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ABSTRACT

This study aimed to evaluate the floristic composition of 37 agroforestry homegardes of the community
of Sdo Diogo, located 40 km from the municipality of Monte Alegre, Para. In order to reach these
homegardens, the "snowball" technique was used. In the manager settlers’ house, the data collection
was done through tour-guided. Informations were collected about: plant species cultivated in tree and
shrub strata, size and age of each system, and management practices. The Shannon index was used to
assess the diversity of homegardens. There were 32 species belonging to 26 genera, divided into 18
botanical families, all of them fruit trees, 85.7% of which were used exclusively for self-consumption. The
most frequent species were Cocos nucifera, Euterpe oleracea, Citrus limon and Mangifera indica. The
homegardens presented on average 12 years of age, with average size 1,973 m2. It was highlighted the
greater participation of women in the management decisions and activities of these systems.
Homegardens are an important for food security and income sources for managers.
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RESUMO

Este trabalho objetivou avaliar a composicdo floristica de 37 quintais agroflorestais na comunidade de
Sao Diogo, localizada a 40 km do municipio de Monte Alegre, Para. Para se chegar a estes quintais,
recorreu-se a técnica “bola de neve”. Na casa do assentado manejador, a coleta de dados foi feita por
meio de turné-guiada. Levantaram-se informacdes sobre: espécies vegetais cultivadas nos estratos
arbéreos e arbustivos, tamanho e idade dos sistemas, e praticas de manejo. O indice de Shannon foi
utilizado para avalia¢do da diversidade dos quintais. Foram encontradas 32 espécies pertencentes a 26
géneros, divididos em 18 familias boténicas, todas frutiferas, sendo que 85,7% delas utilizadas
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exclusivamente para autoconsumo. As espécies mais frequentes foram Cocos nucifera, Euterpe oleracea,
Citrus limon e Mangifera indica. Os quintais apresentaram em média 12 anos de idade, com tamanho
médio 1.973 m2. Os quintais se constituem como um importante sistema na seguranca alimentar e fonte
de renda dos manejadores.

Palavras-chave: Sistemas agroflorestais; Agroecossistemas; Composicao floristica

1 INTRODUCTION

The agroforestry systems (AFS) are land-use systems primarily managed
by traditional populations, creating a source of income and providing several
agroecosystem services (MICCOLIS et al., 2016; PINTO et al., 2020). These
systems provide the cultivation of exotic and native plants, fruit and timber trees,
etc., and its production can be used for household consumption and/or for
commercialization (DAMACENO; LOBATO, 2019; RAYOL; MIRANDA, 2019), in
addition to providing food and medicinal plants (DAS; DAS, 2020; GEORGE;
CHRISTOPHER, 2020; MACENA, VILA, 2020; ABREU; SILVA; OLIVEIRA, 2017). These
uses can make economic development and environmental conservation
compatible.

In addition, the implementation and management of AFS provide great
benefits in soil conservation, such as reducing water loss and improving soil
quality, thereby enhancing the environmental quality of the area (ROMUALDO et
al., 2019). These systems can also improve the microclimate of the area by
providing shading and environmental comfort (PEREIRA; FIGUEIREDO NETO,
2015).

Among the various configurations of agroforestry systems, homegardens
are characterized by being traditionally managed (GEORGE; CHRISTOPHER, 2020)
and located near the houses of those who implemented and or/ manage them.
These areas constitute the main source of subsistence agriculture for thousands
of families in the Amazon region, who grow a wide variety of species for self-

consumption or commercialization, thus supplying food (GARCIA; VIEIRA;
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OLIVEIRA, 2017; RAYOL; MIRANDA, 2019) and improving the quality of life for the
population (VIEIRA; ROSA; SANTQOS, 2015).

The homegardens are probably one of the oldest forms of land-use
management, consisting of an agricultural unit for traditional land use with
management techniques that are passed down between generations (MIDMORE,
2015). Despite the benefits of food production and security of homegardens,
little attention has been paid to these agroecosystems (RAYOL; MIRANDA, 2019).

The study of the floristic composition of homegardens allows for better
understanding of the plant diversity conservation, including underutilized, wild,
and rare species that are eroded because of adjacent land use systems (DAS;
DAS, 2020).

Considering the importance of agroforestry homegardens for creating
environmental and economic benefits, this work aimed to characterize the
floristic composition of homegardens in an agro-extractive settlement located

in the city of Monte Alegre, Para, Brazil.

