
techniques to some problems of its taxonomy. Commonw. For.
Rev. 6: 117—132 (1985). —— MEerGen, F., Burrey, J. and FurNIvarL,
G. M.: Embryo and seedling development in Picea glauca (MoEeNcH)
Voss after self-, cross-, and wind pollination. Silv. Genet. 14: 168—
194 (1965). —— MirtoN, J. B., LinuHAgrT, Y. B., Davis, M. C. and
Srurceon, K. B.: Estimation of outcrossing in ponderosa pine,
Pinus ponderosa Laws, from paiterns of segregation of protein
polymorphisms and from frequencies of albino seedlings. Silv.
Genet. 30: 117—121 (1981). —— MirroN, J. B., LiNnuarr, Y. B., Ham~
rick, J. L. and Beckman, J. S.: Observations on the genetic struc-
ture and mating system of ponderosa pine in the Colorado Forest
Range. Theor. Appl. Genet. 51: 5—13 (1977). —— Moran, G. F.,
Briir, J. C. and Marueson, A. C.: The genetic structure and levels
of inbreeding in a Pinus radiata D. Don seed orchard. Silv. Genet.

29: 190—193 (1980). —— MOUuLLER, G.: A simple method of estimating
rates of self-fertilization by analysing isozymes in tree seeds.
Silv. Genet. 25: 15—17 (1976). —— Ngr, M.: ‘Molecular Genetics

and Evolution’. North Holland, Amsterdam (1975). —— NEg1, M.:
Estimation of average heterozygosity and genetic distance from a
small number of individuals. Genetics 89: 583-—590 (1978). ——
O’Marrey, D. M., ALLenporr, F. W. and Biakg, G. M.: Inheritance
of isozyme variation and heterozygosity in Pinus ponderosa. Bio-
chem. Genet. 17, 233—250 (1979). —— Rirranp, K. and Jamn, S.: A
model for the estimation of cutcrossing rate and gene frequencies
using n independent loci. Heredity 47: 35—52 (1981). —— ROGERS,
J. S.: Measures of genetic similarity and genetic distance.
Studies in Genetics, Univ. Texas Publ. 7213: 145—153 (1972).
—— Runin, D.: Inheritance of glutamate-oxaloacetate-transami-
nase (GOT) from needles and endosperms of Pinus sylvestris.
Hereditas 80, 296—300 (1975). —— Rupin, D.: Leucine-amino-pep-
tidases (LAP) from needles and macrogametophytes of Pinus syl-
vestris L.: Inheritance of allozymes. Hereditas 85, 219—226 (1977).
—— Suaw, D. V. and Avtarp, R. W.: Analysis of mating system
parameters and population structure in Douglas-fir using single-
locus and multilocus methods. Proc. Symp. ‘Isozymes of North
American Forest Trees and Forest Insects’. USDA Forest Service,
Gen. Tech. Paper PSW-48 (1981). —— Suaw, C. R. and Prasap, R.:
Starch gel electrophoresis — A compilation of recipes. Biochem.
Genet. 4: 293—320 (1970). —— Savies, B. T. and Hucues, C.: Central
American Pines. III. Brenesia 21: 269—291 (1983). —— SWwOFFORD,
D. L. and Seranper, R. B.: BIOSYS-1: a FORTRAN program for
the comprehensive analysis of electrophoretic data in population
genetics and systematics. Jour. Hered. 72: 281—283 (1981). —
Wiriians, W. T.: ‘Pattern Analysis in Agricultural Science’. CSIRO,
Melbourne/Elsevier, Amsterdam and New York (1976).

Variation in Fruitfulness in a Douglas-fir Seed Orchard and its Effect
on Crop-Management Decisions
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Abstract

Genetic variation in seed-cone production among 37
open-pollinated families and 63 clones was studied in a
coastal clonal/seedling Douglas-fir [Pseudotsuga menziesii
(MirB.) Franco] seed orchard. Individual-tree (seedling or
ramet) cone counts collected for a period of eight years
(1976 to 1983) were analyzed to assess the variation and to
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provide information for comparisons between clonal and
seedling trees. The seedling trees’ cone crops surpassed
those of the clonal trees in spite of the physiological ma-
turity of the latter. Open-pollinated families and clones
varied in their seed cone production rhythms and were
classified as good, poor, and inconsistent cone producers.
Parental balance in the resultant cone crop was greatly
affected by the size of the crop. Clonal crops in good and
poor cone years showed consistant parental imbalance
when compared to the seedling cone crops. Heritability
estimates for cone production varied among years and,
contrary to expectations, the seedlings gave higher esti-
mates than the clones. Several managerial options are
proposed to alleviate the variation in cone crop produc-
tion and produce seed crops with similar representation of
all parents.
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pollinated families, parental balance.

