
VARIATION AND INHERITANCE OF SOME PHYSIOLOGBCBL 
AND MORPHOLOGICAL TRAITS IN DOUGLAS-FIR 

by Oscar Sziklai' 

Forest genetics is the study of variation and 
heritability in forest trees. It is concerned with 
similarities and differences of various traits between 
related trees and their transmittance to the next 
generation. 

Variation itself is a product of differences between 
individuals and the effects of environmental modi- 
fications, genetic recombinations and mutations 
(Stebbins 1957). An understanding of the role of 
the above factors is essential in any genetic studies. 
The variation pattern from tree to tree and from 

stand to stand as well as the population composition 
throughout the range of the species must be known 
before any improvement work can be planned on 
a logical basis. The calculation of genetic gain 
requires an estimate of heritability which will ex- 
press the probability that certain characteristics 
will appear in future generations. Only limited 
information is available at present on the inherit- 
ance of various traits of forest tree species. 

Materials and iMethods 

'Associate Professor, University of British Colthm- Four Douglas-fir (Pseudotsuga rnenziesii (Mi*b*) 
bia, Faculty of Forestry, VancouveT. Financial support Franc0 VaX. menziesii) trees were selected on the 
was provided by the National Research Council of  U.B.C. Campus and designated A, B, E, and 11* 
Ottuwa (67-1375) and the Committee on Research, Trees A, B, and E originated from natural regenera- 
University of British Colwn,bia (68-031 6 ) .  tion and represent the local population of Douglas- 
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fir, while tree 11 WaS scici,ti:rl from a plantation 
in 1934, fnjni an unknown coastal 

provenance. ' 
phenological ohscrv;itions OII the flushing date 

of the bud were carried out for 4 years, 
commencing in 1959. 

Isolation of the mt:gaspora-n-lgiate strobilj war; 
carried out 2 to  3 weeks praior $0 !,oliination. For 
isolation, viscose casings were used as recommended 
by Duffield (1950). 1'0lit.n was extracted by a 
modification of the method described by Orr-Ewing 
(1954) and was stored a t  0" C .  uritii required. 

Three different, poliiglation methods were used: 
dry, wet, and dry-wet as described by Alien and 
Sziklai (1962), inz all, I 6  conibinaltions. Isolation 
bags were replaced by fiber-glass screens 6 to 8 
weeks after pollination to protect the developing 
conelets from insect damage* 

After collecting the cones during the first half of 
September, the seeds were extracted, counted, and 
separated by weight into two  classes-filled seed 
and empty seed. Seven rnilligrarxls were used as the 
lower limit for filled seed. Germination tests of 
filled seed, using the method described by Allen 
and Bientjes (1954), were run  for 40 days a t  a 
constant temperature of 25" C .  Light was not 
applied, except for a short periijd every day when 
the germinants were removed. 

Later, 6 average germinants were transplanted 
into a plastic container (100 x 100 x 135 mm) filled 
with vermiculite t o  a depth of 130 mm. Irrigation 
with Hoagland's solution was provided daily. Long- 
day environmental condition was established in a 
Percival PGC-78 growth chamber with 15 hours 
of illumination and with a light intensity of 3500 
foot-candles. The temperature during the illumina- 
tion period was 25" C ., while 15" C. was maintained 
during the dark period, Although the relative 
humidity was not coxltrolled, i t  correlated closely 
with temperature changes; 50-60 percent relative 
humidity occurred during the ill~rrarination period 
and 80-100 percent during the dark period. 

Each cross was represented by 6 seedlings grown 
in one container in the chamber. The containers 
were placed randomly on the shelves of the growth 
chamber and were rearranged randomly every 10-14 
days to further reduce biases tha t  might have been 
caused by variations in the distance from lights, 
observation windows, or circulation fans. 

Although the repeated moving of the containers 
reduced environmental variation and provided some 
randomization, the experimental design was not 
randomized and the results and analyses must be 
considered with some reservation, However, i t  is 
felt that they are of sufficient interest to warrant 
publication. Furthermore, other tests (which space 
does not permit publishing a t  this time) have 
verified the results in most respects. 

