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1.  INTRODUCTION

Field testing is an integrated part of the working programme in tree improvement. 
Progress cannot be made unless the performance and the genetic parameters of the 
tree species in question are currently evaluated. Different types of trials and ex-
perimental designs are applied for the different objectives of the programme as for 
instance species, provenance, progeny or clone testing.

Field testing is usually carried out according to a plan or strategy which indicates 
the scope and time scale for the programme in more or less detail. The strategy 
may thus concern individual species or more broadly the coordinated efforts of 
all species, and may in addition have suggested experimental designs, replications 
and sites to be tested. 

The concepts, general aspects and presentation of methodology in connection 
with tree improvement and selective breeding is dealt with in Lecture Note D-6, 
Introduction to Principles in Design and Evaluation of Tree Improvement Ex-
periments, and in a number of comprehensive publications. See references.

This lecture note on field testing practices aims at discussing the implementation 
of research plans and the practical/technical arrangements linked to field trials. 

The basic point of view is that establishment of field trials should be taken seri-
ously, which means that objectives should be clearly stated taking into account 
the resources required to establish, maintain, record, evaluate, and bring the tri-
als to a conclusive end. 

There is nothing more frustrating than half-hearted, poorly conceived field trials 
or trials which are not maintained, and therefore have to be given up because 
conclusions cannot be drawn. 

For that reason the number and type of trials should be thoroughly considered 
in relation to resources (both in funds and qualified personnel) and possible 
gains as part of the strategy. 

In this context it is sensible to look at the actions that are considered necessary 
for a successful accomplishment of the trials.  
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2.  PREPARATORY PHASE

2.1 Selection of trial site(s)

The selection of site may be considered in two stages:
 

a) Firstly, the environment (e.g. climate, soil, altitude) of the trial  site should 
represent as well as possible the environment of the area  in which the test 
material is intended to be used.

b) Secondly, the trial site should be well suited for proper lay-out of  a repli-
cated trial, as basis for statistical analyses and evaluation. 

The efficiency of testing depends on the possibility of reducing or  eliminating 
random factors such as differences in soil, exposure, drainage,  human or animal 
influence and other factors that may affect individual  treatments unevenly.

Generally speaking, the researcher will choose a uniform or apparently  uniform 
area among the possibilities presented to him. Often, however, he  has to accept 
differences in environmental factors within the experimental  area. The task then 
is to incorporate these differences in the experimental  lay-out so that they may 
be reduced as much as possible. This may,  primarily, be achieved by securing 
uniformity within blocks, which again  may affect block and plot size. Another 
possibility lies in location of  blocks within the experimental area. Blocks need 
not be directly adjoined  to each other. 

Thus, a number of solutions to the problem of variation within the experimental 
area are at hand, but the proper application, still requires a thorough survey of the 
experimental area. This may comprise investigation of previous vegetation and use 
of the area, soil type(s), topography, presence of streams or ravines, pockets of poor 
drainage, etc.

Another important aspect to consider is the accessibility of the experiment and 
the prospects of protection and maintenance. Too often it is experienced that 
well established trials have lost much of their potential value at the stage of as-
sessment and evaluation because of neglect or lack of protection. 

2.2 Demarcation of blocks and plots

Having decided how the experiment should be placed on the site, the blocks and 
plots should be marked. The area should be cleared for previous vegetation. Ac-
curacy in demarcation and planting is required as plants should be placed evenly 
i.e. with the same planting distance throughout the area, in order to avoid skew-
ness in competition later on. As to planting distance, see section 3.4. 

It is recommended to use a 50 m steel tape, a protractor and surveyor poles for 
staking out lines. A sighting compass may be useful too. The length of the sides 
of the plots is determined by the distance between plants and the number and 
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arrangements of plants within plots e.g. square or rectangular plots. The plot cor-
ners are marked with  sticks or poles usually halfway between two rows, i.e. in the 
middle of 4 plants. Block corners are similarly marked but here depending on 
number and arrangement of plots within blocks. It is often practical to use bigger 
poles for block corners. 

Planting should not take place before demarcation of the experiment has been 
completed.

3.  ESTABLISHMENT PHASE

3.1 Labelling of plants before despatch to planting site

Careful identification and labelling of the material is essential as  neglect at this 
stage may have serious consequences.

Open root plants in the transplant beds or pot plants in polythene bags in  de-
limited areas have to be labelled before they are taken to the field. For  experi-
ments with single tree plots, every plant of each provenance, progeny  or clone 
has to be labelled. 

