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Abstract 

The knowledge of the quantity and composition of the deposited biomass is useful to plan the nutrient management of 

cultivations in agroforestry systems. The objective of this work was to evaluate the production of biomass and litter in 

two agroforestry systems with organic and conventional cultivations of sour orange. The areas use models of orange 

production by monoculture and under agroforestry systems: the first agroforestry system is composed of rows of 

brazilian mahogany (Swietenia macrophylla K.) accompanied by double rows of orange trees (Citrus aurantium L.); 

the second system is composed of rows of ingá (Ingá edulis Mart.) accompanied by double rows of orange trees. A 

completely randomized design was used in a 10x2 factorial scheme, with 4 replications. The locations within the 

management systems were organized as follows: agroforestry system composed of mahogany trees; Ingá trees 

agroforestry system; conventional sour orange monoculture system. The areas that the biomass and litter were 

collected in the locations in the systems were: between plants in the row for cultivation of forest species that make up 

the system; between rows of the forest species row and orange cultivation row; between plants in the orange 

cultivation row; between rows of the double row of orange cultivation. Two periods were analyzed in the experiment: 

the months of lowest and highest rainfall. Agroforestry systems promoted greater biomass and litter to the soil 

compared to monoculture. In this way, they were configured as a beneficial practice for the soil in sour orange crops 

in the Brazilian Amazon. 

Keywords: Citrus aurantium; Ingá edulis; Swietenia macrophylla. 

 

Resumo  

O conhecimento da quantidade e composição da biomassa depositada é útil para planejar a gestão de nutrientes dos 

cultivos em sistemas agroflorestais. O objetivo deste trabalho foi avaliar a produção de biomassa e de liteira em dois 

sistemas agroflorestais com cultivos orgânicos e convencionais de laranja azeda. As áreas utilizam modelos de 

produção de laranja por monocultura e sob sistemas agroflorestais: o primeiro sistema agroflorestal é composto de 

fileiras de mogno brasileiro (Swietenia macrophylla K.) acompanhadas de fileiras duplas de laranjeiras (Citrus 
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aurantium L.); o segundo sistema é composto por filas de ingá (Ingá edulis Mart.) acompanhadas por filas duplas de 

laranjeiras. Um desenho completamente aleatório foi utilizado num esquema fatorial 10x2, com 4 repetições. Os 

locais dentro dos sistemas de gestão foram organizados da seguinte forma: Sistema agroflorestal composto por árvores 

de mogno; Sistema agroflorestal de árvores Ingá; sistema convencional de monocultura de laranja azeda. As áreas em 

que a biomassa e a liteira foram recolhidos dentro dos sistemas foram: entre plantas da fileira de cultivo das espécies 

florestais que compõem o sistema; entre as fileiras da fileira de espécies florestais e a fileira de cultivo de laranjas; 

entre as plantas da fileira de cultivo da laranja; entre as filas da fila dupla do cultivo da laranja. Dois períodos foram 

analisados na experiência: os meses de menor e maior precipitação. Os sistemas agroflorestais promoveram maior 

biomassa e mais liteira para o solo em comparação com a monocultura. Desta forma, elas foram configuradas como 

uma prática benéfica para o solo em cultivos de laranja azeda na Amazônia brasileira.  

Palavras-chave: Citrus aurantium; Ingá edulis; Swietenia macrophylla. 

 

Resumen  

El conocimiento de la cantidad y composición de la biomasa depositada es útil para planificar la gestión de los 

nutrientes de los cultivos en los sistemas agroforestales. El objetivo de este trabajo fue evaluar la producción de 

biomasa y hojarasca en dos sistemas agroforestales con cultivos orgánicos y convencionales de naranja agria. Las 

zonas utilizan modelos de producción de naranjas de monocultivo y bajo sistemas agroforestales: el primer sistema 

agroforestal está compuesto por hileras de caoba brasileña (Swietenia macrophylla K.) acompañadas de hileras dobles 

de naranjos (Citrus aurantium L.); el segundo sistema se compone de hileras de ingá (Ingá edulis Mart.) acompañadas 

de hileras dobles de naranjos. Se utilizó un diseño completamente aleatorio en un esquema factorial 10x2 con 4 

