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Susvar Handbook Foreword

FOREWORD

This handbook is written and published within thdS¥AR network (COST Action 860);
SUSVAR stands for ‘Sustainable low-input cerealduction: required varietal characteristics
and crop diversity’ and COST is an intergovernmiefitanework for European eoperation in
the field of _gientific and_echnical research. The SUSVAR network, initiatedngp2004, now
includes researchers from more than 100 institatior28 European countries.

The main aims of the SUSVAR network are to enstable and acceptable yields of good
quality for low-input, especially organic, cereabguction in Europe. This will be achieved by

developing ways to increase and make use of creprgity, by establishing methods for

selecting varieties, lines and populations takimg iaccount genotype-environment interactions
and by establishing common methodology for variesfing where appropriate.

Cereals are an important contribution to food pobidin and the economy in Europe. As a
consequence, reduced inputs of pesticides and chefairtilisers are of general interest, and
increasing the area grown under organic conditrensives much public support. The presently
available crops and varieties may not be the lmesinsure stable and acceptable yields under
low-input conditions since most cereal varieties tfte last 50 years have been developed to
produce high yields under potentially unlimited udfepesticides and synthetic fertilisers. In
many countries, national projects are in progressnvestigate the sustainable low-input
approach. These projects are coordinated in theV@BSnetwork by means of exchange of
materials, establishing common methods for assedsmed statistical analyses, and by
combining national experimental results. The nekw@omprises scientists from many
disciplines to investigate the complex interactibeveen the crop and its environment, in order
to be able to exploit the natural regulatory meddran of different agricultural systems for
stabilising and increasing yield and quality. Tlesults of this cooperation will contribute to
commercial plant breeding as well as official virigesting, when participants from these areas
disperse the knowledge achieved.

This handbook is the result of the comparison afety testing systems in the participating
countries. It contains a description of differenethodologies used in variety testing, their
potential advantages and disadvantages and expdalrenditions under which they may be
applied. Special emphasis is on assessment ofseéiv@ops, e.g., variety mixtures. and specific
considerations needed for organic variety trialsgared to conventional trials are highlighted
and discussed. Each chapter has a list of litexatferences for more detailed information.

The handbook will be a useful tool for those inemlwvith variety testing of cereals, including
breeders, but also for researchers who are workingnethodologies for studying genetic
diversity and genotype-environment interactionsareals.

Hanne @stergard, Risg National Laboratory, Denmark
Chair of SUSVAR
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INTRODUCTION

1. Why this handbook ?

Over the past ten years researchers in a numbgurapean countries (e.g. Austria, Denmark,
France, Germany, Netherlands, Switzerland, UK) lmeen engaged in research and discussions
on the set-up of organic cereal variety trials.sThas generated a wealth of knowledge and
experience. COST-action 860 (SUSVAR, see also Fandwhas brought many of the
researchers involved in testing wheat and barleietres for organic and low input agriculture
together. This concerted action has made it passdolcompile all the available knowledge of
professionals from different scientific discipliniiee agronomy, weed science, phytopathology,
food processing and biostatistitics.

The testing of varieties for organic and low inpgticulture, compared to conventional variety
testing not only deals with different growing emviments, but also with different priorities for

traits to be assessed. For example weed compaggeand nutrient uptake efficiency have
been reported as relevant characteristics to beateal in organic variety testing. As these traits
are not incorporated in conventional variety tastprotocols, evaluation methodologies have
been developed recently in several of the countrremtioned above. These and other
methodologies that may be important for organic lamdinput variety testing, are presented in
this handbook. Apart from weed competitiveness anttient use efficiency, this includes

lodging resistance, susceptibility to diseases @modessing quality. Descriptions are limited to
the crops barley and wheat, but most methodolagesipplicable to other cereal crops as well.

Mixtures of varieties and heterogeneous populatamesusually not included in regular variety
trials. Increasing genetic diversity by e.g. mixingtivars has proven to be an effective tool to
manage diseases. This management option is edpecipbrtant for ‘low input’ farmers, who
want to use a minimum of synthetic fungicides amganic farmers, who do not apply any
synthetic fungicides at all. Therefore the handbalslo deals with the implication of including
mixtures and heterogeneous populations in comparéatals.

The consequence of the integration of new traitstémdard variety testing protocols and of
changing priorities may be that variety tests fagamic and low input agriculture lead to other
variety recommendations than conventional testsredlaer, conducting trials in a different
growing environment may result in a change in ragkif the varieties. Although important, this
topic will not be dealt with in this handbook.