Introduction

The main function of a seed orchard is to produce seed
of improved quality on a regular and sustained basis
(Sweer, 1975). If the genetic variation of the seed crop is
to be maximized, equality of seed production and pollen
fertilization among trees is essential (Eriksson et al., 1973;
Apams, 1982).

The quantity of seed and pollen produced among trees
in seed orchards has been reported to differ in several
coniferous species (ErikssoN et al., 1973; Jonsson et al.,
1976; O’REemLy et al., 1983; GrirriN, 1982; ScHMIDTLING, 1983;
ByraMm et al., 1986; ScuHoen et al., 1986). Since the relative
production of seed and pollen of trees is dissimilar, esti-
mates of these parameters are needed when making ma-
nagement decisions in present orchards and the establish-
ment of new ones. Panmictic equilibrium in seed orchards
is dependent upon several factors (Woessner and FRANKLIN,
1973). If all the required factors are met, unbalanced stro-
bilus production among the orchard trees alone could
constitute a major obstacle to attaining this equilibrium.

Apams (1982) found genetic variation in pollen-related
characteristics of Douglas-fir [Pseudotsuga menziesii
(Mirs.) Franco] clones but concluded that the observed
differences were relatively small. He indicated also that if
balanced clonal representation in pollen mixes is desired,
equal weights of pollen would probably suffice for most
practical breeding applications (but see Moran and GRIFFIN,
1985).

As part of an ongoing investigation of the genetics of
Douglas-fir seed orchards, we report on the phenotypic
and genetic variation in seed-cone production among 37
open-pollinated families and 63 clones in a coastal seed
orchard in British Columbia. The actual cone production
of every tree in this orchard for a period of eight years
(1976 to 1983) is analysed and a comparison between seed-
cone production of clonal and seedling trees is presented.
The effect of cone production by individual tree or genetic
class (clone or open-pollinated family) on the resultant
crop and management options are discussed.

Materials and Methods

This study was conducted at the Canadian Pacific
Forest Products Limited, Tahsis Pacific Region, 3.4-ha,
high-elevation Douglas-fir seed orchard, in Saanichton,
British Columbia, Canada (lat. 48°35’ N; long. 12324’ W;
alt. 50 m). The orchard consists of a combined clonal/
seedling breeding population with 63 clones and 37 open-
pollinated (OP) families derived from selected ortets
in situ. Ortets were located between 450 m to 1,000 m, lati-
tude 48°50’ to 49°54’ and longitude 121°34’ to 125%58’, on
southern Vancouver Island and the south coastal mainland
of British Columbia. The average numbers of seedlings
within OP family and ramets within clone are 15.7 (range
3 to 16) and 8.5 (range 11 to 27), respectively. Trees were
planted in a randomized incomplete block design replicated
16 times (blocks). The ages of the seedlings and clonal
propagules in 1987 are 18 and 21 years, respectively. Trees
were planted at 4 X 8 m spacing and attained a maximum
height of 8 m before beiing topped to maintain accessible
Crowns.

Seed-cone count was recorded during harvest for every
tree in the orchard (seedling or ramet) for a period of eight
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years (1976 to 1983). Two and one-way ANOVAs were used
to analyse the cone count data over the eight years and
for each year for the clonal and seedling trees separately
(Tables 4 and 5). Broad- and narrow-sense heritabilities
were estimated for the clonal and seedling trees, respec-
tively, following methods reported in Farconer (1960). All
cone-count data were transformed to log (count +1) to ful-
fil the homogeneity-of-variance test (STeer and TORRIE,
1980, p. 235). The two-way ANOVAs demonstrated signifi-
cant interaction for families X years and clones Xyears.
Due to the observed significant interaction, presentation
of genetic variation in cone production is valid for only the
one-way ANOVA (SteeL and TORRIE,1980, p. 341).

