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ABSTRACT. In fruit tree breeding, selection indices are used to identify the genotypes that combine
desirable commercial and non-commercial characteristics. As Theobroma grandiflorum is generally
cultivated in agroforestry systems (AFS), there is a need to develop cultivars that are adapted to such
environments. In this study, the objective was to select the most promising genotypes for their future use
in AFS based on the additive index, a pioneering method for this crop. The trial was carried out for 12 years
in an agroforestry system in the municipality of Tomé-Acu, Para State, Brazil. The 16 evaluated clones were
completely randomised with a variable number of repetitions. The average number of fruits produced as
well as the morpho-agronomic characteristics of the fruits were analysed. Mixed linear models were used
to estimate the components of variance and predict the genotypic values. The genetic correlation between
the variables was estimated, and the selection of genotypes was based on the additive index, with a positive
orientation of all variables except the thickness of the fruit shells and the weight of the fruits. Clones 42,
44, 46,47, 57, 61, and 64 performed well for all the analysed variables, resulting in a selection gain of 7.3% and
low incidence rates of witches’ broom disease. These genotypes can be made available to producers in the form
of clones for use in AFS and can further be included in future hybridisations in T. grandiflorum breeding.
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Introduction

The cultivation of native fruit trees in the Brazilian Amazon, particularly in agroforestry systems (AFS),
provides an alternative land for cultivations, especially for areas that have already been deforested. This
practice offers environmental benefits, such as forest restoration, as well as socio-economic benefits by
generating income for producers, keeping them from migrating to other lands and, thus avoiding the
deforestation of preserved areas (Homma, 2014). Native fruit trees cultivation has gained increasing
prominence nationally and internationally due to the vast species diversity, which translates to a multiplicity
of biochemical compounds with health benefits (Lima et al., 2019; Faria et al., 2020).

Among these species, the cupuassu tree (Theobroma grandiflorum Willd. (ex. Spreng) Schumm.) has emerged as
a promising material. It is an arboreal species belonging to the Malvaceae family and the Byttnerioideae subfamily.
Its fruit, cupuassu, offers two products that are currently exploited by agroindustries: pulp, which is widely used to
produce juices, jellies, sweets, and other foods (Pereira, Abreu, & Rodrigues, 2018); and almond, which provides
the raw material for several products in the pharmaceutical and cosmetic industries owing to its emollient and
antioxidant properties (Costa et al., 2020). Almonds are also used to make "cupulate” or cupuassu chocolate
(Genovese & Lannes, 2009). The shell of the fruit can be used for human consumption, to manufacture compost,
and as animal feed (Salgado, Rodrigues, Donado-Pestana, Dias, & Morzelle, 2011).

The state of Pard, Brazil, is the largest T. grandiflorum producer in the world, with approximately 27,000 tons of
fruit produced in 2018 (Pard, 2020). T. grandiflorum crops can be found in all states in the north of Brazil, as well as
in some states of the Northeast, in addition to other Latin-American countries. However, the volume of fruits
currently produced is below the genetic potential of the crop, which makes it difficult for the T. grandiflorum
production chain to evolve. This can be attributed to two factors: the lack of varieties with productive values that
are adapted to the different edaphoclimatic conditions throughout Brazil, and the fungus Moniliophthora perniciosa
(Stahel) Aime & Phillips-Mora, which is the etiological agent of witches’ broom disease that affects both cupuassu
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and cacao (Theobroma cacao L.). Outbreaks of the disease have been responsible for losses that reach up to 90% of
production (Meinhardt et al., 2008), in some cases leading farmers to abandon orchards.

As such, there is an urgent need to guide T. grandiflorum genetic improvement programs, focusing on the
development of cultivars adapted to AFS, preferably in small-scale farming environments, which make up the
majority of T. grandiflorum producers. Furthermore, there is a need for cultivars with desirable characteristics,
such as high rates of productivity, resistance to M. perniciosa, and commercially viable fruits, i.e., with high
yields of pulp and almonds (Alves, Chaves, Gama, Pedroza Neto, & Santos, 2020).

To optimise the selection of genotypes based on more than one characteristic, methodologies involving
selection indexes can be employed. Such methods weigh the different characteristics considering their
relative importance and select genotypes based on a ranking of scores (Céron-Rojas & Crossa, 2018). The
technique of assigning weights to each character differentiates the methodologies.

