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Abstract

Stevia rebaudiana Bertoni, a semi-perennial herb from the Asteraceae family, is native
to the Paraguay–Brazil border region. The growing industrial interest in this species
is due to its natural sweetening properties, such as steviol and its derivatives, which
offer sweetness without adding calories. Morphological traits are crucial for assessing
genetic variability and ensuring distinctness, homogeneity, and stability (DHS) for cultivar
protection. This study characterized 19 elite Stevia genotypes from Embrapa Cerrados’
Active Germplasm Bank (BAG) using 21 morphological descriptors from Brazil’s Ministry
of Agriculture, Livestock, and Supply (MAPA). Genetic distances were calculated using
the simple coincidence index complement method, and clustering was performed via the
Unweighted Pair-Group Method with Arithmetic Mean (UPGMA). The results showed that
17 of the 21 descriptors (>80%) effectively differentiated the genotypes, revealing significant
genetic variability. Dendrogram analysis identified at least four major similarity groups,
highlighting the potential of these genotypes for Stevia breeding programs. These findings
underscore the suitability of these elite genotypes for developing superior varieties adapted
to Cerrado conditions, supporting future cultivation and genetic improvement efforts.

Keywords: Stevia rebaudiana Bertoni; entropy; polymorphism; morphological characters;
clusters

1. Introduction
The Stevia genus (Asteraceae) was studied for its organoleptic properties, and only 2

of the 110 species analyzed have levels of sweetening components, namely Stevia rebaudiana
Bertoni (the best-known species) and S. phlebophylla A. Gray (the rarest species, found in
Mexico). Firstly, Stevia rebaudiana Bertoni is characterized as a semi-evergreen herbaceous
plant found in the wild, mainly in the region bordering Paraguay and Brazil [1,2]. The
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global Stevia market size was valued at USD 513.4 million in 2023 and is projected to
grow at a Compound Annual Growth Rate (CAGR) of 11.9% from 2024 to 2030 [3]. The
revenue forecast in 2030 is USD 1.12 billion [3]. To meet this demand, genetic improvement
programs and genetic diversity studies are crucial to enhance desirable traits such as sweet
steviol glycoside content [4].

It is universally acknowledged that there is a high demand for Stevia in the industry,
primarily due to its calorie-free natural sweetening properties (steviol and its variations).
Moreover, steviol is therefore a substitute for sucrose all over the world. This industrial
shortage is associated with the constant global increase in metabolic disorders, such as the
prevalence of type II diabetes and obesity [5,6].

These substances have a sweetening power between 300 and 400 times greater than
sucrose, such as the maintenance of a low glycemic index, heat stability, and the lack of
fermentation, which are important attributes for the food industry [7,8].

Nonetheless, plant characterization is an essential practice in active germplasm banks
and genetic improvement programs as well, which integrates information on the iden-
tification, description, and differentiation of accessions and genotypes. Morphological
characteristics assessed qualitatively and/or quantitatively are very useful in genetic vari-
ability studies and for carrying out distinguishability, homogeneity, and stability (DHS)
trials to protect cultivars [8,9].

According to Burle and Oliveira [8], morphological descriptors are characteristics that
are generally regulated by a few genes, are strongly heritable, and exhibit a low genotype-
versus-environment interaction. This allows for the discrimination of phenotypes, which
should provide the first estimates of genetic variability within the germplasm bank or the
working collection of the plant breeder.

There are around 90 varieties of Stevia developed around the world [10]. However, in
Brazil, there are only two cultivars (AKH L1 and CPQBA T6) registered in the National
Register of Cultivars—RNC, and two cultivars protected by the National System for the Pro-
tection of Cultivars—NSPC (CPQBA T6 and Morita III) [11]. According to Tavarini et al. [5]
and Wölwer-Rieck [6], the Morita III variety, derived from Morita II, is one of the best-
known and most studied varieties and is characterized by its low water requirement.

