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ABSTRACT – The objective of this work was to study the behavior of cupuassu trees intercropped with African 
mahogany in order to defi ne the viability of using these species in AFS and to evaluate the performance of African 
mahogany itself, aiming its application in reforestation projects. Both species were tested in the municipality of 
Tomé Açu - PA, between 2005 and 2016. In addition to these two species, banana and black pepper were also 
part of the AFS initially. Four levels of infl uence of mahogany on cupuassu trees were evaluated, defi ned by the 
proximity between plants. The vegetative development of both species was measured, as well as the production 
of eight harvests and the mortality rate of the cupuassu trees. The results showed that the competition exerted 
by African mahogany did not aff ect the vegetative development of cupuassu trees. In the productive phase, up 
to the fourth harvest, the competition was not harmful as it didn’t reduce production. However, from the fi fth 
harvest on, cupuassu trees closest to African mahogany trees showed a signifi cant reduction in fruit production 
and, from the sixth harvest on, all plants were aff ected, regardless of proximity. On the other hand, consistent 
vegetative development of African mahogany was observed, which allows its use in silvicultural projects in 
this region. We concluded that African mahogany had a negative infl uence on cupuassu trees. Further studies 
are needed to assess whether the development of African mahogany economically compensates for the decline 
in cupuassu production.

Keywords: Khaya ivorensis, Theobroma grandifl orum, Consortium.

VIABILIDADE DA UTILIZAÇÃO DE MOGNO AFRICANO COM CUPUAÇUZEIRO 
EM SISTEMAS AGROFLORESTAIS (SAF)

RESUMO – O objetivo deste trabalho foi estudar o comportamento do cupuaçuzeiro consorciado com mogno 
africano, a fi m de defi nir a viabilidade do uso destas espécies em SAF e avaliar o desempenho do mogno africano 
em si, visando sua aplicação em programas de refl orestamento. Ambas as espécies foram avaliadas em um ensaio no 
município de Tomé Açu – PA, entre 2005 e 2016. Além destas duas espécies, bananeira e pimenteira do reino também 
faziam parte do SAF, inicialmente. Foram avaliados quatro níveis de infl uência do mogno sobre o cupuaçuzeiro, 
defi nidos pela proximidade entre as plantas. Foram mensurados o desenvolvimento vegetativo de ambas as espécies, 
bem como a produção de frutos em oito safras e a taxa de mortalidade do cupuaçuzeiro. Os resultados mostraram 
que a competição exercida pelo mogno africano não afetou o desenvolvimento vegetativo do cupuaçuzeiro. Na fase 
produtiva, até a quarta safra, a competição não era prejudicial, pois não reduzia a produção de frutos. Entretanto, 
a partir da quinta safra, os cupuaçuzeiros mais próximos das plantas de mogno africano apresentaram redução 
signifi cativa na produção de frutos e, a partir da sexta safra, todas as plantas foram afetadas, independentemente 
da proximidade. Por outro lado, foi observado desenvolvimento vegetativo consistente do mogno africano, o que 
permite seu uso em projetos silviculturais nessa região. Concluiu-se que o mogno africano exerceu infl uência 
negativa sobre as cupuaçuzeiro. Mais estudos são necessários para avaliar se o desenvolvimento do mogno africano 
compensa economicamente o declínio na produção de cupuaçu.

Palavras-Chave: Khaya ivorensis, Theobroma grandifl orum, Consórcio.
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1.INTRODUCTION

In agroforestry systems - AFSs, as in any agricultural 
crop, cost and benefi t factors should always be taken into 
account, since AFSs have both biological and economic 
advantages and disadvantages (Macdicken and Vergara, 
1990).

In the Amazonian biome, where there is 
combination of intense rains and soils with low organic 
matter and natural fertility, priority should be given 
to agricultural crops that protect the soil and recycle 
nutrients. In this context, according to Alvim (1990), 
agroforestry systems would be the best alternative for 
the use of Amazonian soils, as long as its components 
have agronomic, economic and ecological values to 
guarantee environmental sustainability.

Land use intensifi cation, with consequent increase 
in productivity is among the advantages of using AFSs 
in the Amazon region. It also promotes the balance of 
agro-systems, reducing the risks of epidemics, reducing 
production costs and improving the quality of life of 
farmers (Falesi and Baena, 1999).

