Evaluation of yield and fruit quality in five genotypes of
Castilla blackberry (Rubus glaucus Benth.)
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In Colombia, blackberry (Rubus spp.) is one of the crops with
the most significant geographic coverage, and the ecotype
“Castilla” (Rubus glaucus) is the most extensively commercial-
ized. Despite the importance of the crop, there are no regis-
tered varieties or hybrids specifically adapted to the diverse
growing conditions of the country’s various production areas.
The purpose of this study was to evaluate and select advanced
genotypes of Castilla blackberry based on yield attributes and
physicochemical quality of the fruits. Data from five genotypes
and one regional check were recorded in the municipality of
Silvania, Cundinamarca, during 2022 and 2023. The yield
traits, including the number of fruits per kg and the weight
of the fruits harvested, were evaluated, as well as the physi-
cochemical variables: fruit diameter, fruit weight, firmness,
acidity, total soluble solids, pH, juice and pulp weights, and
maturity index. The data were statistically processed using
a generalized linear model, principal component and cluster
analysis, and Ward’s minimum variance clustering method. A
selection index based on the traits of production, total soluble
solids, fruit weight, and firmness, relevant to the crop, was used.
Significant differences were observed between genotypes for
the yield traits, total soluble solids, pH, acidity, and maturity
index. The results suggested that genotypes G1, G4, and G3
were outstanding in terms of yield and fruit quality. However,
genotype GI led the index selection, outperforming the other
genotypes under evaluation.

Key words: physicochemical properties, Brix, selection index.

En Colombia, la mora (Rubus spp.) es uno de los cultivos con
mayor cobertura geografica, siendo el ecotipo “Castilla” (Ru-
bus glaucus) el mas comercializado. Pese a la importancia del
cultivo, no hay registro de variedades o hibridos especifica-
mente adaptados a las diversas condiciones de crecimiento de
las diferentes zonas productoras del pais. El propdsito de este
trabajo fue evaluar y seleccionar genotipos avanzados de mora
de Castilla por atributos de rendimiento y calidad fisicoquimica
de fruto. Se registraron datos de cinco genotipos y un testigo
regional en Silvania, Cundinamarca, durante los afios 2022 y
2023. Se evaluaron los atributos de rendimiento: nimero de
frutos por kg y peso de los frutos cosechados, asi como las varia-
bles fisicoquimicas: didmetro del fruto, peso de fruto, firmeza,
acidez, contenido de sélidos solubles totales, pH, pesos de jugo
y pulpa, e indice de madurez. Los datos fueron estadisticamente
procesados mediante un modelo lineal generalizado, analisis
de componentes principales y conglomerados, y el método de
agrupamiento de varianza minima de Ward. Se usé un indice
de seleccion basado en las caracteristicas: produccién, sélidos
solubles totales, peso de fruto y firmeza, relevantes para el cul-
tivo. Se observaron diferencias significativas entre los genotipos
para las caracteristicas de rendimiento, s6lidos solubles totales,
pH, acidez e indice de madurez. Los resultados sugirieron que
los genotipos G1, G4 y G3 fueron los sobresalientes en rendi-
miento y calidad de fruto. Sin embargo, el genotipo Gl lideré
la seleccion por el indice, superando a los otros genotipos en
evaluacion.

Palabras clave: propiedades fisicoquimicas, Brix, indice de
seleccion.

Introduction

The Andean blackberry, Rubus glaucus Benth, belongs to
the Rosaceae family, is native to the Andes, and grows in
the high American tropics (Vaillant, 2020). The fruits are
edible, and there is an excellent variety of hybrids within the
subgenus Rubus as well as hybrids between the subgenera
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Rubus and Idaeobatus (Ballington, 2016). The leading
exporting countries of blackberries are Spain, Portugal,
Morocco in Europe, and Mexico in America. In Colombia,
R. glaucus Benth, commonly known as Castilla blackberry,
is the most cultivated due to its optimal development
and lower maintenance requirements (Ramirez, 2023).
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However, R. alpinus is gaining ground in the national
market (Moreno-Medina et al., 2020).

