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EXPERIMENTS IN SQUARE LATTICE WITH A COMMON TREATMENT

IN ALL BLOCKS*

F. PIMENTEL GOMES **
GLAUCO P. VIEGAS #*+

SUMMARY

This paper deals with a generalization of square lattice designs,
with k2 treatments in blocks of k + 1 plots, the extra plot in each block
receiving a standard treatment, the same for all blocks. The new design
leads to lower variances for contrasts between adjusted treatment means

INTRODUCTION

Since a long time ago, the Instituto Agronomico de Campinas, a research institute
located in Campinas, Sdo Paulo, Brasil, uses for its experiments with corn (maize)
varieties and hybrids, square lattices with k* 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? original treatments. It is clear, therefore, that these square
lattice experiments include, on the whole, k? + 1 treatments in blocks of k + 1 plots.
For example, in a 3% lattice, with 2 orthogonal replications, and treatments 1, 2,..., 9,
plus treatment A (standard variety), the blocks would be as follows:

Block 1:
Block 2:
Block 3:
Block 4:
Block §:
Block 6:

123A
456A
789 A
147A
258A
369A

This paper deals with the intrablock analysis of these designs.

1. INTRABLOCK ANALYSIS

In these designs we have v = k? + 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?), plus a common treatment A. The parameter A;; 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 Ajj = m. So, the normal equations (KEMPTHORNE,
1952; PIMENTEL GOMES, 1969) will have coefficients -

1 - mk
i1 =) 1 - - T
cii = m( K+ 1 ) e
| Cjj = - —k_-lk—f (first associates) ,

cij = 0 (second associates) ,

Cia = ” T . ( a regular treatment and the common treatment),
CAA :mk(l - 1___)__._1"1‘11(3_
k+ k+1

mk 1 1 - 1 1 1 _
t o —1 g7 1t . ty =
K+ 1 T2 TR e STy e T

and for treatment A (common) it is:

2
Som g moy oMoy, mK

.. t = °
K+ 1 K+ 1 ke P ke AT

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

k2
P> ti+ktya =0.

i=1

The solution of the system of normal equation gives then:

z 1
fs= —1_Q
A K A >
: _ 1 1 1 ;
.= -1 Q; S, (Q; I+, .. Q;
i Q; + k( k‘k_+ )QA+ (mk-k+ )[ 1(Qi)+S2(Q)+...+Sy(QY)] ,
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where S;(Q;) is the sum of Q’s in the jth replic‘ation, in the block where the ith treat-
ment appears.

The sum of squares for treatments (adjusted) is:

- -1 2 m- 1 2 1
SST (adjusted) = — Z Q7 + + Z §2.Q),
(ad; ) m ! m(mk-k+1) % m(mk-k+m) j,j “(Q)

where Sj» (Q) is the sum of Q’s in the j’th block of the jth replication.

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

TABLE 1 — Analysis of variance.

Source of variation _ D.F. S.S.
Replicaiions o m-1 As usual -
Blocks within replications (unadjusted) mk-1) As usual
Treatments (adjusted) ' k> : By formula
Residual By subtraction By subtraction
Tota mkk+1) -1 “As usual

The adjusted treatment means are:

-~ G - ~ _ G ~
mj = + i , m, = +1
Ymkk+1) A mkk+1) A

where G is the grand total of all plots.

2. CONTRASTS BETWEEN TREATMENT MEANS

There are 3 cases to be studied.

18t associates: Two regular treatments occurring in the same block, for instance,
treatments 1 and 2 in the example above:

- ~y_ 20% m-1
V(m; —m;)= 1+ .
(m J) m [ mk-k+m]

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

- ~y_ 20? m
Vim; —m;) = 1+ .
(m; — m;) - [ mk-k+m]
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31d associates: A regular treatment and the common treatment:

Vi —m.)=0? [ L +_1 4 k-1 ’
(m; a) [ m mk k(mk-k+m)]

3. EXAMPLE OF ANALYSIS

We shall take as example a 5 x 5 square lattice with 4 orthoganal 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 T; (i=1, 2, ...,
25, A) and the adjusted treatment totals

1 1 } k+1 ] >

where N = (nj) is the incidence matrix, and B; is the total of block j. It is known that
the incidence matnx is obtained from elements njj, with nj; = 1 if treatment i occurs in
block j, and ny; = 0, if it does not occur.