The progeny test in the growth chamber ran 
from F&ruary 25, 1963, to July 6, 1963, a period 
of 132 days. The seedlings were then examined for: 
length of roots to 1.0 mm, length of hypocotyl to 
1.0 mm, length of epicotyl to 1.0 mm, length of 
branches to 1.0 mm, number of branches, number 
of cotyledons, diameter of root collar to 1.0 mm, 
green weight of shoots to 0.1 g, dry weight of roots 
to 0.001 g, dry weight of shoots to 0.001 g, light 
transmittance of chlorophyll. 

The transmittance of chlorophyll was measured, 
using the method described by Madison and Ander- 
son (1963). One gram sample of needles was ex- 
tracted in a 20 ml. methanol. The needles were 
collected from the middle portion of the shoot and 
were cut into approximately one-mm lengths to 
provide better penetration of methanol. A Beckman 
calorimeter was used, with a filter to pass wave 
lengths of about 440 millimicrons. An extract of 
needles of open-pollinated progeny from tree E was 
used as the standard. The readings were obtained 
in percent and later on were transformed to arcsine 
values for analysis. 

Methods of Statistical Analysis 
The individual seedling records were used in the 

calculation, which is based on the following mathe- 
matical model: 

where: Xi jk  = the observation of the k-th offspring 
of a cross, in which the seed (fe- 
male) parent belonged to the i-th 
tree, and the pollen (male) parent 
belonged to the j-th tree. 

i = the number of trees used as seed 
parent, 

j = the number of trees used as pollen 
parent, 

k = the number of seedlings from each 
cross, 

m = the sample mean, 
a, = the effect of the i-th seed parent, 

1 

bpj = the effect of the j-th pollen parent, 

cSpij = the interaction of the i-th seed and 
the j-th pollen parent, 

eijk = the error term 

The expected mean squares were derived from 
analysis of variance (table 1) and the component 
of variance was calculated, using the following 
forms for each analysis. 

When the mean square of the seed-pollen (S x P) 
interaction was less than the mean square of the 
residual variance, its component of variance was 
considered as non-existent. To obtain more accurate 
estimates of the residual variance, the two sums 
of squares and degrees of freedom were pooled and 



Table l . -- i \nalysis  of va r i ance  and component of variance using ------ 
i n d i v i d u a l  s e e d l i n g s  from a p o l y a l l e l  _ cross -__-__I--- of D o ~ g l a s - f i ~  

Components o f  
Source of : Degree of v a r i a n c e  11 
v a r i a t i o n  : f r eedomf '  --...---. 

2 2 
Seed ( S )  i- 1 M S ~  = S, i k s S p  t k.j S: 

2 
Po l l en  (PI j-1 MSp = S $ ~ s Z  -b k i  s2 

s P  P 
2 2 

S x P  ( i-1)  ( j-1)-1 '  MSSp = S, 4 kSSp 

Residual  i jk- i j - (k-111 '  MS, = S: 

- 
1/ Explanation of symbols i s  a s  fo l lows:  - 2 

S, = t h e  gene t i c  component of t h e  seed p a r e n t s  

S; = t h e  gene t i c  component of t h e  po l l en  parents 

sip = t h e  g e n e t i c  component from i n t e r a c t i o n  of  seed and 
po l l en  p a r e n t s  

S: = t h e  r e s idua l  va r i ance ,  which cannot  be allocated t o  t h e  
o t h e r  t h r e e  terms 

1' = t h e  number of s e l f i n g s  from polyallel c ro s s  

a new residual mean square was calculated. The 
heritability coefficient was calculated for the seed 
and pollen parents separately by dividing the gene- 
tic-variance components of each parent with the 
phenotypic variance: 

for seed parents: h: = s; 

9 

for pollen parents: h, = s: __ 
2 s2 s:, + 3 +- -5 

J jk 

Phenological Differences 
Vegetative bud flushing was consistent, and 

significant tree-to-tree differences were demon- 
strated. Tree B was consistently earliest and tree 
11 latest in flushing during 4 years (table 2). The 
difference was 16 days on the average. Griffith noted 
a maximum difference of 5 weeks between early- 
and late-flushing trees among the 154 trees observed 
a t  the University Research Forest, near Haney, 
B.C.3 Early-flushing tree B appears to be subject 