The global blackberry market was valued at US$1.54 billion
in 2023 and is estimated to reach US$2.27 billion by 2032,
with an annual growth rate of 4.42% (Business Research
Insights, 2025). In Colombia, it is one of the crops with the
most extensive geographic coverage, the largest number of
producers, and the most significant number of farms. Its
continuous production makes the crop a constant source
of income for small producers, which directly impacts
family farming (MADR, 2021). Between 2019 and 2023,
the cultivated area increased by 6.2%, reaching 17,518 ha.
The harvested area registered an increase of 17.6% with a
production of 170,125 t (EVA & UPRA 2025). The central
producing departments in the country are Cundinamareca,
Santander, Boyacd, Caldas, and Narifo, which account for
74.3% of the national production, with an average national
yield of 10.02 t ha™* (Agronet, 2025).

Blackberry is considered a superfood due to its antioxi-
dant capacity attributed to its high content of secondary
metabolites, such as anthocyanins and other phenolic
compounds (Gil-Martinez et al., 2023). In addition, it is
rich in dietary fiber, vitamins C and K, and manganese
(Martins et al., 2023). The characteristics of blackber-
ries in terms of nutritional and nutraceutical properties
give them a high potential for development (Blejan et al.,
2023). However, technological development is insufficient
to respond to the challenges of the crop. Therefore, plant
breeding contributes to improved planting material pro-
ductivity and is complemented by good practices in the
technical management of the crop (Gonzalez-Castro et al.,
2019). Consequently, various genetic breeding programs for
Rubus worldwide are working to address these challenges,
meeting market demands for fresh and processed food
(for example, frozen, dehydrated, canned), as well as for
household consumption (Foster et al., 2019). In Colombia,
notable advancements have been made in understanding
the key morphological and reproductive traits of R. glaucus,
essential for the formulation of a successful crossbreed-
ing program (Lopez Gutiérrez et al., 2019). Moreover, the
integration of molecular techniques has streamlined the
process of identifying and selecting superior genotypes
through SNP and SSR markers (Lopez Gutiérrez et al.,
2019).

The evaluation and selection of desirable genotypes is per-
haps the most crucial activity in plant breeding programs.
Selection depends on the genetic diversity present in the
population as well as the heritability of the characteristics
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studied (Rahimi & Debnath, 2023). Some of these charac-
teristics are controlled by multiple genes and show low
heritability. Therefore, indirect selection using a selection
index is employed, which allows for estimating the genetic
gain while simultaneously selecting materials that possess
multiple desired attributes (Rahimi & Debnath, 2023). Indi-
viduals or materials with the highest scores are reserved for
breeding purposes (Moreira et al., 2019). The next step after
selection is the evaluation of the characteristics of interest of
these materials in production areas and the determination
of their adaptation; this last characteristic is a fundamental
process in breeding programs, being the first criterion in
plant domestication (Turner-Hissong et al., 2020).

The Colombian Agricultural Research Corporation -
Agrosavia, aware of the importance of blackberry culti-
vation and the need to generate planting material, began
developing blackberry cultivars (Rubus spp.) with desirable
attributes, focusing on yield, fruit quality, and favorable
disease resistance. Research conducted between 2014 and
2016 enabled the selection of five genotypes, three of which
had prickles and two that did not (Sanchez-Betancourt
et al., 2020). The five genotypes belong to the R. glaucus
species. In addition, Espinosa Bayer et al. (2009) selected
six materials in a participatory manner with producers.
From this group of selected materials, the five most out-
standing were chosen to continue their evaluation and
thus advance in the development of blackberry cultivars.
Therefore, the objective of this research was to evaluate
the yield and physicochemical quality of the fruits of five
advanced genotypes of Castilla blackberry in a represen-
tative location of the country’s main production areas, to
select the genotype with the best characteristics according
to a defined selection index.

