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Designs in which each experimental unit receives a cyclic sequ-
ences of treatments are frequently used in experiments with perennial 
crops, dairy cattle experiments, clinical trials, psychological experiments 
and bio-assays. In such experiments the effect of a treatment is 
influenced by the residual effects of the previous treatments. Residual 
effects which persist for only one period are called first order residual 
effects. A design becomes balanced for first order residual effects when 
each treatment follows each other treatment equally frequently. Using 
such designs both direct and residual effects can be estimated. Williams 
(1949) gave a general method of construction of designs balanced for 
first order residual effects by the method of module differences. Patterson 
(1952), Sheehe and Bross (1961), and Davis (1969) have also been 
given methods for the construction of designs balanced for first order 
residual effects. The method of construction using cyclic latin squares 
was given by Amble (1979). A general proof of this method is given in 
this study. 

Materials and Methods 

The procedure for the construction of designs balanced for first 
order residual effects can be explained in the following steps. 
Step-1: Write down a cyclic latin square of the order required. 

Step-2: Write down the latin square which is the mirror image of the 
cyclic latin square. 

Step-3: Interlace the two squares by writing one column of one square 
and one column of the other square successively and slice in 
half to get two latin squares. 

Step-4: Write the two squares with rows as columns and vice versa. 

Now if the number of treatments is even each one of these two 
Latin squares will be separately balanced and when the number of 
treatments is odd both of these square together give a balanced design. 
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Results and Discussion 

A general proof of how the cyclic latin square method become 
balanced can be given as follows:-

Let there be p treatments. Take a cyclic latin square of order p 
in numbers 1 to p, so that the first row is 1, 2, ..... ... p. We shall denote 
this latin square by C and its columns by C1, C2, Cp. Then C will 
be symmetric in the numbers. Now define another latin square 
R- (Cp, Cp—~ C1, C j) obtained by placing the columns of C in 
the reverse •order. Then R is the mirror image of C. If (i, j) denote the 
its row jth column position, then (i, j)th element of C is i-}-j-1 and (i,j)tn 
element of R is i-j -F p, where when these quantities exceed p it is to be 
replaced by the remainder after division by p. 

Since the design is symmetric in the numbers we shall consider, 
for convenience, the treatment 1 and what is true of 1 will be true for 
others also. The element 1 occurs in C in the positions (~i, p-(i-2) 
i=1,2, p. Putting j=p- (i-2) we will get i=p-j-;-2. Thus in the 
itt, column of C the element 1 will occur in the (p-i -}~ 2)th row. 
We shall now consider the two cases namely P is even and p is odd. 

Case (i): p=2k 

Denote the columns of C by C,, C2 ...  C2k and that of R by 
R 1, R, R2k. Consider the arrangement. 

D —C1 R1 C Rz... ...Ck Rk  .. (1) 

So that it will have 2k rows and 2k columns each containing the 
2k numbers exactly because (1) is 2k columns of C in some order. Now 
it is clear that the ordered pairs in which the element 1 is the second 
number can arise from pairs of column of the form C; R;, i =1, 2, k 
and also from R;_~ Ci, i - 2, ... . k. 

The element 1 occurs in R i in the (i + 1) th row, The element in 
the (i-}-1) th row of Ci is i -I- (i -}-1) — 1 :_= 2i. Hence C; R; gives rise to 
the ordered pair (2i, 1), i =1, 2,... ... k. So we get the ordered pairs. 

(2,1), (4,1)   (2k,1) . .. ...... (2) 

In C; the element 1 occurs in the (2k—i-}-2)th row and the element 
in the (2k----i-}-2)t~ row of R;_~ is (2k—i-}-2) — (i-1}-I-2k=21<-2 
(i-1) -}-1. Hence Ri--~ C; gives rise to the ordered pairs (2k--2 (i-1) 
-}-1,1), i= 2,3 k. Hence we get the ordered pairs. 

(2k-1, i ), (2k-3,1) . . . . . . ... (3,1)   (3) 
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Combining (2) and (3) we see that every number is followed by 1 
in the columns of D exactly once. 

Now in C; the element 1 occurs in the (2k—i-}-2)th row and the 
element in the (2k-i-I-2)ih row of R; is(2k—i-}-2)—i-}-2k-2k-2 (i-1). 

Hence C' R;, i=1, 2, k gives rise to the ordered pairs. 

