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Abstract. Hasannudin DAL, Nurrochmat DR, Ekayani M. 2022. Agroforestry management systems through landscape-life scape 
integration: A case study in Gowa, Indonesia. Biodiversitas 23: 1864-1874. Agroforestry has a potentially important role in increasing 
farmers' income and sustainable landscape management. The need to increase income from a community with limited land area, 
resulting in indiscriminate deforestation and shifting cultivation, has accelerated soil erosion. This study addresses the problem by 
evaluating land use and land cover change structure and prediction, providing plant types' preferences for agroforestry systems based on 
social, business feasibility, and ecological suitability. This study was conducted in Bontolerung Village, part of the KPH Jeneberang 1's 
working area, Tinggimoncong Sub-district, Gowa District, South Sulawesi Province, Indonesia. The data was collected from January to 

March 2021 using a snowball-purposive sampling method. The analysis data used land use and land cover change, land management 
patterns, cost and revenue, household expenditure and income, financial feasibility -Net present value (NPV), Benefit-cost ratio (BCR), 
and Internal rate of return (IRR), and ecological suitability (invasive series). The study finds that forest cover losses are 17% from 2010-
2020 and converted into agricultural land. The agroforestry patterns of coffee, coffee-cloves, and coffee-cloves-iles-iles are feasible to 
cultivate following the NPV, BCR, and IRR criteria. Agroforestry systems contributed 26% to farmer household income. The value 
shows a low percentage compared to the non-agroforestry income (74%). The coffee-cloves agroforests show the highest gains with an 
average annual income of IDR 43,017,192 (US$ 3,024.9). This study promotes using agroforestry to reforest the existing degraded 
lands. Agroforestry systems offer great potential for environmental conservation and contribution to human well-being. 
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INTRODUCTION 

Appropriate forests planning is necessary to realize 

sustainable forest management (Yovi and Nurrochmat 

2018; Santoso et al. 2019). The community-based forestry 

land is managed by applying non-timber forest products 

and an agroforestry system. Agroforestry is a land-use 

management system that manages main crops with 

combination plants and/or animal production (Purwoko et 

al. 2019). Agroforestry in this study included mixed dry 

agriculture. The agroforestry system is expected to restore 

forest function (Sobola et al. 2015; Harbi et al. 2018; 

Phondani et al. 2020; Rahmani et al. 2021). Agroforestry 
application relies heavily on knowledge of farmer 

production, farmer interaction with the landscape, and 

socio-economic aspects (Hughes et al. 2020; Phondani et 

al. 2020, Astuti et al. 2020; Rossita et al. 2021). 

Furthermore, non-timber forest products and agroforestry 

practices can significantly improve community welfare 

(Mbow et al. 2014; Adalina et al. 2014; Rahmani et al. 2021). 

Life scape is defined as human activities, including 

cultural, social, and economic, that affect the biophysical 

conditions of environmental ecosystems (Veisi et al. 2012; 

Tajuddin et al. 2019). Life scape dynamics can affect the 

forest landscape in an increasingly better direction. It 
involves restoring a healthy ecosystem, protecting water 

sources, mitigating and adapting to climate change, 

conserving biodiversity, and enhancing human well-being 

in deforested or degraded areas through appropriate 

forestry policies (Sahide et al. 2015; Gibbes et al. 2017; 

Tajuddin et al. 2019; Nurrochmat et al. 2020), governance 

systems (Erbaugh and Nurrochmat, 2019; Nurrochmat et 

al. 2021) and collaboration between multi-stakeholders 

(Hasannuddin et al. 2019; Nurrochmat et al. 2017). On the 

other hand, intensive human activity can cause changes in 

structure (Tscharntke et al. 2012) and overall ecosystem 
function (Alvarado et al. 2018; Tan Jianbo et al. 2019). 

This activity led to the change from forest areas to non-

forest areas (Fearnside 2018; Birkhofer et al. 2018; Sousa 

et al. 2019), which can trigger environmental disturbances 

(Dayamba et al. 2016; Haregeweyn et al. 2017; Ebabu et al. 

2019; Kidane et al. 2019; Rafaai et al. 2020). 

The intensification of agroforestry management has 

great potential for land degradation. One of the causes is 

the pressure of increasing population density (Mutoko et al. 

2014). This pressure limits the amount of land available to 

the community in the forest's vicinity. Land use and land 

cover (LULC) is not just about the structure of geography, 
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also about the socio-economic and institutionally 

organized. (Naikoo et al. 2020). So that LULC will 

experience changes as the population increases 

(Haregeweyn et al. 2017; Naikoo et al. 2020). Analysis of 

land cover and landscape patterns is considered effective in 

identifying the causative factors of changes in the forest 

landscape (Avanzini et al. 2016) through creating a spatial-

temporal model (Beiroz et al. 2018; Harris et al. 2019; 

Nurrochmat et al. 2020). Appropriate landscape planning 

and good forest governance are needed to sustain 
agroforests (Erbaugh et al. 2016). Landscape management 

has an impact not only on the livelihood of the community 

around the forest but also on ecological sustainability 

(Jansson and Lindgren 2012). The sustainable forest 

management principle must be socially, economically, and 

ecologically sustainable (Sukwika et al. 2016; Yovi and 

Nurrochmat 2018).  

The aims of this study were to assess the land use and 

land cover change and prediction, analyze the preferences 

of species that will be, and have been, developed, calculate 

the business feasibility of the cultivated types of plants, and 
analyze the ecological feasibility of plant species (invasive 

series). This study also provides recommendations on plant 

types cultivated by the community based on social and 

economic aspects. The combination of landscape and life 

scape analysis is expected to be one of the best approaches 

in decision-making on land management. Thus, it will 

increase integrity between landscape and life scape and 

improve the community's welfare in a better direction. 

MATERIALS AND METHODS 

Study area  

This research was conducted in Bontolerung Village 

(5°17'17,60" S; 119°53'55,95" E), Tinggimoncong Sub-

district, Gowa District, South Sulawesi Province, Indonesia 

(Figure 1). The village consists of four environments, i.e.: 

Topidi, Panaikang, Biroro, and Bontote'ne. These four 

environments have different heights ranging from 700 to 

1200 m above sea level. The Bontolerung Village is part of 

the Jeneberang-1 Forest Management Unit (KPH 
Jeneberang-1), available for various types of land use, 

agroforestry patterns, agroforestry income, and 

commodities. According to the long-term forest 

management plant of KPHP unit XIV-I (RPHJP KPHP 

2019), the number of deforestation reported increased 

rapidly by 68% of the total KPHP area in 2019. 

Data collections 

The data was collected from January to March 2021 

using a snowball-purposive sampling method. According to 

Nurrochmat et al. (2016), the snowball approach is 

frequently used in policy research to determine respondents 
in deliberate sampling. The researcher will interview key 

informants who prior key informants recommended. The 

selected respondents are the farmers practicing the 

agroforestry system. Respondents chosen in this study 

amounted to 40 farmers (representing farmer group's 

members) with the criteria of having land that implemented 

agroforestry systems. The tools used are GPS, recorder, 

ArcGIS, QGIS Microsoft Office Excel, semi-structured 

interviews, and open questionnaires. Data collection 

methods are field observation, semi-structured interviews, 

and open questionnaires.  
 