Materials and methods

Plant genetic material and location of the evaluation lot

Five advanced blackberry genotypes together with a re-
gional check (Tab. 1) were established in 2018 in an experi-
mental plot in the municipality of Silvania, Cundinamarca,
with latitude 04°24’10.6” N and longitude 74°19°16.3” W,
at an altitude of 2,215 m a.s.l,, with an average annual
temperature of 18°C and bimodal rainfall distribution.
The regional check corresponds to the most cultivated
material in Cundinamarca; therefore, it can be used in
a comparative analysis of yield under local agroecologi-
cal conditions. The experimental genotypes are part of a
working collection in Rubus, maintained at the Agrosavia
Tibaitata Research Center in Mosquera, Cundinamarca,
which was derived from the collection of the Germplasm
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Banks for Food and Agriculture (BGAA) and from visits
to producing areas in the country. These genotypes were
previously evaluated in 2009 and 2016 in Cundinamarca
and Santander, where they were found susceptible to the
primary diseases affecting the crop.

TABLE 1. Genotypes established in the experimental plot in the field.

. Work
Experimental collection Genotype Place of origin
code
code
o 17M020 Spilneless uco* fRior.legro,
experimental 1 Antioquia
Agrosavia — Rionegro,
G2 17M021 Guapante — Seed Antioquia
63 17M022  San Antonio—Seed  /1970savia — Rionegro,
Antioquia
G4 17M046  Monteloro ILS 2277 Farmer — Tulug, Valle
. Farmer — San Bernardo,
G5 17M047  Spineless ILS 3400 Cundinamarca
G6 17M023 Regional control Silvania, Cundinamarca

Cundinamarca

*UCO: Universidad Catclica de Oriente.

Experimental design

The experiment was conducted using a randomized com-
plete block design with four replicates (blocks) and five
plants per genotype (plot), resulting in 20 plants per treat-
ment and a total of 120 plants. These plants were clonally
propagated. The planting distance was 3 m between plants
and 3 m between rows, resulting in an effective area of 9
m’ per plant. The treatments consisted of six genotypes,
and the experimental unit was the plot, which had an area
of 45 m®.

Data collection

Blackberry genotypes were evaluated from the fourth year
of establishment, spanning the period from 2022 to 2023.
Evaluations were conducted starting in year four due to
financial and operational constraints that delayed the start
of field data collection. Agronomic assessments of yield
and physicochemical quality of fruits were conducted on
maturity stages 4 and 5 according to NTC 4106 (Colombian
Institute of Technical Standards - ICONTEC, 1997). Yield
was recorded monthly for 10 months, considering two har-
vests per week. The evaluation variables were the following:

Yield traits

The fruits harvested per plot (five plants per genotype)
were counted and weighed. The number of fruits per ki-
logram (FRKQG), the yield (kg ha") (YLD), and the annual
production expressed in tons per year (PROD) adjusted to

the percentage of productive plants at a planting density
of 1,111 plants ha™ were calculated.

Physical traits

Of the total number of fruits harvested, those in stage 5 of
ripening were selected according to the NTC 4106 standard
of the Colombian Institute of Technical Standards ICON-
TEC, 1997), and a random sample of five fruits was taken.
The polar diameter (PD), equatorial diameter (ED), fruit
weight (FWT), and firmness (FIRM) were measured. The
last variable was measured on the flattest side of the fruit,
near the equatorial zone. For this purpose, the Chatillon
TCD 200 digital force tester was used with a plate probe
of 10.92 mm in diameter and 3.45 mm in thickness, at a
speed of 60 mm min™. Ten fruits were squeezed to extract
the juice, which was then passed through a cloth filter,
and both the filtered juice (JWT) and the pulp (PUWT)
remaining in the filter were weighed.