Table  2,--Tlle a v e r a g e  d a t e  of v e g e t a t ~ v c  b u d - f l u s h i n g  ------------ 
~n 1939, 1960, 1961, and  1963 -- 

-- 
r r e e  nurihrr  

Year -- - Average 
A . B  F t l  + 

- - 
Nztmher of d a y s  s x n r S e  ,J~r.mirary 3 

1959 150 113 i t 8  157 149.5 
1960 1 4 0  132 136 i S I  1 4 0 . 5  
1961 118 L 4 1  1 4 1  155 147.0 
1963 i $ 6  139 139 153 144.3 --- 
Average 1413.0 138.7 14:! .7 154.7 
------ 

Lo greater variation tSSI1- :2:4,79 days) than the 
late-flushing tree 11 {SD -= :k 1.73 days). 

Altho~agh Artwerirtg ~~f.~ns.:ic*teristiss were not sys- 
tematically n bservcd, noLibs on pollination reveal 
that the times c l f  flcrtvcrixlg and fltlshing were not 
necessarily tc~rrclatcd P* -- .$I 1: 

f'ollinution : 
Nurn ber of 

Tree clays since 
number p3arrunry 1 

A 1 158 
B 99 
E 103 

3Gri f f i th ,  B. G. 1963. Phenology, g ro~o th ,  rtn,d f l r i l ~ 9 ~ ? "  
Kil~ening of ~jollen fiowchr.~ started a few days 

and cone production of open-groton Douglas-f ir  tyees.  before the  frqt ovuii i t i .  iii~wt*rs reached the fully 
1% manuscript ,  University of British+ recei~tive sttige. i I , ro tandr~  w" also 



~ ~ ~ ~ l t s  of C:olltrolled Pollill a t' lion 

of the o w l a t  i s  i-orleIt~t,s, 20 i C ~ U L  of 290 
developed into cones i l l  1 %', ; i i i t l  i$j:j of 113, in 
1964. In both years, t i ~ e  i{jss u;is izirpest, 58 and 52 
percent respectively, on  tiit t'ai-liest 1 fl ;iiid latest 
(A) flowering trees. The  loss o r ,  t r ~ c  1 I average  of 
17 percent) was the 1o;ist iii hot h yt:nrs. 

The different po;liinatioxn nnctfxods used. in C ~ O S ~ -  

pollination (table :I! gave cone mortalities of .iY 
percent for the dry  method, 34 i~erccnt  for the 
dry-wet method, and only 19 pcrcacnt for the wet 
method. When seifixtg, only t i t  e wct ltclllination 
method was used and the  ic-tss :,I' conelets was 24 
percent a t  the end of the growing season. 

Specific gravity of t h e  poiiiln grains in Douglas-fir 
is larger than one, and t h e  pollen c,ould sink close 
to the integument of' thc  ovtrie \w$lerl wet 1toJlinaLion 
is applied and water i~ i i ( ' i9t j  nlulated between the 
ovuliferous scales and the br;ac.-i;s. ?"hat water also 
does not interfere with the  stigmatir. inner surface 
of the integument cluring dhc ~,offinati.on process 

was found by Aiien and Sziklai (1962). Silen and 
Krricger 11 962) indicated that  rain during the pol- 
lination period could not cause a major reduction 
in Douglas-fir seed set. The number of filled seed 
per cone on tree B in 1962 was 19.00 when dry, 
19.38 when wet, and 26.71 when dry-wet pollina- 
tion niethods were used. 

7'0 further investigate seed production, artificial 
pollination was separated into cross- and self-pol- 
lination groups, and wind-pollination was also 
included (table 4). 

