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ABSTRACT 
 

The biodiversity or diversity of macrofauna depends on abiotic environmental factors and 

biotic environmental factors. Macrofauna plays a role in decomposing organic matter so 

that it can restore and maintain soil productivity. The study aims to determine the diversity 

of soil macrofauna in the Complex Agroforestry system and its effect on the decomposition 

of coffee litter. The research was carried out by observation of soil macrofauna and 

observation of litter decomposition rate using RAK which was composed of 2 factors, 

namely the type of agroforestry and the difference in the age of coffee plants. The results 

showed that the macrofauna diversity of soil in Complex Agroforestry and Simple 

Agroforestry was not different because the amount of shade and diversity were almost the 

same. The Soil Macrofauna Diversity Index showed a low category (H' < 2) with an average 

INP value of 40 – 48%. Biotic factors (litter production) and abiotic factors (temperature 

and humidity) affect the diversity of good macrofauna. A high macrofaunaa population will 

affect the rate of decomposition of debris where macrofauna plays a role in remodeling 

organic matter. 

1. INTRODUCTION 

The agroforestry system is a form of land use that influences the physical, chemical and biological characteristics of the 

soil. Agroforestry is a form of resource management by combining forest management activities (timber) with planting 

commodities (short-term crops) such as agricultural crops. The agroforestry model that has developed in Indonesia is 

coffee agroforestry. Agroforestry utilizes a combination of planting patterns between forestry plants and agricultural 

crops to maintain sustainability and provide ecological, social and economic benefits (Winara, 2018).  

Biodiversity is the diversity of living things both on land, water and other ecosystems. One part of soil biodiversity 

is the soil fauna group that plays a role in improving the physical, chemical and biological properties of the soil (Saputra 

& Agustina, 2019). Macrofauna is a group of soil organisms that play a role in the decomposition process of soil organic 

matter. Soil macrofauna play a role in the decomposition of dead plant and fauna material, transporting organic matter 

from the surface to the soil, improving soil structure and the soil formation process (Hanna, 2022). In the decomposition 

of organic matter, the role of macrofauna is more in the fragmentation process and providing good environmental 

facilities (microhabitats) for the further decomposition process carried out by mesofauna and soil macrofauna as well as 

various types of fungi and bacteria (Anugerah et al., 2022). The existence of soil macrofauna is determined by several 

environmental factors, namely the biotic environment and the abiotic environment. Environmental factors that can affect 

the activity of organisms in the soil such as climate (rainfall, temperature), soil (acidity, humidity, soil temperature, 

nutrients) and vegetation (forests, grasslands), sunlight and food availability (Wibowo & Slamet, 2017).  
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Research on macrofauna diversity has been widely conducted, including in teak and jalawure agroforestry (Winara, 

2018) and in three different forest stands, namely the damar (Agathis loranthifolia) tree ecosystem, pine (Pinus merkusii) 

and puspa (Schima walichi) (Wibowo & Alby, 2020). However, studies on macrofauna diversity with different coffee 

ages and types of agroforestry and different microclimates and their roles in decomposition rates have not been widely 

conducted. Based on these reasons, it is necessary to conduct research on macrofauna diversity and its role in processes 

such as organic matter decomposition, especially litter decomposition in simple and complex agroforestry. 

2. MATERIALS AND METHODS 

This research was conducted from September to November 2023. The activities took place in Bangelan Village, 

Wonosari District, Malang Regency, East Java. The activities were carried out in two different plantations: a Simple 

Agroforestry Plantation (AGS) with coffee and lamtoro (Leucaena leucocephala) plants, and a Complex Agroforestry 

Plantation (AGK) with coffee, lamtoro, and durian plants. 