In the state of Pará, agroforestry systems gained 
special prominence from the end of the 1950's in 
the municipality of Tomé-Açu. The species initially 
prioritized were black pepper (Piper nigrum L.), cacao 
(Theobroma cacao L.), oil palm (Elais guineensis Jacq.), 
andiroba (Carapa guianensis Aubl.), rubber tree (Hevea 
brasiliensis (Willd. Ex Adr de Juss.) Muell. Arg.), papaya 
(Carica papaya L.) and passion fruit (Passifl ora edulis 
Sims.) (Arco-Verde, 2008). However, from the 1980's on, 
perennial fruit trees such as cupuassu tree (Theobroma 
grandifl orum (Willd. ex. Spreng.) Schum), yellow 
mombin (Spondias mombin L.), acaí (Euterpe oleraceae 
Mart.), acerola (Malpighia emarginata DC.), orange 
(Citrus x sinensis Macfad.), among others, also gained 
prominence, which enabled production diversifi cation 
that, together with agroforestry systems, increased the 
local economy (Bolfe and Batistella, 2011).

Sanguino et al. (2007), Abdo et al. (2008), Varela 
and Santana (2009) reported the economic viability of 
AFSs. The authors showed the preference of producers 
for agroforestry systems probably due to the possibility 
of production diversifi cation, which implies in a lower 
market risk and better temporal distribution of gains. 
It is also noteworthy that the major bottlenecks for the 
maintenance of this system are labor and machinery 
availability, as well as the cost of land when it is leased.

African mahogany (Khaya ivorensis A. Chev.) 
is a large plant belonging to family Meliaceae, order 
Sapindales (Chase et al., 2016). The tree is economically 
important due to the quality of its wood, which is 
widely used in civil and naval construction (França et 
al., 2015). The species originates in Africa, specifi cally 
in the continent western coast and, therefore, is exotic 
to the Brazilian biome (Verzignassi et al., 2009). It 
was introduced in the country to replace Brazilian Big 
Leaf mahogany plantations (Swietenia macrophylla 
King), because, in addition to having wood with similar 
physicochemical properties, the African species is 
resistant to the mahogany borer (Hypsiphyla grandella 
Zeller), the main pest of the Brazilian species. The use 
of K. ivorensis in several crop systems in Pará replacing 
the Brazilian native species has already become quite 
widespread, in spite of presenting low genetic base 
(Lunz et al., 2009). In addition, it has fast growth and 
can be exploited as legal timber, since the Brazilian 
government has stipulated standards that restrict the 
exploitation of native timber species (Castro et al., 2008; 
Soares, 2014).

Cupuassu tree is a fruit species of the order Malvales, 
family Malvaceae, and subfamily Sterculioideae (Chase 
et al., 2016). It originates in the Amazon region, where 
it occurs spontaneously in areas of primary forest. 
According to Venturieri (2011), the species is often 
recommended to compose agroforestry systems due to 
its tolerance to shading, presenting good productivity 
in these systems. Fruit pulp has both economic and 
nutritional value, being used by the food industry 
for the manufacture of juices, ice cream, jellies and 
sweets. Seeds are used by cosmetic and pharmaceutical 
industries, as well as for the manufacture of a product 
similar to chocolate, called "cupulate" (Genovese and 
Lannes, 2009; Oliveira and Genovese, 2013).

The aim of this study was to evaluate the infl uence 
of African mahogany on vegetative development, fruit 
production and survival rate of cupuassu trees; and to 
verify the viability of using both species in agroforestry 
systems.

2. MATERIAL AND METHODS

The experiment was carried out in 2005 in a 
commercial plantation in the municipality of Tomé 
Açu, state of Pará. This municipality presents average 
annual rainfall of 2.716 mm, average relative humidity 
of 85% and average temperature of 26,4°C, being 
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classifi ed in the Ami climatic type, according to Köppen 
classifi cation and B2 rAa', according to Thornthwaite 
classifi cation (Pachêco and Bastos, 2001). Soil was 
classifi ed as Yellow Latosol with medium texture.