In this study, we used the additive index, which considers the coefficient of genotypic variation as the weight
attributed to a variable. The main advantage of this method is that it is based on mixed modelling, allowing it to
be used with unbalanced data, which is a common situation with perennial fruit trees with a long breeding cycle.
This index has been used with other fruit trees, such as Jatropha curcas L. (Alves et al., 2019) and Carica papaya L.
(Pereira, Abreu, & Rodrigues, 2019). However, there is no precedent for the use of selection indexes for T.
grandiflorum. As such, this is a pioneering study that will inform future applications of T. grandiflorum.

Thus, the objective of this study was to use an additive index to select genotypes that are best adapted to
environments with interspecific competition (i.e., AFS), with special emphasis on the productive
characteristics, fruit quality, and resistance to M. perniciosa.

Material and methods

Test implementation

The test was conducted in an experimental area of Embrapa Amazonia Oriental, in the municipality of
Tomé-Acu (02°26°08” S; 48°09°08” W; 145 m), northeastern Para State, 120 km from the state capital, Belém,
Brazil. The soil is well-structured, with a medium texture and low natural fertility, and is classified as yellow
latosol or oxisol. According to the Koppen classification, the climate is categorised as Ami and is mesothermic
and humid (Bolfe & Batistella, 2011). The relative air humidity was approximately 85%, with an average
annual precipitation of 2,300 mm and an average temperature of 26°C during the years of evaluation,
according to data provided by the weather station installed at Embrapa Amazonia Oriental Headquarters.

The preparation of the area and seedlings, as well as the implementation and management of the crop,
followed the guidelines recommended for T. grandiflorum crop production (Souza, 2007; Alves, 2012). Sixteen
selection candidates were evaluated (Table 1) from a range of genotypes with different geographical origins
to exploit the vast heterogeneity among T. grandiflorum populations throughout the Amazon region (Alves,
Sebbenn, Artero, Clement, & Figueira, 2007).

Table 1. Genealogy of the 16 Theobroma grandiflorum clones evaluated in an agroforestry system in the municipality of Tomé-Acu,
Para State, Brazil.

Clone Genealogy Maternal Origin Paternal Origin

32 174 x 186 174: Coari - AM 186: Codajas - AM
42 186 x 434 186: Codajas - AM 434: Muand - PA
44 186 x 434 186: Codajas — AM 434: Muana — PA
46 186 x 215 186: Codajas - AM 215: Manacapuru — AM
47 186 x 1074 186: Codajas - AM 1074: Itacoatiara - AM
48 186 x 1074 186: Codajas - AM 1074: Itacoatiara - AM
51 215x 624 215: Manacapuru - AM 624: Santarém - PA
56 186 x 1074 186: Codajas - AM 1074: Ttacoatiara — AM
57 186 x 513 186: Codajas — AM 513: Oiapoque — AP
61 220x 228 220: Manacapuru — AM 228: Manaus - AM
62 220x 185 220: Manacapuru — AM 185: Codajas — AM
63 174 x 248 174: Coari - AM 248: Itacoatiara - AM
64 220x 185 220: Manacapuru — AM 185: Codajas - AM
174 Primary Coari - AM -

215 Primary Manacapuru - AM -

1074 Primary Parintins - AM -
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The experiment was installed in an AFS composed of banana (Musa sp.) (5 x 5 m), cupuassu tree (5 x 5 m),
and taperebazeiro (Spondias mombin L.) (30 x 30 m). All species were planted simultaneously in March of 2007.
Along the two borders of the experimental area, seedlings of abiu (Pouteria caimito (Ruiz and Pavon) Radlk.)
were planted to serve as a windbreak, at a spacing of 5 m between plants, with each plant placed at the head
of a row of T. grandiflorum. The other two lateral sides were bordered by a secondary forest at an intermediate
stage of succession.

The experiment was conducted over 12 years and followed a completely randomised design. This
experimental design was necessary considering the negative effects of self-incompatibility and, in some cases,
inter-incompatibility of the species (Venturieri, 2011). Thus, individuals of four different clones surrounded
an individual of a given clone. This pattern was repeated throughout the experimental area to maximise
pollination efficiency and fruiting. The number of repetitions varied from 15 to 30 per clone, with one plant
per plot (single-tree plot).

