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Abstract 

The wide extension area occupied by babassu palm (Atallea speciosa Mart. Ex Spreng) is usually considered as 
an important obstacle for agricultural activities, such as crop production and pasture maintenance in Brazil. This 
study aimed to evaluate the non-wood forest product use and income generated in an Integrated 
Crop-Livestock-Forestry (ICLF) system using babassu palm as the main forestry component in a rural area of 
Pindaré-Mirim, a municipality of Maranhão state, in the Amazon Eastern Region, Brazil. In order to rise a 
well-balanced agroforestry system in numerous rural areas of the country, three main questions were addressed 
in this study: 1) What is the production of babassu fruits in the system? 2) Is the babassu extractivism income 
economically suitable for traditional communities of women babassu breakers? 3) Which commercialization 
scenario of NWFP could generate more income? Data on phenology and fruit production, processing of all fruit 
components, and commercialization of babassu products were collected in two 12-month seasons of palm 
production (2017/2018 and 2018/2019). The mean fruit production reached 2,345.49 kg ha-1 season-1, resulting in 
an estimate of income generation ranging from R$ 8,206.96 ha-1 season-1 to R$ 36,628.54 ha-1 season-1, 
depending on the commercialization scenario. These numbers were compared to the statewide monthly income 
per household of R$ 605.00 and to the per capita monthly income of 54% of the municipality of less than 
R$ 499.00. The real field data and the estimates for two seasons of using babassu palm, as the innovative 
forestry component in ICLF system, demonstrated that babassu NWFP could generate substantial income for the 
surrounding user communities. Such innovative agricultural system may contribute to change people 
understanding, diversifying agrarian production, improving the socioeconomic household welfare, and reducing 
the long-term conflicts between livestock activities and babassu palm existence in Brazil. 

Keywords: agrobiodiversity, agroforestry system, traditional communities, Atallea speciosa, babassu use 
management, social impact 

1. Introduction 

Agroforestry systems could present different levels of complexity and, consequently, diversification of income 
sources, environmental improvement, and social benefits (Alves, Madari, & Boddey, 2017). Silvopastoral and 
agrosilvopastoral systems, with the forest component providing wood products or environmental services, have 
been abundantly reported (Eichhorn et al., 2006). However, some studies of agrosilvopastoral systems that uses 
native species providing non-wood forest products (NWFP) are reported in Europe (Calama et al., 2010), Middle 
East (Valipour et al., 2014) and Africa (Elmqvist, Olsson, Elamin, & Warren, 2005; Sonwa et al., 2002), but rare 
studies are reported for neotropical environments (Lima, Scariot, & Giroldo, 2017).  

A silvopastoral system with NWFP extraction has been historically used in a large geographic area of Brazil. 
Large areas of livestock pasture with native babassu palm tree (Atallea speciosa Mart. Ex Spreng) stands of 
various densities are very common in the transition area of Amazon, Cerrado and Caatinga biomes (May, 
Anderson, Frazão, & Balick, 1985). In these agricultural areas, the babassu fruits are picked by women from the 
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among the ICLF systems that could have a potential contribution for social and environmental long-term 
sustainability. Adoption of an innovative integrated agroforestry system could substantially contribute for 
conserving the on-farm biodiversity and generating ecosystems services (Pinheiro & Nair, 2018). 

In order to reach the previous aim, the present study evaluates this innovative system to address the following 
questions: 1) What is the production of babassu fruits in the innovative ICLF system with babassu as forestry 
component? 2) The income of babassu use management in the innovative ICLF system is economically suitable 
for traditional babassu breakers communities? 3) Which commercial scenario of NWFP from babassu could 
generate more income for babassu breakers communities? Our main hypothesis is that the innovative ICLF 
system in test could provide substantial income by managing, processing, and using more efficiently all parts of 
babassu fruits for their commercialization.  

2. Method 

This study was carried out at a farm ranch called Fazenda Muniz in the municipality of Pindaré-Mirim, 
Maranhão (3°46′01.4″S and 45°30′03.9″W), which is located in Northeast of Brazil at Amazon Eastern Region. 
The climate of the region is classified according to Köppen (1948), as Aw (hot and humid), with average annual 
temperature of 26 °C, annual rainfall between 2,000 and 2,400 mm and relative annual air humidity between 
79% and 82% (Secretaria de Estado do Planejamento e Orçamento [SEPLAN], 2013; Alvares, Stape, Sentelhas, 
Gonçalves, & Sparrovek, 2014). The soil of the study area is classified as Hapless Plinthsol, originally covered 
by tropical forest vegetation, sub-perennial, and dactyl-palmaceous-babassual.  