When ‘treatments’ e.g. provenances, progenies, grafts etc. have been allocated to 
individual plots and blocks beforehand, designations of plot and block should 
also be included on the label. With plot size of more than one tree, it is practi-
cal to bundle the plants in the numbers required, say 10, 16, 25 etc. In that case 
only the bundle for each plot has to be  marked. 

Different tags or labels are available on the market either of wood or plastic. One 
commonly used by gardeners is a so called bow-label of plastic  as shown below:

X XX

X XX

X X

X X

corner 
      pole

plants
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In the choice of tags or labels their durability should be considered, so  that it 
covers at least the length of the establishment phase of the  experiment until 
more permanent records including sketch maps have been  made. The durabil-
ity also applies to the writing on the labels using for  instance permanent speed 
markers or special pencils. 

3.2 Lifting, packing and transport to planting site

The basic rule of lifting, packing,  and transporting plants to the trial site is to avoid 
drying out of the roots especially the fine roots. In this respect the same precautions 
and methods as applied to ordinary field planting will have to be observed, and as 
these vary according to local conditions and resources e.g. climate, transport facili-
ties, access and labour force, many methods are employed. But special care should 
be expected because of the extra cost involved in establishing trials.

In connection with transfer of plants from the nursery to trial site, it is  im-
portant to be unbiased, i.e. in principle no selection or rogueing should  take 
place as practised with ordinary field planting, where small,  suppressed or de-
fect plants are discarded. However, plants may be too small  or weak to survive 
transplanting and therefore left out of the trial  establishment. They would not 
contribute to subsequent observations anyhow,  but may be recorded as culls at 
routine observations (counts) in the  nursery.

Plants may be brought to planting site in containers of different construction, 
e.g. trays made of boards or wire netting, or packed in bags  developed specially 
for plant transport. The bags, which are used extensively in Denmark, are strong, 
double layer paper bags, of which the inner layer is made waterproof.

3.3 Planting

The plants are assumed to have arrived at the site in good condition.  

With long distances between nursery and planting site, plants for some days’ 
work, perhaps for the whole experiment, may be brought in one operation. In 
that case special arrangements at or nearby the experimental area have to be 
made to keep plants and roots moist and alive. Temporary digging-in under 
shade may be necessary as well as access to watering. Where paper bags, of the 
construction mentioned here, are used, the plants may be kept for some days 
provided bags are not opened too often. 

The temporary placement of plants before transfer to the field may be  arranged 
successively according to planned planting schedule or just in  numerical order 
of blocks and plots. 

The procedure for the actual planting operation will depend on the type of  
experiment and whether plants or plant lots have been allocated to plots  and 
blocks prior to planting out. For multi-tree plots and for a limited  number of 
entities (less than 50) the randomization and allocation will  usually have been 
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made beforehand, and the bundles of plants may be placed  in their respective 
plots straight away. It is common practice to place the  bundles in the lower left-
hand corner of each plot to secure right  allocation, but not more bundles than 
can be planted the same day.

In trials with single tree plots and many entities, as for instance progeny  and 
clone trials, the randomization is carried out blockwise during the  actual plant-
ing. To be able to do that, all plants must have been labelled  and collected for 
each block. Each plant is then taken at random from the  bag or tray at the time 
of planting. The advantage of this method is the  time saved in prior randomiza-
tion and in  controlling the location of each  individual plant during the plant-
ing operation. 

The method requires, however, a complete check of the trial and  records of  the 
distribution of the plant material to plots and blocks after planting. 

3.4 Planting distance

As mentioned earlier, efforts to maintain equal distances between plants is im-
portant in order to minimize irregular competition or varying conditions for 
development. 

Different methods may be employed depending on local resources and mate-
rial. A steel tape is the safest method of marking planting holes, either prior to 
planting or during the actual operation. A rope with marks at the desired plant-
ing distance may also be used provided it is not too flexible when tightened. A 
good check, where planting holes are not previously marked, is to see whether 
the distance from the last plant in the row to the borderline of a block is half the 
planting distance.

Naturally some deviations may occur when planting on deforested areas or stony 
ground, but these should be kept at a minimum.

Choice of planting distance is closely linked to those aspects of the experimental 
plan that concerns duration (short or long term), expected growth rate and exper-
imental layout. The point is, generally, to avoid competition between individual 
trees and between plots (border effects). 

Planting distance will have an influence on the size of experimental area and the 
amount of weeding required. Wider distance means a larger area and thereby 
greater possibilities for inclusion of more variability within blocks. 

