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Use of Trellis Graphics in the Analysis of
Results from Field Experiments in Agriculture
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Abstract

Trellis graphics (Becker, Cleveland, and Shyu, 1986a very effective
method for visualizing multidimensional data sete basic idea behind
trellis graphics is to display any of a large vayief 1-D, 2-D or 3-D
statistical plot types in trellis layout of panelghere each panel displays a
subset of the data for different values of one @renadditional discrete or
continuous conditioning variables.

The data that we use for the illustration of diffet applications of
trellis graphics are the results of a field expearith conducted at the
Institute for Field and Vegetable Crops in Novi Sadhe period 1994-1998
(Cobanové et al., 2001) with three fertilizers (nitrogen, gsphorus and
potassium) in three repetitions with nine variami$ wheat. In the
experiment, four quantities of each fertilizer wexeplied (0, 50, 100, 150
kg/ha) at plots of the same size in 20 from 64 pdescombinations,
whereby the yield of wheat (t/ha) was the measungdome.

1 Introduction

Modern computer technology has changed the way s&tzl analysis and
summary is done. In particular, graphical methodsawdlysis and summary now
play more important role, and deserve increased asiphin scientific reports
(Cleveland,1993).

Statistical graphics generally have two major fuocs: the analysis and the
presentation which is traditionally their primarynfition. With the development
of computer technology and with the intensive u$e aomputer software, the
analysis function of statistical graphics has asslimeincreasing importance
(Schmid,1983). In recent times, the statisticalpfpias are a very attractive way of
visual communication and analysis.
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Graphical methods have a central role in the Exgiliny Data Analysis (EDA),
the approach of data analysis introduced by John yi{k877). As the human
brain is very powerful in processing visual informoat, sometimes a single glance
at a graph is enough to identify a very complex ttree of data and relations
between the variables. Cleveland and his assocat®ell Laboratories did a lot
of research in the theory of graphical perceptiorheyl focused on the
psychophysical aspects of human graphical processing.

The appropriately drawn graphs may help in understendhe data and in
presenting the results to others. On the other hdragraphs not properly drawn,
can lead to the wrong conclusions (Tufte, 2001)

Statistical graphics are used both in teachingisttaes as well as in the
research (Nikoli-bori¢ et al., 2006).

The data analysis based on graphics is the firgt ister great many statistical
investigations.

The trellis graphics were introduced by Becker, @land, and Shyu, 1996.
The basic idea behind the trellis graphics is tgpthy any of a large variety of 1-
D, 2-D or 3-D statistical plot types in trellis layioaf panels, where each panel
displays a subset of the data for different valuesne or more additional discrete
or continuous conditioning variables.

The name trellis comes from the arrangement ofploés which looks like a
trellis (grid, lattice). The term “trellis” comesdm gardening where it is an open
structure used as a support for vines.

One important application of a trellis display iscomering the structure of
multivariate data and relations of the variablestive multivariable data sets
(Becker, Cleveland, and Shyu, 1996). The trelliptig enables making important
discoveries not found in the initial analysis. By quanng each conditioned panel
on the same scale it is possible not just to explbthe relationship between the
variables exists, but if it holds for all the lesedf the conditioning variable as
well.

Although the trellis was developed initially in tikentext of large data sets, it
is also useful for modelling the data from the desid experiments, even small
experiments, and it is a very powerful tool for rakeg the structure of
interactions in the studies of how a response d@épeon explanatory variables
(Cleveland and Fuentes, 1997).

One of the first applications of the trellis diagravas to present the yields
data of ten varieties of barley in an experimentaged in randomized blocks,
carried out in the State of Minnesota in the yed@380land 1931, at six locations
(Fisher, 1966). The trellis display led to the carsedbn that the data are in error.
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2 Softwarefor Trellis

A trellis display was implemented in S/S-Plus syst@acker and Cleveland,
1996).

The special package “lattice” for producing trelisaphs was developed in R-
language.

Also the trellis was implemented in the statistiggdckages GENSTAT 8,
VSN, International, 2005 and STATISTICA, Statsafic] where it was named a
categorized graph, the term first used in 1990PI&s Clinical Pack developed by
Insightful Corporation, enables the easy integratodrpowerful S-Plus graphics
within SAS environment.

2.1 Softwarefor Trellis

A trellis display consists of panels laid out intdhaee-way rectangular array of
columns, rows and pages. For the small data setspage is usually enough. In
the case of larger data sets multi-page layoutsnaessary for presenting the
whole data set. The panels of a trellis display, bjadlt are ordered left-to-right

and bottom-to-top but may be changed by the useilomesother way.The table

ordering, for example, is left-to-right and top{hottom. The strip labels written at

the tops of panels indicate the conditioning (slg)i variable and ranges, values or
levels of it, depending on whether it is a numdri¢@ontinuous, discrete) or

categorical variable.

A trellis display may be created by a single commainé.|It is based on
repeating the same graphical specification for eselment in a Cartesian product
of levels of one or more factors. The programs iRI&s and R trellising library
have the structure:

Y ~X/a*b

where Y is a continuous variable, X is a continumasiable or factor and a, b
levels of factors, variables or functions of thdefd model. A scatter plot also
consists of panels that are defined by Cartesiadywroof variables. Each of the
panels is a plot of different set of variables lituts based on the entire set of
observations and not on a subset as in the cagelb$ display. In S-Plus and R it
is possible to present a scatter-plot matrix cand#d on values on a relevant
variable, i.e. in trellis form.

