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Preface 

The 1990s saw major improvements in the options available for the analysis of field 

trials. Traditionally, the principal method of handling spatial variation in a trial was use of 

incomplete block designs. Experience with many analyses has led to the realization that 

spatial variation has multiple sources for which block designs often fail to account. 

This manual describes an approach to the spatial analysis of field experiments using 

the residual maximum likelihood software package ASREML (Gilmour et a/. 1999). It 

describes common sources of spatial variation and explains how these can be identified 

and accounted for in an analysis. 

NSW Agriculture makes no warranties with respect to ASREML. Use by CIMMYT of 

any software does not imply endorsement or recommendation. The user takes full 

responsibility for all operations done with ASREML. 
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1. INTRODUCTION 

The main objective of variety trials is to obtain precise estimates of variety means and 

variety contrasts. Soil fertility, soil water-holding capacity, soil physical characteristics 

and other environmental factors often vary across an experimental site. Previous 

history, irrigation, plot trimming, direction of cultivation or harvesting are other man 

induced sources of variation. Good experimental design can reduce the impact of some 

of these factors, but unless they are included appropriately in the statistical model, they 

will significantly reduce the precision of estimates of variety effects and variety 

contrasts. 

We use the term spatial (or nearest neighbour) analysis to refer to an analysis where 

we investigate the variance structure of each trial and use an appropriate structure to 

estimate the effects in the trial. Rather than obviate the need for a good experimental 

design, this approach increases it, because once a treatment effect is confounded with 

an environmental effect, the two cannot be disentangled. 

ASREML (Gilmour et aI., 1999) uses the REML (Residual Maximum Likelihood) 

estimation method to estimate variance components in the context of mixed linear 

models. It is a useful tool for analyzing field variety trials as it allows for the fitting of 

spatial variability within field trials in a variety of ways. It allows for various experimental 

designs, multiple covariables, and performs across site analysis. 

This manual describes how to install ASREML, prepare data files and ASREML 

command files to perform spatial analyses of replicated and unreplicated variety trials, 

and interpret ASREML outputs. 
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2. BACKGROUND 

Spatial variability can be partly controlled by using an appropriate experimental design. 

Most variety trials use complete or incomplete block designs and are analyzed using 

the traditional analysis of variance. Block designs attempt an a priori reduction of the 

experimental error considering spatial heterogeneity among blocks. This approach does 

not consider the presence of spatial variability within blocks, and researchers face the 

problem of having to find blocks in the field that are homogeneous without knowing their 

most appropriate shape, dimension and orientation. When field variety trials are laid out 

in a rectangular array of r rows and c columns with replicates allocated contiguously, 

then spatial analysis can be -performed to improve the precision of estimates of variety 

effects and variety contrasts. 

An appealing idea presented by Papadakis (1937) and developed by Wilkinson et al. 

(1983) is to adjust a plot for spatial variability using information from the immediate 

neighbours. One useful measure for examining the heterogeneity patterns of the soil is 

the spatial autocorrelation of neighbouring plots within rows or within columns, based 

on the correlation between residuals at various distances apart. If there is no spatial 

pattern, all the correlations will be low. If there is pattern in the residuals, neighbouring 

residuals will be more similar and so have a higher correlation. Gleeson and Cullis 

(1987) proposed to sequentially fit a class of autoregressive-integrated-moving average 

models (ARIMA) to the plot errors in one direction (rows or columns). This was in the 

context of randomised complete block experiments. They found that differencing along 

the block and then fitting a moving average (MA) correlation structure to the residuals in 

that direction resulted in big gains in trial efficiency. Cullis and Gleeson (1991) extended 

the previous model to two directions (rows and columns) assuming that, in the field, 

rows and columns are regularly spaced. However, differencing in this two dimensional 

analysis was prone to discard treatment information (as shown by Kempton et al. 1994). 

Grondona et al. (1996) analyzed 35 cereal yield trials using the two-dimensional spatial 
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analysis proposed by Cullis and Gleeson (1991) and found that the autoregressive 

model in the direction of the rows and columns was most frequently the best model. 

Gilmour et al (1997) distinguished between global, natural, and extraneous variation. 

For natural variation arising from uneven soil moisture or soil depth or other natural 

variation, they proposed using a separable autoregressive (AR) correlation structure, 

without differencing. Thus, they model the natural variation as the direct product of an 

AR correlation structure for columns and an AR correlation structure for rows, denoted 

by AR1XAR1. Extraneous variation includes effects introduced by the experimental 

operations. These operations are usually aligned with rows or columns and are usually 

modelled with random row and column effects. Global effects include any major (non

stationary) trends across the field. These are fitted as linear trends, cubic smoothing 

splines, row and column contrasts and covariates. 

The variogram is used by Gilmour et al (1997) as a major diagnostic tool for checking 

for the presence of extraneous variation, along with trellis plots of residuals and plots of 

other random effects. It is essentially the complement of the spatial autocorrelation 

matrix but is easier to view and interpret. If there is no pattern to the residual, the 

variogram is essentially flat. Pattern shows itself in that the variance of differences 

between residuals which are near to each other will tend to be lower than for those that 

are from plots far apart. In other words, strong patterns in the variogram indicate that 

extraneous variation is present. We will display several variograms pointing out the 

interpretation of some common patterns. The variogram is used in an informal way. 

Terms added to the model are then formally tested with F-statistics (fixed terms) or 

Likelihood Ratio tests (random terms). 

The classical approach considers that the response variable Y is modelled by 

y= mu + variety effects + design effects + error, 

3 



where the italics denote the random terms. Thus, this model includes a constant term 

(mu), any covariates, and variety effects as fixed effects. Design or block effects are 

fitted as random effects to recover between block treatment (variety) information. The 

random effects are assumed to be independent random variables distributed Normal(O, 

cr
2

) with different variances for blocks and residuals. The basic spatial model considers 

that the response variable Y is explained by 

Y =mu + variety effects + global trend + design effects + error. 

The differences are: the possible inclusion of polynomial trends and other special fixed 

effects to remove systematic spatial variation, additional terms that are considered for 

inclusion in the design effects and the provision for the random effects and/or the 

residuals to be correlated. 

An alternative is to assume variety effects are random. This is necessary in 

unreplicated trials and the multi-site analysis of trials where we wish to have 

correlations between the performance of varieties at different sites. It is often desirable 

in two-replicate trials. This raises the issue of the difference between treating varieties 

as fixed and as random. As fixed effects, we obtain the best linear unbiased estimate 

(BLUE) of the variety effect, that is, the best estimate of the performance of that variety 

in that trial. Treated as random effects, we obtain the best linear unbiased predictor 

(BLUP) of the variety effect, that is, the best estimate of the performance of that variety 

in future trials. Historically, selection has been based on BLUE estimates and it is then 

observed that performance after release is usually not as good as that observed in 

trials. This is simply because future performance is predicted by the BLUP, not the 

BLUE. 

Gilmour et al. (1997) proposed extending the Cullis and Gleeson (1991) approach in a 

sequential manner. First a two-dimensional, separable, auto-regressive spatial model of 
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first order (AR1 x AR1) is fitted as the basic spatial model. The AR1 x AR1 model is 

flexible enough to generally represent many different spatial patterns that arise. They 

then propose looking at the variogram. If it has the classical AR1 x AR1 appearance 

and there are no outliers or other obvious problems, this model is accepted. Otherwise, 

the model is adapted as suggested by the variogram until a reasonable result is 

obtained. This is an iterative'process. It is helpful to discuss the models with the 

experimenter who knows physical site characteristics and trial management details. 

They often explain the characteristics of the variogram. These might include variability 

due to agronomic and experimental practices and procedures such as irrigation flow, 

sowing and harvesting methods and direction, slope, proximity to roads, trees or rivers, 

machinery characteristics and site history. These are modelled as spatial covariances, 

covariates, and functions of the spatial coordinates using polynomial functions or cubic 

splines. 

Wald statistics or F ratio statistics can be used to test the significance of fixed effects 

considered in the model. We prefer to include random terms rather than fixed terms in 

the model so as to recover treatment information, but some effects need to be included 

as fixed effects. The likelihood ratio test is used to test random effects in the model. 

There is often not a single best spatial model but, rather, several reasonable spatial 

models. A reasonable spatial model may include global, extraneous, and natural 

sources of variation in the model. When the model is adequate, a variogram of the 

residuals will have little structure other than the basic AR1 x AR1 structure. 

A traditional statistic used to test for variety differences is the standard error of 

difference (SED). This is appropriate for testing differences between fixed (BLUE) 

variety effects. From spatial analysis, the SED varies for each particular contrast, but an 

average value is often reported. This may be used when all varieties have essentially 
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the same replication. The SED is not an appropriate statistic for choosing a spatial 

model because it is strongly influenced by the particular spatial model. The best spatial 

model does not necessarily have the smallest SED. The SED is not appropriate for 

testing differences in BLUPs; i.e., random effects should be BLUPs. 