At present statisticians of SUSVAR are conductingneéta-analysis of data from six different
countries to deal with the variety ranking issud assults will be made available in a separate
publication.
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2. How to use this handbook

The first section deals with the statistical prptes of variety testing, the aspects to be
considered for setting up variety trials and fa thterpretation and analysis of the results. Seed
management is also included in this section. Unfately it is not included in the first edition
of the handbook but will be added in spring 20@#vill be published on the Susvar website
(www.cost860.dkand can be downloaded from there. This webs#te affers the possibility to
subscribe to an “e-mail alert service”, which imfar subscribers at the moment that updates are
available for downloading.

The other chapters (on evaluation of weed competigss, diseases, lodging, nutrient use
efficiency and processing quality) have all beenttem according to a more or less similar
structure. After an introduction on the relevant¢he characteristic involved, various methods
to evaluate this characteristic are described dualigsed. If relevant, special considerations for
organic and low input agriculture and for varietixtures and populations are mentioned. Some
chapters include a survey of the methodologiesieggddy different institutions involved with
variety testing in various European countries. Thay be a helpful tool for optimizing existing
variety testing systems but also for setting up maviety testing systems.

With regard to the comparison of methodologies usedifferent institutions, we have chosen
to use the BBCH growth scale in all the chapterthigf handbook. A description of this growth
scale as well as a translation to the decimal droseile of Zadoks et al can be found as an
appendix.

All the chapters are completed with a literatusé flor additional reading and reference.

Each chapter has been written by a group of spstsiah the specific topic. The names of the
authors are mentioned with the title of the chaptemmes of institutions and (e mail) addresses
of these authors are listed in the appendix.

June 2006



Susvar Handbook Setting up variety trials

SETTING UP VARIETY TRIALS for
ORGANIC and LOW INPUT agriculture

Lilia Levy, Aart Osman, Iréne Felix and Michael @loester

When setting up special variety trials for orgamidow input agriculture several aspects - such
as the choice of locations, design of the triadsitd to be assessed - need to be considered.
Moreover, treatments and the management in ceftifiganic fields should be in agreement
with EU and national regulations on organic farmiflgis chapter is based on the experience of
the authors with conducting organic and/or low iripials.

1. Selection of the field location

Organic fields
The main objective of organic variety testing iptovide organic farmers, traders and producers

with research results obtained from trials caroadin organic fields. Ideally, trial locations
should be officially certified as organic and slibbé managed organically for at least five years
(three years conversion period + two additionakgeas experience shows that the crop
performance still changes in the first years aftewversion.

Soil type
Soil structure and soil type should be known ireottd estimate the necessary amount of

fertiliser. The balance should be corrected witfard to the expected yield, the amount of
precipitation (soil nitrogen leaching) and the desis of the previous crop.

Field properties
The field should be as homogeneous as possiblappreciation of its homogeneity can be

obtained by growing a monoculture in the first yaad testing the different parameters
(especially the yield) that will be measured latethe real trial. Awareness of field gradients
will enable a more accurate placement of the trial.

The ideal field should correspond to fields useddsyners for cereal production. As cereals are
grown in different environments, one should tryntdude the most representative farming
environments in the variety testing system.

Previous crop

Previous crops in the rotation influence the nignodevel but also the preparation of the seedbed
and the disease and pest pressure on the trididail 2005). One should try to select a field
with a pre-crop that is typical for the farming s in the region. This may be more difficult
for organic trials, as in a number of countriesamig farmers usually grow a large number (six
or more) of different crops in a crop rotation bfemst six years. While fixing the pre-crop
between locations may not be achievable, one shioutd have the same pre-crop over the
years at a given location

In cropping systems with spring-sown cereals, fasnsemetimes grow a catch crop during the
winter season. The species of the catch crop nflaemce the yield level and (baking) quality
properties of the subsequent cereal crop (Maustiteet al., 2006, Pedersen et al., 2006).
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Distance to trial experts

The different locations of the trial system sholbddspread over the main growing areas of the
crop. Therefore not all locations may be closénprofessional who is in charge of the
observations. Organic variety tests usually inclaseimber of labour intensive observations,
such as early ground cover and weed suppressioan\\dsources are limited, it is advisable to
concentrate the more labour intensive observatiotrgals that are as close as possible to the
trial experts.