The Agroforestry System (AFS) implantation 
occurred with the simultaneous planting of black pepper, 
in double 2 m x 2 m lines 4 m away from each other; 
banana tree (Musa spp.) with spacing of 6 m x 4 m; 
cupuassu tree with spacing of 6 m x 4 m and African 
mahogany with spacing of 18 m x 10 m. Rice (Oryza 
spp.) (First semester) and pigeon peas (Cajanus cajan 
L. Millsp.) (Second semester) were planted between 
banana and black pepper lines in the fi rst year. The 
intense shading promoted by the plants, from the second 
year disallowed new plantings. Both cupuassu tree 
and African mahogany were planted with ungrafted 
seedlings (progenies) prepared in nursery in 2004 and 
taken to the fi eld at about ten months of age.

The thinning dynamics of temporary crops started 
in the fourth year of planting, and by the end of the sixth 
year, banana plants had already been removed. The same 
occurred for black pepper that, aff ected by the fusariose 
disease (Fusarium solani (Mart.) Appel & Wr. emend. 

Snyd. & Hans. f. sp. piperis), remained in the fi eld until 
the seventh year. Thus, from that period, only African 
mahogany and cupuassu trees remained in the area.

In order to verify the possible competition of 
African mahogany on cupuassu tree, the distances 
between plants of these two species were established 
as treatments. Thus, cupuassu trees were stratifi ed and 
measured at four distances from African mahogany 
plants, setting evaluation levels (Figure 1): Level 1 = 
3.6 m; Level 2 = 6.7 m; Level 3 = 9.2 m; Level 4 = 
13.4 m (control) in which each evaluation level was 
composed of four equally spaced cupuassu trees. Thus, 
16 cupuassu trees were measured in relation to each 
mahogany plant. Of the 24 available mahogany trees, 
a sample of 9 plants was used, since they met the level 
distribution model requirements (Figure 1). In total, 144 
cupuassu trees were evaluated.

The following response variables were used to 
evaluate cupuassu trees: plant height (m); stem diameter 
at 50 cm from the soil (cm); number of fruits; mean 
weight of fruits and fruit production estimation (kg/
plant/harvest). The historical production series was 
constructed through the measurement of eight harvests 

Figure 1 – Scheme of the distribution of AFS plants in the fi eld, which defi ned the four distance levels of African mahogany plants from 
cupuassu trees in an agroforestry system installed in Tomé Açu with these two species. Belém - PA, 2019.

Figura 1 – Esquema da distribuição dos componentes do SAF no campo, o qual defi niu os quatro níveis de distância das plantas de 
Mogno Africano com relação ao cupuaçuzeiro, em um sistema agrofl orestal instalado em Tomé-Açu com estas duas espécies. 
Belém - PA, 2019.

Source: Embrapa Amazônia Oriental.            
Fonte: Embrapa Amazônia Oriental. 
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between 2007 and 2015: 2007/2008, 2008/2009, 
2009/2010, 2010/2011, 2011/2012, 2012/2013, 
2013/2014 and 2014/2015. For a more accurate fruit 
production estimation to be used in the comparison of 
levels, only the average of the last fi ve harvests was 
used, when there is usually greater stability in cupuassu 
production. The fi nal mortality rate of plants was 
estimated at the four levels of proximity to mahogany.

The following parameters were measured in 
African mahogany: total plant height (m) in the fi rst 
eight years of fi eld, diameter (m) at breast height (DBH) 
in the eleven experimental years, canopy diameter (m) 
and canopy area (m2) in the last four years. In addition, 
the commercial wood volume was estimated, through a 
formula found by Silva et al. (2016) (Equation 1), with 
an R² of 96%.

Equation 1. Commercial wood volume estimation

                                                                           Eq.1

Data were submitted to analysis of variance 
(ANOVA) followed by Tukey test to compare means at 

5% probability level. These analyses were performed 
using the GENES statistical software, version 2014.6.1 
(Cruz, 2013).

3.RESULTS

It was observed that, during the trial, rainfall was 
abundant from January to June, and declined sharply 
in the second semester, when fl owering and fruiting 
usually occur. The amount and distribution of rainfall 
during this period infl uenced the establishment and fi eld 
development of AFS plants in the initial years, and later 
fruit production, when competition between species 
became more intense.

However, in the fi rst two years of AFS establishment, 
there was no interference on the development of 
cupuassu trees closest to mahogany in relation to those 
more distant, both in height and stem diameter. This 
indicates that in the fi rst years of AFS establishment, 
there was no competition for light (shoots), water and 
nutrients (roots).