The very flexible object-oriented S-Plus and R laages make possible the
control of display in order to present maximum imh@tion of data. It is also
possible to define the aspect ratio, multi-panselola, plotting symbols, lines,
colours, character sizes.
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3 Experimental data

The data that we use for the illustration of diffier applications of trellis graphics
are the results of a field experiment conductedthest Institute for Field and
Vegetable Crops in Novi Sad in the period 1994-1998banové et al., 2001)

with three fertilizers (nitrogen, phosphorus andgssium) in three repetitions
with nine variants of wheat. In the experiment, f@uantities of each fertilizer
were applied (0, 50, 100, 150 kg/ha) at the pldtshe same size in 20 from 64
possible combinations (Table 1), whereby the yield wifeat (t/ha) was the
measured outcome.

Table 1: Combinations of fertilizer applied in the experimie

Variants N P K
1 0 0 0
2 100 0 0
3 0 100| O
4 0 0 | 100
5 100 | 100, O
6 100 0 100
7 0 100 | 100
8 50 50 | 50
9 50 | 100| 50
10 50 | 100| 10d
11 100| 50| 50
12 100| 100| 50
13 100| 100| 100
14 100| 150| 100
15 100| 150| 150
16 150| 50| 50
17 150| 100| 50
18 150| 100| 100
19 150 | 150| 100
20 150 | 150| 150

4 Discussion

In the analysis of the results from the field expent in agriculture, several
univariate, bivariate and high dimensional trellisplays were applied. Also for
the same type of trellis various partitioning of @atere made in order to focus on
the different features of data.

In order to explore the characteristics of datatrthstion one-dimensional
trellis were applied: trellis dot-plot (Figure 1hpx-plots (Figure 2), histograms
with probability density plot (Figure 3), and quaatplots (Figure 4). With these
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diagrams the subpopulation structure, the distrdsushape and the presence of
outliers may be quickly reveale#fligure (1) illustrates that the highest wheat yield
was in 1994/95 and the lowest in 1996/7, regardtdésbe variety and combination
of fertilizers.

Trellis notched box-plots (Figure 2) shows that &ad had the highest median
wheat yield while the yield of variety Lasta had thghest variability. Also on the
basis of 95% median confidence interval that cdssef notches that are drawn

about the median and are extended mde\/ﬁ, where IQR is interquartile

range, it is possible to make multiple comparisaisthe median yields. The
notches that do not overlap represent a significéfiference between the medians.
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Figure 1: The yield against variety and year given the wvairiaf fertilizer.
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The trellis histograms with probability density pld#sigure 3) show that the
average wheat yield strongly depends on the levelnitfogen. The greatest
deviation from normal distribution is for zero ldwa nitrogen (Figure 4).

In order to explore the presence of interactiomieseof box-plots conditioned
on values of one or two factors were applied. Ibtpredictors are not of equal
importance the exposure should be taken as pangltla@ confounder as the
condition variable.
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Figure 2: Trellis notched box-plots.
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Figure 3: Trellis histograms with probability density plots.
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Figure 4: Trellis Q-Q plots.
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Figure 5: A box-plot of the wheat yield against variant eftilizer given variety.
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Figure 6: A box-plot of the wheat yield against varietieseay year.

As we want to provide the equal representation hd effects of the two
predictor variables (variety and fertilizer) the pamariables were switched.

Figures 5 and 6 are the examples of the use oflirgtaph in exploring the
interactions fertilizer-variety and variety-year. Tleenditional dependence on two
variables is presented in Figure 7, showing the athgeld against variant of
fertilizer given variety and year.

A two-dimensional trellis scatter plot is appliedarder to fit the function that
approximates the influence of fertilizers on theeahyield. Figure 8 displays the
influence of nitrogen that may be approximated wgjttadratic regression. It could
be easily noticed that the parameters of regressiodels are not the same for all
varieties.

The simultaneous influence of nitrogen and phospsan the wheat yield is
displayed by means of 3D trellis plot (Figure 9). eTBD scatter plots for
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individual wheat varieties suggest the quadratgressions that contain linear and
guadratic terms for nitrogen and phosphorus, aed ihteraction.

The better insight into nitrogen-phosphorus inté@ct is given in the trellis
contours plots made on the basis of estimated rqui@dresponse surfaces (Figure
10).
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Figure 8: The wheat yield against level of nitrogen givemigty.
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Figure 10: Trellis contour plots.

5 Concluding remarks

Trellis graphics help in choosing the adequateasgjon model which reflects the
influence of nitrogen, phosphorus and potassiunth@enwheat yield for individual
varieties and for the whole experiment.

The separate influence of nitrogen and phosphorag e approximated with
guadratic functions that differ for the differentarieties of wheat. The
simultaneous effect may be modelled with responsdases that is quadratic
regression that contains linear and quadratic teofmsitrogen and phosphorus,
and their interaction. The response surfaces aifferdor different variants of the
wheat.

The preliminary analysis based on trellis graphs sstggd that the influence of
the considered fertilizers on the wheat yield foe tvhole experiment may be
modelled with quadratic function that includes duynrariables. Each dummy
variable quantifies the influence of a particulariety of wheat.
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