Since the development of seed does not depend 
on pollination, the total number of seeds per cone 
should not differ greatiy on the same tree as a result 
of diWFerent pollination methods. Although the dif- 
ferent average values among the total number of 
seeds did not differ significantly, wind-pollination 
resulted in only 30.87 seeds per cone, compared t o  
37.09 for self- and 42.42 for cross-pollination. The 
low number of seeds per cone in wind-pollination 
may be attributed t o  the damage caused by Con- 
fariniu oregonensis Foote. The seeds become fused 
with the  scale and are  not released from the cone 
(Hedlin 1958). 

'T'he number of filled seeds per cone from cross- 
pollination (13.81) is significantly different from 

T a b l e  3.--Plumher of 0 5 ~ 2 a t e  conelets zsolated and cones collected, 
i i s l n g  the> varsnous  pollination methods in 1962 --- 

Method : Tree number : Conelets ----- 
o f .4 PI E 11 : Totals : lost 

P 

pollination : P o l l  . C O ~ Z ,  : X . G c z l l .  : poll .Call. : Poll .Coil. : Poll .Coil. : (percent) 

Dry 2 %  2 17 7 12 C; 20 18 65 33 19 
Wet 22 213 9 I 6  11 9 21 14 73 59 19 
Dry-we t I f i  7 25 7 a9 17 15  13 67 44 34 
Self-wet 23 18 18 l i l  17 15 27 22 85 65 2 4 

- - 
Total 79 57 69 3 0  59 47 83 67 290 201 3 1 

--- 

T ~ i b l e  a .--.Average total and filled seeds per cone from 
ppp 

c r o s s - ,  s e l f - ,  and  wind-pollination in 1982 
7 --- -- 

S e l f  T r e e  a Cross  
Wind 

.- 

""" : Total Filled : Total Filled : Total Filled 

A 3 8 , 8  9 . 6  38.8 . 4  37.1 2.0 
R 42.2 21.0 39.5 . O  23.0 1.8 

E 53.1 2 . 7  -25.5 .9 32.7 4.1 
11 35 .3  22.9 2 4 5  6 . 3  30.6 4 . 3  

Average 42.42 1 3 . 8 1  37.09 1.91 30.87 3.05 

- 



self- (1.91) and from wind-pollination (3.05) (table 
4). Compared with wind-pollination, cross-pollina- 
tion increased the number of filled seeds 4.8 times 
on tree A, 5.1 times on tree 11, and 11.4 times on 
tree B. However, the wind-pollination method pro- 
duced more filled seeds than did cross-pollination 
on tree E, probably because the controlled pollina- 
tion took place too late in 1962. 

Application of artificial pollination in seed pro- 
duction areas, and especially in seed orchards, has 
obvious potential value in tree improvement pro- 
grams. 

Self-pollination gave the lowest average rmmber 
(1.91) of filled seed per cone (range from 0 to 6.27). 

I Orr-Ewing (1956) indicated a range between 0.37 
and 13.82, and pointed out that self-pollination 
might result in the same number of filled seeds as 
in cross-pollination. On the other hand, certain 
self combinations might produce only empty seeds, 
as on tree B. Self-pollinations were attempted in 
previous years on tree B, but filled seeds were never 
obtained. I t  is logical to assume that  deleterious 
mutant recessive genes have accumulated in Pseu- 
dotsuga. Since this is an  outcrossing species, the 
appearance of these genes is hidden by the corre- 
sponding dominant alleles. In self-pollination (in- 
breeding), these genes could arrive at  a homozygous 
condition, and their effect could be clearly expressed 
in the seeds or progeny. It is also possible to assume 
that some of these recessive genes are lethal and 
are able to block fertilization or destroy the embryo 
shortly after fertilization takes place. 

Germination Tests 
In the germination tests on seeds from controlled 

crosses all of the above-mentioned variations in 
environmental factors were eliminated or reduced. 
This helped to bring to light the heritability 
variances. 

The seed germination percent varied by mother 
tree as follows: E, 91.3; A, 76.2; D, 74.1; and 11, 
42.0. When tree E pollen was applied, a high 
germination value was observed in every case. On 
tree E, no change in germination percent was evi- 
dent in any cross when a different pollen source 
was used, indicating a high combining ability for 
this tree. 