The relationship between OP families and clone cone
crops of the eight years were assessed using Pearson’s
product-moment correlation and Spearman’s rank cor-
relation (Sokar and RouLr, 1969).

Results and Discussion

The average number of cones per tree showed consid-
erable annual variation for both clonal and OP trees (Fig.
1). The OP trees, although 3 years younger, out-produced
the “physiologically mature” clonal trees. An opposite and
predictable trend was observed by VAgrNeLL et al. (1967) in
slash pine (Pinus elliottii EnceLm. var. elliottii) and by
ScumipTLING (1981) in loblolly pine (Pinus taeda L.). In spite
of the considerable variation among years, both clonal and
seedling trees followed the same trend in their annual cone
crop (r = 0.897, P < 0.01, n = 8) (Fig. 1). Periodicity in
cone production seems to be the norm for Douglas-fir.

The average number of cones per family or clone also
varied considerably among and within the eight-year pe-
riod. Figure 2 represents the annual fluctuation for fami-
lies’ cone count over the eight-year period. Large family
differences were observed indicating that few families
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Figure 1. — Development of annual seed-cone production averages
for clones and OP families for a period of eight years (1976 to 1983).
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Figure 2. — Three dimensional plot of the average number of seed-cones per OP family for a perind
of eight years (1976 to 1983).

contribute the most to the resultant cone crop and, conse-
quently, an over- and under- representation of specific
families is inevitable in the seed crop. Differences among
the clonal material also were observed and a similar situ-
ation to that of the OP family cone crop was repeated

(Fig. 3). In general, clonal material showed less variation
than those observed for the OP families (Fig. 2).

With the exception of 1982 to 1983, the relationship be-
tween cone production of the OP families for any two
consecutive years (i.e., 1976 to 1977, 1977 to 1978, . . . 1981 to

-1200
1]
w
z
Feo0 S
'S
o
@
w
@
=
2
4
400
-0
1963

Figure 3. — Three dimensional plot of the average number of seed-cones per clone for a period
of eight years (1976 to 1983).
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1982) was not significant, indicating that the size of cone
crop for one year is not affecting that of the following
year (Table 1, above the diagonal). On the other hand, a
significant positive correlation was detected between bien-
nial years (i.e., 1976 to 1978, 1977 to 1979, . . . 1981 to 1983)
indicating the presence of a carry-over effect (i.e., good or
poor cone crop for any one year is followed by a similar
crop after two years). The rank correlations (Table 1,
below the diagonal), also showed a similar trend. No signi-
ficant rank correlation was detected between any two
consecutive years, indicating the presence of constantly
good and poor cone producing OP families. Rank correla-
tions observed between biennial years were significant (five
out of six possible combinations), indicating that the rank
has been changed due to the presence of an inconsistant
group of OP families. Similar trends for both correlation
and the rank correlation analyses were detected between
cone crops separated by three and four years to those ob-
served between consecutive and biennial years, respectively
(Table 1). The correlation coefficients for clonal cone pro-
duction were similar to those obtained for OP families
(Table 2), but 68% (19 out of 28 possible combinations) of
the rank correlations gave significant coefficients indi-

cating that the clonal performance was mainly inconsistant
(Table 2).

The families or clones could be grouped into three major
categories according to their annual cone production. The
first is high cone producers whose cone crops consistently
exceeded the yearly average. The second group includes
low cone producers, who consistently produced a cone
crop below the yearly average or did not produce any
cones in most years. The third group included clones or
families with inconsistent cone crop production over years
(i.e., good cone producers in one year and poor producers
in other years irrespective of the year’s average). This
performance of both families and clones in spite of the
observed periodicity, is an indirect indication that both
genetic and environmental factors control cone production.
Good or poor cone-producing clones or families have been
observed for several coniferous species (VArneLL et al., 1967;
GrirriN, 1982; ScumipTung, 1983; Yine et al., 1985; Byram
et al., 1986; ScHoEN et al., 1986).