repeticiones. Los sitios dentro de los sistemas de gestión se organizaron de la siguiente manera: Sistema agroforestal 

compuesto por árboles de caoba; Sistema agroforestal de árboles Ingá; sistema convencional de monocultivo de 

naranjas amargas. Las zonas donde se recogió la biomasa y la hojarasca dentro de los sistemas fueron: entre las 

plantas de la fila de cultivo de las especies forestales que componen el sistema; entre las filas de la fila de especies 

forestales y la fila de cultivos de naranja; entre las plantas de la fila de cultivo de naranjas; entre las filas de la doble 

fila del cultivo de naranjas. En el experimento se analizaron dos períodos: los meses de menor y mayor precipitación. 

Los sistemas agroforestales promovieron una mayor biomasa y una mayor cantidad de hojarasca en el suelo en 

comparación con el monocultivo. De este modo, se configuraron como una práctica beneficiosa para el suelo en los 

cultivos de naranja agria en la Amazonia brasileña. 

Palabras clave: Citrus aurantium; Ingá edulis; Swietenia macrophylla. 

 

1. Introduction  

The Citrus genus comprises several species cultivated with economic importance, including C. sinensis (sweet 

orange), C. reticulata (tangerine) and C. limon (lemon) (Xu et al., 2013). Global orange production in 2019 was 78 million 

metric tons, and Brazil is the world’s largest producer with an expected production of 16.9 million metric tons in 2021 (Fao, 

2019, Usda, 2021). 

Citrus fruits, especially oranges, are an important human nutritional source, for example, of vitamin C (Xu et al., 

2013). In addition, orange cultivation has a major impact on agricultural production and the brazilian economy (Conab, 2021). 

Commonly, orange cultivation occurs in a monoculture system, however, in recent years, rural producers have been adopting 

cultivation in arrangements of agroforestry systems to diversify the source of income and meet a demand for a more 

sustainable agriculture (Mvondo et al., 2019). 

In this perspective, agroforestry systems are characterized by the cultivation of arboreal and agricultural species in the 

same area simultaneously (Stocker et al., 2020). In addition to the benefits mentioned above, agroforestry arrangements can 

promote better nutrition for plants in the system and improve the soil fertility. The biodiversity promoted by these systems 

mitigates the resources available to the pathogen, reducing its presence and damage, for example, non-host plants act as a 

physical barrier against pests, and can also affect the success of the contamination pathogen by mechanisms of alteration of the 

microclimate (Oro et al., 2012, Ratnadass et al., 2012, Mvondo et al., 2019). 

In regards to soil quality, the tree species inserted in the agroforestry systems promote greater carbon deposition, 

nutrient recycling, renewal of deep soil layers and the reduction of the impact of rain on soil micro-aggregates (Stocker et al., 

2020). The recycling of nutrients occurs due to the high deposition of biomass (leaves, branches, fruits and roots), providing 
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increased nutrients available in the soil. In the Amazon region, phosphorus can be a key nutrient in a nutritional management 

program because it has a high immobilization in soils with high aluminum and iron content (Tao et al., 2017). 

The knowledge of the quantity and composition of the deposited biomass is useful to plan the nutrient management of 

cultivations in agroforestry systems (Pérez-Flores et al., 2018). During the decomposition of the litter, nutrients are released 

into the soil, which can later be absorbed by the plants, being an important form of nutrition for them (Bradford et al., 2002). 

The quality of this litter depends on the plant species present, influencing the type of biomass, the stage and speed of 

decomposition of the materials. Therefore, the objective of this work was to evaluate the production of biomass and litter in 

two agroforestry systems with organic and conventional cultivation of sour orange (Citrus aurantium) in a region of the 

Brazilian Amazon. 

 

2. Methodology 

The study area is located in the municipality of Capitão Poço - Pará, Brazil, using citrus production models by 

monoculture and under agroforestry systems (Figure 1). The region is classified as Brazilian Amazon and has an “Am” 

climate, according to the Köppen International Classification (Alvarez et al., 2013). The soil in the experimental area was 

described in terms of its chemical parameters (Table 1). 

 

Figure 1. Location of the study area (A), sketch of the 20-year agroforestry system with mahogany (B) and sketch of the 10-

year agroforestry system with ingá (C). 