Figure 2 – Evolution of cupuassu fruit production (kg / plant / harvest) in the fi rst eight harvests, according to the four levels of competition 
established with African mahogany trees in AFS in the municipality of Tomé Açu with cupuassu and African mahogany trees. 
Belém - PA, 2019.

Figura 2 – Evolução da produção de frutos do cupuaçuzeiro (kg/planta/safra) nas primeira oito safras, de acordo com os quatro níveis 
de competição com mogno africano estabelecidos, em um SAF no município de Tomé Açu com cupuaçuzeiro e mogno africano. 
Belém - PA, 2019.

Source: Embrapa Amazônia Oriental.            
Fonte: Embrapa Amazônia Oriental. 
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The production of cupuassu fruits began in the 
third year of fi eld. Production, along the harvests and by 
levels of distance, are shown in Figure 2.

In the four initial harvests, it was not possible 
to observe any decrease in fruit production due to 
competition with African mahogany, following the same 
result previously reported for vegetative development. 
That is, both cupuassu trees 3.6 m and 13.4 m away from 
mahogany trees had similar yields. The competition only 
became observable from the fi fth crop (11/12), in which 
it was possible to observe that cupuassu trees far from 
mahogany plants (level 4) maintained the production 
of previous year, while closer ones (levels 1, 2 and 3) 
suff ered from productive depression. In subsequent 
harvests, there was a competition intensifi cation. 

It is worth mentioning that during the fi rst fi ve years 
of fi eld, the AFS was provided of water supplementation, 
done in the second half of the year, a period characterized 
by the water defi cit in the study region. From 2011, 
irrigation was removed. This fact intensifi ed competition 
between plants of both species, reducing the production 
capacity of cupuassu trees (Figure 2).

The production of cupuassu trees at diff erent 
competition levels with African mahogany was compared 
during the last fi ve harvests, a period expected as of 
productive stability. No diff erence in fruit production 

among the four levels was observed (Table 1). However, 
the average production was well below the two initial 
harvests of this series (2010/2011 and 2011/2012). This 
result indicated that competition between mahogany and 
cupuassu trees became widespread. With competition 
intensifi cation, even the most distant plants were 
aff ected, with production reduction of more than 50% in 
relation to the two previous harvests.

African mahogany, in addition to promoting 
widespread reduction in cupuassu fruit production, also 
aff ected the vegetative development of plants, leading 
them to death. In the last year, the average mortality rate 
was 28% in the nearest plants (levels 1, 2 and 3), while 
only 15% in the more distant plants (level 4).

On the other hand, the vegetative development of 
mahogany plants was rapid and vigorous. The height of 
plants had linear growth until the fourth year of planting, 
with average increments around three meters per year 
(Figure 3). In the following years, growth was smaller, 
with increments around one meter.

Diameter at breast height - DBH increased from 9 
cm in the fi rst year to 60 cm in the 11th year of fi eld 
(Figure 4), when many plants reached the diameter for 
use in sawmills. Like height, DBH also had a linear 
increase in the fi rst years, reaching, in the seventh year, 
average of 50 cm. In the last four years of fi eld, this 
increase was less pronounced, around 2.5 cm per year, 
on average. In the last year of trial, the average volume 
was 1,59 m³/plant, with a yield of 63,77 m³ of wood per 
hectare. 

The average canopy diameter was 12 m in the 11th 
year of fi eld, projecting shade to an average area of 
137 m2, with clear tendency to continue increasing in 
the next years at estimated rate of 17 m2 per year. This 
great growing showed by the mahogany tree may have 
contributed to the decrease in the production of cupuassu 
trees, in the last years of trial.

Studying the productive yield behavior of both 
species in the years of cultivation (Figure 4), it was 
possible to observe two distinct moments. In the fi rst 
moment (2008-2011), the yields of both cupuassu 
and African mahogany were increasing. During this 
period, the competition between the species was mild, 
not signifi cantly aff ecting the plants performance. The 
cupuassu tree was well adapted to the shade conditions 
off ered by African mahogany, and the competition under 
the ground was low, mainly due to the water supply off ered 

Table 1 –  Average cupuassu tree fruit production, in kg/plant, 
in the last fi ve harvests (2010/2011 to 2014/2015), 
according to the four competition levels established 
with African mahogany trees in AFS installed in the 
municipality of Tomé Açu, with cupuassu and African 
mahogany trees. Belém - PA, 2019.