Close inspection of the data shows that the magnitude of
cone production variation is greater within clones and
within OP families than among clones or OP families.
Means and ranges of single good and poor cone producing

Table 1. — Pearson correlation coefficients (above the diagonal) and Seearman rank correlation
coefficients (below the diagonal) between cone crop production for the period 1976 to 1983 for
37 open-pollinated families

Year 1976 1977 1978 1979 1980 1981 1982 1983
1976 - 0.288  0.857%% 0.257  0.749%% 0.124  0.530%% 0.554%*
1977  0.038 - 0.070  0.369% 0.121 -0.066 0.176 -0.011
1978 0.879%* 0.007 - 0.198 0.747%% 0.259 0.516%% 0.597%*
1979 0.259 0.377%  0.242 - 0.054 0.549%% 0,290 0.327%
1980  0.755%¥% -0.058  0.811%* -0.001 - -0.065 0.671%% 0.465%%
1981 0.191 0.066 0.207 0.549**% 0.005 - 0.002 0.368%
1982 0.534%*% 0.039  0.593%% 0.319 0.557 0.186 - 0.344%
1983 0.606%*% ~0.109  0.598%* 0.405% 0.437%% 0.358% 0.373% -

*) significant at 0.05 probability level
**) significant at 0.01 probability level

Table 2. — Prarson correlation coefficient (above the diagonal) and Spearman rank correlation

coefficients (below the diagonal) between cone cro;

p production for the period 1976 to 1983 for

63 clones.

Year 1976 1977 1978 1979  1es0  1s81 1982 1983
1976 - 0.045 0.590%% 0.235 0.604%* 0.047 0.191 0.447%*
1977 0.200 - 0.372%% 0.277% 0.233 -0.024 0.141 0.058
1978 0.613** 0.403 - 0.185  0.383** 0.018 0.166  0.277%
1979  0.334%  0.301% 0.418%% - 0.161 -0.054  0.020  0.604%*
1980  0.457%% 0.318% 0.640%*% 0.262% — -0.025  0.217 0.286%
1981  0.332%% -0.051  0.204  0.073 -0.004 —  -0.021 -0.008
1982 0.348%F 0.384%F 0.384%F 0.235  0.420%* 0.174 — 0.009
1983 0.540%% 0.122  0.476%% 0.258% 0.506%* 0.155 0.314 —

*) significant at 0.05 probability level
*+) gignificant at 0.01 probability level
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Table 3. — Averages, ranges, and sample size (n) of cone count per tree for a good and poor cone-pro-

ducing family and clone for the period 1976 to 1983.

The yearly overall average and range for the same

period also are included.

Open—Pollinated Family Clone
Year
Good (200) Poor (335) Year Ave. Good (393) Poor (399) Year Ave.
1976 X+S.D. 220+293.3 51+63.4 89+136.5 82+181.5 0 23+43.8
range 0-1000 0-175 0-1054 0-491 - 0-491
n 19 15 642 7 8 535
1977  %+S.D. 17435.2 10+18.7 31+73.5 6+14.7 0 4+30.2
range 0-111 0-62 0-564 0-39 - 0-544
n 19 15 642 7 8 535
1978 X+S.D. 288+448.1 73+78.4 139+206.5 134+102.2 0 31+87.3
range 0-1770 0-197 0-2217 4-270 - 0-1229
n 19 14 640 7 8 535
1979 x+S.D. 284+306.2 163+185.4 191+237.0 54+130.8 0 7+40.0
range 0-979 0-577 0-1468 0-350 - C-610
n 18 14 637 7 8 535
18980 x+S.D. 285+479.1 55+77.2 133+202.3 76+80.6 18+25.5 23+73.5
range 0-1922 1-288 0-1952 0-200 0-36 0-879
D 18 13 612 7 8 535
1981 x+S.D. 36+63.0 4+10.1 20+70.3 0.4+1.1 0 0.8+8.4
range 0-182 0-33 0-916 0-3 - 0-186
n 18 13 593 7 8 535
1982 %+S.D. 112+324.0 20+63.1 65+121.9 0 0 $+75.4
range 0-1307 0-229 0-1307 - - 0-1346
n 16 13 583 7 8 535
1983  %+S.D. 1131+877.9  426+408.3 762+464.3 563.9+768.4  17+23.3 65+218.7
range 0-2669 25-1250 0-5889 0-2106 0-33 0-2613
n 16 13 581 7 8 535