(1,2k), (1, 2k-2) ... (1 ,2)  (4) 

In R;_~ the element 1 occurs in the ith row and the elements in 
in the ith row of C; is i -}- i-1 = 2i-1 . Hence R;.i C;, i = 2, k gives 
ries to the ordered pairs. 

(1,3), (1,5),   (1,2k-1) (5) 

Combining (4) and (5) we can see that the element 1 is followed 
by every other element exactly once in the columns of D'. Hence 
combining (2), (3), (4) and (5) and remembering that D' is symmetric in 
the numbers it follows that every number follows and is followed by 
every other number exactly once in the columns of D. Now if we define 

E = Rk-~-1 Ck-}-1 Rk ; 2 Ck-~2... •.. ... R2kC2k 

Ck Rk Ck-1 Rk-1 . .. ......1R1

which is D in the reverse order the same property ~Nill be true for 
E' also. 

Case (ii) p= 2k -F-1 

Consider the arrangement 
D1—C,R1C~R2 Ck Rk Ck~-1 

Here also the ordered pairs involving 1 can arise from pairs of 
columns of the form C; R; or R; C; 1-1 , i =1,2 k 

In R;, the element 1 occurs in the (i+1)th row and the element in 
the (i.-~1)th row of Ci is i-}-(i-~1)-1 =2i. Hence C; R;, i=1,2 k 
gives rise to the ordered pairs. 

(2,1), (4,1)   (2k,1)   ... (6) 

In C;-;-1 the element 1 occurs in the (2k-~-1)—(i-}-1)+2 
— (2k--i-}-2)ih row and the element in the (2k—i-{-2)tn row of R; is 

(2k—i-}-2)—i -{-(2k-I-1)=2k-2(i~1). Hence R; C;+i, i=1,2 k 
gives rise to the ordered pairs. 

(2k,1), (2k-2.1) (2,1) . .. ... (7) 

Since (6) and (7) are identical in the columns of D', each of the 
pairs in (6) will occur twice. 
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Now define 

E,—Rk+~ Ck-{-2 Rk-~-z Ck+3 C2k+t R2k+t . Here also the 
ordered pairs involving 1 arises from pairs of columns of the type 
R~ C;~.t, i=k-I-1, k-}-2, 2k or C; Ri, i=k-{--2, 2k -t-1. 

Consider R; C;+ i i—k-}-1, k -{-2,...2k gives the ordered pairs. 

(2k -X1,1), (2k-1,1)... ...(5,1) (3,1}  (8) 

C; R., i—k-+-2, 2k±1 gives the ordered pairs 

Since (8) and (9) are identical the elements in (8) occur exactly 

twice in the .columns of E~. So taking (6), (7), (8) and (9) together 

we see that the columns of D~ and E~ give all the pairs involving 1 
exactly twice. Since the arrangement is symmetric in the numbers it 

follows that in the columns of Di and Ei each number follows every 
other number exactly twice. 

Example t=4 

Denote treatments by numbers 1, 2, 3 and 4. The cyclic satin 
square C and its mirror image R are 

1 2 3 4 4 3 2 1 

C~ 
2 
3 

3 
4 

4 
1 

1 
2 

R —
1 
2 

4 
1 

3 
4 

2 
3 

4 1 2 3 3 2 1 4 

Interlacing columns and cutting into halves at the middle, we get 

1 4 2 3 3 2 1 1 

2 1 3 4 4 3 1 2 

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

Writing rows as columns and vice versa we will get the required 
designs as follows: 

Sequences 

Square i Square ii 

Period (i) (ii) (iii) (iv) (i) (ii} (iii) (iv) 

I 1 2 3 4 3 4 1 2 

II 4 1 2 3 2 3 4 1 

III 2 3 4 1 4 1 2 3 
IV 3 4 1 2 1 2 3 4 
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This method of construction of designs balanced for first order 
residual effects is simple and easy to follow. This type of designs can 
be constructed for any number of treatments. 

Summary 

A general method of construction of designs that are balanced for 
first order residual effects in the line of Amble has been given. This 
type of designs are useful in long term experiments like perennial crop 
experiments, feeding trials etc. 

cry o ~ cnnn o 

a1~^e~s~~e~ ti ra°l~"c~omst~~ ms~rmaccr~~~ ~ti~~~cnlss~a~~ocr3 ~1w 

2srcn1as~ ~3raa m~~md~ m1~~gual~lrala~bmr~a. 
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