Chemical traits

In the filtered juice of the 10 fruits in stages 4 and 5 of ripen-
ing, the contents of total soluble solids (T'SS) were measured
with an ATAGO PAL-1 refractometer and expressed in
degrees Brix. Likewise, the pH was measured at a reference
temperature of 20°C. The total titratable acidity (TTA)
was determined using 1 ml of juice diluted with 23 ml of
distilled water by titration with 0.1 N sodium hydroxide
(NaOH) to an endpoint of pH 8.2; with results expressed
as g ml" of malic acid (AOAC, 1995) (Eq. 1):

AxB=x(C

TTA = * 100 (1

where

A isthe amount of NaOH consumed in the titration (ml), B
is the normality of NaOH (0.1 meq ml™), Cis the equivalent
weight expressed in grams of malic acid (0.067 g meq™”),
and D corresponds to the volume (ml) of juice used. Finally,
the maturity index (MI) was calculated according to the
TSS/TTA ratio.

Statistical analysis

The data were analyzed using generalized linear models
(GLMs) in the Statistical Analysis System (2016). The
main effects were evaluated using the Tukey test (P<0.05)
and the Dunnett test (P<0.05) to compare them with the
control. The assumptions of normality and homogeneity
of variances were evaluated with the Shapiro-Wilk tests
for all variables.

Sénchez-Betancourt, Mayorga Cubillos, and Garcia-Arias: Evaluation of yield and fruit quality in five genotypes of Castilla blackberry (Rubus glaucus Benth.) 3



A principal component analysis (PCA) was also performed,
using the criterion of eigenvalue> 1 (Diaz, 2007). Each value
in the matrix was reduced to the variable’s mean and then
divided by its standard deviation. With the scores obtained
in the PCA, a cluster analysis was performed using the
squared Euclidean distance and Ward’s minimum variance
clustering method. The number of groups was determined
by Hotelling’s pseudo-t” statistic.

Heritability
Broad-sense heritability (H*) was estimated as indicated
in Equation 2.

2
99

H? =

2

2
2,9%
Ug+r

where

o is the genotypic variance, o7 is the error variance or
mean square of the error, and r is the number of repeti-
tions or blocks. The genotypic variance was calculated as
the mean square of the genotype minus the mean square
of the error, divided by the number of repetitions.

Selection index

Traits that are more important in blackberry cultivation
and have medium or high heritability were used to develop
a selection index. The selection of the best genotypes was
based on a standardized selection index (I) (Eq. 3) esti-
mated from the average phenotypic values obtained for the
variables of production, total soluble solids, fruit weight,
and firmness, which are considered the most significant
agronomic interest and fruit quality. The total index was
the sum of the standardized genetic merit multiplied by its
weighting value, which was 60%, 20%, and 10%, respec-
tively, for each variable. These weights were determined
at the discretion of the research team based on previous
experience and interactions with producers and industry
experts. The standardized index was chosen because it

allows comparison among traits with different scales,
does not require a genetic covariance matrix, and is suit-
able when heritability is moderate or high. The genotypes
with the best performance were those with the highest
selection values.

1= ) () ®

n=1
where

Iis the selection index value, t is the total number of traits, a,
is the genetic merit of trait , b, is the average of all selection
genotypes for trait i, 0,, is the genetic standard deviation of
trait 7, and g; is the economic weight of trait i.

Results and discussion

Agronomic characterization of yield and

fruit physicochemical quality

Statistical significance was observed under the assump-
tions of normality and homogeneity of variance for all
variables. The analysis of variance showed significant
differences (P<0.05) between the genotypes for the traits
such as yield, production, contents of total soluble solids,
pH, total titratable acidity, and fruit maturity index (Tab.
2). In the genetic improvement of blackberries, plants
with high productivity and long fruits are usually selected
since they are the attributes preferred by the market and
producers (Herndndez-Bautista et al., 2022). Additionally,
the chemical composition related to soluble solids, pH, and
acidity are other determining factors in the flavor of the
fruits (Vergara et al., 2016).