In general, the approach proposed by Gilmour et al. (1997) for applying a spatial model 

to variety trials seems very attractive, because it enhances experimental precision and 

researchers' understanding of how the data in each environment were generated. Their 

paper demonstrates the process of fitting a spatial model to real data. Nevertheless, as 

pointed out by Brownie et a/. (1993), the presence of systematic variation within 

complete or incomplete blocks does not invalidate the use and the analysis of the 

classical complete block or incomplete block designs (such as lattices), but rather 

strengthens the need for the random allocation of varieties to plots within complete or 

incomplete blocks. Moreover, improved statistical tools never compensate for the 

precision lost from poor design or inappropriate agronomic or experimental practices. 

6� 



3. INSTALLING ASREML 

From January 2001, ASREML will be distributed commercially by VSN, a commercial 

venture of IACR-Rothamsted. Information on obtaining and installing ASREML can be 

obtained by email fromasreml@bbsrc.ac.uk. ASREML is distributed with a user guide 

describing many features not explained in this quide. 

This section describes installation of ASREML for personal computers and assumes 

that the program file ASRWIN.EXE has been downloaded to a floppy disc, or that the 

user uses a floppy disc provided with this manual. Installation details are contained in 

the file INSTALL.TXT. Briefly they are as follows: 

1.� Go to MSDOS Prompt 

2.� Type MKDIR C:\ASREML and press ENTER (or make a subdirectory 

C:\ASREML using WINDOWS Explorer) 

3.� Type CD C:\ASREML and press ENTER 

4.� Place the floppy disk in Drive A and type A:ASRWIN and press ENTER 

With these instructions, the program files are UNPACKED. It is highly recommended to 

run a trial to verify that the program is functioning properly. For this, proceed as follows: 

6.� Type ASREML SHF and press ENTER 

SHF is an ASREML instructions file generated when the program is UNPACKED. If 

ASREML has been successfully installed, a variogram that is part of the ASREML 

output will appear. You can scroll through the outputs and leave ASREML by 

consecutively pressing the ENTER key. 

7� 

mailto:fromasreml@bbsrc.ac.uk


ASREML memory requirements vary with the size of the job. Typically, analyses of a 

single trial will require at least 10MS hard disc space. If there is not enough memory or 

hard disc space, an error message describing the problem will pop up (INSUFFICIENT 

MEMORY) or a reference will be made to the error number 169 or to the file 

LF90.EER, which contains the text associated to the FORTRAN errors. 

4 THE LINEAR MIXED MODEL 

Formally, ASREML estimates variance components in a general, linear mixed model 

using the residual maximum likelihood (REML) approach. The equation for the general 

mixed linear model is: 

y = Xl' + Zu + II (1 ) 

where 

Y is the response vector 

X is the design matrix for fixed effects 

l' is the vector for fixed effects 

Z is the design matrix for random effects 

u is the vector for random effects 

is the vector of residualsII 
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Matrix X is the design matrix for fixed effects such as overall mean and varieties (-r). 

Matrix Z is the design matrix for random effects (u) such as complete or incomplete 

blocks, row and column effects, splines in the direction of the rows and/or columns. 

Here one can also include the extraneous effects due to agronomic practices and other 

experimental procedures. T~e residual (T]) is composed of: 

I.� the local trend (s) which is modeled by the two dimensional auto

regressive procedures in the direction of the row and columns, and 

II.� the residual e after adjusting for all the other terms in the model. 

Note that T] =S+ e. The random terms (u, S, e) are pairwise independent. 

ASREML fits this model with u and Sor e having zero mean and variance-covariance 

matrices given by Var(u) = G and Var(T]) = R. The default cases are when R=cr21and 

Gf=cr?1. 

5 DATA ANALYSIS USING ASREML 

This section provides a general outline for using ASREML. The examples in Section 6 

will help the user to comprehend this outline. 

5.1 DATA FILE 

Data of field trials is commonly organized using a spreadsheet. Columns of the 

spreadsheet represent the distinct attributes of each plot (factors, variables, 

covariables). Data for each experimental unit are listed in rows. For ASREML to read a 

data file properly, it should be saved as a comma separated file (.CSV). If not prepared 

in a spreadsheet, the file should be prepared as an ASCII text file with columns 

separated by spaces. 

9� 



Characteristics of the data file are: 

• Identifiers (headings, titles) of columns may be included. 

• Identifiers (headings, titles) and attributes (data, factor levels) must be 

alphanumeric. 

• Columns must be sepqrated by at least one blank space, TAB or comma (in 

.CSV file). 

• Missing data must be represented by a doUperiod (.), an asterisk (*) or NA. In 

a .CSV file, empty fields between commas are considered as missing values; 

a row that begins or ends in a comma is considered as having missing data 

at the beginning or at the end, respectively, of that row. 

• If a row has insufficient data fields, the input record is completed by taking 

values from the following row. This may result in wrong allocation of data. 

• A number sign (#) and dollar sign ($) have special meanings. Neither may 

appear in the data file. 

In .csv format, a typical data file might begin like 

Env, Expt, Rep, Row, block, check,plot, entry, yield, Column 
4,14,1,1,1,0,8601,8601,3.47,1 
4,14,1,1,2,0,8602,8602,3.58,2 
4,14,1,1,3,0,8603,8603,4.17,3 
4,14,1,1,4,1,8604,8604,3.87,4 

In space delimited ascii text form, it might look like 

Env Expt Rep Row block check plot entry yield Column 
4 14 111 o 8601 8601 3.47 1 
4 14 112 o 8602 8602 3.58 2 
4 14 1 1 3 o 8603 8603 4.17 3 
4 14 1 1 4 1 8604 8604 3.87 4 
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5.2 COMMAND FILE 

ASREML uses a command file that defines data file, attributes, model and variance 

structure. The following rules apply: 

•� The file must have a valid DOS name and the extension <name>.AS (for 

example: TRIAL1.AS). Avoid names with embedded spaces. 

•� The command file consists of up to six orderedsections. These are: 

I. Title 

II. Definition of data columns 

III. Name of the data file 

IV. Linear model 

V. Variance structure (when necessary) 

VI. Predict statement 

•� All characters after a number sign (#) are treated as comments in the input 

file are ignored during processing 

•� Blank lines are ignored. 

•� A blank space is the most commonly used separator, although a TAB may 

also be used. 

•� Key words are sensitive to capital and lower-case letters. 

•� All lines starting with a ! followed by a blank space are copied as comments 

to the output file. 

11� 



Example of command file to analyse a single trial 

Spatial analysis of a field tr~al # TITLE 
env expt # DEFINITION OF COLUMNS 
rep 2� 
row 8� 
block 8� 
check 
plot 
entry 64 II� 
yield 
column 16� 

# Some data as Comments� 
# 4 14 1 1 1 0 8601 8601 3.47 1� 
# 4 14 1 1 2 0 8602 8602 3.58 2� 
# 4 14 1 1 3 0 8603 8603 4.17 3� 
# 4 14 1 i 4 1 8604 8604 3.87 4� 
# 4 14 1 1 5 0 8605 8605 2.92 5� 

trial.dat !SKIP 1 # Name of data file; skip header line 
yield - mu entry # Linear model 

1 2 # Variance structure AR x AR� 
row row AR .1� 
col col AR .1� 
predict entry # request adjusted entry means� 

In this guide, we present the information required for coding ASREML for spatial 

analyses. Much more information and many more options are in the reference manual. 

Title 

The first line in the command file is used for the title. It should clearly identify the trial for 

future reference to this analysis. 
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II Definition of columns in the data file 

Each column of the data file'must be defined. The definition consists of a <name> and 

qualifiers to indicate how the column is to be interpreted. Factors are indicated by 

specifying the number of <I~vels> and/or a <qualifier>. Column definitions must be 

indented. While several definitions may appear on a line, it is less confusing to have 

one definition per line. 

•� <name> A column name may have up to 20 characters preceded and 

followed by a blank space. 

•� <levels> If the column contains a variable, <levels> is set to 1 or omitted; if 

the column contains a factor, <levels> is set to ,*, or the actual number of 

factor levels. 

•� <qualifiers> The major qualifiers are !A and II. 

!A means that the data in this column is alphanumeric. ASREML will recode 

them in the order of appearance. 

II means that the data in this column is numeric but not 1 -- <levels>. 

ASREML will recode them in the order of appearance. 

No qualifier: If <levels> is greater than 1 but no qualifier is used, the data in 

this column are considered as a factor coded 1 to <levels>. Otherwise the 

values are considered as a variable. 

ASREML has some capacity to transform data that are described in the reference 

manual. We recommend that new users transform data in a spreadsheet before using 

ASREML. 

13� 



III File name for the data file and general qualifiers 

A data file must always be specified after defining the data columns. Its name must 

begin in the first position of the line. The data file name must include the path if it is not 

in the same directory as the command file. 

There are many qualifiers that can be placed on this line after specifying the name of 

the data file. The most commonly used are 

!skip n indicates to skip over the first n lines (those containing column 

headings) in the data file 

Imaxit m establishes the maximum number of iterations in m. The default is 

10 iterations. 

IV Linear model 

The linear model is a list of terms, each separated by a space in the form 

<variable Y> - <model> 

<variable Y> is the name of the data field which will be analyzed. 

<model> lists the terms of the model. <variable Y> is separated from 

<model> using the symbol (-). 

