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Abstract

Improvement in the genetic potential of plants and animals is
the major objective of breeding programmes and a judicious
choice of a mating plan is essential to attain the breeder’s goal.
Generalized incomplete Tro jan-type designs are row-column
designs in which each cell, corresponding to the intersection of
row and column, contains more than one treatment and the rows
are incomplete. These designs can be advantageously used for
obtaining mating plans, like partial diallel cross (PDC) or partial
triallel cross (PTC) plans by considering treatments in the design
as individual parental lines in the breeding programme and by
making crosses between lines within each cell. In this paper, a
method of obtaining PDC and PTC plans involving smaller number
of crosses has been described using a class of generalized incomplete
Trojan-type designs.
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1. INTRODUCTION

A major objective of plant and animal breeding programmes is to improve the
genetic potential of plants and animals, respectively. Plant breeders generally
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require information regarding the methods to evaluate the general combining
ability (gca) effects of the individual parental lines and the specific combining
ability (sca) effects of the various crosses. The gca effect of an inbred line is
defined as the average performance of the hybrids which this line produces
with other lines chosen from a random mating population whereas the sca of a
pair of inbred lines refers to those cases in which certain combinations do
relatively better or worse than would be expected on the basis of average
performance of the lines involved. The information regarding gca and sca is
required for making a correct choice of the best parental lines amongst them.

The mating plan for a breeding experiment is a systematic method of
developing the offsprings of parental lines, which are subjected to analysis in
order to draw valid inferences about parents. Complete diallel, partial diallel,
complete triallel, partial triallel and double crosses are some examples of mating
plans [For details please see Hinkelmann (1965) and Narain (1993)]. The hybrids
obtained from these plans can be raised using an appropriate environmental
design.

Complete diallel cross (CDC) plan is a set of all possible crosses between
several lines. With exclusion of reciprocal crosses and parental inbred, there
are v(v-1)/2 possible crosses among a set of v lines that increases rapidly with
increase in v. With limited facilities available for testing, a CDC may only be
possible for a relatively small number of inbred lines. It may be desirable to
have a large number of inbred lines but raise only a sample of all possible
crosses among them giving rise to a partial diallel cross (PDC) plan.

The set of all possible three-way hybrids based on v lines will constitute
triallel cross plan and there would be NT = v(v-1)(v-2)/2 distinct triallel crosses
resulting in distinct three way hybrids. As the number of lines (v) involved in
the triallel crosses increases, the number of crosses increases manifold and
becomes unmanageably large for the investigator to handle. An answer to this
paradoxical situation lies in taking a sample of triallel crosses known as partial
triallel cross (PTC) plan. For v lines, a three-way cross is represented by (i ×
j) × k, where the offspring of the cross i × j is crossed with k and hence i and
j are half-parents whereas k is a full-parent. Also, i ≠  j ≠ k, and i, j, k = 1,
2,…, v.

A set of crosses is said to be a PTC if it satisfies the following conditions
(Hinkelmann, 1965):
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(i) Each line occurs exactly rH times as half-parent and rF times as full-parent.

(ii) Each cross (i × j) × k occurs either once or not at all.

Condition (ii) also include the simultaneous occurrence of (i × k) × j and
(j × k) × i indicating structural symmetric property of the triallel crosses. Since
each line is equally often represented as half-parent it follows immediately that
r

H
 = 2r

F
. Further, a PTC plan has to be connected.

In this paper, a method of obtaining PDC and PTC plans involving smaller
number of crosses has been described using a class of generalized incomplete Trojan-
type designs. Trojan squares are a particular case of generalized incomplete Trojan-
type designs which were used for obtaining PTC plans by Dharmalingam (2002).

Generalized incomplete Trojan-type designs [Jaggi et al., 2010] are row-
column designs in which each cell, corresponding to the intersection of row and
column, contains more than one treatment and the rows are incomplete. A method
of constructing a series of generalized incomplete Trojan-type designs is described
below (Varghese and Jaggi, 2011).