2 MATERIAL AND METHODS

The agro-extractive settlement project of S3ao Diogo has settled 220
families since its establishment in 2006. Because the settlement is located near
the Gurupatuba river, its economy is mainly driven by fishery. However,
agriculture also contributes as a source of income for some of the households.

The present study evaluated the floristic composition of 37 agroforestry
homegardens at the Agro-extractive Settlement Project of Sdo Diogo, located 40
km southwest of Monte Alegre city, Para, Brazil (02°07'01"S e 54°13'22"W)
(Figure 1). The settlement is accessed via the PA-254 state highway, which

connects the city of Santarém to other locations in the State of Para.
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Figure 1 - Location of the study area, the rural community of Sdo Diogo, Monte Alegre,

Pard, Brazil
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The study was carried out in 37 homegardens, which were selected based on its
apparent (visual) floristic diversity, including those of the community leaders. The
community leader suggested the first household to be interviewed. Thereafter, the
snowball technique was used (PINTO, 2012), where the first research participant
introduces other potential participants for the study and considers the previously
mentioned inclusion criterion.

According to Vinuto (2014), the snowball technique is a nonprobability sampling
technique that is useful for studying certain groups that are difficult to access, such as
those that are spread over a large area, like the settlement of Sdo Diogo.

In this study, the settlers will be treated as managers when referring to the
agroforestry homegardens. In each household, the manager was first contacted with
the goal of demonstrating the importance of the proposed research. After accepting to
participate in the survey, the data was collected by a guided tour technique, in which
the manager walked us through his/her homegarden and provided the requested
information for this study (ALBUQUERQUE; LUCENA, 2008), such as number of people

in the household, management practices, and production purposes.
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A census was taken of individuals from the tree and shrub strata in order to
evaluate the floristic composition of each homegarden. The identification of ethno
species was carried out following Semedo and Barbosa (2007), Linhares et al., (2014),
and Rayol, Vale, and Miranda (2017). Briefly, the names of the ethno species were
recorded according to the manager and previous knowledge of the authors. In case of
uncertainty, the identification was done through literature review.

The Shannon-Wiener index was used to characterize the species diversity

in each homegarden and was calculated according to the following equation:

S
_zpilnpi (1)
i=1

where H' is the diversity index, pi is the ratio between the number of individuals
of the species (ni), and the total number of individuals observations (N), for i ranging
from 1 to S (Richness).

The usage pattern of the main species was analyzed using the preference index
(IVP%), calculated by the sum of abundance (Abu%) and relative frequency (Fre%)
(SEMEDO; BARBOSA, 2007). Pearson'’s linear correlation analysis was conducted using
the following variables: age of homegarden, species richness, abundance, and H'.
Descriptive statistical analysis was carried out using Excel for Windows In order to assess
similarity among groups of agroforestry homegardens, data were submitted to cluster
analysis using the Ward method and Euclidean Distance through the BioEstat Software,

version 5.3.

3 RESULTS AND DISCUSSION

A total of 32 species were found across homegardens, comprising of 26
genera and 18 botanical families that were all fruit bearing. Of these, 85.7% of the

species were used for self-consumption, and 14.3% for both self-consumption and
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commercialization (Table 1). These results highlight the role of homegardens in
providing food for self-consumption in family farm areas. Similar results were
reported by Almeida and Gama (2014), in which the authors observed a
predominance of plant species intended for self-consumption in a settlement

project located western Para.

Table 1 - Plant species of trees and shrubs strata in agroforestry homegardens in the

Agro-extractive Settlement Project of Sdo Diogo, Monte Alegre, Para, Brazil (N = 37).

Family Scientific Ethn.o Fre% Abu% Pl% Purpose Management Production
name specie
Anacardiaceae  Anacardium o G ew 216 15 234 S F.LW,P S,W
occidentale L.
Ma”g'feLm'”d’m Mango 73 37 767 S FLW,P S,W
Annonaceae Annona SUBAT 6o 12 174 S FLW S,W
squamosa L. apple
Rollinia deliciosa  gips 57 01 28 S W S,W
Saff.
Annona Soursop 189 1.0 199 S F,LW,P W
muricata L.
Hancornia
Apocynaceae speciosa Mangaba 2.7 0.1 2.8 S F.wW S
Gomes
Arecaceae E“ter’;;ai/temcea Acai 757 29 1047  S/C FLW,P S,W
Oenocarpus
bacaba Mart. Bacaba 2.7 0.1 2.8 S P W
Cocos rL’”C’fem Coconut 892 64 956 S F.LW,P S,W
Acrocomia
aculeata Macaw
2.7 N 2. | W
(Jacqg.) Lodd. ex palm 0 8 >
Mart.
Bactri ,
aclris gasipaes oo chpalm 189 0.7 196 S F LW S,W
Kunth
Bignoniaceae Crescentia cujete  Calabash 54 0.3 5.7 S W,P S,W
L. tree
Caricaceae Carica papaya L. Papaya 2.7 0.6 3.3 S W,P S,W
Clusiaceae Platonia insignis Bacuri 2.7 0.1 2.8 S W S,\W
Mart.
Fabaceae Ingaedulis —lce-cream- ) 3 47 g S FILW,P S,W
Mart. bean
Lauraceae Persea Avocado 243 12 255 S FILW,P SW