 

Figure 1. Map of research location with six sampling points 

The research is a factorial experiment with treatments arranged according to a Randomized Factorial Design (RAKF) 

with 2 factors. Factor 1 is the difference in litter types, namely coffee and lamtoro litter and coffee, lamtoro and durian 

litter. While factor 2 is the difference in microclimate conditions based on variations in 3 different coffee age groups, 

namely 3-4 year old coffee, 9-10 year old coffee and >25 year old coffee. Data analysis was carried out by calculating 

the density index, calculating the estimated decomposition rate, and the diversity index using the Shannon-Weaver 

formula. The following equations are used, among others: 

a) Density 

Density is the number of individuals of a species per unit of space (Suin, 2005). The equations used to determine the 

density value include: 
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Density (D) Type A = 
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑦𝑝𝑒 𝐴 𝑝𝑙𝑜𝑡𝑠

𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑙𝑜𝑡𝑠
      (1) 

Relative Density of Type A = 
𝑑𝑒𝑛𝑠𝑖𝑡𝑦 (𝐷) 𝑡𝑦𝑝𝑒 𝐴

𝑠𝑢𝑚 𝑜𝑓 𝑑𝑒𝑛𝑠𝑖𝑡𝑖𝑒𝑠 𝑜𝑓 𝑎𝑙𝑙 𝑡𝑦𝑝𝑒𝑠
× 100%   (2) 

b) Frequency 

Frequency is the number of species found during sampling during research. This variable shows the distribution pattern 

of soil macrofauna in the research area. The equations used to determine the frequency value include (Suin, 2005): 

Frequency of species A = 
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑙𝑜𝑡𝑠 𝑤ℎ𝑒𝑟𝑒 𝑡𝑦𝑝𝑒 𝐴 𝑤𝑎𝑠 𝑓𝑜𝑢𝑛𝑑

𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑙𝑜𝑡𝑠
     (3) 

Relative frequency of species A = 
𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝑜𝑓 𝑡𝑦𝑝𝑒 𝐴

𝑠𝑢𝑚 𝑜𝑓 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑖𝑒𝑠 𝑜𝑓 𝑎𝑙𝑙 𝑡𝑦𝑝𝑒𝑠
× 100%   (4) 

c) Importance Value Index (IVI) 

Importance value is the relative value of the function, role and level of adaptability of a population compared to other 

populations in a community. Important values are expressed as cumulative values of relative density and relative 

frequency variables, with the equation (Warda et al., 2024): 

Important value = Relative density + Relative frequency   (5) 

d) Estimation of Decomposition Rate 

The decomposition rate (D) was calculated from weight loss (W) using the following approach (Andrianto et al., 2015): 

𝐷 =
𝑊

𝑡
         (6) 

𝑊 =
𝑊0−𝑊𝑡

𝑊0
× 100%      (7) 

where W0 is initial litter weight (g), Wt is final dry litter weight (g), and t is observation period. 

e) Shannon-Weaver Diversity Index 

The diversity index (H’) was calculated using the Shannon-Wiener (1949) formula, as the following: 

H’ = − ∑ (
𝑛𝑖

𝑁
ln

𝑛𝑖

𝑁
)       (8) 

where H’ is Shannon-Wiener diversity index, ni is number of individual of species i, and N is total number of individuals. 

The diversity was categorized based on H’ values, namely low (H’ ≤ 2), medium (2 ≤ H’ ≤ 3), and high (H’ ≥ 3). 

3. RESULTS AND DISCUSSION 

3.1. Environmental Conditions 

Temperature and Humidity 

Temperature plays an important role in regulating soil fauna activities because temperature affects the speed of chemical 

reactions in the body and determines metabolic activities. Based on the results of the t-test analysis, it shows that there 

is no significant difference in soil temperature between Simple Agroforestry (AGS) and Complex Agroforestry (AGK). 