Data acquisition

Evaluations were conducted at the plant level over nine consecutive harvests (2010-2011 to 2018-2019).
In the cupuassu tree, the harvest opening coincides with the beginning of the rainy season and extends over
the entire period of about six months (Venturieri, 2011). Therefore, each harvest was divided into four
evaluations with 45-day intervals between them. The data collected included the average number of fruits
produced per harvest (NF) and the rate of plants affected by witches’ broom disease (WB), based on the
identification of symptomatic individuals within the same genotype. The fruit characteristics were also
assessed. Five fruits/plant/harvest were sampled for each clone, and the fruit length (FL) (mm), fruit diameter
(FD) (mm), shell thickness (ST) (mm), shell weight (ShW) (g), seed weight (SeW) (g), pulp weight (PW) (g), and
total fruit weight (FW) (g) were measured.

Statistical procedures

Considering that the data are unbalanced, mixed linear models were used to estimate the components of
variance (REML) and the prediction of genotypic values (BLUP). The statistical model used was as follows: y =
Xu + Zg + e, where y is the data vector; u is the scale referring to the general average, considered as a fixed
effect; g is the vector of genotypic effects, considered as random [g ~ N (0, ¢.%)]; and e is the residual vector
[e ~N (0, o.]. The capital letters X and Z represent the incidence matrices for these effects. The significance
of the genotypic effects was tested by deviance analysis, that is, the likelihood ratio test: LRT= (2(LogL-LogLz),
where LogL is the logarithm of the maximum point of the residual likelihood function (L) for the complete
model, and LogLy is the logarithm of the maximum point of the residual likelihood function (Lz) for the model
without genotypic effects, using the chi-square statistic with one degree of freedom and p < 0.01. The averages
of the nine harvests were used to perform genetic and statistical analyses.

The following components of variance were estimated for eight evaluated characteristics, except WB:
individual phenotypic variance ( ¢,%), genotypic variance ( o%), residual variance ( ¢ %), heritability of total
genotypic effects (hg?), and coefficients of genotypic variation (CVg;) and residual variation (CVe). For the
latter two, the relative coefficient of variation (CVr) was obtained. The additive index was used to select
superior genotypes, as determined by Resende, Silva, and Azevedo (2014) as: Al; = ¥.¢_, w.(GV;./o,), where
w, is the weight attributed to variable t, GV, is the genotypic value of individual i for variable t, and o is the
standard error of the genotypic values for variable t. The coefficients of genotypic variation were used as the
weight, and the direction of selection was "higher" for all variables except ST and ShW. These analyses were
performed using Selegen-REML/BLUP software (Resende, 2016).

Correlations between the variables’ genetic values, except for WB, were estimated to assess their
interrelation at the genetic level for the experiment in question. These values were employed for the
elaboration of a correlation network, using the statistical software R (R Core Team, 2020), with the aid of the
extensions "qgraph" (Epskamp, Vramer, Waldorp, Schmittman, & Borsboom, 2012) and "biotools" (Silva,
Malafaia, & Menezes, 2017).

Results

Fruit production began slowly in the first two harvests but progressed considerably from the third when
the genotypes expressed their full potential. In the fourth harvest, the production stability phase was reached,
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although minor fluctuations were observed in the subsequent harvests (Figure 1). As an exception, the sixth
harvest stands out, corresponding to the end of 2015 and the beginning of 2016, which suffered from the
effects of El Nino 2015 (Jiménez-Munoz et al., 2016), which caused a prolonged drought that year, affecting
the performance of genotypes.
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Figure 1. Average and standard error in the number of fruits (NF) produced per plant over nine harvests in a clonal competition trial of
T. grandiflorum established in an agroforestry system, in the municipality of Tomé-Acqu, State of Par4, Brazil.

In general, we observed a genetic values correlation of median levels between the analysed variables. The
greatest correlations were between FW with ShW (0.8) and PW (0.86), demonstrating the influence of these two
components on the total fruit weight. Negative correlations were found between NF and ShW (-0,65), FW and NF
(-0.67), and FL and ST (-0.51); positive correlations were found between FD and FW (0.78), as well as between ShW
(0.77) and PW (0.61). The only non-significant correlation was between the NF and SeW (Figure 2).