However, it is easier to calculate Q; = (k + 1)Qj, as done in Table 3. We have:
T; = 22,194

Q1 =6Q, =6T; — (B4 +Bs¢ +B;; +B;4)=

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

Q, =6Q, =6x113,169 — 678,476 = 538 .
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TABLE 2 - Yields, in kg/ha, or corn (maize) in the quadruple square lattice, with a common
treatment in all blocks, used as example.

Block o Block
N© - - B L | Totals
15t replicate | B

1 6,126 (5) 6,497 (11) 6,309 (8) 6,271 (19) 5,743 (22) 6,602 (A) 37,548
2 6,809 (2) 6,642 (10) 5,111 (13) 4,646 (24) 5,240 (16) 6,173 (A) 34,621
3 3,670 (4) 6,899 (7) 5,770 (21) 4,167 (18) 4,195 (15) 6,430(A) 31,131
4 6,610 (12) 7,166 (20) 5,925 (23) 5,332(1) 5,509 (9) 4,608 (A) 35,150
5 6,175 (14) 7,413 (3) 5,768 (6) 6,059 (17) 5,704 (25) 7,202 (A) 38,321
176,771

2nd replicate
6 6,218(1) 6,692 (18) 6,621 (10) 6,321 (14) 6,318 (22) 5,787 (A) 37,957
7 5,580 (2) 5,586 (15) 4,682 (23) 6,155 (19) 8,237 (6) 5,487 (A) 35,727
8 6,199 (25) 3,844 (4) 5,549 (12) 5,550 (16) 6,480 (8) 4,844 (A) 32,466
9 5960(11) 5,019 (24) 6,300 (7) 6,993 (20) 5,996 (3) 6,280 (A) 36,548
10 6,986 (17) 5,191 (9) 7,204 (5) 6,999 (21) 6,394 (13) 6,001 (A) 38,775
| 181,473

3rt replicate
11 6,350 (25) 6,519 (1) 5,195 (13) 6,187 (19) S5,412(7) 4,415(A) 34,078
12 4,542 (8) 4,330 (20) 5,580 (2) 3,847 (21) 4,339 (14) 5,273 (A) 27,911
13 4491 (4) 6,285 (17) 4,927 (11) 3,998 (23) 3,846 (10) 6,044 (A) 29,591
14 5,374 (22) 5,690 (15) 4,230 (3) 4,177 (9) 5,416 (16) 5,165 (A) 30,0582
15 6,064 (6) 5,992 (18) 5,780 (S5) 5,102 (24) 4,692 (12) 4,887 (A) 31,817
| 153,449

4th replicate
16 6,052 (7) 6,439 (6) 6,600 (10) 5,855 (8) 7,160(9) 6,687 (A) 38,793
17 4,125 (1) 5,822 (2) 2,956 (4) 7,022 (5) 7,804 (3) 5,273 (A) 33,002
18 4,235 (13) 4,867 (11) 4,734 (15) 6,342 (14) 7,691 (12) 5,744 (A) 33,613
19 5,199 (16) 3,985 (20) 5,029 (19) 4,998 (18) 6,223 (17) 4,823 (A) 30,257
20 5,129 (29) 5,880 (25) 3,609 (24) 5,718 (23) 5,538(22) 6,044 (A) 31,118
166,783
Formulas given in section 2 can be easily changed to use Q’ = values instead of

Q — values. We obtain:

-~

t
A mk(k+1)

Q) =

(1/120) 538 = 4.5~
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: - 1 ) 1 s
t; = ———Qi+ Q’ +
' m(k+1)QJ k(k+1)(mk-k+m) A

1 s > ’ =
! (k+ 1) m(mk - k + m) [S:(Q1)+S,(Q1) +...+5,(Q1)]

= {1/24)(-7,023) + (1/570)(538) + (1/456)(-20,403) = -336.

TABLE 3 — Data analized, with values of T;, Q; and m, for each treatment.