The temperature that is not different between AGS and AGK is influenced by the almost the same land conditions due 

to pruning of coffee plants, resulting in almost the same plant conditions. The temperature of the topsoil fluctuates in 

one day and one night and depends on the season. Temperature fluctuations depend on weather conditions, area 

topography and soil conditions (Nurrohman et al., 2015). 
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Figure 2. Average morning soil temperature during 8 weeks observation (AGS: Simple Agroforestry; AGK: Complex Agroforestry)  

 

Figure 3 Average morning air temperature during 8 weeks observation (AGS: Simple Agroforestry; AGK: Complex Agroforestry) 

 

Figure 4. Average soil temperature during 8 weeks observation (AGS: Simple Agroforestry; AGK: Complex Agroforestry) 

High air temperatures can accelerate the evaporation of water from the soil, which in turn can affect soil moisture 

(Maftu'ah et al., 2018). High air temperatures in AGS2 are influenced by several factors such as altitude and canopy 

cover which affect light intensity. The average temperature variance that is not significantly different is influenced by 

several factors such as altitude and canopy cover which affect light intensity. Land cover in the form of trees functions 

to control temperature at a location. Research by Rushayati et al. (2011) in Yenri et al. (2023), concluded that the higher 

the percentage of green open space, the lower the air temperature and vice versa. Temperature fluctuations depend on 

weather conditions, area topography and soil conditions (Nurrohman et al., 2015). 
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Soil moisture or humidity also plays an important role in plant growth because plants need appropriate soil moisture 

to absorb nutrients properly and grow optimally. In addition, soil moisture also affects the activity of soil organisms, 

such as macrofauna and mesofauna, which play a role in the decomposition process, carbon flow, nutrient redistribution, 

and soil formation (Wibowo et al., 2017). Rainfall is one of the causes of high soil moisture in an area where high 

rainfall can increase soil moisture, while low rainfall can decrease soil moisture (Pradiko et al., 2020). 

3.2. Soil Conditions 

Physical Properties of Soil 

Physical properties of soil are soil properties related to soil fertility and affect plant growth and production. Soil texture 

is an important physical property because it affects plant growth and can indirectly improve the circulation of water, air 

and heat, the activity of soil organisms, the availability of nutrients for plants, the decomposition of organic matter, and 

the ease with which roots can penetrate deeper into the soil (Mustawa et al., 2017). In general, the proportion of sand at 

the research location has a relatively low range, which is between 17.9-21.6%, while the proportion of dust has a range 

of between 20.3-28% and clay has the highest range between 50.4%-61.8%. Soil with high clay content tends to have 

higher water content and cation exchange capacity because the clay fraction has a large specific surface area of around 

800 m2 so that it is able to adsorb water molecules and cations (Nurhartanto et al., 2022). Clay particles are the smallest 

soil fractions so that they have high total porosity but are dominated by micropores or capillary pores so that the 

infiltration rate is low (Haghnazari et al., 2015). Other parameters of soil physical properties are soil bulk density and 

soil specific gravity. 

The average soil bulk density at the AGSlocation was 1.27 g/cm3, while at the AGK location the average soil bulk 

density was around 1.35 g/cm3. This figure has slightly exceeded the density at all research locations ranged from 2.19 

to 2.38 g/cm3. Soil with a density of more than 2 g/cm3 generally has high density and low porosity, so it can affect the 

physical properties of the soil and the availability of water for plants and soil macrofauna. The bulk density of soil is 

used to assess the density of the soil, where the smaller the bulk weight of the soil, the more loose the soil and vice 

versa, the greater the bulk density of the soil, the denser the soil (Nurhartanto et al., 2022). 

Table 2. Soil Physical Properties Measurement Results in Simple and Complex Agroforestry 

Agroforestry Type 
Soil Physical Properties 

Soil Bulk Density (g/cm³) Soil Particle Density (g/cm³) 

AGS1 1.27 2.36 

AGS2 1.35 2.38 

AGS3 1.30 2.26 

AGK1 1.27 2.19 

AGK2 1.36 2.22 

AGK3 1.40 2.26 

Note: AGS = Simple Agroforestry; AGK = Complex Agroforestry 

Soil Chemical Properties 

Soil chemical components, such as pH, organic matter content, and nutrient availability, affect the balance of plant 

nutrients and the activity of microorganisms in the soil. Sufficient organic matter content can support the existence of 

soil macrofauna, while extreme soil pH or low nutrient availability can affect the diversity and abundance of soil 

macrofauna (Nurhartanto, et al., 2022). 

