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Summary. The size of a diallel cross experiment can be
determined by using statistical tables and past dialiel
cross results; this will provide more flexibility in planning
experiments and increase the opportunity to detect real
differences.
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Introduction

Most statistics texts give a method for determining the
number of replications sufficient to detect differences
among several populations (Snedecor and Cochran 1980;
Steel and Torrie 1980). However, determination of the
size of an experiment (i.e., how the number of replications
and treatments are related) is not emphasized. In genetic
studies in agriculture, the size of the experiment is often
the most critical cost factor in choosing a design to
achieve the objectives. Usually, the size is determined
solely by the genetic material available and by manage-
ment restrictions, and seldom by statistical consider-
ations. The aim of this investigation is to provide some
guidelines for determining the size of a diallel cross exper-
iment based on statistical considerations in addition to
any others factors.

Materials and methods

Under the assumption of a simple randomized complete block
design, the partitioning of the degrees of freedom in four different
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methods for diallel cross experiments (Griffing 1956) are given in
Table 1. These methods are distinguished by whether they in-
clude or exclude parental lines, F, or reciprocal crosses. Meth-
od 1, which includes the parental lines, is the so-called full diallel,
while methods 2, 3 and 4 are sometimes called modified diallel
crosses. In Table 1, p denotes the number of parental lines, r the
number of replications, g.c.a. the general combining ability, and
s.c.a. the specific combining ability; the reciprocal effect is also
identified.

In order to provide an index by which the size of an experi-
ment can be chosen, and since the variance components are
usually unknown, the ratio of sums of squares (S.S.) is used as an
indicator. Assuming a randomized complete-block design, the
minimum number of replications needed to achieve significance
was calculated for different sizes of diallel crosses and different
S.S. ratios. Significance was tested by converting the S.S. to mean
squares, and the appropriate ratios referred to the F-distribu-
tion. The block, s.c.a., and reciprocal effects were tested by com-
parison with the error mean square, and the g.c.a. against that"
for the s.c.a. A 5% or lower type-I error is considered to be
significant. The minimal number of replications for a specified
number of parental lines required for detecting a significant
effect were determined.

In constructing the tables, the procedure adopted can be
illustrated as follows. Assume the S.S. ratio between s.c.a. and
error is 0.75; divide the sum of squares by its corresponding
degrees of freedom; in an 8 x 8 diallel cross using Method II, the
degrees of freedom for three replications are 28 and 70 for s.c.a.
and error respectively. Since the variance ratio is 1.875, which
exceeds the tabulated F value of 1.65, it follows that three replhi-
cations should be sufficient to detect differences in the s.c.a.
effect. For two replications and the same S.S. ratio, the degrees
of freedom are 28 and 35 for s.c.a. and error respectively; the
calculated variance ratio of 0.938 is smaller than the tabulated F
value of 1.84, so that two replications should not be expected to
detect a real differences in the s.c.a. effect.

Results and discussion

Table 25 present the expected number of replications
required for various diallel crossing methods, tabulated
by the number of parental lines and S.S. ratios. The S.S.
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Table 1. Partition of degrees of freedom according to Griffing’s model II; p is the number of parental lines, r the number of replications

Source of variation

Degrees of freedom

Method I Method 1T Method III Method IV
P+F14+REC P+F1 F1+REC F1 Only
Block r—1 r—1 r—1 r—1
Crosses (p*p)—1 p(p+1)/2—1 plp—1-1 pp—1)/2-1
g.c.a. p—1 p—1 p—1 p—1
s.c.a. pp—1)12 p(p—1)/2 p(p—3)2 p(p—3)/2
Reciprocal p(p—1)2 - pp—1)/2 -
Error (P*p—1) ple+1/2—-1] p-1)-1] pp—1)/2-1]
-1 *a-1) *(r—1) *a—1)

—, not applicable

Table 2. Number of replications needed for significance at 5%
level for crosses effect in Griffing’s methods I-1V; S.S., sum of
squares

Method S.S. Number of parental lines

ratio

4 5 6 7 8 9 1011 12 13 14 15 16

I 24 2

20 3 2

175 3 2 2

15 3 3 3 3 3 3 2

120 3 3 3 3 3 3 3 3 3 2
IT 32 2

25 3 2

20 3 3 3 2

17 '3 3 3 3 3 2

15 3 33 3 333332

125 3

1.0 4 4 3

05 6 5 5 5 5 4
I1x 22 2

1.9 3 3 2

1.7 3 3 3 2

5 3 3 333 32

13 3 3 3 33333327332

10 4 3 3 333332
v 50 2

32 3 2

25 3 3 2

20 3 3 3 3 2

.75 3 3 3 3 3 3 2

1.5 4 3 3 3 3 3 3 3 3 2

14 4 3 3 3 3 3333332

Table 3. Number of replications needed for significance at 5%
level for GCA in Griffing’s methods I-1V; S.S., sum of squares.

Method S.S.
ratio
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Blank meauns the same as the nearest left non-blank number
The ranges of S.S. ratio reflect the nature of the methods

ratios in these tables are confined to either g.c.a. against
s.c.a. or crosses, and s.c.a. or reciprocal against error; the
ratios for the block effect, of lesser interest, are not given
here.

