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Summary 

This paper is a selective review on some of the most important contributions of Professor 
Tadeusz Przybysz in the field of crop rotation experiments. Among the many works in the field, 
we mention four of his papers (Przybysz 1976a, 1982a, 1985b, 1987), that are the most valuable 
in our opinion. 

At the first paragraph, we remind major problems of Professors scientific studies. The second 
paragraph contains crucial facts in respect to crop rotation experiments. The third part is devoted 
to analysis of crop rotation experiments; two cases of interest are distinguished here: experiments 
with the test crop and experiments including yields transformed into the same units. 

The article is supplemented by complete list of publications by Professor Tadeusz Przybysz. 
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1. Scientific studies issues  

Professor Tadeusz Przybysz scientific interests focused on the theory of 
experiment, biometry, statistics and many aspects of its applications, especially 
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within the sphere of agricultural sciences. His contribution to this area encom-
passes various aspects of the problems concerning with the theory of field ex-
periment. Initial studies were focused on analysis of long-term experiments with 
annual and long-term crops (Przybysz 1964b, 1964c, 1967, 1968). The papers 
Przybysz (1964b, 1964c) made original and substantial contribution in the field 
of single and multiple-experiments based on split-plot design. At the sphere of 
Professor interests we found all three conceptual classes of linear models: fixed, 
random and mixed.  

Crop rotation trials have been a topic of considerable interest. He paid par-
ticular attention to application of incomplete block designs to planning and 
analysis of crop rotation trials (Przybysz, 1975, 1976b). Statistical methods for 
comparison of crop rotations became his habilitation thesis. He has been 
awarded in recognition of his pioneering and noteworthy work (Przybysz, 
1976a). An area of Professor research includes experimental schemes, mathe-
matical models for crop rotation experiments and statistical analysis for these 
experiments with equal and unequal number of replications. He considered 
both: the analysis of variance (Przybysz, 1981, 1982a, 1982b, 1982c) and co-
variance (Kuna and Przybysz,1984; Przybysz, 1987). Some of his works have 
also been focused on the profile analysis (Przybysz, Wojcieszuk, 1996a, 
1996b). His investigations covered different methods to elaborate outcomes of 
crop rotations (eg. transformed yields, yields of test crop) (Przybysz,1988, 
1990).  

His interest in crop rotation design continued throughout his life. The last 
decade has resulted in a series of papers on efficiency of crop rotation designs 
(Przybysz et al. 1997, 1998, 1999a, 1999c; Bronowicka-Mielniczuk et al. 1999). 
In particular, appropriate criterion for evaluating rotation designs has been es-
tablished on the basis of fundamental ideas for incomplete block designs. Much 
of the work was undertaken to deal with cyclic designs. A variety of results on 
this topic have been achieved, among others, by Przybysz et al. (1999b) and 
Bronowicka-Mielniczuk et al. (2000).  

Professor Przybysz scientific achievements include many papers resulting 
from cooperation with agricultural practitioners and theorists (Styk, Przybysz, 
1967, 1968; Dobrzański et al. 1968; Malicki, Przybysz, 1985; Przybysz, 
Malicki, 1996). Most of his works centres on real experiments. 

In closing, noteworthy papers concerning applications of regression analy-
sis and multivariate covariance analysis with respect of zero-one variables in 
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technical and economical problems (Przybysz, 1999, 2000; Przybysz, Wojnar, 
2000), should be mentioned.  

2. Introduction to crop rotations problems 

In this section we recall some notions related to crop rotations. The follow-
ing remarks will help to clarify some of the issues.  

Crop rotation is one of the oldest and most effective cultural control strate-
gies. The term "rotation of crops" is used to designate a system of recurring 
succession of plants covering a regular period of years, and maintained on al-
ternating fields of the farm. Such a system generally maintains productivity, 
aids in keeping soil structure favourable, eliminates weeds, pests and crop di-
seases and tends to reduce erosion. A good selection of possible crop rotation 
becomes an essential problem. The decision should take into account both agro-
ecological conditions (e.g. the climate, topography, soil type, available techno- 
logy) and economical results of use the crop rotations. 

A history of crop rotations experiments dates back to the 19th century. Field 
experiments conducted at Rothamsted Experimental Station were probably the 
first crop rotation experiments of note. At the first studies on crop rotations, we 
found only analysis of real crop rotation experiments outcomes (Fisher, 1935; 
Cochran, 1939). At later literature (Yates, 1949, 1954; Patterson, 1964) the 
model for crop rotation experiments has not been precisely described, either. 
Prof. Tadeusz Przybysz was a pioneer in undertaking this problem in Poland 
and proposed for crop rotation experiments modified mathematical model based 
on classical split-block design (Przybysz, 1976a). It should be emphasized that 
earlier publications (Yates, 1949; Patterson, 1964) did not indicate explicitly 
the components for crop rotations effects. 