Figure 2. Network of correlations between the genetic values of eight variables' analyzed for 16 T. grandiflorum clones established in an
agroforestry system in the municipality of Tomé-Acu, Pard, Brazil. The green and red lines represent positive and negative significant
correlations, respectively. The width of the line represents the intensity of the correlation. !Average number of fruits per plant (NF), average
fruit length (FL) in mm, average fruit diameter (FD) in mm, average shell thickness (ST) in mm, average shell weight per fruit (ShW) in g,
average seed weight per fruit (SeW) in g, average pulp weight per fruit (PW) in g, and average fruit weight per plant (FW) in g.

Estimates of the variance components showed the presence of genetic variability among clones for all
variables, considering the significance of their genotypic variances, with p < 0.01, according to the deviance
analysis. The highest coefficients of both genotypic and residual variation were observed for NF, while for the
other characteristics, there was a lower magnitude of these parameters. The total heritability values (hg?)
estimated for all variables were considered as median (Table 2).

The predicted genotypic values indicated that different genotypes stood out among the variables. For NF, clones
42 and 44 showed the highest values. On the other hand, for FW, the best results were observed for clones 56 and
174, with the latter also showing the highest value for ShW and ST and the former, a good result for PW. Clones 63
and 61 stood out for FD, while clones 57, 56, and 47 exhibited the highest FL values (Table 3).
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Table 2. Estimates of genetic parameters® of the eight traits? analyzed in 16 T. grandiflorum clones established in an agroforestry
system in the municipality of Tomé-Acu, Pard State, Brazil.

Trait o 0 oy hg? H e ;VE S
NF 17.2* 19.0 36.2 0.47+0.12 15.04 2760 2898 0,95
FL 86.8* 168.1 254.9 0.34%0.10 257.02 3.63 504 0,72
FD 10.4* 11.6 22.0 0.47 +0.11 127.03 2.54 268 0,95
ST 0.2* 0.5 0.7 0.30 +0.02 9.38 5.04 765 0,66

Shw 3064.9% 7261.3 10326.2 0.30+0.02 931.99 5.94 9.14 065

SeW 179.4* 604.1 783.4 0.23+0.08 258.34 5.18 951 0,54
PW 2789.9% 3568.2 6358.1 0.44+0.11 685.48 7.71 871 088
FW 8873.6* 19305.8 28179.4 0.310.09 1915.76 4.92 7.25 0,68

1 o ¢ genotypic variance; o: residual variance; o,*: individual phenotypic variance; hs*: heritability of total genotypic effects; u = general average; CVgi =
coefficient of genotypic variation; CVe = coefficient of residual variation; CVr = coefficient of relative variation. 2See Figure 2. *Significant at 1%,
according to the deviance analysis.

Table 3. Predicted genotypic values for 16 T. grandiflorum clones for each analyzed trait! in an agroforestry system in the municipality
of Tomé-Acu, Par4 State, Brazil.

Genotype NF FL FD ST Shw SeW PW FW
32 13.58 250.59 124.47 9.51 912.46 250.54 607.52 1803.04
42 20.64 244.50 125.11 9.39 888.19 253.87 632.01 1794.33
44 24.98 251.80 122.36 9.35 856.24 254.09 588.64 1736.68
46 15.28 259.63 127.87 9.03 910.12 270.37 707.09 1918.01
47 17.50 266.71 126.37 9.39 934.51 254.53 726.69 1950.47
48 14.00 268.31 128.12 9.03 918.67 267.39 722.75 1949.17
51 14.72 254.91 122.37 8.80 840.57 266.14 636.22 1798.10
56 11.64 267.60 128.92 9.31 951.16 253.24 743.71 2014.05
57 16.91 269.27 122.29 8.70 876.11 253.79 680.07 1854.15
61 17.14 250.35 130.23 9.88 979.50 270.61 683.32 1972.08
62 15.05 257.09 129.57 9.11 956.16 253.62 736.77 1978.81
63 12.36 239.17 132.70 10.20 1000.19 235.60 661.07 1937.94
64 15.38 253.13 128.94 9.56 965.57 252.14 721.03 1982.49
174 7.69 259.22 127.76 10.29 1035.18 243.14 686.49 2007.27
215 10.98 265.00 125.38 9.36 956.76 285.37 668.52 1956.57
1074 12.84 255.05 129.96 9.17 930.40 269.04 765.85 1999.03

1See Figure 2.

