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Randomized block design with multiple-tree plots has 
been commonly practiced in tree improvement programs. 
It offers efficiency of land use and convenience in record 
keeping. The experimental unit is the plot rather than in- 
dividual tree. In other words plot means are used in in- 
formation processing and variance among plot means is 
considered as error term. 

Plot mean can be obtained either by measurement of all 
trees in the plot or by sampling. In the study of traits such 
as color grades, tree form, survival, the whole plot is judged 
at the Same time. On the other hand in the'study of traits 
such as needle length, wood density, gum composition, sam- 
ples are taken for measurement. Between these two ex- 
tremes are growth traits such as height, diameter and 
volume. Measurement of all trees is precise but expensive 
as compared to partial measurement. 

Partial measurements may be done by deliberate samp- 
ling or random sampling. In deliberate sampling trees 
within plots are ranked and certain individuals are chosen 
for measurement. In random sampling each tree within 
plot has an equal and independent chance of being taken 
for measurement. 

Deliberate sampling seems to be mo~re efficient than 
random sampling. In a nursery study of ponderosa pine, 
LEE (1974) measured all 12 trees within plots as well as the 
tallest 1, 2, 3, 4, 5, 6, 8 trees. The correlation between family 
means of 12 trees and those of selected trees ranged from 
0.978 to 1.000. When he used random sampling the correla- 
tion dropped to 0.917 for 1 tree and .994 for 10 trees. 

Random sampling is better known and is easier to infer. 

Given b = total number of blocks. 
m = total number of trees within plot. 
n = the number of trees sampled per plot. 

Vf = variance component for family. 
Ve = error variance for individual tree. 

We can See that when n trees are sampled 
Standard error of plot mean = SE = (Ve/n)'/n 
Standard error of family mean = (Ve/nb)'/z 
Phenotypic variance of family mean = Vf + 
Ve/nb 

Heritability of family mean = Vf/(Vf + Ve/nb) 
Correlation of family mean of m trees and 
family means of n trees 

Vf + VeIVmbnb 
- - 

1/(~f + Velmb) (Vf +Ve/nb) 

Therefore, it is possible to convert results of partial rando,m 
measurement to a general case. For example, in a half sib 
progeny test which involves sampling 4 trws (n = 4) from 
a plot of 100 treeis (m = 100) in 9 blocks (b = 9), the standard 
error from the analysis of variance table is 5 (SE = 5) and 
the mother tree variance component is 6 (Vf = 6). We can 
compute the error variance of the original individual as 
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Ve = 5 X 5 X 4 = 100. The heritability of mass selection in 
the wild stand is 4 Vf/(Vf + Ve) = 4 X 6/(6 + 100) = 0.23. 
The correlation between family means if measuring all 100 
trees and those of 4 trees is 

The statistical behavior of the deliberate sampling is not 
well known. In this paper computer simulation was used 
to study the mean and variance of the tallest tree from 
each plot. Adjustment of family mean, selection differen- 
tial, heritability and genetic gain based on empirical results 
were suggested. 

Variance of the Tallest Trees Population 

It  is ea,sier to choose the tallest tree in the plot than to 
use a randomizing device to locate a tree for height meas- 
urement. What is the variance ammg the tallest trees in 
each plot? To answer the question, 950 pseudo-random num- 
bers were generated as input to simulation. These 950 num- 
bers were separated into groups of 2, the top ranked num- 
ber in each group was taken out for variance computation. 
The Same procedures were repeated for the top one in 
groups of 4 and groups of 10. Results of 20 runs are shown 
in figure 1. The inputs to the random number generator 
were normal distributed with mean equal to Zero and 
variance equal to 100. The variance of the top ranked in- 
dividual~ can be viewed as percentages of the original 
variance. For example, if the tallest seedling in a two-tree 
plot was measured, the variance of the tallest tree is 68.70, 
or 68.7% of the variance among all original trees. 

RUN NO. 
Figure I.  - variance of the tallest tree of each plot. The original 
variance of individual trees is 100. Smaller size of plot (m) has 
greater mean variance (V) as well as greater variance of variance. 
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