The results of the study of soil chemical properties showed that the highest C-organic content was in AGS3 (2.12%) 

and the low C-organic content was 1.53% in AGK3. The average C-organic content in AGS was 1.89% while the average 

C-organic content in AGK was 1.60%. This shows that in AGS the C-organic content is higher than in AGK. This can 

be influenced by the very passive land management so that the C-organic content in the soil decreases. The organic 

matter content of the soil that is considered good ranges from 1–4% to support healthy and productive plant growth. The 

organic matter content in the range of 4–8% is included in the criteria for excessive organic matter (Supriyantini et al., 

2017). The pH content of the soil at the research location ranged from 4.43–5.16 which means it is included in the very 



Marthalina et al.: Study on Soil Macrofauna Diversity and Its Role in Litter Decomposition ……… 

1967 
 

acidic to acidic category. The optimal pH value for plant growth is 5.5–6.5 (Balitri, 2017). An inappropriate pH level 

will inhibit the growth of plants, microorganisms, and other organisms and then reduce the food sources available for 

soil macrofauna (Li et al., 2014). One of them is ants, if the pH is not appropriate, the ants are unlikely to survive long, 

so pH is one of the factors that determines the level of decomposition of organic matter. The total N content of the soil 

at the research location showed that the highest N content was in AGS3 (1.60%) and the lowest N content was in AGK3 

(1.17%). The higher the organic matter contained in the soil, the higher the N content in the soil so that the ability of the 

soil to provide nitrogen is highly determined by the condition of the amount of organic matter in the soil (Bakri et al., 

2016). The total N content of the soil is highly dependent on the availability of organic matter in the soil. Organic matter 

in the soil is a source of nutrients that are very much needed by plants (Sari et al., 2022).  

Table 3. Soil chemical properties measurement results in simple and complex agroforestry 

Agroforestry Type 
Soil Chemical Properties  

Organic Carbon (C-organic) (%) Total Nitrogen (N-Total) (%) pH 

AGS1 1.76 1.23 4.43 

AGS2 1.80 1.29 4.46 

AGS3 2.12 1.17 4.50 

AGK1 1.68 1.19 4.61 

AGK2 1.60 1.32 4.83 

AGK3 1.53 1.60 5.16 

Note: AGS = Simple Agroforestry; AGK = Complex Agroforestry 

3.3. Land Conditions 

Vegetation Diversity 

Coffee plants have a high relative density (DR) value in each Agroforestry with the highest value in AGK3, which is 

64.29%, then the highest relative density value of lamtoro plants in AGS1, which is 49.09% and the highest relative 

density value of durian in AGK with 13.21%. Overall, coffee plants have a high density level because they are the main 

crop so that they almost dominate the entire agroforestry. The Importance Value Index (IVI) is used to describe the 

ecological position of a type in the vegetation community. If the IVI of a type of vegetation has a high value, then that 

type greatly affects stability. The results of the analysis of the IVI show that coffee and lamtoro from both types of 

agroforestry are included in the high category while the IVI value of durian in Complex Agroforestry is classified as 

moderate. According to Handayani & Ahmed (2022), the categorization of IVI values if the IVI value > 42.66 is 

categorized as high; IVI value is 21.96 – 42.66 in the medium category and IVI < 21.96 in the low category. 