Human resources

Trials are often placed in farmers’ fields. Speaidntion should be given to the selection of
participating farmers. Their experience and motbraare fundamental for the successful
outcome of the trial.

2. Field Management

Field treatment

Treatments with synthetic products are not usamganic trials, and a reduced range is applied
to low input trials. Plough and mechanical intemi@ms (tine harrow, curry comb and hoe) are
the main tools to prevent weed invasion. More imiation on the effectiveness of harrowing is
given in the chapter on weed competitiveness mitandbook.

Organic manure
The fertilisation of organic trials needs spect&mtion, as manure usually is not homogenous

and it is difficult to spread it uniformly over tlield.

In some countries, organic farmers apply an addigift of fertilizer after tillering and at
flowering stage to enhance the yield level and tgkjuality of wheat. Machinery may cause
considerable damage in the fields, especially wiggid manure is used for this purpose.
Granulated organic fertilizer (commercial name &gyo Biosol, Biofert) may be applied with a
drill or by hand. The most appropriate way is tdiliege each plot separately with the help of a
measuring jug.

3. Trial layout and design

Variability

Random variability may be larger in organic and loput trials than in conventional trials, due
to for example more heterogeneous soil conditionkthe occurrence of weeds. Plot size and
number of replicates may need to be increasedaedse experimental error (see Chapter Trial
set up and Statistical Analysis in this Handbook).

Crop management and farm machinery

Weed management and the application of manure tired fertilizers are usually carried out
with the farm machinery that is available at theakon. To limit damage to the trial, plot size
and trial lay-out should be adjusted to the dimamsiof the farm machinery at the specific
location and the direction of harrowing.
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4. Choice of varieties

Choice of standards

The standard varieties should include the most uagdties in organic or low input farming.
Standards should be representative for the ained ¢ quality, grain yield and disease
resistance. It may be useful to include speciaidsied varieties to evaluate specific
characteristics, such as weed competitiveness.

Choice of varieties

Variety testing demands a high investment. If thmber of applications is too large, a pre-
screening in a simplified trial can help to ideptfrieties that are well adapted to organic
farming (e.g. high protein content, high diseaséstance, good weed competitiveness and a
good vyield potential).

5. Seed material

5.1. Choice of seeds in organic trials
Whereas the use of organically multiplied seedispulsory for commercial organic farms, it
may not always be available, especially for vagtines that have not yet officially been
released. Conventional seed companies tend to theagrganic multiplication of their varieties
until they have been released. The EU regulatiothemuse of organic seeds (EC) No 1452/2003
offers the possibility of derogation for researchgmses (see paragraph 7). When organic seed is
available for only part of the varieties to be ¢glstthere are two options:
- use organic seed for those varieties for whichrimyseed is available and conventional
seed for the rest
- use conventional seed for all the varieties.

For variety testing it is important that seed dyahk as similar as possible for the different
varieties. As the seed quality may differ accordimthe provenance, the second option is
preferable.

5.2  Seed health

Seed quality and health can influence the trialltesand it has to be analysed more precisely
than in conventional testing. The germination cépaxt winter cereals should be analyzed at 10
°C instead of at 20 °C (which is commonly used).

As chemical treatment of seed is not possible gawic trials, it is likely that the trial resultslw

be influenced by the presence of seed borne diselastnis way varieties can be selected that
produce healthy seeds, which is an interestingcagpeorganic farmers. Wheat seeds should be
treated if there are more than 5-10 sporeEiltdtia carieson a kernel

If one chooses to evaluate a set of varieties witkite constraint of seed borne diseases, the
following non-chemical methods, among others, maysed for this purpose:

Warm and hot water treatment

This old technique can be used for a range of desem several crops. Seeds are submerged in
water of a fixed temperature for a fixed time, degieg on crop and disease. In wheat it has
been reported to be effective against root Mit{odochium nivale, Fusariurspp.) and glume
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blotch Septoria nodorum, Stagnospora nodojulVinter et al., 1998; Schachermayr, et al.,
2000; Osman et al., 2004).

In barley it can be used against leaf stripgrénophora gramingaand loose smutfstilago
nudd (Nielsen et al., 2000).

