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Introduction 

The long period of time required to produce a crop of 
merchantable trees imposes many restrictions on the 
planning and execution of tree improvement programs. A 
major area of concern is the reliability of heritability 
estimates based on juvenile materials. If these estimates 
are less than the true value, one might either abandon 
efforts to improve a given trait or begin an overly complex 
selection-and-testing program to achieve a desirable gain. 
Conversely, if the estimates are inflated, a given breeding 
program will yield less than the expected gain. 

FREY and HORNER (1957) have cautioned that heritability 
estimates obtained from regression analyses of some char- 
acteristics can fluctuate greatly if the parents and progeny 
are grown under different environmental conditions which 
may influence relative yields (scale effects). It appears 
that an analogous situation occurs in evaluating height 
growth in trees. It is desirable to get early estimates of 
the heritability of height growth. These estimates may be 
obtained through parent-offspring regression, but one conl- 
plicating feature is that the growth rate of the progenies 
is much less than that of the parents. Because of this 
complication, the upper limit for the heritability estimate 
probably will be considerably less than 1.0. Conversely, 
if the progeny either produce greater yield or grow at a 
faster rate than the parents, the limit for the heritability 
estimate may be greater than 1.0 (FREY and HORNER 1957); 
these authors recommended coding the data in terms of 
standard deviation units to compensate for such differences 
between the parents and progeny. Such a procedure yields 
a regression coefficient identical to the correlation coef- 
ficient which is based on the original data (FREY and 
HORNER 1957). 

Some workers believe that the differences between a 
trait measured on young progeny and the Same trait 
measured on mature parents may be of such magnitude 
that it would be better to consider these traits as separate 
ones (STONECYPHER 1966; SQUILLACE, A. E., personal com- 
munication). If that should be the case, analysis by cor- 
relation techniques may be more appropriate than ana- 
lysis by regression techniques. In originally proposing 
methods for calculating heritability estimates by relating 
progeny values to female parent values within sire groups 
(intra-sire correlations or regressions of offspring on dam), 
LUSH (1940) stated that correlation and regression could be 
interchanged if the dams were an unselected group. 

In this paper we will present information on changes in 
heritability estimates of tree height growth that have oc- 
curred as progeny growth rate increased during two 
periods. During the first period the progeny grew at a rate 
approximately one-third that of the parents while in the 
second period they grew at a rate two-thirds that of the 
parents. We will also compare estimates obtained by re- 
gression and correlation techniques. 

Materials and Methods 

During the Course of work at  this Station to produce 
western white pine resistant to blister rust, periodic growth 
measurements have been recorded for a number of pro- 
genies of known parents. Since there are many independent 
resistant factors within western white pine, the parent 

trees can probably be considered as random members of 
the rust resistant population with regard to height growth. 
The progeny were artificially inoculated with blister rust 
fungus in the nursery and naturally inoculated in field 
transplant beds. After natural inoculation the survivors 
were transplanted to an arboretum in Moscow, Idaho, for 
future breeding efforts. 

A paper by SQUILLACE, BINGHAM, NAMKOONG and ROBINSON 

(1967) used data taken when the seedlings were 4 years old 
and still located in three widely separated field plantings. 
In the present report we have used data for two periods 
of growth in the arboretum. The progeny were first meas- 
ured in 1963 when they ranged in age from 9 to 12 years. 
We subjectively rated them for year of recovery from 
transplanting shock and included only those which showed 
at least 3 years of growth following recovery. On some of 
the trees as many as 5 years growth were included. The 
second period Covers the 4 years from 1964 through 1967. 
These data represent the periodic annual growth (PAG) 
computed by measuring the total amount of growth dur- 
ing the observation period divided by the number of years 
in the period. 

The parents were measured in 1953 for another study 
(SQUILLACE and BINGHAM 1954) and the PAG values com- 
puted for the 10-year period 1943 to 1952. The PAG values 
so obtained were further adjusted for age and site dif- 
ferences by SQUILLACE, BINGHAM, NAMKOONG and ROBINSON 

(1967). These adjusted PAG values were used as the in- 
dependent variables in the present analyses. 

The study included 19 trees used as parents to produce 
the 60 progenies indicated in Table 1. The number of off- 
spring per cross ranged from 1 to 10 and averaged 3.9. The 
average for all the offspring of a cross was the value used 
in the computations. 

Regression and correlation coefficients between the 
parental and progeny PAG values for the two growth 
periods were calculated with the data grouped in the fol- 
lowing five ways: 

1. Progeny on female parents without regard to male 
parent ; 

2. Progeny on female parents mated to a common male 
(intra-sire regression or correlation); 

3. Progeny on male parents without regard to female 
parent ; 

4. Progeny on male parents mated to a common female 
(intra-dam regression or correlation); 

5. Progeny on midparent, i. e., the average of male and 
female values. 
Regression and correlation coefficients were calculated 
using standard statistical procedures. Intrasire and intra- 
dam calculations followed the procedures of BECKER (1967, 
pages 64-68). Heritability estimates were obtained by 
doubling the correlation or regression coefficients based 
on single parent values or by using the midparent coef- 
ficients directly. 

Results and Discussion 

I)  Research Geneticists, USDA Forest Service, Intermountain For- 
est and Range Experiment Station, Ogden, Utah 84401; stationed in 
Moscow, Idaho, at Forestry Sciences Laboratory, maintained in 
cooperation with the University of Idaho. 

The heritability estimates we obtained for the two 
periods of growth with the various parent-progeny group- 
ings are presented in Table 2. The data of Table 2 form 
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