However, under Brazilian Law No. 9.456, cultivars that need to be protected must
undergo the distinguishability, homogeneity, and stability (DHS) test. This test is based
on the analysis of various morphological descriptors, referred to in the legislation as the
minimum descriptors recommended by Brazil’s Ministry of Agriculture and Livestock
(MAPA), which, in turn, prove the distinction from other varieties of the same species [12].

The Cerrado Biome has been recognized as a promising region for growing Stevia. It
features a tropical, semi-humid climate with two well-defined seasons: a rainy summer
and a dry winter [13,14]. Consequently, the average annual temperature is around 22 ◦C,
and the average annual rainfall ranges between 1200 and 1800 mm [15]. Moreover, charac-
terization studies of elite Stevia genotypes developed in this biome could provide valuable
information and lead to the development of varieties highly adapted to Cerrado conditions,
enabling large-scale cultivation and offering an alternative for producers in this important
region of Brazil.

Embrapa Cerrados, through public–private partnerships, began a Stevia breeding
program in 2004, which peaked in the development of promising elite genotypes for crops
in the Cerrado region. This study aimed to apply the morphological descriptors published
by the Ministry of Agriculture and Livestock, under the standards and indications of
the National Service for the Protection of Cultivars (NSPC), to the Stevia cultivar Stevia
rebaudiana (Bert.) Bertoni in order to analyze the descriptors, characterize the genotypes,



Agronomy 2025, 15, 1836 3 of 13

and evaluate the genetic variability of elite genotypes in the Cerrado region of the Brazil
Central Plateau.

2. Materials and Methods
This study was conducted at Embrapa Cerrados, in Planaltina-DF (latitude 15◦36′19′′

South, longitude 47◦42′56′′ West and altitude 1024 m), analyzing 19 elite genotypes of Stevia
rebaudiana Bertoni from the Stevia breeding program led at Embrapa Cerrados (Table 1) [16].
The 19 elite genotypes were selected from 230 genotypes evaluated in 2018 and 2019 to
evaluate the production of green phytomass from the aerial part, the height, and the tillering
of each plant. During this period, six cuts were made to evaluate the production of green
phytomass from the aerial part, the height, and the tillering of each plant in the period from
2018 to 2019. The 19 best-performing genotypes (Table 1) were cloned using vegetative
propagation by the cutting technique. This type of vegetative propagation through cuttings
was chosen to maintain the genetic identity of the genotypes selected in the previous
experimental stage. For this purpose, herbaceous cuttings ranging from 5 to 8 cm with 3 or
4 nodes were obtained from the 19 best-performing plants.

Table 1. Description of the 19 elite Stevia rebaudiana (Bert.) Bertoni genotypes characterized: Embrapa
Cerrados, Planaltina, DF, 2019.

Local Genotypes Code

LA1 1 11
LA2 2 13
LA3 3 3016
LA4 4 1102
LA5 5 7
LA6 6 3002
LA7 7 3015
LA8 8 CPAC1
LA9 9 CPAC2
LA10 10 CPAC3
LB1 11 3004
LB3 12 3024
LB4 13 3 _ 12
LB5 14 3 _ 25
LB6 15 12
LB7 16 1
LB8 17 3 = 6
LB9 18 CPAC4

LB10 19 CPAC5
Local: this represents the place where each 60 L pot was positioned in the area. Genotype: ordinal number. Code:
code of each genotype analyzed.

The cuttings were immediately placed in cell trays (expanded polystyrene trays,
with 50 cells each with a volume of 90 cm3). The cuttings were packaged and kept in a
greenhouse for 60 days. After this period, 12 plants of each genotype were placed in 60 L
pots, filled with moist substrate at field capacity. The substrate used was a commercial one
known as Carolina Soil®. This substrate has the following basic characteristics: composition
of sphagnum peat, expanded vermiculite, dolomitic limestone, agricultural gypsum, and
NPK fertilizer (trace); hydrogen potential (pH) of 5.5 ± 0.5; electrical conductivity (EC) of
0.7 ± 0.3; density of 145 kg/m³; and water retention capacity (WRC) of 55%.

The plants were cultivated and maintained in an open area (under full sun). The region
has the following climate according to the Köppen AW classification: seasonal tropical
megathermal savannah with an average temperature of the coldest month above 18.0 ◦C.