Hot humid air

Seeds are exposed to steam of a fixed temperatuseshort period. Temperature and
application period should be established for eagaate seed batch, because the effectiveness
of the treatment is influenced by the physiologmatdition of the seeds. The method has been
commercially developed by the Swedish company Acanit has been reported to be effective
against a wide range of diseases (Forsberg, 200%.&canova.9e

Electron treatment

This method is based on treating seeds with loweggnelectrons. It is commercially applied in
Germany (www.e-ventus.jfiéeVhether this methodology is suitable for orgaagciculture is a
topic of debate within the organic sector. It sh@ffects against Common bufdtl{etia carieg
and to a lesser degree against Glume bld&eiptoria nodoruiin wheat (Tigges et al., 2002;
Vogt-Kaute & Tilcher, 2004)

Mustard flour

Mustard flour (commercial name e.g. Tillecur) isimhaused against common buriil{etia
carieg in wheat (Borgen and Kristensen, 2000; Schachggmat al.; 2000; Vogt-Kaute &
Tilcher, 2004).

Bacterial treatment

In Austria and other countries a bacterial treatnjeommercial name e.g. Cerall, Cedomon)
based on the soil bacteriveseudomonas chlororaphis applied. Cerall is used in common
wheat, durum wheat, rye and triticale and effectigainst seed-borriélletia sp., Fusarium sp.,
Microdochium nivaleandSeptoria hodorumCedomon is suitable for barley and oats. (Widén &
Annas, 2004).

5.3  Seed density

The same seed density should be used for all iegidt is calculated on the basis of the
thousand kernel weight and the germination ratbefyrains. In organic trials, seed loss is
usually higher than in conventional trials, dué¢hi® use of non-treated seeds, intensive
harrowing and to a slower development, causedwgrmitrogen availability. Seed density in
organic trials should be 15-30 % higher than invesrtional trials to compensate for these
losses.
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6. Additional traits to be observed

Some additional traits may be evaluated in orgaaiiety trials, which are not commonly
observed in conventional trials. An overview ofrextraits that are proposed for wheat and
barley in a selection of countries is given below:

TRAIT Austria | France | Germany | Nether- | Switzerland
lands

Toleranpe to seed X X X X
borne diseases
Early vigour X X X X X
Weed suppression X X X X X
Nutrient use

- X
efficiency
Yield Stability X X
Product Quality X
Bread quality under
organic or low N X X X X X
input conditions
Bak_lr_lg test without X X X
additives
Wet gluten content X X
Stability of quality X X

Source: Oberforster (2004); Goyer et al (2005), 18tk (2003); Osman & Lammerts van Bueren (2003)

7. EU regulation on organic production and the impications for
variety trials

When fields are organically certified this mearet thll practices have to comply with EU and
national legislation on organic farming.

Field management.

The management aspects (e.g. use of inputs) ohior§ialds and products are dealt with in EU
Council Regulation (EEC) No 2092/91. Annex 1 caméahe principles of crop production,
while Annex 2 lists the allowed crop protectiongwots and fertilizers.

Seeds

A special regulation on the use of organic seedwedato force in 2004: Regulation (EC) No
1452/2003. According to this regulation organicafiyltiplied seeds should be used. In certain
cases derogations for the use of conventionalgimemically treated seeds, can be requested
from the national certifying authorities. Articlel®d) specifically mentions that certifying
bodies may grant authorization for the use of n@anic seeds in the case of research. More
information on the procedure for requesting thisodation should be obtained from the national
certifying body.

Full texts of both EU regulations can be downloafiieth: http://eur-lex.europa.eu/
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TRIAL SETUP AND
STATISTICAL ANALYSIS

Andreas Biichse, Pawel Krajewski, Kristian KristengedWies aw Pilarczyk

1. Introduction

1.1. Background

The response from field trials is subject to rand@riation. This means that two neighbouring
plots grown with the same variety and treated enghme way will always yield differently. This
also applies to all other recordings made on aimootis scale. The size of the differences will
depend on several circumstances such as the \#yiabithe soil, variability in the applied
fertilizer, historical events and uncertainty ire trecording process. This means that a recorded
difference between e.g. two varieties may be dusther a true difference in the response of the
two varieties or may be due to random variationsorder to help decide whether the difference
is caused by the different varieties or by randamation it is necessary to apply some statistical
methods in order to estimate the actual size ofahdom variation in the field and compare the
measured difference with the size of the randoniatian. In order to do that properly it is
necessary to use properly designed trials anddireat way of analysing the recorded data.