Thus, a decision has to be made regarding the length of time that is required to 
end the assessments i.e. before competition is expected to commence or whether 
thinning will be included. 

Traditional planting distances such as 2 x 2, 3 x 3 or 2 x 3 m are usually em-
ployed and the assessment programme arranged accordingly. 
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3.5 Beating-up

Rarely all plants will survive the establishment phase and the question of supple-
mentary planting turns up. 

A survey of the loss should be made a few months or at the latest a growth  sea-
son after planting. 

Minor casualties which will not affect the experiment seriously may just be  re-
corded. 

In case of more extensive losses of plants in which plots are significantly  re-
duced, beating-up should be considered. To remedy such events, surplus  plants 
should be maintained in the nursery for at least another growth  season and, if at 
all possible, for all seed lots in the experiments.  Beating-up may then be carried 
out in the following season. 

Beating-up may have an effect on the evaluation of the experiment, but this  can 
be taken into account, when replacements are labelled and recorded. 

3.6 Checking and recording

In addition to checking and recording the actual location of all plants  whether 
pre-planned or as a result of the random allocation of treatments to  plots at the 
time of planting, notes should be taken of circumstances  during establishment. 
These should later be incorporated in the  Establishment Report, which will be 
dealt with in more detail in section 4  and in appendix 1.  The information that 
may be of interest is as follows:

a) Description of the planting site in respect of physical features which may 
comprise previous use and vegetation, soil, exposure, topography, and 
treatment prior to planting.

b) Conditions during planting operations e.g. the weather, method and time 
spent on planting, constraints and other information which will influence 
further development of the experiment.
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4.  TRIAL REPORTS
In the previous sections the activities in connection with preparation and actual 
field work have been outlined. 

In the following section we will discuss the documentation which is considered 
necessary for a proper implementation of a trial. For this purpose a Trial Report 
should be prepared for each experiment preferably according to a standardized 
procedure. The trial report consists of an Establishment Report and a Termina-
tion Report.

4.1 Establishment report

In appendix 1, a specimen of an Establishment Report for tree improvement  ex-
periments in Denmark is presented, based on many years of experience.  Some 
elements of the report may be specific for the situation in Denmark  e.g. registra-
tion systems, site descriptions, locations etc., but most of  the required informa-
tion is common to all experiments.

An Establishment Report is a working document which states objectives and  
time scale, provides documentation and describes special features of the  experi-
ment. Further it should indicate procedures for maintenance and  assessments. 

More explicitly the Establishment Report is used for:

a) Source of information for all persons whether actively engaged,  adminis-
tratively responsible or working in similar fields of  research. 

b) Basis for assessments and supervision/maintenance.  

c) Registration of silvicultural treatments (maintenance) or incidents  that 
may have an influence on the experimental results (accidental  events e.g. 
fire, storm, animals, humans). Further, registration of  assessments and ob-
servations. This information constitutes the diary  of the experiment. See 
later. 

e) Documentation of the genetic information of the trial material. 

It should be emphasized that the main function of an Establishment Report  is 
to act as a working document for field operations and therefore the  documenta-
tion listed under e) may be restricted, but supplemented with  additional infor-
mation from the data storage system, when required.
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4.1.1  Specific items of the Experimental Report

The report may be divided into the following groups:

 A. Objective(s)

 B. Documentation

 C. Description

 D. Outline of activities

 E. Diary

but not necessarily in that order. 

A Objective(s): 

Should be clearly (and briefly) formulated. It comprises the principal aim of the 
investigation e.g. provenance, progeny or clone-testing. Also more specified aims 
are stated, related to and supplementing the main objective.

An example could be a combined provenance/family testing.

B Documentation: 

Comprises identification of the experiment by registration number, reference to rep-
lication of the experiment on other sites (by registration numbers), geographic loca-
tion supplemented with maps, year and month of establishment and year of propa-
gation of the experimental material (i.e. age), and the size of experimental area. 

Documentation of the plant material may be given in a tabular summary contain-
ing reference numbers, designation and origin and other adequate information. 

In addition to the table, a brief statement of where, how and when the plants 
were raised is also required. 

One very important aspect of documentation is good maps showing both the 
geographical location (standard physical maps) and a detailed lay-out of the 
experiment (see appendix 2). The latter should preferably include a sketch of a 
single plot showing demarcation (poles) in relation to plants, as this facilitates 
orientation during field observations and assessments, in particular if demarca-
tion poles are hidden in weeds or undergrowth or have disappeared. 