 

 
 
Figure 1. Map of research site in Bontolerung Village, Tinggimoncong Sub-district, Gowa District, South Sulawesi Province, Indonesia 
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This research employs two types of data, i.e., primary 

and secondary data. Primary data is gathered to obtain: (i) 

the identity of respondents; (ii) the types of species that 

have been developed, and the preferences of the types of 

species to be developed; (iii) land management patterns; 

(iv) cost and revenue from agroforestry system. Secondary 

data is land use and land cover in 2010, 2015, and 2020 

using Landsat image 7 ETM+ and 8 TIRS; road network 

map; river network map; map of definitive administrative 

boundaries of Kementerian Dalam Negeri Republik Indonesia 
(Permendagri); invasive series; and village monograph. 

Data analysis 

Land use and land cover change (LULC) and the prediction  

The analysis of LULC aims to understand the landscape 

structure based on trends in land cover change due to 

community life scape interventions (Müller 2016; Gibbes 

et al. 2017). Data patterns from Landsat 7 ETM+ and 8 

TIRS photos for the last ten years were separated into three 

(three) periods, namely 2010, 2015, and 2020. The data 

were analyzed with ArcGIS 10.4.1 software. In 2010, 2015, 

and 2020, picture segmentation and manual imagery were 
used to create a closed map of image interpretation findings.  

Furthermore, the image interpretation results are used 

for LULC in the next ten years (2030), including driving 

elements such as the road network, river network, and 

Permendagri's definite administrative border map. Then, 

using an Artificial Neural Network (ANN) system with 

Multi-layer Perceptron (MLP) and Cellular Automata (CA) 

approaches, a projected study of land cover changes was 

performed. Artificial Neural Network (ANN), sometimes 

known as ANN, is an empirical modeling method capable 

of calculating, forecasting, and implementing data 
recognition and classification. It is more flexible than 

regression models (Ali et al. 2016; Yang et al. 2018). ANN 

is also widely used in remote sensing classification studies, 

including land-use change, geological mapping, and forest 

fire categorization (Chasia et al. 2017). 

 

Establishing ground checkpoint locations. A field 

check, also known as a ground check, is a stage in which 

the outcomes of picture interpretation are tested. The 

ground check location locations are determined by 

identifying points on the land cover map. The Slovin 

formula was used to calculate the number of samples 
(Mauliana et al. 2021):  

 

 
Where: 

n  : The number of samples 

N  : The number of polygons per class 

e  : Error tolerance 

A total of 35 sample sites were taken. Purposive 

sampling is a method of determining location selection that 

considers the accessibility of each location. 

 

Accuracy test of land usage and land cover. The 

results of picture interpretation in 2020 were compared to 

the actual land cover in 2020 using a confusion matrix. The 

data from the confusion matrix table is then double-

checked for accuracy using the overall and kappa accuracy 

calculations (Jaya, 2015): 
 

Overall accuracy 
 

𝑂𝐴 =
 𝑋𝑖𝑖
𝑟
𝑖=1

𝑁
 

 
Kappa accuracy 
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Where: 

Xii : The diagonal value of contingency matrix from 

the row-i and the column-i 
X+i : The number of pixels in column-i  

Xi+ : The number of pixels in row-i  

N : The number of pixels in sampling 

Analysis of determination of land management patterns 

The aim of defining land management patterns is to 

analyze the species that have developed and become 

accepted (socially acceptable) by the community's culture. 

The following analysis is required based on the 

explanation: (i) The socio-economic conditions of 

respondents work in land management in the research area. 

The characteristics of the respondents were the factors 
studied. (ii) The types of species have been developed, and 

the species' preferences to be set. (iii) Then, confirm the 

acceptance of these species based on the socio-culture of 

the local community. 

Business feasibility analysis 

Business feasibility analysis aims to evaluate the costs 

and income of agroforestry commodities. The financial 

feasibility analysis included cost analysis, revenue analysis, 

farmer household expenditure analysis, and income 

analysis (Sundari MT 2011; Suriadi et al. 2015). The 

formula used is as follows: 
 

Cost analysis 
 

 
 

Where: 

TC : Total cost (IDR/year) 
FC : Total fixed cost (IDR/year) 

VC : Total variable cost (IDR/year) 

 

Revenue analysis 
 

 
 

Where: 

TR  : Total revenue (IDR/year) 

Q  : Total production (kg/year) 

P  : Selling prices (IDR) 

 

Farmer household expenditure analysis 
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Where: 

Tp : Total farmer household expenditure (IDR/month) 

Pp : Total food (IDR/month) 

Pn : Total non-food (IDR/month)  

 

Income analysis 
 

 
 

Where: 

  : Income (IDR/year) 

TR  : Total revenue (IDR/year) 

TC  : Total cost (IDR/year) 

Furthermore, confirming the type of plants based on 

financial analysis. The financial analysis parameters consist 

of Net Present Value (NPV), Benefit Cost Ratio (BCR), 

and Internal Rate of Return (IRR) (Wijaya et al. 2015; You 
et al. 2016; Zhan et al. 2019). The formula used is as 

follows: 

 

Net Present Value (NPV) 
 

  
 

Where: 

BT : benefit at time t 

Ct  : cost in year t 

n  : length of agroforestry in years 

r  : discount rate 

 

Benefit Cost Ratio (BCR) 
 

  
 

Internal Rate of Return (IRR) 
 

  
 

Where: 

i1 : discount rate resulted from NPV positive 

i2 : discount rate resulted from NPV negative 

NPV1 : NPV in interest level i1  

NPV2 : NPV in interest level i2 

Ecological suitability 

The types of species that have been studied are based 

on social and economic factors. After identifying plant 
kinds that are effective in terms of ecology, suggestions are 

made for plant types acceptable for use in the region based 

on social, economic, and ecological factors. Then 

ecological factors are considered by identifying plant 

species that threaten the environment (invasive series). 

Invasive plant species can endanger native plant species 

and harm ecosystems (Sutomo 2018; Ramadhan et al. 

2020). 

RESULTS AND DISCUSSION 

Structure of land use and land cover change (LULC)  

The image interpretation and digitization results show 

that eight classes of LULC have changed the form of 

addition and reduction of the area from 2010 to 2020. 

These classes had increased and decreased area size 

changes, including primary dryland forest, secondary 

dryland forest, settlement areas, mixed dry agriculture, 

paddy field, shrub, bare ground, and water bodies (Table 

1). The agroforestry is included in mixed dry agriculture. 
The total area of Bontolerung Village is 2053 ha. 

Table 1 presents that the settlement class experienced 

the most remarkable growth in area addition, with a 

percentage of 23 %, increasing by 6.48 ha in 2020. The 

same changes were seen in Gowa District, according to 

Djamaluddin et al. (2019). The primary dryland forest 

class, on the other hand, saw the greatest drop in the area 

between 2010 and 2020, with a reduction of 17 %, 

followed by secondary dryland forest with a loss of 16 % 

from the beginning area in 2010. According to Heidarlou et 

al. (2019), forest cover also shows a decrease in size. 
Bruggeman et al. (2016) stated that forest cover decreases 

by 14.4 km2/y. Surprisingly, the settlement areas had the 

least land utilization, but it shows the highest increase, by 

19%, during the same period. The chart of land use and 

land cover changes in 2020, 2015, and 2020 can be seen in 

Figure 2. 

The result depicted that the shrub occupied most of the 

region in 2010, 2015, and 2020. Similar results were found 

by Fagerholm et al. (2016) and Ngaji et al. (2021), 

followed by mixed dry agriculture, paddy field, secondary 

dryland forest, primary dryland forest, water bodies, bare 
ground, and settlements. As detailed in Figure 2, the shrub 

area comprised 565.54 ha in the initial period and showed 

another significant growth until the end of the period, 

reaching 624.5 ha. Shrubs can change into other classes 

depending on their intended use, for example, cultivated 

plants and settlement areas. According to Asra et al. 