Agronomy 2025, 15, 1836 4 of 13

The average maximum and minimum temperatures are 26.4 ◦C and 15.9 ◦C, respectively.
The frequency and volume of irrigation were measured based on evapotranspiration, and
the soil water content was always kept close to the field capacity. No pest or disease
control was used, and no additional fertilization was performed either. For each genotype,
21 morphoagronomic descriptors (categorical) were evaluated (Table 2), as recommended
by the NSPC-MAPA [11].

Table 2. Characteristics evaluated, description of the characteristics, description code of the mor-
phoagronomic descriptors (phenotypic classes) with their respective frequencies, and the entropy
coefficient of the characteristics (H), considering 19 elite genotypes of Stevia rebaudiana Bertoni
Embrapa Cerrados, Planaltina, DF, 2019.

Features Feature Description Description
Code

Frequency
(%)

Entropy
(H)

1. Floor plan: type (TP) VS (+)

type I 1 -

0.20

type II 2 -
type III 3 94.74%
type IV 4 5.26%
type V 5 -
type VI 6 -

2. Plant: height (AP) MS
low (<40 cm) 3 31.58%

0.99medium (40–50 cm) 5 52.63%
high (> 50 cm) 7 15.79%

3. Stem: number of primary branches (QRP)
MS (+)

very low (<3) 3 5.26%

1.44
low (3) 4 31.58%

average (4 to 7) 5 10.53%
high (8) 6 31.58

very high (>8) 8 21.05

4. Stem: thickness (diameter at average height
of main stem) (ESPC) DM (+)

thin (<0.20 cm) 3 15.79%
0.63medium (0.20 to 0.35 cm) 5 78.95%

thick (>0.35 cm) 7 5.26%

5. Stem: anthocyanin pigmentation (PAC)
VS/VG

absent 1 63.16%
0.65

present 2 36.84%

6. Stem: pubescence (in the middle third)
(PUBC) VS

absent 1 -
0.00

present 2 100%

7. Stem: intensity of pubescence (IPC) (in the
middle third) VS

low 3 68.42%
0.62average 5 31.58%

high 7 -

8. Stem: number of nodes on the main stem
(NNCP) MS

few (<6) 3 5.26%
0.70medium (6 to 9) 5 73.68%

many (>9) 7 21.05%

9. Leaf: shape (FFOL) VS (+)

elliptical 1 -

0.33
rhomboid 2 -
obovada 3 10.53%

oval 4 -
lanceolate 5 89.47%

10. Leaf: length (COMPF) MS
short (<4.0 cm) 3 42.11%

1.07medium (4.0 to 5.0 cm) 5 31.58%
long (>5.0 cm) 7 26.32%

11. Leaf: width (LFOL) MS
narrow (<1.0 cm) 3 -

0.65medium (1.0 cm to 1.5 cm) 5 63.16%
wide (>1.5 cm) 7 36.84%
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Table 2. Cont.

Features Feature Description Description
Code

Frequency
(%)

Entropy
(H)