Estimated heritability ranged from low (H* =-0.23) in equa-
torial diameter to high (H” = 0.94) in total soluble solids
(Resende, 2002; Stanfield, 1971). Variables with heritability
values above 60% were production and yield (H* = 0.66), pH

TABLE 2. Mean square of the analysis of variance of 13 characteristics studied in the fruits of six blackberry genotypes.

Variable type Yield Physical Chemical
31‘:[“';?;3' 3:’3;53'3' FRKG YLD PROD | PD ED FWT FIRM  JWT  PUWT | TSS pH TTA i
Genotype 5 | 448.83° 1713.27* 1853 | 366" 051  0.6°  0.05°  039° 005" | 1.08"* 0004  0.278"  0.08"
Block 3| 143107* 4087.14%  44.21% | 823** 384" 254 0.005® 2.355%* 016" | 0.61**  0.012°** 0.057*** 0.05"
Error 15 316.34 57658 624 | 182 063 029 002 029 006 | 006 0001 0001 002
CV (%) - 867 4034 4034 | 509 389 809 144 1525 1071 | 308  1.22 122 566
H? - 0.30 0.66 0.66 050 -0.23  0.51 0.66 0.25 -0.13 0.94 0.68 0.92 0.70

FRKG: number of fruits per kilogram, YLD: yield (kg ha™), PROD: annual production (t yr'), PD: fruit polar diameter, ED: fruit equatorial diameter, FWT: fruit weight, FIRM: fruit firmness, JWT:
filtered juice weight, PUWT: pulp weight, TSS: contents of total soluble solids, TTA: total titratable acidity, MI: fruit maturity index, CV: coefficient of variation. Significant differences at * 5%;

**0,5%; *** <0,001. ns: not significant. H% heritability.
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(H? = 0.68), maturity index (H* = 0.70), acidity (H* = 0.92)
and total soluble solids (H*> = 0.94) (Tab. 2). Most of the
traits evaluated showed from medium to high heritability
values suggesting the possibility of obtaining reasonable
genetic progress to improve these traits through the selec-
tion of individual plants. The results of this study agree
with those reported by Stephens et al. (2012) in raspberry
fruits in which firmness (H* = 0.54) and acidity (H* = 0.54)
had medium heritability and total soluble solids had high
heritability (H?* = 0.73) and that reported by Chizk et al.
(2023) for firmness in blackberry (H* = 0.68). The firmness
variable did not present significant differences between
genotypes; however, this trait is a good indicator of shelf
life since it is related to the softness of the fruit at the time
of ripening (Zhang et al., 2019). Additionally, the average
heritability value suggests that the environment plays a
role in determining firmness. Some factors that should be
considered include water, mineral nutrition (with a focus
on nitrogen and calcium), presence of fungal pathogens,
and respiration rate (Chizk et al., 2023). Negative heritabil-
ity was obtained for equatorial diameter (H* = -0.23) and
pulp weight (H? = -0.13). These values may be related to the
phenotypic homogeneity observed for these traits between
genotypes. In the heritability estimation, the error variance
for equatorial diameter and pulp weight was greater than
the genotypic variance, suggesting a possible low number
of segregating loci due to the low genotypic variance (Ab-
bott & Pistorale, 2010).

When analyzing the means of the variables using Tukey’s
test (P<0.05) (Tab. 3), it was observed that the genotype with
the highest average yield and production over 10 harvests

was Gl, followed by G4. Regarding the fruit quality pa-
rameters, genotype G2 had the highest total soluble solids
TSS value, while G5 had the lowest value. The pH ranged
from 2.80 to 2.88, with genotype G5 having the highest
value and G2 and G3 having the lowest value. Genotype G2
had the highest TTA value, while G1 had the lowest value.
Genotype G1 achieved the highest maturity index with no
significant differences from genotypes G2, G4, and G5. The
results showed that genotype G2 has the highest firmness
and G3 has the lowest value. Fruit weight ranged between
6.18 (£1.08) and 7.16 (+0.43) g, with genotype G3 having
the highest weight. Polar diameter ranged between 27.53
(+1.22) and 24.90 (+2.70) mm.

