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Introduction
Triallel crosses form an important class of mating designs, 

which are used for studying the genetic properties of a set 
of inbred lines in plant breeding experiments. For p inbred 
lines, the number of different crosses for a complete triallel 
experiment is ( )( )33 1 2 2p C p p p= − − of the type ( ) ,i j k×

0,1, 2, ,  1.i j k p≠ ≠ = … −  Rawlings & Cockerham [5] were 
the first to introduce mating designs for triallel crosses. Triallel 
cross experiments are generally conducted using a completely 
randomized design (CRD) or a randomized complete block (RCB) 
design as environmental design involving 

33 pC crosses. Even 
with a moderate number of parents, say 10,p = in a triallel cross 
experiment; the number of crosses becomes unmanageable to 
be accommodated in homogeneous blocks. For such situations, 
Hinkelmann [6] developed partial triallel crosses (PTC) 
involving only a sample of all possible crosses by establishing a 
correspondence between PTC and generalized partially balanced 
incomplete block designs (GPBIBD). Ponnuswamy & Srinivasan 
[7] and Subbrayan [8] obtained PTC using a class of balanced 
incomplete block (BIB) designs. Dharmlingum [9] also constructed 
PTC using Trojan squares. Actually Trojan squares are MOLS. 
Other research workers who contributed in this area are Arora & 
Aggarwal [10,11], Ceranka et al. [12]. More details on triallel cross 
experiments can be found in Hinkelmann [13] and Narain [14].

Das & Gupta [4] constructed block designs for triallel 
crosses by using nested balanced block design with parameters 

1 2 1 2, , , , 3.v p b b k k == Their method yields designs which are 
universally optimal in D  ( ), , ,p b k the class of connected block 
designs for triallel crosses in p lines with b blocks each of size 
k such that the total number of experimental units are 33 .p C<  
Sharma et al. [1] and Sharma and Fanta [2] also constructed 
optimal block and unblocked designs for PTC using two mutually 
orthogonal Latin squares together. We, in this paper, are proposing 
unblocked and blocked designs for triallel cross experiments by 
using transversal and parallel transversal of a Latin square. Our 
methods are different from Sharma et al. [1] and Sharma & Fanta 
[2] methods. These designs are found to be optimal in the sense of 
Kiefer [14] and Das & Gupta [4].

Definition
Definition 2.1: The triallel cross (T.C.) has been defined by 

Rawlings & Cockerham [5] as a set of all possible three-way hybrids 
among a group of (inbred) lines. Given three lines ,i j  and ,k there 
are distinct triallel crosses, namely ( ) ,i j k×  ( )j k i× and ( )i k j×
involving these three lines. Thus given a set of p lines, the TC 
will consist of a set of ( )( )1 2 2p p p− −  distinct three way crosses. 
Each line will occur in ( )( )1 2Hr p p= − −  three-way crosses as 
a half –parents and in ( )( )1 2Fr p p= − −  three way crosses as a 
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parent. Similarly, each pair of lines will occur in ( )2dr p= −  three-
way crosses both of them as half-parents and ( )2sr p= − three way 
crosses with one of them as half-parent and other as a parent.

 Definition 2.2: Hinkelmann [6] proposed the definition of 
PTC as given below:

Suppose we have p lines which are denoted by 1,2, , .i p= …  
A three way cross is then represented by a triplet ( ) ,i j k× where 
( )i j×  stands for an offspring of the single cross .i j×  We shall 
call i  and j  half-parents and k full-parent. The crosses ( ) ,i j k×
( )j i k× , ( ) ,k i j× and ( )k j i× are considered to be identical in three 
way crosses. Then PTC can be defined as follows:

 A set of matings is said to be a PTC if it satisfies the following 
conditions:

Each line occurs exactly Hr  times as half-parent and Fr times 
as full parent.

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

The total number of crosses is p  Fr  and 2Hr =  .Fr  Let 
,Fr r= whence 2 .Hr r=

Construction of partial triallel cross
Method 1: The first method of construction of PTC mating 

design is based on transversal (directrix) of Latin square of 
order ,p  where p is a prime or power of prime. Start with 
a Latin square of order p and border the columns and the rows 
of square with elements of the transversal (directrix) (where 
transversal or directrix of a Latin square of order p  in a set of 
p cells each row, column and symbol is represented exactly once 
in the set; see Hedayal & Seiden [15]. Each cell together with 
the border elements give a triplet of the type ( ) ,i j k× ×  where 

0,1, .., 1i j k p≠ ≠ = …… − in the upper and lower triangular and 
triplet of the type ( )i j k× ×  where 0,1 .., 1i j k p= = = …… −  
in the diagonal of the mating design. Now deleting the triplet 
appearing in the diagonal of the mating design we get a mating 
design for PTC experiment which satisfy the condition of PTC. The 
method is illustrative below with example. 