 

Source: Authors. 

 

Table 1. Chemical characterization of soils under two agroforestry systems and orange monoculture area, at a depth of 0 to 20 

cm. 

System 
pH Ca Mg Al H++Al OM P K C/N 

H2O ...............cmolc dm-3................ g kg-1 ......mg dm-3......  

S1 4,6 0,9 0,3 0,6 4,3 14,5 5,3 25,8 12,5 

S2 4,9 1,0 0,3 0,4 4,5 15,9 3,7 31,5 14,1 

Monoculture 4,6 0,7 0,2 0,6 3,7 12,3 5,9 17,8 15,4 

Agroforestry system 1 (S1): Agroforestry system with brazilian mahogany; Agroforestry system 2 (S2): Agroforestry system with 

ingá.; Source: Authors. 
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A monoculture system was evaluated together with two agroforestry systems: the first agroforestry system 

(agroforestry system 1), with 10 ha, was implemented in 1997 through the system of cutting and burning for the production of 

swiddens. The arrangement of the system is made up of rows of brazilian mahogany (Swietenia macrophylla K.) accompanied 

by double rows of orange trees (Citrus aurantium L.); the second agroforestry system (agroforestry system 2) (8 ha) was 

implemented in 2007, composed of rows of ingá (Ingá edulis Mart.) accompanied by double rows of orange trees. In both areas 

there was a biomass management and organic fertilization with bovine manure until 2013. From 2013, only the biomass 

management was used. The area under conventional orange monoculture had been worked on for over 10 years, using 

fertilizers and pesticides to maintain production. The spacing used is 7m between rows and 5m between plants, fertilized with 

the NPK formulation 20-20-20, calculated at 340 kg ha-1, following the needs according to the soil analysis of the area. 

Previously, dolomitic limestone was applied in annual applications at the beginning of the rainy season, applied to the 

cultivation line in the amount of 2 t ha-1. 

A completely randomized design in a 10x2 factorial scheme was used, with 4 replications. The locations within the 

management systems were organized as follows: S1: agroforestry system with 20 years of age and composed of mahogany 

(Swietenia macrophylla K.) and orange trees (Citrus aurantium L.); S2: agroforestry system with 10 years of implantation and 

composed of Ingá (Ingá edulis Mart.) and orange trees; S3: conventional citrus monoculture system; The areas that the biomass 

and litter were collected in the locations in the systems were: L1: between plants in the row for cultivation of forest species that 

make up the system; L2: between rows of the forest species row and citrus cultivation row; L3: between citrus row plants; L4: 

between rows of the double row of citrus cultivation. Two periods were analyzed in the experiment: November 2016 and 

March 2017, the lowest (LP) and highest (HP) rainfall rates months, respectively (FigURE 2), in order to verify the influence 

of climate on production and chemical composition of biomass and litter capable by the systems. The treatments of the first 

factor are prepared according to Table 2. 

 

Figure 2. Average of the last 7 years (2011-2017) of precipitation in the municipality of Capitão-Poço, Pará, Brazil. Source: 

INMET. 
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Source: Authors. 
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Table 2. Description of the distribution of treatments according to the cultivation systems and the areas that the biomass and 

litter were collected. 

Treatments 

S1L1 between mahogany row plants 

S1L2 between rows of mahogany row and row of orange cultivation 

S1L3 between plants in the citrus cultivation row in agroforestry system 1 

S1L4 between rows of the double row of orange cultivation in agroforestry system 1 

S2L1 between plants in the ingá cultivation row 

S2L2 between rows of the ingá row and the orange cultivation row 

S2L3 between plants in the citrus cultivation row in agroforestry system 2 

S2L4 between rows of the double row of orange cultivation in agroforestry system 2 

S3L1 between plants in the row of orange cultivation 

S3L2 between rows in the orange cultivation 

Source: Authors. 

 

Biomass and litter parameters deposited at the sampled points were evaluated using the following variables: humidity, 

production and dry mass. The samples were collected using a metal template measuring 0.5 x 0.5 m, with an area of 0.25 m². 

The collection points were distributed in the systems according to the treatments mentioned above. 

