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ABSTRACT

This study aimed to evaluate and select progenies and matrices of cupuassu-tree siblings, and to select Brazilian mahogany
matrices with superior characteristics to be used in agroforestry systems (AFS). Twenty-five full cupuassu tree sibling progenies
and one Brazilian mahogany half-sibling progeny were evaluated. The study was conducted for 14 years in a commercial
property in Tomé Acu, Pard State, Brazil. The number of fruits and fruit yield per plant, as well as the rate of plants with
symptoms of witches’ broom disease, were used as response variables for cupuassu. For mahogany, the following response
variables were used: total height, commercial height, crown height, diameter at breast height and commercial wood volume.
There were five cupuassu tree progenies with interesting characteristics to be used in AFS. Based on the high values observed
in the selection accuracy and heritabilities, a good potential for the selection of promising individuals in the cupuassu tree
population is inferred. Based on the ranking of genotypic values and their agronomic performance, 10 matrices of cupuassu
tree were selected. For Brazilian mahogany, three matrices showed excellent silvicultural performance. The matrices of these
two species should be propagated vegetatively in order to evaluate clonal tests.
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Sele¢ao simultanea de gendtipos de cupuaguzeiro e mogno brasileiro, em
um sistema agroflorestal no Para, Brasil

RESUMO

Este trabalho teve por objetivo avaliar e selecionar progénies e matrizes de irmaos completos de cupuaguzeiro e, simultaneamente,
selecionar matrizes de mogno brasileiro com caracteristicas superiores, para utilizagio em sistemas agroflorestais (SAFs). Foram
avaliadas 25 progénies de irmaos completos de cupuaguzeiro e uma progénie de meio irmao de mogno brasileiro. O estudo
foi conduzido por 14 anos em uma propriedade comercial em Tomé Agu, Pard. Para o cupuaguzeiro, foram utilizadas como
varidveis de resposta o niimero e a producio de frutos por planta, e a taxa de plantas com sintomas da doenca vassoura-de-
bruxa. Para 0 mogno, empregou-se a altura total, altura comercial, altura da copa, DAP e volume de madeira comercial. Os
resultados revelaram cinco progénies de cupuaguzeiro com caracteristicas interessantes para emprego em SAFs. Com base
nos altos valores observados na acurdcia de selecao e herdabilidade, inferimos um bom potencial de selecao de individuos
promissores na populagio de cupuaguzeiro. Dez matrizes de cupuaguzeiro foram selecionadas com base no ranqueamento
dos valores genotipicos e desempenho agronémico. Para o mogno brasileiro, trés matrizes apresentaram 6timo desempenho
silvicultural. As matrizes destas duas espécies deverao ser propagadas vegetativamente, para avaliagio em ensaios clonais.
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INTRODUCTION

Agroforestry systems (AFS) are multifunctional systems
that can provide a wide range of economic, sociocultural, and
environmental benefits related to simultaneous or sequential
interaction between agronomic crops and forest species. The
benefits include carbon sequestration (Lorenz and Lal 2014),
decreased erosion (Liu ef 2/ 2016), restoration of the local
ecosystem (Poch and Simonetti 2013) and conservation of
water resources (Pavlidis and Tsihrintiz 2018). These systems
have a high level of sustainability and benefit the producers
by increasing food security and financial returns, which
are diversified and scaled throughout the growing season
(Armengot ez al. 2016). In the Amazon region, AFSs are
often present on small properties in the form of agroforestry
yards, a kind of subsistence system that mainly assures the
food security of the producer’s family (Florentino ez a/. 2007;
Castro et al. 2009). In order to achieve a more sustainable
cultivation environment, AFSs were improved for commercial-
scale production, aiming at a competitive alternative to less
sustainable cultivation models, such as monoculture systems
and slash-and-burn agriculture (Alfaia ez 2. 2004; Utomo ez
al. 2016).