Example 1: Consider the following Latin square of order 5 
transversal bracketed.

[ ]
[ ]

[ ]
[ ]

[ ]

0   1       2     3    4
1    2      3     4     0
2    3      4     0    1 
3    4       0     1     2
 4     0      1       2    3
Now we border the columns and rows of the above Latin 

square by the bracketed elements of the transversal. We get the 
following arrangement.

Table 1: Now we attach border elements with each cell.

0 2 4 1 3

0 0 1 2 3 4

2 1 2 3 4 0

4 2 3 4 0 1

1 3 4 0 1 2

3 4 0 1 2 3

Now we attach border elements with each cell (Table 1). Then 
we get the following design

( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( )

0 0 0 0 1 2 0 2 4 0 3 1 0 4 3

2 1 0 2 2 2 2 3 4 2 4 1 2 0 3

4 2 0 4 3 2 4 4 4 4 0 1 4 1 3

1 3 0 1 4 2 1 0 4 1 1 1 1 2 3

3 4 0 3 0 2 3 1 4 3 2 1 3 3 3

× × × × ×  
× × × × ×  
× × × × ×  
× × × × ×  
× × × × ×  

Now deleting the bracketed cells, we get following unblocked 
design d1 for PTC in which 

i.	 Each line occurs ( 8)Hr =  lines as half parent and ( 4)Fr =  
lines as full parent.

ii.	 Each triple cross ( )i j k× ×  either once or not at all in 1.d  

iii.	 We denote the unblocked design as ( )1 ,d D p nε with p
lines and n experimental units.

Design  

 

d1

( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( )

2 1 0 0 1 2 0 2 4 0 3 1 0 4 3
4 2 0 4 3 2 2 3 4 2 4 1 2 0 3
1 3 0 1 4 2 1 0 4 4 0 1 4 1 3
3 4 0 3 0 2 3 1 4 3 2 0 1 2 3

× × × × ×
× × × × ×
× × × × ×
× × × × ×

From the above mating design, we can derive block design 
for PTC. Consider the triplet of any column of the above mating 
designs as initial blocks and then developing row-wise cyclically 
mod (5) these blocks, we get block design for PTC. We denote this 
design ( )2 , ,d D p b kε  with 5,p = 4 b = and 5.k =

Consider the first column triplets as 4 initial blocks and then 
developing cyclically mod (5), we get the following block design 
for PTC, which satisfy the condition of PTC.

Design
 
d2

( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( )

1

2

3

4

2 1 0 3 2 1 4 3 2 0 4 3 1 0 4
4 2 1 0 3 1 1 4 2 2 0 3 3 1 4
1 3 0 2 4 1 3 0 2 4 1 3 0 2 4
3 4 0 4 0 1 0 1 2 1 2 3 2 3 4

B
B
B
B

× × × × ×
× × × × ×
× × × × ×
× × × × ×

Example 2: Now consider the following Latin square of order 
5 transversal bracketed.

]3[2154
1]5[432
43]2[15
215]4[3
5432]1[
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Following the procedure of example 1, we get following 
unblocked mating design ( )3 ,d D p nε  for PTC with 5p = and 20n =
experimental units.
Design

 d3

3)15(5)23(2)13(4)53(1)43(
3)42(5)32(2)45(4)35(1)25(
3)24(5)14(2)54(4)12(1)52(
3)51(5)41(2)31(4)21(1)34(

×××××
×××××
×××××
×××××

By observing the above design we find that every triple cross 
occurs two times in the design. Hence this design is different from 
the design given in example 1. Again by taking triplets of any 
column as initial blocks and developing each triplet cyclically row-
wise mod (5) we obtain block design 4d with parameters 5,p =  

4b = and 5k = in which each triple cross is also replicated two 
times in the design. 