Finally, possible arrangements with the host of the experiment (i.e. the owner or 
administrator of the area) regarding supervision and upkeep should be stated. 

C Description: 

This applies primarily to the conditions of the experimental area prior to the es-
tablishment and secondly to the circumstances at the actual planting. 

The purpose of the former is to relate features of the experimental site which 
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may have an influence on the evaluation of the results or which may explain the 
special arrangement of blocks and plots. 

Information that is useful to record may comprise the following:

1. Previous vegetation or use of the area: former tree species or forest type or 
former agricultural crop. 

2. Topographical conditions, e.g. flat, hilly or sloping with an indication of 
which corner of the world it is exposed to.

3. Drainage conditions especially where uneven.

4. Shade or shelter effects caused by surrounding plantings.

5. Ditches or tracks that affect the experimental lay-out. Also indicated on 
sketch map of experiment. 

Other physical traits may be described if expected to influence the performance 
of the material under test or the accuracy of the experiment. 

Variation in soil type or texture could also be a factor of some importance. 

A separate descriptive section deals with the technical side of establishing the 
experiment such as date and duration of planting operations and the method 
employed. Weather conditions during planting and transport may be recorded 
for later reference to success or failure.

Type of demarcation and labelling as well as temporary location of plants  may 
be noted. 

Experimental lay-out: 

The type of design e.g. randomised complete block design, lattice design, lattice 
square etc. that is used and the number of replications should be stated. Descrip-
tion of these designs and the analyses of variance attached to them may be given 
or referred to in relevant text books. 

A detailed description of a single plot (see appendix 2) should contain:

 No of plants per plot:

 Planting distance:

 Demarcation arrangement:

The sketch map of the experimental design, which is usually a stylised and block-
wise reproduction of the lay-out, serves the purpose of showing the distribution 
of treatments (provenance, families etc) to plots and blocks. 
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The numbering system plays an important role for systematic recording of indi-
vidual trees, which is often desired. Therefore a system of co-ordinates is applied 
which enables the researcher to find each individual tree and plot by the two fig-
ures, the x- and y-values of the imaginary axes of co-ordinates (see appendix 2). 
Note, two such systems are imposed - one for plots and one for individual trees 
within plots which, combined with block numbers, provide an unequivocal iden-
tification of each plant location. 

In order to standardise the allocations of co-ordinates it has been decided to 
place the zero-point in the south-west corner of the experiment, as far as is pos-
sible. Sometimes it may be necessary to introduce two systems of co-ordinates if 
blocks are placed separately.

D  Outline of activities: 

In the planning of an experiment time scale for duration and time schedule for ac-
tivities are (or ought to be) indispensable elements of a well-managed experiment.

The activities for which time schedule may be indicated concern the age or year 
of measuring and the kind of assessment intended to be carried out at different 
stages (year) of development. For instance, at the first measuring only survival 
and height are recorded, while later on qualities such as straight-ness, branching, 
health, flowering etc. may be measured or scored.

The time limit or duration of the experiment will then as a consequence of the 
proposed assessment programme be determined and a termination report may be 
prepared. 

In some experiments silvicultural treatments are incorporated in the overall plan 
of the experiment. One or two thinnings may be anticipated and the stage of de-
velopment and thinning methods (systematic or selective) should be indicated.

E Diary: 

Experiments should be visited regularly to observe development of plants or 
trees and any changes in the environment that may influence part of or the 
whole experiment. 

A short note should be made for each visit and may be as brief as stating date of 
visit and by whom. It may also contain more extensive, ocular observations or 
draw attention to requirements for weeding, fire protection, protection against 
damage by animals and humans, etc. 

Thus, the diary is a current account of the physical conditions of the experiment 
and forms the basis for possible silvicultural treatments and their timing. 

The diary is a non-standardised supplement to the systematic assessments  and 
evaluation, and will provide part of the information to be included in  the termi-
nation report. 
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Whether the diary should be kept in a separate notebook or on some blank  
sheets enclosed in the field copy of the establishment report is a matter  of 
choice for the individual researcher.

4.2 Termination report

When the last stipulated assessment has taken place and no further observations 
are considered necessary, the experiment has come to an end. This should be 
clearly stated and reported in a termination report, preferably in a standardized 
form (see appendix 1).

Although there are obvious advantages for making termination reports, this part 
of the experimental procedure is often neglected. 