Tabela 1 – Produção média de frutos do cupuaçuzeiro, em 
kg/planta, nas últimas cinco safras (2010/2011 a 
2014/2015), por níveis de competição com mogno 
africano estabelecido, em um SAF no município de 
Tomé Açu com cupuaçuzeiro e mogno africano. Belém 
- PA, 2019.

Caption: Level 1 = 3.6 m; Level 2 = 6.7 m; Level 3 = 9.2 m; Level 4 = 13.4 m.
Source: Embrapa Amazônia Oriental.
* Averages followed by the same letter do not diff er from each other at 5% 
signifi cance by the Tukey test.     
Legenda: Nível 1 = 3,6 m; Nível 2 = 6,7 m; Nível 3 = 9,2 m; Nível 4 = 13,4 m.
Fonte: Embrapa Amazônia Oriental.
* Médias seguidas da mesma letra não diferenciam-se entre si à 5% de signifi -
cância, pelo teste Tukey.

Level                                        Production*
1  14.89 a
2  15.37 a
3  16.38 a
4  18.44 a
Mean 16.27 
V.C. (%) 27.53  
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through irrigation in the water defi cit months. However, 
in the second moment (2012-2016), there was a sharp 
drop in the productivity of cupuassu tree, as opposed to 
the steady increase in African mahogany yield. In this 
period, there was intensifi cation of competition between 
both  species, both over soil, for light, and under soil, for 
nutrients and, mainly, water, since the irrigation system 
was removed from the experimental area in 2011. From 
this year on, there was a progressive increase in the 
cupuassu tree mortality rate. Given this scenario, the 
tendency is that, in the coming years, there will be a 
constant reduction in cupuassu tree productivity, until 
it does not justify, economically, its permanence in the 
system, so that only African mahogany should stay.

4. DISCUSSION

In an agroforestry system, component species are 
in intense interaction. These relationships are infl uenced 
by factors intrinsic to plants such as root development, 
growth rate, canopy development, and suitability for 
consortium; and extrinsic to plants, such as spacing, 

Figure 3 – Height (m) and Diameter at Breast Height (DBH) (cm) evolution on African mahogany trees in the fi rst eleven years of fi eld in 
AFS installed in Tomé Açu, with cupuassu and African mahogany trees. Belém - PA, 2019.

Figura 3 – Evolução da Altura (m) e Diâmetro à altura do peito (DAP) (cm) em árvores de mogno africano nos primeiros onze anos de 
campo, em um SAF no município de Tomé Açu com cupuaçuzeiro e mogno africano. Belém - PA, 2019.

Source: Embrapa Amazônia Oriental.            
Fonte: Embrapa Amazônia Oriental. 

water and nutrient availability and cultural treatments 
(Barros et al., 2009). According to Giustina et al. 
(2017), in systems composed by arboreal species, there 
is great competition for light, both quantitatively and 
qualitatively. However, Fletcher et al. (2012) point out 
that competition for water and nutrients under the soil 
has greater infl uence on the development of intercropped 
plants in relation to solar irradiation.

The vegetative development of plants is one of 
the fi rst characteristics to be perceived when there is 
competition among individuals that compose a system. 
The spacing in which the system was implanted rules 
the intensity of these relationships. In general, there is a 
direct relationship between plant diameter and spacing, 
which can also be observed in monocultures (Feldpausch 
et al., 2011). Knowledge of this relationship and how 
it can aff ect productivity is of great importance for 
the management of AFSs, both in implementation and 
maintenance. Generally, height is not strongly infl uenced 
by spacing (Leles et al., 2011). It is noteworthy that 
the plants age can also infl uence the relantionship 
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Source: Embrapa Amazônia Oriental.            
Fonte: Embrapa Amazônia Oriental. 

Figure 4 – African mahogany wood yield (m³/ha) and cupuassu yield (ton/ha) evolution in the last nine years of fi eld in a agroforestry 
system installed in Tomé Açu. Belém - PA, 2019.  