Treat. 15t 2nd 3rd 4th T. Q m.
n® rep. rep. rep. rep. 1 1 1
1 5,332 6,218 6,519 4,125 22,194 - 7,023 5,318
2 6,809 5,580 5,580 5,822 23.791 11,485 6,146
3 7,413 5,996 4,230 7,804 25.443 14,735 6,365
4 3,670 3,844 4,491 2,956 14,961 -36,424 3,948
5 6,126 7,204 5,780 7,022 26.132 15,650 6,406
6 5,768 8,237 6,064 6,439 26.508 14,390 6,466
7 6,899 6,300 5,412 6,052 24,663 7,428 5,899
8 6,309 6,480 4,542 5,855 23.186 2,398 5,846
9 5,509 5,191 4,177 7,160 22.037 -10,548 5,241
10 6,642 6,621 3,846 6,600 23.709 1,292 5,606
11 6,497 5,960 4,927 4,867 22,251 - 3,794 5,440
12 6,610 5,549 4,692 7,691 24,542 14,206 6,211
13 5,111 6,394 5,195 4,235 20.935 -15,477 4,927
14 6,175 6,321 4,339 6,342 23.177 1,260 5,829
15 4,195 5,586 5,690 4,734 20.205 - 9,293 5,175
16 5,240 5,550 5,416 5,199 21.405 1,034 5,660
17 6,059 6,986 6,285 6,223 25.553 16,374 6,451
18 4,167 6,692 5,892 4,998 21.749 - 668 5,636
19 6,271 6,155 6,187 5,029 23.642 4,242 5941
20 7,166 6,993 4,330 3,985 22474 4978 5,948
21 5,770 6,999 3,847 5,129 21.745 1,535 5,642
22 5,743 6,318 5,374 5,538 22,973 1,163 5,673
23 5,925 4,682 3,998 5,718 20.323 - 9,648 5,130
24 4,646 5,019 5,102 3,609 18.376 -23,848 4,589
25 5,704 6,199 6,350 5,080 23.333 4,015 5,827
A 6,602 5,787 4415 6,687
6,173 5,487 5,273 5,273
6,430 4,844 6,044 5,744
4,608 6,280 5,165 4,823
7,202 6,001 4,287 6,044 113,169 538 5,658

176,771 181473 153448 166,783
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On the other hand, we have:
m; =5,654 —336=5,318 ,
rhA= 5,654+4 = 5658 .

The sum of squares for treatment (adjusted) is:

SST (adjusted) = ! ) Qi’2 + m - 1 QZ +
m (k + 1)? m(k+1)? (mk-k+m)
+ 1 T, S, (Q
LA A | MY

m(kk+ 1)? (mk -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.

Sourceof variation _ DF.  Ss.  MS. __F
Blocks 19 35,779,509

Treatments (adjusted) 25 30,380,234 1,215,209 1.67*
Lrror 75 154,631,221 728,416

For first associates we have:

V (m; — mj) = 2(72%416) (1 +3/19) = (0.5789) 728,416 = 421,680 .

For second associates the estimate of variance is:

¥ (i — my) = 2(723’416)(1 +4/19) = (0.6053) 728,416 = 440,910 .

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

Vimi—m,)=728416 (21— + L+ _1 )= 247278 .
(m; —m,) (4 20 76)
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For the usual S x 5 square lattice we should obtain:
V (m; — my) = 0.6000 s*
for first associates, and -
| V (m; — my) = 0.6333 s?

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

RESUMO

O Instituto Agrondomico de Campinas vem, hd muitos anos, utilizando, nos seus
ensaios de milho, reticulados quadrados com k? tratamentos em blocos de k + 1 parce-
las, sendo a parcela extra de cada bloco cultivada com um cultivar padrdo (variedade ou
hibrido), ndo incluido entre os k? tratamentos originais. Conclui-se, pois, que esses
delineamentos incluem k? + 1 tratamentos, em blocos de k + 1 parcelas.

O presente trabalho deduz formulas para a andlise da varidncia desses delineamen-
tos, e para a estimagdo das médias ajustadas de tratamentos. Formulas para a varidncia
de diversos contrastes sdo deduzidas. Finalmente, apresenta-se um exemplo, detalhada-
mente analisado, de urn ensaio em reticutado quadrado com k? = 25, e 4 repeti¢des or-
togonais, instalado com 26 cultivares, em blocos de 6 parcelas.
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