The cupuassu tree, Theobroma grandiflorum (Willd. ex
Spreng.) Schum. (Malvaceae) is a perennial fruit species
native to the Brazilian Amazon. Its fruit pulp is used in the
food industry (Pugliese ¢z /. 2013) and its almonds can
be used in the pharmaceutical and cosmetics industries, as
well as in the production of a chocolate-like product named
cupulate (Gongalves et al. 2010). The species is the target of a
breeding program that aims to obtain individuals with high
yield and tolerance to Moniliophthora perniciosa (Stahel) Aime
& Philips-Mora fungus, an etiological agent of the witches’
broom disease (Alves ez al. 2009). It is of great importance to
select individuals adapted to AFS cultivation conditions, as
most family farmers cultivate cupuassu tree.

Brazilian mahogany, Swietenia macrophylla King.
(Meliaceae) is a tree species native to the Amazon region and
greatly valued for its high quality wood (Degen ez a/. 2013).
For this reason, in 2002, Brazilian mahogany was added to
Appendix II of the Convention on International Trade of Wild
Flora and Fauna Species Endangered of Extinction (CITES)
(Grogan and Loveless 2013). Nevertheless, illegal logging
in natural populations are known to still occur. Thus, there
is a need for initiatives aimed at the genetic conservation of
Brazilian mahogany. The selection of genotypes with superior
characteristics can result in future mahogany cultivars for
planting, mainly in AFSs, thus reducing anthropic pressure
on remaining wild stands.

Genetic breeding must take into account the interests of
the producers, namely high productive capacity, resistance
to pests and diseases, and acceptable adaptability and
stability characteristics (Maia ez /. 2011). Using the same
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cultivation conditions under which genotypes will be
submitted by producers, such as the proposed conditions
for the evaluation of progenies in AFS, allows the possibility
of the indirect selection of more adapted individuals. Based
on this hypothesis, this study aimed to evaluate cupuassu-
tree full sibling progenies by selecting the most promising
individuals for cloning and to evaluate and select Brazilian
mahogany matrices with superior silvicultural characteristics
for later use in AFS.

MATERIAL AND METHODS

The experiment was carried out for 14 years (2005-2019),
in a rural producer area located in the Tomé Acu municipality,
northeastern Pard state (02°26°03.0”S, 48°18°37.6”W),
120 km from the state capital, Belém. The municipality is
pioneering in the use of commercial AFS in the Amazon
region, involving mainly timber and fruit species, due to
the influence of an agricultural cooperative created by the
Japanese-Brazilian colony that settled in the region, which
processes and distributes the products from these systems
(Barros et al. 2009).

The experimental area occupies approximately 1 ha and has
a 30-year history of continuous use. It was primarily dedicated
to the cultivation of black pepper, Piper nigrum L., followed by
intercropping between sweet pepper, Capxicum chinense ]acq.,
papaya, Carica papaya L. and pumpkin, Curcubita sp. L. In
the last 14 years, the area has been destined to the agroforestry
system reported in this study. The area is bordered by a
commercial cacao, Theobroma cacao L. plantation combined
with acal, Euterpe oleraceae Mart. on one side, and by a 15-year
old secondary forest on the other.

According to the Képpen classification, the climate of the
region is Ami (Bolfe and Batistella 2012), with 2,716 mm
average annual precipitation, 85% average relative humidity,
and 26.4 °C average temperature. There is a high-rainfall
period from December to May, and a drier period from
June to November (Figure 1). Climatic data were collected
from the meteorological station of Tomé Agu. The soil of the
experimental area is classified as Yellow Latosol (EMBRAPA
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Figure 1. Average monthly precipitation (mm) and average relative humidity
(%) for the 14 years (2005—2019) of experiment in the municipality of Tomé Acu,
Paré state, Brazil.



ACTA
AMAZONICA

2016), with coarse texture, deep, high acidity, low natural
fertility and absence of waterproofing layers, as well as light
compaction attributed to the passage of mowing machines
(twice a year).

