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SUMMARY 

This paper deals with a generalization of square lattice designs, 
with k 2 t reatments in blocks of k + 1 plots, the extra plot in each block 
receiving a standard t reatment , the same for all blocks. The new design 
leads to lower variances for contrasts between adjusted t reatment means 

INTRODUCTION 

Since a long time ago, the INSTITUTO AGRONÔMICO DE CAMPINAS, a research institute 
located in Campinas, São Paulo, Brasil, uses for its experiments with corn (maize) 
varieties and hybrids, square lattices with k 2 treatments and blocks of k + 1 plots, the 
extra plot in each block receiving a standard variety or hybrid, the same for all blocks, 
not included among the k 2 original treatments. It is clear, therefore, that these square 
lattice experiments include, on the whole, k 2 + 1 treatments in blocks of k + 1 plots. 
For example, in a 3 2 lattice, with 2 orthogonal replications, and treatments 1, 2 , . . . , 9, 
plus treatment A (standard variety), the blocks would be as follows: 

Block 1: 1 2 3 A 
Block 2: 4 5 6 A 
Block 3 : 7 8 9 A 
Block 4: 1 4 7 A 
Block 5: 2 5 8 A 
Block 6: 3 6 9 A 

This paper deals with the intrablock analysis of these designs. 

1. I N T R A B L O C K A N A L Y S I S 

In these designs we have ν = k 2 + 1 treatments in a square lattice with M orthogonal 
replications, b = mk blocks, of k + 1 plots. There are k regular treatments (1 , 2 , . . . , 
k 2 ) , plus a common treatment A. The parameter is equal to 1 for regular treatments 
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that appear in the same block (first associates), equal to zero for regular treatments 
that do not appear in the same block (second associates). But when one of the treat­
ments in the common one, the Xy = m. S G , the normal equations (KEMPTHORNE, 
1952;PIMENTEL GOMES, 1969) will have coefficients 

_ _ ^ / i 1 \ - m k 
C i i - .m(l - - — — - ) -

For the example above, the equation corresponding to treatment 1 is: 

and for treatment A (common) it is: 

Since matrix C = (cy) is singular, we introduce a restriction for the treatments 
effects, which can be 

k 2 

Σ ti + k t A = 0 . 

The solution of the system of normal equation gives then: 



where Sj(Qj) is the sum of Q's in the j t n replication, in the block where the ith- treat­
ment appears. 

The sum of squares for treatments (adjusted) is: 

SST (adjusted) = — Σ Q? + HLii QÍ + > l- Σ S 2 ( Q ) , 
m 1 m (mk - k + 1) A m ( m k - k + m) j , j ' j J 

where Sj j ' (Q) is the sum of Q's in the j ' t n block of the j t n replication. 

So the analysis of variance is obtained as explained in table 1. 

The adjusted treatment means are: 

where G is the grand total of all plots. 

2. C O N T R A S T S B E T W E E N T R E A T M E N T M E A N S 

There are 3 cases to be studied. 

1 s t associates: Two regular treatments occurring in the same block, for instance, 
treatments 1 and 2 in the example above: 

V ( m i - A j ) = ^ i [ i + m ; * ] . 
m m k - k + m 

2 n d associates: Two regular treatments which do not occur in the same block, for 
instance treatments 1 and 6 in the example above: 

V ( m i - m j ) = - 2 ^ 2 - [1 + — ~ - — ] . 
m m k - k + m 



3 r c * associates: A regular treatment and the common treatment: 

3 . E X A M P L E O F A N A L Y S I S 

We shall take as example a 5 χ 5 square lattice with 4 orthogonal replications and 
a common treatment A present in all blocks. The experiment was carried out with corn 
(maize), and harvest expressed in kg/ha (Table 2). 

For treatments 1, 2, . . . , 25 and A we compute now the totals Tj (i = 1, 2, . . . , 
25 , A ) and the adjusted treatment totals 

Q i = T i ~ s j i h * ' 

where Ν = (ny) is the INCIDENCE MATRIX, and Bj is the total of block J. It is known that 
the incidence matrix is obtained from elements ny, with ny = 1 if treatment I occurs in 
block J, and ny = 0, if it does not occur. 

However, it is easier to calculate = (k + l )Qi , as done in Table 3. We have: 

Tj = 22,194 

Ql = 6 Q ! = 6 T i - ( B 4 + B 6 + B H + B 1 7 ) = 

= 6 X22,194 - (35,150 + 37,957 + 34,078 + 33,002) = 7,023 

Q A = 6 Q A = 6 X 1 1 3 > 1 6 9 - 6 7 8 > 4 7 6 = 5 3 8 · 



Formulas given in section 2 can be easily changed to use Q' = values instead of 
Q — values. We obtain: 





On the other hand, we have: 

rii! = 5,654 - 336 = 5,318 , 

m A = 5,654 + 4 = 5,658 . 

The sum of squares for treatment (adjusted) is: 

SST (adjusted) = — J Σ Q[2 + - ^ - 1 + 
m ( k + l ) 2 m(k + 1) 2 ( m k - k + m) 

+ ί — .Σ., S 2 , (Q.\ 
m ( k + 1) 2 ( m k - k + m) 

SST (adjusted) = (1/144) 3,888,633,692 + (1/912) 289,444 + 

+ (1/2,736)9,235,411,576 = 30,380,234 

The analysis of variance obtained is given in Table 4. 

TABLE 4 - Analysis of variance of data in table 2. 

For first associates we have: 

V (mi - ihj) =
 2(12SâlP± (1 + 3/19) = (0.5789) 728,416 = 421,680 . 

4 

For second associates the estimate of variance is: 

V(mi - m u ) = 2(728,416)^ + 4 / 1 9 ) = ( 0 .6053) 728,416 = 440,910 . 
4 

Finally, for a contrast between the common treatment and any other treatment 
we have: 

V ( m i - m A ) = 728,416 ( - i - + - 1 - + - 1 - ) = 247,278 . 
V 1 A ' V 4 20 76 ' 



For the usual 5 x 5 square lattice we should obtain: 

V(mi - m u ) = 0.6000 s 2 

for first associates, and ' 

V(mi - m u ) = 0.6333 s 2 

for second associates. We conclude, therefore, that the new design gives lower estimates 
for these variances. 

RESUMO 

O Instituto Agronômico de Campinas vem, há muitos anos, utilizando, nos seus 
ensaios de milho, reticulados quadrados com k 2 tratamentos em blocos de k + 1 parce­
las, sendo a parcela extra de cada bloco cultivada com um cultivar padrão (variedade ou 
híbrido), não incluído entre os k 2 tratamentos originais. Conclui-se, pois, que esses 
delineamentos incluem k 2 + 1 tratamentos, em blocos de k + 1 parcelas. 

O presente trabalho deduz fórmulas para a análise da variância desses delineamen­
tos, e para a estimação das médias ajustadas de tratamentos. Fórmulas para a variância 
de diversos contrastes são deduzidas. Finalmente, apresenta-se um exemplo, detalhada­
mente analisado, de um ensaio em reticulado quadrado com k 2 = 25, e 4 repetições or¬ 
togonais, instalado corn 26 cultivares, em blocos de 6 parcelas. 
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