Let v = ns + 1 (v being prime or prime power) be the number of treatments
(designated as 1, 2,…, v). The initial cell contents of n columns can be obtained as
follows modulo v:

xi, xi+1, xi+2, …., xi+s-1 ;

i = 0, s, 2s,…, (n-1)s and x is the primitive element of GF(sn + 1). In other words
i = 0 gives initial cell contents of 1st column, i = s results in initial cell contents of
2nd column and so on i = (n-1)s gives initial cell contents of last column. The
design obtained by developing initial cell contents of all the columns will be a
generalized incomplete Trojan-type design in m = v = sn+1 rows of size sn, n
columns of size s(sn+1) and n(sn+1) cells (intersection of row and column) of size
s each. Here, each treatment occurs in every column α = s times, in every row
β times (β = 0 or 1) and on every sub-unit γ times (γ = 0 or 1).

We now present the method of obtaining PDC and PTC plans.

2. PDC PLANS

Generalized incomplete Trojan-type designs discussed above for s = 2 can be used
for selecting sample crosses in a PDC plan with exclusion of reciprocal crosses and
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parental inbreds. Considering treatments of the design as lines and making crosses
within each cell (deleting repetitions) such that one cross is obtained from each
cell results in a PDC plan.

Example 2.1: Let the number of treatments v = ns + 1 = 13 (n = 6 and s = 2).
The following generalized incomplete Trojan-type design in 13 rows and 6 columns
having cells of size 2 is obtained:

1 2 4 8 3 6 12 11 9 5 10 7

2 3 5 9 4 7 13 12 10 6 11 8

3 4 6 10 5 8 1 13 11 7 12 9

4 5 7 11 6 9 2 1 12 8 13 10

5 6 8 12 7 10 3 2 13 9 1 11

6 7 9 13 8 11 4 3 1 10 2 12

7 8 10 1 9 12 5 4 2 11 3 13

8 9 11 2 10 13 6 5 3 12 4 1

9 10 12 3 11 1 7 6 4 13 5 2

10 11 13 4 12 2 8 7 5 1 6 3

11 12 1 5 13 3 9 8 6 2 7 4

12 13 2 6 1 4 10 9 7 3 8 5

13 1 3 7 2 5 11 10 8 4 9 6
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Now, considering each treatment as a line, the following crosses are obtained
by making crosses within each cell, arranged in 13 rows and 6 columns:

1×2 4×8 3×6 12×11 9×5 10×7

2×3 5×9 4×7 13×12 10×6 11×8

3×4 6×10 5×8 1×13 11×7 12×9

4×5 7×11 6×9 2×1 12×8 13×10

5×6 8×12 7×10 3×2 13×9 1×11

6×7 9×13 8×11 4×3 1×10 2×12

7×8 10×1 9×12 5×4 2×11 3×13

8×9 11×2 10×13 6×5 3×12 4×1

9×10 12×3 11×1 7×6 4×13 5×2

10×11 13×4 12×2 8×7 5×1 6×3

11×12 1×5 13×3 9×8 6×2 7×4

12×13 2×6 1×4 10×9 7×3 8×5

13×1 3×7 2×5 11×10 8×4 9×6

The crosses in the last three columns are the reciprocals of the crosses in first
three columns and hence may be deleted. Therefore, a total of 39 crosses are
obtained in the final PDC plan where as in a CDC plan, the number of crosses
with 13 lines is 78.

3. PTC PLANS

Consider a generalized incomplete Trojan-type design with s = 3. A PTC plan can
be obtained by making all possible distinct 3-way crosses within each cell in a
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systematic order. In order to meet the condition of structural symmetry of PTC,
distinct crosses of the form (i ×  j) × k, (i × k) × j and (j × k) × i (i ≠ j ≠ k =
1,2,…,v) are taken in each cell.

Example 3.1: For number of treatments, v = sn + 1 = 13 (n = 4 and s = 3),
a generalized incomplete Trojan-type design as given below can be obtained in 13
rows and 4 columns in cells of size 3:

Consider the treatments as lines, form all distinct three-way crosses using
each cell contents by considering two lines as half-parents and third one as full
parent.

