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Abstract: Plant breeding of Coffea canephora is based on the characterization and use of the natural
genetic variability of the species. Thus, the objective of this study was to quantify the genetic diversity
and gains from selection of the fruit and bean physical traits of the C. canephora plant, seeking to
understand the relations among the yield components and identify genotypes with superior traits.
For this purpose, 42 genotypes were evaluated over two crop years while considering a randomized
block design in a factorial arrangement to quantify the effects of genotypes, crop years, and the
interaction between these two factors. Coffee fruit samples in the cherry stage were used to evaluate
the weights, volumes, and dimensions of the fresh fruit and beans after drying. Genotypic variance
prevailed over environmental variance for all of the fruit and bean physical traits of the coffee plants,
except for the greatest fruit width (FWG). These associations indicate that the constituent parts of the
fruit increased in a manner proportional to an increase in weight. Such associations can facilitate or
hinder plant selection. The total gains obtained through the selection indices were similar to those
obtained through direct selection for greater bean weights. However, the use of selection indices
made it possible to identify clones with more balanced traits.
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1. Introduction

Of the 130 known coffee species [1], only 2 are commercially cultivated and represent
approximately 99% of the world’s production, namely Coffea arabica L. (Arabica coffee),
which accounts for 56%, and C. canephora Pierre ex A. Froehner (Robusta and Conilon
coffees) for the remaining 44% [2]. Among coffee cultivated species, C. canephora stands out
for its adaptation to tropical regions, significant genetic and phenotypic diversity, and high
productive potential [2–6].

Cultivation of C. canephora in Brazil has grown in recent years and has expanded
mainly to areas of lower altitudes and higher temperatures, which are not suitable for
C. arabica [2,7,8]. In fact, C. canephora can be cultivated in tropical regions on different
continents, maintaining its productive potential [9].

C. canephora is naturally an allogamous species due to its gametophytic self-
incompatibility, which in turn results in high natural genetic variability in this species [10,11].
This variability in genetic nature is important for plant breeding programs, since it assists
with obtaining gains from selection [12] and can be exploited for different purposes of
cultivation [13,14].
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Throughout the 1980s, 1990s, and early 2000s, C. canephora breeding programs in
Brazil prioritized improving yields, minimizing the biennial bearing effect (alternating
high and low yields), and enhancing resistance to pests and diseases. These efforts focused
on selecting genotypes with uniform maturation cycles, ultimately resulting in the devel-
opment of the first officially registered coffee cultivars [15–17]. After this period, studies
addressing other important traits intensified in the following decades. Recently, beverage
quality and the adaptation of genotypes in different environments [18–20], evaluation of
individual performance, and the mean performance of groups of clones [5,21,22] have
directed research toward development of new cultivars.

A new cultivar should have a series of favorable traits, providing benefits to the
coffee grower compared with other existing cultivars. Not only the yield but also vigor
and resistance to pests and diseases are important traits for the selection of C. canephora
plants [23,24]. As breeding programs progress and specific cultivars are increasingly in
demand, other traits, such as the physical quality of the beans, have also become important
selection criteria.

Although the physical properties of the beans are an important yield component, these
traits have been little explored in coffee plant selection [25]. If considered individually, the
magnitude and direction of the genetic correlations make selection based on a single trait
result in undesired changes in other yield components. These changes are called correlated
responses, and their meaning should be considered in plant selection [26]. There are studies
showing the association between hulled coffee yield and a larger bean size [27–29]. In
contrast, an increase in fruit dimensions may result in a greater hull weight in relation to
the bean weight.

An alternative for selection of plants which have a set of favorable traits is the use
of selection indices [30]. Selection indices estimated from linear combinations of traits of
interest allow interpretation of estimates of the total gain from selection in plant selection
processes [26].

One of the first indices used for selection was developed by Smith [31], with the
aim of maximizing the correlation between the index and the genotypic value of the
individuals [32]. Furthermore, there are nonparametric selection indices which do not
require estimates of the genetic parameters and can be applied to samples of both a random
and fixed nature [33]. The index proposed by Mulamba and Mock [34] is based on the
sum of the ranking of the genotypes in relation to each trait, and the genotype-ideotype
distance index [35] considers the ideal values for each trait estimated from the original data,
thus considering an ideal genotype. Therefore, the aim of this study was to quantify the
genetic diversity and the gains from selection of the bean’s physical traits from C. canephora
plants in order to understand the relations between the yield components and identify the
genotypes with the best traits.