An area of 6.0 hectares with native babassu naturally dispersed was used to install an experiment of Integrated 
Crop-Livestock-Forestry (ICLF) system. Babassu was considered the forestry component of the innovative ICLF 
system. Initially, a consortium of corn (Zea mays L.) and massai grass (Megathyrsus maximum cv. Massai) was 
planted, as row crops, with 0.9 m between rows. After the harvest of corn, the grass was left to grow for pasture. 
Among all the 212 babassu palm trees naturally occurring in the area, 40 babassu palm trees were selected for 
experimental data collection. Phenological and production evaluations of babassu were conducted from 
December 2017 to February 2019, which corresponds to two production seasons. Total plant height and 
circumference at breast height (CBH) were measured using laser equipment (Bosch GLM40) and measuring tape, 
respectively. The height of the palms was defined as the distance between the soil level and the tree canopy. 

All ripe bunches were dropped down with a pruning pole adapted with a small sickle. The bunches were 
considered ripe when the fruits started to fall spontaneously. The number of fruits was counted, and the total fruit 
mass was measured for each bunch. The reproductive phenological observations were performed monthly from 
January to December 2018. The presence and number of functionally male/female inflorescences (classified 
according to Anderson, Overal, & Henderson, 1988) and unripe/ripe bunches were registered.  

A group of traditional women babassu breakers (quebradeiras de coco babaçu) that live near the property was 
contacted for signing a partnership to evaluate all the management process, from collecting the fruits to 
processing all the fruit parts for income generation from NWFP of babassu (Figure 1). Two months of work of 
the group of breakers was registered to evaluate the performance of workers, the efficiency of activities and 
potential income generation by all the NWFP. The main variables evaluated were: 1) yield of seed and endocarp; 
2) production and commercialization of babassu mesocarp flour; 3) production and commercialization of cakes 
and cookies made out of babassu mesocarp flour; 4) production and commercialization of babassu oil; and 5) 
production and commercialization of babassu endocarp charcoal. 

In order to evaluate yield of seed and endocarp, a sample of 40 bags of 20 kg of fruit were dried at room 
temperature in a barn and broken by traditional method (manually, using an ax and a club). The yield of babassu 
mesocarp (15% of fruit mass), seeds (6% of fruit mass), oil (50% of seed mass) and charcoal (30% of endocarp 
mass) were estimated based on Frazão (1999), which measured these features in more than 3000 fruits from 
different environments. 

Although 40 trees were evaluated in the 6-hectare area of ICLF production system, the potential income 
generation from babassu products was calculated based on the estimated production of 1.0 hectare, which means 
35 palm trees per hectare (212 trees in 6 hectares). The regular local prices for babassu NWFP (flour, cookie, 
cake, oil and charcoal), as practiced by the group of women breakers in local market, were used for the 
estimations. The only exception was the babassu seeds which were used R$3.04 per kg, in 2018, as practiced by 
the National Food Supply Company (CONAB), according to the Minimum Price Policy for 
Sociobiodiversity-based Products (PGPMBio). The net income of the women breakers was estimated as the 
difference between all revenues and all costs, except for the cost of women labour itself.  
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Table 2. Estimates of potential income per product of babassu (Atallea speciosa Mart. Ex Spreng) from 
extractive activities in an Integrated Crop-Livestock-Forestry system 

Raw Processing—per season (ha-1) a Adding Value—per season (ha-1) a 

Babassu  

Fruit Part 
Product 

% of 

fruit 

massb 

Total  

production  

(kg) 

Price 

(R$) 

Net  

income 

(R$) 

Commercial

unit c 

Yield  

per kg  

of raw  

material

Quantityc Price 

(R$) 

Net  

income  

(R$) 

Total Net 

income  

(R$) 

Mesocarp 

Flour 15% 351.82 20.00 7,036.40 - - - - - - 

Cookie - - - - Packet 50 17,591 2.00 1.00 17,591.00

Cake - - - - Piece 180 63,328 1.00 0.55 34,830.40

Seed 
Seed 6% 140.73 3.04 427.82 - - - - - - 

Seed Oil - - - - Liter 0.5 70.36 15.00 15.00 1,055.40 

Endocarp 
Shell 76% 1,782.57 - - - - - - - - 

Charcoal - - - - kg 0.33 594.19 1.25 1.25 742.74 

Note. (a) season = period of 12 months of babassu production and fruit processing (August-June); (b) estimated 
based on Frazão (1999); (c) units used by babassu breakers to sell the products in local markets. 