When comparing the mean performance of the genotypes
against the check (G6), using the Dunnett mean compari-
son test, statistically significant differences (P<0.05) were
observed with the G1 genotype, which showed a yield
of 56.65 kg ha™ and 5.89 kg ha™ in production above the
control. Regarding soluble solids, there were differences
from the control for G1 (-0.62), G2 (0.57), and G5 (-0.92)
and in the maturity index for G1 (0.37). No significant
differences were observed compared to the check for the
other variables. These results show the superiority of G1
over the check genotype.

In this research, the G1 genotype stood out in yield, pro-
duction, and maturity index. These characteristics can
be considered the main ones to determine the value of
a genotype. The TSS and acidity relationship, known as
the maturity index, helps determine the perceived sweet-
ness and acidity of fruits and thus establishes consumer

TABLE 3. Mean of seven significant traits evaluated in six blackberry genotypes according to Tukey’s test and difference between means based on

Dunnett’s test.
YIELD PROD .
Genotype (kg ha") (tyr) TSS pH TTA Mi Firmness

o1 95.24 (53.11) a* 9.91(5.52) a 7.87 (0.36) cd 2.84(0.09) ab 2.76 (0.06) ab 2.94 (0.15) a 0.83(0.09) a
56.65™ 5.89 -0.62* 0.00 0.00 0.37* 0.02

2 41.80 (29.16) ab 4.35(3.03) ab 9.07 (0.40) a 2.80(0.05) b 3.44(0.09) ab 2.71(0.08) ab 1.05(0.13) a
3.21 0.33 0.57* -0.04 -0.03 0.14 0.24

03 54.37 (13.11) ab 5.66 (1.36) ab 8.32(0.25) be 2.80(0.04) ab 3.30(0.14) ab 2.56 (0.08) b 0.76 (0.21) a
15.78 1.64 -0.18 -0.03 -0.02 -0.01 -0.04

o4 68.79 (47.64) ab 715 (4.95) ab 8.13 (0.46) bed 2.85(0.05) ab 3.08(0.12) a 2.76 (0.23) ab 0.95(0.17) a
30.20 3.14 -0.37 0.01 0.01 0.19 0.14

G5 58.36 (22.30) ab 6.07 (2.32) ab 7.58 (0.36) d 2.88(0.04)a 2.87 (0.05) ab 2.67 (0.21) ab 0.96 (0.08) a
19.77 2.06 -0.92* 0.04 0.03 0.11 0.15

G6 38.59 (18.97)b 401 (1.97)b 8.50(0.48) ab 2.84(0.04) ab 3.35(0.08) ab 2.57(019) b 0.80(0.12) a

HSD 55.16 5.74 0.58 0.08 0.05 0.35 0.29

TSS: contents of total soluble solids, TTA: total titratable acidity, Ml: fruit maturity index. The value in parentheses is the standard deviation of the data (n = 4). The values in the column sharing
the same letter are not significantly different according to Tukey’s test (o = 0.05). The value in italics corresponds to the difference between means, using the regional genotype G6 as a control.
The highest value for each variable is highlighted. HSD: Tukey’s Honestly Significant Difference based on the minimum significant difference.
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preferences (Threlfall et al., 2016). The market prefers a
balance between sweet and acidic, achieving an intense
flavor through the combination of high total soluble solids
TSS. However, a flat flavor is obtained if the acidity is low
and the TSS is high, as in the case of the G2 genotype. The
genotypes in this study exhibited maturity indices above
2.56, which can be considered appropriate for consum-
ers, as the acid flavor is less perceived in these genotypes.
This is particularly notable considering that the range for
Colombia is between 2.2 and 3.1 (ICONTEC, 1997). The
advantage of sour fruits is their longer shelf life as acidity
prevents the action of microorganisms (Lund et al., 2020).
However, this is not optimal for the blackberry consumers.