2. Materials and Methods
2.1. Plant Material and Experimental Conditions

The experiment was conducted on a farm in the municipality of Nova Venécia in
the north Espírito Santo state of Brazil (18◦39′43′′ S, 40◦25′52′′ W), with a mean altitude
of 200 m.a.s.l. and a mean annual temperature of 23 ◦C. The predominant climate in the
region according to the Köppen classification is Aw, or tropical with a dry season [36]. The
soil at the location is classified as a dystrophic red-yellow latosol, with a clayey texture and
rolling topography [37]. The soil’s chemical and physical properties were determined in
the 0–10, 10–20, 20–30, 30–40, 40–50, and 50–60 cm layers (Table 1).

The crop was set up in 2014 using 42 genotypes of C. canephora. The plants were grown
under full sun conditions at a spacing of three meters between rows and one meter between
plants. Crop treatments were carried out according to the technical guidelines for the crop,
which included weed control with herbicides and a brush cutter, preventive plant health
management, liming, fertilization, and drip irrigation [38].
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Table 1. Chemical and particle size analysis of the soil in the experimental area in Nova Venécia,
ES, Brazil.

Chemical Property
Depth (cm)

0–10 10–20 20–30 30–40 40–50 50–60

K (mg dm−3) 110 95 74 57 52 46
S (mg dm−3) 15 11 29 15 15 17

Ca (cmol dm−3) 3.8 3.4 1.9 1 0.7 0.6
Mg (cmol dm3) 1 0.9 0.4 0.3 0.1 0.1
Al (cmol dm−3) 0 0 0.3 0.7 0.8 0.8

H+Al 1.6 1.8 2.4 2.9 3.1 3.1
pH-H2O 6.6 6.5 5.3 4.8 4.8 4.8

Organic matter (dag dm−3) 2.1 1.7 1.1 0.8 0.7 0.5
Fe (mg dm−3) 140 138 126 94 88 87
Zn (mg dm−3) 10.2 4.5 2.9 1.1 0.6 0.5
Cu (mg dm−3) 3.4 4.3 3 1.9 1.2 1
Mn (mg dm−3) 207 174 104 46 44 40
B (mg dm−3) 0.81 0.83 0.58 0.55 0.56 0.61

Na (mg dm−3) 11 37 8 6 5 4

Particle size (g kg−1)

Sand 434 352 188 368 366 376
Silt 86 168 212 32 74 124

Clay 480 480 600 600 560 500

Considering the soil’s chemical and physical analysis, the coffee plants received 500,
100, and 400 kg ha−1 year−1 of N, P2O5, and K2O, respectively, applied according to
the plant needs and phenological stages [39]. Soil micronutrients were corrected by the
application of 2, 1, 2, and 10 kg ha−1 year−1 of Zn, B, Cu, and Mn, respectively. The
experiment was conducted in a 42 × 2 factorial arrangement, formed by the combination
of 42 genotypes (Table 2) and two crop years (2016–2017 and 2017–2018). The experiment
followed a randomized block design with three replications, and each experimental plot
consisted of seven plants.

Table 2. Identification of the 42 genotypes of Coffea canephora in Nova Venécia, ES, Brazil.

Identification Name Identification Name Identification Name

1 Verdim R 15 Bamburral 29 Tardio C
2 B01 16 Pirata 30 A1
3 Bicudo 17 Peneirão 31 Cheique
4 Alecrim 18 Z39 32 P2
5 700 19 Z35 33 Emcapa 02
6 CH1 20 Z40 34 Emcapa 153
7 Imbigudinho 21 Z29 35 P1
8 AD1 22 Z38 36 LB1
9 Graudão HP 23 Z18 37 122
10 Valcir P 24 Z37 38 Verdim D
11 Beira Rio 8 25 Z21 39 Emcapa 143
12 Tardio V 26 Z36 40 Ouro negro 1
13 AP 27 Ouro Negro 41 Ouro negro 2
14 L80 28 18 42 Clementino

Genotype 33 belongs to cv. Emcapa 8111, and genotypes 34 and 39 to cv. Emcapa 8131 [17]. Genotypes 1, 11, 15,
16, 30, and 42 belong to cv. Tributun [40], and 30 and 35 belong to cv. Andina [20,40], while genotypes 09, 12, 24,
29, and 33 belong to cv. Salutar [5].