First, it should be made quite clear both to the host of the experiment and  ad-
ministrators of research that experimental procedures have now stopped  either 
according to the plan or for other reasons. 

Secondly, the termination report should state briefly 1) whether the experiment 
has obtained its objective or 2) whether it has only been partly achieved or not 
at all. Regarding the latter further description of causes for more or less failures 
should be given as for example:

a) Altered or deteriorated conditions of the experimental site

b) Experiment poorly conceived

c) Experiment insufficiently assessed

d) Maintenance neglected

e) Other reasons

Further useful information may comprise:

 A summary of assessments and observations i.e. factual events, with refer-
ences to files and data storage for detailed information. 

 Possible references to publications related to the experiment. 

The information indicated above may be extended according to the type of the 
experiment or taste of the individual researcher. 

The special and important feature of termination reports lies in the obligation 
to review circumstances that were decisive for more or less successful comple-
tion of experiments. Were the objectives of the experiment realistic ? - were the 
experimental design and lay-out appropriate ? - were protection and maintenance 
adequate ? - and were several other factors sufficiently considered? 

When the experience from different experiments is pooled as a routine  activity 
of the experimental procedure, much more efficient experiments are  likely to be 
achieved in the future.
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6.  APPENDICES

 Appendix 1

Outline of

TRIAL REPORTS

Reference to text indicated by section no.

ESTABLISHMENT REPORT

A. COVER (stiff cardboard cover):Institutional designation, preprinted, e.g.

 Institutional designation, preprinted, e.g.

TEAK  IMPROVEMENT  CETRE

Ngao, Lampang

 Thailand

Registration no:

            TITLE: Capital letters e.g. PROVENANCE TRIAL OF TEAK

                                                (Tectona grandis L.)

            Locality: Geographical location e.g. name of forest,

                           compartment, nearest village.

            Date: Refers to issue of report (month, year).

            Name: Officer in charge.
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TEAK  IMPROVEMENT  CENTRE

Ngao, Lampang

Thailand

     Trial  No.  IP  38                                       Year of Sowing:  1973
                                                                     Year of Establishment:  1974

 I N T E R N A T I O N A L   T E A K

P R O V E N A N C E   T R I A L

Pah Nok Kau,  Thailand

     Officer in charge:  

      Report completed:



14 15

B.         Page 1-n:

            Registration no: 4.1.1. B  

                         Reg. no. of parallel experiments:

            TITLE:  Same as on cover.

            Locality:  Sufficiently detailed for anybody to find the 

                           (4.1.1. B) experiment. May be supplemented with sketch map or map

                            reference. Indication of latitude, longitude and altitude

                            should be included.

            Establishment (4.1.1. B): Year and month only.

            Year of sowing: Will indicate age of plants at any subsequent observations, measurings etc.

            Area: Size of the experiment in ha or m2.

            Objective(s) (4.1.1. A)

            Proposed activities (4.1.1. D):  Time schedule for - and type  of - assessment planned at different 

                                                                stages.

            Duration (4.1.1. D): Related to proposed activities. Total length of experiment.

            Site description (4.1.1. C): Refers to prior and present  conditions.

            Experimental material (4.1.1. B)

a: Tabular summary of individual plant lots by reference numbers, origin, breeding or other 

information of relevance. 

b: How, when and where the plants were raised.

            Experimental Design (4.1.1. C)

            Establishment (4.1.1. C): 

 Description of the circumstances connected with site preparation and at the actual 

planting.

            Arrangement with host of experiment (4.1.1. B).
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C.         Maps (4.1.1. C):

Sketch of experimental layout e.g. randomised block design with 8 replica-
tions, see appendix 2.

            TERMINATION REPORT  (Section 4.2)

                         Registration no:

                         Title                                              copy of

                         Locality                                       Experimental

                         Establishment year                        Report

                         Age of termination

                         Objective

            

                         Date of termination

                         Reason(s) for termination:

                         1:          Objective obtained

                                     Possibly additional, non-stipulated results obtained

                         2.          Objectives only partly or not at all obtained due to:

                                      a)         Altered or deteriorated conditions of the experimental site

                                      b)         Experiment poorly conceived

                                      c)         Experiment insufficiently assessed

                                      d)         Maintenance neglected

                                      e)         Other reasons

                                      

                                      

            References:

                         Data storage of measurements or filing system i.e. detailed information.

                         Publications - if any

            Conditions of experiment at termination

Short description indicating success or failure for subsequent improvement of planning and 

execution of experiments. 

            Signature: Officer in charge
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Appendix 2