(2020), the community uses shrubs as agricultural land. On 

the contrary, this study indicates a sharp drop in forest 

cover over ten years (17%). Land use and land cover class 

conversion from 2010 to 2020 can be seen in Table 2. 

The LULC also converted functions into other classes 

(Table 2). The land classes that experience the most land 
conversion are paddy fields, shrub, and mixed dryland 

agriculture. The most extensive land conversion is 

secondary dryland forest into shrubs of 41.55 ha from 2010 

to 2020. These changes can occur due to natural factors, 

farmers' needs (Yonaba et al. 2021), forest encroachment, 

and logging (Syam et al. 2012). The conversion from forest 

to Settlement area of 0.12 ha at the end of a given period. 

Wang et al. (2021) also found that intense conversion from 

forest to built-up occurred in Babesa and Serbithang areas. 

Most of the northern areas' bare ground was converted to 

the built-up area. Bare grounds were previously agricultural 
land. The study also found 5.11 ha of mixed dry agriculture 

were converted into settlement areas in Bontolerung 

Village. Wang et al. (2021) stated that rapid urban 
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expansion would lead to considerable decreases in forest 

and farmland and an increase in urban population. 

The data interpretation results showed that the eight 

classes of LULC were following the conditions in the field. 

Based on the results of matrix confusion, field checking 

points are known to have 35 sample points (N). The 

number of proven correct issues in the field is 31 points 

(X). The accuracy of acceptable image interpretation is 

greater than 85% (Arsa et al. 2020). The study had an 

overall classification accuracy of 88.57% and a Kappa 

coefficient of 86.18%. The percentage indicates that the 

interpretation of Landsat imagery results is acceptable. 

 
 
 
Table 1. Composite table of area statistics (ha) of Bontolerung Village, Gowa, Indonesia from 2010 to 2020 
 

LULC types 
Area (ha) Overall change 2010-2020 

2010 2015 2020 Area (ha) Area (%) 

Primary dryland forest 216,36 205,72 178,67 -37,69 -17% 
Secondary dryland forest 247,88 229,1 207,84 -40,04 -16% 
Settlement areas 28,10 30,71 34,58 6,48 23% 
Mixed dry agriculture 365,36 380,91 358,76 -6,60 -2% 
Paddy field 284,05 277,85 310,2 26,15 9% 
Shrub 565,54 583,01 624,5 58,96 10% 
Bare ground 162,77 162,77 161,84 -0,93 -1% 

Water bodies 183,31 183,31 176,98 -6,33 -3% 
Total 2053 2053 2053 -0.01 0.03 

 
 

 
 
Figure 2. The chart of land use and land cover changes in Bontolerung Village, Gowa, Indonesia from 2020, 2015, and 2020 

 

 

 
Table 2. Land use and land cover class conversion in Bontolerung Village, Gowa, Indonesia from 2010 to 2020 
 

Land use land cover in 

2010 

Land use land cover in 2020 
Total area 

in 2010 

(ha) 

Primary 

dryland 

forest 

Secondary 

dryland 

forest 

Settlement 

areas 

Mixed dry 

agriculture 

Paddy 

field 
Shrub 

Bare 

ground 

Water 

bodies 

Primary dryland forest 178.66 7.65 0.12 9.71 0.07 20.16 - - 216.36 
Secondary dryland forest 0.02 200.10 - 4.39 1.83 41.55 - - 247.87 

Settlement areas - - 28.02 0.08 - - - - 28.10 
Mixed dry agriculture - - 5.11 324.07 34.66 1.53 - - 365.36 
Paddy field - - 1.33 17.39 265.33 - - - 284.05 
Shrub - 0.00 - 3.13 6.75 555.67 - - 565.54 
Bare ground - - - - - - 159.28 3.48 162.77 
Water bodies - 0.09 - - 1.56 5.61 2.56 173.49 183.31 
Total area in 2020 (ha) 178.67 207.84 34.58 358.76 310.20 624.50 161.84 176.98 2053 
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Figure 3. Land use and land cover transition map in 2010, 2015, 2020 in Bontolerung Village, Gowa, Indonesia 
 
 

 
Table 3. Predicted land use and land cover in Bontolerung Village, Gowa, Indonesia from 2020 to 2030 
 

LULC types 
Area (ha) Over all change 2020-2030 

2010 2020 2030 Area (ha) Area (%) 

Primary dryland forest 216,36 205,72 178,67 -11,21 -6% 
Secondary dryland forest 247,88 229,1 207,84 10,08 5% 
Settlement areas 28,10 30,71 34,58 0,91 3% 
Mixed dry agriculture 365,36 380,91 358,76 31,68 9% 

Paddy field 284,05 277,85 310,2 -19,76 -6% 
Shrub 565,54 583,01 624,5 -13,37 -2% 
Bare ground 162,77 162,77 161,84 15,15 9% 
Water bodies 183,31 183,31 176,98 -13,33 -8% 
Total 2053 2053 2053 0.14 0.03 

  
 

 

Table 2 shows LULC prediction using CA-ANN 
analysis in 2030. The mixed dry agriculture and bare 

ground are expected to grow by 9% each. On the other 

hand, integrated dry agriculture will have the highest rise, 

with 31.68 hectares. The highest percentage of expected 

area decline, on either hand, happens in water bodies (8%). 

It is followed by primary dryland forest, paddy field, and 

shrub. Surprisingly, the percentage of secondary dryland 

forest will grow by 5% or 10.08 hectares. 

Analysis of determination of land management patterns 

Respondent’s characteristics  

The most significant percentage of respondents' age is in 
the age range between 30-49 years and 50-69, each of which 

is 43% of the total respondents (40 people). Most completed 

elementary school (35%), and only 5% graduated with a 

bachelor's degree. The average percentage of the most 

significant number of dependents in the family is 3-4 people 

(50%), and the rate of the smallest number of dependents is 
>7 people (8%). The average land area is 0.2-2 ha. The land 

area boundaries use natural boundaries such as large trees, 

large rocks, and rivers. 

Species have been cultivated, and the preferences of the 

species to be set 

A total of 7 plants were recorded in Bontolerung 

Village using agroforestry systems. Arabica coffee (Coffea 

arabica L.), cloves (Syzygium aromaticum L.), and iles-iles 

(Amorphophallus muelleri Bl.) are cultivated high-value 

commodities in the village. Usually, they are grown with 

other shade trees to form an agroforestry system. The type 
of shade trees is silk tree (Falcataria moluccana (Miq.) 

Barneby & J.W. Grimes), easter flower (Erythrina 

variegata L.), Beechwood (Gmelina arborea Roxb.), and 

redcedar (Toona sureni Merr.). Plant species belong to 

three life forms: trees, herbs, and shrubs. Figure 4 shows 
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the percentage of plant types developed and the preferences 

of the types of plants to be set. 

According to Jaya et al. (2018) and Firnawati et al. 

(2021), the local community in Gowa District has 

cultivated arabica coffee and cloves in managing its 

agricultural land. Arabica coffee (C. arabica) is the most 

dominant commodity cultivated by farmers (56%), 

followed by cloves (S. aromaticum) (39%). Meanwhile, 

iles-iles (A. muelleri) contributed the lowest cultivated 

plants (5%) in the agroforestry system. Furthermore, the 
easter flower (E. variegata L.) is the most abundant shade 

tree (43%), followed by silk tree (F. moluccana) (33%), 

redcedar (T. sureni) (14%), and beechwood (G. arborea) 

(10%).  