americana Mill.
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Family Scientific Ethn-o Fre% Abu% Pl% Purpose Management Production
name specie
Malpighiaceae Mq/p/gl?/a Native 21.6 2 23.6 S F LW S,wW
punicifolia L. cherry
Byrsonima
crassifolia Nanche 62.2 6.8 69 S/C F.LW,P S,wW
(L.) Kunth
Malvaceae Theobroma Cacao 8.1 6.2 143 S LW S,wW
cacao L.
Theobroma
grandiflorum
(Willd. ex Cupuassu 29.7 2.2 32 S F.ILW,P S,W
Spreng.) K.
Schum.
Poraqueiba
Metteniusaceae paraensis Mari 10.8 03 111 S I,W,P S,W
Ducke
Artocarpus
Moraceae heterophyllus Jackfriut 8.1 04 8.5 S W,P W
Lam.
Musaceae Musa spp. Banana 56.8 125 69.2 S F.LW,P SW
Syzygium
cuminis .
Myrtaceae (Craib) Chantar. Olive 2.7 0.1 2.8 S F,P S
& J. Parn.
P s’d’“ng“a/ava Guava 405 27 432 S F,I,W,P S,W
Syzygium
Jjambos Rose-apple 21.6 0.8 224 S F,ILW,P SW
(L.) Alston
Oxalidaceae Averrhoa Star fruit 2.7 0.1 2.8 S F.LW SW
carambola L.
Rutaceae C:T;BSSIZZZES Orange 568 1.1 578 S F.LW,P S,W
fg‘gsﬂﬁg lemon 73 81 81  S/C F.LW,P S,W
Citrus
aurantifolia Key lime 5.4 0.8 6.2 S/C I SW
Swingle
Citrus reticulatd ) darin = 189 0.7 196 S FLW SW
Blanco
Manilkara
Zapotaceae zapota (L.) P. Sapodilla 2.7 0.6 33 S FW W
Royen

Fre% = relative frequency; Abu% = abundance; IVP% = preference index
Purpose: S = self-consumption; C = commercialization

Management: W = weeding; F = fertilizer; | = irrigation; P = pesticide
Production: S = summer; W = winter

Ci. e Nat,, Santa Maria, v.43, e1, 2021



8 | Plant diversity of tree and shrub strata of agroforestry homegardens in an agro-extractive...

The most frequent species were Cocos nucifera with a relative frequency of
89.2%, followed by Euterpe oleracea (75.7%), Mangifera indica (73%), and Citrus
limon (73%). In addition to Euterpe oleracea, which is a native species to the
Amazon, the other most frequent species adapt well to the Amazonian climate. In
a rural community in Santarém (State of Para), Rocha-Garcia, Vieira and Oliveira
(2015) showed that coconut was the most consumed fruit in agroforestry
homegardens. Similarly, Silva et al., (2017) reported that coconut was found in at
least 50% of the homegardens surveyed in a rural community in the city of
Braganca (State of Para). Coconut was also found to be the most frequent species
(78% relative frequency) in urban homegardens managed by indigenous people in
the city of Sdo Gabriel da Cachoeira (State of Amazonas) (PINTO, 2012). According
to Vieira, Rosa and Santos (2012), the high frequency of Cocos nucifera is attributed
to socioeconomic and cultural issues, as the seedlings are produced and acquired
by neighbors.

Coconut is a palm tree that is grown for multiple purposes as most parts of
the plant are used daily, especially those with nutritional and medicinal values. The
coconut water, oil, leaves, bark, fiber, and stipe-based products are emphasized for
these purposes (MANDAL; MANDAL, 2011).