2.2. Fruit Collection and Analysis

Three fruit samples were collected from each genotype in the cherry maturation
stage, considering the maturation cycle of each genotype (early, late, and very late). Fruits



Int. J. Plant Biol. 2024, 15 1269

were collected from all seven plants in each plot, creating a composite sample from these
seven plants representing one plot. Then, the samples were sent to the Coffee Research
Laboratory of the Universidade Federal do Espírito Santo’s São Mateus campus to perform
biometric evaluations.

A precision balance (0.001 g) was used to assess the fresh fruit weight, measured
in grams. The dried fruit volume (DFV) was determined through an adapted volume
complementation methodology [41] using 50 mL graduated cylinders (with 1 mL markings).

A digital caliper rule with a resolution of 0.01 mm/0.0005 inch was used to measure
the following traits: the fruit length (FL), greatest fruit width (FWG), and smallest fruit
width (FWS), measured in millimeters. Afterward, the samples were placed in a forced air
circulation oven at 40 ◦C and dried until reaching constant weights.

After drying, the fruit dry matter was found using a precision scale (0.001 g), and then
the dry matter was adjusted to 12% moisture (DMF). Subsequently, they were manually
peeled, separating the hulls from the beans to measure the following traits: the length of
the hulled beans (LHB), greatest width (GW), and smallest width (SW) of the hulled beans,
measured in millimeters. The hulled bean dry matter (DMB) and hull dry matter (DMH)
were measured in grams, and the volume of the dried hulled beans (DBV) was measured
in milliliters.

2.3. Genetic Parameters

The genetic parameters were considered to interpret the effects of genotypes and crop
years, which were estimated using the following model:

y = Xm + Zg + Wp + e

where y is the data vector; m is the vector of the measurement-replication combinations
(assumed to be fixed); g is the vector of the genotypic effects, assumed to be random
(g~N(0,IV_g)); p is the vector of the permanent environment effects, assumed to be random
(p~N(0,IV_perm)); and e is the vector of errors or residues (e~N(0,IV_e)), assumed to
be random [42]. The uppercase letters X, Z, and W represent the incidence matrices for
said effects.

The components of variance were estimated through the restricted maximum like-
lihood (REML), and the genotypic values were predicted through best linear unbiased
prediction (BLUP) [43]. The following variance components and genetic parameters were
estimated: the genotypic variance (Vg); permanent environmental variance (Vperm); tem-
porary residual variance (V_e); individual phenotypic variance (Vf); mean phenotypic
variance (Vfm); broad sense heritability of individual plots (h_gˆ2); mean broad sense
heritability of genotypes (h_mgˆ2); and repeatability at the plot level (r).

Genetic progress was quantified by considering direct gains, the correlated response,
and the use of selection indices. The estimates of the direct gain, which measures the
genetic progress from selection in the trait itself, were obtained according to the following
expression [42]:

Gs = k.rpp . Vgp

where G_s is genetic progress; k is the standardized selection differential; r pp is the selection
accuracy; and V_gp is the genotypic variance added to the permanent environmental effects.

The correlated response, which measures the change in traits related to selection of a
main trait, was estimated by considering evaluations of the two harvest times according to
the following expression:

RC(y/x) = k.rg(x,y).ρix.ρiy.σgpy

where there is the correlated response of gain in a trait y in accordance with the selection of
another trait x, the standardized selection differential, the genetic correlation between x
and y, the individual repeatability of trait x, the individual repeatability of trait y, and the
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genotypic variance added to the permanent environmental effects. The genotypic values
were used to quantify genetic progress using the index based on the sum of ranks [34] and
the genotype-ideotype index [42].

The index based on the sum of ranks [34] corresponds to the sum of the classification
of the genotypes ordered according to their genetic value for each one of the traits. Clas-
sification of the genotypes was obtained through ordering the genetic values of the traits
evaluated in decreasing order. The estimated distances between the genotypes and refer-
ence values are considered in the genotype-ideotype index [42], defined by the maximum
and minimum values observed according to the following expression:

Gi =

√
1
n∑n

j=1

(
xij − mj)2

where Gi is the genotype-ideotype distance, along with the score of the principal component
technique of the ith genotype in the jth principal component and the score associated with
the ideal reference in the jth principal component. The analyses were performed on the
Selegen REML/BLUP software version December 2020 [43].

3. Results and Discussion

Genotypic variance prevailed in relation to permanent environmental variance for
all of the coffee fruit and bean physical traits, except for the greatest fruit width (FWG)
(Table 3). The predominance of genotypic variance indicates a greater contribution from
the genetic component in expression of the fruit and bean physical traits. In fact, the grown
C. canephora showed natural genetic variation among the clones for the bean weight [44],
as was also observed by Teixeira et al. [21] upon studying different cultivars evaluated in
the western Amazon. In an extensive characterization of approximately 600 accessions
maintained in the Germplasm Bank, Ferrão et al. [13] observed the importance of the
genetic component in expression of fruit and bean physical traits.