12. Leaf: intensity of green coloration (adaxial
part) (ICVF) VG (+)

clear 3 42.11%
1.01average 5 42.11%

dark 7 15.79%

13. Leaf: incisions on the margin (IMF) VS
absent 1 -

0.00
gifts 2 100%

14. Leaf: depth of incisions at the margin
(PIMF) VS

shallow 3 10.53%
0.33average 5 89.47%

deep 7 -

15. Leaf: pubescence (PUBFOL) VS
absent 1 52.63%

0.69
present 2 47.37%

16. Flower: coloration (in the center of the
corolla) (CFLR) VS

white 1 100%
0.00light reddish purple 3 -

dark reddish purple 5

17. Aquenium: intensity of brown coloration
(ICMA) VS/VG

clear 1 47.37%
0.69average 2 52.63%

dark 3 -

18. Aquenium: spindle length (CFA) VS (+)

very short 2 5.26%

1.11
short 3 36.84%

medium 5 47.37%
long 7 10.53%

19. Flowering cycle (when at least 50% of the
plants have at least one flower) (CF50)

MG/MS

early 3 47.37%
1.04medium 5 31.58%

late 7 21.05%

20. Seeds: formation (FORS) VS
absent 1 -

0.00
present 2 100%

21. Seeds: number of seeds per plant (QSPL)
MS

low 3 -
0.51average 5 21.05%

high 7 78.95%

All assessments on the plant, stem, leaves, and flowers were carried out during full
bloom, specifically, when at least 50% of the plants had at least one flower. The leaf
assessments were always carried out on the largest leaves on the main culm, and the
stem assessments were carried out on the main stem. Assessments on the achenes were
conducted at the mature seed stage.

The definition of the phenotypic class for each descriptor was based on the evaluation
of 10 plants and three plant parts (stem, leaf, and achene) from each genotype.

Based on the frequency distribution of the different phenotypic classes of the 19 elite
genotypes of Stevia rebaudiana Bertoni, the level of entropy of the characteristics (H), pro-
posed by Renyi [17], was calculated according to the following model:

H′ =

∣∣∣∣Nlnln (N)−
S
∑

I−1
n lnln (ni)

∣∣∣∣
N

In which
H’ = Shannon–Weaver index.
ni = number of individuals sampled of the i-th species.
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N = total number of individuals sampled.
S = total number of species sampled.
ln = Neperian base logarithm.
The entropy value was estimated using the Multiv v.2.3 program [18]. The genetic

distances between the 19 elite Stevia genotypes were calculated based on all 21 morphoagro-
nomic descriptors. The estimates were based on the complement of the simple coincidence
index of the phenotypic classes (categories) using the computer program Genes [19]. Two-
dimensional graphs of the data matrix using a color scale were established using the
program PAST v.3.26 [20].

Based on the matrix of genetic distances, cluster analyses of the elite genotypes were
carried out via dendrogram, using the UPGMA (Unweighted Pair-Group Method using
Arithmetic Averages) average linkage method as a criterion. In the dendrogram, the cut-off
point for establishment was defined based on the average distance between the genotypes.
Graphical dispersion was also carried out based on multidimensional scales using the
principal coordinate method, with the aid of the SAS (SAS Institute Inc., 1989) [21,22] and
Statistica (Statsoft Inc., 1999) [23,24] programs.

3. Results
3.1. Characterization of the Descriptors

According to the characterization of the descriptors in Table 2, it was found that only
four (19%) of the descriptors showed no variation or polymorphism. In other words, the
entropy was zero (H = 0) for the following characteristics: 6. stem—pubescence (in the
middle third); 13. leaf—incisions on the margin; 16. flower—coloration (in the center of the
corolla); and 20. seeds—formation (Table 2). All the other descriptors allowed the 19 elite
Stevia genotypes to be differentiated.

The characteristics that stood out for their high level of entropy and high variability
were 3. stem—number of primary branches (1.44); 18. achene—spindle length (1.11);
10. leaf—length (1.07); 19. flowering cycle (1.04); 12. leaf—intensity of green color (adaxial
part) (1.01); 2. plant—height (0.99); and 8. stem—number of nodes on the main stem (0.70)
(Table 2).

The feature description and description code can be found at the NSPC-MAPA [11].
The following characteristics had an entropy of 0.69: 15. leaf—pubescence and

17. achene—intensity of brown coloration. The following characteristics had an entropy
between 0.65 and 0.62: 4. stem—thickness (diameter at the average height of the main
stem); 5. stem—anthocyanin pigmentation; 7. stem—pubescence intensity (in the middle
third); and 11. leaf—width. The following characteristics showed entropy below 0.60 and
above 0.00: 14. leaf—depth of incisions on the margin; 21. seeds—number of seeds per
plant; 1. plant—type; and 9. leaf—shape (Table 2).