Coffee (C. arabica) was the dominant (55%) type of 

plant. Farmers still want to increase the number of trees on 

their land because coffee sales provide added value and 

create jobs for the surrounding community (Putra et al. 

2020). Surprisingly, the percentage of iles-iles (A. muelleri) 

represents significant growth (20%) of the types of plants 

to be developed. Utami (2021) argues that iles-iles (A. 
muelleri) is the type of plant least planted by farmers 

because it is the most sought-after crop. 

These plants are cultivated using an agroforestry 

system: coffee, coffee-cloves, and coffee-cloves-iles-iles. 

About 50% of respondents have been involved in coffee 

agroforests. The others cultivated coffee-cloves agroforests 

(40%) and coffee-cloves-iles-iles agroforests (10%).  

Silk tree is the most widely planted by farmers as their 

shade trees in coffee agroforest (42%). Interestingly, the 

easter flower (E. variegata) is the dominant plant in both 

coffee-cloves (43%) and coffee-cloves-iles-iles agroforests 
(100%). Evizal et al. (2012) state that easter flowers can 

influence coffee productivity with high yields. 

The number of coffee trees in the agroforestry system, 

i.e., coffee trees, coffee-cloves, coffee-cloves-iles-iles, was 

1,516 stems, 1,112 stems, and 692 stems, respectively. The 

number of clove trees in coffee-cloves agroforests and 

coffee-cloves-iles-iles agroforests were 267 stems and 242 

stems, respectively. Meanwhile, iles-iles is planted 30% of 

the total area of 1 ha, as many as 2,049 stems. This study 

indicates that farmers, who planted coffee agroforests, 

gained a smaller income than those who cultivated coffee-

cloves agroforests. 
The results of interviews and literature studies show 

that no types of plants are not allowed by the community to 

be planted due to local culture. In addition, there is no 

zoning of areas used as sacred places or archaeological 

sites in Bontolerung Village. Thus, the community can 

accept all types of plants being planted and farmers' 

preferences based on social aspects. 

Feasibility analysis 

Cost, revenue, and income on agroforestry management 

Farmers' production costs consist of fixed costs and 

variable costs. Fixed costs in this study include hoes, 
machetes, sickles, sprayers, crowbars, sacks, tarpaulins, 

and taxes. Meanwhile, variable costs include the purchase 

of fertilizers and labor costs for land preparation, planting 

holes, planting, fertilizing, and harvesting. The cost, 

revenue, and income of each on agroforestry management 

in Bontolerung Village are described in Table 4. 

As discussed in Table 2, the average total income of a 

household in Bontolerung Village in the agroforestry 

system is IDR 11,366,838/year/ha (US$ 799.3). 

Meanwhile, the total income from non-agroforestry is IDR 

32,968,804/year/ha (US$ 2,318.31). Thus, the contribution 

of agroforestry income to a farmer's household income was 
26.08%. The value shows a low percentage compared to 

the contribution of non-agroforestry income to the total 

farmer income of 73.92%. It is due to the respondents are 

elderly, and it affects the physical ability and age, and the 

number of commodities. According to Desmiwati et al. 

(2021), it is caused by low human resource capacities, 

including knowledge in commodities production, weak 

motivation, low skills, less experience in cultivating 

various types of intercropping plants, and age affects the 

physical ability. 

This study indicated that most respondents are elderly 
(50-60 years old), and 8% of them are above >70 years old 

and completed only an elementary school (35%). This 

study indicated that most respondents are elderly (50-60 

years old), who completed only an elementary school 

(35%). On the other hand, food and non-food expenditures 

amounted to IDR 15,902,400/year (US$ 1,118.2). It 

indicates that people have savings of IDR 28,969,991/year 

(US$ 2,037.1) or 64.96% from their income on 

agroforestry and non-agroforestry, which can support their 

lives. Furthermore, the contribution of agroforestry business to 

whole food and non-food expenditure is 73.14%.  

Business feasibility analysis on agroforestry management  

The calculation of the financial analysis is carried out 

with a 25-year cycle in an agroforestry system. The 

financial analysis results are considered the NPV, BCR, 

and IRR (Table 5). 

This study shows that the agroforestry systems are 

feasible to cultivate due to NPV>0, BCR>1, and IRR> 

interest rate values (8%) (Wijaya et al. 2015; You et al. 

2016; Magni et al. 2020). The coffee-cloves agroforestry 

pattern will generate the largest average potential income at 

IDR 43,017,192.00/ha/year (US$ 3,024.9). Followed by 

coffee-cloves-iles-iles agroforests pattern at IDR 
40,009,811/ha/year (US$ 2,813.4), and coffee agroforestry 

pattern stood at IDR 10,726,258.00/ha/year (US$ 754.3).  

Ecological suitability 

Based on previous social and economic factors, 

confirming plant species produced three types of primary 

commodities and four types of shade plants, for a total of 

seven types of plants. Based on the online database of 

invasive plants, the identification results of invasive plant 

species show two categories of plants included in invasive 

plants, as shown in Table 6. 
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Figure 4. Percentage of types and preferences of species has been developed 
 

 
Table 4. Average of cost, revenue, and income on agroforestry management in Bontolerung Village, Gowa, Indonesia (in IDR) 

 

Village 

Cost 
Total cost 

(IDR/year/ha) 
Revenue (IDR/year/ha) 

Income 

(IDR/year/ha) 
Fixed cost 

(IDR/year) 

Variable cost 

(IDR/year) 

Topidi 325,167 9,533,000 9,858,167 28,345,750 18,487,583 
Panaikang 507,417 4,156,500 4,663,917 13,208,100 8,544,183 

Biroro 297,917 4,544,000 4,841,917 12,520,500 7,678,583 
Bontote'ne 339,000 5,264,000 5,603,000 16,360,000 10,757,000 
Average 367,375 5,874,375 6,241,750 17,608,588 11,366,838 

  
 
Table 5. NPV, BCR, dan IRR in agroforestry systems with a 25-year in Bontolerung Village, Gowa, Indonesia 
 

Agroforestry patterns 
Financial value 

NPV (IDR/ha) BCR IRR (%) 

Agroforestry-based coffee  268,156,462 3.15 29.82 
Agroforestry-based coffee clove  1,075,429,798 1.90 38.90 
Agroforestry-based coffee clove iles-iles  1,000,245.286 1.83 44.49 

Note: 1 US$= IDR 14,221 

 

 
Table 6. Invasive plant species 
 

Family General name Species Type of plant 

Verbenaceae Beechwood/gmelina Gmelina arborea Merr. Tree 
Fabaceae Silk tree/sengon Falcataria moluccana (Miq.) Barneby & J.W. Grimes Tree 

Source: Invasive Species Specialist Group (ISSG (2022), Centre for Agriculture and Biosciences International (CABI) (2019) 
 
 
 

Silk tree (F. moluccana), is native to Indonesia, namely 

Maluku, Papua, and South Sulawesi (Gunawan et al. 2019), 

Papua New Guinea, and the Solomon Islands (Niemiec et 

al. 2017). Silk tree (F. moluccana), is recognized for its 

rapid wood development (Lelana et al. 2018; Gunawan et 

al. 2019), with a canopy width and height of up to 10 m 

and 30 m, respectively, and an 80 cm trunk diameter 
(Hughes et al. 2012). This plant, however, was shown to be 

an invasive species (Niemiec et al. 2017; Nopiyanti et al. 

2019). Meanwhile, Beechwood (G. arborea ), has a natural 

range that stretches from South Asia to Southeast Asia, 

including Indonesia. Invasive plant species have a harmful 

influence on humans in addition to the environment, 

notably in the areas of human health and the economy 

(Sutomo 2018; Ramadhan et al. 2020). Characteristics of 

invasive plant species can lead to the extinction of native 

species. As a result, ecosystems and biodiversity may be 

jeopardized. 

