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Abstract

Stevia rebaudiana is considered an important medicinal plant possessing low-calorie glucoside sweeteners. The
present work describes the comparison of three stevia genotypes (IBT 1, IBT 2 and IBT 3) in two contrasting
environments simulated under controlled conditions: Sullana in Peru; and Misiones in Paraguay (regarded as
the center of origin of Stevia). In the study, we explored the Euclidean distance as an integrating indicator
for simultaneous selection of several stevia traits. Plant scientists often record multiple morphological,
physiological and biochemical indicators in their experiments. Common statistical data evaluations involve
univariate analyses such as t-test, Mann-Whitney and Analysis of Variance followed by Tukey HSD. However,
these analyses do not evaluate integrally the effects of the experimental treatments because each indicator is
analyzed independently. Euclidean distance from each treatment combination to the ideal phenotype of the
stevia plantlets was calculated. IBT 2 grown in Sullana environmental conditions showed the best integral
results, while IBT 1 displayed the worst results. esponse parameters to different contrasting environments.
The analysis shown here indicates that the use of the Euclidean distance could contribute to establishing a
more integrated evaluation of the contrasting Stevia genotypes. On the other hand, the Euclidean distance, as
a non-dimensional indicator, can help to compare different phenotype traits.

Keywords: Biostatistics, research methods, glucoside, phenotypic traits, sweet grass.

Resumen

Stevia rebaudiana se considera una importante planta medicinal que posee edulcorantes glucdsidos bajos
en calorias. El presente trabajo describe la comparacion de tres genotipos de stevia (IBT 1, IBT 2 e IBT
3) en dos ambientes contrastantes simulados bajo condiciones controladas: Sullana en Perti; y Misiones en
Paraguay (considerado como el centro de origen de la Stevia). Exploramos la distancia euclidiana como
un indicador integrador para la seleccion simultanea de varios rasgos de stevia. Los cientificos de plantas
suelen registrar multiples indicadores morfologicos, fisiologicos y bioquimicos en sus experimentos. Las
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evaluaciones de datos estadisticos comunes implican
analisis univariados como la prueba t, Mann-Whitney
y el andlisis de varianza seguido de Tukey HSD. Sin
embargo, dichos andlisis no evalian integralmente
los efectos de los tratamientos experimentales porque
cada indicador se analiza de forma independiente. Se
calculd la distancia euclidiana de cada combinacion
de tratamientos al fenotipo ideal de las plantulas de
stevia. IBT 2 cultivado en condiciones ambientales
de Sullana presento los mejores resultados integrales,
mientras que IBT 1 mostré los peores resultados. El
analisis indica que el uso de la distancia euclidiana
podria contribuir a establecer una evaluacion mas
integrada de los genotipos contrastantes de Stevia.
Asi también, puede ayudar a comparar diferentes
rasgos fenotipicos.

Palabras clave: bioestadistica, Métodos de busqueda,
glucosidos, rasgos fenotipicos, hierba dulce.

Introduction

Stevia rebaudiana (Asteraceae; Sweet (Grass)
is considered an important medicinal plant as
it possesses many beneficial effects on type
IT diabetes, possessing low-calorie glucoside
sweeteners (Brahmachari et al., 2011). Also, the
plant contains important natural antioxidants
such as flavonoids, phenols, tannin and essential
oils (Christaki et al., 2013).

It is a native species of the tropical region of
South America; and is still found in the wild in
Paraguay (Giuffre et al., 2013; Gusmaini et al.,
2022). The bushes of this species are perennial
and reach 0.9 m height. Its leaves, lanceolate
or elliptic and toothed, are alternate, simple, of
a shiny dark green color and a rough surface,
sometimes somewhat hairy, up to 5 cm long by
2 cm wide. The stems, pubescent and straight,
only branch after the first vegetative cycle,
with a tendency to lean. The roots are mostly
superficial, although a thickened section sinks
deeper; fibrous, threadlike and perennial, they
are the only part of the plant in which steviosides
it is not founded (Ijaz et al., 2015; Hossain et al.,
2017).