The AFS under study was initially composed of three
species: cupuassu tree, passion fruit, Passiflora edulis Sims,
and Brazilian mahogany. All species were planted in March
2005, after mechanical cleaning of the area and preparation
of individualized holes, applying 150 g of natural phosphate
to each hole.

Twenty-five full cupuassu-tree sibling progenies (Table
1) from the breeding program of Embrapa Amazdnia
Oriental were evaluated in a randomized block design with
five replicates and three plants per plot, which were planted
at 5 x 5-m spacing. As for the progeny parents under study,
genotypes already released as commercial cultivars, such as
BRS Codajis (186), BRS Manacapuru (215), BRS Coari
(174) and BRS Belém (286), as well as other pre-selected
genotypes with great yield and/or tolerance to M. perniciosa,
were used. Passion fruit planted between cupuassu-tree rows at
a5 x 2.5-m spacing provided temporary shading to cupuassu
trees during the first four years of planting.

Brazilian mahogany seedlings came from open pollinated
seeds planted at 20 x 10-m spacing with a density of 50 trees
per hectare. This species provided the definitive shading to
cupuassu trees until the end of the experimental period. The
density of the AFS system is 1,250 plants per hectare.

Data collection of cupuassu-tree production began two
years after planting and lasted until 2018/2019, totalizing
11 harvests. In each harvest, the number of fruits per plant
and the average weight of five fruits per plant and crop were
recorded. Thus, it was possible to estimate the fruit yield per
plant in kilograms for each crop [Yield (kg) = number of
fruits x average weight of fruits]. For each progeny, the rate
of occurrence of plants with M. perniciosa symptoms was
estimated by the coefficient between the number of plants with
symptoms of the disease and the number of healthy plants.

The selection of progenies was carried out using the mixed
model methodology (REML/BLUP), using SELEGEN
software (Resende 2016). Simultaneously, the variance
components and genetic parameters (REML method) were
estimated, and the genotypic values were predicted (BLUP
method). The estimated genetic parameters were genotypic
variance, variance between plots, variance within plots and
phenotypic variance. We also considered the plot-effects
coefficient of determination, selection accuracy, heritability
within the plot, heritability adjusted for the progeny mean,
and restricted sense heritability. The statistical model used was:

y=Xr+Zg+Wp+e

where y is the data vector,  is the vector of the repetition
effects (assumed to be fixed) added to the general mean, g
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is the vector of the individual genotypic effects (assumed
to be random), p is the vector of plot effects (assumed to be
random), e is the vector of errors or residuals (random), and
capital letters represent the incidence matrices for the referred
effects (Resende 2007).

The 10 progenies that ranked highest in production
variables and a maximum of 40% of plants affected by witches’
broom symptoms were selected. After plants were ranked in
descending order of their genotypic values for number of fruits
and fruit yield per plant, matrices that should effectively be
selected and cloned were identified in the selected progenies.
This selection took into account the following criteria:
selection of two ortets per progeny, in order to avoid the
genetic variability restriction between selected genotypes, and
ortets that were asymptomatic for M. perniciosa.

For Brazilian mahogany, 48 trees from open pollinated
seeds were evaluated. Evaluations consisted of measuring
total height (ht) (m), commercial height (hcom) (m), crown
height (hcop) (m), diameter at breast height (DBH) (cm)
and commercial wood volume (m?). Heights were initially
determined with a metric scale and later with a VERTEX IV
digital hypsometer. DBH was determined using a measuring
tape by measuring the circumference at breast height (CAP).
The formula CAP/r converted the values.

The estimated commercial volume was estimated using
the equation proposed by Fernandes ez a/. (2017):

Commercial wood volume = -9.38450 + 2.06586 *
In(DBH) + 0.72929 + In(hcom)

When selecting a matrix, its total height should be
composed mostly of commercial height, DBH values should
be high, and commercial wood volume should attain market
value (Beltrame ez /. 2012). Therefore, for the selection of
promising matrices of Brazilian mahogany, the five estimator
variables were taken into account, especially the volume of
commercial wood. The mass selection method was adopted,
with the cutoff point established as one standard deviation
above the average of each variable.