Discussion 

Forest class experienced the most significant percentage 

decline at 19%, while settlements increased 19% in the 
same period (2020). However, the shrub class has the 

largest area in Bontolerung Village. This class of shrubs 

can change to other areas of use depending on their 

intended use. In the Bontolerung Village, the shrub 

changed to mixed dry agriculture and rice fields in 2010-

2020. Furthermore, mixed dry agriculture and bare ground 
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are expected to grow by 9% each. In comparison, primary 

dryland forest is predicted to decline by 6% in 2030. 

The agroforestry system provides an appropriate 

concept for reforesting degraded lands using different 

commercial trees and crops in Gowa District. The three 

kinds of patterns evaluated in this study, i.e., coffee 

agroforest, coffee-cloves agroforest, and coffee-cloves-iles-

iles agroforest are socially acceptable, economically 

feasible, and ecologically suitable. Land management with 

coffee agroforest can also improve ecological functions, 
especially soil moisture and biomass (Asfaw et al. 2021). 

The agroforestry scheme can increase farmers' income. 

According to Staton et al. (2022), agroforestry can increase 

cumulative gross mixed income (GMI) relative to arable 

systems. Compared to non-agroforestry contributions, 

which can reach 74%, agroforestry systems can contribute 

26% to farmers' income. Land with more commodities will 

generate more revenue than land with fewer commodities 

(Wulandari et al. 2014). However, the coffee-cloves 

agroforests provide a high income compared to other 

agroforestry schemes. This condition is because of the 
various types of commodities and the amount in the land.  

This study recommends employing an agroforestry 

system to reforest degraded lands (shrubs). Paul et al. 

(2017) stated that agroforestry had been suggested as a 

global solution to increase land-use efficiency while 

reducing farmers' environmental impacts and economic 

risks. Besides, according to Karmini et al. (2017), 

agroforestry is mostly used in degraded regions as part of a 

land rehabilitation program. Then, planted those lands with 

plants that have been selected based on social, economic, 

and ecological aspects. Farmers can continue cultivating 
crops that are allowed following local culture (socially 

based), as long as they do not contradict the local 

community's norms. The plants are then chosen based on 

the economic aspect, using a feasibility analysis to 

determine whether the farmer's type of business is feasible 

and whether it would benefit the farmer/not when planted. 

Then, confirm the plants based on the ecological aspect 

(invasive series) that can harm the ecosystem. 

It is expected that land could turn into the forest again -

not a primary forest but agroforestry. The management of 

the area is based on function and the scope of the site's 

landscape (for example, the river basin), which can refer to 
new criteria and indicators of sustainable forest 

management, according to Supratman et al. (2020). Thus, 

realizing appropriate and integrated forest area 

management between landscape and life scape and 

improving community welfare in a better direction is 

imperative. Furthermore, the methods can lead to 

opportunities for healthy productivity, the capabilities for 

optimal utilization, and the sustainability of the major 

farming systems. This agroforestry system could be 

potentially employed as a land-use conflict resolution 

(Nurrochmat et al. 2020). It could be promoted as an 
appropriate concept for reforesting degraded lands and 

increasing the community's income (Pokorny et al. 2021). 

ACKNOWLEDGEMENTS 

We acknowledge the late Dr. Yulius Hero, who gave 

scientific inputs and support. We wish to acknowledge the 

Penelitian Terapan of Ministry of Education and Culture, 

Indonesia 2021-2023 that provided partial funding for this 

publication. The authors declare no conflict of interest. The 

founding sponsors had no role in the study's design, in the 

collection, analyses, or interpretation of data, in the writing 

of the manuscript, and in the decision to publish the results. 

REFERENCES 

Adalina Y, Nurrochmat DR, Darusman DR, Sundawati L. 2014. 

Harvesting of non-timber forest products by the local communities in 

Mount Halimun-Salak National Park, West Java, Indonesia. Jurnal 

Manajemen Hutan Tropika 20 (2): 103-111. DOI: 

10.7226/jtfm.20.2.103. [Indonesian] 

Agariga F, Abugre S, Appiah M. 2021. Spatio-temporal changes in land 

use and forest cover in the Asutifi North District of Ahafo Region of 

Ghana (1986-2020). Environ Challenges 5: 100209. DOI: 

10.1016/j.envc.2021.100209. 

Ali I, Cawkwell F, Dwyer E, Barrett B, Green S. 2016. Satellite remote 

sensing of grasslands: from observation to management-a review. J 

Plant Ecol 9 (6): 649-671. DOI: 10.1093/jpe/rtw005. 

Alvarado F, Andrade ER, Santos BA, Prescott G, Souza G, Escobar F. 

2018. Forest cover is more important than farmland heterogeneity and 

livestock intensification for the retention of dung beetle phylogenetic 

diversity. Ecol Indic 93: 524-532. DOI: 

10.1016/j.ecolind.2018.05.041.  

Arsa R, Mappiasse MF, Nurnawati AY. 2020. Penerapan model ca- 

Markov untuk prediksi perubahan penggunaan lahan di sub-das bila 

tahun 2036. Journal Ilmu Pertanian 5 (1): 1-10. DOI: 

10.35329/agrovital.v5i1.630. [Indonesian] 

Asfaw A, Zewudie S. 2021. Soil macrofauna abundance, biomass, and 

selected soil properties in the home garden and coffee-based 

agroforestry systems at wondo genet, Ethiopia. Environ Sustain Indic 

12: 100153. DOI: 10.1016/j.indic.2021.100153. 

Astuti EW, Hidayat A, Nurrochmat .DR. 2020. Community forest 

scheme: measuring impact in livelihood case study lombok Tengah 

District, West Nusa Tenggara Province. Jurnal Manajemen Hutan 

Tropika 26 (1): 52-58. DOI: 10.7226/jtfm.26.1.52. 

Avanzini M, Bussolon S, Caporusso L, Gios G, Goio I. 2016. Landscape 

conservation: the perspectives of experts and other stakeholders. J 

Landsc Ecol 9 (2): 5 - 28. DOI: 10.1515/jlecol-2016-0006 

Beiroz W, Sayer E, Slade EM, Audino L, Braga RF, Louzada J, Barlow J. 

2018. Spatial and temporal shifts in functional and taxonomic 

diversity of dung beetles in a human-modified tropical forest 

landscape. Ecol Indic 95: 518-526. DOI: 

10.1016/j.ecolind.2018.07.062. 

Birkhofer K, Andersson GKS, Bengtsson J, Bommarco R, Dänhardt J, 

Ekbom B, Ekroos J, Hahn T, Hedlund K, Jönsson AM, Lindborg R, 

Olsson O, Rader R, Rusch A, Stjernman M, Williams A, Smith HG. 

2018. Relationships between multiple biodiversity components and 

ecosystem services along a landscape complexity gradient. Biol 

Conserv 218: 247-253. DOI: 10.1016/j.biocon.2017.12.027. 

Bruggeman D, Meyfroidt P, Lambin EF. 2016. Forest cover changes in 

Bhutan: revisiting the forest transition.  Appl Geogr 67: 49-66. DOI: 

10.1016/j.apgeog.2015.11.019. 

Chasia S dan Ganbold Ganchimeg. 2017. Comparison between 

possibilistic c-means (pcm) and artificial neural network (ann) 

classification algorithms in land use/ land cover classification. Intl J 

Knowl Content Dev Technol 7 (1): 57-78 DOI: DOI: 

10.5865/IJKCT.2017.7.1.057. 