Progeny Test in the Growth Chambers 
Data available from the polyallel crosses per- 

mitted an assessment of the combining ability of 
the four Douglas-fir trees, both as seed and as pollen 
parents. Tree 11 appears to be the best seed parent, 
followed by tree E, B, and A. As a pollen partner, 
tree B proved to be the best, followed by tree 
11, A, and E. Tree 11 as a pollen parent was not 
far behind tree B. In  a few important characteris- 
tics, such as length of epicotyl, diameter of root 
collar, and green and dry weight of shoot, the 

crosses with p0lien from 11 Surpassed the 
crosses wi th  pollera. fro111 tsee B, 

The combiriing ability of the parents provides 
evidence that in t rz i s~~e~~i f ic  crosses can yield signifi- 
cantly diiyerent positive resulLs irk 132-day-old 

of Douglas-fir. ' 1  poiyallel cross in 
connection with a s i i o r~  resling method, using 
growth chambers, seeins very usel'ul, but  will have 
to be modified to best fulfill the requirements of 

forest tree imysrovernent. 
The correlation ct~eiiii*ients between total height 

of 4-year-old and the ejlicoiyl lengths of 132-day.old 
progenies were calc~nlated, rising the four available 
1958 crosses---B x .A, k3 x it4:, E x A, and E x B. A 

correfatio~l was found with a value of 
0.895 (ros = 0.879 and yo! l.- 0.959, df -3 ) .  The first 
year's total height gr.ok-zrt2-1 also showed significant 
or highly significax~t correlation between total 
heights after 1 year and after 4 years of the same 
crosses. This may mean that the  effect of the seed 
is not well pronounced ir-i thest. crosses, or dimin- 
ishes a t  a very early stage of' development. On the 
other hand, the correlation between slloot (epicotyl) 
length a t  132 days anti the total height after 4 
years is a useful one, and promises a certain time 
reduction in progeny testing in forest tree breeding, 
where time is one of the greatest obstacles. 

I t  was possible to calcrrlate narrow-sense herita- 
bility values only for length of epicotyl (seed parent; 
0.361, length of branches (seed parent; 0.72, pollen 
parent; 0.58 j, number of cotyledons (pollen parent; 
0,421, green weight of shoots (pollex1 parent; 0.22) 
and for light transmittance of chlorophyll (seed 
parent; 0.98, pollen parent; 0.97). 

The moderate inheritance in epicotyl length at- 
tributed to seed parents (0.36) is important in 
forestry practice. By using such seedlings, rapid 
juvenile growth may overcome brush competition 
earlier and the new forest stand could be established 
more quickly and surely. At the end of the 132-day 
experimental period, for instance, seedlings had 
grown to average heights, by crosses, of 224.3 mm 
for 11 x A, 129.3 mm for H x A, and 126.0 mm for 
E x A. I n  all these crosses, the pollen parent was 
the same; only the seed parents were different. BY 
selecting seedlings from 1 il x A crosses, the increase 
could be between 73 and 78 percent in comparison 
to seedlings from B x A or E x A crosses respectively* 
Such trees could be propagated in seed orchards to 
give a quick increase in seedling height. This might 
be worthwhile even if we are taking a calculated 
risk in not knowing the correlation between seed- 
ling and mature tree height, 

The length of branch was  under strong genetic 
control, and the seed parent effect was larger than 
that of the pollen parent. 

Generally, except for the light transmittance of 
chlorophyll, the heritability estimates are moder- 
ate, which confirms the ;issumption of Toda et al. 
(19593 that  in many c.flarac:terjstics the additive 



,genetic variance is smaii com~~arcd  to otiler vari- 
ances The mode ra t e  herit(ability values also indi- 
Cate that selection based 0 1 1  i ~ h e n o t y p i c  values may 
not be a reliable ind ica t ion  of' the success of such a 
breeding program. The writer wholeheartedly agrees 
with the statement of Wright et al. (1958): "Most 
,ignificant improvemen t  will come from programs 
in which every parent is carefully selected and 
carefully progeny -tested arad in which controlled 
pollination plays a major part ." 
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