Using the additive index made possible to rank the best genotypes of the experiment in descending order.
The top ten genotypes were 44, 47, 57, 42, 46, 48, 62, 61, 1074, and 64, which together would result in an
average gain of 6.53%. However, considering the high incidence of witches’ broom disease (WB) presented by
some clones, three (48, 62, and 1074) of the ten top-ranked genotypes were discarded (Table 4).

Table 4. Ranking of the 16 T. grandiflorum clones based on the additive index applied to the eight analyzed traits® considering the
predicted genotypic values, as well as the estimated genetic gain and incidence of witches’ broom disease (WB), in an agroforestry
system in Tomé-Acu, Pard State, Brazil.

Rank Genotype Additive Index Gain Gain (%) WB (%)
1 44 463.34 463.34 10.75 13
2 47 444,90 454.12 8.55 0
3 57 440.30 449.51 7.45 11
4 42 438.30 446.71 6.78 5
5 46 436.67 444.70 6.30 10
6 48 433.52 442.84 5.85 17
7 62 430.11 441.02 5.42 60
8 61 429.45 439.57 5.07 11
9 1074 428.65 438.36 4.78 88
10 64 421.22 436.65 4.37 0
11 51 417.82 434.93 3.96 24
12 56 411.53 432.98 3.50 0
13 215 400.91 430.52 2.91 3
14 32 383.06 427.13 2.10 0
15 63 368.04 423.19 1.15 0
16 174 345.95 418.36 0.00 3

See Figure 2.
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Thus, genotypes 44, 47, 57, 42, 46, 61, and 64 (43% of the original) were selected for inclusion in the T.
grandiflorum breeding program, reflecting an average gain of 7.03%. Of these, the clones 47 and 64 stood out
in terms of resistance, as none of the individuals presented signs of witches’ broom disease in over 12 years
of field observation.

Discussion

The treatments in this experiment included grafted plants, which showed a tendency to attain stability
earlier than the non-grafted seedlings used by Alves et al. (2020), in which the stability was attained after the
seventh year. The grafting technique offers advantages, such as uniformity and early production, especially
in perennial fruit trees such as T. grandiflorum (Baron, Amaro, Pina, & Ferreira, 2019). Fluctuations in
production observed in this experiment during the stable productive phase are common in commercial crops
and are attributed to climatic factors, especially long periods of drought after the beginning of fructification,
the ecophysiology of the crop, and interactions with pollinating insects (Venturieri, 2011).

In terms of genetic values correlation between the studied characteristics, a relatively high correlation
between FD and FW was observed, similar to that reported by Alcoforado, Pedrozo, Mayer, and Lima-Primo
(2019), suggesting that this correlation is typical for the species and the existence of gene linkage or epistatic
interactions. The greater influence of FD on the total fruit weight (FW) indicates that genotypes that produce
fruits with larger diameters should be prioritised over those with greater length. However, other relationships
should be considered, such as the positive correlation between FD and ST and the negative correlation
between FL and ST.

Fruits with thicker and heavier shells are not suitable for industry because the shell accounts for a greater
proportion of the total fruit weight, to the detriment of the percentage of pulp and almonds, which are pillars
of the T. grandiflorum production chain. Therefore, FL. and FD are equally important in the selection of
genotypes, and both are directed to positive in the selection index.

The negative correlation between NF and FW indicates that, depending on the genotype, the partitioning of
photoassimilates will prioritise the production of either a greater quantity of small fruits or a smaller number of
heavier fruits. This behaviour was also observed for cocoa, regarding the weight of almonds and the number of
fruits produced (Doaré, Ribeyre, & Cilas, 2020). Therefore, one of the objectives of breeding programs is to select
genotypes that produce a large number of heavy fruits, which leads to greater production of pulp and almonds. For
this reason, the selection index prioritised genotypes that performed well for both NF and FW.

The highest values found for CVg; for NF indicate that this characteristic is highly influenced by the
heterogeneity of genes that govern it. This influence is comparatively greater than that for the other studied
characteristics, which are more homogeneous despite being quantitative. The CVg; is a good indicator of the
magnitude of variability available in the population for a given characteristic, even allowing inter-population
comparison of this parameter (Silva et al., 2020).

Considering a minimum CVg; value of 10%, as recommended by Resende (2002) for clonal selection, none
of the characteristics reached this requirement except for NF. This indicates that individualised selection for
these variables is compromised by low levels of variability. However, the use of CVg; as a weight in the
selection index enables NF to be considered the main characteristic of commercial importance without
discarding the other traits. Furthermore, although the variability is low for these traits, the significance of the
deviance analysis shows that it does exist and can be exploited.