Dayamba SD, Djoudi H, Zida M, Sawadogo L, Verchot L. 2016. 

Biodiversity and 815 carbon stocks in different land use types in the 

Sudanian Zone of Burkina Faso, West 816 Africa. Agric Ecosyst 

Environ 216: 61-72. DOI: 10.1016/j.agee.2015.09.023. 

Desmiwati D, Variasa TO, Aminah A, Safitri AD, Hendarto KA, 

Wisudayati TA, Royani H, Dewi KH, Raharjo SNI, Sari DR. 2021. 

Contribution of agroforestry system to foarmer income in state forest 

https://doi.org/10.1093/jpe/rtw005


HASANNUDIN et al. – Agroforestry management systems in Gowa, Indonesia 

 

1873 

areas: a case study of Parungpanjang, Indonesia. For Soc 5: 109-119. 

DOI: 10.24259/fs.v5i1.11223. 

Djamaluddin M, Ramlan A, Jayadi M. 2019. Monitoring perubahan areal 

persawahan menggunakan aplikasi sistem informasi geografis. 

Journal Ecosolum 8 (1): 1-14. DOI: DOI: 

10.20956/ecosolum.v8i1.6892 [Indonesian] 

Ebabu K, Tsunekawa A, Haregeweyn N, Adgo E, Meshesha DT, Aklog 

D, Masunaga T, Tsubo M, Sultan D, Fenta AA, Yibeltal M. 2019. 

Effects of land use and sustainable land management practices on 

runoff and soil loss in the Upper Blue Nile Basin, Ethiopia. Sci Tot 

Environ 648: 1462-1475. DOI: 10.1016/j.scitotenv.2018.08.273. 

Erbaugh JT, Nurrochmat DR. 2019. Paradigm shift and business as usual 

through policy layering: Forest-related policy change in Indonesia 

(1999-2016). Land Use Policy. Elsevier, Amsterdam. DOI: 

10.1016/j.landusepol.2019.04.021. 

Erbaugh JT, Nurrochmat DR, Purnomo H. 2016. Regulation, 

formalization, and smallholder timber production in northern Central 

Java, Indonesia. Agrofor Syst 91 (5): 867-880. DOI: 10.1007/s10457-

016-0037-6. 

Evizal R, Tohari, Prijambada ID, Widada J. 2012. The role of shade trees 

in determining coffee productivity. Jurnal Agrotropika 17 (1): 19-23. 

DOI: 10.5400/jts.2012.v17i2.181-187. [Indonesian] 

Fagerholm N, Rozas EO, Raymond CM, Torralba M, Moreno G, 

Plieninger T. 2016. Assessing linkages between ecosystem services, 

land-use and well-being in an agroforestry landscape using public 

participation GIS. Appl Geograph 74: 30-46. DOI: 

10.1016/j.apgeog.2016.06.007. 

Fearnside, P, M. (2018). Brazil's Amazonian Forest carbon: the key to 

southern Amazonia's Amazonia's significance for global climate. Reg 

Environ Chang 18 (1): 47-61. DOI: 10.1111/j.1365-

2486.2012.02782.x. 

Firnawati, Kaswanto RL, Sjaf S. 2021. Pemetaan partisipatif potensi jasa 

lanskap kawasan hutan Desa Pattaneteang, Kabupaten Bantaeng. 

Journal of Natural Resources and Environmental Management 11 (2): 

189-203. DOI: DOI: 10.29244/jpsl.11.2.189-203. 

Gibbes C, Havlick DG, Robb JR. 2017. Land use and land cover in a 

transitioning militarized landscape. J Land Use Sci 12 (2-3): 182-196. 

DOI: 10.1080/1747423X.2017.1313325. 

Gunawan, Rohandi A. 2019. Ketahanan sengon Provenan Papua umur 2 

tahun terhadap karat tumor pada uji resistensi di Ciamis, Jawa Barat. 

Jurnal Agroforestri Indonesia 2 (1): 37-50. DOI: 

10.20886/jai.2019.2.1.37-50. [Indonesian] 

Harbi J, Erbaugh JT, Sidiq M, Haasler B, Nurrochmat DR. 2018. Making 

a bridge between livelihoods and forest conservation: lessons from 

nontimber Forest Products' utilization in South Sumatera, Indonesia. 

For Policy Econ 94: 1-10. DOI: 10.1016/j.forpol.2018.05.011. 

Haregeweyn N, Tsunekawa A, Poesen J, Tsubo M, Meshesha DT, Fenta 

AA, Nyssen J, Adgo E. 2017. Comprehensive assessment of soil 

erosion risk for better land use planning in river basins: Case study of 

the Upper Blue Nile River. Sci Tot Environ 574: 95108. DOI: 

10.1016/j.scitotenv.2016.09.019 

Harris LB, Scholl AE, Young AB, Estes BL, Taylor AH. 2019. Spatial 

and temporal dynamics of 20th century carbon storage and emissions 

after wildfire in an old-growth forest landscape. For Ecol Manag 449: 

117461. DOI: 10.1016/j.foreco.2019.117461. 

Hasannuddin DAL, Supratman S, Mahbub AS. 2019. Outlining the 

dynamics of forest landscape and farmer lifescape in a village forest 

profile in Indonesia. IOP Conf Ser: Earth Environ Sci 343 (1): 

012043. DOI: 10.1088/1755-1315/343/1/012043. 

Heidarlou HB, Shafiei AB, Erfanian M, Tayyebi A. 2019. Effects of 

preservation policy on land use changes in Iranian northern Zagros 

Forests. Land Use Policy 81: 76-90. DOI: 

10.1016/j.landusepol.2018.10.036. 

Hughes K, Morgan S, Baylis K, Oduol J, Smith DE, Vågen TG, Kegode 

H. 2020. Assessing the downstream socio-economic impacts of 

agroforestry in Kenya. World Develop 128: 104835. DOI: 

10.1016/j.worlddev.2019.104835. 

Jansson M, Lindgren T. 2012. A review of the concept management in 

relation to urban landscapes and green spaces: Toward a holistic 

understanding. Urban For Urban Green 11 (2): 139-145. 

DOI:10.1016/j.ufug.2012.01.004. 

Jaya AM, Yanti CWB, Ardiansyah. 2018. Pembelajaran permberdayaan 

masyarakat untuk peningkatan akses pemasaran dan promosi trend 

bisnis kopi spesialti bawakaraeng. Jurnal Dinamika Pengabdian 4: 

174-182. [Indonesian] 

Jaya INS. 2015. Analisis Citra digital: Perspektif Penginderaan Jauh untuk 

Pengelolaan Sumberdaya Alam. Institut Pertanian Bogor, Indonesia. 

[Indonesian] 

Karmini, Sarminah S, Karyati. 2017. Economic analysis of groundnut 

(Arachis hypogea) and soybean (Glycine max) as intercropping plants 

in two agroforestry system. Biodiversitas 8 (2): 483-493. DOI: 

10.13057/biodiv/d180206. 

Kidane M, Alemu B, Nega K, Terefe T. 2020. The impact of land use and 

land cover (LULC) dynamics on social erosion and sediment yield in 

Ethiopia. Heliyon 5: e02981. DOI: 10.1155/2021/6669438. 