In the interpretation of measurements repeated over time, repeatability (r) is inter-
preted to quantify the ability of the clones to maintain their performance in different crop
years [42,43]. In this context, estimates of higher values or values near 0.80 indicate that the
response of the clones is maintained from one year to another [45]. Repeatability estimates
ranged from 0.87 (FWS) to 0.94 (FL) for the fruit traits and from 0.73 (DBV) to 0.89 (LHB
and GW) for the bean traits (Table 3). The only trait which exhibited an estimate classified
as having a low magnitude was the FWG. Similar magnitude repeatability estimates were
observed by Silva et al. [46] in evaluation of the yields of 130 clones in three environments
over three years, indicating that the number of measurements considered was adequate.

Discarding traits which do not show natural genetic variation is one of the most
important steps in the characterization of genetic parameters [47]. The estimates of broad
sense heritability observed in this study can be considered to be of high and medium
magnitudes [42], except for the FWG trait (Table 3). The lower estimates for the genotypic
variance and heritability observed in this trait indicate that the variability observed was
mainly due to the effect of the environment, and gains from the practice of selection were
not expected, suggesting that this trait be discarded in the following evaluations.

With the aim of considering the estimates of gains from direct and indirect selection for
the bean weight, the estimates of genotypic correlations were interpreted among the traits
studied. Of a total of 28 estimates of genotypic correlation, 17 were significant (Figure 1).
As the amplitude ranged from −0.69 to 0.97 between DMB × DMH and DMF × DMH,
respectively, the estimates of correlation of a greater magnitude were represented separately
from the estimates of a medium magnitude (Figure 1). In plant breeding, the estimates
of correlation can be classified as low magnitude when they are from 0.0 to 0.33, medium
magnitude from 0.34 to 0.67, and high magnitude from 0.67 to 1, both for positive values
and negative values [43]. Positive estimates between the pairs indicate that an increase
in one trait is conditioned by an increase in the other. In contrast, negative correlations
indicate that an increase in one trait is related to reduction in the other one.
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Table 3. Estimates of the genetic parameters of fruit and bean traits evaluated in 42 genotypes of
Coffea canephora over two crop years (2016–2017 and 2017–2018) in the municipality of Nova Venécia,
ES, Brazil.

Fruit Traits

Genetic
Parameter DMF DFV FL FWG FWS DMH

V g 0.006 0.020 0.013 0.007 0.003 0.002
Vperm 0.004 0.014 0.004 0.010 0.002 0.001

Ve 0.001 0.005 0.001 0.474 0.001 0.001
Vf 0.011 0.039 0.018 0.490 0.005 0.003
h2

g 0.56 ± 0.12 0.51 ± 0.11 0.71 ± 0.13 0.01 ± 0.02 0.53 ± 0.11 0.62 ± 0.12
r 0.91 ± 0.15 0.88 ± 0.15 0.94 ± 0.15 0.04 ± 0.03 0.87 ± 0.14 0.88 ± 0.15

c2
perm 0.36 0.37 0.23 0.02 0.34 0.26

h2hmg 0.75 0.72 0.85 0.09 0.74 0.81
Overall
Mean 0.51 1.01 1.37 1.23 1.01 0.22

Bean Traits

Genetic
Parameter DMB DBV LHB GW SW

V g 0.001 0.001 0.003 0.001 0.001
Vperm 0.001 0.001 0.002 0.001 0.001

Ve 0.001 0.001 0.001 0.001 0.001
Vf 0.001 0.001 0.005 0.002 0.001
h2

g 0.60 ± 0.12 0.51 ± 0.11 0.59 ± 0.12 0.61 ± 0.12 0.60 ± 0.12
r 0.88 ± 0.14 0.73 ± 0.13 0.89 ± 0.15 0.89 ± 0.15 0.84 ± 0.14

c2
perm 0.28 0.21 0.30 0.28 0.24

h2mg 0.79 0.79 0.78 0.80 0.81

Overall
Mean 0.15 0.12 0.82 0.63 0.41

DMF = dry matter fruit at 12% (g), DMH = hull dry matter per individual fruit at 12% moisture (g), DFV = dried
fruit volume (cm3), FL = fruit length (cm), FWG = greatest fruit width (cm), FWS = smallest fruit width (cm),
DMB = hulled bean dry matter at 12% moisture (g), DBV = volume per dried hulled bean (cm3), LHB = length of
hulled bean (cm), GW = greatest width of the bean (cm), SW = smallest width of the bean (cm), Vg = genotypic
variance, Vperm = permanent environmental variance, Ve = residual variance, Vf = individual phenotypic vari-
ance, h2

g = broad sense heritability, r = repeatability at the plot level, c2
perm = coefficient of determination of the

environment effects, and h2hmg = mean heritability of genotypes.