For biomass, all living plant individuals were collected, through a basal cut at the height of the soil. While for litter, 

all the decomposing matter above the ground was scraped. From each duly weighed sample, sub-samples of 100g each were 

taken, stored in properly identified paper bags. To obtain the dry mass, this material was placed in a circulation oven and 

forced air renovation at 60 °C until it reached constant weight. Thus, production data for fresh biomass, dry biomass was 

obtained and the difference in values was described as humidity. 

Initially, the data were assessed for normality and homoscedasticity. Subsequently, they were subjected to analysis of 

variance and, when significant, their means compared by the Scott-Knott test at 5% probability. 

 

3. Results  

There was a significant interaction between the factors for all variables analyzed. Regardless of the sampling point, 

the agroforestry systems had higher litter and biomass moisture. 

During the period of lower precipitation (LP), the conventional system showed a lower percentage of humidity (p 

<0.05) when compared to the agroforestry systems (Table 3). As for the sampled place, during the dry period the percentage of 

humidity was higher in treatments where there is greater proximity to the cultivation lines, and those between lines of C. 

aurantium showed a lower percentage of moisture. In the conventional production area, the cultivation line showed a higher 

percentage of moisture in the litter and biomass when compared to between cultivation lines. Comparing the periods, the 

highest average percentage of humidity was observed for the period of greatest precipitation (Table 3). 
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Table 3. Litter and biomass moisture in agroforestry systems and conventional cultivation with sour orange. 

Treatment Litter moisture (%) Biomass Moisture (%) 

 LP HP LP HP 

S1L1 71,75 Ba 74,15 Aa 51,66 Ba 60,02 Aa 

S1L2 67,14 Bb 71,07 Ab 49,75 Aa 51,09 Ac 

S1L3 70,03 Aa 70,47 Ab 49,54 Aa 50,78 Ac 

S1L4 66,48 Ab 67,04 Ac 27,63 Bd 39,00 Ad 

S2L1 71,74 Ba 75,57 Aa 53,33 Ba 63,19 Aa 

S2L2 71,27 Aa 72,15 Ab 44,33 Bb 53,27 Ab 

S2L3 70,09 Ba 74,34 Aa 49,70 Ba 54,62 Ab 

S2L4 59,63 Bc 63,64 Ad 40,08 Bc 54,84 Ab 

S3L1 55,31 Bd 63,31 Ad 26,72 Bd 34,83 Ae 

S3L2 49,00 Be 61,23 Ae 19,92 Be 25,47 Af 

*HP= high precipitation; LP= low precipitation; ** Means followed by the same lower-case letter in the column and upper 

case in the row. do not differ, by the Scott-Knott test, at 5% probability.; Source: Authors. 

 

The highest values of humidity were observed in the managements located in the areas of agroforestry system, with 

the exception of the managements S1L2, S1L4 and S2L4, which obtained lower averages when compared to the other 

treatments in the area of agroforestry systems. However, all treatments located in areas of agroforestry systems were superior 

to treatments in areas of conventional cultivation of C. aurantium. It is observed that the areas that most retained moisture 

within the evaluated agroforestry systems, are the areas closest to the arboreal individuals, S1L1, S1L3, S2L1, S2L2 and S2L3. 

The lowest concentrations of moisture found for litter and biomass in both agroforestry systems, occurred in the treatment 

S1L4 and S2L4, followed by the treatments contained in the area of orange monoculture, areas which are less influenced by 

the presence of forest species within the systems. 

The humidity values, in general, were higher in the period of greater precipitation. Only treatments S1L3, S1L4 and 

S2L2 were the same in both periods of collection. For biomass, only the treatments S1L2 and S1L3 were the same, regardless 

of the time of collection, which can be attributed to the greater amount of spontaneous vegetation, which favors the retention of 

moisture above the ground due to greater shading and protection of the soil.  

In general, the production of fresh litter mass showed higher production in the S2L2 treatment in the period of lower 

precipitation (Table 4). For the period of greatest rainfall, the treatments S1L1, S1L2 and S2L2 obtained superior fresh mass 

production. For the production of fresh biomass mass, the treatment S1L1, S1L3 and S2L2 were similar, obtaining higher 

yields in the period of lower precipitation (LP), while in the period of greater precipitation, treatment S1L3 showed higher 

production. 