clones and OP families are presented in Table 3. Although
each clone or family has its own cone-production rhythm,
one would expect to see less difference among trees in
good cone years. Family 200 is one of the best cone-pro-
ducing families, but the amount of variation among trees
within this family in 1983 (good cone year) is very large
and individual-tree cone production varied between 0 and
2669 cones (Table 3). A similar situation was observed for
clone 393, where cone production varied between 0 and
2106 cones (Table 3). Poor cone-producing trees, on the
other hand, showed some within-genetic-class variation
in their cone production, but the magnitude was smaller
than that observed for good cone producers, even in good
cone years (Table 3). The within-genetic-class variation in
cone production is the result of different production
rhythms amongst the class’s individuals (i.e., not all trees
within OP family or ramets within clone are in production
phase).

Significant interactions (P < 0.01) were observed be-
tween both of the genetic classes (clones or families) and
years (Table 4). These significant interactions were ex-
pected due to the confounding effect of tree size and cli-
mate over the eight-year period. The observed interactions
imply some doubt about the statistical validity of the 2-way
ANOVAsSs (Steer and Torrixg, 1980), therefore 1-way ANOVAs
are used to assess among clone and family differences. This
large and significant variability has a very useful biologi-
cal effect. Fluctuation in cone production over years has
a selective advantage by maintaining the insect population
low over years, thus reducing the intensity of predation
(ForceLLa, 1980). In addition, the build-up of nutrients in

trees during low cone years helps to increase vegetative
growth and subsequently increases the potential crop in
the following years (i.e., more cone-bearing sites are pro-
duced).

The variation among families and clones in their annual
cone production is evident from the one-way ANOVAs
conducted on yearly data (Table 5). With the exception of
the 1977 clonal results, all years showed significant dif-
ferences, confirming that the cone production differs
among clones and OP families. Heritability estimates for
cone production (narrow- and broad-sense for OP families
and clones, respectively) varied and ranged from 0.11 to
0.50, averaging 0.27 * 0.13 for OP families and from 0.03
to 0.23, averaging 0.13 * 0.07 for clones. With the exception
of 1983, the broad-sense heritability estimates obtained for
the clonal material were lower than those estimated for
OP families (narrow-sense). Although the heritability esti-
mates are the property of the populations from which they
were obtained (FaLconNer, 1960; Hanson, 1963), we expected
that broad-sense values should exceed the narrow-sense
values. Two factors could explain this observed discrep-
ancy. Firstly, estimates of outcrossing rate obtained from
natural stands (EL-Kassasy et al., 1981; Suaw and ALLARD,
1982; NeaLg, 1985) and seed orchards (Smaw and ALLARD,
1982; Ritianp and Er-Kassasy, 1985) of Douglas-fir have
indicated that selfing and other types of consanguineous
matings are common. Therefore, progeny obtained from
OP families could contain mixtures of half-sib, full-sib and,
possibly, selfed individuals. Then, it is not reasonable to
expect that the covariance among OP families will esti-
mate 0.25 of the additive genetic variance (Guai, 1982;



Table 4. — Analyses of variance of seed cone count for the two genetic classes (clones and OP famil:es)
over the eight-year (1976 to 1983) period.

Clonal OP families

Source of Variation d.f. 1/ Expected Mean Squares2/ amilies

d.f. M.S. d.f. M.S.

Gepetic Class c-1 2o +K) 62y +Ko a2, 62  3.3714 36  5.284
Years v-1 62, +K1 02 +K302, 7 40.710 7 255.370

Gepnetic Class x Years _(C-l)(Y-l) 62e+K162cy

Residual CY¥(nj-1) &2,

434  0.590%* 252 (.g9g93**

3776 0.347 4856 0.76C6

*+) Significant at the 0.01 probability level.

1/ C = the number of genetic classes (i.e., 63 clones or 37 OP families); Y =number of years = 8; n, = the
harmonic mean of the number of ramets within clones or number of seedlings within OP families.
2/ a=e = variance due to differences among ramets within the same clone or seedlings within OP family;

o

cy

»* = variance due to interaction between genetic group (clones or OP families) and year effect; a"v =

variance due to year-to-year effect; o’c = variance among individuals within genetic group (i.e., ambng
clones or OP families); K1_Ks = coefficient of variance components.

Table 5. — Analyses of variance of seed cone count for each of the eight years, 1976 to 1983.