Table 4. Vegetation Diversity Index (H') in Simple and Complex Agroforestry 

Agroforestry Type Number of Individuals Number of Species Diversity Index (H') Category 

AGS1 55 2 0.69 Low 

AGS2 49 2 0.68 Low 

AGS3 68 2 0.68 Low 

AGK1 53 3 0.95 Low 

AGK2 48 3 0.93 Low 

AGK3 42 3 0.86 Low 

Note: AGS = Simple Agroforestry; AGK = Complex Agroforestry; 1: coffee plant 3-4 years; 2: coffee plant 9-10 years; 3: coffee plant > 25 years. 

The diversity of stand species (H’) is one of the vegetation parameters that can determine community stability, 

namely the ability of a community to maintain itself stable from disturbances to its components (Anggara et al., 2020). 

In this study, the diversity index was calculated on two types of agroforestry, namely Simple Agroforestry and Complex 

Agroforestry. Based on Table 4, the calculation results for the Complex Agroforestry (AGK) type have a higher diversity 

index compared to the Simple Agroforestry (AGS) type. The average H’ index value in AGS is 0.68 while the H’ index 

value in AGK is 0.91. However, it is known that from both types of agroforestry, the diversity index is still classified as 
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low with an H’ value <2, where the value with the H’ category <2 has a low criterion. The low H’ value is due to the 

type of vegetation that dominates at the location, namely Robusta coffee (Coffea canephora) so that the higher the level 

of dominance of a type, the less its diversity. However, it is known that from both types of agroforestry, the diversity 

index is still classified as low with a value of H’ < 2, where the value with the category H’< 2 has a low criterion. The 

low value of H’ is due to the type of vegetation that dominates the location, namely Robusta coffee so that the higher 

the level of dominance of a type, the less diversity it has. The high or low diversity index of a plant community depends 

on the number of species and the number of individuals (Hidayat, 2017). 

Litter Production 

Litter production is the amount of litter that falls to the forest floor in a certain period per unit area. The difference in 

the age of coffee plants in agroforestry land, both simple and complex, also affects litter production. The results of the 

t-test showed a t-count value (3.7172) > t-table (1.7138) which means there is a significant difference in the average 

litter production between Simple Agroforestry (AGS) and Complex Agroforestry (AGK). The difference in litter input 

obtained for each location point is due to temperature factors, differences in plant species density and  plant  age  which  

indirectly  affect  it.  The decrease in litter production is influenced by environmental conditions, namely microclimate. 

When the dry season and temperatures become high, the plants will shed their leaves so that litter production increases. 

When entering the rainy season, litter production will decrease. Research by Mitha et al. (2019), states that the dynamics 

of litter loss of coffee plants and their shade trees are caused by the dry season and litter production is also caused by 

the type of shade tree. Total litter input consists of branch, twig, and leaf litter. Each agroforestry area has a different 

ability to produce litter input. 

 

Figure 5. Average litter production in coffee-based agroforestry during 8 weeks observation 

Litter Quality 

The content of soil organic matter is influenced by the amount of organic matter and carbon input from plants growing 

on it. The quality of soil organic matter is determined by its chemical properties and characteristics, including C-organic, 

N-total, polyphenols, and lignin. Lignin plays an important role in determining the rate of litter decomposition (Jayanthi 

& Arico, 2017). The chemical composition of soil organic matter used for the litter decomposition study can be seen in 

Table 5. 

Table 5. Chemical Composition of Plant Biomass Organic Material in Agroforestry Land 

Biomass Total C (%) Total N (%) Lignin (L) (%) Polyphenol (P) (%) C/N L/N (L+P)/N 