An overview of the variability of the 19 genotypes, through their evaluated characteris-
tics and phenotypic classes, is presented in Figure 1. The following characteristics were not
useful in differentiating the 19 elite genotypes selected and analyzed: 6. stem—pubescence
(in the middle third) (PUBC); 13. leaf—incisions on the margin (IMF); 16. flower—coloration
(in the center of the corolla) (CFLR); and 20. seeds—formation (FORS) (Figure 1).
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Figure 1. A two-dimensional graph of the data matrix, using a color scale with heat map repre-
sentation, projecting an overview of the variability of the 19 genotypes through their evaluated
characteristics and phenotypic classes according to Table 2. The x-axis indicates the 21 descriptors
evaluated (Table 2), while the y-axis lists the 19 elite Stevia genotypes’ numbers corresponding to
those presented in Table 1. The colors of the square “boxes” specify the phenotypic classes of each
characteristic among the genotypes on a scale of 1 to 8. Embrapa Cerrados, Planaltina, DF, 2019.

3.2. Genetic Distance Matrix

The matrix of the genetic distances between the 19 elite genotypes of Stevia rebaudiana
Bertoni (Table 3) shows the highest values between elite genotypes 5 and 15 and between 5
and 16, both with a distance of 0.67. Elite genotype 5 has a distance of 0.62 from genotypes
6 and 11, followed by the same distance between genotypes 1 and 3. Genotype 1 has a high
distance of 0.57 from genotypes 5 and 10. Genotypes 2 and 14, 3 and 15, and 5 and 14 also
have a high distance of 0.57 from each other. Genotypes 1 and 12, 2 and 15, 2 and 16, 3
and 14, 4 and 12, 5 and 18, 6 and 13, 7 and 15, 8 and 12, 8 and 16, 9 and 14, and 14 and 19
achieved the same distance of 0.52. In turn, the other genotypes obtained distances ranging
from 0.14 to 0.48 from blue to green, as shown (Figure 2).

Table 3. Matrix of distances between 19 genotypes of Stevia rebaudiana Bertoni, calculated using
the complement of the simple coincidence index based on 21 descriptors recommended by the
NSPC-MAPA. The genotype numbers correspond to those presented in Table 1. Embrapa Cerrados,
Planaltina, DF, 2019.

Genotypes 2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19 

1  0.43 0.62 0.33 0.57 0.38 0.43 0.33 0.33 0.57 0.38 0.52 0.38 0.33 0.33 0.43 0.33 0.38 0.43

2  0.24 0.48 0.24 0.48 0.29 0.33 0.33 0.38 0.48 0.29 0.38 0.57 0.52 0.52 0.29 0.48 0.33

3  0.43 0.33 0.48 0.33 0.43 0.48 0.14 0.48 0.33 0.43 0.52 0.57 0.48 0.29 0.43 0.38

4  0.48 0.43 0.29 0.24 0.43 0.38 0.29 0.52 0.43 0.29 0.48 0.29 0.24 0.29 0.33

5  0.62 0.38 0.29 0.43 0.43 0.62 0.38 0.48 0.57 0.67 0.67 0.48 0.52 0.24

6  0.38 0.48 0.43 0.43 0.33 0.48 0.52 0.38 0.29 0.43 0.29 0.43 0.38

7              0.29 0.38 0.24 0.38 0.48 0.33 0.43 0.52 0.43 0.24 0.29 0.29

8  0.43 0.43 0.48 0.52 0.29 0.33 0.48 0.52 0.43 0.33 0.43
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Table 3. Cont.

Genotypes 2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19 

9  0.38 0.43 0.38 0.29 0.52 0.33 0.43 0.38 0.43 0.29

10  0.38 0.38 0.29 0.43 0.48 0.48 0.29 0.43 0.33

11                      0.48 0.38 0.24 0.33 0.24 0.19 0.24 0.38

12  0.33 0.43 0.33 0.48 0.48 0.43 0.38

13                          0.38 0.29 0.43 0.48 0.33 0.43

14  0.24 0.33 0.33 0.29 0.52

15  0.29 0.43 0.33 0.48

16  0.24 0.24 0.43

17  0.29 0.24

18                                    0.38

Figure 2. A two-dimensional graph of the distance matrix, using a color scale with heat map
representation, projects an overview of the distance of the 19 genotypes according to Table 3. The
colors of the square “boxes” specify the distance matrix with a rating from 0.14 to 0.67. The genotype
numbers correspond to those presented in Table 1. Embrapa Cerrados, Planaltina, DF, 2019.