Source of d.f£.1/ B.M.S.2/ Mean Square

variation 1976 1977 1978 1979 1980 1981 1982
Clones

Among Clones C-1 2e+Ka2.  1.440%* 0.14578 1.513%% 0.418%*% 1.484%*% 0.064%* 0.339**
Residual C(n;-1) 62, 0.504 0.123 0.545 0.224 0.430 0.045 0.165

OP Families
Among OP fam. F-1
Residual

02o+Ke2,; 1.436%% 0.943*% 1.780%* 1.380** 1.990%* 0.858%* 2.404%*
F(nj-1) 624 0.768 0.637 0.703 0.630 0.703 0.459 0.732

ns, not significant; *, significant at 0.05 probability 1evel; **, significant at 0.01 probability level.

1/ C = number of clones = 63; F = number of OP families = 37; n. = the harmonic mean of number of
ramets within clones or number of seedlings within OP families.

2/ ¢*, = variance due to differences among ramets within clone or seedlings within OP families o, and

¢* = variances due to differences among clones or OP families, respectively; coefficicnt of variance

op

component [K = l/a-l(}‘ni - ani/ Zni) where a

number of clones or OP families and n, = number of

ramets within the i ! clone or number of seedlings with ith op family].

CockeruaM and WEeir, 1984). In conclusion, the method
adopted for estimating the narrow-sense heritability for
the OP families probably has over-estimated the actual
value. Secondly, greater variation in cone production was
observed among ramets within clones which caused an
inflated error (residual) term in spite of the transforn.ation
used (see M & M), thus yielding a small among-clone compo-
nent. This small among-clone value was in turn used to
estimate the broad-sense heritability. These variations in
cone production among ramets within clones are the
results of differences in crown size among grafts due to
plagiotropism (branch habit) or grafting incompatibility.
ScumiprLnG (1978, 1983) has shown that the within-clone
variance is also affected by variation in rootstock and
yield lower heritability estimates, even from compatible
grafts.

In order to estimate each clone’s or family’s cone-pro-
duction contribution to the yearly cone crop, cone-crop
curves were developed by calculating the total cone crop
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of each genetic class (clones of families) and expressing
the contribution of each clone or family as a percentage of
the total cone yield of that class. Genetic class members
were then ranked in decreasing order of yield, and the
cumulative percentage calculations were plotted against
the total number of clones or families (Figs. 4 and 5). The
cone crop production curves varied between genetic clas-
ses and among years. The best case was observed for fami-
lies in a good cone year (Fig. 4). In that year (1983), the top
18 families (approximately 50%) produced 63% of the total
cone crop and the top 33 families (approximately 90%)
produced 95% of the total cone crop. This close-to-ideal
situation was not observed in poor cone years. In 1981 (a
poor cone year), the top 50% of the families produced 83%
of the total cone crop. This means that several families
did not produce any cones and the remaining ones contri-
buted a very small percentage to the final cone crop.

On the other hand, the clonal material gave a very
distored clonal contribution in both good and poor cone



years (Fig. 5). In 1981 (a poor cone year), 6 clones (10%)
produced 80% of the total cone crop, while 10 clones (ap-
proximately 16%) produced over 90% of the total cone
crop. The 1983 results (a good cone year) also showed a
disproportionate contribution among the different clones.
A total of 31 clones (approximately 50%) produced 88%
of the total cone crop while 56 clones (approximately 90%o)
produced 100% of the total cone crop. This observed dis-
proportionate contribution among the orchard’s OP fami-
lies or clones to the cone crop is not unique to this orchard.
In fact, the so-called “20/80” rule (i.e., 20% of the clones
produce 80% of the cone crop) that was reported by the
North Carolina State Tree Improvement Co-operative
(Anon., 1976) is a very conservative estimate for that or-
chard and all the previously-studied orchards. A “16/55”
ratio was reported for Picea abies (Eriksson et al., 1973),
“23/50” for Pinus radiata (GrirrN, 1982). “25/50” for Picea
mariana (O’ReiLLy et al., 1982) and “22/69” for Pinus taeda
(ScumIpTLING, 1983). It was observed in our orchard that the
distortion in the families in poor cone years was less than
that observed in the clones even in good cone years.