Lelana NE, Wiyono S, Giyanto, Siregar IZ. 2018. Faktor budidaya dan 

kaitannya dengan keparahan penyakit karat puru pada sengon 

(Falcataria mollucana (Miq.) Barneby & J.W. Grimes. Jurnal 

Penelitian Hutan Tanaman 15 (1): 1-66. DOI: 

10.20886/jpht.2018.15.1.29-41. [Indonesian] 

Magni CA, Marchioni A. 2020. Average rates of return, working capital, 

and npv-consistency in project appraisal: a sensitivity analysis 

approach. Int J Prod Econ 229: 1-15. DOI: 

10.1016/j.ijpe.2020.107769. 

Mauliana Y, Afni DN, Yurina. 2021. Analisis model tarikan dan 

bangkitan kendaraan di daerah Kecamatan Pamulutan Kabupaten 

Ogan Ilir. Jurnal Teknika Sains 6 (1): 1-9. DOI: 

10.24967/teksis.v6i1.1231. [Indonesian] 

Mbow C, Van NM, Luedeling E, Neufeldt H, Minang PA, Kowero G. 

2014. Agroforestry solutions to address food security and climate 

change challenges in Africa. Curr Opin Environ Sustain 6: 61-67. 

DOI: 10.1016/j.cosust.2013.10.014. 

Müller D. 2016. Research frontiers in land use science.  J Land Use Sci 11 

(6): 619-622. DOI: 10.1080/1747423X.2016.1242924. 

Mutoko MC, Hein L, Bartholomeus H. 2014. Integrated analysis of land 

use changes and their impacts on agrarian livelihoods in the western 

highlands of Kenya. Agric Syst 128: 1-12. 

DOI:10.1016/j.agsy.2014.04.001. 

Naikoo MW, Mohd R, Mohammad I, Shahfahad. 2020. Analyses of land 

use land cover (lulc) change and expansion in the suburb of a 

metropolitan city: Spatial-temporal analysis of Delhi NCR using 

landsat datasets. J Urban Manag 9: 347-359. DOI: 

10.1016/j.jum.2020.05.004. 

Ngaji AUK, Baiquni M, Suryatmojo H, Haryono E. 2021. Assessing the 

sustainability of traditional agroforestry practices: a case of Mamar 

agroforestry in Kupang-Indonesia. For Soc 5: 438-457. DOI: 

10.24259/fs.v5i2.14380. 

Niemiec RM. Ardoin NM, Wharton CB, Brewer FK. 2017. Civic and 

natural place attachment as correlates of resident invasive species 

control behavior in Hawaii. Biol Conserv 209: 415-422. DOI: 

10.1016/j.biocon.2017.02.036. 

Nopiyanti N, Riastuti RD. 2019. Pola sebaran tumbuhan invasif 

dikawasan taman nasional bukit sulap Kota Lubuklinggau. Jurnal 

Pendidikan Biologi dan Sains 2 (2): 2598-7453. DOI: 

10.31539/bioedusains.v2i2.976. [Indonesian] 

Nurrochmat DR, Boer R, Ardiansyah M Immanuel G, Purwawangsa H. 

2020. Policy forum: Reconciling palm oil targets and reduced 

deforestation: Landswap and agrarian reform in Indonesia. For Pol 

Econ 119: 102291 DOI: 10.1016/j.forpol.2020.102291. 

Nurrochmat DR, Darusman D, Ekayani M. 2016. Kebijakan 

Pembangunan Kehutanan dan Lingkungan, Teori dan Implementasi. 

IPB Press, Indonesia. [Indonesian] 

Nurrochmat DR, Nugroho IA, Hardjanto, Purwadianto A, Maryudi A, 

Erbaugh JT. 2017. Shifting contestation into cooperation: Strategy to 

incorporate different interest of actors in medicinal plants in Meru 

Betiri National Park, Indonesia. For Policy Econ 83: 162-168. DOI: 

10.1016/j.forpol.2017.08.005. 

Nurrochmat DR, Pribadi R, Siregar H, Justianto A, Park MS. 2021. 

Transformation of agro-forest management policy under the dynamic 

circumstances of a two-decade regional autonomy in Indonesia. 

Forests 12 (4): 1-17. DOI: 10.3390/f12040419. 

Paul C, Weber M, Knoke T. 2017. Agroforestry versus farm mosaic 

systems - Comparing land-use efficiency, economic returns and risks 

under climate change effects. Sci Tot Environ 587: 22-35. DOI: 

10.1016/j.scitotenv.2017.02.037. 

Phondani P, Maikhuri R, Rawat L, Negi V. 2020. Assessing farmers' 

farmers' perception on criteria and indicators for sustainable 

management of indigenous agroforestry systems in Uttarakhand, 

India. Environ Sustain Indic 5: 100018. DOI: 

10.1016/j.indic.2019.100018. 

https://doi.org/10.5400/jts.2012.v17i2.181-187
https://doi.org/10.20886/jai.2019.2.1.37-50
https://doi.org/10.20886/jpht.2018.15.1.29-41
https://doi.org/10.24967/teksis.v6i1.1231
https://doi.org/10.1016/j.biocon.2017.02.036
https://doi.org/10.31539/bioedusains.v2i2.976
https://doi.org/10.1016/j.scitotenv.2017.02.037


 BIODIVERSITAS 23 (4): 1864-1874, April 2022 

 

1874 

Pokorny B, Robiglio V, Reyes M, Vargas R, Carrera CFP. 2021. The 

potential of agroforestry concessions to stabilize Amazonian forest 

frontiers: a case study on the economic and environmental robustness 

of informally settled small-scale cocoa farmers in Peru. Land Use 

Policy 102: 1-15. DOI: 10.1016/j.landusepol.2020.105242. 

Purwoko A, Turnip H, Maser WH. 2019. The pattern of Etlingera elatior 

cultivation in agroforestry systems and its use as traditional medicines 

and food by local people of Kabanjahe, North Sumatra, Indonesia. 

Biodiversitas 20 (7): 1998-2003. DOI: 10.13057/biodiv/d200728. 

Putra SI, Istiqomah, Gunawan DS, Purnomo SD. 2020. Analisis 

pendapatan dan nilai tambah industri pengolahan kopi: pendekatan 

metode Hayami. Indones J Develop Econ 3 (3): 995-1005. DOI: 

10.15294/efficient.v3i3.43518. 

Rafaai NH, Abdullah SA, Hasan RMI. 2020. Identifying factors and 

predicting the future land-use change of protected area in the 

agricultural landscape of Malaysian peninsula for conservation 

planning, Remote Sensing Applications. Soc Environ 18: 100298. 

DOI: 10.1016/j.rsase.2020.100298. 

Rahmani TA, Nurrochmat DR, Hero Y, Park MS, Boer R, Satria A. 2021. 

Evaluating the feasibility of oil palm agroforestry in Harapan 

Rainforest, Jambi, Indonesia. For Soc 5: 458-477. DOI: 

10.24259/fs.v5i2.10375. 

Ramadhan R, Mursyid H, Adriyanti DT, Triwanto J, Triwaskitho N. 2020. 

Pertumbuhan jenis invasive Acacia drcurrens Willd. dan penaruh 

naungannya terhadap tanaman restorasi. Jurnal Biotropika 8: 71-78. 

DOI: 10.21776/ub.biotropika.2020.008.02.02. [Indonesian] 

Rencana Pengelolaan Hutan Jangka Panjang KPHP unit XIV I. 2019. 

Rencana Pengelolaan Hutan Jangka Panang (RPHJP) kesatuan 

pengelolaan hutan produksi unit XIV pada UPT KPH Jeneberang 1. 

Dinas Kehutanan Provinsi Sulawesi Selatan, Indonesia. [Indonesian] 

Roodposhti MS, Aryal J, Bryan BA. 2019. A novel algorithm for 

calculating transition potential in cellular automata models of land 

use/cover change. Environ Model Softw 112: 70-81. DOI: 

10.1016/j.envsoft.2018.10.006. 