3.3. UPGMA Method

In Figure 3, the cluster analysis, carried out using a dendrogram and the UPGMA
method as a criterion, defined the cut-off point based on the average genetic distance. This
approach resulted in the formation of four large similarity groups.

The four groups formed by similarity, through cluster analysis via dendrograms, were
group I, including seven (6, 11, 17, 18, 14, and 15) elite genotypes; group II, including six (2,
5, 19, 3, 10, and 7) elite genotypes; group III, including three (9, 13, and 12) elite genotypes;
and finally, group IV, including three (1, 4, and 8) elite genotypes (Figure 3).
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Figure 3. Cluster analysis of 19 elite genotypes of Stevia rebaudiana Bertoni, based on the genetic
dissimilarity matrix calculated using 21 qualitative descriptors recommended by the SNPC-MAPA.
The UPGMA method was used as the grouping criterion. The value of the Cohen correlation
coefficient (r) was 0.87. The genotype numbers correspond to those presented in Table 1. Embrapa
Cerrados, Planaltina, DF, 2019.

3.4. Dispersion Analysis

To complement the cluster analysis via dendrogram, the dispersion analysis (Figure 4)
showed the high variability of the genotypes with a distribution along the two coordinates
of the graph, with a certain correspondence between the similarity groups defined in the
dendrogram and the grouping seen in the dispersion graph (Figure 4). The four groups
in the dispersion analysis (blue, red, green, and yellow) correspond to the four groups
defined in the dendrogram on the cut-off point based on the average genetic distance. The
variability of the elite genotypes evaluated highlights the potential of using these genotypes
in selection and recombination programs aimed at the genetic improvement of the species.

Figure 4. Dispersion analysis of 19 Stevia rebaudiana Bertoni genotypes. The principal coordinate
method was used. The genotype numbers correspond to those presented in Table 1. Embrapa
Cerrados, Planaltina, DF, 2019.
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In addition to the morphological characteristics analyzed, the elite genotypes will
be evaluated for agronomic characteristics such as phytomass productivity, long juvenile
period, and regrowth capacity to develop cultivars adapted to the conditions of the Cerrado
of the Central Plateau.

4. Discussion
According to the characterization of the descriptors in Table 2, it was found that only

19% of the descriptors showed no variation or polymorphism. All the other descriptors
allowed the 19 elite Stevia genotypes to be differentiated.

Based on the descriptors that did not exhibit polymorphism, the elite genotypes
predominantly displayed the following traits: seed formation, stems with pubescence in
the middle third, and incisions on the leaf margins. Regarding the flowers, the center of the
corolla was exclusively white, consistent with findings reported by Othman, Osman, and
Zainuddin [25].

The characteristics with a high level of entropy (Table 2) are in line with studies by
Yadav et al. [26]; Haida, Asikin and Hakiman [27]; Monteiro [28]; Meza and Peraçta [29];
De Souza et al. [30]; and Oliveira et al. (2004) [31], in which genetic and morphological
variability was observed for the characteristics of plant height, flowering period, leaf yield,
and stevioside content [5,6].

The entropy value was estimated using the Multiv v.2.3 program [18]. According to
Vieira et al. [32] and Ogbonna et al. [33], the entropy of any descriptor tends to be higher
for a greater number of phenotypic classes and a more balanced distribution of genotype
frequencies between these classes.

According to Tavarini, Passera, and Angelini [5] and Wölwer-Rieck [6], genetic di-
vergence among Stevia genotypes plays a significant role in selecting parent plants with
greater variability for traits of interest in plant breeding. Stevia rebaudiana naturally exhibits
phenotypic variations in both quantitative and qualitative leaf characteristics [26]. This
variability has been attributed, in part, to the species’ largely self-incompatible flowers, as
noted by Mahdi, Meena, and Tholakabavi [34], Yadav et al. [26], and Miyagawa et al. [35].
Additionally, Benelli et al. [36] linked the high phenotypic variability of Stevia. rebaudiana
to its open pollination nature.