RESULTS

The number of cupuassu fruits produced during the eleven
harvests ranged from 1 to 18 (Figure 2). Production in the
first three harvests was low, with an increasing tendency over
the years and an alternation of production peaks. From the
seventh harvest onwards, although the previously observed
fluctuation between harvests occurred again, it was possible
to notice a tendency towards stability. The tenth crop reached
the highest production peak in the series, with an average of
more than 30 kg fruit per plant per crop. Considering a stand
0f 400 plants ha'!, the yield would be around 12 tons fruit ha”,
exceeding the estimated yield for the ‘BRS Carimb¢’ cultivar,
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which is currently marketed, demonstrating the potentiality
of the studied progenies.

Throughout the 11 harvests, the average number of fruits
per plant was 12, with a yield of 17 kg per plant per harvest
(Table 1). Regarding both number of fruits and fruit yield,
nine progenies (5, 6, 11, 23, 36, 37, 43, 49 and 52) stood

out. There was no agreement on one only progeny in the 10

Table 1. Progeny ancestry, phenotypic value and genetic value of progenies for
number of fruits per plant and harvest (N fruits), and fruit yield (kg per plant and
harvest), and proportion of plants with witch's broom disease (Moniliophthora
perniciosa) symptoms of 25 cupuassu tree (Theobroma grandiflorum) progenies
evaluated during 11 harvests in an experimental agroforestry system in the
municipality of Tomé Acu, Pard state, Brazil. Values in bold indicate progenies
ranked highest for both production variables according to BLUP.

N fruits Fruit yield Plants
Progeny  Ancestry  phenotypic Genetic  Phenotypic Genetic /\jf;eec,t:,g,-ssya

value  value value value (%)
1 186 x 286 94 98 12.7 137 53
4 174 x Sekd 126 125 159 16.0 47
5 186 x 184 14.5 14.1 20.7 19.9 20
6 174x184 13.2 12.9 21.2 20.2 58
8 186 x Parau 10.7 10.9 16.8 16.7 20
9 215x 220 11.0 11.1 16.5 16.6 47
n 220x 286 14.3 14.0 19.5 19.0 27
13 1074 xParau 9.0 93 16.0 16.1 100
17 174 x 220 9.8 10.1 114 123 60
19 174 x 286 114 1.4 149 15.2 20
20 186x 1074 9.5 9.8 14.8 15.2 53
21 186 x 215 105 10.7 15.7 15.9 20
22 174x1074 94 9.7 164 164 53
23 215 x Seké 15.3 14.8 23.1 21.9 33
25 215x 286 108 108 14.2 14.6 60
28 174 x 186 6.6 74 9.7 1.1 20
29 173 x 186 84 8.8 11.8 12.8 40
30 220 x Parau 100 10.2 15.2 15.5 60
36 174x M45 17.0 16.3 22.7 21.7 60
37  186xM138 15.8 15.2 18.0 17.8 40
38 215x 554 9.9 10.1 138 144 67
40 174 x 554 8.1 85 1.5 124 40
43 220x12 13.9 13.6 20.2 19.5 100
49 174xHans1 14.5 14.0 20.4 19.6 47
52 174x217 13.6 13.4 20.0 19.4 40
Média 11.6 11.6 16.5 16.5 47

CV. 19.9% 23.8% 46.3%
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highest ranked. Progeny 4 ranked highest for number of fruits
per plant, while progeny 8 ranked highest for fruit production
(kg per plant).

