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In his recommendations in the "Report of the 1963 World 
Consultation for Forest Genetics and Tree Improvement" 
MATTHEWS (1964) puts fonvard that "progeny tests are vital 
to any breeding program. To obtain maximum information 
and to keep costs within tolerable limits, breeders should 
choose the mating design very carefully." And along the 
Same line STERN (1964) writes: "The tree breeder should 
choose mating designs carefully. Already at  this early stage 
he is deciding on the kind of information he will get in the 
future, . . ." The type of information that one should try to 
obtain from progeny tests is threefold, described by STERN 

(1964) as follows: 
(i) information on general and specific combining ability 

of parent trees for use in seed orchards; 
(ii) reliable estimates of genetic parameters; 

(iii) material for further breeding work. 
Among the many available mating designs, various forms 

of diallel crosses have been advocated for (STERN, 1960; 
HINKELMANN and STERN, 1960; HINKELMANN, 1966) and actually 
used in forest tree breeding (LIBBY, STETTLER and SEITZ, 1969). 
They are used primarily for evaluating the performance of 
clones or inbred lines on an intra-population or intra- 
species basis. However, as population, species and racial 
hybridization becomes more important (WRIGHT, 1962), there 
is growing interest with regard to the evaluation of per- 
formance on an inter-population or inter-species basis. It 
is this aspect of progeny tests that we shall address our- 
selves to, in this paper, proposing yet another variation of 
a diallel cross experiment. 

After defining the two-level mating scheme in Section 2 
we outline in Section 3 the different types of combining 
ability inforrnation that can be obtained from such an ex- 
periment. This is formalized in Section 4 in terms of a 
statistical model and based on this model, the analysis is 
given with detailed information on appropriate and useful 
comparisons involving the parameters of the underlying 
model. In Section 5 we comment briefly on the aspects of 
information on genetic parameters, and in Sectiun 6 we 
mention some possible and perhaps desirable modifications 
of the proposed mating scheme. 

2. Definition of the two-level diallel mating design 

Suppose we have m "diverse" types of trees (clones). These 
types may be populations, subpopulations, portions of 
clines, species, races or other genetically meaningful col- 
lections of individuals. For the purpose of this paper we 
shall refer to them as populations and denote them by 
P„ P„. . ., P„. For each population we consider n individuals 
(trees, clones), denoted by Ij„ Ij2, . . ., Ijn (j = 1, 2, . . ., m), 
where these individuals constitute either a random sample 

*) In memoriam Professor Dr. KLAUS STERN. 

from the population or are selected according to some 
criterion (e. g. plus trees). 

The two-level diallel mating design is then defined as 
consisting of 

(i) m(m - 1)/2 population crosses Pi X Pj  (i < j), 
(ii) n2 individual crosses Iik X Ijl (k, 1 = 1,2,. . ., n) for 

each Pi X P j  ; 
i. e., it consists of "crosses" at the population level and of 
crosses at  the individual level, hence the name two-level 
diallel. 

For m = 4 and n = 3 this mating scheme is illustrated 
in Fig. 1. 

Figure 1. - Example of a two-level diallel mating design. 

As a possible practical application we mention inter- 
species crosses involving m = 5 different species of Pinus 
strobus: P. parvifZora SIEB. and Zucc., P. peuce GRISEB., P. 
griffithii MCCLEL., P. monticola D. DON, and P. strobus L. 
All these crosses have been successful (WRIGHT, 1959, 1973). 

We note that the two-level diallel can be considered as a 
composite of two types of diallel crosses: The crosses at the 
population level constitute a diallel of Type 11, and the 
crosses at the individual level within each population cross 
constitute a diallel of Type I (HINKELMANN and STERN, 1960). 
This observation will be useful with regard to constructing 
incomplete two-level diallel mating designs. 

3. Combining ability information from two-level diallel 

The two-level diallel mating design yields all three types 
of information mentioned in Section 1, the one most readily 
available being that listed under (i): general and specific 
combining abilities. Because of the structure of the mating 
design we can envisage the following types of combining 
abilities and comparisons among them: 

(1) General combining ability of a population, 
(2) general combining ability of an individual tree, 
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