Some common model terms are: 

mu represents a constant term or the intercept 

<name> is the name of an explanatory variable or factor 

<name>.<name> is the interaction of two terms 

Ir indicates that the following terms are random 

!f indicates that the following terms are fixed 
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mv� if there are missing values in the response 

variable <variable Y>, mv needs to be placed 

among fixed terms; i.e., before Ir or after If. 

Examples of models are:� 

Y - mu entry� 

Yield - mu entry !r block� 

Height - mu con(entry) lin(col) !r spl(col)� 

conO, linO and splO are model functions described below. 

Some rules when writing the model 

•� Terms in the model are case-sensitive (i.e., capital vs lower-case letters). 

•� Wherever possible use the full name of factors and covariates when listing 

the model terms, as this avoids confusion. However, it is legal to truncate 

names provided ambiguity is avoided. 

•� ASREML provides several model functions to achieve particular forms in the 

design matrix. The major ones are: 

con(entry) in place of entry constrains entry effects to sum to zero, 

Iin(co/) in place of co/ treats the factor co/ as a covariate, and 

• po/(co/,t) forms a t-orthoganal polynomials from col; the mean is excluded 

if t is negative, po/(co/,-t).� 

sp/(col), used as a random term in conjunction with /in(co/) as a fixed term,� 

fits the cubic smoothing spline to col.� 

conO may only be used as a fixed term in the model, IinO and polO are� 

also normally used in the fixed part of the model; splO should only be� 

used in the random part� 
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• Interactions between factors can be simplified. For example 

a*b expands to a b a.b 

a.(b cd) e expands to a.b a.c a.d e 

• nested effects 

alb mean b-effect is nested in a-effect 

V Variance model 

A random term has a variance structure associated with it. The default variance 

structure is independent (uncorrelated) effects with equal variance. For the models 

covered in this manual, it is sufficient to assume the effects in all random factors other 

than the residual are uncorrelated and that the residuals may be correlated with a 

separable autoregressive structure. ASREML can handle much more complicated 

situations. 

Random effects: Uncorrelated random effects are included in the linear model by 

listing them after Ir. These commonly include factors like row, column, block, rep, 

spl(row), spl(col) and some interactions. 

Residuals: The residuals may be modelled as distributed independently or with a 

separable autoregressive structure [AR(rows) x AR(columns)] and occasionally as a 

combination of these. For the first case, nothing extra is required. For the second case, 

three extra lines are required. Typically they will be 

1 2 
column column ARl .1 
row row AR1 .1 
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These lines mean: 

•� that we are analysing a single experiment laid out in the field in two dimensions; 

•� that the data file contains two factors called row and column which index the field 

positions; and 

•� that ASREML is to fit an autoregressive structure to each of these dimensions using 

0.1 as the initial correlation. 

With this specification, ASREML checks that the spatial arrangement is correct. 

Example of randomised block analysis 

A randomised block analysis could be specified in ASREML with: 

Command file I Explanation 

Example: randomised block analysis I Title 
rep 3 I Column definition 
entry 107 I Column definition 
yield I Column definition 
row 22 I Column definition 
col 15 I Column definition 

mydata.dat !SKIP 1 I File name for data file 
Y- mu con(entry) !r rep I Linear model 
predict entry I Request means 

The data file has 1 header line and 330 data lines. Each data line contains a rep 

number (1-3), a genotype (entry) number (1-107), a yield, a row number (1-22) and 

a column number (1-15). The spatial information is ignored in this analysis. 

The fixed model displayed here includes the general mean [mu] and entry effects with 

the restriction that the sum of all entry effects equals zero [con(entry)]. Replicate effects 

are fitted as random effects with variance var(u)=<lYrI3 and residuals are distributed 

with variance var(e)=cr2133o. 
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Example: Initial spatial analysis� 

The initial spatial analysis as advocated by Gilmour et al (1997) could be coded as:� 

Command file Explanation 

Example of spatial analysis Title 
rep 3 Column definition 
entry 107 Column definition 
yield Column definition 
row 22 Column definition 
col 15 Column definition 

mydata.dat !SKIP 1 File name for data file 
Y - mu c(entry) Linear model 
1 2 Variance structure 
col col ARl 0.1 Variance structure 
row row ARI 0.1 Variance structure 
pred ict entry Request means 

The fixed model is as before, replicates are not fitted but the residuals are distributed 
2with variance var(l1)=cr LA(iJlcol) @ LA(iJlRow) where LA(~) is a matrix of auto-regressive 

correlations, with the parameter iJI corresponding to columns and rows, respectively. 

5.3 Running the Program 

The usual command to run ASREML is 

C:\ASREML\ASREML.EXE -<option> <command file> , 

where common <option>s include c, m, nand s2 and <command file> is the 

name of the command file. This command may be typed directly at the command 

prompt in an MSDOS box, may be associated with the .as filename extension within 

Explorer, or entered after clicking Start Run 

Concerning the options, use: 

-c to resume a run continuing iterations from the current point; 

-m to invoke ASREML's menu for interactive running and viewing output; 
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-n to suppress the graphics; 

-s2 to increase memory size; and 

-g11 to save the graphics to WMF files. 

Multiple options should be concatenated (e.g., -cms2 to combine c, m and s2. 

5.4 RESULTS 

The results are written in various output files. A detailed summary of the analysis 

appears in the file <name>.ASR. The file <name>.SLN includes adjusted effects. In 

both cases, <name> is the same as the command file. 

6 EXAMPLES FOR SPATIAL ANALYSIS OF A VARIETY TRIAL 

The data and command files used in this manual can be found in the following internet 

address www.cimmyt.orq/biometrics 

6.1 SPATIAL ANALYSIS OF A VARIETY TRIAL WITH REPLICATES 

This section presents a sequence of programs in ASREML used for spatial analysis of 

replicated field trials. Data from two trials will be shown (TRIAL1.DAT and 

TRIAL2.DAT). Note that the appropriate use of ASREML for spatial analysis of field 

trials is not automatic and cannot be done by simply pressing a couple of keys. As 

proposed by Gilmour et al (1997), the analysis proceeds through a series of steps to 

produce an appropriate spatial model. 
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6.1.1 TRIAL 1 

Preparing the data file 

Our first example is a variety trial designed as an alpha-lattice (Patterson and Williams, 

1976) with 16 varieties planted in three contiguous replicates laid out in 6 rows and 8 

columns. Each replicate had 2 rows. Each row had 2 blocks of 4 plots. Data for this 

example are in file TRIAL1.DAT. The first rows of the data file are shown below: 

rep blk row col plot Variety yld 
1 1 1 1 1 16 2556 

1 1 1 2 2 1 1361 

1 1 1 3 3 6 1567 

1 1 1 4 4 10 1797 

1 2 1 5 5 11 2753 

1 2 1 6 6 4 2089 

1 2 1 7 7 15 2531 

1 2 1 8 8 5 3144 

1 3 2 1 9 12 2189 

1 3 2 2 10 3 1864 

1 3 2 3 11 2 1400 

1 3 2 4 12 7 1006 

Each column or data field is separated by blank spaces and represents an attribute 

(factor, variable). The first line is a header line. There is then a line for each 

experimental unit, or plot. Thus the second line indicates that this experimental unit is 

from replicate (rep) 1, block (blk) 1, row 1, column (col) 1, plot 1, variety 16 and has a 

grain yield (yld) of 2556 kg ha-1
• 

The usual first model to fit following the approach of Gilmour et al. (1997) assumes 

separable AR1 x AR1 correlated errors. However, to introduce the coding for ASREML, 

we first present the traditional ReB (randomized complete block) analysis and the 

incomplete block analysis. 
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II Analysis as a randomized complete block design (ReBD) 

The command file, RCBD.AS, shown below contains the instructions for analyzing the 

data in TRIAL1.DAT as a randomized complete block design. 

Randomized complete block analysis with ASREML� 
rep 3� 
blk 12� 
row 6� 
col 8� 
plot 48� 
var 16� 
yld� 

trial1.dat !skip 1� 
yld - mu var !r rep� 
predict var� 

This file has five sections:� 

Title: Randomized complete block analysis with ASREML� 

Definition of columns: The column definitions must all start with a blank space.� 

• rep is a factor with 3 levels. 

• blk is a factor with 12 levels coding blocks within replicates. 

• row is a factor with 6 levels. 

• col is a factor with 8 levels. 

• plot is a factor with 48 levels. 

• var is a factor with 16 levels. 

• yld is the dependent variable. 

Name of the data file: trial1.dat !skip 1� 

!skip 1 causes ASREML to ignore the first line of the data file since it is a header line.� 
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! 
Linear model: The mean (mu) and variety are fixed effects. rep is declared to be a 

random effect by placing it after !r. 