As for their flowers, they are dioecious plants
that at the beginning of spring present small,
tubular and white flowers, without perceptible
fragrance, in corymboid panicles formed by
small axillary chapters; they take more than a
month to produce all the flowers (Biiytik et al.,

2022; Gusmaini et al., 2022). In nature they are
pollinated by bees. The fruits are achenes endowed
with a hairy pappus that facilitates their transport
by the wind. The yield difference in steviosides
and rebaudiosides is very pronounced between
the different genotypes. Currently, the best
quality and most profitable is the “Paraguayan
stevia”, with up to 4 to 5 annual harvests (Giuffre
et al., 2013; Hossain et al., 2017). The present
work describes the comparison of three new
Stevia genotypes (IBT 1, IBT 2 and IBT 3) in
two contrasting environments simulated under
controlled conditions: Sullana in Peru; and
Misiones in Paraguay (considered the center
of origin of Stevia). In this study we explore
Euclidean distance as an integrating indicator for
simultaneous selection of several Stevia traits.

Plant scientists usually record multiple
morphological, physiological and biochemical
indicators in their experiments. The common
statistical data evaluations involve univariate
analyses such as t-test, Mann-Whitney and
Analysis of Variance (ANOVA) followed by
Tukey HSD (Lorenzo et al., 2015). However,
such analyses do not evaluate integrally the
effects of the experimental treatments because
each indicator has been analyzed independently.
For this reason, in this study we explore Euclidean
distance combined with the Stevia phenotypic
traits as an integrating indicator. Euclidean
distance has been widely used in many scientific
fields e.g. incontext of pattern recognition (Ichino,
1988), bioinformatics (Tavazoie et al., 1999),
intelligent control systems (Jafar & Zilouchian,
2001; Fliege et al., 2019), spectral identification
(Granahan & Sweet 2001), information retrieval
(Kogan, 2007), simultaneous selection of
several agricultural traits (Gomez-Pando et
al., 2009; Haque & Haque, 2018; Angassa &
Mohammed, 2022), and plant in vitro culture
experiments (Lorenzo et al. 2013; Gémez et al.,
2018; Villalobos-Olivera et al., 2019). However,
as far as we know, the statistical management
reported here has not been frequently utilized
in studies of interactions of Stevia with different
environments.

Materials and methods

Three Stevia genotypes (IBT1, IBT2 and
IBT3) were grown under controlled conditions,
simulating two contrasting environments:
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Sullana in Peru; and Misiones in Paraguay that is
regarded as the center of origin of Stevia (Table
1). IBT1 is the Morita II variety, developed in
Japan by Toyoshigue Morita and introduced to
Peru. IBT2 is the Miskibamba variety derived
from the Morita II variety; and IBT3 is a mutant
line derived from the Miskibamba variety
using gamma radiation at a dose of 20 Gy in
the laboratory of the Institute of Biotechnology
(IBT) of Universidad Nacional Agraria La
Molina. Thirty-day plantlets used in the study
were obtained under in vitro conditions in MS
(Murashige — Skoog) culture medium following
established protocols for stevia. Acclimatization
was carried out for one month in a greenhouse
using the sterilized premix 3 substrate (500 g
sterile-PREMIX soil per plantlet).

All data of this study were statistically
evaluated using SPSS (Version 8.0 for Windows,
SPSS Inc., New York, NY) to perform Two-
Way analysis of variance (ANOVA) and Student
— Newman - Keuls tests (p=0.05). The overall
coefficients of variation (OCV) were used to
assess sensitivity and they were calculated as
follows:

(Standard desviation/Average)*100 (1)

In this formula, we considered the average
values of the six combinations compared
(2 environments and 3 Stevia genotypes) to
calculate the standard deviation and average.
Therefore, the higher the difference between
the six treatments compared, the higher is the
OCV (Lorenzo et al., 2015). The OCVs were
categorized as follows: Low from 12.37 % to
26.99 %, Medium from 26.99 % to 41.61 % and
High from 41.61 % to 56.2 3%. Ranges for OCV
classification as High, Medium and Low depend

on OCV values recorded in each experiment
(Lorenzo et al., 2015).

