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A quick and inexpensive method for estimating broad- 
sense heritability has been proposed by SHRIKHANDE (1957) 
and by SAKAI and HATAKEYAMA (1963), but has not been critic- 
ally examined. The method involves estimating the variance 
among plots in a stand of randomly planted genotypes and 
measuring the change in average plot variances when plot 
size is changed. The effect of environmental variability is ex- 
pected to be reflected in the rate at which the plot variances 
change with changes in plot size in the stand. It is asssum- 
ed that the effect of all site factors and cultural practices 
can be integrated into a simple fufl,- of plot size alone. 
For example, very strong and rapidly changing soil factors 
or strong effects of competition are expected to decrease 
intertree correlations rapidly with increasing intertree 
distances. The result would be a rapid change in plot vari- 
ance with increases in plot size. Alternatively, uniform 
site treatments would tend to homogenize the site and cause 
change in plot variances to be more gradual. The empirical 
function developed by SMITH (1938) has satisfactorily ap- 
proximated the response of height and diameter growth 
in plot-size studies on loblolly pine by CONKLE (1962) and 
in genetic studies by SHRIKHANDE (1957), SAKAI and HATA- 
KEYAMA (1963), and ARMITAGE and BURROWS (1966). If the ef- 
fect of environmental variation on the change in plot vari- 
ances with plot size can thus be accounted for, and if 
random genetic variation among adjacent trees exists, then 
the genetic contribution to plot variation can change at a 
different rate than the environmental source of variation. 
This difference is exploited by SHRIKHANDE~S method. 

In the recommended procedure, all trees in an appropri- 
ate stand are first measured and mapped. Then artificial 
plot boundaries are drawn to simulate an experimental 
planting having plots of size X. This is done separately for 
X = 1 up to n. Next the variance between plot means for 
each of the plot-size "experiments" is computed and the 
change in plot-to-plot variance is charted over the change 
in plot size. The procedures described below are then 
applied to derive estimates of the environmental and ge- 
netic contributions to the total variance. 

Detailed examples of the method are given in the re- 
ferences cited at the end of the present paper. Since it may 
be highly useful in providing rapid and inexpensive herit- 
ability estimates, the method deserves empirical testing. 
The specific problems which concerned us were whether 
the genetic variance components were estimated without 
bias and with low error and whether the recommended 
"least squares" procedure gave estimates that actually 
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minimized the error sum of squares. If these practical dif- 
ficulties can be avoided, only the applicability of the ma- 
terial chosen for study and problems of competition would 
inhibit the utility of this method. A large-scale application 
is reported by ARMITAGE and BURROWS (1966), who applied 
STEVENS' (1951) procedure for estimating the components. 
We use a similar procedure described by NAMKOONG and 
MILLER (1968) to examine some of the practical aspects with 
data on a 19-year-old plantation of slash pine (Pinus 
elliottii ENGELM.) growing near Olustee, Florida. 

Fitting the Model 

The method is based on the assumption that the variance 
among plot means due to environmental effects changes in 
a predictable manner as plot size increases. If we assume 
that this change follows SMITH'S (1938) empirical law then, 

where V, = environmental variance on an individual basis 
V, = environmental variance on a plot mean basis 

when plots are composed of X individuals 
b = SMITH'S empiric regression coefficient. 

The change in V, due to V, will follow a logarithmic- 
function of the plot size. If it is also assumed that there 
is no correlation of genetic value with the location of the 
individual trees, then the change in V, due to genetic ef- 
fects will be a direct inverse function of plot size. SHRIK- 
IIANDE (1957) formulates these relations as: 

V (genetic) V (environment) 
V, = 

X 
+ 

x!J 

Given computations of V, for a sequence of plot sizes, one 
can easily obtain least-squares estimates of V„ V„ and b. 
It can be Seen that as b approaches 1, V, and V, would 
have identical effects on V, and would be statistically in- 
distinguishable when b = 1. Hence the method is unusable 
for traits in which b is close to-1, as might occur in traits 
which are influenced by competitive or other age-dependent 
effects such as found for height and diameter growth of 
loblolly pine by CONKLE (1962). 

To evaluate the procedure, a test should be made of the 
consistency with which the response of V, to plot size fits 
SMITH'S logarithmic model. The possibility that the response 
to environmental variation is not logarithmic should be 
examined, since forests are often planted on marginal sites 
of high variability. If the soil variation shows a mosaic 
pattern of fertility levels rather than a gradient, a failure 
of the model to fit the data would also contribute to estima- 
tion error and make interpretation difficult. In addition, 
estimates of soil heterogeneity may be biased by competi- 
tive effects. Therefore, an examination of the errors as- 
sociated with the fitted model is necessary for assurance 
that the model for environmental effects is a good one. 

In estimating broad-sense heritabilities from clones or 
parents alone, the inclusion of variances due to special 
clonal or other nongenetic parental effects as well as to 
dominance and epistatic effects is both bothersome and 
unavoidable. Since the magnitude of these effects is 
specific for each experiment, they will not be considered in 
this paper though they must be recognized as detrimentö! 