Predict statement: This causes ASREML to print the table of adjusted variety means 

Results: ASREML generates several output files. The primary output file, with file 

extension .asr, for the complete block analysis follows. A detailed description of the 

contents of this file is given with the ASREML output from the incomplete block 

analysis. The Loglikelihood from this RCB analysis is REML logl=-223.482. The output 

file RCBD.ASR for TRIAL1:DAT is analyzed as a randomized complete block design: 
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ASREML [2 Sep 1999] Randomized complete block analysis with ASREML 
28 Sep 1999 14:46:10.450 . 8.00 Mbyte rcbd 
Reading trial1.dat FREE FORMAT skipping 1 lines 
Univariate analysis of yld 
Using 48 records [of 48 read from 48 lines of trial1.dat ] 
Model term Size 'Type COL Minimum Mean Maximum #zero #miss 

1 rep 3 Factor 1 1 2.0000 3 0 0 
2 blk 12 Factor 2 1 6.5000 12 0 0 
3 row 6 Factor 3 1 3.5000 6 0 0 
4 col 8 Factor 4 1 4.5000 8 0 0 
5 plot 48 Factor 5 1 24.5000 48 0 0 
6 var 16 Factor 6 1 8.5000 16 0 0 
7 yld 1 variate 7 228.0 1331. 3144. 0 0 
8 mu 1 Constant Term 

Forming 20 equations: 17 dense 
Initial updates will be shrunk by factor 0.548 
NOTICE: 1 (more) singularities, 
LogL=-226.562 S2= 0.28241E+09 32 df 0.1000 1.000 
LogL=-224.962 S2= 0.24775E+06 32 df 0.2040 1. 000 
LogL=-223.895 S'2= O. 22317E+06 32 df 0.4255 1. 000 
LogL=-223.547 S2~ 0.21198E+06 32 df 0.7227 1. 000 
LogL=-223.486 S2= 0.20767E+06 32 df 0.9627 1. 000 
LogL=-223.482 S2= 0.20659E+06 32 df 1. 048 1. 000 
Final parameter values 1.0556 1.0000 

Source Model terms Gamma Component Comp/SE % C 
rep 3 3 1.05562 218080. 0.95 o p 

Variance 48 32 1.00000 206588. 3.87 o p 

Analysis of Variance DF F-incr F-adj StndErrDiff� 
7 mu 1 23.15 6.99� 
5 var 15 2.29 2.29 371.1� 

Solution Standard Error T-value T-prev 
5 var� 

2 -295.000 371.114 -0.79� 
3 494.667 371.114 1.33 2.13� 
4 825.333 371.114 2.22 0.89� 

14 216.000 371.114 0.58 0.51 
15 886.333 371.114 2.39 1. 81 
16 336.333 371.114 0.91 -1.48 

7 mu 
17 993.333 375.580 2.64 

1 rep 3 effects fitted 

Finished: 28 Sep 1999 14:46:13.750 LQgL Converged 
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III Analysis as a randomized incomplete block design (RIBD) 

The command file BLOCK.AS contains the instructions for analyzing the data in 

TRIAL1.DAT as an incomplete block design. The command file BLOCK.AS for 

analyzing TRIAL1.DAT as an incomplete block design is as follows: 

Incomplete block apalysJs� 
rep 3� 
blk 12� 
row 6� 
col 8� 
plot 48� 
var 16� 
yld� 

trial1.dat !skip 1� 
yld - mu var !r rep blk� 
predict var� 

The only difference from the previous program (RCBD.AS) is the addition of the random 

factor blk. If the blocks were coded 1.. .4 within reps rather than 1... 12 across reps, the 

block factor would be fitted as rep.blk. 

Results: The primary ASREML output has 6 sections that are discussed in detail 

below. It is important to understand the output to avoid accepting invalid analyses. 

Section 1: The first line displays the compilation date of the program and the title line 

for the job. The second line displays the date and time of the run, the size of the data 

space being used, and the name of the file being run. The third line gives the name of 

the data file and number of header lines being skipped. The fourth line names the 

dependent variable. The next line indicates how many data records have been read 

and how many are being used in the analysis. 

ASREML [ 2 Sep 1999) Incomplete block analysis 
05 Oct 1999 14:52:35.370 8.00 Mbyte block.as 
QUALIFIERS: !skip 1 
Reading trial1.dat FREE FORMAT skipping 1 lines 
Univariate analysis of y 

Using 48 records [of 48 read from 48 lines of trial1.dat 
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Section 2: This contains a summary of the data. Things to check here are that the 

labels for the terms match the data values, that the ranges, number of zeros and 

missing values are correct. An idiosyncrasy of ASREML is that the minimum is 

determined ignoring zeros, since these are reported in the #zero column. 

Model term Size Type. COL Minimum Mean Maximum #zero #miss 
1 rep 3 Factor 1 1 2.0000 3 0 0 
2 blk 12 Factor 2 1 6.5000 12 0 0 
3 row 6 Factor 3 1 3.5000 6 0 0 
4 col 8 Factor 4 1 4.5000 8 0 0 
5 plot 48 Factor 5 1 24.5000 48 0 0 
6 var 16 Factor 6 1 8.5000 16 0 0 
7 yld 1 variate 4 228.0 1331. 3144. 0 0 
8 mu 1 Constant Term 

Section 3 reports information produced while analyzing the model. The 32 equations 

refer to the order of the mixed model equations. That is 1 + 16 + 3 + 12. These are 

divided into a 'dense' set (the first 17) and a 'sparse' set (the 15 random effects). The 

update factor limits the step size of the parameter updates in the first few iterations. 

This is a strategy to facilitate convergence. 

Singularities are linearly dependent equations. One singularity occurs because 

ASREML cannot estimate, without a constraint, 16 variety effects and a mean. The 

constraint used is to fix the first variety effect to zero so that the overall mean effect, 

mu, is actually the mean of variety 1 and that the variety effects are actually deviations 

from variety 1. 

Next is a report of the iteration process. The log1value is the Loglikelihood, which 

increases to a maximum of REML LogL=-221.417. S2=O.13322E+06 is the converged 

estimate of the residual variance. There is then a statement of the number of residual 

degrees of freedom (32). This is a maximum value to use in testing any F-statistics 

shown below. This is followed by the values of the variance parameters at each 

iteration. 

25 



Forming 32 equations: 17 dense 
Initial updates will be shrunk by factor 0.548 
NOTICE: 1 (more) singularities, 
LogL=-221.417 82= 0.13322E+06 32 df 1.508 0.6523 1. 000 
LogL=-221.417 82= 0.13322E+06 32 df 1. 508 0.6523 1.000 
Final parameter values 1.5077 0.65229 1.0000 

Section 4 summarizes the analysis. The first table presents the variance components. 

The variance components are derived from the Gamma values (used in the iteration) by 

multiplying them by the Variance (S2). 

The ComplSE is similar in concept to a t-statistic and provides a measure of the size of 

the component but is not suitable for testing the component. It is usual to test variance 

components with a likelihood Ratio test (LRT); Le., test the decrease in the REML logl 

value produced by dropping the term from the model. The LRT is usually not significant 

if ComplSE is less than 0.5 and is usually significant if ComplSE is greater than 1.5. 

The % column is the percentage change in the parameter in the final iteration. At 

convergence it will be O. The final column indicates any parameter constraints. A "P" in 

this column indicates the parameter is in parametric space; a liB" indicates the 

parameter has been fixed at a boundary. An liS" in this column indicates the variance 

model is over-parameterized and there is no information to update the parameter. 

The analysis of variance table provides tests of fixed effects. The usual F ratio statistic 

is like the SAS Type I test. It tests the addition of this term in the model after adjusting 

for all effects not in the table or higher in the table. A second F ratio statistic is 

sometimes displayed. It is like the SAS Type III test and tests the term after adjusting 

for all other terms in the model. The Type III test is meaningless for some terms when 
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there are singularities and interactions in the model. ASREML also reports an average 

Standard Error of Difference (SED) for main effects when the model is simple. 

Source Model terms Gamma Component Comp/SE % C 
rep 3 3 1. 50773 200856. 0.87 0 P 
blk 12 1~ 0.652285 86895.9 1. 33 0 P 
Variance 48 32 1.00000 133218. 3.26 0 P 

Analysis of Variance DF F-incr F-adj StndErrDiff 
7 mu 1 23.01 6.48 
5 var 15 2.75 2.75 326.4 

Section 5 shows the overall mean (mu) and solutions for the fixed factors. For this 

simple model, variety means are calculated by adding rriu to the variety ~ffects. The 

predict statement forms these adjusted means and displays them in the .pvs file. For 

example, for variety 1 the adjusted mean is 907.978, for variety 2 the adjusted mean is 

the sum of mu (907.978) and the effect for variety 2(-284.283), giving an adjusted 

mean of 623.695. All effects in the model are listed in the .sln file. T-value and T-prev 

test hypothesis of effect equal zero and differences between consecutive effects, 

respectively. 