The correlation between variables was analyzed, highlight-
ing a negative correlation between equatorial diameter and
number of fruits per kilogram (-0.77). The larger the di-
ameter, the fewer fruits are needed to complete a kilogram.
A positive correlation was observed between fruit weight
and polar diameter (0.76), and a negative correlation was
observed between weight and firmness (-0.75). Yield was
positively correlated with the polar diameter of the fruit (r
=0.64). In a segregating population, individuals exhibiting
desirable traits can be pinpointed through indirect selec-
tion using easily measurable secondary characteristics
that are closely correlated with the primary trait (Fellahi
et al., 2020).

The principal component analysis for the total of the
variables showed that the first three components have ei-
genvalues greater than 1 and are the most relevant, as they
account for 91.90% of the total variation. The first prin-
cipal component accounted for 51% of the total variance
explained, the second component for 26%, and the third
component for 14%. The variables that contributed to the
first component were fruits per kilogram, yield, production,
total soluble solids, and equatorial diameter. The variables
fruit weight, juice weight, polar diameter, and firmness
contributed to component two. The variables--maturity
index, pH, and acidity--contributed to component three
(Tab. 4). Consistent trends in variable clustering have been
observed in Rubus studies, with Principal Component
Analysis (PCA) effectively pinpointing pivotal traits that
impact fruit quality and yield (Gonzalez-Castro et al., 2019;
Lépez Gutiérrez et al., 2019).

Three homogeneous groups were generated by cluster
analysis (Fig. 1). The first group contains genotypes GI,
G4 and G5 (Fig. 1), of which two genotypes are spineless
(G1 and G5), with low total soluble solids content, and the
highest yield values (74.1 kg ha'), being higher than the

|6

TABLE 4. Matrix of eigenvectors, eigenvalues, and percentage of varian-
ce associated with each principal component for the variables measu-
red in Rubus. Silvania (Cundinamarca), Colombia, 2022-2023.

Variables PC1 PC2 PC3

Number of fruits per 1 kg 0.320412 -0.162466 0.250332
Fruit yield 0.332384 0.113778 0.323398
Production 0.332384 0.113778 0.323398
Fruit polar diameter 0.237981 0.382138 0.010638
Fruit equatorial diameter -0.318104 0.266553 0.014365
Fruit weight 0.010042 0.528337 -0.049594
Fruit firmness -0.001128 -0.460838 0.118683
Filter juice weight 0.235991 0.390202 -0.017339
Pulp weight -0.303973 0.222434 0.208558
Total soluble solids -0.335249 -0.082394 0.281856
pH 0.299811 -0.090725 -0.432990
Acidity 0.299811 -0.090725 -0.432990
Maturity index 0.279634 -0.118897 0.461623
Eigen value 6.6487 3.405508 1.893214
Proportion 5114 26.20 14.56

Cumulative variance 5114 77.34 91.90

* The variables that contribute the most to each principal component are highlighted.
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FIGURE 1. Dendrogram of six blackberry genotypes obtained by the
Ward method. G1 to G5 were the experimental blackberry genotypes,
and G6 was the regional control. Silvania (Cundinamarca), Colombia,
2022-2023.