3. A comparison of crop rotations 

A valuation method remains an important concern in statistical comparison 
of crop rotations. One way is as follows: only yields for one selected species of 
plants are analysed. Such a crop is treated as a test crop; other species of plants 
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are intentionally omitted in the analysis. The other possibility is to use yields 
from all species of plants converted into the same units (e.g. corn units) (Przy-
bysz, 1985b). Another method assumes scoring-based evaluation of crop rota-
tion stands (Wawelski, 1964; Filipiak, Krzymuski, 1986).  

Subsequently we shall turn our attention to statistical methods based on the 
test crop and transformed yields. Linear models described below are determined 
by the approach undertaken. It is worth noticing that alternative rotation 
schemes can be of equal (Przybysz, 1981) or unequal (Przybysz, 1976a, 1982c) 
rotation lengths. Other methods have been described in Przybysz (1988). As 
usually, evaluation studies focused on treatment (sequence or rotation) effects.  

3.1. Mathematical model for crop rotation experiments based  
on the test crop 

Section 3 deals with linear models associated with crop rotation experi-
ments. In this area two papers ought to be mentioned (Przybysz,1976a, 1982a). 
The following assumptions underlie the method and offer methodological 
comments: 

1. The crop rotations should contain so-called test crop during the full ro-
tation. Selection of the test crop depends on a goal of the crop rotation. 

2. The experiment ought to start with all crops in each rotation. Then, test 
crop occurs in every year at least on one of the field from the compared crop 
rotations. 

3. Different sequences of species create various levels of soil fertility in 
the plots. The sequences are treated as the objects. 

4. During the full rotation every object from the first crop rotation should 
meet with every object from the second crop rotation.  

5. The procedure preceding experiment requires preliminary experiment, 
which prepares suitable post for the crops. 

6. The length of time over which the experiment is conducted equals the 
least common multiple of rotation lengths.  

7. Statistical study is based on test crop yields. 
Mentioned papers (Przybysz, 1976a, 1982a) include illustrative patterns for 

comparison of different crop rotations: 6-field with 5 and 4-field one (each with 
two options for the distribution of test crop); 3-field with 5-field one (in two 
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options); 3-field with 4-field one. Scheme of experiment is represented by plot 
versus years incidence matrix G. Notably, treating years as blocks we obtain the 
usual incidence matrix for incomplete block design; "one" indicates the occur-
rence of the test crop, zero is referred to other species. 

For describing such experiment modified split-block mathematical model 
was proposed (Przybysz, 1976a, 1982b, 1982c). The cross classification of fac-
tor A (objects-plots) and factor B (years) was applied. Plots determine one way 
of classification, the second way of classification is specified by successive 
years of experiment period. The modification of the model consists in fact that 
not all levels of A classification have been present in particular years.  

 The linear model adequate for such experiment has been described in 
following form: 

 ijkjkikkijjiijk eey +++++++= ϕγβαρµ , (3.1.1) 

where µ  denotes the mean value, iρ , jα , kβ  are the fixed effects of i-th rep-

lication ( )r,...,,i 21= , j-th plot ( )a,...,,j 21= , k-th year ( )b,...,,k 21= , respec-

tively. ikγ  and jkϕ  are interaction effects of considered factors. Components 

ije , ijke  denote experimental errors, which are assumed to be normally distrib-

uted and uncorrelated. 
Proposed model has the following matrix form: 

 2211 eXeXXXXXXJY +++++++= ϕγβαρµ ABBRBARN . (3.1.2) 

The estimators for the parameters in the model (3.1.2) were obtained by the 
least square method.  
Expected values of mean squares have been shown and the way of testing asso-
ciated hypotheses has been derived, too. 
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3.2. Mathematical model for crop rotation experiments based  
on the transformed yields 

One of the ways to evaluate and compare various crop rotations is applying 
the yields of all species converted into the same units. Disadvantage of this 
method is lack of suitable conversion units for some plants species, whereas 
advantage is possibility to compare crop rotation without restrictions on length 
and species of plants in rotation. A variety of results on this topic have been 
established by Przybysz (1985b) and (1990).  

In the presented approach, compared crop rotations are treated as factor A; 

jA , aj ,...,1=  denotes the jth crop rotation. Within each rotation jA  there are 

hierarchical subordinated plots jk bkB ,...,1, = , ( ) jkAB  in symbols, where k 

denotes the plot number, jb  is equal to number of jth rotation plots. Each block 

riRi ,...,2,1, =  includes ∑=
j

jbd  rotation plots, while the number of all 

observations in single year equals drn = . The experiment of this kind is car-
ried out during c years, and this gives the third way of classification lC -years, 

l= 1,…, c. Years, crop rotations and rotation plots create a combination of hie-
rarchical and cross classification. The number of all the observations in experi-
ment is equal to cnN = . 

