Statistical Checklist 4

PLANT GROWTH
ANALYSIS

RODERICK HUNT

Institute of Terrestrial Ecology

g

's?'&::;h vironment Research Council



PLANT GROWTH ANALYSIS

Stating the objectives

1.

2.

Have you stated clearly and explicitly the objectives of your research and the reasons for
deing it?

Have vou translated these objectives into precise questions that the research may be
expected to answer?

Relevance of plant growth analysis

3. I8 your research expected to invelve plant growth or decay, ie irreversible change in size of
shape thowever measured), of change in number?

4, Do the questions you are asking reguire more detasiled answers on plant form and function
than would be available from studies in the fields of production scology or plant demography?

5. Do the questions you are asking require more broadly-based answers on plant form and
function than wauld be available from studies in the field of environmental physiology?

6. In particular, do you require an integrated assessment of the performance of whole organs,
individuals, populations or commimties?

7. Do you require this assessment to be made across ecologically- or agronomically-meaningful
periods of time?

8. Would it be useful 1o you to express plant performance in terms of derivates which are
independent of the size of 1he system under study?

9. Are any of the standard types of derivate in plant growth analysis useful to you either per se
or as synthetic or comparative tools? For two generalized plant variates, y and z, and for time
t, the commonest derivates are:
absolute growth rates : dy/dr
relative growth rates ¢ {I/y) [dy/dt)
simple ratios czly
compaunded rates © (I zY tdy/dr
|nt?g.r?_l...cigrat|ons ; ?J‘ yeiz,

10, Are interrelationships between these derivates in the form of economic analogies likely to be
useful?

Farexample: li/y} {dy/dt) = z/y » {l/z) (dy/dt)
{efficiency) = manpowert x {manpower productivity).

Choice of approach

11, Are you interested only in the net or final results of growth ar decay over a longish period of
time? T e N . e A i

12, Are you interested in the detailed time-course of gromh OF- decay but know enough abom
this already to need only the level of definition prowded by |nfrequen‘r sampling?

13. If the answer to 11 or 12 is 'yes’, can you settle for the classical approach 1o plant growth
analysis, in which mean values of derivates are obtained for the harvest-intervals betyween
large, relatively infreguent samples?

14, Are you unable 1o accept the assumptions implicit in 1he use of the classical harvest mterval

forrmulae (in particular, the problems of assembling accurate interrelationships asin 1017 .
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7.

Do you know little or nathing about the time-cowrse of the growth ar decay you wish to
study?

Do you require the most detailed picture possible, perhaps because you expect that species-
or treatment-comparisans will be finely balanced?

If the answer to 14, 15 or 16 is 'yes’, can you setile for the functional spproach 10 plant
growth analysis in which fraquent, small harvests supply data for statistical curve-fitting?

Are any of the following reguirements also convincing arguments for the functional
approach? Great condensation of primary data; all sampling occasions in use for all
comparisons; minimal physical risk or effort per harvest; unequal replication between
harvests; unequal harvest intervals; interpolation; smoothing; integral statistical analysis.

Experimental design and sampling

18.

20,
21,
22,
23

In general, can you select the right experimental material and use it in such a way as 10 get
down on ta paper the best possibie data for deriving answers to your original guestions?

Have your read Statistical Checktist 1 on experimental design?

Have you read Statistical Checklist 2 on sampling?

Have you read Evans (1972, pp 38-185) on measuremeant?

Have you examinad the question of destructive versus non-destructive sampling?

Inspection of data

24,

YisH

As plant variability is commonly value-dependent, de you agree that the natural logarithmic
transformation, normally necessary far other reasons, also renders the data hormoscedastic,
with Gaussian distributions within each harvest subset?

{Rarety! is such a transformation harmful to, or within, any of your data sets?

Computing

26,

27
28,

29,

Have you investigated the locally-available computing ar calculating facilities to see what
possibilities are available?

Have you read Statistical Checkfist 3 on modelling, questions 71-767

Have you decided on whether to write your own program, use a library facility or borrow a
program from another worker in the field?

If proceeding with any of 28, can you be sure of obtaining all of the recessary values,
derivates and limits from your chosen method?

Do your computing facilities, as a whole, provide the best possibie combination of availability,
suitability and turnaround, or must some trade-off of ane against another be achieved?

Classical analytical methods

31

3z,
32
34,
35.

Have you ohtained the appropriate classical formulae, perhaps from a source such as Evans
(1972} or Hunt (1978)7

Do you fully understand the assumptions involved in the use of each of these formulae?

Can you peair vour samples satisfactorily across each harvest interval?

Can you assembie your classical derivates into populations which permit statistical anafysis?
Is there evidence of random instability in your classical derivates or can you genuinely believe
what you see?

Functional analytical methods
Do you know where, on the continuum between rmeciansm and empircism, your modelling
{in the form of curve-fitting! is likely to lie?

36.




37, ¥ vou have firm mechanistic pelisls of hypotheses aboul the processes underlying the growih
or decay that you are studying, can you select ar devise a mathematical function which
pravides a canvenient analogue of those processes?

38, Canvyou £t such a function to your data?

39, Canyou then proceed to the required dervates, with statistical limits if possible?

40 If you have no mechanistic befiels or hypotheses about your system but merely reguire a
suitable statistical approximating function, can you select or devise a mathematical function
which provides a convenient representation of your system?

41, Canvyou fit such a function to your data?

42, Canvyou then proceed to the required fitted dervares, with statistical limits if possible?

A3 Are any of the following functions likely to be of valus 1o you?

{An exponential function is a function fitted to Jogarithmically-transformed data.)