Rossita A, Nurrochmat DR, Boer R, Hein L, Riqqi A. 2021. Assessing the 

monetary value of ecosystem services provided by Gaung-Batang 

Tuaka Peat Hydrological Unit (KHG), Riau Province. Heliyon 7: 

e08208. DOI: 10.1016/j.heliyon.2021.e08208. 

Santoso SS, Nurrochmat DR, Nugroho B, Santoso I. 2019. The feasibility 

of the implementation of forest management units' (FMUS') policy: A 

case study in FMU Yogyakarta and FMU region IX Panyabungan. 

Jurnal Manajemen Hutan Tropika 25 (1): 1-16. DOI: 

10.7226/jtfm.25.1.1. [Indonesian] 

Sardianti A L. 2019. Analisis biaya produksi dan pendapatan pada industri 

tahu “sumber rezeki” Desa Hungayonaa Kecamatan Tilamuta 

Kabupaten Boalemo. J Agritech Sci 3 (1): 27-33. DOI: DOI: 

10.30869/jasc.v3i1.330. 

Sobola O, Amadi D, Jamala G. 2015. The role of agroforestry in 

environmental sustainability. IOSR J Agric Vet Sci 8 (5): 20-25. DOI: 

10.9790/2380-08512025. 

Sousa JSB, Longo MG, Santos BA. 2019. Landscape patterns of primary 

production reveal agricultural benefits from forest conservation. 

Perspect Ecol Conserv 17 (3): 136-145. DOI: 

10.1016/j.pecon.2019.08.001. 

Staton T, Breeze Td, Walters Rj, Smith J, Girling RD. 2022. Productivity, 

biodiversity trade-offs, and farm income in an agroforestry. Ecol 

Econ 191: 107214 DOI: 10.1016/j.ecolecon.2021.107214. 

Sukwika T, Darusman D, Kusmana C, Nurrochmat DR. 2016. Evaluating 

the level of sustainability of privately managed forest in Bogor, 

Indonesia. Biodiversitas 17 (1): 241-248. DOI: 

10.13057/biodiv/d170135. 

Sundari MT. 2011. Analisis biaya dan pendapatan usaha tani wortel di 

Kabupaten Karanganyar. SEPA 7 (2): 119-126. DOI: 

10.20961/sepa.v7i2.48897. 

Supratman, Alam S, Alif KS, Makkarennu, Sabar A, Solie AT. 2020. A 

new criteria and indicator for sustainable forest management. Patent 

Indonesia. 

Suriadi, Daniel I, Magdalena Y. 2015. Analisis biaya dan pendapatan serta 

waktu pengembalian modal usaha hasil hutan bukan kayu berupa 

tanaman hias. Jurnal Hutan Tropis 3 (3): 232-240. [Indonesian] 

Sutomo. 2018. Species composition and role of exotic invasive pioneers in 

vegetation establishment on Mount Merapi Volcanic Deposits in Java, 

Indonesia. Trop Dry 2 (2): 59-64 DOI: 

10.13057/tropdrylands/t020204. 

Syam T, Darmawan A, Banuwa IS, Ningsih K. 2012. Pemanfaatan citra 

satelit dalam mengidentifikasi perubahan penutupan lahan: studi 

kasus hutan lindung register 22 Way Waya Lampung Tengah. Jurnal 

Globe 14 (2): 146-156. [Indonesian] 

Tajuddin, Supratman, Salman D, Yusran, Sahide MAK. 2019. Integrated 

analysis of forest policies and their impacts on landscape and 

lifescape dynamics: A case study in the Walanae Forest management 

unit, Indonesia. J Landsc Ecol 11 (3): 155-170. DOI: 10.2478/jlecol-

2018-0017. 

Tan J, Li A, Lei G, Xie X. 2019. A SD-MaxEnt-Ca model for simulating 

the landscape dynamics of natural ecosystem by considering socio 

economic and natural impact. Ecol Modelling 410: 108783. DOI: 

10.1016/j.ecolmodel.2019.108783. 

Tscharntke T, Tylianakis JM, Rand TA, Didham RK, Fahrig L, Batáry P, 

Bengtsson J, Clough Y, Crist TO, Dormann CF, Ewers RM, Fründ J, 

Holt RD, Holzschuh A, Klein AM, Kleijn D, Kremen C, Landis DA, 

Laurance W, Lindenmayer D, Scherber C, Sodhi N, Steffan DI, Thies 

C, Vander, Putten WH, Westphal C. 2012. Landscape moderation of 

biodiversity patterns and processes eight hypotheses. Biol Rev 87 (3): 

661-685. DOI: 10.1111/j.1469-185X.2011.00216.x. 

Utami NMAW. 2021. Prospek ekonomi pengembangan tanaman porang 

di masa pandemic covid 19. Jurnal Viabel Pertanian 5 (1): 72-82. 

DOI: 10.35457/viabel.v15i1.1486. [Indonesian] 

Veisi H, Khoshbakht K, Sabahi H. 2012. A participatory assessment of 

agro-ecosystem sustainability in abesard, Iran. Intl J Agric Sustain 11: 

1-17. DOI:10.1080/14735903.2012.676797. 

Wang SW, Munkhnasan L, Lee WK. 2021. Land use and land cover 

change detection and prediction in Bhutan’s high altitude city of 

Thimpu, using cellular automata and Markov chain. Environ 

Challenges 2: 100017.  

Wijaya A, Hardjanto, Hero Y. 2015. Analisis finansial dan pendapatan 

hutan rakyat pulai (Alstonia sp.) di Kabupaten Musi Rawas, Provinsi 

Sumatera Selatan. Jurnal Silvikultur Tropika 6 (3): 148 - 159. DOI: 

10.29244/j-siltrop.6.3.%25p. 

Wulandari C, Budiono P, Yuwono SB, Herwanti S. 2014. Adoption of 

agroforestry patterns and crop systems around register 19 forest park, 

Lampung Province, Indonesia. Jurnal Manajemen Hutan Tropika 20: 

86-93. DOI: 10.7226/jtfm.20.2.86. [Indonesian] 

Yonaba R, Koita M, Mouniro LA, Tazen F, Queloz P, Biaou AC, Niang 

D, Zoure C, Karambiri H, Yacouba H. 2021. Spatial and transient 

modelling of land use/land cover (LULC) dynamics in Sahelian 

landscape under semi-arid climate in Northern Burkina Faso. Land 

Use Pol 103: 1-18. DOI: 10.1016/j.landusepol.2021.105305. 

You S, Wang W, Dai Y, Tong YW, Wang CH. 2016. Comparison of the 

co-gasification of sewage sludge and food wastes and cost-benefit 

analysis of gasification- and incineration-based waste treatment 

schemes. Bioresour Technol 218: 595-605. DOI: 

10.1016/j.biortech.2016.07.017. 

Yovi EY, Nurrochmat DR. 2018. An occupational ergonomics in the 

Indonesian state mandatory sustainable forest management 

instrument: A review. For Pol Econ 91: 27-35. DOI: 

10.1016/j.forpol.2017.11.007. 

Zhan G, Zhiyi Y, Wei CN, He L, Ming XL, Yiwei Z, Shin NK, Chi-Hwa 

W. 2019. Economic production of monoclinic bismuth vanadate from 

waste vanadium ions: Process design and cost-benefit analysis. J 

Clean Prod 240: 119188. DOI: 10.1016/j.jclepro.2019.118188. 
 

https://doi.org/10.21776/ub.biotropika.2020.008.02.02