This chapter gives some information on how to desig trials in such a way that the part of
random variation that determines the uncertainthéndifference between varieties (treatments)
is as small as possible. In designing the experihésn essential to take into account the size of
the difference that the researcher wants to besigm#icant in order to design the trial with the
number of replicates that is considered to be gpte for the level of random variations
expected in the trial.

This chapter also gives some information on howatalyse the most common types of
measured variables in variety trials under organig low input systems and the conclusions that
can and cannot be drawn from the analyses.

The random variability may in some cases be muoyetafor organic grown trials than for
similar conventional grown trials. In two series @mparable trials with spring barley in
Denmark and Sweden, the random variability waselstrqh the organic grown trials in 19 out of
34 pairs of trials in Sweden and in 3 out of 4l¢rimm Denmark. On average the random
variability was approximately: 5.0 (hkg/Rah the conventional grown trials and 7.2 (hkg#ha)
the organic grown trials, but the maximum randomiaklity was 2-3 times higher for the
organic grown trials than for the conventional gnowial. This indicates that it may be
necessary to have more replicates in organic gtaals than in conventional grown trials if one
wishes to maintain the same precision.

It may be expected that the competition betweeghteiuring plots may increase when diseases
are uncontrolled. This may be handled by increasilegguard areas between plots. However,
increasing the guard areas too much will usualgraase the random variation. Alternatively
one could compensate for the increased competitjomodelling the competitions (see the text
on plot size and shape in section 2.2) or by irgingathe number of replicates.

The validity of the statistical analyses dependsame basic assumptions.
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Therefore, some information is given on how to éhbat the assumptions are fulfilled and how
to proceed if they are not.

The text in this chapter tries to describe thegiples and methods to be used together with the
most important assumptions that are needed famgthods to work correctly. Details on how to
do the calculations are not provided. More detaiighat subject can be found in the references
and in the documentation of the statistical sofeméwat can be used to do the calculations such
as Genstat (Payne, 2006), SAS (SAS Institute, 20®ahttp://www.r-project.orf and others.
Examples on the applications may be found in tliereaces and in the documentation of the
used software.

1.2. Definitions

In the following we will define a ploas the units to which the varieties are allocateplot may
contain several plants from the same variety. Imes@ases a plot can be subdivided and each
part of such a plot will be called a sub-pdotd in such cases the plot that is subdividedusily
called_main-plot(or whole-plot) Sub-plots may be used either for applying difféteeatments

to each of these (as in a split-plot design) ontéding more samples in each plot (e.g. samples
of plants for determination of dry matter)._A blaska collection of plots within which the plots
are randomised. If many varieties (treatments)tatee included in the design, a block with all
varieties (treatments) may be so large that it belldifficult (impossible) to find blocks that are
sufficiently homogeneous. In such cases the vaesetire collected in_sub-blockahich are
randomised within each block and subsequently toés pwithin each sub-block are also
randomised. This is the case in the recommendexbtgpincomplete blocks (see 2.1).

In order to describe the level and the variabitifya given variable, e.g. yield, some measures
are usually calculated. The most frequently usedsme is the meamwhich is given by:

_ 1
y=ﬁ(yi +y, .ty

The mediaris given by the value that separates the ordepedrgations in two groups of equal
size. The median is more robust than the mearhdmif larger uncertainty than the mean if the
data are normally distributed. The most frequenigd measures to describe the variability are
the varianceand the standard deviatigiven by:

(Vi O (% D* (% P & (¢ Y
n-1

Variance:s® =

Standard deviatiors = \/E

In the recommended statistical methods it is asduim the recorded plot values for a variable
are independentwhich means that the observation made in one @t@s not give any
information on the observation in another plot. Gesture of independent observations is that
the variance of the mean is inversely proporticimathe number of observations used for
forming the mean. So # is the estimated variance on single observatiogs the variance and
standard error of the medased om independent observations is given by:
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2
. S S
Variance on the meae§ =— and thestandard error of the meaﬂgzzT.
n n
This can be used to calculate the variance offardifice between two mearesg. for variety A
and variety B:

sed = § + ¢ and equivalently the standard deviation of théedénce:sed=,/ § + & .

If the variances can be assumed identical for #gnetres (which they most often can) this can be
. 1 1 . .
written assed= s|— +-— wheren, andn, represent the number of independent observations
\n, n,

for the two varieties. This quantity can be useddlzulate the minimum distance that must be
found between two varieties in order to prove thatvarieties are significantly different for the
observed character. Assuming that the distribuabthe variable in question is normal, this
minimum distance can be calculated L&D =sed” tr 122, Wheret; 1 o2 IS thel-a/2 fractile of a
t-distribution with f degrees of freedom, whefeis (n, + n, — 2).