Almost half of the plants showed some manifestation of
witches’ broom disease, and no progeny had 100% of plants
free from it. The high coefficient of variation indicated that
progeny behavior was quite variable (Table 1). There was
great variation between the nine most productive progenies
regarding the incidence of M. perniciosa. The least affected
progenies were 5 (20%), 11 (27%) and 23 (33%). In the
first, only the female parent was resistant, while in the other
two, both parents were resistant (Table 1). It is noteworthy
that progeny 23 (215 x Sekd) has in the Seké parent a source
of resistance that probably differs from the resistance genes
currently used in the breeding program. Progenies 52 and
37 showed a regular tolerance (40%). The progenies most
sensitive to the disease were 43 (100%), 36 (60%), 6 (58%)
and 49 (47%). In the first, both parents were susceptible and
all plants of this progeny showed some symptom of the disease.
'The other three progenies had only one susceptible parent.

Although not showing the same productivity as the
nine progenies mentioned, progenies 19, 21 and 28 stood
out regarding resistance to M. perniciosa. They are primary
hybrids among cultivars released in 2002: BRS Coari (174),
BRS Codajds (186), BRS Manacapuru (215) and Belém
(286). These progenies should participate in the resistance
gene pyramidation process of the cupuassu breeding program
developed at Embrapa Amazénia Oriental.

New sources of productivity genes were identified in
progenies 8, 36, 37 and 49, which include Parauapebas,
M45, M138 and Hans1 as male parental clones. Clone Hans
1, which is a genotype that does not produce seeds, was
collected in Cametd (Par4 state), from a tree that had half of
the crown producing seeded fruits and the other producing
seedless fruits.

The estimated genetic parameters indicated a good
potential for selecting individuals from the population (Table
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Figure 2. Average number of fruits and fruit yield (kg per plant) of cupuassu tree
(Theobroma grandiflorum) per year during 11 years in an experimental agroforestry
system in consortium with Brazilian mahogany (Swietenia macrophyla) progenies
and passion fruit (Passiflora edulis) in the municipality of Tomé Aqu, Paré state, Brazil.
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2), as shown by the high genotypic variance values of 6.43
and 11.09, related to the number of fruits and fruit yield,
respectively. The accuracy of the selection was higher than
90% in both variables. The low coefficient of determination
for plot effect, and the low variance between plots, indicate
that experimental conditions were similar among progenies.
The high heritability values for both production traits
(Table 2) indicates that genotype selection will be effective.
Fruit yield, being a polygenic character dependent on the
number of fruits and fruit weight, is more susceptible to
environmental influence. For this reason, it presented lower
values of heritability.

Genotypic values allowed the identification of the 10
most promising matrices within the five preselected progenies
(Table 3). For each progeny, two matrices with the highest
genotypic values were chosen for propagation by grafting and
clone production, or use in a clonal seed orchard. The use of
these materials is estimated to provide an average gain of 32%
for number of fruits per plant and 44% for fruit production
(kg per plant). The new estimated average for the improved
clonal population is 19.7 fruits per plant, corresponding to
25.9 kg per plant. With a density of 400 plants per ha, fruit

production is expected to reach 10 tons ha™.

Mahogany trees showed high variability in the analyzed
traits, which could be used for selection. Divergences close
to 100% were observed for height and DBH (Table 4). For
the most economically relevant variable, commercial wood
volume, the amplitude was greater than 400% (Table 4).
These data reinforce the premise that some genotypes had

Table 2. Overall average values (mean + SD), average values of selected
individuals (mean + SD) and estimation of genetic parameters for production
variables (number of fruits per plant and fruit yield) of 25 cupuassu tree (Theobroma
grandiflorum) progenies evaluated during 11 harvests in an experimental
agroforestry system in the municipality of Tomé Acu, Para state, Brazil.