The following examples illustrate the use of these ta-
bles. In crosses (Table 2) with a S.S. ratio of 2.0, method

Blank means the same as the nearest left non-blank number
* implies not possible with more replications
The ranges of S.S. ratio reflect the nature of the methods

1 needs three replications in a 4 x 4 diallel, but just two
for a 5x 5 diallel. For method 4, which involves fewer
crosses, just two replications are required for eight
parental lines, and three for 4—7 parental lines.

For g.c.a. (Table 3), an increase in the number of repli-
cations does not increase the power to detect differences.



Table 4. Number of replications needed for significance at 5%
level for SCA in Griffing’s methods I-1V; S.S., sum of squares.

Method S.S. Number of parental lines
ratio
4 5 6 7 8 9 101112 13 14 1516
1 1.0 2
075 3 3 3 3 2
066 3 3 3 3 3 3 3 2
05 4 3
033 5 4 4 4 4 4 43
025 6 5 5 5 4
013 - - - - - - - 6
It 19 2
1.7 3
1.5 3 3 3 2
125 3 3 3333313232
1.0 3
075 4 4 3
067 4 4 4 4 3
0.5 5 4
025 7 7 7 6
I 075 2
05 3
04 3
03 4 4 4 4 4 3
025 4
02 5 5 5 55 4
015 5 5 5 4
01 8 8 7
v 24 2
20 3 2
1.7 3 3 2
1.5 3 3 3 3 2
133 3 3 3 3 3 3 3 2
10 3
075 4 4 3
05 4
033 6 6 5
025 7 7 7 6

Blank means the same as the nearest left non-blank number
—, implies at least more than eight replications needed
The ranges of S.5. ratio reflect the nature of the methods

Even with eight replications and four or five parental
lines, the g.c.a. effect is unlikely to show a significant
result for small ratios. This can be seen in Table 1, which
shows that the degrees of freedom for g.c.a. and s.c.a.
involve only the number of parental lines, and so a signif-
cance test for g.c.a. cannot be affected by increasing the
number of replications. It is also noted that methods 1
and 2, which involve the parental lines, are more sensitive
in detecting small S.S. ratios than methods 3 and 4, which
do not involve them.

By contrast, in determining the s.c.a. for the same S.S.
ratio, an increase in the number of parental lines can
compensate for a decrease in the number of replications
in detecting differences (Table 4). Since the degrees of
freedom for error involve the number of replications, any
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Table 5. Number of replications needed for significance at 5%
level of reciprocal in Griffing’s methods [-IV; S.S., sum of
squares.

Method S.S. Number of parental lines

ratio

4 5 6 7 8 9 10111213 14 15 16

I 1.0 2

09 3 2

075 3 3 3 3 2

05 4 3

033 5 4 4 4 4 4 43

025 5 5 5 5 4

0166 -~ — 6 6 6 6 6 5

013 - - - - - - - 6
I 1.50 2

1.20 3 2

1.0 3 3 3 2

075 3 3 3 3 3 2

067 4 3 3 3 3 3 3 3 2

0.5 4 4 3

03 S5 5 5 4

025 6 6 5 5 4

Blank means the same as the nearest left non-blank number
—, implies at least more than eight replications needed
The ranges of S.S. ratio reflect the nature of the methods

test of the effects based on the error mean squares will be
affected by the number of replications, and so also applies
to the reciprocal effects in Table 5.

Method 3, in which parental lines are not included,
can detect differences in s.c.a. for smaller S.S. ratios than
can be detected by a full diallel cross; this is consistent
with Griffing’s statement that method 3 can provide un-
biased estimates for specific combining ability.

Even with only a small proportion of the total varia-
tion in a 12 x 12 diallel experiment, it was observed that
s.c.a. or reciprocal effects can be detected as being signif-
icant with few replications; in experiments with four or
five parental lines, more replications are needed to
achieve the same level of significance.

A sample of published results of diallel cross experi-
ments has been assembled to illustrate the use of these
tables (Liang et al. 1968; Cross 1975; Marin and Lipert
1975; Chiang and Crete 1976; Mason and Zuber 1976;
Suh et al. 1976; Miller 1977; Watson et al. 1978; Wilson
et al. 1978; Caunter and Gracen 1979; Cisar et al. 1982;
Boyle 1987). The published mean squares were first con-
verted into sums of squares, and the S.S. ratios calculated.
Table 6 gives the actual size of each experiment, the dial-
lel method used, the ratio of the sum of squares, and the
minimal number of replications required as determined
by this study. For a few g.c.a. in Table 6, the present study
suggests that it is not possible to achieve significance with
the number of parental lines used. Increasing the replica-
tion here does not improve the ability to detect differ-
ences. If a range of ratios had first been examined to
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Table 6. Published diallel crosses results reconstructed into sum of squares ratio, number of parental lines (p), the number of
replications (r), diallel method and optimal replications in brackets