 

Table 3. Simulated scenarios of commercialization for products of babassu (Atallea speciosa Mart. Ex Spreng) 
extractive activities in an Integrated Crop-Livestock-Forestry system (per hectare) 

Simulated commercialization scenarios (per season) 

 Flour Cookie Cake Seed Seed Oil Charcoal Potential Net Income 

Scenario 1 X   X  X R$ 8,206.96 

Scenario 2 X    X X R$ 8,834.54 

Scenario 3  X  X  X R$ 18,761.56 

Scenario 4  X   X X R$ 19,389.14 

Scenario 5   X X  X R$ 36,000.96 

Scenario 6   X  X X R$ 36,628.54 

Scenario 7a  X X X  X R$ 27,381.26 

Scenario 8a  X X  X X R$ 28,008.84 

Scenario 9b X X X X  X R$ 20,989.82 

Scenario 10b X X X  X X R$ 21,617.40 

Note. (a) use of flour: 1/2 for cookie and 1/2 for cake; (b) use of flour: 1/3 for commercialization, 1/3 for cookie, 
and 1/3 for cake.  

 

4. Discussion 

The babassu fruit production in the studied ICLF system (2,345 kg ha-1) is the most accurate data for babassu 
production available. This study is the first in which the productivity of 40 individuals was evaluated monthly 
throughout two production seasons. Most past studies extrapolated data from few samples (935 to 5,534 kg ha-1, 
Ministério da Indústria e Comércio, 1982) or presented poorly detailed methodologies (4,428 to 8,857 kg ha-1, 
Lemos & Souza, 2018).  

Regarding seasonality, the palm phenology data clearly demonstrated that the activity of fruit gathering by 
extractive workers could be concentrated from October to February, which represents 90% of production. 
Therefore, due to its perishability, the starchy mesocarp extraction and flour production would be suitable for 
being conducted during those months, and seed extraction and charcoal production could be concentrated in the 
inter-season months (March through September). Finally, this strategy might also allow to commercialize seed 
and seed oil during the inter-season, ensuring more attractive prices. Therefore, the planning and strategy of 
extractive activity throughout the year is clearly very important for higher yield in the region and better prices in 
the local market (Pettenella & Maso, 2009). 

Although the potential of NWFP contribution to income and improvement in livelihoods should not be 
exaggerated (Ros-Tonen, 2000), the innovative ICLF system with babassu palm as a forestry component show a 
high potential for social benefits, since it could generate substantial income for surrounding communities 
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exploiting babassu NWFP, which corroborates our main hypothesis. According to the evaluated scenarios, 
processing and using various babassu products might allow, extractive communities to generate a total estimated 
income ranging from R$ 8,000.00 (Scenario 1) to R$ 36,000.00 (Scenario 6) per year and hectare. Regarding the 
rural context of Maranhão state, this potential income (monthly from R$ 667.00 to R$ 3,000.00) could be 
considered relevant for the rural population. The average nominal monthly income in the whole state territory 
was R$ 605.00 per residence (Instituto Brasileiro de Geografia e Estatística [IBGE], 2018) and that 54% of the 
residences of the municipality of Pindaré-Mirim had monthly per capita income lower than 50% of minimum 
national wage (R$ 499.00; IBGE, 2010). However, the analyzed scenarios must be deepen evaluated. 