The high frequency of fruit species in homegardens was also observed by
Vieira, Rosa and Santos (2012) and Rayol and Miranda (2019), who demonstrated
that this choice was primarily intended to ensure food supply to the household of
the farmers in the Amazon region. In addition, Pereira et al. (2010) argued that fruit
species also contribute to the permanence of the farmers in the rural areas.

Another species that is present at high frequency in the homegardens was
the Euterpe oleracea, which showed the greatest importance in this study. This
species is used for both self-consumption and commercialization. Its preference,
in addition to cultural issues, is likely related to the high nutritional and economic
value of the acai fruit. This fact was also reported by Vieira, Rosa and Santos (2012),

showing that the juice of the acai fruit, also called “acai wine”, was quite valued
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throughout the Amazon region and was also present in the eating habits of
households in the city of Bonito, State of Para.

It must be highlighted that the surplus production is commonly used for
commercialization by family farms. Duval, Ferrante and Valéncio (2008) and
Almeida and Gama (2014) highlighted that the agricultural production represents
an alternative source of income and social inclusion for the settlers.

Mangifera indica, commonly known as mango, was found in 73% of the
homegardens in this study. This exotic species is of great importance, since its fruit
production occurs at different times of the year, thereby complementing the
household diet. The high frequency of Mangifera indica was also observed by
Almeida and Gama (2014), which reported an 83.3% relative frequency in
homegardens in the rural community of Santo Antbénio, a settlement project
located in Santarém, Para. The authors also reported that this species was used
primarily for self-consumption, since there is no demand for sales within the
community.

The lemon (Citrus limon) was another species that presented high frequency
and socioeconomic importance within the agroforestry homegardens. Our data
showed that the lemon fruits were not only used for self-consumption but also for
commercialization, thereby generating revenue to the farmers. Lunz (2007) also
reported high frequency of lemon (80%) within homegardens in a cooperative of
small farmers in the State of Rondénia. Similarly, Almeida and Gama (2014) also
demonstrated the importance of this species within homegardens in the rural
community of Santo Antdnio (State of Para).

The study of floristic compositions of homegardens, along with species
structure and properties, can provide basic information to assist with decision
making, leading to greater adoption of improved management and conservation
practices in the region (GAZEL FILHO, 2008). In this study, the Shannon-Weaver
index showed that species diversity varied from 0.6 to 2.46 with a mean value of

1.55, which is considered moderate in the literature (Table 2).
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Table 2 - Species diversity calculated by the Shannon index (H') and size (in m3) of each

agroforestry homegarden (AFH) in the rural community of Sao Diogo, Monte Alegre,

Para
AFH H' Size AFH H' Size AFH H' Size
1 0.60 120 14 2.08 11,250 27 1.28 460
2 0.95 5,200 15 1.45 1,880 28 1.11 1,000
3 2.13 10,000 16 1.60 2,450 29 1.40 800
4 0.65 6,400 17 1.92 2,679 30 1.38 3,040
5 2.18 300 18 1.21 750 31 2.33 2,400
6 1.81 450 19 2.05 500 32 1.90 7,200
7 1.64 200 20 2.29 1,600 33 2.25 900
8 2.08 2,100 21 2.16 3,000 34 1.83 2,160
9 0.77 450 22 1.74 300 35 2.13 750
10 1.21 200 23 1.64 1,000 36 1.47 2,700
11 2.27 2,500 24 2.46 1,250 37 1.68 1,125
12 2.13 450 25 0.86 450 Mean 1.55 1,673
13 1.68 600 26 1.38 480 Std. Dev. 0.63 2,521

Std. Dev. = standard deviation

The statistical analysis showed low correlation between size of the
homegarden and abundance (34.3%), and between age of homegarden and its
species richness (29.1%), indicating low predictive power among variables. In
agroforestry homegardens in Caruaru city (State of Pernambuco), Florentino,
Araujo, and Albuquerque (2007) also found low correlation among these variables.
In contrast, Vieira, Rosa and Santos (2012) found positive and moderate correlation
between size and species richness of homegardens, in which larger homegarden
size presented greater species richness. In this sense, extension educators could
assist managers with the implementation of practices that aim to increase species
abundance in their homegarden, especially those with large areas.