The purpose of doing statistical analysis is uguadith to_estimatehe parameters of interest,
such as the mean yield of each variety and the rié@nence between pairs of varieties as well
as to_testvhether some_hypothesean be accepted or have to be rejected. In a sigiplation
such as a randomised complete block design witimisging values the estimatetthe mean
yields of a variety are simply the averages oveplaservations on that variety. The estimated
difference is simply the difference between therages of the varieties. In more complicated
designs or when some observations are missing stimation is more complicated as it is
necessary to use methods that take into accouet fabtors such as the blocks in which a given
variety is present.

Statistical testare performed in order to know whether a hypothesn be accepted or has to be
rejected. Examples of such hypotheses could béypethesis that all varieties have the same
yield, that the difference between variety A andgsEero or that all varieties react in the same
way to nitrogen. The testwre made on some predefined significance levelsally calleda
(alpha). There is a strong tradition to takequal to either 5% or 1%. & is 5%, it is said that
the test is performed on the 5% level of signif@mnA significantresult means that the
hypothesis has to be rejected, i.e. the differdrateveen variety A and B is different from zero
at the 5% level of significance. A non-significar@sult means that the hypothesis can be
accepted, i.e. the difference between variety ARumlnot different from zero at the 5% level of
significance. Note that this does not mean thatifference is zero; it only means that with the
used number of replicates, the chosen design anddtual random variation there is no reason
to conclude that the difference is not zero.

The application of statistical tests always impkesne risks of making wrong decisions. These
are usually separated into two types of risks. Taey called Type error and_Type llerror,
respectively. The type | error is the error thases when we decide the varieties to be distinct,
when they are in reality identical. The type llagris the error that arises when we decide the
varieties to be identical, when they are in reatitfferent. The risk of type | error can be
controlled easily as the risk heregswhereas the risk of type Il error, usually caltetbeta), is
more difficult to control as it depends on the t¢he real difference between the varieties, the
random variabilitys, and the chosen design (humber and replicatetagralt in the field).
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2. Experimental Designs

2.1. Type of designs

Randomised complete block design (CBD)

The experimental field is divided into blocks aatiog to the number of replicates. Each Block
is divided into a number of plots according to thenber of treatments. The treatments are then
assigned randomly to the plots. Each treatmentreame time per block.

A benefit of block designs over completely randadislesigns is, that differences between
blocks (e.g. due to soil quality) do not influertbe estimates of treatment differences and can
be separated from the experimental error when panfigg analysis of variance.

One drawback of the CBD is that only soil differeadn one direction can be modelled. Possible
extensions of the block design for two directiome the Latin square, allowing for row and
column effects.

A CBD is a good choice when there are no techrasplects that restrict the randomisation.
Simple block designs are mostly used for one-faatdrials but two or more factors are also
possible. The layout of blocks on the field hadéochosen in such a way, that soil differences
between blocks are maximised and within blocks ram@mised. Homogeneity of conditions
within blocks requires that the treatment numbet thierefore the dimension of the blocks have
an upper limit. Depending on plot size and soildittans block designs are recommended for
trials up to 20 treatments. In block designs theuamption is usually made that there are no
interactions between treatments and blocks.

Fig. 1. A randomised complete block design
with 5 treatments in 4 complete blocks.

block 1 A E B D C
block 2 C D A E B
block 3 E B D C A
block 4 E D A B C

Incomplete block design (IBD)

In trials with high treatment numbers, e.g. varigigls, complete blocks are too large to give a
good control of the experimental error due to $aterogeneity. In these cases designs with
incomplete blocks are useful. Every block only eamé a fraction of the total number of
treatments and is therefdreeomplete Several incomplete blocks form one complete cagibn.
One type of such designs is tla¢tice design The blocks of an incomplete block design can be
arranged in any way that is useful for controllgwil heterogeneity.