As expected, scenarios that use a portfolio with products that demand more labour and, consequently, with a 
higher added value, showed higher potential for net income (Scenarios 5 to 10). However, the most profitable 
scenarios used a portfolio with a high concentration of sales in one or two mesocarp products (Scenarios 5 to 8). 
Porro (2019) showed that the mesocarp is the least used part of the fruit. It demonstrates that there is no tradition 
to use this babassu NWFP and there is a lack of technical knowledge that can be a constraint to mesocarp using. 
Furthermore, as stressed by Marshall, Newton, and Schreckenberg (2003), marketing and sales are commonly 
the most constraining processes in NWFP exploitation. It will probably be true to high concentrated Scenarios 5 
to 8. It is unlikely that a worker would be able to sell large amounts of one product in local market by a 
profitable price. For that reason, the proposed Scenarios 5 to 8 are unlikely to succeed. Finally, scenarios 9 or 10 
presented high diversification of products in the portfolio and, consequently, decreased the risk of the extractive 
business. Therefore, planning for diversification is an important factor to mitigate risks and increase the 
likelihood of success (Ball & Brancalion, 2016; Pettenella & Maso, 2009) and the decision between selling one 
specific portfolio must be based on the production capacity and the perception of local consumer market 
(Marshall et al., 2003). 

It must be moreover highlighted that the babassu extractive activity faces a lot of issues. All the processes 
presented in Figure 1, that is, picking, transportation and processing, are highly laborious practices: Manual 
harvesting must be done constantly during the harvest season in order to enable extraction of the perishable 
mesocarp as soon as possible. Freshly fallen fruits cannot remain on the ground for more than two days and the 
ripe fruits must be collected. Transportation can be done manually, by animals or even by motorcycles, 
depending on the conditions of access to the productive areas and the roads that lead to the villages, often 
precarious. It is necessary knowledge of processing techniques (traditional or not), equipment and infrastructure 
(not always available) to facilitate the use of all fruit parts (mesocarp, endocarp, and seeds). There is a lack of 
equipment and machinery suitable for this type of work, and those that exist are not accessible to babassu 
extractivists due to their high cost.  

Therefore, not all communities would be readily able to make the full potential income out of babassu fruits in 
the ICLF system or the native areas. Then, in order to take full advantage of the potential that babassu NWFP 
can provide in the ICLF system, it is necessary that the basic needs of communities are met by public policies 
(Ros-Tonen, 2000), and that an institutional framework allows access to technical and financial support 
(Meinhold & Darr, 2019).  

The babassu extractive and intensive processing activities lead to an increase in workload in the countryside, 
especially for women, which provokes some positive changes, such as cooperation and better social interaction 
(Porro, 2005). However, many aspects of the intensive expenditure of labour on this activity conflicts with some 
relevant socio-cultural practices in rural communities. The time demand for domestic tasks, for instance, is still 
concentrated on women, which can be incompatible with the intensive labour-demanding extractive activity. 
Thus, cooperativism may be an alternative, because it allows to gain in scale, advance in specialization and 
improve in productivity and commercialization (Meinhold & Darr, 2019), as well as for accessing some public 
policies, such as PGPMBio (Porro, 2019). The diversification of activities and inclusion of rural population, 
especially young people, would also increase the possibility of preservation of extractive labour as an income 
source in the countryside. 

The conflict produced by the coexistence of babassu extractivism and livestock activity is widely discussed 
(Porro, 2005; R. Porro & N. S. M. Porro, 2015). However, the search for appropriate management techniques for 
the coexistence of these two activities have only recently been addressed (Rodrigues et al., 2015, 2016; Araújo et 
al., 2018). Focusing on babassu production and income generation by extractive families in an area of ICLF 
system, we concluded that the activity can be profitable for workers in that community and that more diverse 
portfolio products are more likely to succeed. 
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Moreover, the babassu extraction can be beneficial for ranchers, since the picking of fruits prevents the excessive 
sprouting of newer babassu plants (pindovas), reducing the costs for their control. Therefore, the results found 
here may contribute for demonstrating an ICLF production system based on agronomic and zootechnical 
ongoing studies which search for ideal practices for the coexistence of extractivism of babassu and livestock 
activities. We suggest that the issues to be addressed on new studies must be the most suitable density of palms 
in the ICLF system and the calculation of labour force in extraction and processing. The later will enable the 
estimation of supportability of extractivism in the innovative ICLF system. 

4. Conclusion 

We conclude that the potential income generated by NWFP extractivism at ICLF adapted system is economically 
suitable for traditional communities of women babassu breakers in Brazil, since it was higher than average 
income registered in official data for the region. The commercialization scenarios which presented high 
diversification of products in the portfolio are more likely to success. Then the production capacity and the 
perception of local consumer market must be constantly evaluated by extractivists. 
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