In addition, to identify the most significant
integral effect of the six combinations studied
on Stevia phenotype, the euclidean distances to
the expert criteria were calculated. As the ideal
expert criteria, the maximum values of plant
height, numbers of leaves and shoots per plant,
root length, plant fresh weight, and rebaudioside
and stevioside content were considered. An excel
sheet (Microsoft Office) was used. Original data
were standardized with 0 to 1 by the min-max
normalization (Kantardzic, 2003). Min and max
values of each variable were identified and then
the following formula was used to standardize
data:

(Value to be normalized-Min.value observed
in the experiment)/(Max.value observed in
the experiment — Min.value observed in the
experiment) 2)

After standardization of all treatment data, the
Euclidian distance to the best expert criteria was
calculated according to equation:

Fuclidean distance
to the expert criteria

n = Number of dependent variables evaluated
q = Indicators evaluated

p= Indicators described as expert criteria:
maximum values of the seven dependent
variables described

1 = Indicators evaluated

Table 1. Environments compared under control conditions

Time (h) Temg%riiture Relativzeo/}ol;.lmidity Radiation T(ilrll;e Temgecritture Relativz:[;ol;lmidity R(e{gi/agcli%n
0-0 20.0 80.0 0.0 0-0 21.0 76.0 0.0
0-6 19.7 81.6 0.0 0-6 18.8 83.3 0.0
6-11 20.6 71.7 100.0 6-11 24.4 58.0 200.0
12-5 28.1 52.7 300.0 11-5 35.0 22.5 300.0
6-6 28.7 50.9 100.0 5-8 28.7 343 200.0

7-12 23.8 66.6 0.0 8-12 26.3 36.0 0.0
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Table 2. Phenotypes of Stevia materials in two contrasting environmental conditions simulated under
controlled conditions (averages + SE).

i . . Rebaudiosids Steviosid
EXFOeCr;?SIrlltal Stevia  Plant height I;Z;r‘rllgse;grf I;Iﬁgg?se;grf Root length Plapt fresh ¢ c?)lrllt;il ¢ Ceggt)es;t ¢
simulated ~ £°MOWYPe (cm) plant plant (cm) weight (g) (/100 g DW) (g/100g DW)
IBT1 933+081b 34.01+294c 3.66+026c 1125+123¢cd 291+0.15¢ 10.10+£1.03f 3.44+026f
(S;;Iri‘)la IBT2 133741252 57.66<3.87a 7.00£054a 13.66+156b 7.04+064a 1605+1.68¢c 459+036a
IBT3 13.37+0.92a 45.00+3.56b 5.00+048b 1233+ 1.13bc 3.94+£026b 18.48+1.54c 4.58+0.34b
Misiones IBT1 12.66+1.14a 2031+1.96d 2.00+0.19d 10.00+098d 2.48+023cd 1646+1.13d 3.61+028¢
g};ﬁgrg‘(‘}y IBT2 1275+1.11a 12.50+1.12d 5.00+033b 2633+135a 1.73+0.14d 19.66+159b 4.53+034c
g;;%;g)"f IBT3 11.50+1.15a 37.00+ 298¢ 450+ 034 bc 14.00£1.38b 2.39+0.12¢cd 2021+196a 4.27+031d
OCV (%) 12.72 47.54 36.57 40.69 56.23 21.95 12.37
Classification of OCV™ Low High Medium Medium High Low Low

Note. Results with the same /etter are not statistically different (Two-Way ANOVA, Student-Newman-Keuls, p>0.05). For statistical
analysis only, the numbers of leaves and shoots were transformed according to y'=y%.

* Overall coefficient of variation = (Standard deviation/Average)*100. To calculate this coefficient, average values were considered.
The higher the difference among the six treatments compared, the higher the overall coefficient of variation. OCVs were calculated for

those indicators with statistically significant difference according to Two-Way ANOVA and Student-Newman-Keuls tests.

