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One key paper published 100 years ago 
 

 
 
 
 
[Fisher (1926) Journal of the Ministry of Agriculture of Great Britain 33, 503513.]
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Fisher and his ‘Millionaire’ calculator 
 

R.A. Fisher’s three principles of 
experimental design 
 
 Replication 
 Randomization 
 Blocking (local error control) 

© R. A. Fisher Memorial Trust 
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Systematic designs are common in on-farm experimentation 
 

 
 (Cao et al. 2024 Optimal design for on-farm strip trials—systematic or randomised?) 

 
“Systematic treatment assignments are more  

favourable than random treatment assignment.“ 
 

(Alesso et al. 2021 Design of on-farm precision  
experiments to estimate site-specific crop responses)
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Systematic designs are common in on-farm experimentation 
 

                    
 
(Büchse 2025 Example of a commercial  
                       on-farm fertilizer experiment) 

(GRDC 2021 Designing your own on-farm  
                      experiments) 
 
https://grdc.com.au/resources-and-publications/all-publications/publications/2021/designing-your-own-on-
farm-experiments 
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(Perner 2023/24 OFE with two insecticide treatments PG1 & 2, UK = control) 
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Nutrient depletion experiment in Giessen (1956–2016)  (Macholdt et al. 2019)
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Eilhard Alfred Mitscherlich 
 
German agronomist and soil scientist 
 
* 29 August 1874 in Berlin 
† 3 February 1956 in Paulinenaue 
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Instructions 
 

for the 
 

conduct of field experiments 
 

in 
 

agricultural practice 
 
 
 

     First edition: 1919 
(Fisher starts work at Rothamsted) 

 
Second edition: 1925 

(Fisher’s SMRW first published)  
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(Mitscherlich 1919, 1925, p.10)
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MITSCHERLICH-Design 
 
 
 
 

 
 

Figure: A systematic design with five treatments (A-E) and five replicates 
 

(von Lochow & Schuster 1961) 
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MITSCHERLICH-Design 
 
 
 
 

 
 

A “sliding block” 
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MITSCHERLICH-Design 
 
 
 
 

 
 

A “sliding block” 
 
 
 
 
 
 Nearest neighbour analysis (Papadakis 1937; Wilkinson et al. 1983) 
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A geostatistical model for MITSCHERLICH’S slide method 
 
 

  kki
Mj

jk eby
k

 



  

 
 

bj = Effect of j-th sliding block 
 
Mk =  Set of all indices j for sliding blocks overlapping k-th plot  
 
i(k) =  Index of treatment allocated to k-th plot (i = 1, …, v) 
 
i(k) =  Treatment effect 
 
ek =  Plot error  
 
 

(Piepho & Vo-Thanh 2020) 
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Variances and covariances 
 
 Complete blocks with v treatments 
 Every plot is overlapped by v blocks 
 

    2,0~ bj Nb    

    2,0~ ek Ne   
 

     22var ebk vy    
  

      2
,,cov bkkkk hyy      ,    kk   

 

                where   kkvh kk  ,0max,   
 
       Linear Variance (LV) model  (similar to but not the same as Williams 1986) 
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Covariance 

 
                                                                                                Distance (in plots) 
 
 
 
Figure: Fitted spatial models (data from von Lochow & Schuster 1961)  
               MITSCHERLICH design is A-optimal for LV (Piepho & Vo-Thanh 2020)

     AR(1) 
     LV (mimicking Mitscherlich) 
     LV (optimal slope /range) 
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Design generated for 2D extension of LV model for v = 16 treatments 

 
 (Piepho & Vo-Thanh 2020) 
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Design generated for 2D extension of LV model for v = 16 treatments 

 
 
 

(Piepho & Vo-Thanh 2020) 
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Fisher strongly advised against systematic designs 
 
To sum up: systematic arrangements should be avoided, since with these it is 
usually possible to estimate the experimental error in several different ways, 
giving widely different results, each way depending on some one set of 
assumptions as to the distribution of natural fertility, which may or may not be 
justified. 
 
(Fisher 1925; 1973, Statistical Methods for Research Workers, p. 271). 
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Designs evaluated using wheat uniformity trial data of Mercer & Hall (1911) 
 
 
CRD Completely randomized design 
 
 
RCBD Randomized complete block design 
 
 
SYS A B C D E   |   E D C B A   |   A B C D E   |   E D C B A   

(Fisher 1925) 
 
MIT A B C D E   |   A B C D E   |   A B C D E   |   A B C D E 

(Mitscherlich 1919) 
 
COV RCBD with positional covariate within blocks  

 (Fisher 1925; Piepho et al. 2026)
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Figure: Empirical Type 1 error rates using Mercer and Hall (1911, Table V) wheat 
uniformity data for different design and analysis options. (Piepho et al. 2026)
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Figure: Empirical variance of a difference (EMP*) and model-based variance of a 
difference (PRE*) using Mercer & Hall (1911, Table V) data. (Piepho et al. 2026)
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1 Spatial model on Slide 16 

Table: Empirical variance of a difference (EMP*), model-based predicted variance 
of a difference (PRE*), and empirical Type 1 error rate at =5%.  
                                                                                            
MIT = Mitscherlich design                                                  * Besag and Kempton (1986)   
                                                                                                              Baird and Mead (1991) 

 

  
(Piepho et al. 2026)
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Disadvantages of systematic arrangements 
 
(1) There can be no assurance that the estimate of error is unbiased, however this 
estimate is arrived at, and the objectivity of the tests of significance is 
consequently lost.  
 
(2) Many different methods of estimating the error can reasonably be advocated, 
so that the tests of significance are not even unique.  
 
(3) The comparisons of different pairs of treatments are subject to different errors, 
so that even if the estimate of error is reasonably unbiased, it cannot be used to 
test individual differences.  
 
(4) Biases may be introduced into the treatment means, owing to the pattern of 
the systematic arrangement coinciding with some fertility pattern in the field, and 
this bias may persist over whole groups of experiments owing to the arrangement 
being the same in all. Competition between plots with different treatments which 
always fall next to one another may produce similar effects. 

(Yates 1939) 
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https://doi.org/10.1017/S0021859626100732 
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http://arxiv.org/abs/2605.29758 
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Thank you! 
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Fisher-“Student” dispute on the merits and demerits of systematic designs 
 

Fisher felt that the estimate of error used by "Student" in this type of experiment 
was not valid, whilst "Student" maintained to his death that the problem was 
more theoretical than practical, that the gain in precision which resulted was 
more than offset by any theoretical lack of validity. There seems to be little 
doubt that "Student" was correct on this point. 

(Speed 1991) 
 
Our approach leans heavily towards Fisher, including his use of uniformity trial 
data to assess the validity of estimates of error, but is open to mild restrictions on 
randomization if there is substantive reason to expect improvements in precision. 
 

(Piepho et al. 2026) 
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Randomization test just a diagnostic device in case of suspected departures 
 
In recent years tests using the physical act of randomization to supply (on the Null 
Hypothesis) a frequency distribution, have been largely advocated under the 
name of “Non-parametric” tests. Somewhat extravagant claims have often been 
made on their behalf. The example of this Chapter, published in 1935, was by 
many years the first of its class. The reader will realise that it was in no sense put 
forward to supersede the common and expeditious tests based on the Gaussian 
theory of errors. The utility of such nonparametric tests consists in their being able 
to supply confirmation whenever, rightly or, more often, wrongly, it is suspected 
that the simpler tests have been appreciably injured by departures from normality. 
 
(Fisher 1935; 1971, The Design of Experiments, p. 48) 


