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Inbreeding is an important factor in tree improvement. 
Avoidance of inbreeding is, in moist tree species, one way 
of upgrading seed and plant quality. In previous articles 
(SORENSEN, 1970, 1971), the effect of self-pollination on seed 
production in Douglas-fir (Pseudotsuga menziesii (MIRB.) 
FRANCO) and ponderosa pine (Pinus ponderosa LAWS.) was 
reported. Development of the inbred families is described 
in the present Paper. Crcss- and wind-pollination progenies 
are included for comparison. 

Estirnates of inbreeding depression have been published 
for Douglas-fir (ORR-EWING, 1954, 1957, 1965), but not, as far 
as we can determine, for ponderosa pine. Inbreeding de- 
pression in conifers in general has been surveyed by FRANIC- 
LIN (1970). 

Materials and Methods 

Self-, Cross-, and wind-pollination progenies (hereafter 
referred to as S, C, and W progenies) from 31 Douglas-fir 
and 17 ponderosa pine seed trees were included in the test. 

Descriptions of seed trees, stands, pollination and seed 
handling methods were given in SORENSEN (1970, 1971). 
Trees and seeds of the two species were treated similarly 
except that pine seeds were X-rayed and only seeds with 
fully developed embryos were used for seeding. The final 
separation of Douglas-fir seeds was in an airstream; there 
was no separation based on embryo development. 

Nursery trials of Douglas-fir were started in 1964, 1965, 
1966, and 1968. Genninated seeds were spotted at 7.6 cm X 
7.6 cm spacing in nursery coldframes. Germinated pondero- 
sa seeds were spotted at 7.6 cm X 7.6 cm spacing in 1969 
and transplanted to 10.2 cm X 10.2 cm after the Ist year. 
(The purpose of the transplanting was to equalize the com- 
petitive effects to which the inbred plants were subjected. 
The ponderosa seedlings were bulkier and less tolerant to 
shade; therefore, a wider spacing seemed advisable for this 
species.) Douglas-fir nursery tests were terminated after 
the 2d-year measurements, ponderosa pine after 3d-year 
measurements. 

Progenies were planted in family rows with the three 
types of families from each seed tree adjacent to one 
another. Progeny size depended on self-fertility and mor- 
tality, and averaged about 60 seeds (range 10 to 100) and 35 
seedlings (range 5 to 75) for Douglas-fir and about 95 seeds 
(range 15 to 100) and 40 seedlings (range 25 to 45) for pon- 
derosa pine. 

Analyses were based on family means weighted for une- 
qua1 seed and seedling numbers. The progeny of each tree 
with years confounded served as replications. Comparisonc 
included the orthogonal eontrasts of S vs. C progenies ancl 
W vs. S plus C progenies. The latter comparison was of 
little genetic interest but was used to test a suspected ef- 
fect of conelet bagging on some seed traits. 

Results and Discussion 

Self - vs. Cross-Pollination Progenies 

Douglas-fir sets about 10% as many seeds after self- 
pollination as after cross-pollination (SORENSEN, 1971), and 
ponderosa pine, about 35% (SORENSEN, 1970). That is, Doug- 
las-fir has greater inbreeding depression in self-fertility. 
Nevertheless, in the traits listed in Table 1, and particular- 
ly those associated with growth and survival, the inbreed- 
ing depressions of the two specie~s were quite similar. This 
indicates considerable independence of the genetic factors 
underlying embryonic mortality and those underlying seed- 
ling mortality and inbreeding depression in growth. 

In Douglas-fir, seed weight was significantly lass for S 
than for C progenies; there was no difference among the 
two family types in ponderosa pine. This might be due to 
the exclusion of seeds with underdeveloped embryos in the 
latter species. 

Germination percentageis in both species were less for 
filled seeds from S families than for filled seeds from C 
families. SORENSEN (1970) found reduced germination of S 
seeds in ponderosa pine to be due primarily to higher per- 
centage of seeds with weakly developed embryos than in 
the C families. We found what appeared to be corroborative 
evidence for this in X-rayed Douglas-fir seed, but ORR- 
EWING (personal eommunication, 1972) reported no increase 
in frequency of poorly developed embryos in S seed, even 
in the S, generation. 

Self-pollination had a different effect on cotyledon num- 
bers in the two species. The difference between family 
types was not significant for ponderosa pine, either with or 
without adjustment for seed weight. However, in Douglas- 
fir, S sleedlings had significantly higher number of coty- 
ledons than C seedlings, i.e., the inbreeding effect was 
toward increased numbers. FOWLER (1965) reported a similar 
effect in Pinus banksiana. 

Comparative height growth of S and C families showed 
a Ist-year inbreeding depression of 18% in Douglas-fir and 
21% in ponderosa pine, and an increase with age. An in- 
crease in percent inbreeding depression with time indicates 
that elongation (growth) rates of S families are less than 
those of C families. 

The difference between family types in growth after the 
Ist year could arise from inherent differences in growth 
rate, from different positions on the sigmoidal growth 
curve ( eg ,  if the positioning on the X-axis of the curve is 
a function of size rather than time), or both. If growth 
curve position is the dominant factor, the increase in per- 
cent inbreeding depression with time should continue only 
until both family types are on the linear (or nearly linear) 
portion of the curve. If at this time the curves should be- 
come parallel, the percent inbreeding depression would 
even decrease with age. 

Other reports are somewhat inconsistent on the relation- 
ship between inbreeding depression expressed as a per- 
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