1 2 4 8 3 6 12 11 9 5 10 7

2 3 5 9 4 7 13 12 10 6 11 8

3 4 6 10 5 8 1 13 11 7 12 9

4 5 7 11 6 9 2 1 12 8 13 10

5 6 8 12 7 10 3 2 13 9 1 11

6 7 9 13 8 11 4 3 1 10 2 12

7 8 10 1 9 12 5 4 2 11 3 13

8 9 11 2 10 13 6 5 3 12 4 1

9 10 12 3 11 1 7 6 4 13 5 2

10 11 13 4 12 2 8 7 5 1 6 3

11 12 1 5 13 3 9 8 6 2 7 4

12 13 2 6 1 4 10 9 7 3 8 5

13 1 3 7 2 5 11 10 8 4 9 6
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(1×2)×4 (8×3)×6 (12×11)×9 (5×10)×7

(4×1)×2 (6×8)×3 (9×12)×11 (7×5)×10

(2×4)×1 (3×6)×8 (11×9)×12 (10×7)×5

(2×3)×5 (9×4)×7 (13×12)×10 (6×11)×8

(5×2)×3 (7×9)×4 (10×13)×12 (8×6)×11

(3×5)×2 (4×7)×9 (12×10)×13 (11×8)×6

(3×4)×6 (10×5)×8 (1×13)×11 (7×12)×9

(6×3)×4 (8×10)×5 (11×1)×13 (9×7)×12

(4×6)×3 (5×8)×10 (13×11)×1 (12×9)×7

(4×5)×7 (11×6)×9 (2×1)×12 (8×13)×10

(7×4)×5 (9×11)×6 (12×2)×1 (10×8)×13

(5×7)×4 (6×9)×11 (1×12)×2 (13×10)×8

(5×6)×8 (12×7)×10 (3×2)×13 (9×1)×11

(8×5)×6 (10×12)×7 (13×3)×2 (11×9)×1

(6×8)×5 (7×10)×12 (2×13)×3 (1×11)×9

(6×7)×9 (13×8)×11 (4×3)×1 (10×2)×12

(9×6)×7 (11×13)×8 (1×4)×3 (12×10)×2

(7×9)×6 (8×11)×13 (3×1)×4 (2×12)×10

(7×8)×10 (1×9)×12 (5×4)×2 11×(3×13)

(10×7)×8 (12×1)×9 (2×5)×4 (13×11)×3

(8×10)×7 (9×12)×1 (4×2)×5 (3×13)×11

(8×9)×11 (2×10)×13 (6×5)×3 (12×4)×1

(11×8)×9 (13×2)×10 (3×6)×5 (1×12)×4

(9×11)×8 (10×13)×2 (5×3)×6 (4×1)×12
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(9×10)×12 (3×11)×1 (7×6)×4 (13×5)×2

(12×9)×10 (1×3)×11 (4×7)×6 (2×13)×5

(10×12)×9 (11×1)×13 (6×4)×7 (5×2)×13

(10×11)×13 (4×12)×2 (8×7)×5 (1×6)×3

(13×10)×11 (2×4)×12 (5×8)×7 (3×1)×6

(11×13)×10 (12×2)×4 (7×5)×8 (6×3)×1

(11×12)×1 (5×13)×3 (9×8)×6 (2×7)×4

(1×11)×12 (3×5)×13 (6×9)×8 (4×2)×7

(12×1)×11 (13×3)×5 (8×6)×9 (7×4)×2

(12×13)×2 (6×1)×4 (10×9)×7 (3×8)×5

(2×12)×13 (4×6)×1 (7×10)×9 (5×3)×8

(13×2)×12 (1×4)×6 (9×7)×10 (8×5)×3

(13×1)×3 (7×2)×5 (11×10)×8 (4×9)×6

(3×13)×1 (5×7)×2 (8×11)×10 (6×4)×9

(1×3)×13 (2×5)×7 (10×8)×11 (9×6)×4

Thus, altogether, there are 156 crosses in the final PTC plan and this PTC
plan satisfies the structural symmetric property. A CTC plan for 13 lines requires

858 three-way crosses. Thus, the fractionation of this PTC plan is  ,

where N
p
 and N

T
 denote the total number of triallel crosses in PTC and CTC plan

respectively.

Thus, it can be concluded that generalized incomplete Trojan-type designs
find an important application in obtaining mating plans. The cell contents can be
directly used to obtain the crosses and hence the method is quite simple and
results in small number of crosses. The plans obtained from such designs are
uniquely determined.
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