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SPSS Practical Manual on Latin Square Design (LSD)

D. S. Dhakre, D. Bhattacharya and Bhola Nath
Institute of Agriculture, Visva-Bharati, Sriniketan
West Bengal -731 236, India

Example:

The following table gives the yields in pound per plot, of four varieties A, B, C and D of wheat

after being applied to each of 4 plots, tested in a Latin Square Design

D 33 C33 A33 |B35
B 38 A 33 C37 |D32
A 33 B 36 D3 [C32
C32 D 32 B37 |[A29

Arragment of data for Analysis

row col Treat | yield
1 1 4 33
1 2 3 33
1 3 1 33
1 4 2 35
2 1 2 38
2 2 1 33
2 3 3 37
2 4 4 32
3 1 1 33
3 2 2 36
3 3 4 35
3 4 3 32
4 1 3 32
4 2 4 32
4 3 2 37
4 4 1 29
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SPSS commands for analysis

The input data file can be created as shown below:
Step 1: File > New — Data —

13 Untitled3 [DataSet3] - IBM SPSS Statistics Data Editor [T

File Edit View Dala Transform Analze Graphs Custom Ulilties Add-ons Window Help
[al Al
a4 ‘D @
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Data View| Variable View
|\BM SPSS Statistics Processor is ready Unicode ON
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Step 2: Variable view — Name (row, col, treat, yield) —

-
12 LSD.sav [DataSet1] - IBM SPSS Statistics Data Editor =l

File Edit View Data Transform Anale Graphs Custom  Utiiies Add-ons Window Help

SEe e BLFARAEE B3 2109 %

| Name H Type ‘| Width H Dec\mals” Label H Values H Missing H Columns H

H Measure H Role
& Scale v Input -]
& Scale N Input
& Scale N Input
& Scale N Input

row Numeric Row None None

treat Numeric Treatment None None

8 0 8
col Numeric 8 0 Column None None 8
8 0 8
8 0 8

yield Numeric Yields None None

AL TH |

Data View  Variable View

[ IBM SPSS Statistics Processoris ready | | |UnicodeON | | |
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Step 3: Data view — Enter data — File — Save (with file name)

[ 12 LsD.sav [DataSet1] - IBM PSS Statistis Date Editor ==
File Edit View Data Transform Analge Graphs Custom  Utliies Add-ons Window Help
SEE @ = =
| [visiote: 4 of 4 variabies
[ ow [ e [ weat | yied | v [ w [ w [ w [ w [ e [ w [ wa [ va [ e [ va [ v |
1 1 1 4 33 =
2 1 2 3 33
2 1 3 1 33
4 1 4 2 35
5 2 1 2 38
3 2 2 1 33
7 2 3 3 a7
8 2 4 4 32
9 3 1 1 3
10 3 2 2 36
1 3 3 4 35
12 3 4 3 32
13 4 1 3 32
1 4 2 4 32
15 4 3 2 37
16 4 4 1 29
17
18
19
20
21
22 |
= =]
E1” M
o i
[ IBM SPSS Statistics Processoris ready | | |Unicode:OM | | |
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Step 4: Analyze — General linear model — Univariate —

-
13 LSD.sav [DataSet1] - [BM SPSS Statistics Data Editor (=] E [t
Fle Edit View Data Transform Analze Graphs Custom  Utiiies Add-ons
O 5 Reports 3
H= e S
Dgscriptive Statistics »
Compare Means » | |Visible: 4 of 4 Variables
| row [ co | GeneralLinearModel * | wnivariate. [ va [ var | var | var | wva | wva | wva [ wvar |
1 1 1 Generalized Linear Models LT [ — =
2 1 2 =
Miged hooels ' [ Repeated Measures.
: 1 3 Correlate » B . .
Variance Components
& ! 4| Regression »
5 2 1 Loglinear 3
2 2 z Classify »
I 2 3 Dimension Reduction »
8 2 4
Scale 13
9 3 1
Nonparametric Tests »
10 3 2 = ; D
orecasfin
11 3 3 e
= 3 4| sl »
i >
13 4 1 Multiple Response
1% n o | EZ Simutation
15 4 3 Quality Control 3
16 4 4/ | E RoOC Cune...
17 Spatial and Temporal Modeling..  *
18
19
20
21
22 L]
T AH [H
Dt Vi Ve
[Univariate. [IBM SPS$ Statistics Processorisready | | [Unicode:oN | ||
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Step 5: Dependent variable (yield) — Fixed factors (row, col, treat)

13 LSD.sav [DataSetd] - IBM SPSS Statistics Data Editor =E] =]
Fle Edit View Data Transform Analze Graphs Custom Uiiies Add-ons Window Help
o
SEHE @ e » Bl H B
‘ ‘V\sib\e 4 of 4 Variables
ow | col || weat | yied [ var [ var [ v [ e [ w [ a [ a [ w [ v [ wr [ war [ wr |
1 1 1 4 I " &
2 1 2 3 33 2 Univariate ]
3 1 3 1 33 Depengent varan |
Dependent Variable: _“MEL 3
4 ! 4 2 3 | [P viels e - 7
= 2 2 S B Eixed Factor(s). — 1
& (ros. ] |
7 2 3 3 37 “ | |9 = |
8 2 4 4 32 o o
E 3 1 [ 3 Random Fadtr(s) 1
10 3 2 2 36 (_gptions.._| |
11 3 3 4 35 = |
12 3 4 3 32 |
= i 4 3 » Covariate(s) )
© : : : 2 ? |:| |
15 4 3 2 37 |
16 4 4 1 29 WLS Weight
17 » |
» (Lox ) (essto [ mosst ] (cancel](rets | .
19
20 " " " " " "
21
=]
]
[IBM SPSS Statistics Processorisready | | [Unicode:oN | ||
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Step 6: Model — Custom — Main effects — Build terms (row, col, treat) - Sum of
Squares (Type III) - Continue