Coffee 26.1 1.44 24.76 5.56 18.12 17.19 21.06 

Lamtoro 3.26 0.77 20.00 3.20 4.23 25.97 30.13 

Durian 7.55 1.65 15.45 6.70 4.57 9.36 13.42 

Note: AGS = Simple Agroforestry; AGK = Complex Agroforestry 
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According to Hairiah et al. (2004), litter is categorized as rapidly decomposing if it has a C/N ratio <25, lignin 

content <15, and polyphenols <3. Based on the analysis results, the organic material used for this study has a relatively 

low quality. This is indicated by the lignin content value with a range of around 15.45% to 24.76% and polyphenol 

content of around 3.2% to 6.7%. Polyphenols generally have a negative effect on the litter decomposition process 

because they interfere with enzymes and proteins. However, several functions in the soil and litter layers are influenced 

by different polyphenols (Adamczyk et al., 2017). Litter containing polyphenols can reduce the number of important 

organisms during decomposition. Based on the results of the C/N ratio calculation, overall the coffee biomass content 

used has a high C/N value of around 18.12 while the lamtoro and durian biomass ranges between 4.23 and 4.57 

respectively so that of the three types of litter, coffee litter will take longer to decompose than lamtoro and durian litter. 

According to Krismawati & Hardini (2014), litter with a high C/N value will decompose more slowly. The nitrogen 

content in leaves can increase the rate of decomposition, while the carbon content in leaves tends to reduce the rate of 

decomposition (Ristok et al., 2019). Thus, the high carbon content in leaves will slow down the rate of litter 

decomposition (Eichenberg et al., 2015). 

3.4. Macrofauna Diversity 

The diversity of soil macrofauna plays a role in improving the physical, chemical, and biological properties of the soil. 

Macrofauna at soil depths reaching 0–20 cm and 20–40 cm found in AGS and AGK in Bangelan Village, Wonosari 

District, Malang Regency amounted to 5 species, including earthworms (Lumbricus terrestris), red ants (Solenopsis 

invicta), black ants (Dolichoderus thoracicus), centipedes (Chilopoda) and subterranean termites (Macrotermes sp.). 

The diversity index (H’) aims to determine the number of species in a region in a particular community (Nasirudin 

& Susanti, 2018). Based on the results of the Index calculation, it is known that the diversity of macrofauna found is 

relatively low (H’ <2). The low macrofauna diversity index is inseparable from the limited supporting factors for 

macrofauna diversity,  one  of  which is  environmental  factors.   The Diversity Index is used to determine the level of 

plant species diversity at all growth phases in a community. The types of macrofauna that dominate the research location 

include termites with an IVI value of 48.41% in AGS and 47.78% in AGK. The average value of the IVI between AGS 

and AGK is 40% so that descriptively there is no significant difference in IVI values between the two observation plots 

based on the results of the t-test. The results of the analysis show a t-count value (-1.154) < t-table (2.132) which means 

there is no difference in the average between the AGS IVI value and the AGK IVI value. If seen in Table 6, termites are 

said to dominate with a fairly high Relative Density (DR) value in each type of agroforestry. This is influenced by the 

availability of organic matter as black food at the research location, possibly as well as temperature and humidity factors. 

Table 6. Density and Abundance of Soil Macrofauna Population in Agroforestry Land 

Plot Macrofauna Species N D DR (%) F FR (%) INP (%) H' Index 

AGS 

Lumbricus terrestris 431 32.4 24.50 1 20 44.49 

1.41 

Solenopsis invicta 407 30.6 23.12 1 20 43.13 

Dolichoderus thoracicus 410 30.2 23.30 1 20 43.30 

Macrotermes sp. 500 31.8 28.40 1 20 48.41 

Chilopoda 12 0.8 0.70 1 20 20.68 

AGK 

Lumbricus terrestris 412 24.2 24.08 1 20 46.89 

1.42 

Solenopsis invicta 419 20.6 24.49 1 20 42.89 

Dolichoderus thoracicus 420 20.0 24.54 1 20 42.22 

Macrotermes sp. 445 25.0 26.01 1 20 47.78 

Chilopoda 15 0.2 0.88 1 20 20.22 

Note: C = earthworm (Lumbricus terrestris); SM = red ant (Solenopsis invicta); SH = black ant (Dolichoderus thoracicus); K = centipede (Chilopoda); 

R = subterranean termite (Macrotermes sp.); AGS = Simple Agroforestry; AGK = Complex Agroforestry. 