 

Table 4. Production of litter and biomass in agroforestry systems and conventional cultivations cultivated with Citrus. 

Treatment Litter production (kg ha-1) Biomass production (kg ha-1) 

 LP HP LP HP 

S1L1 10233 Ac 8700 Ba 10920 Ba 16900 Ab 

S1L2 9452 Ad 8184 Ba 8810 Bb 14730 Ac 

S1L3 8087 Ae 6540 Bb 10810 Ba 23200 Aa 

S1L4 6020 Ag 5400 Ac 5710 Bc 8650 Ad 

S2L1 12463 Ab 5850 Bc 8050 Ab 6713 Be 

S2L2 16272 Aa 8245 Ba 10136 Ba 14812 Ac 

S2L3 9302 Ad 5492 Bc 7662 Bb 12200 Ac 

S2L4 6947 Af 4303 Bd 4677 Bc 11430 Ac 

S3L1 1000 Ac 2865 Be 350 Ae 1186 Af 

S3L2 7572 Ae 2215 Be 575 Ae 1744 Af 

*HP= high precipitation; LP= low precipitation; ** Means followed by the same lower-case letter in the column and upper 

case in the row. do not differ, by the Scott-Knott test, at 5% probability.; Source: Authors. 
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The production of fresh mass in the litter was higher in the period of lower precipitation (LP), in biomass the highest 

values were observed when there was a higher incidence of rainfall (HP) (Table 4). 

In the period of lower precipitation, the production of fresh biomass was higher in the S2L2 treatment and for litter in 

the S2L2, S1L1 and S1L3 treatments. In the period of greatest precipitation, the treatments S1L1, S1L2 and S2L2 were 

superior for litter production and for biomass the treatment S1L3 was superior. The lower production of biomass and litter in 

both periods of evaluation, were observed in the treatments located in the areas of monoculture of citrus (S3L1 and S3L2). 

The higher production of litter in the agroforestry system 2, in both periods, is related to the deposition of residues by 

herbaceous plants, which suffer more intensely from the external abiotic effects. The agroforestry system 1, with the presence 

of large tree species, provides the system with greater shading and a consequent reduction in stress caused by excess light, 

reducing losses of plant biomass production. 

The production of dry mass from the litter showed a significant difference between the treatments studied (Table 5). 

The treatment S2L2 was superior in the period of less precipitation, whereas the treatment S3L1 was superior in the period of 

greater precipitation. The increase in litter production in the S2L2 treatment is due to the beneficial effects promoted by the 

forest species (Ingá edulis Mart.) Implanted in the system, which provides greater fixation of atmospheric nitrogen to the soil. 

A higher production of litter in between cultivation lines was observed in comparison to the cultivation lines, possibly due to 

the excessive competition for resources such as water and nutrients and excessive shading caused by the presence of the tree 

species in the system. 

 

Table 5. Production of litter dry matter and biomass dry matter in agroforestry systems and conventional cultivations 

cultivated with Citrus. 

Treatment Litter dry matter (kg ha-1) Biomass dry matter (kg ha-1) 

 LP HP LP HP 

S1L1 2896 Ad 2246 Bc 5274 Ba 6765 Ab 

S1L2 3102 Ac 2367 Bc 4427 Bb 7199 Ab 

S1L3 2425 Ae 1932 Bd 5457 Ba 11391 Aa 

S1L4 2017 Af 1780 Ae 4132 Bb 5283 Ac 

S2L1 3523 Ab 1428 Be 3750 Ab 2477 Bd 

S2L2 4675 Aa 2297 Bc 5642 Ba 6918 Ab 

S2L3 2787 Ad 1409 Be 3856 Bb 5494 Ac 

S2L4 2804 Ad 1564 Be 2802 Bc 5173 Ac 

S3L1 1280 Bg 3774 Aa 256 Ad 774 Ae 

S3L2 1125 Bg 2938 Ab 430 Bd 1396 Ae 

*HP= high precipitation; LP= low precipitation; ** Means followed by the same lower-case letter in the column and upper 

case in the row. do not differ, by the Scott-Knott test, at 5% probability.; Source: Authors. 