Solution Standard Error T-value T-prev 
5 var 

2 -284.283 333.736 -0.85 
3 493.858 335.587 1.47 2.42 
4 699.294 320.937 2.18 0.64 
5 863.399 323.003 2.67 0.51 
6 30.9743 309.614 0.10 -2.49 
7 -115.815 323.003 -0.36 -0.44 
8 157.764 333.736 0.47 0.82 
9 407.242 333.600 1.22 0.78 

10 777.177 320.937 2.42 1.15 
11 1038.46 333.600 3.11 0.81 
12 648.027 335.587 1. 93 -1. 21 
13 248.187 320.937 0.77 -1. 24 
14 405.458 322.862 1.26 0.49 
15 942.484 333.600 2.83 1.60 
16 453.785 320.937 1.41 -1. 52 

7 mu 
17 907.978 356.640 2.55 

1 rep 3 effects fitted 
8 blk.rep 12 effects fitted 
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Section 6 gives the time and date when the analysis was concluded and indicates if 

there was convergence in the iterative process, both log-likelihood and parameter 

estimates. Three termination messages are common: 

LogL converged indicates that the iteration process has converged satisfactorily. It 

occurs when LogL difference in two consecutive iterations is less than 0.002 and the 

variance parameters are also not changing. 

WARNING: LogL Converged; Parameters Not Converged indicates the LogL values 

are very close but the variance parameters are still changing. The percentage change 

of each parameter in the last iteration is reported in the % field of the variance 

component report. You may choose to accept the result or force a few more iterations 

by rerunning the job using the -c command line option [e.g. ASREML -c BLOCK] which 

will do an extra 2 or 3 iterations. This has been the case here and other examples of 

this manual. 

Warning: LogL not converged means you should review the job. If it was converging 

and just needs a few more iterations, you can rerun the job with the !CONTINUE 

qualifier and/or using the !MAXIT qualifier to request more iterations. Both are placed 

on the data-file-name line. !CONTINUE causes the analysis to resume with the results 

from the most recent iteration. Putting say !MAXIT 20 increases the number of 

iterations from the default 10 to 20. The -c command line option is equivalent to 

specifying !CONTINUE. If the LogL is erratic, look for some explanation, simplify the 

model, and rerun. 

Finished: 05 Oct 1999 14:52:37.950 LogL Converged 
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IV Spatial 'analysis using the AR1 x AR1 

The spatial modeling approach of Gilmour et al (1997) begins by fitting the AR1 x AR1 

error model and looking at the residuals and a plot of a variogram of the residuals. The 

AR1 x AR1 model fits the natural local variation well. The plot of residuals often reveals 

anomalous points and global trends in the data. Use the following ASREML program: 

Command file AR1AR1.AS for analyzing TRIAL1.DAT using the AR1 x AR1 model: 

Alpha lattice example 
rep 3 
blk 12 
row 6 
col 8 
plot 48 
var 16 
yld 

trial1.dat !skip 1 
yld - mu var 
1 2 
row row AR1 0.1 
col col AR1 0.1 
predict var 

This model does not include any random terms other than the residual. There are three 

lines after the model line that define the structure of R, the covariance structure for the 

residuals. 1 2 indicates that the analysis is conducted for one site laid out in two 

directions. The next two lines define the two directions, associating them with the 

factors row and col and indicating that an AR model is to be fitted to both dimensions. 

The double occurrences of row and col have specific meanings. The first is used to 

declare the size of the dimension: Le., how many rows (columns) are present and 

depends on the row (col) factor being declared as a factor with the correct number of 
I 

rows (columns). The actual number of rows (columns) could be inserted into the first 

position rather than referring to the factor. The second is used to control the order of 

the records. ASREML needs to know the field order. If the second field is zero, the data 

is assumed presented with, in this case, columns nested within roY's. Naming the 

respective row and column factors causes ASREML to sort the records so that there is 

no chance of confusion on this count. It is therefore recommended that row/column 

coding be included in the data and that they be used in this way to ensure that the 

correct field order is assumed. 
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The AR1 0.1 coding indicates that a first order autoregressive correlation structure with 

initial correlation value of 0.1 is required. The main alternative used in spatial modeling 

is the 10 coding. Note that no parameter value is required for the identity in this context. 

Partial output file AR1AR1.ASR for TRIAL1.0AT analyzed using the ARt x AR1 model: 

6 AR=AutoR 0.10� 
8 AR=AutoR 0.10� 

Forming 17 equations: 17 dense 
Initial updates will be shrunk by factor 0.548 
NOTICE: 1 (more) singularities, 
LogL=-229.632 82= 0.36929E+06 32 df 1.000 0.1000 0.1000 
LogL=-223.070 82= 0.31100E+06 32 df 1. 000 0.2784 0.5000 
LogL=-221.639 82= 0.36032E+06 32 df 1. 000 0.2616 0.6811 
LogL=-221.490 82= 0.39375E+06 32 df 1. 000 0.2339 0.7321 
LogL=-221.475 82= 0.40786E+06 32 df 1.000 0.2271 0.7476 
LogL=-221.473 82= 0.41303E+06 32 df 1.000 0.2246 0.7527 
Final parameter values 1.0000 0.22376 0.75451 

80urce Model terms Gamma Component Comp/8E % C 
Variance 48 32 1.00000 413035. 2.78 0 P 
Residual AR=AutoR 6 0.223765 0.223765 0.79 0 U 
Residual AR=AutoR 8 0.754510 0.754510 7.67 0 U 

Analysis of Variance DF F-incr F-adj 8tndErrDiff� 
7 mu 1 46.79 13 .40� 
5 var 15 2.63 2.63 296.1� 

The REML logl is -221.473,2.01 higher than the -223.482 obtained from the complete 

block model, and 0.05 lower than (almost the same as) the -221.417 obtained with the 

incomplete block analysis with the same number of parameters. When conducting a 

spatial analysis with a two-dimensional structure to errors, ASREML generates two 

graphs of interest: 

• A trellis plot of the residuals with marginal means (Figure 1, left), where the 

marginal diamonds indicate the mean, minimum, and maximum of the residuals in 

the row (right side) or column (top). 

• The variogram of the residuals (Figure 1, right), where rows are plotted on the left 

side and columns are on the right side. 

The variogram is a helpful guide for improving the basic AR1 x AR1 spatial model. 

However, there are no formal tests or procedures associated with these displays. We 
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formally test terms suggested by these figures using likelihood ratio tests (for random 

effects) or approximat~ F tests (fixed effects) and limit ourselves to terms for which 

there is a plausible biological basis. Common terms are strong (non-stationary) trends 

across the experiment, edge effects, and row/column effects often induced by 

agronomic processes associated with conducting the trial (serpentine sowing or 

harvesting, unequal plot sizes, machinery effects). 

Alpha lattice example Row/Column residuals 1 Alpha lattice example variogram of residuals 1 

<>OO~<0~oO 
==::=J=� 

'---------

Figure 1. Trellis plot (left) and variogram (right) of residuals from. the AR1 x AR1 model 

produced by ASREML. Row distance is on the left axis, column distance is on the right 

axis. 

We first note from Figure 1 that there are no obvious points that might be outliers. Such' 

points would stand out with huge diamonds in the margin pointing to them. Second, we 

note the variogram is quite smooth with strong effects not of the typical AR1 x AR1 

appearance. In particular, residuals in the same row have much less variation than 

residuals in the same column-that is, there are strong row effects. This suggests there 

are non-stationary trends present. The trellis plot margins suggest that there might be 

strong curvature associated with the row means of the residuals and weaker curvature 

associated with the column means of residuals. If there were only autoregressive 

spatial variation, the typical pattern would be flat except at low row and column lags. 
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There are two approaches for fitting this type of curve. The traditional one is to fit 

polynomials. A second is to use cubic smoothing splines. We prefer the latter because 

it is a non~parametric curve. Both models fit the same linear component. They only 

differ in the way the curvature component is fitted. An advantage of the spline model is 

that it allows for recovery of treatment information from the curvature component 

because it is fitted as a random effect. The quadratic model does not provide such 

recovery, because it is fitted as a fixed effect. 

v. Spatial analysis using the AR1 x AR1 plus extensions 

The command file for analyzing TRIAL1.DAT using the AR1 x AR1 +pol(row,2) model is 

as follows: 

Alpha lattice example 
rep 3 
blk 12 
row 6 
col 8 
plot 48 
var 16 
yld 

trial1.dat !skip 1 
yld - mu var pol(row,-2) 
1 2 
row row AR1 0.1 
col col AR1 0.1 
predict var 

This analysis produces the trellis plot of the residuals in Figure 2a and the variogram 

depicted in Figure 2b. The F ratio for pol(row,-2) is 13.38 (P < 0.01) and it can be seen 

that the major non-stationarity along rows in Figure 1 has been removed in Figure 2a. 

The REML logl for this model is -203.69 (Table 1). However, the trend along the 

columns appears stronger now, because we have removed row effects, indicating that 

we may also need to fit pol(col,-2). The command file (not shown) for this model just 

includes po/(co/,-2) right after po/(row,-2). 
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Alpha lattice e~ample Row/Column residuals 1 Alpha lattice example Row/Column residuals 1 
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Alpha lattice example variogram of residuals 1 
Alpha lattice example variogram of residuals 1 

Figure 2. Trellis plots (above) and variogram plots (below) for spatial models for: (a) 

and (b) ARI x ARl+ pol (row, -2) and (c) and (d) ARI x ARl+ pol (row, -2) + 

pol (col, -2) as fixed terms in the model. 