Crops and p r Method GCA SCA REC
Traits

Chili Peppers

Endocarps 9 3 I 7.21% (2) 1.14*  (3) -
Seed 9 3 11 8.46* (2) 1.26* (3) -
Stem 9 3 11 1.99% (2) 0.69* (3) -
Placenta 9 3 1 6.59% (2) 0.42N8S (4) -
Exocarp 9 3 IT 8.39* (2) 1.19*% (3) -
Sorghum
Stomata density 6 2 I 391*% (2 0.54NS (4) -
Leaf-blade area 6 2 I 1.41* (2) 213* (2) -
Grain 6 4 I 0.45NS (-) 251*% (2) 0.12NS (=)
Protein % 6 4 I 0.36NS (-) 4.04% (2) 0.11NS ()
Protein yield 6 4 I 0.79* (2) 1.60* (2) 0.09NS (-
Grain yield 6 2 I 0.37NS () 2.73% (2) -
Anthesis time 6 2 I 321*% () 3.13*% (2) -
Protein % 6 2 I 3.23* () 0.77N8S (3) -
Tall fescue
Perloline 6 2 v 1.96* (2) 3.51% () -
6 2 v 221* (2) 0.37NS (4) -
Nitrogen 6 2 v 3.21*  (2) 1.48NS (3) -
6 2 v 5.54*% (2) 0.41NS (4) -
Corn
Lesion length 7 3 v 6.80*% (2) 1.98* (2) -
7 2 v 1.67* (2) 5.03% (2) -
Lesion area 7 3 v 3.53% (2) 1.53* (2) -
7 2 v 1.91* () 5.64* (2) -
Leaf angle 6 4 v 0.49NS () 33.50% (2) -
Mean yield 6 4 v 7.00% (2) 0.62* (3) -
Leaf area index 6 4P1 v 1.08 NS () 048* (4) -
6 4P3 v 0.63NS (-) 0.64* (3) -
Grain 6 4P1 v 1.09NS (-) 0.55% (4 -
6 4P3 v 476* (2) 0.26 NS (6) -
No. of ears 6 4P1 v 1.73NS (-) 046* (4) -
6 4 P3 v 0.73NS (-) 1.42*% (3) -
Filling 7 2 v 3.80* (2) 2.55* (2) -
Lag period 7 2 v 245* (2) 0.46NS (4) -
Rate of fill 7 2 v 6.00* (2) 1.02NS (3) -
Grain yield 7 2 v 247* (2) 1.90* (2) -
Sugarcane
Stalk diam. 5 4 v 2.28NS (-) 0.50* (4) -
Stalk length 5 4 v 1.50NS () 4.00* (2) -
Stalk number 5 4 v 1.25N8 (-) 0.44* (4) -
Stalk weight 5 4 v 0.25N8S () 2.03* (2) -
Can yield 5 4 v 0.54NS () 0.96* (3) -
Brix 5 4 v 3.09NS (- 1.30% (3) -
Cabbage
Infection 4 4 I 16.06* (2) 0.31NS (6) -
Spruce
Height 6 yrs 7 3 I 2.78*%  (2) 0.67* (3) 0.54* (3)
Height 12 yrs 7 3 I 3.06*%  (2) 0.71* (3) 0.62* (3)
Wheat
Yield 12 2 I 1.90* (2) 0.96* (2) 0.64NS (3)
Yield %C Fall 12 2 jiil 0.51* (2) 0.74* (2) 0.60NS (3)
Yield %C Spring 12 2 111 1.63* (2) 081* (2) 0.74* (2)

* _Significant at P<0.05; NS, Not significant; —, Not applicable; ( ), The number in brackets is the minimat number of replications
required; (-), Not significant even with more replications



determine if this effect could potentially have become
significant by increasing the number of parental lines
then experiments unlikely to be informative on g.c.a.
might have been avoided. By contrast, for some of the
published experiments to detect s.c.a. and reciprocal ef-
fects, an increase in the number of replications may have
allowed differences to be detected.

Note that the results in Table 6 are from published
papers. It is well known that experiments not showing
any significant effects tend not to be reported. If these had
been available for inclusion in Table 6, there may well
have been more examples showing the need either to
increase the number of replications, or the number of
parental lines, or both.

Although there are many different diallel analysis
methods, each with their own statistical and genetical
interpretations, the objective of this paper is not to com-
pare them but to show how previous experiments can be
used to plan further experiments having the potential to
detect genetic information. If it is known that the g.c.a. or
s.c.a. is relatively small for a certain crop, the sensitivity
can be increased either by increasing the number of repli-
cations or the number of parental lines. By contrast, if the
g.c.a. or s.c.a. are relatively large, a lower number of
replications may be all that is needed. Expressed in an-
other way, if an additive genetic effect is important, an
increase in the number of replications will not improve
the capability to detect it. If a non-additive genetic effect
is important, adding more replications will improve the
precision of the experiment, and hence give a greater
chance of revealing it.

The approach recommended in this paper is not re-
stricted to Griffing’s random model, since it can also be
applied to any fixed model, and so reduce the risk of
carrying out an experiment unlikely to produce signifi-
cant results,
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