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The Note on Application of Logistic Model in Agriculture Research
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Summary. In the study an example was presented when the
application of the coefficient of determination R2, a commonly
used goodness of fit measure of the model to the empirical results
leads to wrong conclusions. It is an example of a logistic model.
Theoretical considerations were applied to the model describing
the germination of seeds which underwent laser biostimulation
prior to sowing. Moreover, the origin of problems that appears
in the described situation was explained.
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INTRODUCTION

Describing processes by mathematical models is a prob-
lem of interest to a number of researchers in various areas of
science. However, the model shape also requires the verifica-
tion of'its correctness based on empirical data. The measure
of the goodness of fit of the model to empirical data that is
often used is the coefficient of determination R? [2,4,6,7].
This coefficient for characteristic y is defined as [8,10 ]:
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SST = Z (y, =)’ is total sum of square for given feature,
i=1
SSE = Z( ¥, = f,)* is error sum of square.
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and
y, — denotes empirical data,
f, — denotes the values of a function describing the model.
Coefficient R? works perfectly in case of linear mod-
els and some nonlinear ones which are brought to linear
models using the relevant transformations (i.e. nonlinear
internal linear models [1]). It takes on the values from the
range <0,1>. Values close to 1 prove the goodness of fit

of the model (or regression function) to experimental data
whereas those close to 0 indicate poor fit. Moreover, value
R? determines which part of variability of the experimental
results is explained by the model (or regression function).

However, in case of some nonlinear models, value R?
can be negative. In such a case the application of this coef-
ficient is incorrect.

THE OBJECTIVE AND SCOPE OF STUDY

The objective of the study was to demonstrate that the
coefficient of determination R? for some nonlinear models
can take on negative values. This study describes such a case
regarding a logistic model. Theoretical considerations were
applied to the model describing the germination process of
seeds that underwent laser biostimulation prior to sowing.
Moreover, it was explained why the use of a coefficient of
determination is incorrect in this situation.

MATERIAL AND METHODS

At the Department of Physics of the University of Life
Sciences in Lublin the research was conducted aiming at the
determination of the germination process of tomato seeds
and the impact of the laser biostimulation of the sowable
material on this process [3]. In the research the seeds of
Promyk variety were used. In laser biostimulation the adjust-
able doses of energy method were used assuming the dose
equal to 4.5 mJ. For comparative reasons a control sample
of seeds (non- biostimulated) was taken. The test group was
represented by 700 seeds sown on Petri plates with tissue
paper lining, in 7 samples 100 seeds per sample. The plates
were placed in an electrostatic furnace, ensuring temperature
stabilisation with the accuracy to £ 1°C. The seeds germinat-
ed without access of light. Every few hours the germinating
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seeds were counted. The seed was considered germinated
if it formed a germ which was at least 2 mm long. During
the experiment the constant moisture content of the tissue
paper was maintained by dosing distilled water.

MATHEMATICAL MODEL
OF THE GERMINATION PROCESS
OF TOMATO SEEDS

The germination process of tomato seeds undergoing la-
ser biostimulation before sowing can be described by means
of a mathematical model which is expressed by means of
the logistic function [3] in the form of:
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where:
n, — final number of germinated seeds,
n(t) — number of seeds germinated after given time t,
a, — coefficient of germination speed [1/h]
t, — time germination of the first seeds sown [h]
Values «,and t; are determined on an experimental
basis.
In a general case the logistic curve can be described by
a formula with three parameters
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RESULTS AND DISCUSSION

Using formula (2) the number of germinated seeds n(t)
was calculated and then the sums of squares SST and SSE
and, finally, from formula (1) the value of the coefficient of
determination R2. The results for germinated seeds of Promyk
variety tomatoes which underwent laser biostimulation with
4.5 mJ dose at temperature 15°C are presented in Table 1.

Table 1. The values of sums of squares and the coefficient
of determination R? for germinated seeds of Promyk variety
tomatoes stimulated with the dose of 4.5 mJ at temperature 15°C.

SST 25554,54
SSE 35549,37
R? -0,90

Similar results for germinated seeds of Promyk vari-
ety tomatoes which underwent laser biostimulation with
the dose of 4.5 mJ at temperature 20°C, the control sample
(non-biostimulated seeds) at temperature 25°C and the sam-
ples of biostimulated seeds at temperature 30°C are present-
ed in Tables 2 and 3 as well as Table 4.

As Tables 1-4 show, in the considered cases, the coef-
ficient of determination takes on negative values. In such
a situation it does not have any interpretation at all and
consequently it cannot be used as a measure of goodness
of fit of the model to empirical data. Let us demonstrate the
source of the existing situation.

Table 2. The values of sums of squares and the coefficient
of determination R? for germinated seeds of Promyk variety
tomatoes stimulated with the dose of 4.5 mJ at temperature 20°C.

SST 1512,90
SSE 2076,50
R? -0,37

Table 3. The values of sums of squares and the coefficient of
determination R2 for nonstimulated germinated seeds of Promyk
variety tomatoes at temperature 250C.

SST 691,21
SSE 959,55
R2 -0,39

Table 4. The values of sums of squares and the coefficient
of determination R2 for germinated seeds of Promyk variety
tomatoes stimulated with the dose of 4.5 mJ at temperature 300C.

SST 392,57
SSE 26,199,30
R2 -65,74

It is demonstrated [9,5] that in the linear regression mod-
el some basic identity takes place.

i(y‘. ) :i(y,. —f) +i(f, ~7)" so SST =SSE+SSR (4)

where SSR = i(f;. -9, ®)
i=1
denotes regression sum of square.

The proof of the identity (4) is based on the linearity of
the regression model and the evaluation of its coefficients
using the least square method. Consequently, identity (4)
is true for linear models with coefficients evaluated using
the least square method. The range of value of coefficient
R? <0,1> results in an obvious way from identity (4). The
logistic model is an example of a non-linear model for
which identity (4) does not occur. It is proved by the sums
of squares in Tables 1-4. It is this particular fact that is the
source of negative values of the coefficient of determination.

CONCLUSIONS

To sum up the considerations contained in the study, the
following conclusions can be formulated:

1. Coefficient of determination R is a very good measure
of goodness of fit of linear models and some nonlinear
but internal linear ones to empirical data.

2. Ttisnotrecommended that the coefficient of determination
R?be used as a goodness of fit criterion for a logistic model.
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NOTA O ZASTOSOWANIU MODELU
LOGISTYCZNEGO W BADANIACH ROLNICZYCH

Streszczenie. W pracy opisano przyktad, kiedy uzycie wspol-
czynnika determinacji R2, powszechnie stosowanej miary dobro-
ci dopasowania modelu do wynikoéw eksperymentu prowadzi do
niewtasciwych wnioskéw. Jest to przypadek modelu logistyczne-
go. Rozwazania teoretyczne zastosowano do modelu opisujacego
proces kietkowania nasion poddanych przedsiewnej laserowej
biostymulacji. Ponadto, wyjasniono co jest zrodtem problemow
pojawiajacych si¢ w opisanej sytuacji.

Stowa kluczowe: model logistyczny, wspotczynnik deter-
minacji R2, przedsiewna biostymulacja nasion.