The F ratio for pol(col,-2) is 5.01 (P<0.05). So, after adding a quadratic trend for both 

rows and columns, the log-likelihood is -189.61. Note that the addition of fixed effects is 

tested by F-ratios and not by the comparison of log-likelihood values. Trellis plot and 

variogram of that model are shown in Figures 2c and 2d. 
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A cubic smoothing spline is fitted in ASREML by including the terms lin(row) !r spl(row). 

The lin(row) term is an alternative to pol(row,-1) which does not centre. or rescale the 

variable fitted. The spl(row) term fits the curvature. The command file for the model is: 

Alpha lattice example 
rep 3 
blk 12 
row 6 
col 8 
plot 48 
var 16 
yld 

trial1.dat !skip 1 
yld - mu var lin(row) lin(col) !r spl(row) spl(col) 
1 2 
row row AR1 0.1 
col col AR1 0.1 
predict var 

Note that the terms spl(col) and spl(row) are written after Ir and thus are considered as 

random effects. The plots from this model are very similar to those for the two

dimensional polynomial model (Fig. 3). 

Alpha lattice example Row/Column residuals 1 Alpha lattice example variogram of residuals 1 
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Figure 3. Trellis plot (left) and variogram plot (right) for spatial models with I in (row) 
I in (col) ! r spl (row) spl (col) terms in the model. 

Replacing the quadratic terms with cubic spline effects makes very little difference in 

this example. The cubic spline model may fit slightly better on the basis of the average 

SED (278.4 for quadratic model, 274.6 for the cubic spline model). 
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In general, in modeling spatial analysis for variety trials, one should attempt as much as 

possible to include terms that are related to an identifiable source of variation. 

Furthermore, when modeling small data sets such as TRIAL1.DAT (which has only 6 

rows), caution should be exercised to avoid overfitting. For such data sets, it is more 

important to identify a parsimonious model than a complex one. For this reason, for 

TRIAL1.DAT we have fitted a much simpler model than those showed before; this is 

model AR1xAR1+row (with random rows) that fits one more variance parameter (4) 

than the simple AR1xAR1. A random row term after the AR1xAR1 seems to provide a 

variogram of residuals (Figure 4) similar to those previously found and a decrease in 

the Log-likelihood value with respect to the AR1xAR1 (Table 1). Thus, for TRIAL1.DAT 

with only 6 rows, the only justifiable model seems to be AR1xAR1+row. 

Alpha lattice example Row/Column residuals 1 Alpha lattice example Variogram of residuals 1 
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Figure 4. Trellis plot (left) and variogram plot (right) for spatial models with random row 

term in the model. 

Results of the different models, their Log-likelihood values, error variances, and SED 

are given in Table 1. 
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Table 1. Results for various models. Random terms in the linear model are bold. 

Linear model 

Mu + entry 

+ rep 

+ rep + blk 

+ row 

+ pol(row,-2) 

+ Iin(row) + spl(row) 

+ Iin(row) + spl(row) 

+ pol(row,-2) + pol(col,-2) 

+ lin(row) + Iin(col) 

+ Iin(row) + lin(col) + spl(row) 

+ lin(row) + lin(col) + spl(row) +� 

spl(col)� 

+ lin(row) + lin(col) + spl(row) +� 

spl(col) 

Error� 

Variance� 

Model� 

IDxlD� 

IDxlD� 

IDxlD� 

AR(1 )xAR(1)� 

AR(1 )xAR(1)� 

AR(1)xAR(1)� 

AR(1 )xAR(1)� 

IDxlD� 

AR(1 )xAR(1))� 

AR(1)xAR(1) 

AR(1)xAR(1) 

AR(1)xAR(1) 

IDxlD 

Log

likelihood 

-232.13 

-223.48 

-221.42 

-221.47 

-220.07 

-203.69 

-212.51 

-213.91 

-189.61 

-211.56 

-208.90 

-206.84 

-207.52 

Error Standard 

variance error of 

difference 

424504 532.0 

206588 371.1 

133293 326.5 

413035 296.1 

171003 299.5 

·171946 292.3 

233964 293.6 

148251 322.2 

126013 278.4 

405426 298.8 

172706 299.1 

110718 274.6 

110699 290.1 

Figure 5 compares the adjusted means of the RIBD, AR1 x AR1, AR1 x AR1 + pol(row,

2)+pol(col,-2), AR1 x AR1 + lin(row) + lin(col) + spl(row) + spl(col), and Ar1 x Ar1 +row 

models~ The greatest differences are between the adjusted means of the RIBD and the 

36� 



other models. Notice that adding the extraneous model terms to the basic AR1 x 

AR1 model has not greatly altered the adjusted means and that in this example the two

way spline model gives adjusted means that are very similar to those resulting from the 

two-way quadratic polynomial model. 

We conclude that there are highly significant row effects and that these are adequately 

fitted by including lin(row) !r spl(row) or possibly pol(row,2) in the model. Furthermore, 

there isa suggestion of column effects such that similar terms fitted to columns are 

significant (P<O.05) and so probably should be included but will have little effect on the 

adjusted means. 

Once the row effects are in the model, the AR error correlations become non-significant 

and could be dropped. However, the estimated correlations are small and there is 

generally no loss in efficiency from leaving them in. 
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6.1.2 TRIAL 2 

Preparing the data file 

The second example is a variety trial established in a row-column design (Nguyen and 

Williams, 1993) with 64 varieties planted in two contiguous replicates laid out in 8 rows 

and 16 columns. Data are in file TRIAL2.DAT. The first rows of the data file 

TRIAL2.DAT are as follows: 

rep row col variety yield(t/ha) 
1 1 1 5 1. 5318 
1 1 2 19 2.2211 
1 1 3 55 1.4589 
1 1 4 23 1. 2436 
1 1 5 27 1.8989 
1 1 6 38 1.3366 
1 1 7 64 1. 8966 

II Analysis of the row-column design 

The command file; RCD.AS, for analysis of the row-column design: 

Row-column example 
rep 2 
row 8 
col 16 
variety 64 
y 

TRIAL2.DAT !skip 1 
y - mu variety !r rep rep.row rep.col 

The linear model used in the file RCD.AS considers variety as a fixed effect and rep, 

rep.row and rep.col as random effects. 
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This is the output file RCD.ASR for TRIAL2.DAT analyzed as row-column design: 

ASREML [ 2 Sep 1999] Row-colum example 
28 Oct 1999 11:54:01.0608.00 Mbyte C: \RCD.AS 
Univariate analysis of y 

Using 128 records [of 128 read from 128 lines of TRIAL2.DAT ) 
Model term Size Type COL Minimum Mean Maximum #zero #miss 

1 rep 2 Factor 1 1 1.5000 2 a a 
2 row 8 Factor 2 1 4.5000 8 a a 
3 col 16 Factor 3 1 8.5000 16 a a 
4 variety 64 Factor 4 1 32.5000 64 a 0 
5 Y 1 Variate 5 1.151 2.539 4.783 a 0 
6 mu 1 Constant Term 
7 rep. row 16 Interaction 1 rep 2 2 row 8 
8 rep.col 32 Interaction 1 rep 2 3 col 16 

Forming 125 equations: 65 dense� 
Initial updates will be shrunk by factor 0.548� 
NOTICE: 34 (more) singularities,� 
LogL=-31.9255 S2= 0.41906 64 df 0.1000 0.1000 0.1000 1.000� 
LogL=-27.5664 S2= 0.26799 64 df 0.1795 0.3111 0.5202 1. 000� 
LogL=-25.8042 S2= 0.19528 64 df 0.3824 0.6574 1.085 1.000� 
LogL=-25.5597 S2= 0.18114 64.df 0.6957 0.8706 1.225 1. 000� 
LogL=-25.5302 82= 0.17985 64 df 0.9645 0.9148 1.218 1. 000� 
LogL=-25.52~7 S2= 0.17960 64 df 1. 060 0.9166 1.219 1. 000� 
Final parameter values 1. 0671 0.91656 1.2188 1.0000� 

Source Model terms Gamma Component Comp/SE % C 
rep 2 2 1.06710 0.191650 0.55 '0 P 
rep. row 16 8 0.916555 0.164612 1.52 a p 

rep. col 32 32 1.21885 0.218903 2.57 0 P 
Variance 128 64 1.00000 0.1.79598 3.78 a p 

Analysis of Variance DF F-incr F-adj StndErrDiff� 
6 mu 1 52.00 20.89� 
4 variety 63 0.84 0.84 0.5227� 

Finished: 28 Oct 1999 11:54:04.960 LogL Converged 

The Log likelihood for this model is -25.5287 with an error variance of 0.179598 and a 

SED of 0.5227. 
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III Spatial analysis using the AR1 x AR1 

Following the approach of Gilmour et al. (1997), the error model AR1 x AR1 is fitted and 

the trends of the residuals are examined in the trellis plots and variogram. The 

command file for this analysis is as follows: 

ARl x ARl� 
rep 2� 
row 8� 
col 16� 
variety 64� 
y� 

TRIAL2.DAT !skip 1� 
y - mu variety� 
1 2� 
row row AR1 0.1� 
col col AR1 0.1� 
predict varie~y
 

The Log-likelihood value of the AR1 x AR1 model is -17.79 (Table 2), an increase of 

7.74 over the Log-likelihood of row-column analysis, despite the reduction in 

parameters. The SED decreases from 0.523 to 0.443, with respect to the row-column 

analysis. The trellis plot of residual and variogram for the AR1 x AR1 analysis is in 

Figure 6. The smoothness of the variogram is indicative of strong non-stationary trends. 