The seedlings (families) have outproduced the grafts
(clones) in cone production, but the latter were the first to
produce due to their physiological maturity (i.e., no juvenile
period). The seedling trees have reached the adult condi-
tion after either reaching a certain characteristic age or
attaining certain absolute size (i.e., passing through a cer-
tain number of seasonal growth cycles, Matuews, 1963). It
has been observed for Douglas-fir that clonal orchards
come into flowering earlier, but that seedling orchards
rapidly catch up and soon become much more productive
(Konsur, 1985). This difference in production level could
be explained by distinguishing between “maturation”,
which WagreinGg (1959) defines as the transition from the
juvenile to adult state, and “ageing”, which is a loss of
vigour during the course of development. Maturation in-
volves a change to a relatively stable condition, wheras
ageing involves effects that are readily reversed. Grafts
produced cones earlier than seedlings did due to physiolo-
gical maturity, but were outproduced later, possibly due
to the ageing effect.

The option of establishing seedling orchards or including
OP seedlings in the first-generation untested orchards was
evaluated; the latter was chosen to insure the production of
seeds for the interim period between testing and the at-
tainment of useful seed production from second-generation
orchards (C. neaman and W. J. B. Devrrr, personal commu-
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nication, 1986). The problem of low and/or inconsistent cone
production among clones in existing or in future second-
generation orchards could be overcome through the use cf
cultural or hormonal treatments. Such treatments alone or
in combination have been shown to increase cone produc-
tion in Douglas-fir (Ross, 1978; Puaris et al., 1980; Ross et
al., 1985; WHEELER et al., 1985). However, clones or families
with different inherent fecundity (i.e., poor- and good-
flowering histories) have responded differently to the
treatment; poor- and good-flowering families have all
responded to the treatment and produced seed-cone buds,
but the production magnitude between the two groups was
a significant 2.25 fold (Ross et al., 1985). Cultural and hor-
monal treatments will help in promoting cone production
in poor-flowering trees but may not alleviate parental im-
balance in the seed crop unless used on a selective basis.
It must be emphasized that all effective cultural (water
stress, girdling, root-pruning and nitrogen fertilization)
and hormonal (exogenous gibberellins) treatments are also
stress treatments, and consequently, their repeated applica-
tion in consecutive years will affect future flowering po-
tential and the development of existing reproductive buds
(Ross and Puaris, 1985a, b). In addition to that, the un-
known, undetected, permanent genetic changes that might
be generated in response to stress require thorough evalua-
tion (WiLLs, 1984; AnToLIN and STROBECK, 1985; CuLLis, 1987).

The number of families or clones contributing to the
cone crop varies over years with several families or clones
entering or dropping out of the breeding pool every year
(Table 4, significant family and clone X year interactions).
Thus, the genetic diversity of the seed crop is reduced
over that expected under panmixia and unpredictable gene
frequencies in the nursery stock are eminent. Therefore,
mixing seed crops from several good and moderate cone
years will increase the chance of having a representative
sample of most clones and families in the final seed crop.
This mixing of different years’ crops may also reduce or
even eliminate the clone or family X year interaction that
was observed by Lk (1978).

In theory, seed orchards are culled on the basis of the
breeding value of clones rather than their fecundity. If the
seed-cone-production history alone is used as a culling cri-
terion in existing orchards to reduce the number of trees
to be managed (Dansury, 1971) or to select clones for
new orchards this is in effect a direct selection for cone
production, meaning that some valuable pollen-producing
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clones might be eliminated. Negative and no correlations
between pollen and seed cones have been reported earlier
(Scuurtz, 1971; Stern and GRrecorious, 1972; SCHMIDTLING,
1983). Seedlings with high cone-production potential are
definitely not needed for commercial reforestation pro-
grams because the majority of managed forest lands in
B.C.’s Coastal Douglas-fir zone are being, and will con-
tinue to be, replanted artificially. Substantial reduction in
growth traits is expected if seedlings with high cone-pro-
duction potential were used for reforestation due to the
known negative genetic correlation between reproductive
and vegetative outputs (Poik, 1966; Hormscaarp, 1972;
ScumipTLING, 1981; EL-Kassasy and Barcray, unpublished).