Some of the associations observed had high positive correlation, such as DMF × DMH
(0.97), FL × FWS (0.86), and DMB × DMF (0.74) (Figure 1). These associations indicate
that the constituent parts of the fruit (i.e., hull weight, length, and width) increased in
proportion to the increase in fruit weight. Positive associations between bean yield and
bean size were also observed by Partelli et al. [44].

In this scenario of association between fruit and bean physical traits, the selection
of one trait can result in changes in others. These associations can facilitate or hinder
plant selection. Establishing that fruits of greater weights tend to produce beans of greater
weights can favor plant selection. However, in this study, estimates of correlations of
medium and high magnitudes were also observed, and such correlations can hinder the
selection process (Figure 1). These types of correlation can complicate the selection process,
as they indicate a strong relationship between these traits. Consequently, selecting for one
desirable trait may inadvertently lead to the selection of another correlated trait which
may not be equally desirable. The positive correlation between the hull weight and fruit
weight (0.97) can favor the selection of plants with greater hull weights in relation to the
total bean weight, in spite of the negative association between the bean weight and hull
weight (−0.69).
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Figure 1. Structure of partial correlations between fruit and bean traits, showing dry matter fruit
at 12% (g) (DMF), hull dry matter per individual fruit at 12% moisture (DMH), fruit length (FL),
smallest fruit width (FWS), length of hulled bean (LHB), hulled bean dry matter at 12% moisture
12% (DMB), greatest bean width (GW) (cm), smallest bean width (SW) (cm). (A) representation
of significant correlation estimates of greater magnitudes (lower than −0.50 or greater than 0.50),
and (B) representation of significant correlation estimates of lower magnitudes (−0.50 < × < 0.50).
* and ** indicate statistical significance at the 5% and 1% probability levels, respectively.
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In general, it was observed that in C. canephora coffee plants, different traits are
associated with the coffee yield and output of hulled coffee, and they are correlated with
each other in different magnitudes and directions. Under these conditions, the selection
of a single trait may not be the best strategy for selection, as this may lead to undesirable
changes in other traits [42].

The total gains obtained through the selection indices were similar to those obtained
by direct selection for greater weights of coffee beans (Table 4). All of the selection indices
allowed plants to be selected with greater bean dry matter values. However, the genotype-
ideotype index resulted in a greater total gain, similar to direct selection. Greater gains
obtained with this index were found for the bean weight (28.34%), fruit weight (24.07%),
and bean length (10.03%).

Table 4. Estimates of genetic progress (%) with the use of selection indices and with direct and
indirect univariate selection.

Estimate of Genetic Progress (i = 14%)

Indices DMB DMF LHB GW SW FL FWS DMH GS

Genotype-Ideotype 28.34 24.07 10.03 7.94 9.04 8.78 8.97 22.88 55.36
Smith and Razel 27.49 25.97 13.14 7.06 6.59 13.54 9.06 29.85 54.27

Mulamba and Mock 26.95 21.99 8.30 8.31 10.16 8.23 8.28 19.18 53.72
Direct Selection (DMB) 28.34 24.07 10.03 7.94 9.04 8.78 8.97 22.88 55.36

Estimate of Genetic Progress with Direct Selection for DMB

Genotype DMB DMF LHB GW SW FL FWS DMH GS

27 45.58 52.70 10.63 16.57 13.20 12.86 22.74 60.02 85.97
9 39.15 23.17 14.62 8.08 9.77 14.58 8.26 15.83 71.62
8 24.23 16.03 0.33 7.68 14.38 −2.68 9.47 5.99 46.62
5 21.10 15.68 11.50 10.43 7.19 10.31 1.99 5.48 50.21
3 20.27 20.60 14.07 3.15 0.42 7.97 6.85 25.77 37.92
30 19.70 16.22 9.04 1.76 9.31 9.62 4.49 24.17 39.81

11 # 19.12 27.43 18.98 2.36 −0.37 25.88 10.01 47.84 40.09
35 $ 11.95 8.15 3.66 5.37 7.10 4.67 2.71 3.59 28.07

DMB = hulled bean dry matter at 12% moisture, LHB = length of hulled beans, GW = greatest bean width,
SW = smallest bean width, DMF = dry matter fruit at 12%, DMH = hull dry matter 12% moisture, FL = fruit length,
FWS = smallest fruit width, and GS = gain from selection associated with coffee bean traits. # Genotype selected
only by the Smith and Razel index. $ Genotype selected only by the Mulamba and Mock index.