 

For assessments of biomass dry mass production, in general, the treatments present in agroforestry system 1 obtained 

higher yields for both assessment periods (Table 5). Depending on the time of collection, the highest averages of biomass 

production were observed in the period of greatest precipitation. 

 

4. Discussion  

The Amazon rainforest is the largest tropical forest in the world, with several ecological benefits for the planet, such 

as, for example, fundamental environmental services related to water; sequestration of atmospheric CO2 and diversity of 

animals, plants and microorganisms (Bendel & Stephens 2020, Casagrande et al., 2021, Souza et al., 2021). Currently, this 

forest is constantly threatened by changes in land use, in particular by deforestation (Casagrande et al., 2021). From this point 

of view, it is essential to study management systems that promote sustainable land use in these regions, enabling economic 
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exploitation by the inhabitants of the region, but with the least possible impact on natural resources. 

The increase in volume and good dispersion of rainfall in the region (approximately 300 mm) favored the increase in 

humidity in the evaluated agroforestry systems (Table 3). However, the moisture content found in the litter and biomass 

collected in both systems did not reach values below 59.63% and 63.64% for litter and below 23.67% and 39% for biomass in 

the periods of smaller and larger precipitation, respectively. These high humidity values, when compared to treatments located 

in conventional cultivation areas, may be related to the high-water retention capacity of the studied agroforestry systems. 

The fact that the treatments located in the double row of oranges line obtain lower percentages of humidity, may be 

related to greater exposure to solar radiation (due to the lower shading effect promoted by the crowns), promoting greater 

water loss through the transpiration processes, which reduces the moisture found in the biomass and litter produced in these 

areas (Taiz et al., 2017, Gazolla-Neto et al., 2013). 

The presence of arboreal individuals in production systems promotes benefits, such as greater floristic wealth, which 

causes greater production of vegetation cover, reallocation of nutrients from deeper layers, normally unexplored from the soil, 

to plants, which occurs through deposition of fruits, flowers, leaves, branches and other plant parts, providing greater land use 

efficiency (Kotowska et al., 2016). 

For conventional cultivation, the average humidity in the biomass and litter were higher in the period of greater 

precipitation, possibly due to the eradication of the diversity of natural vegetation and the absence of tree individuals in the 

production environment, which disadvantages factors such as shading, protection of soil, water retention and better use of 

water in the system (Kotowska et al., 2016). 

The results of the present study corroborate with those found in the literature, where litter production is higher when 

there is greater humidity, regardless of the biome to be studied, and that the volume of precipitation affects biomass with less 

stability in a more severe way when compared to forests. (Tonin et al., 2017, Costa et al., 2017). 

Vegetable remains deposited on the soil are important in the process that determines the carbon and nutrient cycling 

of forest ecosystems; it controls the main breathing substrates in forest soil and maintains soil fertility and organic matter 

(Schlesinger & Andrews 2000, Hansen et al., 2009, Zhang et al., 2014). 

In general, as for the collection period, the highest production for biomass was observed at the end of the period of 

greatest precipitation. For litter, there is an inversely proportional relationship, when there is an increase in rainfall, there is a 

decrease in the litter accumulated above the ground, possibly accelerating the decomposition of retained material. The litter 

production, for all treatments, was higher in the period of lower precipitation, which may be due to the low availability of 

water resources, promoting greater leaf senescence, in an attempt to reduce water loss through the plant's photosynthesis 

process. Growth efficiency may be related to the ability of plants to adapt to the light conditions of the environment, with the 

satisfactory growth of some species in environments with low or high light attributed to the species' ability to quickly adjust its 

biomass allocation model and physiological behavior (Poorter et al., 2019). 

Studying the production and characterization of a litter in a Virola surinamensis cultivation area and in a successional 

forest, Costa et al. (2017) concluded that the forest area in relation to the cultivation area presented higher values of dry matter 

production, concluding that the diversity of species in the forest area favored the increase of litter production. 