Genetic parameter N fruits/plant (Tg“/tpﬂilg
Overall average 11.96 £ 2.83 16.92 +£3.85
Selected individuals average 20.20 + 5.87 29.90 + 5.67
Genotypic variance 643 11.09
Between plots variance 0.04 0.06
Within plots variance 13.2 34.34
Phenotypic variance 19.68 455
Selection accuracy 093 09
gdé:;ted heritability for the progeny 087 082
Additive heritability within the plot 048 032
Restricted sense heritability 0.65+0.17 048 £0.15
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Table 3. Cupuassu tree genotypes (Theobroma grandiflorum) selected for clonal
propagation during 11 harvests in an experimental agroforestry system in Tomé
Acu (Pard state, Brazil) with 25 progenies. Values are presented for genotypic value,
genetic gain and new mean for number of fruits per plant and harvest, and fruit
yield (kg per plant and harvest).

N fruits/plant Fruits yield (kg/plant)

Genotype  Genotypic Genetic  New  Genotypic Genetic  New
value gain mean value gain mean

5231 229 12.3 239 29.7 13.2 29.7
2331 16.0 6.4 18.0 284 12.5 29.0
2332 153 57 17.2 26.1 10.6 271
1142 19.4 9.8 214 24.2 9.8 264
513 14.2 4.8 16.4 238 9.5 26.1
3711 220 1.7 233 226 8.7 252
5222 14.1 4.7 16.3 224 8.1 246
53.1 16.5 7.0 185 21.8 76 24.2
3721 24.8 133 24.8 21.1 6.8 234
1143 153 58 174 21.0 6.8 233

Coding of individuals x.y.z, where x = progeny, y = location block, and z = plant.

Table 4. Silvicultural performance of 48 Brazilian mahogany (Swietenia
macrophyla) matrices for total tree height (m), commercial height (m), canopy
height (m); diameter at breast height - DBH (cm) and estimated commercial
volume (m?) in the 14" year in an experimental agroforestry system in the
municipality of Tomé Acu, Paré state (Brazil). Bold values indicate individuals
above the cutoff point.

e 001 Commercl Garopy 0B

volume (m?)
1 14.7 34 113 264 0.178
2 146 5.1 95 299 0.309
3 16.1 5.9 10.2 303 0.351
4 154 47 11.2 35.7 0.385
5 1.7 4.2 75 21.7 0.137
6 12.2 44 78 29.0 0.260
7 166 5.2 114 36.9 0.484
9 16.3 3.7 12.6 37.6 0.391
12 17.6 47 12.9 39.5 0.516
13 15.1 5.9 92 274 0.286
14 15.0 4.2 10.8 296 0.262
15 15.5 38 1.7 319 0.283
16 124 54 7.0 35.7 0.463
17 16.9 36 13.3 338 0.307
18 18.1 47 13.9 38.2 0.444
19 159 4.1 11.8 33.1 0.325
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Table 4. Continued.
s T Sl oo 28 o
volume (m?)
20 144 44 100 236 0.169
21 159 46 i 283 0.256
2 163 45 138 277 0.240
2% 165 52 13 338 0.402
25 16,1 45 116 37.3 0.443
27 13 30 83 357 0301
28 160 38 122 354 0352
29 138 5.8 80 303 0347
30 150 40 110 283 0.231
32 18.7 52 135 315 0.349
34 155 46 109 309 0306
35 19.4 47 147 325 0345
37 175 46 129 328 0.346
38 136 44 92 328 0335
39 149 37 112 261 0.184
40 149 5.8 9.1 248 0.231
43 13 49 82 338 0385
44 159 5. 108 322 0358
45 155 6.4 9.1 303 0373
4% 1438 6.2 86 309 0.380
47 17.8 49 129 4.7 0.596
48 1658 47 121 287 0.266
xm 194 64 14.7 417 059
anqu 13 30 70 217 0.137
Mean 155 47 108 317 0331
D 18 08 19 45 0.098
Cpit‘ff 173 55 127 362 0429

early vegetative development and deserved to be identified
and selected.