general average (59.5 kg ha™); this group also presents the
highest production (7.7 t yr'), and maturity index (2.79).
The second group contains only genotype G2, which stands
out for having the highest total soluble solids value (9.07
°Brix) and greater firmness (1.05 N). In the third group are
the genotypes G3 and G6 (Fig. 1), which are characterized
as having thorns (Tab. 1). This last group is characterized
by having a lower number of fruits per kilogram (193),
greater fruit weight (7.01 g) and with the largest equatorial
diameter (20.8 mm).
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In the dendrogram obtained from the principal component
analysis, three groups were observed. These groups exhibit
variability for the discriminating characteristics; however,
it was observed that the thornless trait is a factor that
marked the formation of the groups. The genotypes with
and without thorns have the same productivity and fruit
size (Marulanda & Lopez, 2009). In this study, the thornless
genotypes (Gl and G5) presented the highest production
with low fruit weight. The thornless characteristic has
been significant at a commercial level for the development
of varieties, mainly in temperate zones (Clark et al., 2007;
Coyner et al., 2005). The absence of thorns facilitates ag-
ronomic tasks and prevents potential mechanical damage
at harvest, thus extending the fruit’s shelf life (Clark et al.,
2007). However, it has been observed that these materials
are more susceptible to diseases; therefore, they could be
used as parents in improvement programs to gather pro-
duction and plant health characteristics.

Selection index

Selection of desirable genotypes is perhaps the most critical
activity in plant breeding programs. The results of the selec-
tion index showed that the G1 genotype was outstanding
in the combination of the characteristics of production,
contents of soluble solids, fruit weight and firmness (Tab.
5). In second place was the G4 genotype, which presented
higher values in relation to the G1 genotype for TSS, fruit
weight and firmness. The regional control presented the
lowest selection index mainly due to its lower yield during
the evaluation. Despite the results obtained, variability was
observed in the characteristics for each genotype without
achieving the grouping of all the desirable attributes for a
blackberry ideotype.

TABLE 5. Selection index values and average of the variables considered
for each blackberry genotype.

Content of total Fruit

Genotype Stailnedc;;on Pr?f;’ﬂ;“" solu(l::;is;(;lids w?;g;ht Firr(lw)ess
G1 0.91 9.91 7.87 6.69 0.83
G4 0.39 715 8.13 7.04 0.95
G3 -0.14 5.66 8.32 716 0.76
G2 -0.21 4.35 9.07 6.18 1.05
G5 -0.36 6.07 7.58 6.35 0.96
G6 -0.60 4.01 8.50 6.87 0.80

In blackberry cultivation, the selection criteria are centered
around the performance of the plant material concerning
both yield and market-relevant variables, which can be
chosen at the breeder’s discretion. In this case, in addition

to yield, soluble solids, fruit weight, and firmness were con-
sidered, as they are indicators of the organoleptic quality
of the fruits. Each characteristic was weighted according
to a relative economic value. The use of selection indices
increases the chances of success of breeding programs be-
cause it simultaneously uses different traits to identify the
superior genotype (Rahimi & Debnath, 2023). These indices
have been used in several species, for example, rice (Sabouri
et al., 2008), soybean (Bizari et al., 2017), corn (Gazal et
al., 2017; Vieira et al., 2016), and strawberry (Vieira et al.,
2017). Their usefulness is reflected in the achievement of
genotypes with desirable characteristics that contribute to
the development of the material ultimately delivered to the
producer. Based on the results obtained, genotype GI was
selected as a potential material for variety registration. This
genotype performed well in the field during the evaluation
in the Cundinamarca department. Therefore, the next step
will be to validate its performance in various production
areas to evaluate its adaptation and thus determine the
recommendation domain.

Conclusions

Significant differences were observed between the five
genotypes for the variables of yield and physicochemi-
cal quality of the fruits. These differences allowed the
selection of the best genotypes to continue their breeding
process. The yield of the G1 genotype was superior to the
regional control, followed by the G4 and G3 genotypes. In
the combination of the four parameters of interest for the
crop, such as production, soluble solids, fruit weight and
firmness, the best genotype was Gl, therefore its stability
and adaptability in the different productive areas of the
country should be evaluated in future studies to include it
in the National Registry of Cultivars of Colombia.
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