Figura 4 – Evolução da produção de madeira (m³/ha), pelo mogno africano, e de cupuaçu (ton/ha), pelo cupuaçuzeiro, nos útlimos nove 
anos de campo, em um sistema agrofl orestal instalado em Tomé-Açu. Belém - Pa, 2019

intensity among species. Lunz et al. (2011) compared 
coff ee tree cultivars in monoculture and in agroforestry 
system composed of açaí and andiroba and observed no 
signifi cant diff erences in the vegetative development of 
coff ee trees, possibly due to the young age of species 
that composed the system, which did not provide severe 
competition with coff ee plants.

It is worth highlighting the excellent adaptation and 
development of African mahogany under the conditions 
of this study. In an agroforestry system in Rondônia, 
cited by Virgulino et al. (2015), was observed an average 
DBH value of 30.7 cm, lower than the value found in 
the present study, which demonstrates the species’ great 
adaptability to the Tomé Açu region.

Cupuassu tree is very sensitive to water defi cit (Alves 
et al., 2018). In places like Tomé Açu – PA that shows 
signifi cant rainfall reduction in the period from June to 
November, there is need for water supplementation. It 
was observed in the present study that, in the fi rst years 
of AFS establishment, the vegetative development 
and production of cupuassu trees were not aff ected by 

competition with African mahogany, inferring that in the 
initial phase of cultivation, both species lived together 
harmoniously. It should be noted that in the fi rst years, 
water supplementation was done in the critical months, 
which may have mitigated the eff ects of competition 
between species.

Competition between mahogany and cupuassu 
tree was only evident after the fi fth year of fi eld, when 
probably roots began to compete for water and nutrients. 
In the same way, shading promoted by African mahogany 
also aff ected the behavior of cupuassu trees. Competition 
with the other AFS species and lack of irrigation during 
this critical period led to a decrease in the production of 
cupuassu trees, reducing the survival rate. Thus, water 
supply provided in the necessary period will mitigate 
the eff ect of competition for water and, certainly, the 
response of cupuassu trees will be diff erent.

Alves et al. (2018) observed that during the fi rst 
years of AFS cultivation involving Spondias mombin 
L. and cupuassu trees, there was no damage for 
cupuassu trees in both vegetative development and fruit 
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production. However, with the plants development, 
it was possible to observe slight depression in fruit 
production; however, these losses were far behind the 
AFS overall benefi ts.

Anglaaere et al. (2011) point out that in cacao trees 
intercropped with African mahogany, excessive shading 
and humidity, in addition to lack of ventilation, led to the 
appearance of phytosanitary problems. In addition, the 
authors classifi ed species of the genus Khaya, including 
African mahogany, as species of dense and broad 
canopy, with large leaves, thus species that provide 
great shading. Alves and Ferreira (2012) point out that 
the cupuassu tree tolerates up to approximately 25% 
shading without restricting productive performance. 
Therefore, as shading and competition for water and 
nutrients exerced by African mahogany trees become 
intensifi ed, it will physiologically aff ect cupuassu trees.

Seoane et al. (2014) emphasize the importance of 
stratifi ed exploitation of resources over and under the 
soil. The use of species that explore strata of the same 
level, or near levels, may compromise the performance 
of at least one of them. The superiority of the mahogany 
root system associated with the lack of basic cultural 
practices may have contributed to the decrease in the 
performance of cupuassu trees in the present study.

Similarly, Müller and Gama-Rodrigues (2007) 
pointed out that the consortium of cacao with rubber tree, 
a large-size forest species such as African mahogany, is 
not recommended because it provides light (excessive 
shading) and root competition (for water and nutrients), 
culminating by reducing cacao yield.

Even if there is some damage to sub-canopy species, 
agroforestry systems are still excellent alternatives, 
considering the long run. The species diversifi cation 
(Varela and Santana, 2009) and the use of AFSs for legal 
reserve areas (Rodrigues et al., 2007; Brasil, 2012) make 
them excellent options, mainly for small producers. 
Magalhães et al. (2014) point out the great infl uence of 
wood saling on the AFS economic viability, since profi ts 
from this product can decrease the implantation costs. 

5. CONCLUSIONS

In AFSs composed of African mahogany and 
cupuassu trees, negative infl uence of the fi rst on the 
second species should be expected. However, further 
studies are needed to evaluate whether the rapid and 
consistent development of African mahogany, as 

observed here, economically compensates for the 
decline in cupuassu trees’ production.
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