First-order polynomial exponentiat . forlog-linear (‘exponential’t growth or decay;

Second-order polynornial exponential ¢« for simply-curving progressions;

Third-order pelynornial exponential — : for S-shaped progressions, or those with
linearly-changing curvature;

High-order polynomial exponantials  © for complex curves, butl beware of unstable
derivates and limits;

Monomolecular - . asymptotic, but without an inflection;

Logistic tautocatalytic) T asymptotic, with an inflection mid-way;

Gompertz  asymptatic, with an early inflection;

Richards © asymptotic, with a variable inflection;

Segments . chains of simple functions fitted to complex data,
but with ‘lumpy’ derivates;

Running re fit . ditte, with smooth derivates, but costly in degrees
of freedom;

Splines . specially-joined polynomials, with seamnless
derivates and advantageously-treated degrees of
freedom;

Time Series Analysis . for vast data sets with recurrent internal trends.

44, Have you closely examined the guestion of determinate growtf and of asymptotic versus
non-asymptotic functions?

46 If used, have you sought incidental biclogical relevance in the parameters of the simpler
functions listed in 437

46. Have you balanced to your own satisfaction the often conflicting reguirements of -bio/ogrcal
expectation and statistical exactituda?

47. Are you aware of the dangers of over-fitting your data?

48. Are you aware of the dangers of under-fitting your data?

49, Have you used progressions of the derivates as incidental or afternative indications of
goodness or suitabitity of fit?

50. For low-order pelynornials, is the sigpwise principde of any value?

B1. If itis, can you accept a variety of types of fit within your collection of data sets, or must they
atl be similarly treated for any reasan?

Post-analysis: assessment and presentation
52. Have you applied Occam's razor wherever possible {accepting the simplest of alernative
explanations!?




Has your analysis created a Frocrustean bed {an abuse of certain data sets in pursuit of
aver all uniformity)?

Have you got everything you wanted from the analysis?

Wust yau return to another method, perhaps because of the unavailabifity of meaningful
derivates or statistical limits?

If your derivates are time-based, can you gain additional information by plotting them not
against time but against some other measure of progress, such as total dry weight?

Can you incorporate such an alternative measure directly into any of the calculations?

It you have experimental treatments based not upon mulli-state but upon continucus
variables, can you incorporate either the primary or derived data into a rasponse surfece
inyolving independent variahles in addition to time?

If your original design admits both classical and functional methods of analysig, can additional
inforraation be gained by performing both?

Will you present each classical rate-derivate not as single points on a progression in time, but
as a histogram with a class-interval equal to the harvest-interval?

Will you need to present af of the statistical limits caloulated for fitted derivates or can
sconomy of presentation be achieved by giving only the ‘control’, or perhaps the widest, set
of fimits?

Can values of derivates from empirical work be used to set values or limits to state varables or
rate equations in subsequent mechanistic wark? '

The final {and most important) question
63. If you are in any doubt about the purpose of any of the questions in this checklist, should
you not obtain some advice from a worker with experience of plant growth analysis befors
continuing?
There is usually litile that an expert advisor can do to help you once you have committed
vaurself to a faulty approach.
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The Institute of Terrestrial Ecology

THE INSTITUTE OF TERRESTRIAL ECOLOGY {ITE} was established in 1973 as one of the
component mstitutes of the NATURAL ENVIRONMENT RESEARCH COUNCIL.
The Institute’s scientific objectives are; —

1. To improve understanding of the factors determining the structure, cormpasition
and processes of ecological systems and the gbundance and performance of
individual species and organisms.

2. To provide an improved scientific basis for predicting and modelling Future trends,
aspecially those resulting from Man's activities, hence permitting a mare critical
assessment of the need for, and likely benefits of, specific measures 10 protect
and manage the environment,

The results of this research are available to those responsible for the protection, management and
wise use of our natural resources, One quarter of ITE's work is research cormmissioned by
customers such as the Departrment of the Environment, the Countryside Commission and the
Mature Conservancy Cauncil. The remainder is fundamental research supported directly by NERC.
ITE's expertise is widely used by international organizations in overseas projects and programmes
of research,




Statistical Checklists

. This statistical chacklist is one of a series currently being developed by the Institule of
Terrestrial Ecéfogv {ITE}. The aim is to highlight some of the more significant questions to be
taken inlo account in the application of statisticai methods to practical research and manage-
ment. They provide a framework far marshalling thoughts or ideas on the subject, but by their
nature cannot expect to cover a subject exhaustively. Wherever possible, references are
provided 1o readily-available textbocoks as sources of information for those wishing 10
follow ug any lopic in detail,

. Single copies of checklists can be abtained from the Institute of Terrestrial Ecology, 68 Hills
Road, Cambridge CB3 1LA, at a cost of 30p, if a stamped addressed envelope is enclosed with
your arder.

Bulk supplies are available for institutes and organizations wishing to use these checklists for
witer internat circulation. Copies are available in muhtipies of 20 &1 £3.00 per pack, post paid.

. The checklists 50 far issued include:

1) Design of experiments

{2} Sampling

{3t Modelling

{4] Plant growth analysis
Details of new checklists will be announced in the ITE Annual Repaort. )
‘ITE welcomes comments and suggestions on the checklists in this series. Please write 1o.the -
Director, Institute of Terrestrial Ecology, Merlewood Research Station, Grange-over-Sands, .
Cumbria, LATT8JU. ’ :
. The helg of MrJ. N. R. Jeffers and Dr D. R. Causton is gratefully acknowledged, o
. The authoris a member of one of ITE's Sister institutes, the Unit of Comparative Plant Ecology o
at the University of Sheffield. :
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