Then, the following linear model was proposed: 

     ( ) ( ) ( ) ijkljkljllijkjkjiijkl eey ++++++++= γαβαγγαβαρµ , (3.2.1) 

where ijkly  describe individual yield with transformed units, µ  is overall mean, 

iρ , jα , lγ  are blocks, rotations and years effects, respectively. An effect of 

kth plot into jth rotation is signified by ( ) jkαβ ; ( ) jlαγ , ( ) jklγαβ  are appropri-

ate interaction effects. The components ijke  and ijkle  represent experimental 

random errors.  
The model (3.2.1) can be stated in matrix form as: 

 211 IeeXXΘY ++= , (3.2.2) 

where [ ]BACACCBAARN XXXXXXX MMMMMM1=  is design matrix, its pattern 

depends on arrangement observation in vector Y according to order (k, j, i, l). 
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Θ  is the parameter vector in the form [ ]βαγαγγβααρµ MMMMMM=Θ , 

whereas random errors 1e  and 2e  have the independent normal distributions.  

Details concerning suitable estimators are included in the papers Przybysz 
(1985b, 1990). Additionally, appropriate forms of test functions and confidence 
limits have been derived. 

3.3. Analysis of covariance in rotation experiments 

Problems connected with the comparing various crop rotations (based on 
the transformed yields) with use of analyses of covariance were continued in the 
paper by Przybysz (1987). Linear model for analysis of covariance in crop rota-
tion experiment based on combination of hierarchical and cross classification 
was presented in mentioned paper. Description of this kind of experiment was 
shown in the previous paragraph. A starting point for considerations was obser-
vation, that appearance of new supplementary variables (concomitant) is pos-
sible during experiment. Proposed linear model for analysis of covariance re-
ferred to this situation is of the form: 

 211 IeeXTδXΘY +++= , (3.3.1) 

where ( ) ( )[ ]CABACCABAR XXXXXXJX MMMMMM=  is the design matrix with 

appropriate arrangement of observation vector Y, blocks matrices ( )•X  are as-

sociated with respective sources of variance at covariance analysis. Vector of 
parameters [ ]τϕγβαρµ ′′′′′′= MMMMMMΘ  is composed of vectors correspond-

ing to blocks matrices. Matrix [ ]21 ZZT M=  refers to the set of independent 
concomitant variables, division of vector of regression coefficients 

[ ]2δδδ ′′= M1  correspond to division of matrix T. Symbols 1e  and 2e  represent 
the random errors, normally and independent distributed. With regard to model 
(3.3.1) details concerning normal equations, estimates of parameters, regression 
vectors and tests of hypothesis have been presented in above-mentioned paper. 
The adjusted sums of squares in analysis of covariance have been constructed 
with the aid of projection operators. 
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4. Resume 

Each crop rotation experiment has its own unique set of issues in planning, 
designing and analysis. Prof. Tadeusz Przybysz research had a major impact on 
the modelling and analysis of crop rotation experiments. Depending on me-
thodological assumptions of valuation of crop rotations (yields of test crop, 
yields converted into the same units) he formulated various models for analysis 
of crop rotation experiments. He presented both analysis of variance and cova-
riance for such experiments.  

Much of the literature contributed by Przybysz devoted to the theory of 
crop rotations. Over the years, his focus has shifted toward theory of incomplete 
block designs. His primary areas of interest were concentrated on issues related 
to efficiency. This work has resulted in a novel findings related to effectiveness 
and connectivity of designs with a test crop. These characteristics are of practi-
cal importance, by providing statistical properties of experimental designs. 
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PROBLEMY DOŚWIADCZEŃ PŁODOZMIANOWYCH  
W PRACACH PROFESORA TADEUSZA PRZYBYSZA 

Streszczenie 

Celem opracowania jest krótka prezentacja fragmentu dorobku naukowego prof. Tadeusza 
Przybysza w dziedzinie doświadczeń płodozmianowych. W rozdziale pierwszym została przypo-
mniana problematyka badań naukowych Profesora. Rozdział drugi zawiera niezbędne, podstawo-
we informacje o płodozmianach. W kolejnym przypomniano zaproponowane przez prof. Tadeusza 
Przybysza modele matematyczne dla doświadczeń płodozmianowych. Paragraf pierwszy tego 
rozdziału dotyczy analizy doświadczeń płodozmianowych na podstawie tzw. rośliny testowej, 
paragraf drugi analizy takich doświadczeń uwzględniającej plony przeliczeniowe roślin. Paragraf 
trzeci prezentuje zastosowanie analizy kowariancji do porównywania doświadczeń płodozmiano-
wych. Na końcu opracowania dołączono pełny wykaz publikacji prof. Tadeusza Przybysza. 

Słowa kluczowe: doświadczenie płodozmianowe, model matematyczny, roślina testowa 
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