 

Several factors that influence the abundance of soil macrofauna include: (1) Physical properties of the soil (bulk 

weight and specific gravity) (2) Chemical properties of the soil (soil pH, C-organic and N-Total soil); (3) Litter 

Production; (4) Temperature and (5) Soil humidity. Soil C-organic greatly influences macrofauna. The high and low C-

organic in the soil is related to organic matter. The higher the C-organic, the higher the population of macrofauna in the 

soil. High organic matter content in the soil causes the activity and population of soil fauna to increase in relation to the 
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activity of soil fauna as decomposing organisms and the mineralization process of organic matter (Nasirudin & Susanti, 

2018). The high total N content is due to the high organic matter content of the soil. Sufficient organic matter content 

will increase the activity of soil organisms so that this also affects the increase in the value of N-total soil. The content 

of N-total soil has an effect on the abundance of termites (Fitri & Ulfa, 2012). 

Relationship of Litter Production to Macrofauna 

Organic material from plant and fauna remains of soil organisms, both decomposed and decomposed, determines the 

type and abundance of soil fauna. Soil organic matter is a source of energy for soil macrofauna to maintain their 

sustainability. The composition and type of leaf litter determine the type of fauna on a plot of land and the amount of 

litter determines the density of soil fauna (Nurrohman et al., 2018). The results of the F test show that litter production 

affects the population of soil macrofauna because the F values (16.412) > F sig 5% (3.9519). Organic matter is a food 

source for microorganisms that live in the soil. The more organic matter, the greater the population of macrofauna in the 

soil (Risman & Ikhsan, 2017). This relationship is also shown. There is a strong relationship between litter production 

and soil macrofauna (Figure 6a) with a high correlation coefficient value, namely R2 = 0.6212. 

  
Figure 6. (a) Relationship of litter production and soil macrofauna population, (b) Decomposition rate during 8 weeks obsrvation 

3.5. Litter Decomposition Rate 

The rate of litter decomposition at the research location was calculated from the change in dry weight of the litter during 

the decomposition process. The results are presented in Figure 6b. Rapid weight loss is caused by organic matter utilized 

by soil macrofauna to obtain energy and cell components. Slower weight loss is caused by the decreasing carbon source 

from organic matter (Mali et al., 2021). Based on the results of the analysis of variance test, it is known that there is no 

difference in the average decomposition rate in each plot during 8 weeks of observation, indicated by the F value 

(0.6220) <F sig 5% (4.0517). The decomposition process occurs due to several abiotic factors including canopy density, 

air temperature, humidity, and soil temperature. High canopy density increases litter input and humidity, and lowers soil 

and air temperatures, which stimulates the activity of decomposing organisms. Devianti & Tjahjaningrum (2017), 

showed that the rate of litter decomposition is usually high at first and then decreases, along with the reduction in organic 

matter available for decomposition by microbes. The rate of decomposition can reflect the quality of litter and the 

availability of materials needed by soil microorganisms. 

Relationship of Abiotic Factors to Macrofauna 

Microclimate is an important factor that influences the activity of soil organisms, including soil macrofauna. Soil 

temperature has a strong relationship with the abundance of macrofauna with a high correlation coefficient value of R2 

0.7103. Each type of soil fauna has an optimum temperature range so that high temperatures will affect soil microbial 

activity. As explained by Robinso et al. (2018), that fluctuations of 10-20°C with an average of 15°C do not have the 

same effect on soil fauna when compared to an environment with a constant temperature of 15°C. Soil temperature is a 
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soil physical factor that greatly determines the level of diversity of soil macrofauna species. Soil temperature greatly 

determines the process of decomposition of soil organic matter (Sierra  et al., 2017). 