The species diversity of homegardens in a rural community in Santarém was
also found to be moderate, whereas species richness was considered average with
high frequency of certain species, such as banana and acai (GARCIA; VIEIRA;
OLIVEIRA, 2017). These authors also reported that the origin of the farmers can
influence the species richness, density, and diversity, as there were higher values

in homegardens managed by migrant farmers from southern Brazil.
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The average age of the homegardens assessed in this study was 12 years-old.
The average size was 2,138 m3, ranging from 120 to 11,250 m3. It is important to
highlight that the rural community is part of a settlement where the lots are
collective, which likely resulted in the wide variation in size. However, the mean
size of homegardens found in this study was similar to those reported by Melo et
al. (2018) in the metropolitan region of Santarém, and approximately 1.3-fold larger
than those reported by Vieira, Rosa and Santos (2012) in a rural community located
northeastern Para.

The cluster analysis showed the homegardens were divided into three
groups (Figure 2). Group A (N = 7) was represented by homegardens with an
average species diversity of 1.52, average size of 6,081 m3, and approximately 120
individuals per garden. Group B (N = 12) was characterized by an average species
diversity of 2.15, mean area of 1,515.75 m3, and 53 individuals per homegarden.
On the other hand, group C (N=18) were the homegardens with a mean diversity

index of 1.41, approximately 1,018 m3 area, and 27 individuals per garden.

Figure 2 - Dendogram showing the hierarchical relationship between agroforestry

homegardens in the rural community of Sdo Diogo, Monte Alegre, Para
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There was a predominance of small homegardens with low number of
individuals in group C, which could have resulted in moderate to low species
diversity. However, they still are important production areas that supply food to the
settled families. Self-consumption was the main reason (87.5%) for the cultivation of
species in the trees and shrubs strata evaluated in this study. The present analysis
also showed that none of the plant species grown were exclusively for
commercialization purposes.

The plant species were grown by the settlement farmers were for self-
consumption but presented possibility for commercialization. According to
Menasche, Marques and Zanetti (2008), agricultural production for self-consumption
is @ way of promoting food security for family farms in this region. In a settlement
project in S3o Domingos do Araguaia (State of Para), Pereira et al. (2010) highlighted
that the commercialization of surplus production is an important addition to the
farmer income. However, the lack of demand in the community and the difficulty in
transportation are key factors that hinder the commercialization of the products,
which helps to explain why production for self-consumption is more evident.

During the guided tour, the managers reported several management practices,
including manual weeding, irrigation, fertilization, and pesticide application. There is
a predominance of the use of family labor with simple management techniques
instead of farming machinery. Florentino, Araujo and Albuquerque (2007) reported
similar results regarding the use of family labor without machinery that represent
management practices involving simple and low cost techniques.

The manual weeding, usually with a garden hoe, consists of removing invasive
plants. This is an effective way of controlling weeds in the region, which were found
in 24.3% of the homegardens. Despite the fact that manual weeding is not the most
economical way of controlling weeds, it is still of great importance in several regions
of Brazil (GOMES; LEAL, 2003).

Irrigation complements the water demand by plants during the dry season

and, thus, helps maintain crop production. Because the studied community is
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located near the river, the water was not a limited resource. Thus, managers can
invest in technologies for water storage and irrigation equipment. The present
results showed that irrigation was a common management practice in 37.8% of the
homegardens surveyed. Irrigation is an artificial method of applying water in
agricultural lands, and the main goal is to partially complement water demand by
plants, using water resources present in the area (SOUSA, 2018).

In a study evaluating homegardens in the city of Caceres (State of Mato
Grosso), Pereira and Figueiredo-Neto (2015) reported similar management practices
to those found in this study, emphasizing such practices during the dry season when
plant demands for water and nutrients are high.

The establishment of these agroforestry systems near the manager
households can provide better access to high-quality food, especially with regard to
the consumption of the fruits produced in these areas. In addition,
commercialization of the surplus production can benefit the household with extra

income.

4 CONCLUSION

The floristic composition of agroforestry homegardens was represented by
species for which the production primarily serves for household consumption.
The observed results emphasize acai and coconut palms, which corresponded to
the two highest importance indices.

Overall, the homegardens showed moderate species diversity for trees and
shrubs strata evaluated in this study. Based on the similarity among
homegardens, they were divided into three groups, in which the size and number
of plants of each homegarden influenced the diversity index within the clusters.

Across homegardens, the managers reported several management
practices, including the use of simple technologies, no machinery, and irrigation

during the dry season when plant demands for water and nutrients are high.
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The production within homegardens can contribute to the revenue and the food
security of the settlement families, which in turn justifies the establishment of agro-
extractive settlements.

The results of the floristic composition of homegardens reported here will be of
major importance to help settlers to adopt management techniques to increase

productivity while conserving the agrobiodiversity in this area.
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