The maximum and minimum litter production were 16,272.5 kg ha-1 6,947.5 kg ha-1, respectively. In addition to the 

variety and abundance of species, the reduction of intense radiation reaching the soil surface may have favored the increase in 

the production of litter and biomass in agroforestry systems, when related to the monoculture system, which shows that the 

composition and presence of arboreal individuals in the studied agroforestry systems were fundamental for the increase of 

these variables. Studying the effects of light intensity, Gazolla-Neto et al. (2013) observed that in about 35% of availability, the 

production of leaves of Solanum americanum was favored, however at an availability of 65% and under full light (100%) there 
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was a reduction in the production of fresh and dry leaf mass. 

When assessing the accumulation of biomass and litter in six legume species, among them ingá, in comparison to the 

native forest in the Peruvian Amazon, Szott et al. (1994) mention that for 53 months the production of biomass in the areas that 

contained ingá obtained biomass production similar to the native area, attributing the good results to the rapid growth of the 

legume. Our results demonstrate that the use of brazilian mahogany presents more promising results regarding the production 

of biomass above ground. 

Ingá plants have rapid growth, promote the suppression of aggressive grasses, have high litter productivity, provide 

soil protection and greater availability of nutrients (Celentano et al., 2011). In contrast, the leaves of this species have a high 

recalcitrant fraction and a low relative rate of decomposition. 

For litter, the highest yields occurred in the period of lowest rainfall, an inversely proportional relationship, when 

there is an increase in rainfall, there is a decrease in the litter accumulated above the soil. These data are similar to those found 

by Fernandes and Scaramuzza (2007), who observed different values of annual litter production, attributed to the variation of 

the tree components of the systems, which presented varied water retention capacities and consequent production. 

For all the treatments observed, with the exception of those that make up the monoculture (S3L1 and S3L2), the litter 

production was higher in the period of lower precipitation, a factor that promotes leaf loss, in an attempt to reduce water loss 

by photosynthetic processes of the plant. The water deficit in the soil has a great relationship with the production of litter, that 

is, the low availability of water in the soil causes the plant to activate its water saving mechanisms, one of which is the 

elimination of part of the foliage (Poorter et al., 2019). 

The difference observed for the production of litter and biomass between the systems is related to the tree species 

implanted in these agroforestry systems, which present different phenological behaviors and, consequently, differentiated 

production. Evaluating the litter production of 32 species individually, Zalamea and González (2008) observed that each 

species presented different characteristics of litter production, even under similar edaphoclimatic conditions.  

The decomposition of litter in regions such as in the Brazilian Amazon (humid tropical) is accelerated and quickly 

supplies nutrients to the soil, but there is a high variation in the quantity, quality and decomposition of this litter (Zhang et al., 

2014, Correia et al., 2018). This is due to several factors, including rainfall and the type of species that make up the area. In 

fact, our results showed that there is a significant difference between the species that make up the agroforestry systems and the 

period evaluated. Additionally, we observed that this variation is still due to the spot collected within the system. 

According to Zhang et al. (2014), the amount of litter deposited in the soil is regulated by different factors worldwide. 

For example, in temperate forests they mention that temperature and radiation are major factors in regulating the amount of 

litter. In tropical forests, precipitation and radiation dominate the seasonality of litter fall in the soil, corroborating our results. 

In comparison with the adoption of agroforestry systems, the area of single orange cultivation showed much lower 

values for the production of biomass and litter, which shows that the composition and presence of tree individuals in the 

studied agroforestry systems was fundamental for the increase of biomass production and litter at all collection sites within 

each system (Gazolla-Neto et al., 2013). 

Excessive solar radiation can impair growth by negatively influencing photosynthesis and increasing respiratory rate, 

reducing liquid photosynthesis and the increase in plant biomass (Taiz et al., 2017). Thus, it can be justified that the absence of 

shading was detrimental to the production of biomass in the evaluated conditions.  

Our results provide important information regarding the adoption of agroforestry systems and forest species used in 

sour orange cultivation in the Amazon region. We recommend further studies regarding the quality of the deposited biomass, 

more soil quality parameters and the use of other forest species. 
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5. Conclusions  

Agroforestry systems promoted greater biomass and litter to the soil compared to the monoculture of orange. In this 

way, they were configured as a beneficial practice for the soil in sour orange crops in the Brazilian Amazon. 

The litter production was higher in the agroforestry system with the presence of I. edulis, in the cultivation line. The 

period of lower precipitation promoted a greater production of dry mass of litter and biomass. 
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