Design    d4

5)32(4)21(3)15(2)54(1)43(
5)14(4)53(3)42(2)31(1)25(
5)41(4)35(3)24(2)13(1)52(
5)23(4)12(3)51(2)45(1)34(

4

3

2

1

×××××
×××××
×××××
×××××

B
B
B
B

We see that unblocked design 1d  is different from unblocked 
design 3d and blocked design 2d is different from blocked design 

4.d Thus we get two different (unblocked and blocked) designs 
by using transversal of two Latin squares of order 5 which are 
mutually orthogonal. 

a)	 Remark 1: It is impossible to construct PTC from Latin 
square of order 6 because the Latin square of order 6 does not 
contain distinct elements in the transversal (directrix).

b)	 Remark 2: we know that when p is a prime or power 
of a prime then there exist 1p − or 1np − mutually orthogonal 
Latin squares. Out of 1p −  or 1np − m.o.l.s., we can use only 
transversals of 2p − or 2np − Latin squares for the construction 
of mating designs for PTC because transversal of only one Latin 
square does not contain distinct elements.

c)	 Remark 3: Out of 2p − or 2np −  Latin squares only one 
Latin square will give mating design for PTC in which every triple 
cross occurs two times in unblocked and blocked designs. 

Method 2: Two transversals in a Latin square of order p are 
called parallel if they have no element in common. Suppose we 
have identified such parallel transversals in a Latin square and 
border the columns and rows of a Latin square with the elements 
of parallel transversals for example if the parallel transversal 
element ija belong to thi  row and thj column then this element 
will border the thi  row and thj column of the Latin square. Thus 
we get triallel cross mating design with the difference that triplet 
of the type ( )i j k× ×  where 0,1 .., 1i j k p= = = …… −  occurs on 
the positions of parallel transversal elements and triplet of the 
type ( ) ,i j k× ×  where 0,1 .., 1i j k p≠ ≠ = …… −  occurs below 
and upper positions of parallel transversals.

Now deleting the triplet appearing at the parallel transversal 
positions in the triallel cross mating design we get a mating design 

5d for PTC experiment which satisfy the condition of PTC. The 
method is illustrative below with example. 

Example 3: Consider the following 5×5 Latin square with two 
parallel transversals with square bracketed:

432]1[5
3215]4[
]2[1543

1]5[432
54]3[21

 Now we border the columns and rows of the above Latin 
square by the bracketed elements of the parallel transversals 
following the rule given in method 2. We get the following 
arrangement.

Now we attach border elements with each cell. Then we get 
the following triallel cross mating design

2)41(5)31(3)21(]1)11[(4)51(
2)34(5)24(3)14(1)54(]4)44[(

]2)22[(5)12(3)52(1)42(4)32(
2)15(]5)55[(3)45(1)35(4)25(
2)53(5)43(]3)33[(1)23(4)13(

×××××
×××××
×××××
×××××
×××××

Now deleting the bracketed cells, we get following unblocked 
design d5 for PTC in which

Each line occurs ( 8)Hr =  lines as half parent and ( 4)Fr =  lines 
as full parent.

Each triple cross ( )i j k× ×  either once or not at all in 5.d
Design d5

2)41(5)31(3)21(1)54(4)51(
2)34(5)24(3)14(1)42(4)32(
2)15(5)12(3)52(1)35(4)25(
2)53(5)43(3)45(1)23(4)13(

×××××
×××××
×××××
×××××

From the above mating design, we can derive blocked mating 
design for PTC. Consider any column of the above mating designs 
as initial blocks and then developing these blocks cyclically row 
wise mod(5), we get blocked mating design 6d for PTC with 
parameters 5,p =  4b =  and 5k =

Design 
6d

( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( )

1

2

3

4

3 1 4 4 2 5 5 3 1 1 4 2 2 5 3
5 2 4 1 3 5 2 4 1 3 5 2 4 1 3
2 3 4 3 4 5 4 5 1 5 1 2 1 2 3
1 5 4 2 1 5 3 2 1 4 3 2 5 4 3

B
B
B
B

× × × × ×
× × × × ×
× × × × ×
× × × × ×

Sharma et al. [1] and Sharma & Fanta [2] constructed these 
designs by using two M.OL.S. of order p together, where p is a prime 
or prime power but our method needs only one Latin square.

d)	 Remark 4: When we take parallel transversals out of 
2p −  or 2np −  Latin squares only one Latin squares will give 

mating design for PTC in which every triple cross occurs two times 
in unblocked and blocked designs.
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