   

Figure 7. Relationship of abiotic factors to macrofauna: (a) soil temperature, and (b) soil moisture 

The effect of soil moisture on macrofauna is shown by the R2 value of 0.6301 (Figure 7b). High humidity can affect 

the diversity of soil organisms because it can cause soil fauna to die and migrate to other vegetation, thus affecting the 

macrofauna population in that vegetation (Rhengi et al., 2022). Temperature also has a limiting effect on the growth of 

organisms when the humidity is extremely high or low, but humidity has a more critical effect on organisms at extremely 

high or extremely low temperatures, in addition, soil humidity also greatly affects nitrification, high humidity is better 

for soil fauna than low humidity (Utami et al., 2019). 

Relationship of Abiotic Factors to Decomposition Rate 

A hot and humid environment can encourage high levels of macrofauna and microorganism activity where the activity 

of macrofauna and microorganisms increases, along with increasing soil moisture. Based on the results of the analysis 

between soil temperature and the decomposition rate in the graph below, it is known that there is a strong relationship 

with a correlation coefficient value of R2, which is 0.6304 (Figure 8). This means that soil temperature has an effect on 

the litter decomposition process. Meanwhile, air temperature does not affect the litter decomposition rate because the 

correlation coefficient value is low. An increase in temperature in a land area may reduce litter decomposition rate under 

dry conditions; litter decomposes more rapidly during the wet season when moisture is ample (Sierra et al., 2017). 

 

Figure 8. Graph of the relationship between soil temperature and decomposition rate 
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Relationship of Soil Macrofauna to Decomposition Rate 

Based on the graph in Figure 9a, it is known that the population of soil macrofauna to the rate of decomposition has a 

strong relationship with a high R2 correlation coefficient value of 0.6551, which means that there is a positive correlation 

between the abundance of soil macrofauna found to have a significant effect on the rate of decomposition. The higher 

the decomposition rate, the greater the macrofauna population because of the role of macrofauna in breaking down litter 

into small pieces (Anggraeny et al., 2017). The results of observations showed that the dominant soil macrofauna were 

from the Insecta class, namely black ants, termites and red ants. Soil insects that act as decomposers of organic matter 

turned out to dominate the population. Soil insects have the ability to break down litter and organic matter. 

  

Figure 9. Decomposition rate as affected by: (a) Macrofauna population, and (b) H’ Macrofauna index  

It is known that the soil macrofauna diversity index and the decomposition rate have a strong relationship with a 

high correlation coefficient R2 value 0.7806 with the equation y = 404.76x2 – 1132.1x + 798.88 (Figure 9b), means that 

the diversity of soil macrofauna found significantly affects the decomposition rate.  The higher the decomposition rate, 

the greater the diversity of macrofauna because of the role of macrofauna in breaking down litter into small pieces 

(Anggraeny et al., 2017). The results of observations showed that the dominant soil macrofauna were from the Insecta 

class (insects), namely black ants, termites and red ants. According to Meilin & Nasamsir (2016), soil insects that act as 

decomposers of organic matter actually dominate the population. Soil insects have the ability to break down litter and 

organic matter. Black ants, red ants, termites and worms can help create larger spaces for other organic materials, such 

as litter, by breaking them down into smaller pieces. Earthworms in their life cycle can make burrows in the soil by 

eating soil mass and organic matter. Earthworm burrows increase infiltration and aeration, reduce surface flow, support 

earthworm movement to avoid environmental stress, and serve as a place to store and digest food (Riana, 2020). 

4. CONCLUSION  

Based on the research that has been carried out, it can be concluded that the diversity of soil macrofauna in Complex 

Agroforestry and Simple Agroforestry is not different because the amount of shade and diversity are almost the same. 

Biotic factors (litter production) and Abiotic Factors (soil temperature, soil moisture) affect the diversity of macrofauna 

in both Complex Agroforestry and Simple Agroforestry, and the abundance of macrofauna affects the acceleration of 

the rate of litter decomposition where macrofauna play a role in breaking down organic matter so that the increase in 

the macrofauna population accelerates the litter decomposition process. 
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