The shape shows a curved pattern for rows and a Hatter pattern for columns. The trellis 

plot shows that both appear curvilinear. 

ARl x ARl Row/Column residuals 1 
ARl x ARl Variogram of residuals 1 

L:=: _ 

-
~----

Figure 6. Trellis plot (left) and variogram (right) of residuals from the AR1?<AR1 model. 

Row distance is on the left axis, column distance is on the right axis. 
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IV Spatial analysis using the AR1 x AR1 plus extensions 

Our next model fits cubic smoothing splines to both rows and columns. Note that each 

spline, as impl'emented in ASREML, requires two terms to be fitted: lin(row) andlin(col) 

as fixed terms, spl(row) and spl(col) as random terms. The splO terms may be omitted 

to fit just a linear trend. Since this involves adding fixed terms, we test the linear terms 

using F-ratios and then the splO terms using likelihood changes (Table 2). There is a 

huge increase in REML logl values going from the lin(r) + Iin(c) model 

(REML logl=-19.88) to the lin(r) + Iin(c) + spl(row) + spl(col) model (REML logl=-9.24) 

and the F-ratios for lin(row) and Iin(col) in this final model are huge (70.4 and 41.6). The 

trellis plot and variogram from this spline model are acceptable (Fig. 7). 

Output of the AR1 x AR1 +Iin(r) + lin(c)+spl(r) + spl(c): 

Forming 87 equations: 87 dense 
Initial updates will be shrunk by factor 0.548 
NOTICE: 1 (more) singularities, 
LogL=-9.23934 82= 0.14822 62 df . 1.302 0.1182 1;000 0.9413E-02 0.1151 
LogL=-9.23934 82= 0.14822 62 df 1.3020.1182 1.000 0.9430E-02 0.1152 
Final parameter values 1.3016 0.11816 1.0000 O.94340E-02 0.11516 

Source Model terms Gamma Component Comp/SE % C 
spl (row) 6 6 1. 30162 0.192924 1.10 0 P 
spl(col) 14 14 0.118156 0.175129E-01 0.99 0 P 
Variance 128 62 1.00000 0.148219 4.75 0 P 
Residual AR=AutoR 8 0.943403E-02 0.943403E-02 0.04 0 U 
Residual AR=AutoR 16 0.115165 0.115165 0.51 0 U 

Analysis of Variance DF F-incr F-adj StndErrDiff 
10 spl(col) 14 8.85 3.72� 

9 spl (row) 6 14.20 8.27� 
6 mu 1 4409.93 6.80� 
4 variety 63 1. 86 1.000.4038� 
7 lin (row) 1 70.96 70.25� 
8' lin (col) 1 41. 60 41.60� 