During the early phases of the life of an orchard it is
important to collect a considerable amount of reproductive
and phenological data in order to get to know the parental
ordinal influences within the orchard. Successful seed-or-
chard management should utilize this information and
consider the year-to-year variation in cone crop in order
to produce seed crops with acceptable high effective popu-
lation size. The information obtained from reproductive
assessment surveys (i.e., estimating the expected size of
cone crop for the following year) should be evaluated every
year to aid management decisions. The expected cone crop
size, the demand for orchard seeds and the economics of
management practices should dictate what management
options to consider. In poor cone years, aborting the crop
seems to be a practical option. The genetic quality of an
unbalanced clonal contribution defeats the seed orchard
goals. It has been observed also that the rates of contami-
nation and inbreeding were highest in low cone years (ErL-
Kassasy and Ririanp, 1986) and that filled-seed count was
lower due to lack of pollen and to predation (Daniers, 1978;
MiLLer, 1983). A practical method for aborting cone crops
in Douglas-fir seed orchards has been reported by MiLLER
(1982). Larger cone crops could be obtained in following
years, with added biological and economical advantages. If
a good or moderate cone crop is expected, then both repro-
ductive phenology and reproductive output differences
among the orchard clones should be dealt with to produce
a seed crop with acceptable quality and parental balance.
Reproductive phenology differences can be overcome by
either the use of supplemental mass pollination (SMP)
and/or cooling to improve panmixis (ErL-Kassasy et al., 1984;
Fasuier and ErL-KassaBy, 1987). Reproductive output dif-
ferences could be adjusted by any of several options: a)
increasing cone production from low cone-producing clones
using cultural and/or hormonal treatments, b) aborting
some ramets of the high-producing clones to reduce their
seed contribution in the resultant crop, and c) if seeds are
in great demand, employing SMP on high seed-cone pro-
ducing trees using pollen mixes from low-seed-cone pro-
ducing trees to adjust the parental balance and obtain all
seed possible. Finally, it is necessary to mention that al-
though all of these treatments (i.e., SMP, cooling, aborting
and cultural or hormonal treatments) are labour intensive,
the production of high genetic quality seeds for reforesta-
tion is a worthy return on the investment.
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Summary

At a test site in New Jersey, genecological variation in
eastern white pine, Pinus strobus L., exists not only in
growth rate, but also in the time of fall shedding of old
needles, and in percent of needles held on trees through a
second winter.

We examined a 57-seedlot progeny and provenance test
plantation at New Brunswick, NJ after six growing seasons
to determine the extent of variation in these character-
istics, and their correlation with latitude of origin. Seedlot
differences explained 64% of variation in height, 35% of
variation in date of fall yellowing of old needles, and 18%
of variation in second-winter needle-holding. Variation in
all three responses was significantly associated with lati-
tude of origin of female parent.

Key words: genecology, geographic variation, phenology, needle
retention, growth, white pine.

Introduction

In contrast to the many reports on comparative height
growth of eastern white pine, Pinus strobus L. (GARRETT
et al., 1973; WricHT et al., 1978), very little informatiion has
accumulated on variation in its needle-shedding phenology
1) New Jersey Agricultural Experiment Station No. D-12281-12-87.
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and holding of needles through a second winter, charac-
teristics of importance to its value as a Christmas tree. In
1922, Sargent stated that needles mostly turn yellow and
fall in September of their second season, or persist until
the following June. In 1971, Walters noted that most white
pines in winter have needles both from the current year
and one past year, but some have needles only from the
current yvear’s growth. He found no evidence of partial
needle drop on trees holding needles through a second
winter , or of white pines with needles from more than
two growing seasons in the winter. In 1974 CorLINGwOOD
and BrusH stated that needles remain on white pines from
three to five years. In 1979, Harrow et al. agreed with
SARGENT, stating that they persist until the end of the second
season or the following spring. Despite the contradictions,
none of these authors made any reference to genecological
variation in the amount of needle holdover through the
second winter, or in the timing of fall needle-shedding.

Curious about these sparse and conflicting reports, we
studied the genecology of needle shedding and winter
needle retention at our 6-year-old 57-seed-source test plot
in New Brunswick, NJ. Before examining the plantation,
we first made some general observations on white pines
in our area. Yellowing and shedding of old needles oc-
curred during September and October, with several days’
difference in shedding time among trees in the same stand.
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