With an IBD the arithmetic mean of a treatmentas the best estimator for the expected mean

value. Treatment means have to be adjusted acgomitine linear model used for data analysis.
One should use powerful software for the analysiPHA+, GenStat and SAS).
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Specialist software is also needed for the contitruof the design (e.g. Alpha+ or CycDesigN,
http://www.cycdesign.co.)z

There are several types of lattice designs:

a. Square Latticeseed a quadratic or cubic number of treatmentsl§Oand 25). The
number of plots per block (k) has to be the squaot of the number of treatments (v). For
example 36 treatments in 6 blocks of 6 plots pplicate.

b. Rectangular Latticehe number of treatments has to equal k(k+1) witmumber of
treatments per block. This algorithm allows foatreent numbers like 12 or 20.

C. Alpha-designs More flexibility is reached with the new class alpha designs or
generalised lattices (Patterson & Williams 1976ttd?son et al. 1978). The following
requirements have to be met: (1) The number osgbar Block (k) has to be smaller or
equal to the square root of the number of treatsn@nt (2) The number of replicates has to
be smaller or equal to the ratio v/k. (3) The nhumiifetreatments has to be a multiple of k.
Where the number of treatments does not meet tbesditions, a design for the next
possible number is developed and the redundanirtegds are discarded.

Fig. 2. Example of an incomplete block design with6 treatments
in 3 complete replications. The replications are dided into
4 incomplete blocks with 4 plots each.

Blocks of the design printed in rows

rep 1 -
pot 1 2 3 4
block +----------------
1115 3 1 8
2 111 9 516
3| 7 14 12 13
4 |10 6 2 4

rep 2 ------------—----
pot 1 2 3 4
block +----------------
1] 3 8 616
2 | 210 113
317 412 5
4 |14 1511 9
rep 3 ----------------
pot 1 2 3 4
block +----------------
1| 41311 3
21 112 6 9
3 11014 8 5
4 |15 7 16 2
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Split plot design
This type of design is often advantageous for féittrials when one factor can not be allocated
to small plots for technical reasons or when tlogois should be tested with different precision.

Imagine a two factorial trial (tillage 1 and 2 avakieties A, B, C, D, E) with three replicates.
First each block is divided into two main plots.eTtactor, tillage, is then allocated randomly to
the plots. Each main plot is then divided into anynsub-plots as the second factor has levels,
here 5. Then the levels of the second factor doeatked randomly to the sub-plots within the
main plots.

In the analysis of variance the main plot factos tmbe tested against the interaction main plot
factor x block (the main plot error), whereas th lot factor is tested against the residual.
Because the main plot factor is tested with lessipion and with only a low number of degrees
of freedom for the error term, usually only larg8ealtences become significant. A difference in
sub plot factor means normally show much smallendard errors. Since more than one error
term occurs in split plot designs, the analysisuthbe performed in a mixed model framework.
A description of the analysis of split plot triagsgiven in 3.3.

Fig. 3 A split plot design with 2 treatments for tle main plot factor (1 and 2),
5 treatments for the sub plot factor (A-E) and 3 coplete blocks.

block 1 |1-A 1-E 1B 1D 1€ | 2-C 2D 2-A 2-E 2-B
block 2 |2-E 2B 2D 2C 2-A| 1-E 1D 1A 1B 1d
block 3 |2<B 2C 2A 2-E 2p | 1D 1-A 1-C 1B 1-E

2.2. Trial set up and design

What type of design to choose?

Depending on the plot size and soil conditions detepblock designs are recommended for
trials up to 20 treatments. With higher treatmentnbers incomplete block designs will
normally give results with a lower standard err8ecause of their great flexibility we
recommend to use alpha-designs.

Complete blocks, incomplete blocks and split plesign can be combined in different ways to
meet the technical and statistical requirement® @imosen structure may not be covered by
examples in statistical textbooks. The only requeat is that the principles of replication and
randomisation are kept in mind and that the modstdufor analysis is based on the
randomisation structure of the trial (see Piephal.€2003 for details).
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Number of replicates

For single trials four replicates are often recomdssl. But four replicates may not be enough to
give results with a standard error of mean thasrn®ll enough to distinguish interesting
treatment means significantly. Compared with randech greenhouse or laboratory
experiments, field trials utilise an extremely simalimbers of replicates due to practical
restrictions. Table 1 presents the detectableréifiee as a k-fold of the standard deviation for
the two-sided t-test for different numbers of reples with a maximum false negative rate of
20% (Type Il error) and the common false positiate rof 5% (Type | error). In a field trial with
replicate or plot size of four, only effect diffeiees larger than 2.02*SD will be detected with a
maximum false negative ratke)(of 20% and a maximum false positive ra¢ ¢f 5%.

Table 1. Detectable relative diff