** Low from 12.37 % to 26.99 %, Medium from 26.99 % to 41.61 % and High from 41.61 % to 56.23 %.

Results and discussion

Several statistically ~significant differences | . 3.0

among the six combinations studied were | & 25 @ a

recorded (Table 2). However, High OCVs were | = 1,

only noted in the number of leaves per plant, and | ¢ o 15 b b

in the plant fresh weight. The highest values | £5 : d
were recorded in IBT 2 grown in the chamber | z ° "_‘ ﬂ ﬂ
that simulates the environment of Sullana (Peru). | = 0

On the other hand, Medium OCVs were observed | £ °0 . . .

. . a Sullana - Misiones Misiones Misiones Sullana - Sullana -
in the number of shoots per plant and in the root | & IBTI -IBT1I -IBT? -IBT3 IBT3 IBT?

length (Table 2). The IBT 2 grown in Sullana
showed the highest values of shoots per plant.
This genotype, grown in Misiones showed the
longest roots.

The calculation of the Euclidean distance from
treatment combination to the ideal phenotype of
the Stevia plantlets is shown Figure 1. The IBT 2
grown in Sullana showed the best integral results,
while IBT 1 displayed the worst results.

A comprehensive picture of the effects of
Stevia genotypes and environments on the plant
phenotypes is shown in Table 2. Each dependent
variable was analyzed separately, giving a broad
insight into the physiological changes induced
by the treatment. However, experimental noise
and sensitivity of individual measurements
make many of these parameters insufficient to
accurately rank the treatments in terms of severity.
Therefore, we combined all measurements by
calculating Euclidean distances to integrate
results.

Worst results

Locations simulated under controlled conditions and
Strevia genotypes

Figure 1. Euclidean distance from each
environment simulated and Stevia genotype to
the expert criteria. Results with the same letter
are not statistically different (Two-Way ANOVA,
Student-Newman-Keuls, p>0.05), vertical bars
represent SE.

Before calculating the Euclidean distances,
standardization of variables is important to
prevent certain features from dominating distance
determinations, merely because they have large
numerical values (Duda et al., 2001; Kantardzic,
2003). The following information was considered
as the ideal phenotype of Stevia to calculate the
Euclidean distances: maximum values of plant
height; number of leaves per plant; number of
shoots per plant; root length; plant fresh weight;
rebaudioside content; and stevioside content.
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The equation (3) means that the Euclidian
distance tends to increase with increase in the
number of parameters. The number of recorded
variables should be the same for all treatments;
and traits must be quantitative. Theoretically, the
number of variables evaluated is limitless. We
would like to mention other methods available,
such as the biplot metrics or NMDS (non-
dimensional scaling), to visualize the distances
between the treatments. A biplot is a graphical
representation of multivariate data, where
the elements of a data matrix are represented
according to dots and vectors associated with
the rows and columns of the matrix. On the
other hand, the goal of NMDS is to represent
the original position of data in multidimensional
space as accurately as possible using a reduced
number of dimensions that can be easily plotted
and visualized. NMDS relies on rank orders
(distances) for ordination (i.e. non-metric).
The use of distances omits some of the issues
associated with using predictor variables alone
(e.g. sensitivity to transformation). The NMDS
allows for much more flexible technique that
accepts a variety of data types (Chapman et al.,
2001; Gabriel, 2002; Krzanowski, 2004; Faria &
Demetrio, 2008; Blasius et al., 2009).

Conclusions

As discussed earlier, the Euclidean distance has
been widely used in other scientific fields, but to
our knowledge it has not been used to integrate
Stevia plantlet response parameters to different
contrasting environments. The analysis shown
here indicates that the use of the Euclidean
distance could contribute to establishing a more
integrated evaluation of the contrasting Stevia
genotypes. On the other hand, the Euclidean
distance, as a non-dimensional indicator, can
help to compare different phenotype traits.
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