Considering the established cutoff point for each variable,
the mass selection applied to the 48 analyzed trees revealed six
matrices suitable for selection (7, 12, 16, 18, 25, 47), which
had commercial wood volume above 0.43 m?, 48.8% higher
than the average of all plants (Table 4). Of these matrices, if
only the trees that had the highest growth in height in the
first years (12 and 47) were selected, the difference would
increase to 68.5%. Among these six matrices, three (12, 18

188 VOL. 50(3) 2020: 183 - 191

ALVES et al. Simultaneous selection of cupuassu and mahogany in AFS

and 47) would be identified solely by total height, none by
commercial height, two (12 and 18) by crown height, and the
majority (7, 12, 18, 25 and 47) (83%) by DBH. These results
highlight the decisive importance of DBH in the evaluation
of Brazilian mahogany trees. Moreover, among all evaluated
variables, DBH is the easiest to measure in the field.

Considering exclusively the biological aspect of AFSs,
mahogany plants with greatest height increments should be
identified. Matrices 12, 18, 32, 35, 37 and 47 had the best
performances for total height, as these trees allow more light
into the system.

Thus, considering all variables, matrices 12, 18 and 47
were the most promising regarding economic return and,
therefore, should be selected. These three matrices presented
all the silvicultural characteristics that an Brazilian mahogany
plant must have, such as high stem development, high DBH
and good wood production.

Mahogany survival rate was 80%, indicating good
adaptability of the plants to the cropping system. Tip attacks
by the Hypsipyla grandella Zeller pest were not quantified.
However, trees damaged by the pest could be observed,
especially in the early years. This damage caused reduction
in the commercial height of the stem in the attacked plants.

DISCUSSION

‘The choice of species that compose AFS should be made
with care, recommending plants that explore different strata
both above and below ground, in order to ensure beneficial
interactions among individuals (Tonini and Arco-Verde
2005; Condé et al. 2013). In the present study, the selected
species were planted simultaneously, however, due to its
rapid growth, Brazilian mahogany stood out, occupying
the upper stratum of the AFS with full use of sunlight.
Drobyshev ez al. (2007) observed faster growth of Brazilian
mahogany plants with canopy fully exposed to the sun when
compared with plants under shade conditions. Under natural
conditions, juvenile Brazilian mahogany individuals are able
to withstand suppression caused by the upper stratum crown
and react significantly when exposed to sunlight (Grogan
er al. 2005). However, occupying different strata does not
nullify competition among species, and it is important to
quantify possible losses caused by interspecific competition
(Alves et al. 2018).

The irregular behavior of cupuassu fruit production over
time was owed to insufficient water supplementation, probably
due to insufficient irrigation management in the area, failing to
compensate the water deficit in the critical months of the year,
especially in years with little rainfall in the second semester,
when flowering occurs and fruiting begins, reflecting on the
production of the subsequent harvest. Stressed plants tend
to abort small flowers and fruits and, if heavy rainfall occurs
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after a drought period, it can cause cracks in developing fruits
(Venturieri 2011).

Differentiated responses of cupuassu tree genotypes
to M. perniciosa might be due to the heterozygous state of
gene loci responsible for the expression of disease resistance
(Alves et al. 2009). Pathogens and hosts coevolve allowed the
emergence of different types of specialization to overcome
the resistance of plants (Futuyma 2009). Therefore, the
possibility of resistance breakdown increases as pathogen
variability increases, especially for varieties that contain few
vertical resistance genes (Tschurtschenthaler ez a/. 2012). In
this context, the addition of genes of diffreent origin to the
genotypes identified as asymptomatic and potentially resistant
to witches’ broom in our study should be important to assure
that new progenies are more resistant to new fungal strains.

Motamayor et al. (2008) highlighted the need to explore
heterosis arising from the crossing between individuals of
different genetic groups. In cupuassu tree, the vegetative
propagation of genetically superior matrices identified by
their productive performance allows the full use of heterosis
(Regazzi et al. 2002). Therefore, studies on preliminary
compatibility and grouping should be performed in the initial
crossings, such as those performed by Santos ez al. (2015).