L5D.sav [DataSet1] - [BM SPSS Statistics Data Editor (== = ]
File Edit View Data Transform Analze Graphs Custom  Utiies Addons Window Help
o =
SEe 0 e BHLL0 H
‘ ‘V\sib\e 4 of 4 Variables
I row || col H treat H yield H var ‘l var ‘l var ‘l var ‘l var ‘l var || var H var H var H var H var H var H
]

1 ! 1 4 [ 2 Univariate: Model =)0

2 1 2 3

3 1 3 1 Specify Model

4 1 4 2 © Full factorial @: custom;

E 2 1 2 Factors & Covariates Model: )

6 2 2 1 ! row ow

7 2 3 3 [ col col 1

! treat treat 1

£ 2 4 4 b Build Term(s) }

9 3 1 1 Type -

1 3 3 4 |

12 3 4 3 |

13 4 1 3

14 4 2 4

15 4 3 2

16 4 4 1

7 Sum of sguares [l Include interceptin model |

18

19 (Lrep | ]

20

21

22 L

= I

JET™| [r]
Data View Variable View

[ IBM SPSS Statistics Processorisready | | |UnicoderON | | |
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Mathematical model:

Yijk = utai +f+nt &k ; (i=j=k=1,2,... n)

Yield = u + Treatment + Row + Column + &;

where yijik = Response of the jth replication, ith treatment and kth column

u = general mean effect

a; = ith treatment effect
S = jhrow effect
7 = kth column effect
&jk = error effect with mean = 0 and variance = o2 [N(0, o?)]

Step 7: Post Hoc — Post Hoc Tests for (treat) > LSD — OK

3 LSD.sav [DataSet1] - [BM SPSS Statistics Data Editor l=[=] = |
File Edit View Data Transform Analyze Graphs Custom  Ulilites Add-ons Window Help
= - B — -
SHe M e~ BLFARHHEBL2EH 00 %
Visible: 4 of 4 Variables
row col treat yield e J el var | var | var | var [ var var var var var var
1 1 1 4 33 13 Univariate: Post Hoc Multiple Comparisons for Observed Means @ =
2 1 2 3 33
3 1 3 1 3 Factor(s): Post Hoc Tests for
i 1 1 2 35 row treat
col
5 2 1 2 33 freat
6 2 2 1 33
7 2 3 3 37
8 2 4 4 32
5 3 b ; B Equal Variances Assumed
[# LsD [ shK [7] Waller-Duncan
10 3 2 2 ¥ [7] Bonferroni [7] Tukey
1 3 3 4 35 _ — _
= 3 . 3 w [ sidak [ Tukeys-b [] Dunngtt
= i 1 3 2 ] Scheffe | Duncan
1 4 2 4 2 [C] R-E-G-W-F [[] Hochberg’'s GT2 [ Test
I 4 3 2 37 [£) R-E-G-W-Q [[] Gabriel @
:S 4 4 1 2 Equal Variances Mot Assumed
1é
o
20
21
22 L
T H |
Data View Variable View
IBM SPSS Statistics Processor is ready Unicode:ON
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ANOVA -Treatments

Tests of Between-Subjects Effects

Dependent Variable: Yields

Type Il Sum of
Source Squares df Mean Square F Sig.
row 13.000 3 4.333 13.000 .005
col 25.000 3 8.333 25.000 .001
treat 45.000 3 15.000 45.000** .000
Error 2.000 6 .333
Corrected Total 85.000 15

a. R Squared = .976 (Adjusted R Squared = .941)

** Significant at 1% level of significance

Yields
Treatment Mean Std. Deviation
1 32.00 4 2.000
2 36.50 4 1.291
3 33.50 4 2.380
4 33.00 4 1.414
Total 33.75 16 2.380

Dependent Variable: Yields

POSTHOC TESTS - Treatments

Multiple Comparisons

Mean Difference 95% Confidence Interval
(I) Treatment  (J) Treatment (1-J) Std. Error Sig. Lower Bound Upper Bound
1 2 -4.50 .408 .000 -5.50 -3.50
3 -1.50 .408 .010 -2.50 -.50
4 -1.00" .408 .050 -2.00 .00
2 1 4.50 .408 .000 3.50 5.50
3 3.00 .408 .000 2.00 4.00
4 3.50" 408 .000 2.50 4.50
3 1 1.50" 408 .010 .50 2.50
2 -3.00" 408 .000 -4.00 -2.00
4 .50 408 .267 -.50 1.50
4 1 1.00 .408 .050 .00 2.00
2 -3.50" .408 .000 -4.50 -2.50
3 -.50 408 .267 -1.50 .50
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Do Yourself
An Experiment on cotton was conducted to study the effect of foliar application of

urea in combination with insecticidal sprays in the cotton yield. Five treatments were

tried in a 5x5 Latin Square Design. The layout and yield are given below.

1249 T4 6.4 T53.3 T19.5 T311.8
13 9.3 T14.0 126.2 T55.1 T45.4
T47.0 13154 T16.5 T2 6.0 T54.6
T55.3 1T27.6 T313.2 T4 8.6 1149
T19.3 T56.3 T411.8 13159 127.6

Analyze the data and state your conclusions.
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