Finished: 28 Oct 1999 14:18:35.220 LogL Converged 
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ARlxARl+extensions Row/Column residuals 1 
ARlxARl+extensions variogram of siduals 1 

~~~~~~:::c:Y
 
------===----- e = 

Figure 7. Trellis plot (left) and variogram (right) of residuals 
from model with lineal plus spline effects in row and column. Row 
distance is on the left axis, column distance is on the right 
axis. 

Table 2. Results for various models. In the linear model, random terms are bold. 

Linear model Error REML Error Standard 
Mu + variety variance . log variance error of 

model likelihood difference 
+ rep + row + column IDxlD -25.53 0.18 0.523 

~R( 1)xAR(1~ -17.79 0.62 0.443 

+ lin(r) + lin(c) AR(1)xAR(1) -19.88 0.46 0.450 

+ Iin(r) + Iin(c) + spl(r) AR(1)xAR(1) -17.45 0.30 0.441 

+ lin(r) + Iin(c) + spl(r) + spl(c) AR(1)xAR(1) -9.24 0.15 0.404 
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II 

6.2 SPATIAL ANALYSIS OF A VARIETY TRIAL WITHOUT REPLICATES 

I Preparing the data file 

A total of 280 varieties were planted in a rectangular array of 14 rows and 31 columns. 

There is one check variety planted in every 3rd column (1,4, ... ,31). The data file name 

is UNREP.DAT and the first rows of the data file are shown below. Columns are: check 

(1 = check entry, 2 = no check entry), entry, column, row and yld. 

First rows of the data file UNREP.DAT: 

check entry Col row Yld 
101 1 7.21504 
2 1 2 1 5.13106 
223 1 5.97648 
104 1 5.42136 
235 1 4.86704 
246 1 7.70989 
107 1 6.10659 
258 1 7.87475 
269 1 7.89012 
1 0 10 1 6.61043 
2 7 11 1 6.27366 
2 8 12 1 5.44724 

Spatial analysis using the AR1 x AR1 model 

The following lines constitute the ASREML command file for the initial spatial analysis. 

Command file UNREP.AS for analyzing UNREP.DA T using the AR1 x AR1 model: 

Unreplicated analysis with ASREML 
check 2 
entry 281 !I 
col 31 
row 14 
yld 

unrep.dat !skip 1 
yld - mu !r entry 
1 2 
row row AR1 0.1 
col col ARl 0.1 
predict entry 
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In this model, the variety including check is considered a random effect. Some workers 

(for example Cullis et aI., 1989) have fitted the difference between CHECK lines and 

TEST lines as a fixed effect. However, since the check line is so highly replicated, it is 

easier and almost equivalent to do as we have here. The two-dimensional AR1 x AR1 

model for the residuals is specified in the last three lines. 

Output file UNREP.ASR for UNREP.DAT analyzed using the AR1 x AR1 model: 

ASREML [ 9 Aug 1999] Spatial analysis of an unreplicated field trial 
11 Aug 1999 10:27:19.230 32.00 Mbyte unrep 
Reading unrep.dat- FREE FORMAT skipping 1 line 

Univariate analysis of yld 
Using 434 records [of 434 read from 434 lines of unrep.dat] 

Model term Size Type COL Minimum Mean Maximum #zero #miss 
1 check 2 Factor 1 1 1.6452 2 0 0 
2 entry 281 Factor 2 1 91.6452 281 0 0 
3 col 31 Factor 3 1 16.0000 31 0 0 
4 row 14 Factor 4 1 7.5000 14 0 0 
5 yld 1 variate 5 2.115 6.340 9.333 0 0 
6 mu1 Constant Term 

14 AR=AutoR 0.10 
31 AR=AutoR 0.10 

Forming 283 equations: 2 dense 
Initial updates _will be shrunk by factor 0.548 
LogL=-2i7.568 S2= 1.0348 433 df 0.1000 1.000 0.1000 0.1000 
LogL=-225.231 S2= 0.81449 433 df 0.4252 1.000 0.8531E-01 o .2133E-01 
LogL=-213.282 S2= 0.54989 433 df 1.405 1.000 0.9564E-01 -0.1001 
LogL=-211.827 S2~ 0.50149 433 df 1.783 1.000 0.1068 -0.2064 
LogL=-211.731 S2= 0.49989 433 df 1.815 1.000 0.1186 -0.2359 
LogL=-211.725 S2= 0.49944 433 df 1.824 1.000 0.1234 -0.2414 
Final parameter values 1.8262 1.000 0.12493 -.24263 

Source Model terms Gamma Component Comp/SE % C 
entry 281 281 1. 82619 0.912075 7.18 0 P 
Variance 434 433 1.00000 0.499443 8.91 0 P 
Residual AR=AutoR 14 0.124930 0.124930 1. 77 1 U 
Residual AR=AutoR 31 -0.242635 -0.242635 -2.65 0 U 

Analysis of Variance DF F-incr F-adj StndErrDiff 
6 mu 1 8329.18 8329.18 

Solution Standard Error T-value T-prev 
6 mu 

1 6.44048 0.705695E-01 91.26 
2 entry 281 effects fitted 

Finished: 11 Aug 1999 10:27:23.570 LogL Converged 
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A variogram of the residuals and trellis plots are shown in Figure 8. As in the case of 

the replicated trial, this AR1xAR1 model can be improved. 

Spatial analys19 of d." unreplicated held trial Ro....../Column residuala 1 patial analys18 of an un replicated fIeld tnal Variogram of reslduals 
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Figure 8. Trellis plot (left) and variogram (right) of residuals for the unreplicated data of 
the model AR1xAR1. Row distance is on the left axis, column distance is on the right 
axis. 

Looking at the variogram, we see strong ridges associated with columns but they dO not 

persist across the whole variogram. This indicates that column effects have a sawtooth 

pattern locally but not consistently. This is also indicated by the negative autocorrelation 

parameter associated with columns. Looking at the trellis plot (Fig. 8), we can see the 

sawtooth pattern does seem to persist oVer all the columns. The columns containing 

the checks (every fourth) also stand out because they have bigger residuals (having 

true replication). We therefore add random column effects and fixed sawtooth effect to 

the model by changing the model line to read 

yld - mu altcol !r entry col 

where altcol is a new covariate added to the data which is 1 for odd columns and 0 for 

even columns. Some models are summarised in Table 3. 

Adding col to the initial model increased the LogLikelihood to -201.4, a significant 

increase of 10.3. Adding altcol to the base model, altcol was significant with an F ratio 

of 38.3. Adding col to this model still improved the likelihood significantly but altcol 

remains significant. 
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Table. 3 Summary of models fitled to unreplicated trial.� 

All modelsfitled with AR1xAR1 error correlation.� 

Random effects are in bold.� 

Model REML 

loglikelihood 

mu + entry -211.7 

mu + col -201.4 

mu + altcol -199.5 

mu + altcol + col -196.6 

This analysis assumes that entries are truly randomly distributed. In experiments where 

entries come from families and are laid out in the field in family blocks, then these 

column effects could be family effects. Thus, appropriate design is required for spatial 

analysis. Figure 9 show the variogram and residual plot after adjusting for AR1xAR1 

plus column effects. The variogram is fine. 

Spatial analysis of an unreplicated field trial Row/Column residuals 1 
patial analysis of an unreplicated field trial Variogram of residuals 
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Figure 9. Trellis plot (left) and variogram (right) of residuals for the unreplicated data 

corresponding to the analysis of the model AR1xAR1 + col. Rows are on the right side 

and columns are on the left side. 
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This is a reasonable.model for this data. We note that the residuals tend to be larger in 

the CHECK columns (1,4, ...31). This is because these are the replicated plots and so 

there is a good estimate of the mean, hence of the residual. Second, we note that the 

column effects that appear would be better estimated if check plots occurred in every 

column. For this reason, check plots are often run diagonally. These are design issues 

that need to be addressed. 

Predicted values for checks and entries of UNREP.DA T as listed in UNREP. SLN for the 

model with only col: 

The file UNREP.SLN contains the Best Linear Unbiased Predictors (BLUPs) for the 

entries including the CHECK line. The predicted mean is obtained by adding the mean 

(mu = 6.450) to the BLUPs and these predicted values are written to the UNREP.PVS 

file by the preict statement.. Thus for the check line (= Entry 0), the mean is 6.1368 = 

6.450 - 0.3132. The adjusted mean for entry 1 is 5.7349 compared with the unadjusted 

data value of 5.131 . 

The mean appears at the beginning of the output followed by the yield effect of each 

entry, the column effects, and lastly the 14 x 31 residuals. The last column contains the 

standard error of the effects. The predicted values for the. data points and the actual 

residuals are returned in UNREP.YHTln this case the predicted value involves the 

mean, entry effect, and the column effect. Thus, adding the column 1 effect (0.3281) to 

the CHECK mean (6.1368) gives 6.465. 
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mu 1 6.450 0.9592E-01 
entry 0 -0.3132 0.1436 
entry 1 -0.7151 0.5426 
entry 2 -0.4548 0.5426 
entry 3 -1.077 0.5426 

entry 287 0.3728 0.5426 
entry 288 1.756 0.5426 
entry 289 -0.5668 0.5426 
entry 290 -2.481 0.5426 
col 1 0.3281 0.1610 
col 2 -0.1857 0.2230 
col 3 0.6567E-01 0.2230 
col 4 -0.4431 0.1609 

col 26 -0.3041 0.2230 
col 27 0.3395 0.2230 
col 28 -0.2862 0.1609 
col 29 0.6290E-01 0.2230 
col 30 -0.3247 0.2230 
col 31 0.5475 0.1610 

Residual 1 0.7503 6.465 
Residual 2 -0.4180 5.549 
Residual 3 -0.8429E-01 6.061 
Residual 4 -0.2722 5.694 
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Appendix� 

The July 2000 release of ASREML contains improved data analysis features, runs in 

Windows, and allows users to edit files and conduct analyses through a menu option. In 

this appendix we describe how, in the menu option, to: 

• Create and edit files. 
• Change options for running ASREML. 
• Display menus for analyses.� 

Menu mode is invoked by the .-m option on the ASREML command line,� 

I. Create and edit a file 

First, you are asked about the name of the file you want to edit (or analyse) and where 
the file is located (Le., C:\asremI2000). This menu is displayed in Fig. 1. 

File Selectel'� 

File Hallie Dil'ectol'Y� 
t:WtM C:\asl'ernI2000 

I*EX11A.AS
SHF.AS 

I Cancel I 

Figure 1 

Then the file is opened and a horizontal bar menu is displayed at the top of the window 
(Fig. 2). You can edit the file, make changes and run it. 
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Several options in the menu bar are for editing the file (!op, Bttn, find, Goto). By 
selecting Help, useful editing keys functions are displayed (Fig. 3) 

When you select Cancel in the first window or Quit in the second window, a main menu 
bar is displayed (Fig. 4) that allows you to edit a new file (New) or edit (Edit) the open 
file. Note that you cannot create a new file; the command New is used to open another 
file. However, if you have a data file with extention.asd, .dat or .csv and try and open it 
with New, ASREML attempts to create a .as file from any information (like column 
headings) in the data file. This simplifies the task of creating a new .as file. 

I' II J 

:'as~emI2000'SHP.AS 
1.0 Bttfll E.ind Next 

- ~HP y ~ var 
Rep 
RowBLK 
ColBlk 
row 
coluflln 
variety 25 
yield 

SHF.asd !skip 1 
y ~ var 

1 2� 
15 coluflln AR 0.1� 
10 row AR 0.1� 
l'mKII_DQI 

Figure 2 

Goto Save Run U.el 

Cursor Keys 
PgUp/PgDn 
HOflle 
End 
Alt/Ctrl+T 
Alt/Ctrl+B 

-
-
-
-
-
-

Alt/Ctrl+G <n> 
F1/PP1/Alt+H -
Alt/Ctrl+Q/Esc 
Alt/Ctrl+P <str> 
Alt/Ctrl+H 
Alt/Ctrl+S 
Ctrl+K 
Ctrl+X 
Ctrl+C 
Ctrl+U 

Buttons can be 

-
-
-
-
-
-

quit L: 1 C: 1 

Move Cursor 
Page Up/Down 
Start of line 
End of Line 
Top of file 
BOttOfll of file 
Goto Line 
Help 
Quit 
Find a string 
Repeat find 
Save 
Mark block 
Cut block 
Copy block 
Paste 

activated with a 
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Rli C:\asremI2000\SHF.AS '. ,. 
Kew I:r;;nw Bun U-iew b-ed Opt Kelp Info Exit 
Edit the current file 

Figure 4 

The View option of Fig. 5 is used to view other files. You can select an ASREML (ASR, 
SLN, ASL, RES, PVS) type of file or any other kind of file (Othe). 

Figure 5 
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II. Change options 

When you select Opt (Fig. 4), a new window (Fig. 6) is displayed that allows you to 
change the options for running ASREML. By clicking on !nfo, you obtain a brief 
description of ~ach option. 

G II E II!I XL 'ly R Qrgs forlll quit Info H.elp
Graphics llIode ps On 

Continue frolll previous run Off� 
Debug llIode Off� 
Extended debug llIode Off� 
Graphics llIode ps On� 
Screen Log llIode Off� 

Rerun with next Argulllent Off 

Figure 6 

III. Run a program file 

After opening an .as file and selecting the desired options, a program can be run. The 
Run option (Fig. 4) must be selected. The plot of residuals is displayed as in the 
previous versions of ASREML. When the analysis is finished, the .asr file is displayed 
(Fig. 7). 

••. I t I 

:'asre~12000'SHP.as~ 
10 BttlTl E.ind Mext Goto ellit fl'int Iiel quit Line: 1 

ASREnL [20 Jun 2000] SHP y ~ var 
25 Oct 1999 15:02:40.710 8.00 tlbyte tlSWIH C:'asremI2000'SHF 

1IIIUMMMMMK•••'.' •• "'." •••"""""""""""'." •• ".I"'."".MM.MMMa'.'UJI'I"""MMM". 
A valid license to run ASREtlL was not found� 
You are not permitted to use ASREtlL without a valid license� 
except for a trial period of up to 30 calendar days� 

MMIIMMMMMMMMHMMMMM)IMMMMMMMM)(MMMMMMMMMMMMMMIIIIMMMMMMMMJINMMMMMMK 

• RSREML 2000 Jun Default spline has max of 50 knots.� 
• Peb Residuals now written to .yht file. •� 
• convergence monitoring of parameters to .res file. 
MIIIE.IMMMMMMMMN".I.'"""""""".I"""""" ••""""."I""""""MMK ARG * 
QUALIFIERS: !SKIP 1 

Reading SHF.asd FREE FORMAT skipping 1 lines� 
Univariate analysis of yield� 
Using 150 records [of 150 read from 150 lines of SHF.asd� 

Model term Size Type COL Minimum tiean Maximum Uzero Umiss 
1 Rep 1 Covariat 1 1.000 3.500 6.000 0 o 
2 RowBLK 1 Covariat 2 1.000 15.50 30.00 0 o 
3 ColBlk 1 Covariat 3 1.000 15.50 30.00 0 o J. 

.J 

Figure 7 
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