Direct selection for the main DMB trait and selection using the genotype-ideotype
selection index resulted in the selection of the same set of genotypes (27, 9, 8, 5, 3, and 30),
and for this reason, they exhibited the same estimates for the gain (Table 4). Lower gains in
the main DMB trait were estimated, considering the genotypes selected by the indices of
Smith and Razel (27, 9, 5, 11, 3, and 30) and Mulamba and Mock (27, 9, 5, 8, 30, and 35).

Unlike the multiplicative indices and the sum of ranks (Mulamba and Mock), the
index based on measurement of the distance (genotype-ideotype) has advantages because
it allows the inclusion of variables whose values are not in the extremes but nevertheless of
interest to the breeder [42].

Genotypes 27 and 9 generally had the highest estimates for the gain for bean physical
traits, and they were selected in all of the strategies considered (Table 4). These results
indicate that these genotypes stand out through their superior performance for the DMB,
with increases of 45.58% and 39.15%, respectively. However, these clones had substantial
differences in their fruit hull dry matter, considering that clone 27 showed an increase of
60.02% in hull weight compared with the increase of 15.83% observed for clone 9. This
finding of a greater hull weight for clone 27 explains the results observed by Partelli
et al. [44], who evaluated these same genotypes and observed bean yields during hulling
of 26.74 for clone 27 and 29.07% for clone 9.
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Genotypes 8, 5, 3, and 30 showed intermediate estimates for the total gains for the
traits of a greater bean weight and size (Table 4). However, all the physical traits evaluated
were more balanced for these clones. Partelli et al. [44] studied these same clones and
observed that clones 8 and 5 had the highest correlations between the weight of the cherry
fruit and the weight of hulled beans. Finally, genotypes 11 and 35 had lower gain estimates
for the main trait (i.e., the weight of the coffee beans). In addition to lower estimates for
gain for the main trait, clone 11 had considerable indirect gains (47.84%) for the hull weight,
an undesirable trait in the selection of superior genotypes.

Environmental factors significantly influence the expression of genetic traits such as the
hull dry matter, dried fruit volume, and other fruit and bean size parameters by impacting
nutrient uptake, water availability, and temperature responses [48,49]. For instance, in
regions with higher soil fertility and optimal moisture levels, these genetic traits tend to
be expressed maximally, leading to increased hull dry matter and dried fruit volumes due
to better nutrient and water utilization, which enhances cell expansion and tissue density.
Conversely, under drought or nutrient-poor conditions, traits linked to fruit mass may be
reduced due to restricted growth, which affects the volume and width of both the fruit
and hulled beans, as plants prioritize survival over growth. Furthermore, temperature
variations can directly influence the metabolic rates which affect the hull and bean dry
matter, potentially leading to variations in yield and quality, depending on the adaptability
of the genotype to specific environmental conditions [50]. This interaction underscores the
importance of considering both genetic selection and site-specific management practices
for optimized productivity across diverse growing environments [3].

The principle of the selection indices is to summarize information on various traits
such that the best values can be used to determine the best genotypes. Although the sum
of the estimates of the gain from direct selection and the sum from the selection indices
were similar, the use of selection indices allowed the identification of clones with more
balanced traits. Genotypes 27 and 11, with greater bean weights, had significantly greater
hull weights than the other genotypes also selected for their greater bean weights, such as
clone 9.

4. Conclusions

The genotypic variance surpassed the environmental variance for all coffee fruit and
bean physical traits, except for the greatest fruit width (FWG). Trait associations may either
support or hinder selection. Positive correlations between the bean weight and fruit weight
contrasted with those between the fruit weight and hull weight. The total gains from
the selection indices were comparable to direct selection for higher bean weights, yet the
indices helped identify clones with more balanced traits. Notably, genotype 27, which had
the highest bean weight, also had a greater hull weight, while genotype 9 combined a high
bean weight with a lower hull weight.
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