The CVr, or the ratio between CVg; and CVe, enables a more direct interpretation of the relationship
between genotypic and environmental influences. Values greater or close to unity indicate good conditions
for selection and greater gains, leading to better accuracy (Silva, Vidal Neto, & Vale, 2017; Yamamoto et al.,
2017). Taking this parameter into consideration, the variables NF (0.95%), FD (0.94%), and PW (0.88%)
provided the best results.

Heritability is another parameter of paramount importance that should be considered in the breeding cycle
of any species. According to Schmidt, Hartung, Bennewitz, and Piepho (2019), heritability may reflect the
precision and usefulness of test results. Taking into account the classification proposed by Resende (2002),
the heritability values found herein are median, denoting efficiency in selection and consistency between the
predicted gains and the real values.

Compared to the present study, Maia et al. (2011) found slightly lower values for FD, FW, and PW of T.
grandiflorum clones, which may be due to the low amplitude of the genetic base of the clones used in their

Acta Scientiarum. Agronomy, v. 45, e57519, 2023



Theobroma grandiflorum selection using additive index Page 7 of 9

experiment. It should be noted that the genetic structure of the population under study influences the
magnitude of heritability. For example, Alves et al. (2020) studied a population with greater variability (25
half-sibling progeny) and found a narrow-sense heritability of 0.65, a value higher than that found here for
total heritability.

The variability indicated by the above parameters can be observed in the difference between the genotypic
values of the 16 clones, particularly for NF, with a 70% difference between the least productive (174) and the
most productive (44) clones. For the other variables, the difference was less pronounced but fluctuated
between 25% and 10%. By analysing the behaviour of the genotypes for each characteristic in detail, we can
see that direct individual selection would prioritise different genotypes. Therefore, it is pertinent to use a
selection index that considers the relative importance of each variable. Setyawan, Taryono, and
Mitrowihardjo (2016) emphasized the need to develop selection indexes for cocoa that gather all the variables
that characterize a productive genotype. Mustiga et al. (2018) and Jaimez, Vera, Mora, Loor, and Bailey (2020)
also concluded that the use of selection indices can be more advantageous than direct selection, especially
when characteristics of different natures are considered, such as vegetative development, morpho-agronomic
fruit characteristics, productivity, and disease resistance.

In the present experiment, the additive index enabled us to rank the 16 studied genotypes considering all
of the eight analysed variables (Table 4), from which we identified the best seven. Alves et al. (2019)
demonstrated the efficiency of the additive index for J. curcas L., with an average gain of 27%, and highlighted
the possibility of using this method for other perennial species. Pereira et al. (2019) also emphasised the
ability of this index to distinguish genotypes that have superior characteristics, as shown through its use with
C. papaya L., another fruit tree.

The analysis of the productive characteristics of T. grandiflorum should not be disconnected from the
resistance of the genotypes to M. perniciosa. The pathogen is one of the main challenges for the cultivation
of T. grandiflorum and T. cacao in Brazil (Mournet et al., 2020). Genetic improvement through the
development of resistant cultivars is the most cost-effective and ecologically sustainable option to combat
the effects of this fungus. Therefore, we individualised the analysis of this variable due to its biological and
economic significance. Although ten clones were initially selected, three showed relatively high rates of
infection with the fungus. Therefore, these three were excluded as susceptible individuals in an orchard can
increase the pathogen pressure on resistant individuals, culminating in the breakdown of their resistance
(Albuquerque et al., 2010). These seven selected clones will be used for future hybridization, along with other
resistant sources, to facilitate the pyramidization of these genes to avoid, or at least delay, the weakening of
the resistance of the cultivars (Crété, Pires, Barbetti, & Renton, 2020).

Conclusion

We identified seven genotypes (44, 47, 57, 42, 46, 61, and 64) exhibiting significant potential in terms of
productivity and low incidence rates of the witches’ broom disease. These genotypes are also beneficial to
obtain fruits with desirable morpho-agronomic characteristics and are adapted to the conditions of
interspecific competition. As such, we recommend the use of these genotypes as cultivars in agroforestry
systems and their inclusion in the T. grandiflorum breeding programs for future hybridization.
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