Yadav et al. [26] highlighted considerable variation in chromosome numbers within
the genus Stevia. Specifically, Masand et al. [37] and Monteiro [28] reported that Stevia
rebaudiana has a chromosome number of 2n = 22. However, triploid (2n = 33) and tetraploid
(2n = 44) species have also been documented [26].

4.1. Features of Similarity Groups
4.1.1. Group I

This group is predominantly characterized by type 3 plants [11], exhibiting medium
height and a high number of primary branches on the stem. The stems have an average
diameter, anthocyanin pigmentation, and low pubescence intensity in the middle third.
The main stem contains a medium number of nodes. The leaves are primarily lanceolate,
short in length, and medium in width, with a light green coloration on the adaxial side.
The leaf margins feature medium-depth incisions and lack pubescence. The achenes are
mostly light brown, with a medium to high spindle length. The flowering cycle is early,
and plants produce a high number of seeds per individual.

4.1.2. Group II

This group includes six elite genotypes (2, 5, 19, 3, 10, and 7) and is characterized by
type 3 plants [11] of intermediate height. The stems have half the number of low primary
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branches, medium thickness, no anthocyanin pigmentation, medium pubescence intensity
in the middle third, and a medium number of nodes. The leaves are lanceolate and mostly
medium in length and width, with medium green coloration on the adaxial side. The leaf
margins predominantly feature medium-depth incisions and pubescence. The achenes are
medium-light brown, with medium spindle length. The flowering cycle is medium to late,
and seed production per plant ranges from medium to high.

4.1.3. Group III

This group comprises three elite genotypes (9, 13, and 12) and is characterized by
type 3 plants [11] of low height. The stems have a predominance of tall primary branches,
medium thickness, anthocyanin pigmentation, low pubescence intensity in the middle
third, and a medium number of nodes. The leaves are lanceolate and mostly medium
in length and width, with varying green coloration on the adaxial side (light, medium,
and dark). The leaf margins predominantly feature medium-depth incisions and lack
pubescence. The achenes are medium brown, with medium spindle length. The flowering
cycle is mostly late, and seed production per plant is high.

4.1.4. Group IV

This group includes three elite genotypes (1, 4, and 8) and stands out for its variation
in plant type, with one genotype being type IV and the others type III. Plant height varies
widely, including short, medium, and tall individuals. The stems have a low number
of primary branches, medium thickness, no anthocyanin pigmentation, low pubescence
intensity in the middle third, and a prevalent number of nodes. The leaves are lanceolate,
mostly long, and medium in width, with light green coloration on the adaxial side. The leaf
margins predominantly feature medium-depth incisions and lack pubescence. The achenes
are medium brown, with medium spindle length. The flowering cycle is mostly early, and
seed production per plant is high.

4.1.5. Common Traits Across Groups

All groups exhibit pubescence in the middle third of the stem, incisions on the leaf
margins, white flowers, and seed formation.

5. Conclusions
The application of 17 (>80%) of the 21 morphological descriptors published by the

Ministry of Agriculture, Livestock and Supply is efficient for differentiating and analyzing
the variability of the 19 elite genotypes.

Among the materials analyzed and based on the results of the genetic distance matrix,
genotype 5 is shown to be highly divergent in relation to genotypes 15 and 16, making it a
potential genitor in breeding programs aimed at maximizing variability and heterosis in
Stevia rebaudiana. The formation of hybrids is a viable strategy, especially considering the
ease of vegetative propagation of the species.

In addition, other pairs of genotypes, such as 1 and 3, 5 and 6, and 5 and 11, also have
significant genetic distances, which reinforces their potential to form promising crosses in
hybridization programs aimed at genetic gain and germplasm diversification

Given the above, based on the morphological characteristics, high genetic variability
was observed in the elite genotypes, highlighting the high potential for using these geno-
types in Stevia breeding programs to develop genetically superior varieties for cultivation
in Cerrado conditions.
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