The observed selection accuracy values (Table 2) are
classified as very high (> 0.9) by Resende and Duarte (2007),
attesting the reliability of the data and selection efficiency. The
low coefficients of determination values (Table 2) enable us
to infer that the experimental conditions used in the present
study were adequate. Alves and Resende (2008) also found low
coeflicients of determination and stated that low magnitudes
of these parameters indicate good environmental control. The
heritability values found here were relatively high, considering
both quantitative characteristics, which theoretically causes
high residual dispersion (Maia er /. 2011). Other studies
estimated heritability in restricted sense of 0.55 (Souza ez al.
2002) and 0.48 (Alves and Resende 2008) for number of fruits
for four harvests, and values close to 0.69 for number of fruits
and 0.67 for fruit yield (kg) for seven harvests (Souza ez al.
2002), indicating that increasing the number of evaluations
improves the accuracy of the heritability estimate.

The genetic gain observed in our study was similar to
that obtained by Alves and Resende (2008), who found
values close to 33% for number of fruits. However, this
comparison is only referential, because the parameter is a
function of the average initial population and the selection
pressure. Alves ez al. (2010) estimated 82% gain for fruit
production, which is a value higher than that found in the
present study. However, the authors worked with a lower
selection index and lower initial average. Other factors, such
as progeny similarity and high number of replicates, which
allows reduction of the environmental effect, can significantly
influence the estimation of genetic parameters (Aratjo ez al.,
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2014). The genetic gains with clonal propagation are higher
in comparison to sexual propagation due to the increase of
the dominant effects (Matheson and Lindgren, 1985). The
selection of individuals for cloning in the present study
aimed to capitalize on all the genetic gain to constitute a high
performance population (Alves and Resende 2008).

Souza et al. (2002) also highlighted the need to consider
at least four harvests in the evaluation to demonstrate
the temporal stability of materials. We evaluated almost
three times the minimum number of harvests, in order to
optimize the selection accuracy. This allowed the selection
of progenies and matrices that, combined with good fruit
production, should allow production to be staggered during
the agricultural year, extending of the harvest period and
increasing financial returns for farmers.

Regarding Brazilian mahogany, a steady and satisfactory
growth was observed, showing a good adaptation by the plant
to the cropping system. The mortality was owed to difficulties
in establishing seedlings in the field, as well as other factors
inherent to intercropping in agroforestry systems, such as
interspecific competition, especially for water and nutrients
(Giustina et 2/. 2017). These factors are of common occurrence
and considered a natural condition of the species (Grogan and
Landis 2009). Another important factor for the diminished
mortality rate was the low incidence of H. grandella attack,
which can be attributed to the species diversification provided
by the agroforestry system. Wallau ez /. (2008) related the
failure of Brazilian mahogany monocultures to reduce the
incidence of H. grandella. Monoculture conditions give the
pest a homogeneous distribution and abundance of food,
causing damage to the stem, which results in lower commercial
height and, consequently, lower wood production (Togni ez al.
2009). The vegetation diversity provided by AFSs favors the
proliferation of natural enemies of agricultural pests, and the
lower density of the species decreases the availability of food
to the pest (Silva ez al. 2011), a viable alternative to cultural
pest control. In our study, the use of three species and the
proximity of the experimental area to native vegetation likely
contributed to lower pest incidence.

CONCLUSIONS

For presenting good yields and/or low rates of plants
affected by M. perniciosa symptoms, cupuassu tree progenies
5, 11, 23, 37 and 52 should be recommended to growers
for small-scale planting. Of these progenies, 10 individuals
were identified and will be submitted to clonal evaluations
in different environments before being recommended to
producers. The Brazilian mahogany matrices 12, 18 and
47, which presented adequate silvicultural characteristics,
should be propagated for reassessment in the clonal form in
agroforestry systems in the Amazon region.
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